
Geneticky modifikovanÈ organismy a potraviny

Jiû vÌce neû deset let se pro vytv·¯enÌ nov˝ch technologicky
vyuûiteln˝ch organism˘ pouûÌvajÌ metody modernÌch biotech-
nologiÌ zaloûenÈ na cÌlenÈm p¯enosu gen˘. Do dÏdiËnÈho
z·kladu organismu se vn·öÌ cizorod˝ gen ñ transgen o zn·-
mÈm sloûenÌ a funkci, nesoucÌ urËitou poûadovanou vlastnost.
Takto zÌskan˝ organismus se naz˝v· tr ansgennÌ a zachov·v·
si schopnost reprodukce. Rozvoj modernÌch biotechnologiÌ
umoûÚuje takovÈ zmÏny, ke kter˝m by v p¯ÌrodÏ nemohlo dojÌt.
Geny totiû m˘ûeme p¯en·öet i mezi takov˝mi organismy, kterÈ
se v p¯ÌrodÏ ani nesetkajÌ.

Zkuöenosti s genov˝m inûen˝rstvÌm jsou zatÌm jen kr·tko-
dobÈ. Na z·kladÏ principu p¯edbÏûnÈ opatrnosti musÌ b˝t
respektov·no, ûe by pouûitÌ geneticky modifikovan˝ch orga-
nism˘ (GMO) mohlo mÌt i neû·doucÌ n·sledky na lidskÈ zdravÌ
i p¯Ìrodu. VznikajÌ tÌm urËit· omezeni jejich pouûitÌ, ale rychl˝
v˝voj tÈto technologie a rozvoj kontrolnÌch detekËnÌch metod
jsou p¯edpokladem, ûe zkuöenosti budou p¯ib˝vat a tÌm ome-
zenÌ klesat (SmÏrnice Ë. 90/220/EHS, 1990).

V souËasnÈ dobÏ je v˝zkum hlavnÏ zamÏ¯en na modifikaci
genov˝ch sekvencÌ potravin·¯sky v˝znamn˝ch rostlin jako je
soja, kuku¯ice, r˝ûe, pöenice, jeËmen, ûito, rajËata, fazole
a hr·ch. Mezi transgennÌ potraviny a potravin·¯skÈ suroviny,
kterÈ jsou jiû komerËnÏ dostupnÈ, pat¯Ì nap¯. transgennÌ rost-
liny odolnÈ v˘Ëi herbicidu glyfosatu (N-fosfonomethylglycinu,
vyr·bÏn˝ pod n·zvem Roundup), kter˝ prop˘jËuje geneticky
modifikovan˝m rostlin·m toleranci na herbicid, zatÌmco ne-
modifikovanÈ plodiny a konvenËnÌ plevel tento herbicid niËÌ.
Na glyfosat tolerantnÌ sÛja, bavlnÌk, ¯epka olejn· jsou jiû
v USA a v KanadÏ na trhu. Pro p¯Ìpravu transgennÌch zemÏ-
dÏlsk˝ch plodin s odolnostÌ proti hmyzÌm ök˘dc˘m byly vyuûity
geny bakterie rodu Bacillus thuringiensis, kterÈ p¯i sporulaci
vytv·¯Ì protein (delta-endotoxin, zn·m˝ jako B.t.) toxick˝ pro
nÏkterÈ skupiny hmyzu jako jsou brouci, moli, mouchy a Ëervi.
V polovinÏ devades·t˝ch let bylo vyvinuto nÏkolik variant
transgennÌ kuku¯ice produkujÌcÌ B.t. proti hmyzu (European
corn  borer) a v roce 1996 byla  po zÌsk·nÌ legislativnÌho
souhlasu geneticky modifikovanÈ kuku¯ice od CIBA GEIGY
prvou cere·liÌ, kter· se pÏstovala komerËnÏ v EvropskÈ unii,
USA, KanadÏ a Japonsku.

Mimo uvedenÈ zemÏdÏlskÈ plodiny se pracuje na vylepöenÌ
vlastnostÌ nÏkter˝ch druh˘ ovoce a zeleniny (brokolice, mali-
ny, meloun apod.). Vedle zemÏdÏlsk˝ch plodin lze oËek·vat
i dalöÌ rozvoj p¯Ìpravy geneticky modifikovan˝ch mikroorga-
nism˘ pouûÌvan˝ch p¯i v˝robÏ potravin (startovacÌ kultury pro
v˝robu s˝r˘, pivovarskÈ kvasinky, peka¯skÈ droûdÌ), ûivoËich˘
pro p¯Ìpravu farmak nebo s i moûnostÌ vyuûitÌ jejich org·n˘
pro transplantace v hum·nnÌ medicinÏ.

Pro mlÈk·rensk˝ pr˘mysl m· nejvÏtöÌ v˝znam enzym chy-
mosin zÌsk·van˝ ze ûaludk˘ sajÌcÌch telat. Pro jeho p¯Ìpravu
se pouûily rekombinantnÌ DNA techniky a DNA telecÌho chy-
mosinu byla ˙spÏönÏ klonov·na do kvasinek (Kluyveromyces
lactis), bakteriÌ (Escherichia coli) a plÌsnÌ (Aspergillus niger
var. awamori).

V laboratornÌch podmÌnk·ch jiû bylo dosaûeno v˝znamnÈ-
ho pokroku i p¯i p¯ÌpravÏ r˘znÏ modifikovan˝ch pivovarsk˝ch
kvasinek. UsilovnÏ se zkoumajÌ moûnosti zv˝öenÌ ˙Ëinnosti
konverze sacharid˘ na ethanol a pro v˝robu piv s upravenou
chutÌ.

P¯i hodnocenÌ geneticky modifikovan˝ch produkt˘ ve¯ej-
nost rozliöuje mezi p¯Ìdavkem produktu zÌskanÈho geneticky
modifikovan˝m mikroorganismem, jako je chymosin z Kluyve-
romyces lactis a p¯Ìdavkem geneticky modifikovanÈho orga-
nismu jako takovÈho, coû je p¯Ìpad peka¯skÈho droûdÌ.

Spot¯ebitelÈ musÌ mÌt moûnost si vybrat, zda jsou v˝robky
upravenÈ touto novou technologiiÌ pro nÏ akceptovatelnÈ Ëi
nikoliv. KvalifikovanÈ rozhodnutÌ vyûaduje dostateËnÈ infor-
mace, to znamen·, ûe v˝robky musÌ b˝t oznaËeny z jak˝ch
surovin byly vyrobeny. Pro spolehlivou kontrolu takov˝chto
˙daj˘ je nutnÈ vypracovat spolehlivÈ a p¯esnÈ, kvalitativnÌ
i kvantitativnÌ, metody detekce. V souËasnÈ dobÏ jiû existuje
¯ada metod pouûiteln˝ch pro stanovenÌ geneticky modifiko-
van˝ch organism˘ ( tj. transgen˘) a z nich vyroben˝ch potra-
vin ñ polymerasov· ¯etÏzov· reakce (PCR), hybridizace DNA
(Southern), detekce exprese transgenu na ˙rovni RNA, urËenÌ
aktivity transgenu a detekce markerov˝ch enzym˘. Vöechny
uvedenÈ metody majÌ urËit· omezenÌ, nap¯. citlivost detekce,
moûnost ovlivnÏnÌ ostatnÌmi sloûkami potraviny, vhodnost me-
tody pro dan˝ materi·l a cena stanovenÌ. Propracovan˝ a spe-
cifick˝ kontrolnÌ systÈm umoûnÌ ¯Ìzenou distribuci geneticky
modifikovan˝ch potravin. D·le tento systÈm umoûnÌ i kvalifi-
kovan˝ odhad rizika. To je v souËasnÈ dobÏ asi nejslaböÌ
Ël·nek ¯etÏzu a n·zory na rizikovost tÏchto typ˘ potravin se
r˘znÌ i v odborn˝ch kruzÌch. Nap¯. 160 lÈka¯˘ a vÏdc˘ pode-
psalo dopis iniciovan˝ sdruûenÌm Physicians and Scientists for
Responsible Application of Science and Technology (PSRAST),
ve kterÈm upozorÚujÌ na nedostateËnÈ moûnosti souËasnÈ vÏdy
urËit skuteËnou rizikovost geneticky modifikovan˝ch potravin.
Tento dopis je k dispozici na adrese: http://www.psrast.org/
psrlet.htm. Zd· se, ûe si na koneËnÈ rozhodnutÌ co s geneticky
modifikovan˝mi potravinami budeme muset jeötÏ chvÌli po-
Ëkat.

V naöÌ republice jiû takov˝ z·kon existuje a v dubnu tohoto
roku proöel t¯etÌm ËtenÌm v parlamentu, kde byl schv·len a byl
p¯ed·n do jedn·nÌ v sen·tu »R, kde byl tÈû schv·len v kvÏtnu
t.r. Osud tohoto z·kona nebyl jednoduch˝. Na jeho p¯ÌpravÏ
pracovala ¯ada odbornÌk˘ v naöÌ republice ve spolupr·ci
s MéP a dalöÌmi p¯Ìsluön˝mi ministerstvy vÌce neû 7 let. Takto
vznikl˝ z·kon se net˝k· modifikace lidskÈho genomu, potravin
(tento problÈm ¯eöÌ novela z·kona o potravin·ch) a lÈËiv
(oöet¯eno z·konem o lÈËivech). Jako podklady pro vypracov·-
nÌ ËeskÈho z·kona slouûily smÏrnice Rady 98/ 81/EC noveli-
zujÌcÌ SmÏrnici 90/219/EEC o uzav¯enÈm nakl·d·nÌ s genetic-
ky modifikovan˝mi mikroorganismy a SmÏrnice Rady 90/220/
EEC o z·mÏrnÈm uv·dÏnÌ geneticky modifikovan˝ch organis-
m˘ do prost¯edÌ a novelizace tÈto smÏrnice. »esk˝ z·kon tedy
zahrnuje jak problematiku Ñuzav¯enÈhoÑ tj. v podstatÏ labo-
ratornÌho nakl·d·nÌ s GMO tak i problematiku uv·dÏnÌ GMO
do ûivotnÌho prost¯edÌ a do obÏhu tj. na trh. Velk· pozornost
je v z·konu vÏnov·na hodnocenÌm rizika pouûÌv·nÌ tÏchto
GMO. Z·kon je doprov·zen ¯adou prov·dÏcÌch p¯edpis˘ ñ
vyhl·öek, kterÈ urËujÌ pravidla praktickÈho prov·dÏnÌ litery
z·kona.

Po podeps·nÌ z·kona prezidentem naöÌ republiky byla
z·konn· norma zve¯ejnÏna ve VÏstnÌku dne 21.6. t.r. s platnostÌ
od 1.1.2001.

Kate¯ina Demnerov·
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1. ⁄vod

Membr·novÈ filtrace pat¯Ì mezi bÏûnÏ pouûÌvanÈ techno-
logie v biochemickÈm a farmaceutickÈm pr˘myslu. V biotech-
nologiÌch jsou ¯azeny na r˘zn˝ch stupnÌch dan˝ch proces˘ ñ
p¯i sklizni bunÏk, separaci biomakromolekul, p¯i koncentraci
nebo dial˝ze produkt˘. Jedn· se o jednoduchÈ, rychlÈ a eko-
nomickÈ procesy, kterÈ vyûadujÌ m·lo energie. Jednou z vari-
ant membr·novÈ filtrace je ultrafiltrace, coû je metoda zalo-
ûen· na schopnosti membr·n separovat molekuly na z·kladÏ
rozdÌlnÈ relativnÌ molekulovÈ hmotnosti. Tato metoda prodÏ-
lala v ned·vnÈ dobÏ obrovsk˝ rozvoj. SouËasn˝ v˝voj v poly-
mernÌ chemii a konstrukci filtraËnÌch modul˘ dal vznik ultra-

filtraËnÌm membr·n·m s vysokou chemickou a fyzik·lnÌ sta-
bilitou v kombinaci s velkou  plochou, a  tÌm  i  vysok˝mi
pr˘toky. UltrafiltraËnÌ za¯ÌzenÌ proöla postupnÏ etapami od
mÌchan˝ch ultrafiltraËnÌch cel, p¯es tangenci·lnÌ ultrafiltraËnÌ
systÈmy aû po za¯ÌzenÌ na b·zi dut˝ch vl·ken, ËÌmû byly
odstranÏny problÈmy s koncentraËnÌ polarizacÌ separovan˝ch
biomakromolekul na membr·n·ch. Jist˝m omezenÌm tÈto me-
tody je nÌzkÈ rozliöenÌ neboù pro vz·jemnou separaci biomakro-
molekul je pot¯ebn˝ minim·lnÏ desetin·sobn˝ rozdÌl v jejich
relativnÌch molekulov˝ch hmotnostech.

2. AfinitnÌ ultrafiltrace

Pro dosaûenÌ vyööÌ selektivity p¯i zachov·nÌ vysok˝ch
objemov˝ch kapacit byla ultrafiltrace spojena s afinitnÌmi
interakcemi do metody jedinÈ ñ metody afinitnÌ ultrafiltrace1.
ObecnÈ schÈma tÈto metody je uvedeno na obr·zku 1. Za
norm·lnÌch podmÌnek purifikovan· i balastnÌ bÌlkovina p¯Ìsluö-
nou ultrafiltraËnÌ membr·nou proch·zÌ. Pokud je vöak do je-
jich roztoku p¯id·n makromolekul·rnÌ afinitnÌ ligand, jehoû
relativnÌ molekulov· hmotnost je vÏtöÌ neû jsou pÛry membr·-
ny, dojde k vytvo¯enÌ makromolekul·rnÌho afinitnÌho komple-
xu s purifikovanou bÌlkovinou, kter˝ je membr·nou zadrûen.
Po vymytÌ balastnÌch bÌlkovin, kterÈ membr·nou proch·zejÌ,
je afinitnÌ komplex rozdisociov·n a uvolnÏn· purifikovan·
bÌlkovina rovnÏû projde ultrafiltraËnÌ membr·nou. Makromo-
lekul·rnÌ afinitnÌ ligand je n·slednÏ regenerov·n pro opako-
vanÈ pouûitÌ.

⁄Ëinnost afinitnÌ ultrafiltrace je silnÏ ovlivnÏna relativnÌ
molekulovou  hmotnostÌ  makromolekul·rnÌho  afinitnÌho  li-
gandu a purifikovanÈ bÌlkoviny a separaËnÌm limitem ultrafil-
traËnÌ membr·ny. ObdobnÏ jako v p¯ÌpadÏ klasickÈ ultrafiltra-
ce musÌ b˝t relativnÌ molekulov· hmotnost makromole-
kul·rnÌho afinitnÌho ligandu desetkr·t vÏtöÌ neû je relativnÌ
molekulov· hmotnost separovan˝ch bÌlkovin. Velikost pÛr˘
ultrafiltraËnÌ membr·ny by mÏla b˝t takov·, aby jednak nedo-
ch·zelo k pronik·nÌ makromolekul·rnÌho afinitnÌho ligandu
p¯es membr·nu a souËasnÏ, aby tato membr·na byla propustn·
pro purifikovanou i pro balastnÌ bÌlkoviny.

P¯ed vlastnÌ afinitnÌ ultrafiltracÌ je vhodnÈ otestovat cho-
v·nÌ jak samotnÈho makromolekul·rnÌho afinitnÌho ligandu,
tak i separovan˝ch bÌlkovin na p¯ÌsluönÈ ultrafiltraËnÌ mem-
br·nÏ. Na membr·nÏ totiû m˘ûe doch·zet k sorpcÌm, coû silnÏ
ovlivÚuje jejÌ separaËnÌ vlastnosti. Tuto skuteËnost lze elimi-
novat pouûitÌm ultrafiltraËnÌch membr·n, kterÈ nesou na svÈm
povrchu ionizovatelnÈ skupiny. NezanedbatelnÈ jsou rovnÏû
vz·jemnÈ interakce mezi separovan˝mi bÌlkovinami, kterÈ lze
potlaËit vhodn˝m sloûenÌm pufru pouûitÈho pro inkubaci.

3. Postup p¯i afinitnÌ ultrafiltraci

Cel˝ proces afinitnÌ ultrafiltrace lze rozdÏlit do n·sledujÌ-
cÌch krok˘:Obr. 1. Princip afinitnÌ ultrafiltrace

makromolekul·rnÌ afinitnÌ ligand

purifikovan· bÌlkovina

balastnÌ bÌlkovina

inkubace prom˝v·nÌ eluce
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3 . 1 . V z n i k a f i n i t n Ì v a z b y

Inkubaci separovan˝ch bÌlkovin s makromolekul·rnÌm afi-
nitnÌm ligandem lze provÈst dvÏma zp˘soby:
ñ p¯Ìm˝m smÌch·nÌm vzorku s roztokem makromolekul·r-

nÌho afinitnÌho ligandu v ultrafiltraËnÌm za¯ÌzenÌ, p¯ÌpadnÏ
v reakËnÌ n·dobÏ, ze kterÈ je v˝sledn˝ roztok p¯iveden do
ultrafiltraËnÌho za¯ÌzenÌ (obr. 2a). Tento zp˘sob je vhodn˝
pro relativnÏ ËistöÌ vzorky, kterÈ neobsahujÌ pevnÈ Ë·stice.
Inkubace u vÏtöiny doposud publikovan˝ch pracÌ byla
prov·dÏna pr·vÏ tÌmto zp˘sobem.

ñ paralelnÌm protÈk·nÌm vzorku a roztoku makromolekul·r-
nÌho afinitnÌho ligandu na opaËn˝ch stran·ch membr·ny,
p¯iËemû k vazbÏ doch·zÌ po p¯echodu purifikovanÈ bÌlko-
viny membr·nou (obr. 2b). Roztok obsahujÌcÌ vznikl˝
afinitnÌ komplex je potÈ p¯iveden do vlastnÌho ultrafiltra-
ËnÌho za¯ÌzenÌ. Tento zp˘sob je vhodnÏjöÌ pro hrubÈ ex-
trakty, p¯ÌpadnÏ pro mÈdia po kultivacÌch. Membr·na totiû
tvo¯Ì pro makromolekul·rnÌ afinitnÌ ligand ochranou ba-
rieru jak proti pevn˝m Ë·sticÌm, na kter˝ch m˘ûe doch·zet
k jeho sorpcÌm, tak i proti infekËnÌm agens. Uveden˝
postup se s ˙spÏchem vyuûÌv· v kontinu·lnÌch procesech.
Vazebn˝ proces je do znaËnÈ mÌry ovlivÚov·n koncentracÌ

makromolekul·rnÌho afinitnÌho ligandu. Vazebn· kapacita po-
stupnÏ s jeho zvyöujÌcÌ se koncentracÌ vzr˘st· aû p¯i urËitÈ
koncentraci dosahuje maxima, neboù ligand se st·v· stÈricky
nep¯Ìstupn˝m pro vazbu purifikovanÈ bÌlkoviny. Obdobn˝ jev
byl pozorov·n i u afinitnÌ chromatografie.

3 . 2 . P r o m ˝ v · n Ì

Prom˝v·nÌ afinitnÌho komplexu se prov·dÌ v diafiltraËnÌm
modu tj. p¯i zachov·nÌ konstantnÌho objemu vzorku v ultrafil-
traËnÌm za¯ÌzenÌ. BalastnÌ bÌlkoviny proch·zejÌ p¯es membr·-
nu a jejich koncentrace v ultrafiltraËnÌm za¯ÌzenÌ se postupnÏ
sniûuje. P¯i prom˝v·nÌ vöak rovnÏû doch·zÌ ke ztr·t·m purifi-
kovanÈ bÌlkoviny. Na poË·tku prom˝v·nÌ se totiû v ultrafil-
traËnÌm za¯ÌzenÌ ustaluje rovnov·ha mezi volnou a nav·zanou
purifikovanou bÌlkovinou. Koncentrace volnÈ purifikovanÈ
bÌlkoviny se vöak prom˝v·nÌm sniûuje, coû vyvol·v· jejÌ dalöÌ
uvolÚov·nÌ z komplexu. Jednou z moûnostÌ jak tyto ztr·ty
eliminovat je provÈst prom˝v·nÌ velkou filtraËnÌ rychlostÌ, coû

vöak p¯ich·zÌ v ˙vahu pouze u afinitnÌch systÈm˘ s dostateËnÏ
silnou interakcÌ. Pokud vzorek obsahuje balastnÌ bÌlkoviny
o vysokÈ relativnÌ molekulovÈ hmotnosti, je vhodnÈ p¯ed afi-
nitnÌ ultrafiltracÌ provÈst prostou ultrafiltraci a tyto bÌlkoviny
ze vzorku p¯edem odstranit.

3 . 3 . E l u c e

P¯i eluci je vazebn˝ pufr v ultrafiltraËnÌm za¯ÌzenÌ postup-
nÏ nahrazen pufrem disociaËnÌm. Doch·zÌ tak k pozvolnÈmu
uvolÚov·nÌ purifikovanÈ bÌlkoviny z afinitnÌho komplexu a je-
jÌmu pr˘chodu ultrafiltraËnÌ membr·nou. D˘leûitou podmÌn-
kou je, aby se purifikovan· bÌlkovina uvolÚovala z komplexu bez
nutnosti pouûit nadmÏrnÈ mnoûstvÌ disociaËnÌho pufru.

StejnÏ jako v p¯ÌpadÏ afinitnÌ chromatografie lze eluci
provÈst specificky voln˝m ligandem, p¯ÌpadnÏ nespecificky
zmÏnou pH, iontovÈ sÌly, polarity roztoku atd. EluËnÌ podmÌn-
ky p¯itom musÌ b˝t p¯ÌznivÈ jak pro purifikovanou bÌlkovinu,
tak pro ultrafiltraËnÌ membr·nu. Specifick· eluce vÌce vyho-
vuje tomuto poûadavku, neboù jsou p¯i nÌ zachov·ny podmÌn-
ky, kterÈ byly pouûity pro vznik vazby a tedy pro uchov·v·nÌ
biologickÈ aktivity purifikovanÈ bÌlkoviny. Nev˝hodami vöak
jsou cena pouûitÈho kompetitivnÌho ligandu a to, ûe roztok

Obr. 3. SchÈma afinitnÌ ultrafiltrace ve vs·dkovÈm uspo¯·d·nÌ
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modul

mÌchaËka

p¯Ìvody
vzorku,
ligandu,

vazebnÈho
a eluËnÌho

purfu
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Obr. 2. Moûnosti inkubace separovan˝ch bÌlkovin s makromole-
kul·rnÌm afinitnÌm ligandem

vzorek

ligand ligand

vzoreka b
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Tabulka I
P¯ehled aplikacÌ afinitnÌ ultrafiltrace vyuûÌvajÌcÌch nerozpustnÈ makromolekul·rnÌ afinitnÌ ligandy

NosiË Velikost Ligand CÌlov· bÌlkovina Ref.

Saccharomyces c. 5 µm sacharidy konkanavalin A 1
Streptococcus 5 µm protein G IgG 2
äkrob 1ñ10 µm Cibacron Blue ADHa 3
Silikagel 12 nm Cibacron Blue ADHa, LDHb 4
Agarosa 45ñ165 µm Cibacron Blue lidsk˝ albumin 5
Agarosa neud·no PABTGc β-galaktosidasa 6
Sepharosa 45ñ165 µm heparin laktoferin 2
Sepharosa 45ñ165 µm protein G IgG 2
Liposomy 2 µm biotin avidin 7,8
Liposomy 6 µm p-aminobenzamidin trypsin 9

a ADH ñ alkoholdehydrogenasa, b LDH ñ lakt·tdehydrogenasa, c PABTG ñ p-aminobenzyl-1-thio-β-galaktopyranosid

Tabulka II
P¯ehled aplikacÌ afinitnÌ ultrafiltrace vyuûÌvajÌcÌch rozpustnÈ makromolekul·rnÌ afinitnÌ ligandy

NosiË Velikost (MW) Ligand CÌlov· bÌlkovina Ref.

Dextran 2 000 000 Protein A IgG 10
Dextran 2 000 000 estradiol 3-oxosteroid isomerasa 11
Dextran 2 000 000 p-aminobenzamidin trypsin 12
Dextran 2 000 000 STIa trypsin 13
Polyakrylamid >100 000 m-aminobenzamidin trypsin 14ñ17
Polyakrylamid >100 000 m-aminobenzamidin urokinasa 18
Chitosan 2 000 000 N-acetyl-glukosamin lysozym 19

a Inhibitor trypsinu ze sÛji

purifikovanÈ bÌlkoviny obsahuje po eluci voln˝ ligand. Nespe-
cifick· eluce je samoz¯ejmÏ levnÏjöÌ, avöak eluËnÌ podmÌnky
nemusÌ b˝t p¯Ìliö vhodnÈ pro purifikovanou bÌlkovinu i pro
samotnou ultrafiltraËnÌ membr·nu. Proto je v tomto p¯ÌpadÏ
nezbytnÈ, ihned po eluci zmÏnit sloûenÌ roztoku obsahujÌcÌho
purifikovanou bÌlkovinu.

3 . 4 . R e g e n e r a c e

Makromolekul·rnÌ afinitnÌ ligand je po eluci zÌsk·n ve
volnÈm stavu a lze jej tedy pouûÌt opakovanÏ. P¯ed opakova-
n˝m pouûitÌm je vöak nutnÈ provÈst jeho regeneraci, p¯i kterÈ
je disociaËnÌ pufr nahrazen Ëerstv˝m vazebn˝m pufrem, nej-
lÈpe p¯Ìmo v ultrafiltraËnÌm za¯ÌzenÌ.

Proces afinitnÌ ultrafiltrace m˘ûe probÌhat vs·dkov˝m zp˘-
sobem nebo kontinu·lnÏ. V prvÈm p¯ÌpadÏ probÌh· cel˝ postup
ñ inkubace, prom˝v·nÌ, eluce i regenerace v jedinÈ reakËnÌ
n·dobÏ, do kterÈ jsou postupnÏ p¯iv·dÏny vzorek, vazebn˝
pufr obsahujÌcÌ makromolekul·rnÌ afinitnÌ ligand, prom˝vacÌ
a n·slednÏ i disociaËnÌ pufr. Roztok z tÈto reakËnÌ n·doby je
recirkulov·n jedinou ultrafiltraËnÌ jednotkou (obr. 3).

P¯i kontinu·lnÌ afinitnÌ ultrafiltraci je vyuûit systÈm nÏko-
lika nez·visl˝ch ultrafiltraËnÌch modul˘, ve kter˝ch postupnÏ
doch·zÌ k prom˝v·nÌ, eluci a regeneraci. Makromolekul·rnÌ
afinitnÌ ligand je p¯iveden do tohoto systÈmu jednor·zovÏ na

poË·tku celÈho procesu, v dalöÌm pr˘bÏhu je jiû vyuûÌvan·
jeho regenerovan· forma (obr. 4).

4. Makromolekul·rnÌ afinitnÌ ligandy

Nejd˘leûitÏjöÌm krokem, kter˝ urËuje ˙spÏönost danÈ afi-
nitnÌ  ultrafiltrace, je volba makromolekul·rnÌho  afinitnÌho

Obr. 4. SchÈma afinitnÌ ultrafiltrace v kontinu·lnÌm uspo¯·d·nÌ
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ligandu. Makromolekul·rnÌ afinitnÌ ligand by mÏl p¯itom spl-
Úovat urËitÈ poûadavky ñ mÏl by se d·t lehce rozpustit, p¯Ìpad-
nÏ rozsuspendovat ve vodnÈm roztoku tak, aby ho bylo moûnÈ
pumpovat danou ultrafiltraËnÌ aparaturou; mÏl by mÌt velk˝
specifick˝ povrch; mÏl by b˝t dostateËnÏ stabilnÌ v˘Ëi pod-
mÌnk·m pouûÌvan˝m p¯i inkubaci a eluci a nemÏl by vykazo-
vat nespecifickÈ interakce. Nezanedbateln· je i jeho cena.

Ve vÏtöinÏ p¯Ìpad˘ nelze pro danou aplikaci najÌt odpo-
vÌdajÌcÌ makromolekul·rnÌ afinitnÌ ligand. Tento problÈm se
ve vÏtöinÏ p¯Ìpad˘ ¯eöÌ nav·z·nÌm nÌzkomolekul·rnÌho afinit-
nÌho ligandu na inertnÌ makromolekul·rnÌ nosiË. TÌmto no-
siËem mohou b˝t Ë·stice nerozpustnÈ ve vodÏ, p¯ÌpadnÏ ve
vodÏ rozpustn˝ polymer.

Jako Ë·stice byly pouûity usmrcenÈ bakteri·lnÌ a kvasniËnÌ
buÚky, ökrobov· zrna, agarosovÈ a silikagelovÈ chromatogra-
fickÈ sorbenty nebo liposomy. Velkou nev˝hodou Ë·stic je
jejich mal· mechanick· stabilita a mal˝ specifick˝ povrch, coû
se vöak poda¯ilo odstranit pouûitÌm liposom˘. Jako polymery
byly pouûity dextran, r˘znÈ polyakrylamidovÈ deriv·ty a chi-
tosan. Jejich v˝hodou je moûnost dosaûenÌ mnohem vyööÌ
hustoty ligandu na povrchu polymeru a snazöÌ tvorba afinitnÌ-
ho komplexu, coû se odr·ûÌ ve vyööÌ vazebnÈ kapacitÏ. P¯i
ultrafiltracÌch vöak musÌ b˝t pouûÌv·ny membr·ny s menöÌmi
pÛry, coû zp˘sobuje niûöÌ filtraËnÌ pr˘tok. P¯ehled nÏkter˝ch
aplikacÌ afinitnÌ ultrafiltrace je uveden v tabulk·ch I a II.

Jak jiû bylo uvedeno, je efektivita afinitnÌ ultrafiltrace d·na
p¯edevöÌm volbou vhodnÈho makromolekul·rnÌho afinitnÌho
ligandu. Pro jejÌ zv˝öenÌ se rovnÏû nabÌzÌ moûnost purifikace
vÌce bÌlkovin z jedinÈho vzorku, a to vyuûitÌm skupinovÏ
specifickÈho makromolekul·rnÌho afinitnÌho ligandu v kom-
binaci s r˘zn˝mi eluËnÌmi podmÌnkami, p¯ÌpadnÏ p¯i sekven-
ËnÌm pouûitÌ nÏkolika makromolekul·rnÌch afinitnÌch ligand˘.

5. Z·vÏr

Metoda afinitnÌ ultrafiltrace kombinuje vysokou objemo-
vou ˙Ëinnost filtraËnÌch metod se selektivitou danou metod·m
zaloûen˝m na afinitnÌch interakcÌch. JejÌmi hlavnÌmi v˝hoda-
mi jsou p¯edevöÌm nÌzkÈ provoznÌ n·klady, rychlÈ a snadnÈ
provedenÌ a moûnost p¯ÌmÈ pr·ce s hrub˝mi bÌlkovinn˝mi
extrakty. Nezanedbateln· je rovnÏû moûnost kontinu·lnÌho
uspo¯·d·nÌ. V tomto smÏru lze p¯edpokl·dat jejÌ dalöÌ rozvoj
jako moûnÈ alternativy afinitnÌ chromatografie p¯edevöÌm v po-
loprovoznÌch a provoznÌch aplikacÌch. AfinitnÌ interakce tak
mohou b˝t ¯azeny i v ranÏjöÌch st·diÌch tÏchto proces˘, coû je
v p¯ÌpadÏ klasickÈ afinitnÌ chromatografie problematickÈ.
TÌmto zp˘sobem lze znaËnÏ zjednoduöit pouûÌvanÈ purifikaË-
nÌ postupy.
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Z. Glatz (Department of Biochemistry, Faculty of Science,
Masaryk University, Brno): Affinity Ultrafiltration of Pro-
teins

Affinity ultrafiltration combines high-volume processing
capability of membrane filtration with high selectivity, which
can be achieved in affinity methods of protein purification.
This technique is based on the principle that when a protein to
be purified is free in solution, it passes through the ultra-
filtration membrane, whereas when it is bound to a macromo-
lecular affinity ligand placed on one side of the membrane, it
is constrained to that side of the membrane. Compounds which
do not bind to the ligand pass freely through the membrane
and are thus separated from the protein-ligand complex. After
all the undesired components have been removed, the protein
is desorbed from the ligand by addition of an appropriate
dissociating medium and then recovered in the filtrate. The
review describes basic principles and characteristics of the
method. In addition, some applications of affinity ultrafiltra-
tion for protein purification are given.
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1. ⁄vod

PochopenÌ procesu vytv·¯enÌ prostorovÈ struktury (sbalo-
v·nÌ) protein˘ st·le z˘st·v· jednou ze z·kladnÌch nezodpovÏ-
zen˝ch ot·zek souËasnÈ molekul·rnÌ biologie. P¯estoûe proce-
sy vedoucÌ k syntÈze polypeptidovÈho ¯etÏzce (transkripce
a translace) jsou zn·my relativnÏ dob¯e, st·le nejasnÈ zatÌm
z˘st·v·, jak syntetizovan˝ polypeptidov˝ ¯etÏzec dosahuje svÈ
trojrozmÏrnÈ struktury, kter· d·v· nakonec vznik nativnÌmu
funkËnÌmu proteinu.

Studium systÈm˘ in vitro a in vivo p¯in·öÌ v souËasnosti
st·le vÏtöÌ mnoûstvÌ informacÌ a rychl˝ pokrok v instrumentaci
nabÌzÌ velkÈ moûnosti pro charakterizaci meziprodukt˘, kterÈ
p¯i sbalov·nÌ vznikajÌ. ObjevenÌ molekulov˝ch chaperon˘
(z anglickÈho Ñchaperoneì, Ëesky garded·ma) pak vedlo k po-
rovn·v·nÌ mechanism˘ sbalov·nÌ protein˘ probÌhajÌcÌch in
vivo a in vitro.

Znalost procesu sbalov·nÌ je û·doucÌ jak pro pr˘myslovou
produkci protein˘, tak pro syntÈzu nov˝ch protein˘. V nepo-
slednÌ ¯adÏ  by pochopenÌ mechanism˘,  ¯ÌdÌcÌch vytv·¯enÌ
nativnÌ struktury protein˘, mohlo pomoci v lÈËbÏ ¯ady chorob
(nemoc öÌlen˝ch krav, Creutzfeldova-Jakobsova choroba) zp˘-
soben˝ch chybn˝m sbalenÌm protein˘.

2. Je sbalov·nÌ ¯Ìzeno termodynamicky
nebo kineticky?

Z pokus˘ prov·dÏn˝ch Anfinsenem1,2 in vitro na ribonu-
klease z¯etelnÏ vypl˝v·, ûe proces sbalov·nÌ proteinu je vratn˝

a tedy, ûe veöker· informace, nezbytn· k dosaûenÌ nativnÌ
konformace proteinu, je obsaûena v sekvenci aminokyselin.

D˘sledkem tohoto tzv. Anfinsenova postul·tu je fakt, ûe
sbalov·nÌ protein˘ je ¯Ìzeno termodynamicky3. To znamen·,
ûe p¯i sbalov·nÌ spÏje molekula proteinu do p¯ÌsluönÈho mini-
ma volnÈ energie. Protoûe ale poËet konformacÌ, kterÈ m˘ûe
polypeptidov˝ ¯etÏzec zaujmout, je astronomicky vysok˝, po-
tom n·hodnÈ Ñprohled·v·nÌì vöech moûn˝ch uspo¯·d·nÌ (ve-
doucÌ tak k nalezenÌ nativnÌ konformace) by vyûadovalo ne-
˙mÏrnÈ mnoûstvÌ Ëasu, kterÈ by bylo i v rozporu s experimen-
t·lnÏ pozorovanou dobou nutnou pro sbalenÌ proteinu. Tento
zd·nliv˝ rozpor se naz˝v· Levinthal˘v paradox4 a jeho d˘sled-
kem je hypotÈza, ûe nativnÌ struktura proteinu je pod termo-
dynamickou kontrolou, avöak jejÌ dosaûenÌ p¯edch·zÌ tvorba
meziprodukt˘, jejichû vznik je ¯Ìzen kineticky.

Tuto hypotÈzu v sobÏ odr·ûÌ model kineticky ¯ÌzenÈho
sbalov·nÌ protein˘4,5. V nÏm je Levinthal˘v paradox p¯ekon·n
tÌm, ûe sbalov·nÌ probÌh· skrze tvorbu nÏkolika nukleaËnÌch
center (segment˘ s uspo¯·danou strukturou) v r˘zn˝ch Ë·stech
polypeptidovÈho ¯etÏzce. Tvorba nukleaËnÌch center je reali-
zov·na interakcemi kr·tkÈho a st¯ednÌho dosahu, kterÈ tak
iniciujÌ a ¯ÌdÌ proces sbalov·nÌ. Vznik nukleaËnÌch center
v poË·teËnÌ f·zi sbalov·nÌ tak znaËnÏ omezuje poËet konfor-
macÌ, kterÈ m˘ûe polypeptidov˝ ¯etÏzec n·slednÏ p¯i sbalov·-
nÌ zaujmout.

Podobn˝ model p¯echodu souboru denaturovan˝ch mole-
kul do nativnÌho stavu p¯edstavil Wolynes6. V modelu tzv.
ÑsbalovacÌ n·levkyì je sledov·n pr˘bÏh zmÏny volnÈ energie
p¯i sbalov·nÌ proteinu, kter˝ vede s n·padnou snadnostÌ skrze
komplikovan˝ energetick˝ profil. Z modelu vypl˝v·, ûe rych-
lost sbalov·nÌ je zpomalov·na Ñz·hybyì v energetickÈm pro-
filu (odpovÌdajÌcÌ lok·lnÌm minim˘m energie), kterÈ odpovÌ-
dajÌ formov·nÌ p¯echodnÏ stabilnÌch meziprodukt˘. SmÏrem
ke dnu n·levky kles· jak mnoûstvÌ moûn˝ch konformacÌ, tak
entropie polypeptidovÈho ¯etÏzce. »Ìm strmÏjöÌ je sklon stÏn
n·levky, tÌm je sbalov·nÌ rychlejöÌ.

V souËasnosti obecnÏ p¯evaûuje n·zor, ûe vytv·¯enÌ troj-
rozmÏrnÈ struktury protein˘ je ¯Ìzeno termodynamicky, avöak
probÌh· skrze kineticky kontrolovanou tvorbu Ë·steËnÏ uspo-
¯·dan˝ch meziprodukt˘.

3. DomÈny a subdomÈny jako jednotky sbalenÌ

Na existenci kompaktnÏ zformovan˝ch globul·rnÌch Ë·stÌ
bÌlkovin v z·sadÏ nez·visl˝ch na struktu¯e ostatnÌch Ë·stÌ
molekuly, upozornil poprvÈ Wetlaufer5,7. PozdÏji se pro tyto
˙tvary vûil n·zev domÈny.

ÿada experiment˘ potvrdila, ûe domÈny jsou schopny
samostatnÈho sbalov·nÌ, nez·visle na ostatnÌch Ë·stech poly-
peptidovÈho ¯etÏzce7-16. Nap¯Ìklad domÈny glyceraldehydde-
hydrogenasy12 v·ûÌcÌ NAD+, domÈny aspart·taminotransfe-
rasy13 a pankreatickÈ elastasy16 v·zajÌcÌ fosf·t. N- a C-termin·l-
nÌ domÈny kvasinkovÈ fosfoglycer·tkinasy majÌ kvazinativnÌ
strukturu 17,18. ObecnÏ  lze  ¯Ìci,  ûe  samostatnÈ domÈny  se
sbalujÌ rychleji, neû jsou-li integrov·ny v molekule19.
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AËkoli jsou nÏkterÈ domÈny schopnÈ samostatnÈho sbalo-
v·nÌ, jejich schopnost vytvo¯it aktivnÌ protein byla pozorov·na
pouze v nÏkolika m·lo p¯Ìpadech (nap¯. u thioredoxinu20,
elastasy16 a methionyl-t-RNA synthetasy21). Spr·vnÈ sbalenÌ
domÈn tedy nenÌ dostaËujÌcÌ podmÌnkou pro vytvo¯enÌ funk-
ËnÌho proteinu, nutn· je i jejich kontinuita, kter· zajiöùuje
stabilitu celÈho proteinu22.

Vzhledem k v˝skytu shodnÏ organizovan˝ch domÈn v r˘z-
n˝ch proteinech i v r·mci jednÈ molekuly (nÏkdy i bez homo-
logie v prim·rnÌ struktu¯e) se p¯edpokl·d·, ûe hr·ly d˘leûitou
roli v evoluci protein˘. Diskutovan˝m mechanismem je dupli-
kace a f˙ze gen˘23.

V souvislosti s diskusÌ o domÈn·ch se d·le nabÌzÌ ot·zka,
zda by mohly existovat fragmenty na niûöÌ strukturnÌ ˙rovni
neû domÈny (tzv. subdomÈny), kterÈ by byly schopny samos-
tatnÈho sbalov·nÌ. TermÌn subdomÈna je zde pouûÌv·n pro
jednotku sbalenÈ struktury, kter· je vÏtöÌ neû helix nebo β-
struktura, ale z·roveÚ menöÌ, neû cel· domÈna26. Nap¯Ìklad
C-termin·lnÌ fragmenty thermolysinu se sbalujÌ autonomnÏ,
jestliûe majÌ velikost alespoÚ t¯Ì helix˘ nebo jsou vÏtöÌ24,25. K
podobn˝m z·vÏr˘m doöli Oas a Kim26 v experimentech s
fragmenty BPTI, kterÈ se samostatnÏ sbalovaly a n·slednÏ
spojovaly. P¯edpokl·d· se, ûe tyto subdomÈny jsou konden-
zovanÈ stavy polypeptidovÈho ¯etÏzce, ve kter˝ch jeötÏ nedo-
ölo k ˙plnÈmu tÏsnÈmu sbalenÌ atom˘ hydrofobnÌho j·dra.
Proti tomuto n·zoru mluvÌ nÏkterÈ experimenty s fragmenty
menöÌmi neû domÈna, nap¯Ìklad z SH2 domÈny protein˘ p60
a p85 (cit.14,15), s F2 fragmenty z bakteri·lnÌ nukleasy27-29,
tryptofan synthasy nebo cytochromu c (cit.30), u nihû nebylo
samostatnÈ sbalov·nÌ pozorov·no.

4. Modely sbalov·nÌ protein˘

Sbalov·nÌ by bylo relativnÏ snadno vysvÏtlitelnÈ za p¯ed-
pokladu, ûe by kaûd· aminokyselina dos·hla svou spr·vnou
konformaci nez·visle na ostatnÌch nebo pouze za ˙Ëasti inter-
akcÌ kr·tkÈho dosahu. Tento p¯edpoklad je ale v rozporu
s realitou, neboù opomÌjÌ interakce dlouhÈho dosahu, kterÈ se
p¯i sbalov·nÌ uplatÚujÌ a jsou nezbytnÈ pro stabilitu terci·rnÌ
nativnÌ konformace.

Velmi kontroverznÌ ot·zkou je, zda existuje pouze jedna
jedineËn· cesta, kterou se sbalov·nÌ proteinu ubÌr· nebo zda
je jich vÌce. Jestliûe m· kaûd· molekula proteinu na poË·tku
sbalov·nÌ jinou konformaci, pak je moûnÈ se domnÌvat, ûe
kaûd· sleduje svou jedineËnou cestu sbalenÌ (obr. Ia). Ja-
ko analogii si m˘ûeme p¯edstavit skl·d·nÌ dÏtskÈ skl·daËky
(z angl. Ñjigsaw puzzleì)31. AËkoli p¯i kaûdÈm skl·d·nÌ p¯ipo-
jujeme jednotlivÈ dÌly v r˘znÈm po¯adÌ, vûdy (za p¯edpokladu,
ûe postupujeme spr·vnÏ) dojdeme ke stejnÈmu cÌli. Nedostat-
kem takovÈho modelu je, ûe v sobÏ zahrnuje nespr·vn˝ p¯ed-
poklad, totiû ûe nativnÌ sbalenou konformaci proteinu urËujÌ
pouze interakce kr·tkÈho dosahu.

Oproti tomu se zd·, ûe modely zahrnujÌcÌ tvorbu urËitÈho
poËtu meziprodukt˘, kterÈ vedou k jednÈ nativnÌ konformaci,
vystihujÌ cel˝ proces vÏrohodnÏji (obr. 1b).

PrvnÌm z nich byl model nukleace-propagace5,32,33, ve
kterÈm dÌky fluktuacÌm doch·zÌ na r˘zn˝ch mÌstech v poly-
peptidovÈm ¯etÏzci ke vzniku segment˘ s uspo¯·danou struk-
turou (nukleace), kterÈ sice nejsou stabilnÌ, ale slouûÌ jako
templ·t pro dalöÌ sbalov·nÌ (propagace).

DifuznÏ-koliznÏ-adheznÌ model p¯edpokl·d·, ûe jednotli-
vÈ elementy nativnÌ konformace proteinu, jako jsou nap¯Ìklad
α-helixy a β-struktury, jsou v denaturovanÈm proteinu nesta-
bilnÌ a tedy p¯ÌtomnÈ jen s malou pravdÏpodobnostÌ. P¯i vhod-
n˝ch interakcÌch se ale mohou tyto struktury navz·jem stabi-
lizovat a vytv·¯et soudrûnÏjöÌ ˙tvary. RychlostnÌ konstanta pro
vznik takov˝chto ˙tvar˘ je d·na souËinem rychlosti, se kterou
se danÈ prvky mÌsÌ, a pravdÏpodobnosti, ûe budou vhodnÏ
orientov·ny. Dynamika denaturovanÈho polypeptidovÈho ¯e-
tÏzce ukazuje, ûe se jeho r˘znÈ Ë·sti sr·ûejÌ vlivem difuze
p¯ibliûnÏ 10+5 kr·t za sekundu34. P¯i pravdÏpodobnosti 10-5, ûe
jsou oba segmenty ve vhodnÈ orientaci, je pak hodnota rych-
lostnÌ kostanty sbalov·nÌ shodn· s pozorovanou hodnotu ¯·-
dovÏ 1.s-1 (cit.41).

DalöÌ model, tzv. postupnÈ hierarchickÈ sbalov·nÌ protei-
nu, navrhl Schulz35. P¯edpokl·dal, ûe sbalov·nÌ probÌh· stup-

Obr. 1. U ñ denaturovan˝ protein, I ñ meziprodukt, N ñ nativnÌ
protein (a) model sbalov·nÌ protein˘, v nÏmû kaûd· molekula sleduje
svou jedineËnou cestu sbalenÌ, (b) model sbalov·nÌ protein˘, zahrnu-
jÌcÌ tvorbu urËitÈho mnoûstvÌ meziprodukt˘, (c) obecn˝ model sbalo-
v·nÌ protein˘ zahrnujÌcÌ v sobÏ oba p¯edch·zejÌcÌ modely41
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ÚovitÏ v z·vislosti na strukturnÌ hierarchii, tedy ûe po nukleaci
se tvo¯Ì sekund·rnÌ struktury, kterÈ se spojujÌ a d·vajÌ vznik-
nout supersekund·rnÌm struktur·m, potom domÈn·m a nako-
nec celÈmu aktivnÌmu monomeru. U sloûenÈho proteinu dojde
v poslednÌ f·zi k uspo¯·d·nÌ podjednotek a tÌm k fin·lnÌm
konformaËnÌm ˙prav·m, kterÈ dajÌ vznik funkËnÌm vlastnos-
tem proteinu.

V tzv. Ñframe workì modelu36 se tvorba nativnÌ struktury
uskuteËÚuje sestavov·nÌm jiû existujÌcÌch element˘ sekun-
d·rnÌch struktur, kterÈ p¯eûÌvajÌ denaturaci. Tyto elementy
majÌ znaËnou stabilitu a nejobtÌûnÏjöÌm krokem sbalov·nÌ je
jejich sestavov·nÌ dohromady. Je dok·z·no, ûe nap¯. α-helix
se tvo¯Ì v kaûdÈm denaturovanÈm polypeptidu bÏhem mikro-
sekund34, ale zanik· jeötÏ rychleji; rovnov·ûn· konstanta pro
jeho tvorbu je tedy menöÌ neû jedna. Ot·zkou z˘st·v·, v jakÈm
stadiu se tedy α-helix st·v· stabilnÌm. Ale jak velk· stabilita
je jiû v˝znamn·? JednÌm z nejstabilnÏjöÌch zn·m˝ch α-helix˘
je aminokonec ribonukleasy A, a aËkoli je v denaturovanÈm
proteinu hojnÏ zastoupen, stabilizov·n je aû v koneËnÈ f·zi
sbalov·nÌ37.

DalöÌ moûn˝ zp˘sob sbalov·nÌ je, ûe polypeptid podstoupÌ
v renaturaËnÌch podmÌnk·ch rychl˝ kolaps realizovan˝ p¯e-
v·ûnÏ hydrofobnÌmi interakcemi (tzv. hydrofobnÌ kolaps)38,
a dos·hne tak pomÏrnÏ kondenzovanÈho stavu. TakovÈto stÌs-
nÏnÌ polypeptidovÈho ¯etÏzce m˘ûe pak zv˝öit pravdÏpodob-
nost, ûe p¯i probÌhajÌcÌch sr·ûk·ch dos·hne nativnÌ struktury39.
Formov·nÌ sekund·rnÌch struktur by mohlo probÌhat s hydro-
fobnÌm kolapsem i souËasnÏ40.

Obecn˝ mechanismus sbalov·nÌ protein˘, navrûen˝ podle
zatÌm dostupn˝ch experiment·lnÌch dat41 m˘ûeme vidÏt na
obr. 1c. Tzv. model dÏtskÈ skl·daËky (obr. 1a) se uplatnÌ
pravdÏpodobnÏ v poË·teËnÌ f·zi sbalov·nÌ. Jeho v˝sledkem
nenÌ protein s nativnÌ strukturou, ale pouze nÏkolik Ë·steËnÏ
sbalen˝ch meziprodukt˘. PotÈ, pravdÏpodobnÏ stejn˝m me-
chanismem, jako v difuznÏ-koliznÏ-adheznÌm nebo Ñframe
workì modelu, dojde za pomoci hlavnÏ hydrofobnÌch a vodÌko-
v˝ch vazeb ke stabilizaci element˘ nativnÌ struktury41. Sbalo-
v·nÌ je poslÈze ukonËeno utvo¯enÌm nativnÌ struktury proteinu.

5. Meziprodukty, molten globule

V souËasnÈ dobÏ se p¯i ¯eöenÌ problÈmu sbalov·nÌ protein˘
klade velk˝ d˘raz na zkoum·nÌ vlastnostÌ meziprodukt˘, je-
jichû tvorba byla p¯i sbalov·nÌ ¯ady protein˘ pozorov·na42-48.

Detekce a charakterizace meziprodukt˘, kter· je povaûo-
v·na za jednu z podmÌnek ˙spÏönÈho ¯eöenÌ mechanismu
sbalov·nÌ, je znesnadnÏna rychlostÌ a kooperativitou tohoto
procesu a z toho vypl˝vajÌcÌm faktem, ûe meziprodukty majÌ
obecnÏ velmi kr·tkou ûivotnost. Navzdory tomu byla usku-
teËnÏna ¯ada pokus˘ detekce a charakterizace p¯echodn˝ch
stav˘ p¯i sbalov·nÌ protein˘. DÌky technickÈmu pokroku po-
slednÌch let dnes existujÌ metody, kterÈ lze pro studium sbalo-
v·nÌ protein˘ pouûÌt, nap¯. NMR, vyuûÌvajÌcÌ rychlÈ v˝mÏny
vodÌkñdeuterium a spojen· s rychl˝m mÌch·nÌm49. »asto po-
uûÌvanou metodou je takÈ studium proteinov˝ch fragmen-
t˘26,50. Metody proteinovÈho inûen˝rstvÌ umoûÚujÌ stabilizaci
meziprodukt˘ a zkoum·nÌ chov·nÌ r˘zn˝ch Ë·stÌ proteinu
bÏhem sbalov·nÌ51,52.

U mnoha protein˘ byla v ËasnÈ f·zi sbalov·nÌ prok·z·na
tvorba sekund·rnÌch struktur53,54. Ohgushi a Wada55 pozoro-

vali p¯i sbalov·nÌ ¯ady protein˘ vznik meziprodukt˘ s podob-
n˝mi vlastnostmi, kterÈ nazvali molten globule (MG). Molten
globuli charakterizovali jako pomÏrnÏ kompaktnÌ ˙tvar s vy-
sok˝m mnoûstvÌm nativnÌch sekund·rnÌch struktur a s fluktu-
jÌcÌ terci·rnÌ strukturou. Obsahuje p¯Ìstupn· hydrofobnÌ mÌsta,
na kter· se m˘ûe v·zat hydrofobnÌ barvivo anilinonaftalensul-
fon·t. Molten globule byla potÈ pozorov·na p¯i sbalov·nÌ ¯ady
protein˘, nap¯. α-laktalbuminu48, β-laktamasy56, karbonan-
hydrasy57, α-podjednotky58 a β-podjednotky tryptofansyntha-
sy59, hovÏzÌho r˘stovÈho hormonu60 a kvasinkovÈ fosfoglyce-
r·tkinasy52.

Velmi diskutovanou ot·zkou je, zda jsou sekund·rnÌ struk-
turnÌ prvky, p¯ÌtomnÈ v molten globuli, shodnÈ s nativnÌmi.
Nap¯Ìklad analyzovan· molten globule α-laktalbuminu obsa-
huje zformovanou helik·lnÌ domÈnu se slab˝mi hydrofobnÌmi
interakcemi, zatÌmco β-struktura je znaËnÏ neuspo¯·dan·. Po-
zorov·n v nÌ byl i hydrofobnÌ ˙tvar vytv·¯en˝ postrannÌmi
¯etÏzci Tyr103, Trp104 a His107, jehoû struktura byla jen
nepatrnÏ odliön· od tÈ, kter· je pozorov·na v nativnÌm protei-
nu61. Vytv·¯enÌ prvk˘ nativnÌ sekund·rnÌ struktury bylo takÈ
pozorov·no p¯i sbalov·nÌ cytochromu c (cit.51), barnasy62 a sle-
piËÌho lysozymu63. Naopak tvorba nenativnÌch sekund·rnÌch
struktur byla pozorov·na p¯i renaturaci β-laktoglobulinu64.

U ¯ady protein˘ byly identifikov·ny meziprodukty, kterÈ
p¯edch·zely tvorbu molten globule36,59,65,66. Tyto ˙tvary, poz-
dÏji nazvanÈ pre-molten globule66, obsahujÌ znaËnÈ mnoûstvÌ
fluktujÌcÌch sekund·rnÌch motiv˘, jsou mÈnÏ kompaktnÌ, ale
stejnÏ jako molten globule vykazujÌ p¯Ìtomnost hydrofobnÌch
oblastÌ p¯Ìstupn˝ch rozpouötÏdlu.

Mnohem podstatnÏjöÌ ot·zkou z˘st·v·, zda je tzv. molten
globule meziprodukt, p¯es kter˝ se sbalov·nÌ odehr·v· podle
n·sledujÌcÌho schÈmatu,

denaturovan˝ protein → molten globule → nativnÌ protein,

Ëi zda stojÌ mimo cestu sbalov·nÌ a je tedy pouze strukturou
proteinu, kter· je preferov·na v dan˝ch renaturaËnÌch podmÌn-
k·ch:

denaturovan˝ protein → nativnÌ protein

molten globule67.

PodobnÈ ˙vahy se mohou t˝kat i meziprodukt˘, u kter˝ch
nenÌ p¯esvÏdËivÏ dok·z·no, ûe jsou pro sbalov·nÌ d˘leûitÈ67.

Model molten globule, jako obecnÈho meziproduktu od-
mÌt· A. L. Fink68, kter˝ nepopÌr· existenci meziprodukt˘, ale
zd˘razÚuje,  ûe vzhledem  k tomu, ûe  prostorov· struktura
proteinu je urËena sekvencÌ jeho aminokyselin, obecn˝ mezi-
produkt nem˘ûe existovat, a ûe kaûd˝ protein tvo¯Ì p¯i sba-
lov·nÌ sv˘j specifick˝ meziprodukt s jedineËnou strukturou.

6. »asn· f·ze sbalov·nÌ

Proces sbalov·nÌ proteinu by mohl b˝t iniciov·n hydro-
fobnÌm kolapsem, kter˝ zp˘sobÌ kondenzaci polypeptidovÈho
¯etÏzce. PotÈ n·sleduje vznik sekund·rnÌch struktur, kterÈ jsou
neust·le p¯eskupov·ny69 a kterÈ mohou slouûit jako nukleaËnÌ
j·dra. Je takÈ moûnÈ, ûe tyto dva procesy probÌhajÌ souËasnÏ70.

↔
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Teorii hydrofobnÌho kolapsu v ËasnÈ f·zi sbalov·nÌ podporuje
¯ada experiment·lnÌch dat52,63,71,72.

V mnoha proteinech byly pozorov·ny mikrostruktury p¯e-
ûÌvajÌcÌ denaturaci, kterÈ by mohly tvo¯it nukleaËnÌ j·dra pro
n·slednÈ sbalov·nÌ. Nap¯Ìklad Neri73 detegoval p¯Ìtomnost hy-
drofobnÌch ˙tvar˘ v denaturovanÈmrepresoru.Tvorbu hydrofob-
nÌch shluk˘ objevil Mathews71 bÏhem renaturace dihydrofol·t-
reduktasy. V˝skyt zbytkov˝ch lok·lnÌch struktur v denaturova-
nÈm proteinu pozoroval Logan et al.74 PomocÌ fluorescenËnÌ
emisnÌ spektrometrie byl bÏhem renaturace fosfoglycer·tkina-
sy a jejÌch mutant˘ zjiötÏn v˝skyt zbytkov˝ch mikrostruktur,
kterÈ se skl·daly z hydrofobnÌch shluk˘52. Je tedy moûnÈ, ûe
sbalov·nÌ proteinu zaËÌn· hydrofobnÌm kolapsem doprov·-
zen˝m tvorbou nativnÌch nebo nenativnÌch sekund·rnÌch struk-
tur. Tyto mikrostruktury mohou tvo¯it nukleaËnÌ centra v pro-
cesu sbalov·nÌ proteinu.

V kaûdÈm p¯ÌpadÏ v ËasnÈ f·zi procesu vznikne heterogen-
nÌ populace Ë·steËnÏ sbalen˝ch meziprodukt˘, kterÈ jsou ve
fluktujÌcÌ rovnov·ze75 a kterÈ mohou mÌt i multimernÌ povahu.
TakovÈ meziprodukty byly nap¯Ìklad pozorov·ny bÏhem re-
naturace fosfoglycer·tkinasy76,77, kde se rychle tvo¯ily p¯e-
chodnÈ multimernÌ meziprodukty, kterÈ potÈ, bÏhem pomalÈ-
ho stadia sbalov·nÌ, d·valy vzniknout nativnÌmu proteinu.
NarozdÌl od klasick˝ch agreg·t˘ (shluk˘), je ale jejich v˝skyt
nez·visl˝ na koncentraci, objevujÌ se i p¯i koncentracÌch pro-
teinu 0,05 µM. MultimernÌ meziprodukty (dimery, trimery
a tetramery) byly takÈ pozorov·ny p¯i renaturaci N-termin·l-
nÌch fragment˘ fosfoglycerolkinasy v rovnov·ûn˝ch podmÌn-
k·ch72.

KinetickÈ metody, kterÈ se v souËasnosti pouûÌvajÌ k de-
tekci meziprodukt˘, jsou omezeny Ëasov˝m rozsahem na mili-
sekundy. V poË·tcÌch sbalov·nÌ protein˘ probÌhajÌ pravdÏpo-
dobnÏ velmi rychlÈ ud·losti, kterÈ jsou mimo tento experimen-
t·lnÌ dosah. Pro pochopenÌ mechanismu sbalov·nÌ protein˘ je
nezbynÈ porozumÏt pr·vÏ tÏmto velmi Ëasn˝m ud·lostem,
kterÈ iniciujÌ cel˝ proces.

7. St¯ednÌ a pozdnÌ f·ze sbalov·nÌ

Ve st¯ednÌ f·zi sbalov·nÌ byla pozorov·na tvorba vazeb-
n˝ch mÌst pro substr·t nebo ligand. Nap¯Ìklad vazebn· mÌsta
pro ionty Ca2+ v α-laktalbuminu jsou vytv·¯ena jeötÏ p¯ed
zformov·nÌm nativnÌho proteinu78. PodobnÏ byla pozorov·na
tvorba nativnÌch epitop˘ u β-podjednotky tryptofansyntha-
sy79.

V poslednÌ f·zi procesu protein dos·hne svou nativnÌ
konformaci a u enzym˘ se objevÌ aktivita. Dojde k p¯esnÈmu
uspo¯·d·nÌ sekund·rnÌch struktur80, spr·vnÈmu sbalenÌ hydro-
fobnÌho j·dra81, u oligomernÌch protein˘ se uspo¯·dajÌ podjed-
notky36, u multidomÈnov˝ch protein˘ se jednotlivÈ domÈny
¯·dnÏ sp·rujÌ8 a p¯eskupÌ se disulfidovÈ vazby82. Sbalov·nÌ
protein˘  je v tÈto f·zi ¯Ìzeno  nekovalentnÌmi interakcemi
a disulfidovÈ vazby hrajÌ pouze roli stabilizaËnÌ.

Krokem, kter˝ omezuje rychlost poslednÌ f·ze sbalov·nÌ,
je u ¯ady protein˘ izomerizace prolinu83. P¯ibliûnÏ 60 % pro-
tein˘ obsahuje v nativnÌm stavu nejmÈnÏ jednu cisX-Pro vaz-
bu. Izomerizace prolinu byla pops·na Brandtsem83, kter˝ po-
mocÌ tohoto jevu vysvÏtloval pomalÈ f·ze sbalov·nÌ a exis-
tenci dvou denaturaËnÌch forem ribonukleasy A (cit.84). Role
izomerizace prolinu byla postupnÏ p¯ijÌm·na. Levitt85 navr-

hoval existenci t¯Ì druh˘ prolinu. PrvnÌ, kter˝ neovlivÚuje
sbalov·nÌ, druh˝, kter˝ sniûuje jeho rychlost a t¯etÌ, kter˝
sbalov·nÌ blokuje. NicmÈnÏ izomerizace prolinu nem˘ûe b˝t
povaûov·na za proces vlastnÌ pouze poslednÌ f·zi sbalov·nÌ72.

8. Pravidla sbalov·nÌ protein˘ in vitro

Je z¯ejmÈ, ûe ˙plnÈ pochopenÌ mechanism˘ ovl·dajÌcÌch
p¯echod proteinu do svÈ nativnÌ struktury bude jeötÏ vyûadovat
mnoho vÏdeckÈho ˙silÌ a experiment˘. Na z·vÏr m˘ûeme
pravidla sbalov·nÌ protein˘, odvozen· z dosud proveden˝ch
in vitro studiÌ, shrnout do t¯Ì bod˘:
1. sbalov·nÌ proteinu je v danÈm prost¯edÌ ¯Ìzeno jeho pri-

m·rnÌ strukturou (Anfinsen˘v postul·t),
2. nativnÌ struktura proteinu je pod termodynamickou kon-

trolou a odpovÌd· minimu Gibbsovy volnÈ energie,
3. sbalov·nÌ vÏtöiny protein˘ prov·zÌ vznik Ë·steËnÏ sbale-

n˝ch meziprodukt˘, kterÈ jsou kontrolov·ny kineticky.

9. Sbalov·nÌ protein˘ in vivo

Dlouhou dobu se p¯edpokl·dalo, ûe novÏ syntetizovanÈ
proteiny se in vivo sbalujÌ samy a stejn˝m mechanismem, jako
in vitro. PoslednÌ v˝zkumy ale naznaËujÌ zcela jasnÏ, ûe sba-
lov·nÌ protein˘ do jejich nativnÌch konformacÌ in vivo, stejnÏ
jako skl·d·nÌ podjednotek p¯i tvorbÏ oligomernÌch struktur
vyûaduje v mnoha p¯Ìpadech pomoc dalöÌch l·tek bÌlkovinnÈ
povahy zvan˝ch molekulovÈ chaperony86,87.

Podle Anfinsena1,2 je informace obsaûen· v sekvenci ami-
nokyselin nezbytnou a postaËujÌcÌ podmÌnkou pro zajiötÏnÌ
funkËnÌ konformace proteinu, kter· je z·roveÚ strukturou s nej-
niûöÌ volnou energiÌ. Ke spr·vnÈmu sbalenÌ tedy nenÌ t¯eba
û·dnÈ dalöÌ informace ani vnÏjöÌ energie.

MolekulovÈ chaperony interagujÌ se vznikajÌcÌmi, stre-
sem-destabilizovan˝mi nebo p¯emÌsùovan˝mi proteiny a za-
braÚujÌ tak jejich nespr·vnÈmu sbalenÌ a n·slednÈmu sr·ûenÌ.
Nemohou ale interagovat s nativnÌmi proteiny, ani nejsou
schopny spr·vnÏ sbalit jiû jednou zformovanÈ sraûeniny bÌl-
kovin. Chaperony takÈ nenesou informaci, kter· by umoûnila
proteinu dos·hnout jinÈ konformace, neû jak· je mu diktov·na
sekvencÌ aminokyselin88,89. MolekulovÈ chaperony pouze zvy-
öujÌ v˝tÏûek, ale nikoli rychlost reakce sbalov·nÌ. Z tohoto
pohledu tedy nejsou katalyz·tory a jejich funkce nezpochyb-
Úuje platnost Anfinsenova postul·tu (viz v˝öe).

Chaperony pravdÏpodobnÏ nejsou schopny v·zat se na
˙plnÏ rozbalen˝ polyproteinov˝ ¯etÏzec. SpÌöe se zd·, ûe se
p¯echodnÏ v·ûÌ na Ëasn˝ meziprodukt, kter˝ vznik· p¯i sbalo-
v·nÌ proteinu72. TÌmto Ëasn˝m meziproduktem by mohla b˝t
i molten globule nebo takÈ tzv. pre-molten globule72. V kaû-
dÈm p¯ÌpadÏ tento Ëasn˝ intermedi·t obsahuje velkÈ hydrofob-
nÌ oblasti a je pravdÏpodobnÈ, ûe se na chaperon v·ûe pr·vÏ
skrze nÏ. K uvolnÏnÌ proteinu je v nÏkter˝ch p¯Ìpadech zapo-
t¯ebÌ hydrol˝zy ATP. ZÌskan· energie je pouûita k realizaci
konformaËnÌch zmÏn chaperonu, kterÈ uvolnÌ protein90.

Experimenty se sbalov·nÌm protein˘ prov·dÏnÈ in vitro
naznaËujÌ, ûe öpatnÈ sbalov·nÌ a n·slednÈ sr·ûenÌ proteinu je
d˘sledkem kompetice mezi spr·vn˝m a chybn˝m sbalenÌm.
Uk·zalo se, ûe chaperony nejsou t¯eba, je-li v buÚce prefero-
v·no formov·nÌ spr·vnÈ struktury. To se potvrdilo i u oligo-
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mernÌch protein˘. Z tohoto pohledu se jevÌ jako velmi zajÌma-
vÈ sbalov·nÌ p22Arc represorovÈho dimeru, kde sbalovacÌ
proces za ˙Ëasti chaperonu byl pomalejöÌ neû neasistovanÈ
sbalov·nÌ, tzn. bez ˙Ëasti chaperonu91.

Z·kladnÌ ˙lohou molekul·rnÌch chaperon˘ je tedy chr·nit
proteiny p¯ed nevhodn˝mi interakcemi a udrûovat mezipro-
dukty sbalov·nÌ na spr·vnÈ ÑcestÏì, vedoucÌ k dosaûenÌ nativ-
nÌ konformace. Je takÈ moûnÈ, ûe pom·hajÌ udrûovat protein
v konformaci, vhodnÈ pro snadn˝ transport p¯es membr·ny.
Moûnost chybnÈho sbalenÌ je vÏtöÌ, jestliûe rychlost biosyntÈ-
zy je v˝raznÏ pomalejöÌ, neû proces sbalov·nÌ. Protein v ma-
lÈm mnoûstvÌ tedy vyûaduje pro spr·vnÈ sbalenÌ p¯Ìtomnost
chaperonu.

TakÈ nÏkterÈ dalöÌ molekuly pom·hajÌ spr·vnÈmu sbalo-
v·nÌ protein˘ in vivo ñ nap¯Ìklad proteindisulfidisomerasa,
kter· katalyzuje tvorbu disulfidov˝ch vazeb v sekreËnÌch pro-
teinech a je hojnou souË·stÌ endoplazmatickÈho retikula. Nebo
dalöÌ enzym: peptidyl-prolyl-cis-transisomerasa, katalyzujÌcÌ
cis-trans izomeraci X-Pro peptidov˝ch vazeb. Tyto enzymy
zrychlujÌ sbalovacÌ proces, kter˝ m˘ûe za optim·lnÌch podmÌ-
nek probÏhnout i bez nich92,93. NÏkterÈ enzymy podstupujÌ po
sbalenÌ dalöÌ chemickÈ modifikace, jako je nap¯Ìklad glykosy-
lace. Bylo prok·z·no, ûe glykosylace nemÏnÌ cestu sbalenÌ (in
vitro ani in vivo), ale pouze zvyöuje stabilitu proteinu, tato
stabilizace je p¯ev·ûnÏ entropickÈho p˘vodu94.

10. Z·vÏr

V p¯edeöl˝ch kapitol·ch jsme se pokusili podat struËn˝
a ucelen˝ obraz problematiky sbalov·nÌ protein˘ jak je na nÏj
nahlÌûeno v souËasnosti. PonÏvadû dÌky pokrok˘m v instru-
mentaËnÌ a v˝poËetnÌ technice proch·zÌ toto odvÏtvÌ bou¯li-
v˝m v˝vojem, nenÌ moûnÈ s urËitostÌ odhadnout, jakou cestou
se ¯eöenÌ tohoto problÈmu bude ubÌrat a jakÈ prost¯edky budou
p¯i objasÚov·nÌ tohoto jevu rozhodujÌcÌ.

Predikce nativnÌ konformace proteinu o zn·mÈ aminoky-
selinovÈ sekvenci je jedna z velk˝ch a otev¯en˝ch ot·zek
molekul·rnÌ biologie a z·roveÚ jedna z nejvÏtöÌch v˝zev pro
novou vÏdu ñ bioinformatiku. PouûitÌm rychl˝ch v˝poËetnÌch
program˘ a superpoËÌtaËovÈho Ëasu popsali Duan a Kollman95

˙spÏönÈ sbalov·nÌ p¯imÏ¯enÏ velkÈho proteinovÈho fragmentu
pomocÌ simulace molekulovou dynamikou do stavu, kter˝ je
blÌzk˝ nativnÌmu. Proto se d· oËek·vat, ûe detailnÌ poËÌtaËov·
simulace celÈho procesu sbalov·nÌ, metodou molekulovÈ dy-
namiky je moûn·.

DÌky pokroku v sekvenaci (je zn·m kompletnÌ genom
t¯in·cti bakteriÌ a kvasinek, na dosah je zmapov·nÌ genomu
prvnÌch vÌcebunÏËn˝ch ûivoËich˘, jsou charakterizov·ny t¯i
genomy rostlin, genom octomilky a kompletnÌ sekvence lid-
skÈho genomu je oËek·v·na poË·tkem p¯ÌötÌho tisÌciletÌ) roste
i tlak na vy¯eöenÌ kÛdu struktury a funkce. Jednou z moûn˝ch
cest je homologickÈ modelov·nÌ, vyuûÌvajÌcÌ vöechny infor-
mace z datab·zÌ zn·m˝ch struktur, jeû jsou v souËasnÈ dobÏ
k dispozici. Bohuûel efektivita i tÈto metody je velmi nÌzk· ñ
asi 25 % pro proteiny s velmi blÌzkou aminokyselinovou
sekvencÌ. Klesne-li homologie pod 25 %, spolehlivost metody
kles· prudce k nule.

Mnoho mal˝ch protein˘ se sbaluje spont·nnÏ za dobu
nÏkolika sekund. Sekund·rnÌ strukturnÌ prvky, jako jsou örou-
bovice a β-struktury, vznikajÌ ¯·dovÏ v dob·ch nanosekund aû

mikrosekund. Jak bylo ¯eËeno, sbalov·nÌ je ¯Ìzeno termodyna-
micky a je v˝sledkem fyzik·lnÌch interakcÌ mezi atomy pro-
teinu a solventem. Tyto interakce jsou element·rnÌ a dob¯e
popsanÈ a tak se nabÌzÌ ot·zka, proË tyto znalosti nelze pouûÌt
ke sledov·nÌ celÈho procesu. Je tomu tak ze dvou z·kladnÌch
d˘vod˘. TÌm prvnÌm je, ûe poËÌtaËe dnes pouûÌvanÈ, a to ani
ty nejrychlejöÌ a nejmodernÏjöÌ, nemohou proch·zet cel˝ kon-
formaËnÌ prostor v rozumnÈm Ëase. Druh˝m d˘vodem je, ûe
si nem˘ûeme b˝t jisti, zda dostupnÈ empirickÈ potenci·ly jsou
dostateËnÏ p¯esnÈ k urËenÌ spolehlivÈ hodnoty volnÈ energie
vznikajÌcÌho proteinu. P¯ÌspÏvky zÌskanÈ pomocÌ empirick˝ch
potenci·l˘ jsou jak kladnÈ tak z·pornÈ a nab˝vajÌ velk˝ch
hodnot, kterÈ se tak¯ka ruöÌ p¯i urËenÌ celkovÈ energie systÈmu.

P¯estoûe dosud nebyla pops·na jedin· ˙spÏön· simulace
celÈho procesu vytv·¯enÌ nativnÌ struktury proteinu, je z¯ejmÈ,
ûe zvl·ötÏ dÌky poslednÌm simulaËnÌm pokus˘m, p¯esvÏdËivÏ
dokazujÌcÌch jejich pouûitelnost, je molekulov· dynamika znovu
na scÈnÏ. VylepöenÌ v˝konnosti poËÌtaË˘ zcela jistÏ ne malou
mÏrou p¯ispÏje ke zlepöenÌ souËasnÈho stavu. NemÏlo by se
ovöem zapomÌnat, ûe k vy¯eöenÌ je t¯eba detailnÏ porozumÏt
proces˘m na co nejvyööÌ teoretickÈ ˙rovni ñ v˝poËty ab initio
a n·roËnÈ experimenty osvÏtlujÌcÌ vöechny aspekty studova-
nÈho problÈmu.

NÏkte¯Ì auto¯i p¯irovn·vajÌ hled·nÌ jednoho ze z·kladnÌch
kÛd˘ p¯Ìrody k hled·nÌ svatÈho gr·lu. Povaûujeme za vhodnÈ
zmÌnit na z·vÏr jeden z cit·t˘, kter˝ tuto legendu nejlÈpe
vystihuje: Gr·l na sebe m˘ûe br·t mnoho podob v pr˘bÏhu
doby a mnozÌ tvrdÌ, ûe jiû pochopili, ovl·dli a nalezli jeho
tajemstvÌ. M˘ûeme snad spat¯it jeho z·blesk a tuöit jeho obry-
sy, ale odhodlanÌ rytÌ¯i se musÌ p¯ipravit na dlouhÈ hled·nÌ
a tÏûkou d¯inu96.
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M. ävec and J. Vondr·öek (Institute of Organic Che-
mistry and Biochemistry, Academy of Sciences of the Czech
Republic, Prague): Protein Folding: State of the Problem
at the End of Millenium

To be biologically active, proteins must adopt specific
folded three-dimensional tertiary structures. Yet the genetic
information for the proteins specifies only the primary struc-

ture, the linear sequence of amino acids in the polypeptide
backbone. Many purified proteins can spontaneously refold in
vitro after being completely unfolded, so the three-dimen-
sional structure must be determined by the primary structure.
How this occurs has become known as the protein-folding
problem. It was primarily of academic interest, but the advent
of protein engineering and the ability to produce any protein,
often in an insoluble, unfolded, inactive and useless form, has
made it also of great practical importance. The problem can
be divided into two main questions. The first is by what kinetic
process or pathway does protein adopt its native and biologi-
cally active folded conformation and the other, what is the
physical basis of the stability of folded conformations. The
present review summarizes the present state of knowledge of
the problem and attempts to put it into perspective for what
could follows.
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1. ⁄vod

Trombocyty zastavuj˙ krv·canie z poökoden˝ch krvn˝ch
ciev a iniciuj˙ opravnÈ mechanizmy. œalöÌmi predpokladan˝-
mi ˙lohami trombocytov je ich ˙Ëasù v in˝ch patologick˝ch
stavoch, ak˝mi je z·pal, astma alebo obrana organizmu proti
parazitom1,2. Pre tieto funkcie obsahuj˙ veæa dÙleûit˝ch kom-
ponentov, priËom povrchovÈ glykoproteÌny s˙ kritickÈ pre dva
procesy, adhÈziu a agreg·ciu.

U trombocytov sa pod adhÈziou rozumie priænutie doöti-
Ëiek k subendotelov˝m alebo in˝m bunk·m, k˝m adhÈzia
trombocytu k trombocytu je naz˝van· agreg·ciou. Prim·rna
adhÈzia predstavuje naviazanie doötiËiek v kæudovom stave
k subendotelov˝m bunk·m a sekund·rna adhÈzia naviazanie
aktivovan˝ch trombocytov k subendotelu. Prim·rna adhÈzia
zah‡Úa niekoæko rozliËn˝ch öt·diÌ. Na zaËiatku sa glykoproteÌ-
nov˝ (GP) Ib-V-IX komplex (CD42) naviaûe na von Wille-
brandov faktor, ktor˝ je asociovan˝ s kolagÈnom na subendo-
telovom povrchu. Viacn·sobnÈ naviazanie spÙsobÌ zastavenie
trombocytov, ich zachytenie na povrchu, Ëo vedie k aktiv·cii
ÔalöÌch receptorov1.

Receptor pre kolagÈn, GP Ia-IIa, je dÙleûit˝m sekund·r-
nym  receptorom pre adhÈziu  a aktiv·ciu trombocytov. Je
esenci·lny pre indukciu procesu Ñrozprestierania saì trombo-
cytov, ktor˝ je sprostredkovan˝ glykoproteÌnov˝m komple-
xom GPIIb-IIIa (cit.3,4). œalöie (sekund·rne) receptory pom·-
haj˙ zosilniù v‰zbu k povrchu a pÙsobia ako rezerva v patolo-
gick˝ch situ·ciach. Sem patria receptory pre fibronektÌn (GPIc-
-IIa), laminÌn (GPIcí-IIa) a vitronektÌn (αVβ3) (cit.5-7). GPIIb-
-IIIa je obzvl·öù dÙleûit˝ pri agreg·cii aj pri rozprestieranÌ
trombocytov. Pri agreg·cii doch·dza ku konformaËnej zmene

GPIIb-IIIa, ËÌm sa odkryje v‰zobnÈ miesto pre fibrinogÈn8.
Nasleduje aktiv·cia ÔalöÌch sign·lnych komponentov induku-
j˙cich asoci·ciu GPIIb-IIIa s cytoskeletom, Ëo vedie k zosku-
peniu receptorov, potrebnÈho pre agreg·ciu trombocytov9-12.
œalöie glykoproteÌnovÈ receptory, napr. pre receptor trombo-
spondÌn pravdepodobne zosiæÚuj˙ a stabilizuj˙ spojenie doöti-
Ëiek7.

Trombocyty maj˙ Ôalöiu skupinu receptorov, podieæaj˙-
cich sa na v‰zbe s in˝mi bunkami, ktorÈ mÙûu zohr·vaù ˙lohu
v reparaËn˝ch procesoch (neutrofily a monocyty). Jeden z nich,
PECAM, je exprimovan˝ na neaktivovan˝ch trombocytoch13,14.
Na druhej strane, α-granul·rny P-selektÌn je exprimovan˝ iba
na aktivovan˝ch doötiËk·ch, ktorÈ uvoænili obsah gran˙l15.

Jedn˝m z hlavn˝ch glykoproteÌnov na povrchu trombocy-
tov je CD9 antigÈn, ktorÈho funkcia nie je zn·ma, ale pred-
poklad· sa, ûe m· podstatn˝ fyziologick˝ v˝znam (viÔ niûöie).
Okrem spomenut˝ch proteÌnov je na povrchu eöte veæa ÔalöÌch
minoritn˝ch molek˙l, ktorÈ zah‡Úaj˙ rÙzne typy receptorov
a mnoûstvo in˝ch molek˙l s nezn·mou funkciou (tab. I).

2. GlykoproteÌnov˝ Ib-V-IX komplex

GlykoproteÌnov˝ Ib-V-IX komplex (CD42a, b a c) pozo-
st·va zo ötyroch reùazcov. GPIb (CD42b) obsahuje GPIbα
(150 kDa) a GPIbβ (27 kDa) spojenÈ disulfidovou v‰zbou16,
priËom GPIX (22 kDa; CD42a) je asociovan˝ silnou nekova-
lentnou v‰zbou v pomere17 1:1 a GPV (CD42c; 82 kDa) je
naviazan˝ na komplex slabou nekovalentnou v‰zbou v pome-
re 1:2 (GPV:GPIb;) (cit.18). Na kaûdom trombocyte sa nach·-
dza okolo 25 000 kÛpiÌ GPIb-IX (cit.19).

GPIb komplex je exprimovan˝ iba megakaryocytmi a trom-
bocytmi. Na erytrocytoch, granulocytoch, T bunk·ch a tymo-
cytoch sa nenach·dza20. Zohr·va kritick˙ ˙lohu v prv˝ch
öt·diach naviazania trombocytov na exponovanÈ subendote-
lum. GPIb komplex bol identifikovan˝ ako receptor pre von
Willebrandov faktor1 a tieû pre trombÌn, ale to pravdepodobne
len vtedy, keÔ CD42-GPV komplex je multimerick˝20.

ät˙diom por˙ch krv·cania spÙsoben˝ch mut·ciami v GPIbα
a vo vWf (Bernardov-Soulierov syndrÛm, typ 2B a trombocy-
tov˝ typ vWf deficiencie) bolo zistenÈ, ûe zmeny v konform·-
cii buÔ GPIbα (cit.21) alebo vWf (cit.22) mÙûu indukovaù v‰zbu
medzi t˝mito dvomi molekulami. Predpoklad· sa, ûe za fyzio-
logick˝ch podmienok v‰zba vWf na kolagÈn spÙsobÌ jeho
konformaËn˙ zmenu, ktor· umoûnÌ naviazanie GPIb. Tak ako
doch·dza k spont·nnej v‰zbe indukovanej bodov˝mi mut·cia-
mi, tak sa interakcia objavuje aj medzi GPIb a æudsk˝m vWf,
ktor˝ bol opracovan˝ neuroamid·zou kvÙli odstr·neniu kyse-
liny sialovej23 alebo bovinn˝m, prÌpadne prasaËÌm vWf.

Mechanizmus transdukcie sign·lov komplexom GPIb-V-
-IX je centrom z·ujmu kvÙli jeho v˝znamnej ˙lohe vo funkcii
krvn˝ch doötiËiek. Zo ötrukt˙ry GPIb-V-IX komplexu je ùaûkÈ
usudzovaù ak˝m spÙsobom prech·dza sign·l cez membr·nu,
pretoûe v‰zobnÈ miesta pre vWf s˙ relatÌvne Ôaleko od povr-
chu trombocytu. Niekoæko pozorovanÌ vöak naznaËuje moûn˝
mechanizmus prenosu sign·lu: i) je zn·me, ûe GPIb komplex
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Tabuæka I
Prehæad najzn·mejöÌch trombocytov˝ch glykoproteÌnov

CD AntigÈn AntigÈn Mr (kDa) Expresia

Ra Nb (molekuly/trombocyt)

CD968,70 p24 22ñ27 22ñ27 35 000ñ65 000
CD2320 FcεRII 45 45 NDc

CD3113,14 PECAM-1 130ñ140 130ñ140 NDc

CD3220 FcγRII 40 NDc

CD3651 GPIV 88 88 25000
CD41/CD6120,32 GPIIb-IIIa 125+22/105 140/90 50000ñ80000
CD42a1,18,19 GPIX 22 22 25000
CD42b1,16,17 GPIb 150+27 160ñ170 25000
CD42c1,18 GPV 82 82 25000
CD49b/CD293,20 VLA-2 integrÌn, GPIa-IIa 165/130 160/115 2000
CD49e/CD295,20 VLA-5 integrÌn, GPIc-IIa 135+25/130 155/115 1000
CD49f/CD296,20 VLA-6 integrÌn, GPIcí-IIa 120+30/130 140/115 1000
CD51/CD617,20 αVβ3 125+24/105 150/90 NDc

CD62p59-61 P-selektÌn, PADGEM, GMP-140 140 140 1000ñ10000d

CD6320 ME 491, MLA 1 53 650ñ12600d

CD107a20 LAMP-1 120 120 <2000
CD107b20 LAMP-2 120 120 <2000
CD10920 Gov

a/balloantigen 175 175 ND

a SDS-PAGE za redukuj˙cich podmienok, b SDS-PAGE za neredukuj˙cich podmienok, c nedefinovanÈ, d poËet molek˙l na
membr·ne aktivovanÈho trombocytu

je spojen˝ s cytoskeletom asociovan˝m s membr·nou cez
proteÌn viaû˙ci aktÌn (filamÌn)25; ii) zistilo sa, ûe GPIbβ je
fosforylovan˝ na cytoplazmatickej domÈne na Ser-166 a t·to
fosforyl·cia zohr·va ˙lohu v kontrole polymeriz·cie aktÌnu26;
iii) zistilo sa, ûe aktiv·cia trombocytov je spojen· s redistrib˙-
ciou GPIb-V-IX na otvoren˝ kan·likov˝ systÈm, na rozdiel od
GPIIb-IIIa, ktorÈho mnoûstvo sa zvyöuje na povrchu doöti-
Ëiek27; iv) pri Bernardovom-Soulierovom syndrÛme (BSs),
kde na povrchu trombocytov ch˝ba GPIb komplex, s˙ doötiË-
ky obrovskÈ a ich membr·ny s˙ æahöie deformovateænÈ29.
Okrem toho bolo zistenÈ, ûe u BSs trombocytov je znÌûen·
aktivita fosfolip·zy C (PLC) (cit.29). DÙkazom, ûe GPIb m·
spojitosù s aktiv·ciou GPIIb-IIIa, poch·dza zo öt˙diÌ trombo-
cytov s Glanzmannovou trombastÈniou (absencia GPIIb-IIIa
na povrchu trombocytov). Ak s˙ takÈto trombocyty agregova-
nÈ s bovinn˝m vWf, na rozdiel od norm·lnych doötiËiek,
netvoria  veækÈ  stabilnÈ agreg·ty, ale agreg·ty variabilinej
veækosti30. VysvetlenÌm tohto javu by mohlo byù, ûe naviaza-
nie bovinnÈho vWf na GPIb indukuje zatiaæ hypotetickÈ sig-
n·ly, ktorÈ aktivuj˙ GPIIb-IIIa k v‰zbe fibrinogÈnu (alebo
vWf), Ëo vedie v dÙsledku sp‰tnej v‰zby k formovaniu stabil-
n˝ch agreg·tov. V neprÌtomnosti GPIIb-IIIa nemÙûe dÙjsù
k sp‰tnej v‰zbe ani k stabiliz·cii. Hoci inÈ typy receptorov
podliehaj˙ rÙznym typom adaptaËn˝ch reakciÌ, pre GPIb/vWf
systÈm zatiaæ nebol ani jeden z nich identifikovan˝. Po akti-
v·cii mÙûe GPIb vytv·raù zhluky, Ëo vedie k pevnejöiemu
naviazaniu vWf (cit.1).

œalöou ˙lohou GPIb je jeho ˙Ëasù v aktiv·cii doötiËiek
trombÌnom. Je zn·me, ûe trombocyty maj˙ receptor pre trom-
bÌn, ktor˝ patrÌ do rodiny proteÌnov sedem kr·t prech·dzaj˙-
cich membr·nou. Bolo dok·zanÈ, ûe pri fyziologick˝ch kon-

centr·ciach trombÌnu GPIb amplifikuje odpoveÔ trombocytov
na t˙to prote·zu31.

3. GPIIb-IIIa

GPIIb-IIIa komplex (CD41/61, α2/β3 integrÌn) patrÌ medzi
hlavnÈ glykoproteÌny na povrchu trombocytov s 50 000 aû
80 000 kÛpiami na trombocyt32. Je to heterodimÈr, ktorÈho
tvorba je z·visl· na Ca2+ (cit.33) a patrÌ do rodiny integrÌnov34.
GPIIb m· relatÌvnu molekulov˙ hmotnosù 140 kDa; je zloûen˝
z v‰Ëöej podjednotky (GPIIbα, 125 kDa) a menöej transmem-
br·novej podjednotky (GPIIbβ, 22 kDa). GPIIIa je jednodu-
ch˝ polypeptidov˝ reùazec s molekulovou hmotnosùou 90 kDa
za redukuj˙cich podmienok, resp. 105 kDa za neredukuj˙cich
podmienok20.

GPIIb-IIIa sl˙ûi ako receptor pre viacero adhezÌvnych
proteÌnov, fibrinogÈn35, fibronektÌn36, von Willebrandov fak-
tor37, trombospondÌn38 a vitronektÌn39. Tak ako inÈ integrÌnovÈ
receptory, na t˝chto proteÌnoch öpecificky rozpozn·va tripep-
tid so sekvenciou R-G-D (arginÌn-glycÌn-kyselina aspar·go-
v·)40. Na rozdiel od ostatn˝ch integrÌnov˝ch receptorov sa
GPIIb-IIIa viaûe aj na HHLGGAKQAGDV sekvenciu v γ-re-
ùazci fibrinogÈnu20.

V nestimulovan˝ch trombocytoch je receptor prÌtomn˝ na
povrchu a v α-granul·ch41 v neaktÌvnej konform·cii a m·
nÌzku afinitu k rozpustnÈmu fibrinogÈnu, pritom vöak rozpo-
zn·va povrchovo-viazan˝ fibrinogÈn42. Aktiv·cia trombocy-
tov agonistami, napr. trombÌnom, ADP alebo trombox·nom
A2, vedie k zmene konform·cie a k r˝chlemu zv˝öeniu afinity
receptora k fibrinogÈnu a in˝m adhezÌvnym proteÌnom8.
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Po naviazanÌ fibrinogÈnu doch·dza k ÔalöÌm konformaËn˝m
zmen·m receptora, v˝sledkom ktor˝ch je expresia niekoæk˝ch
nov˝ch epitopov (LIBS, ligand-induced binding sites)9. Tie s˙
pravdepodobne dÙleûitÈ z hæadiska funkcie, pretoûe protil·tky
rozpozn·vaj˙ce tieto miesta, spÙsobuj˙ agreg·ciu trombocy-
tov alebo inhibuj˙ n·sleduj˙ce procesy z·vislÈ na GPIIb-IIIa,
napr. zmröùovaciu reakciu43.

Aktiv·cia GPIIb-IIIa a naviazanie fibrinogÈnu s˙ iba za-
Ëiatkom procesu agreg·cie trombocytov. GPIIb-IIIa po navia-
zanÌ ligandu nie je pasÌvnym receptorom, ale pren·öa sign·ly,
ved˙ce k tvorbe fok·lnych adhezÌvnych bodov (miesta, kde sa
lokalizuj˙ a aktivuj˙ proteÌn kin·zy), novÈmu usporiadaniu
cytoskeletu a neskorej aktiv·cii fosfolip·z a fosfoinozitol fos-
f·t kin·zy10,44. Pren·öanie sign·lov pravdepodobne vyûaduje
zoskupenie GPIIb-IIIa receptorov, ktorÈ je sprostredkovanÈ
polyvalentn˝m ligandom, ak˝m je fibrinogÈn11. Okrem expo-
zÌcie receptora a zoskupovania membr·nov˝ch komplexov,
spÙsobuje aktiv·cia trombocytov aj expresiu v cytoplazme
lokalizovanÈho GPIIb-IIIa na povrchu buniek45.

Tak ako receptor, aj ligand podlieha konformaËn˝m zme-
n·m, ktorÈ sa prejavuj˙ expozÌciou nov˝ch epitopov (RIBS,
receptor-induced binding sites)46. Zmena v konform·cii umoû-
Úuje fibrinogÈnu rozpozn·vaù neaktivovanÈ receptory, indu-
kovaù interakciu s cytoskeletom a fosforylaËn˙ kask·du, a tak
zÌskaù Ôalöie trombocyty do tvoriaceho sa agreg·tu12.

GPIIb-IIIa zohr·va rozhoduj˙cu ˙lohu nielen v agreg·cii
trombocytov, ale aj v ich adhÈzii a rozprestieranÌ sa. Trombo-
cyty s Glanzmannovou trombastÈniou, ktor˝m ch˝ba GPIIb-
-IIIa, ukazuj˙ zredukovan˙ adhÈziu k subendotelu, aj keÔ nie
tak dramaticky ako u BSs, kde ch˝ba GPIb (cit.47). Taktieû
maj˙ oproti norm·lnym bunk·m v˝razne menöiu kontaktn˙
plochu48, Ëo naznaËuje potrebu GPIIb-IIIa receptora pri roz-
prestieranÌ trombocytov adherovan˝ch na subendotelum.

4. GPIa-IIa

GlykoproteÌn GPIa-IIa (CD49b/CD29, VLA-2 integrÌn)
je heterodimÈr pozost·vaj˙ci z α2-integrÌnovej podjednotky
(CD49b; 165 kDa za redukuj˙cich podmienok, resp. 160 kDa
za neredukuj˙cich podmiernok) a β1-integrÌnovej podjednot-
ky (CD29; 130 kDa, resp. 115 kDa), ktorÈ s˙ navz·jom neko-
valentne asociovanÈ20. Tento integrÌn je prÌtomn˝ na povrchu
trombocytov v oveæa  menöej miere ako GPIIb-IIIa (2000
kÛpiÌ), Ëo pravdepodobne s˙visÌ s jeho ˙lohou v adhÈzii a ak-
tiv·cii, ale nie v agreg·cii. GPIa-IIa je hlavn˝m receptorom
pre kolagÈn3. Je zahrnut˝ v adhÈzii trombocytov k rozliËn˝m
typom (typ I aû VIII) kolagÈnov4. Ak je GPIa-IIa nefunkËn˝,
adhÈzia trombocytov sa zniûuje; trombocyty s˙ veæmi slabo
asociovanÈ so subendotelom, s˙ prichytenÈ len na m·lo bo-
doch a nie s˙ aktivovanÈ alebo rozprestretÈ, Ëo poukazuje na
adhÈziu iba cez v‰zbu GPIb na vWf (cit.49). GPIa-IIa viaûe
kolagÈn konötitutÌvne50, ten aktivuje trombocyty (fosforyl·cia
tyrozÌnu u P125FAK), Ëo je klasick˝m prÌkladom signaliz·cie
zabezpeËuj˙cej bunkov˙ interpret·ciu vonkajöieho prostredia
(Ñoutside-inì signaliz·cia).

5. CD36

CD36 je molekula s jedn˝m reùazcom (88 kDa), ktor· sa
nach·dza v membr·nach öirokÈho spektra buniek, vËÌtane

trombocytov, monocytov, epitelov˝ch  a endotelov˝ch  bu-
niek51. CD36 je hydrofÛbna molekula, ktor· je rezistentn·
k proteolytickej degrad·cii v membr·ne. V trombocytoch pÙ-
sobÌ ako receptor pre trombospondÌn a kolagÈn. DÙvodom,
preËo trombocyty, ktor˝m ch˝ba CD36, maj˙ t˙ ist˙ kapacitu
viazaù trombospondÌn ako norm·lne doötiËky52, maj˙ norm·l-
nu agreg·ciu indukovan˙ kolagÈnom53 a norm·lnu sign·lnu
transdukciu54, je kompenz·cia ch˝baj˙ceho CD36 alternatÌv-
nymi sign·lnymi dr·hami. Cytoplazmatick· domÈna CD36
obsahuje sekvenciu pre v‰zbu so Src rodinou tyrozÌnov˝ch
kin·z a niekoæko z nich je nekovalentne asociovan˝ch s CD36
(cit.55). äpecificita CD36 ako receptora mÙûe byù modifikova-
n· fosforyl·ciou alebo defosforyl·ciou56. CD36 je okrem toho
receptorom pre oxidovanÈ lipoproteÌny57 a pre erytrocyty in-
fikovanÈ mal·riou58.

6. P-SelektÌn

P-SelektÌn (CD62p, GMP-140, PADGEM) je membr·no-
v˝ glykoproteÌn gran˙l, ktor˝ m· molekulov˙ hmotnosù59 140
kDa (preto GMP-140). P-SelektÌn patrÌ do selektÌnovej rodiny
bunkov˝ch adhezÌvnych molek˙l exprimovan˝ch trombocyt-
mi60. Ak s˙ trombocyty v kæudovom stave, tak sa P-selektÌn
nach·dza v membr·ne α-gran˙l a u endotelov˝ch buniek
v ekvivalentn˝ch ötrukt˙rach, vo Weibeleho-Paladeho telies-
kach61,62. Po stimul·cii trombocytov agonistami typu trombÌnu
doch·dza k uvoæÚovacej reakcii z gran˙l a P-selektÌn, spolu
s ÔalöÌm obsahom gran˙l, je translokovan˝ na plazmatick˙
membr·nu. K˝m trombocyty v kæudovom stave exprimuj˙
pribliûne 1000 molek˙l P-selektÌnu, po aktiv·cii sa ich mnoû-
stvo zvyöuje na 10000. Exponovan˝ P-selektÌn sa potom viaûe
na karbohydr·tovÈ skupiny glykolipidov a glykoproteÌnov
neutrofilov a myeloidn˝ch buniek15 a mÙûe sa z˙Ëastniù v eli-
min·cii aktivovan˝ch trombocytov z cirkul·cie na jednej stra-
ne, alebo v naviazanÌ neutrofilov na tromby na strane druhej.
ÑRollingì leukocytov, pri ktorom s˙ leukocyty sÌce v blÌzkom
kontakte s endotelov˝m povrchom, ale z·roveÚ sa pohybuj˙
v smere pr˙denia krvi, je moûn˝m n·sledkom v‰zby s P-se-
lektÌnom na trombocytovej vrstve63. Je pravdepodobnÈ, ûe
P-selektÌn je v membr·ne trombocytov asociovan˝ s pp60c-src,
ktor· mÙûe byù kin·zou zodpovednou za fosforyl·ciu P-selek-
tÌnu na tyrozÌne18. Funkcia tejto fosforyl·cie eöte st·le nie je
zn·ma.

7. PECAM-1

PECAM-1 (Platelet Endothelial Cell Adhesion Molecule,
CD31; 130ñ140 kDa) je trombocytov˝ adhezÌvny receptor,
ktor˝ sa nach·dza tieû na endotelov˝ch bunk·ch, neutrofiloch
a monocytoch13. Je to glykozylovan· molekula so 40 % obsa-
hom sacharidov, ktor· patrÌ do veækej rodiny imunoglobulÌ-
nov. C-termin·lna Ëasù obsahuje transmembr·nov˙ domÈnu
a 118 aminokyselÌn dlh˙ cytoplazmatick˙ domÈnu bohat˙ na
serÌn a treonÌn. Zd· sa, ûe fosforyl·cia tejto domÈny je dÙleûit·
na regul·ciu aktivity proteÌnu. Po aktiv·cii doch·dza k r˝chlej
fosforyl·cii PECAM-1 na serÌne a tyrozÌne a k jeho asoci·cii
s cytoskeletom64. Sagava a kol.65 zistili, ûe PECAM-1 bol
fosforylovan˝ na tyrozÌne po adhÈzii buniek alebo po aktiv·cii
in˝ch imunologick˝ch receptorov, napr. T-bunkovÈho recep-
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tora. PECAM-1 fosforylovan˝ na tyrozÌne bol asociovan˝
s proteÌn tyrozÌn fosfat·zou SHP-2. Ned·vno bolo zistenÈ, ûe
okrem SHP-2 je fosforylovan˝ PECAM-1 asociovan˝ aj s dru-
hou proteÌn tyrozÌn fosfat·zou SHP-1, Ëo naznaËuje, ûe v he-
matopoietick˝ch bunk·ch, napr. trombocytoch, je bunkov·
signaliz·cia PECAM-1 regulovan· selektÌvnym skoncetrova-
nÌm a aktiv·ciou dvoch rozdielnych proteÌn-tyrozÌnov˝ch fos-
fat·z14.

⁄loha PECAM-1 vo funkcii trombocytov eöte st·le nie je
jasn·. Nie je zahrnut˝ v agreg·cii trombocytov. Ned·vne
v˝skumy uk·zali, ûe plnÌ adhezÌvnu funkciu. M· homofilnÈ aj
heterofilnÈ adhezÌvne vlastnosti, ktorÈ mÙûu hraù v˝znamn˙
˙lohu v mnoûstve dÙleûit˝ch procesov, ak˝mi je nazhromaû-
denie leukocytov v miestach z·palu, regul·cia uvoæÚovania
leukocytov z kostnej drene a v kardiovaskul·rnom v˝voji66.
V˝sledky poukazuj˙ na moûnosù, ûe ligandami pre PECAM-1
v heterotypickej adhÈzii s˙ povrchovÈ glykozamÌnglykany
buniek67 a integrÌn αVβ3 (cit.20).

8. CD9

CD9 (p24; 24 kDa) je integr·lny membr·nov˝ glykopro-
teÌn patriaci do ned·vno popÌsanej rodiny proteÌnov, ktorÈ
ötyri kr·t prech·dzaj˙ membr·nou, tzv. tetraspanovej rodiny68

(TM4SF). Je exprimovan˝ v hematopoetick˝ch aj v nehema-
topoetick˝ch tkaniv·ch, vËÌtane endotelov˝ch buniek, fibro-
blastov a buniek nervovÈho systÈmu69,71,72. V hematopoetic-
kom systÈme sa nach·dza na povrchu bazofilov, eozinofilov,
aktivovan˝ch T lymfocytov a pre-B bunk·ch. Nenach·dza sa
na erytrocytoch, zrel˝ch T a B bunk·ch, ale je veæmi silno
exprimovan˝ na megakaryocytoch a trombocytoch69,70. Na
trombocytoch patrÌ medzi hlavnÈ povrchovÈ proteÌny s 35 000ñ
60 000 molekulami na jednu bunku, Ëo je ˙roveÚ expresie
porovnateæn· s expresiou GPIIb-IIIa (cit.73).

Funkcia CD9 je st·le nejasn·. Z doteraz publikovan˝ch
pr·c sa d· usudzovaù, ûe ide o multifunkËn˙ molekulu, ktor·
ovplyvÚuje adhÈziu buniek, prolifer·ciu a migr·ciu v imunit-
nom systÈme. MonoklonovÈ protil·tky rozpozn·vaj˙ce CD9
antigÈn s˙ potentn˝mi aktiv·tormi trombocytov˝ch funkciÌ,
porovnateæn˝mi s trombÌnom. Indukuj˙ cel˙ ök·lu funkciÌ,
vËÌtane agreg·cie, sekrÈcie gran˙l, fosforyl·cie proteÌnov, hy-
drol˝zy fosfatidylinozitolu, mobiliz·cie Ca2+ a metabolizmu
kyseliny arachidÛnovej74. Tieto zistenia naznaËovali, ûe CD9
by mohol byù sign·lnym transduktorom. Worthington a kol.75

demonötrovali, ûe (Fabí)2 fragmenty anti-CD9 protil·tok str·-
caj˙ schopnosù aktivovaù trombocyty a zablokovanie FcγRII
receptora s korenöponduj˙cou protil·tkou inhibuje agreg·ciu
a Ca2+ mobiliz·ciu indukovan˙ anti-CD9 protil·tkami. Na
z·klade tohto faktu vznikli pochybnosti o ˙lohe CD9 v prenose
sign·lu u trombocytov. Ozaki a kol.76 potvrdili, ûe naviazanie
monoklonovej protil·tky na CD9 bez stimul·cie FcγRII recep-
tora neindukuje fosforyl·ciu proteÌnov na tyrozÌne alebo ag-
reg·ciu trombocytov. Z·roveÚ vöak zistili, ûe (Fabí)2fragment
anti-CD9 protil·tky per se indukuje a zvyöuje aktivitu nere-
ceptorovej tyrozÌnovej kin·zy p72syka vedie k asoci·cii p60c-src

s p72syk. Hato a kol.73 ako prvÌ uk·zali, ûe anti-CD9 protil·tky
podporuj˙ naviazanie fibrinogÈnu na trombocyty. Naviac Ôal-
öie pr·ce ukazuj˙, ûe agreg·cia trombocytov indukovan· mo-
noklonov˝mi anti-CD9 protil·tkami je prim·rne sprostredko-
van· aktiv·ciou fosfolip·zy C (cit.74,75,77,78). Aktiv·cia tieû

iniciuje reorganiz·ciu cytoskelet·lnej ötrukt˙ry agregovan˝ch
trombocytov77. Aktiv·cia fosfolip·zy C anti-CD9 protil·tkou
bola potvrden· Krollom a kol.79, ktorÌ z·roveÚ uk·zali, ûe je
podmienen· sign·lnou cestou z·vislou na GPIIb-IIIa komple-
xe a extracelul·rnom v·pniku. Predpokladalo sa, ûe by CD9
a GPIIb-IIIa komplex mohli asociovaù na povrchu trombocy-
tov. Schopnosù anti-CD9 monoklonov˝ch protil·tok spÙsobo-
vaù agreg·ciu trombocytov a v‰zbu fibrinogÈnu (typickÈ cha-
rakteristiky GPIIb-IIIa) naznaËovala zahrnutie CD9 vo funkcii
integrÌnov73. Asoci·cia CD9 s GPIIb-IIIa bola identifikovan·
pomocou chemickÈho cross-linkera po opracovanÌ trombocy-
tov s anti-CD9 protil·tkou a ich n·slednej aktiv·cii78. DÙkaz,
ûe t·to asoci·cia existuje aj v trombocytoch v kæudovom
stave priniesli najprv Laroche-Traineau a kol.80, ktorÌ pomo-
cou MAIPA (monoclonal antibody immobilization of platelet
antigens) techniky dok·zali, ûe GPIIb-IIIa komplexy boli tak-
mer permanentne asociovanÈ s CD9 antigÈnom v lyz·toch
trombocytov. N·sledne Indig a kol.81 vyprecipitovali komplex
oboch proteÌnov za natÌvnych podmienok. ⁄Ëasù CD9 mole-
kuly v prenose bunkov˝ch sign·lov podporuje zistenie, ûe
CD9 je asociovan˝ s mal˝mi GTP-viaû˙cimi proteÌnmi82.

Ned·vne öt˙die poukazuj˙ na ˙Ëasù CD9 v adhÈzii a migr·-
cii buniek prostrednÌctvom v‰zby s integrÌnmi β1 rodiny83-88.
β1-IntegrÌny s˙ schopnÈ napriek rozdielnym cytoplazmatic-
k˝m domÈnam α reùazca, naötartovaù podobnÈ aktivaËnÈ pro-
cesy. Predpoklad· sa, ûe nielen expresia, ale aj regul·cia
aktivity integrÌnov mÙûe byù dÙleûit˝m faktorom ovplyvÚuj˙-
cim t˙to aktivitu87. V˝znamn˙ ˙lohu v tomto procese by
mohol zohr·vaù pr·ve CD9. Bolo naprÌklad uk·zanÈ, ûe mo-
noklonovÈ protil·tky proti CD9 zvyöuj˙ adhÈziu pre-B buniek
na fibroblasty v kostnej dreni mechanizmom, ktor˝ zah‡Úa
v‰zbu VLA-4 a VLA-5 k fibronektÌnu88.

OpiËÌ CD9 antigÈn tvorÌ komplex s transmembr·nov˝m
prekurzorom heparÌn viaû˙cim epiderm·lnym rastov˝m fak-
torom (HB-EGF), ktor˝ je identick˝ s receptorom pre difteric-
k˝ toxÌn (diphteria toxin, DTR). Asoci·cia s CD9 zvyöuje
dramaticky aktivitu rastovÈho faktora proHB-EGF a taktieû
zvyöuje mnoûstvo v‰zbov˝ch  miest pre DTR, bez zmeny
afinity a mnoûstva receptoru. To viedlo k ˙vah·m, ûe CD9
indukuje konformaËn˙ zmenu proHB-EGF (cit.89,90). Lagaud-
riere-Gesbert a kol.91 potvrdili , ûe aj æudsk˝ CD9 zvyöuje
DTR-senzitivitu LM buniek (fibroblastov· bunkov· lÌnia) trans-
fekovan˝ch s gÈnom proHB-EGF.

Expresia CD9 antigÈnu bola popÌsan· aj na bunk·ch ner-
vovÈho systÈmu. Pokusy s anti-CD9 protil·tkami naznaËili
˙lohu CD9 molekuly v intracelul·rnej signaliz·cii, v adhÈzii,
v pohyblivosti a v regul·cii rastu nervov˝ch buniek72,92,93.

CD9 sl˙ûi aj ako ko-stimulaËn· molekula. Na T bunk·ch
aktivovan˝ch TCR je CD9 Ëlenom sign·lnej dr·hy nez·vislej
na CD28. Na rozdiel od CD28 stimul·cie, ktorej v˝sledkom
je pln· aktiv·cia a prolifer·cia T bunky, CD9 kostimul·cia
vedie k indukcii apoptÛzy94. Li a Tait95 naznaËili moûn˙ ˙Ëasù
CD9 v zmen·ch topolÛgie fosfatidylserÌnu v plazmatickej
mebr·ne, ktorÈ s˙ typick˝m diagnostick˝m znakom apoptic-
kej bunky.

S˙Ëasn· expresia CD9 a pro HB-EFG na makrof·goch m·
podstatn˝ vplyv na v˝voj aterosklerÛzy96. CD9 v spojenÌ s VLA
integrÌnmi mÙûe hraù v˝znamn˙ ˙lohu prostrednÌctvom ovplyv-
nenenia reorganiz·cie kolagÈnovÈho matrixu, Ëo je proces
zahrnut˝ v zuûovanÌ krvn˝ch ciev86.

Z mnoûstva molek˙l, ktorÈ tvoria komplex s CD9 antigÈ-

Chem. Listy 94, 501 ñ 506 (2000) Refer·ty

504



nom s˙ pravdepodobne najdÙleûitejöie molekuly z TM4SF
rodiny. CD9 bezprostredne interaguje s CD63 a CD8120. Hoci
ich funkcie nie s˙ zn·me, predpoklad· sa ich ˙loha v bunkovej
adhÈzii a migr·cii, prenose sign·lu a ko-stimul·cii. Pretoûe
doteraz nebol identifikovan˝ ûiadny extracelul·rny ligand pre
TM4SF proteÌny je moûnÈ, ûe ich hlavnou funkciou je vytvo-
renie siete zloûenej z TM4SF proteÌnov. Hlavnou ˙lohou tejto
siete mÙûe byù organizovanie bunkovÈho povrchu prostrednÌc-
tvom naviazania rozdielnych povrchov˝ch molek˙l reguluj˙-
cich v koneËnom dÙsledku rÙzne bunkovÈ funkcie97.

Pr·ca bola spracovan· vÔaka grantu Vega No. 2/4015/98.
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J. Tom·ökov· (Institute of Animal Biochemistry and Ge-
netics, Slovak Academy of Sciences, Ivanka pri Dunaji, Slovak
Republic): Platelet Membrane Glycoproteins

Platelets stop bleeding from damaged blood vessels and
initiate repair processes. They are also involved in thrombosis,
a pathological variant of haemostasis, and they have other
physiological functions in inflammatory and immunity-rela-
ted diseases. The function of platelets is largely dependent on
the presence of a number of glycoproteins. Work over the past
decade has shown that over 40 glycoproteins are present on
the platelet surface. Some of these glycoproteins are described
in the review and their structure-function relationships discus-
sed.
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NOMENKLATURA  A  TERMINOLOGIE

DOPORU»ENÕ IUPAC
Names for Muonium Atoms and Ions

Although chemical reactions of muonium atoms have been
studied for more than two decades, the nomenclature of muo-
nium and related species has not been addressed by IUPAC.
The name ëmuoní is used in physics for the species that belong
to the lepton family and that are designated with the symbols
ì+ and ìñ, each having a mass 207 times that of the electron.
When a negative muon replaces an electron in the 1s orbital
of an atom, then this atom is called a ëmuonicí atom:

H+ìñ is ëmuonic hydrogení. Replacement of an electron by
a muon in other atoms is possible. Negative muons have been
less well studied than positive muons, which are formed as
energetic, polarized beams at specialized facilities. The posi-
tive muon can abstract an electron near the end of the radiation
track, and the combination of positive muon and electron
mimics the reactivity of the hydrogen atom. For this combina-
tion, the name ëmuoniumí has been used, Were a negative
muon to replace an electron in muonium, the name would be
ëmuonic muoniumí (ì+ìñ).

Otiskujeme synopsi n·zvoslovnÈho n·vrhu z oboru anorganickÈ
chemie, kter˝ p¯ipravila komise IUPAC pro n·zvoslovÌ anorganickÈ
chemie. N·vrh je urËen k posouzenÌ a kritice chemickÈ ve¯ejnosti.
Z·jemci o bliûöÌ informace Ëi o text n·vrhu se mohou obr·tit na adresu
N·rodnÌho st¯ediska IUPAC v »eskÈ republice:

Ing. Jaroslav Kahovec, CSc.
⁄stav makromolekul·rnÌ chemie AV »R
HeyrovskÈho n·m. 2
162 06 Praha 6
tel. 360341, fax 367981, e-mail: kah@imc.cas.cz

P¯ipomÌnky k n·vrhu je t¯eba zaslat do 31. prosince 2000 na adresu:

Prof. W. H. Koppenol
e-mail: koppenol@inorg.chem.ethz.ch
Laboratorium f¸r Anorganische Chemie
Eidgenˆssische Technische Hochschule
Universit‰tstrasse 6
CH-8092 Z¸rich
äv˝carsko

Konkurz na mÌsto asistenta, resp. odbornÈho asistenta

pro obor obecn· a anorganick· chemie

Katedra chemie JihoËeskÈ univerzity v ». BudÏjovicÌch hodl· p¯ijmout pedagogickÈho pracovnÌka.

Poûadavky: absolvent Vä obor chemie, p¯edpoklady pro pedagogickou pr·ci

Datum p¯edpokl·danÈho n·stupu: 1.10.2000
P¯edpokl·dan˝ termÌn kon·nÌ konkurzu 13.ñ14.9.2000. BliûöÌ informaci pod· osobnÌ oddÏlenÌ
ZF JU (pÌ M. Matouökov·, tel.: 038ñ777 2530) (od 24.7.), p¯ÌpadnÏ sekretari·t katedry chemie

(pÌ V. Soukupov·, tel.: 038ñ777 2656).
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RECENZE

Z d e n Ï k ä e s t · k :
Jak ps·t a p ēdn·öet o vÏdÏ
Academia, Praha 2000. Stran 204; cena neuvedena.

Kniha je koncipov·na jako p¯ÌruËka v˝uky odbornÈ komu-
nikace a klade si za cÌl sezn·mit nastupujÌcÌ vÏdeckou generaci
s umÏnÌm sdÏlovat novÈ poznatky p¯esnÏ, struËnÏ a jazykovÏ
spr·vnÏ. Vznikla na z·kladÏ kurzu pro vysokoökolskÈ studen-
ty a p¯edstavuje ˙vod do rozs·hlÈ problematiky öÌ¯enÌ odbor-
n˝ch informacÌ.

PrvnÌ Ë·st knihy je vÏnov·na p¯edevöÌm p¯ÌpravÏ vÏdeckÈ
publikace a Ëten·¯ zde nalezne staù t˝kajÌcÌ se zdroj˘ odbor-
n˝ch poznatk˘, jejich spr·vnÈ citace a p¯Ìpravy odbornÈ reöer-
öe. Jsou zde uvedeny i hlavnÌ z·sady form·lnÌho uspo¯·d·nÌ
publikace a ˙pravy pokusn˝ch hodnot, p¯iËemû znaËn· pozor-
nost je vÏnov·na grafickÈ formÏ p¯edkl·dan˝ch dat. V tÈto
partii knihy lze nalÈzt i r·mcovÈ pokyny pro psanÌ diplomovÈ
a doktorskÈ pr·ce. S ohledem na skuteËnost, ûe souËasn·
mezin·rodnÌ odborn· komunikace se odehr·v· prakticky v˝-
hradnÏ v angliËtinÏ, zaËlenil autor do knihy i kapitolu obsahu-
jÌcÌ rady pro psanÌ anglick˝ch vÏdeck˝ch text˘ a Ñminislov-
nÌkì termÌn˘, kterÈ jsou zpravidla Ëesk˝mi autory chybnÏ
v˝znamovÏ pouûÌv·ny.

V n·sledujÌcÌch Ë·stech knihy pojedn·v· autor o dalöÌch
form·ch odbornÈ komunikace ñ nap¯. o tom jak ps·t grantovÈ
projekty a recenze, jak probÌh· styk autora s redakcÌ, jak jsou
vyhodnocov·ny vÏdeckÈ v˝sledky (scientometrie) atp. Po-
slednÌ kapitola knihy je vÏnov·na p¯ÌpravÏ odborn˝ch p¯edn·-
öek a plak·tov˝ch sdÏlenÌ.

Recenzovan· kniha je pouËn˝m a zajÌmav˝m ËtenÌm pro
novice v oboru odbornÈ komunikace. JejÌ vyd·nÌ lze jen uvÌtat
ñ jiû s ohledem na fakt, ûe Ëesky psan· publikace podobnÈho
zamÏ¯enÌ se na trhu neobjevila jiû dlouh· lÈta. äÌ¯e tematickÈ-
ho z·bÏru (od z·sad psanÌ odbornÈho sdÏlenÌ aû po problema-
tiku publikov·nÌ prost¯ednictvÌm internetu) a nevelk˝ rozsah
knihy zp˘sobujÌ, ûe v˝klad nÏkter˝ch partiÌ je ponÏkud stroh˝.
UvÏdomÌme-li si vöak, ûe se jedn· o p¯ÌruËku poskytujÌcÌ ˙vod
do problematiky a ûe z·jemce si m˘ûe vyhledat podrobnÏjöÌ
doplÚujÌcÌ informace na z·kladÏ seznamu literatury doporuËenÈ
k dalöÌmu ËtenÌ, lze konstatovat, ûe kniha dob¯e plnÌ sv˘j ˙Ëel.

Pavel Chuchvalec

W . H e r z , H . F a l k , G . W . K i r b y ,
R . E . M o o r e a C h . T a m m ( E d s ) :
Progress in the Chemistry of Organic Natural Products,
Vol. 77
Springer-Verlag, Wien 1999. Stran 187; cena 250,ñ DEM.

Neust·l˝ n·r˘st p˘vodnÌch vÏdeck˝ch sdÏlenÌ o chemii
p¯ÌrodnÌch l·tek publikovan˝ch v Ëetn˝ch a rozmanit˝ch od-
born˝ch Ëasopisech s tematikou bioorganickÈ, medicin·lnÌ,
ekologickÈ a jim p¯ÌbuznÈ chemie a biochemie si jiû oded·vna
vyûaduje odbornÏ kritickÈ a p¯ehlednÈ zpracov·v·nÌ pro che-
miky,  biology a  odbornÌky v  interdisciplin·rnÌch  oborech
chemie a biologie. Tento ˙kol jiû po mnoho let plnÌ na vskutku
vysokÈ ˙rovni profesorem Zechmeistrem zaloûen˝ a kniûnÏ

vyd·van˝ seri·l vybran˝ch kapitol, ediËnÏ zamÏ¯en˝ch a Ële-
nÏn˝ch podle jednotliv˝ch strukturnÌch typ˘ l·tek, nebo podle
jejich p˘vodu a v˝skytu v ûiv˝ch organismech, nebo takÈ po-
dle jejich funkce a p˘sobnosti v organismech a mezi organismy.

Tento, jiû 77. dÌl Zechmeistrovy sÈrie, m· t¯i vybranÈ ka-
pitoly vÏnovanÈ tradiËnÌm, ale st·le vÌce zajÌmav˝m, a nov˝mi
informacemi opl˝vajÌcÌm, oblastem fytochemie. Pojedn·v·
o obsahov˝ch l·tk·ch d¯evin a d¯evokazn˝ch i stopkov˝trus-
n˝ch hub, p¯ev·ûnÏ o l·tk·ch terpenickÈho a fenolickÈho typu.

PrvnÌ kapitola kanadsk˝ch autor˘ W. A. Ayera a L. S. Tri-
fonova p¯in·öÌ na 20 str·nk·ch p¯ehled o sekund·rnÌch meta-
bolitech d¯evokazn˝ch a d¯evobarvÌcÌch hub podÌlejÌcÌch se na
hnilobnÈm rozkladu d¯evnÌ hmoty. Hned v ˙vodu klasifikuje
a ilustruje formy a mechanismy biotickÈho zbarvov·nÌ houba-
mi napaden˝ch strom˘ a d¯eva, jev zn·m˝ a zajÌmav˝ jak pro
odbornÌky tak i laiky. Popisuje fenolickÈ siderofory produko-
vanÈ mod¯e zbarvujÌcÌmi houbami v jehliËnanech i listn·ËÌch.
Uv·dÌ je podle chemick˝ch struktur (prostÈ fenoly, deriv·ty
kumarin˘, diterpeny a jejich konjug·ty) a podle zdroj˘ (druh˘
jednotliv˝ch hostitelsk˝ch rostlin nebo d¯evin a druh˘ hostu-
jÌcÌch hub). Pojedn·v· nejen chemickou str·nku vÏci, ale
vÏnuje se i biologickÈ systematice druh˘ d¯evobarvÌcÌch a d¯e-
vokazn˝ch hub. P¯ehled je zpracov·n ze 49 p˘vodnÌch publi-
kacÌ a osobnÌch odkaz˘.

Druh· kapitola jihoafrick˝ch autor˘ E. V. Brandta, J. Coet-
zee, E. Malana a severoamerickÈho D. Ferreiry pod·v· v roz-
sahu 37 stran p¯ehled o kondenzovan˝ch taninech (syn. poly-
mernÌ proanthocyanidiny). Kapitola je ËlenÏna na statÏ in-
formujÌcÌ o formov·nÌ interflavanoidnÌ vazby oligomernÌch
proanthocyanidinu, o ötÏpenÌ tÈto vazby, o p¯esmycÌch pyra-
novÈho heterocyklu tÏchto l·tek a o konformaËnÌ anal˝ze
dimernÌch proanthocyanidin˘. V p¯ehledu je nejvÌce pozor-
nosti vÏnov·no chemick˝m mechanism˘m, syntÈze, biosyn-
tÈze a stereochemii, ale takÈ odkaz˘m na p˘vod a v˝znam
tÏchto specifick˝ch fenolick˝ch obsahov˝ch l·tek mnoh˝ch
d¯evin a nÏkolika dalöÌch rostlin. V˝jimeËn· koncentrace tÏch-
to l·tek v k˘¯e nebo j·dru nÏkter˝ch d¯evin vy˙stila v jejich
komerËnÌ vyuûitÌ p¯i zpracov·nÌ (vyËiÚov·nÌ) k˘ûÌ, p¯i ochra-
nÏ rostlin a d¯eva p¯ed hmyzem a jin˝mi herbivory, takÈ
v pouûitÌ pro tvorbu farmaceutik a pro komplexaci s biopoly-
mery (proteiny, cukry) a s kovy. V souËasnosti je zajÌmav˝
jejich st·le vÌce zd˘razÚovan˝ blahod·rn˝ ˙Ëinek na lidskÈ
zdravÌ, hlavnÏ u konzument˘ Ëaj˘, ovocn˝ch öù·v a ËervenÈho
vÌna, a to kv˘li jejich antioxidaËnÌm a radik·ly odstraÚujÌcÌm
vlastnostem. Tyto l·tky, spolu  s jednoduch˝mi  flavanoly,
spolup˘sobÌ takÈ p¯i prevenci kardiovaskul·rnÌch dysfunkcÌ.
Jsou podstatou lÈËivÈho efektu mÌrnÈho pitÌ ËervenÈho vÌna
(tzv. ÑfrancouzskÈho paradoxuì). Kapitola p¯in·öÌ a hodnotÌ
127 p˘vodnÌch vÏdeck˝ch pracÌ.

Nejrozs·hlejöÌ, 90 str·nkov· t¯etÌ kapitola autor˘ W. M. Da-
niewskÈho (z Polska) a G. Vidariho (z It·lie) shrnuje a hodnotÌ
vöe o obsahov˝ch l·tk·ch, p¯ev·ûnÏ seskviterpenoidech, hub
rodu Lactarius, obecnÏ dob¯e zn·m˝ch ryzc˘. Oba auto¯i se
po mnoho let v˝raznÏ specializovali a intenzivnÏ publikovali
v oblasti isoprenoid˘ z hub rodu Lactarius. V kapitole se
opÌrajÌ o mnohÈ ze sv˝ch vlastnÌch v˝sledk˘, ale p¯in·öÌ velmi
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ucelen˝ p¯ehled informacÌ ze 172 liter·rnÌch pramen˘ p˘vod-
nÌch pracÌ, vËetnÏ tÏch, dnes jiû historick˝ch. Kapitolu ËlenÌ
podle strukturnÌch typ˘ (farnesanovÈ, carryophyllanovÈ, dri-
manovÈ, guianovÈ a protoilludanovÈ seskviterpeny). NejvÌce
se ovöem vÏnujÌ velutinalov˝m ester˘m a jejich p¯Ìbuzn˝m,
resp. odvozen˝m seskviterpen˘m, a to jak deriv·t˘m tak i ar-
tefakt˘m. OpÏt je ËlenÌ podle struktur (mnoho typ˘). U vöech
typ˘ i u jednotliv˝ch  l·tek uv·dÌ jejich p˘vod, chemickÈ
relace, interkonverze, biogenetickÈ souvislosti, tot·lnÌ syntÈzy
i biologickÈ vlastnosti (p¯ev·ûnÏ efekty na hmyz). Kapitola je
vybavena vÌce neû 40 schÈmaty p¯edpokl·dan˝ch i prok·za-
n˝ch biosyntetick˝ch a chemotransformaËnÌch strukturnÌch
obmÏn a Ëetn˝mi tabulkami chemick˝ch a fyzik·lnÌch vlast-
nostÌ jednotliv˝ch l·tek a jejÌch zdroj˘ (druh˘ hub), ze kter˝ch
byly tyto l·tky zÌsk·ny. P¯ehled je doplnÏn i statÏmi o alkaloi-
dech a prenylovan˝ch fenolech, benzofuranech a chromanech,
takÈ typick˝ch l·tek tÏchto hub. Tato kapitola je zpracov·na
velmi d˘kladnÏ z hledisek v˝öe uveden˝ch, a proto je tÌm vÌce
n·padn˝ mal˝ d˘raz na chemicko-ekologickÈ v˝sledky a z·vÏ-
ry skupiny autor˘ kolem O. Sternera (ze ävÈdska), jenû by jistÏ
zasluhovaly samostatnou staù, nebo vÌce pozornosti ve stati
o biologick˝ch vlastnostech metabolit˘ velutinalov˝ch ester˘.
NicmÈnÏ vöechny tyto pr·ce jsou zde citov·ny a jejich v˝znam
pozornÈmu Ëten·¯i nenÌ utajen.

Tento dÌl ÑZechmaistraì p¯in·öÌ hodnotnÈ a dob¯e zpraco-
vanÈ informace pro fytochemiky, bioorganickÈ chemiky a bio-
logy-chemosystematiky. UûiteËn˝ je i pro dalöÌ odbornÌky
v oblasti chemie d¯eva, barev, farmakognozie a chemickÈ
ekologie. JistÏ dob¯e poslouûÌ jak specializovan˝m odbornÌ-
k˘m, tak i uËitel˘m, student˘m a zaËÌnajÌcÌm z·jemc˘m o che-
mii, biologickÈ p˘sobenÌ, v˝znam a vyuûitÌ p¯ÌrodnÌch l·tek.

Juraj Harmatha

W . H e r t z , H . F a l k , G . W . K i r b y ,
R . E . M o o r e a C h . T a m m ( E d s ) :
Progress in the Chemistry of Organic Natural Products,
Vol. 78
Springer-Verlag, Wien 1999. Stran 168; cena 250,ñ DEM.

78. dÌl popul·rnÌ serie se skl·d· ze dvou Ë·stÌ Brassino-
steroids (Adam G., Schmidt J., Schneider B.) a Chemistry of

the Neem Tree (Azadirachta indica A. Juss.). Kniha jakoby
n·hodou zvolila pojedn·nÌ o dvou v˝znamn˝ch skupin·ch
biologicky aktivnÌch p¯ÌrodnÌch l·tek, kterÈ se pouûÌvajÌ v ¯adÏ
zemÌ mj. v rostlinnÈ v˝robÏ ke zv˝öenÌ a zkvalitnÏnÌ ˙rody.
ZajÌmavÈ na obou skupin·ch l·tek je, ûe jejich pouûitÌ je
v koncentracÌch, kterÈ jsou tak nÌzkÈ, ûe si nezadajÌ s homeo-
patick˝mi prepar·ty. Na rozdÌl od homeopatik zde vöak nepo-
uûÌv·me stÌn, ale samu materii.

Brasinosteroidy z per uzn·van˝ch odbornÌk˘ v oboru p¯i-
n·öejÌ na tÈmÏ¯ 50 stran·ch z·kladnÌ informace o v˝skytu
tÏchto l·tek v p¯ÌrodÏ, jejich strukturnÌch typech, o jejich
izolaci a ËiötÏnÌ, o GC-MS, HPLC a NMR anal˝ze. Zvl·ötnÌ
kapitola je vÏnov·na jejich syntÈze. Druh· Ë·st kapitoly se
vÏnuje biosyntÈze, metabolismu brassinosteroid˘ v rostlin·ch
a v bunÏËn˝ch kultur·ch Lycopersicon esculentum a Ornitho-
pus sativus. DalöÌ kapitola se vÏnuje fyziologick˝m ˙Ëink˘m
brasinosteroid˘ a p¯edposlednÌ molekul·rnÌm aspekt˘m ˙Ëin-
nosti. PoslednÌ p¯in·öÌ z·vÏry a 180 citacÌ.

D· se ¯Ìci, ûe i p¯es omezen˝ obsah p¯in·öÌ kapitola Bras-
sinosteroidy vÏtöinu z·kladnÌch informacÌ z tohoto pole a je
velmi dobr˝m vodÌtkem i pro odbornÌka.

Chemie Neemu (Azadirachta indica A. Juss.) zpracovan·
odbornÌky ze svÏtovÏ zn·mÈho CIMAP v Lucknow v Indii
p¯in·öÌ na tÈmÏ¯ 100 stran·ch zevrubn˝ pohled na chemismus
tohoto tÈmÏ¯ posv·tnÈho stromu s v˝znamn˝mi vlastnostmi.
Pojedn·v· o skupin·ch limonoid˘ a meliacin˘ (C-seko). Cel·
kapitola se zab˝v· chemick˝mi reakcemi od prost˝ch acylacÌ
OH skupin aû po skelet·lnÌ p¯esmyky. DalöÌ je vÏnov·na
syntÈze. Z·vÏr dÌlu pojedn·v· o obsahov˝ch l·tk·ch neemu
mimo obÏ v˝öe probranÈ skupiny ñ diterpenoidy, steroidy,
triterpenoidy, fenolickÈ slouËeniny, cukry a proteiny, sirnÈ
slouËeniny a uhlovodÌky. PoslednÌ Ë·st p¯in·öÌ 320 citacÌ.

Kapitola dob¯e zpracov·v· chemismus neemu a p¯ibliûuje
tak Ëten·¯i tuto vz·cnou rostlinu i chemicky. (Pozn·mka na
okraj, neem se Ëte, p¯estoûe slovo poch·zÌ z Indie [nÌm].)

ShrnutÌm lze ¯Ìci, ûe 78. dÌl Pokrok˘ v chemii organick˝ch
p¯ÌrodnÌch l·tek je naplnÏn kvalitnÌmi informacemi a poslouûÌ
velmi dob¯e nejen jako v˝chozÌ zdroj informacÌ pro chemika
i p¯ÌrodovÏdce.

Pavel Draöar

Chem. Listy 94, 508 ñ 509 (2000) Recenze

509



OSOBNÕ  ZPR¡VY

VzpomÌnka na dr. Miloslava Vondr·Ëka

P¯ich·zejÌ lÈta, v nichû n·s postupnÏ opouötÌ generace
nÏkdejöÌch mlad˝ch a nadöen˝ch chemik˘, kter· vyöla po
v·lce jako prvnÌ ze znovuotev¯en˝ch vysok˝ch ökol ñ mnozÌ
z nich byli zap·leni pro vÏdeckou pr·ci a chtÏli setrvat ve
vysokoökolsk˝ch laborato¯Ìch, jinÌ smÏ¯ovali  do  v˝zkumu
nebo v˝roby. V dubnu letoönÌho roku zem¯el RNDr. Miloslav
Vondr·Ëek (*1921), kter˝ jiû bÏhem v·lky zÌskal prvÈ chemic-
kÈ zkuöenosti v laborato¯Ìch farmaceutickÈho z·vodu B. Frag-
nera, a ˙Ëastnil se tam takÈ pracÌ na izolaci Ñmykoinu BF 510ì,
tehdy utajovan˝ch p¯ed NÏmci. Po dosaûenÌ doktor·tu se dr.
Vondr·Ëkovi, jako asistentu profesora Frejky v ⁄stavu or-
ganickÈ chemie P¯ÌrodovÏdeckÈ fakulty Karlovy univerzity,
otvÌrala slibn· vÏdeck· perspektiva. TehdejöÌm doktorand˘m,
jejichû v˝uku dr. Vondr·Ëek vedl a mezi nÏû jsem na konci
Ëty¯ic·t˝ch let takÈ pat¯il, nutnÏ p¯ipadal jako tÈmÏ¯ neuvÏ-
¯iteln˝ rozsah jeho nast¯·dan˝ch encyklopedick˝ch znalostÌ
syntetick˝ch postup˘ i organickÈ mikroanalytiky, a souËasnÏ
takÈ jeho laboratornÌ zruËnost a ne˙navn· pÌle. Kdyû mu v roce
1950 bylo p¯ekvapivÏ nabÌdnuto n·roËnÈ mÌsto vedoucÌho
chemickÈhov˝zkumuvtehdyserozbÌhajÌcÌ roztockÈpenicilince,
rozhodoval se dr. Vondr·Ëek obtÌûnÏ ñ opouötÏl Albertov
nerad, a vÏ¯il, ûe se i na novÈm pracoviöti bude moci alespoÚ
Ë·steËnÏ vÏnovat svÈ milovanÈ organickÈ syntÈze. MÏl pro-
myölenu  a  rozpracov·nu  vlastnÌ origin·lnÌ  tot·lnÌ  syntÈzu
lysergovÈ kyseliny, a uû i jen opublikov·nÌ vlastnostÌ mezipro-
dukt˘, kterÈ do tÈ doby p¯ipravil, by na nÏj bylo ve vÏdeckÈm
svÏtÏ zaslouûenÈ upozornilo. Bohuûel jej pr·vÏ tehdy nez·visle
p¯edeöel americk˝ autor, kter˝ zve¯ejnil dosti podobnou tot·l-
nÌ syntÈzu tÈto kyseliny, a tak v˝sledky nÏkolikaletÈ Vondr·Ë-
kovy pr·ce z˘staly jen v jeho laboratornÌch z·pisnÌcÌch.

V Roztok·ch se pracovnÌ tematika uk·zala b˝t znaËnÏ
odliön· a rozmanit·, ale i v tÈ se dr. Vondr·Ëek rychle orien-
toval a jeho podÌl na vöem, co pak z V˝zkumnÈho ˙stavu

antibiotik postupnÏ v n·sledujÌcÌch lÈtech vych·zelo, byl vûdy
rozhodujÌcÌ. Mlad˝ kolektiv, s kter˝m zde zaËÌnal, p¯ekon·val
sv˝m el·nem tÌûivÈ pomÏry panujÌcÌ v sousednÌm v˝robnÌm
z·vodu. DÌky dr. Vondr·Ëkovi z˘st·valy v˝zkumnÈ chemickÈ
laborato¯e o·zou zdravÈho rozumu i bÏhem pades·t˝ch let,
kdy ob·van˝m prav˝m vl·dcem z·vodu byl k·drov·k ñ b˝val˝
kamn·¯, a panovala zde atmosfÈra podez¯Ìvavosti a zbyteËnÈ-
ho utajov·nÌ vöech odborn˝ch v˝sledk˘, coû rozhodnÏ nep¯·lo
jejich prezentaci na vÏdeckÈm fÛru. Bylo t¯eba vlastnÌmi pro-
st¯edky ñ bez cizÌch licencÌ ñ vyvinout izolaËnÌ, ËistÌcÌ a kon-
trolnÌ metody pro rozs·hlou paletu antibiotik, kter· mezitÌm
na druhÈ stranÏ ûeleznÈ opony p¯ich·zela do pouûÌv·nÌ, a zp¯Ì-
stupnit je tak i naöim pacient˘m; ˙stav se mimoto zab˝val
i dalöÌmi biosyntetick˝mi produkty, aminokyselinami, atd.
Nakonec dr. Vondr·Ëek vydrûel pracovat v Roztok·ch rov-
n˝ch pades·t let, a jeho p¯ÌsloveËn˝ stoick˝ klid mu pom·hal
nerozËilovat se p¯Ìliö ani nad neövary pozdÏjöÌch f·zÌ komu-
nistickÈho reûimu, kdy se nad¯ÌzenÌ vedoucÌ pracovnÌci p¯ed-
h·nÏli v tom, na kolika v˝nosn˝ch patentech budou p¯ips·ni
jako spoluauto¯i. NejöùastnÏjöÌ byl vûdy tam, kde mohl uplatnit
svÈ syntetickÈ znalosti p¯i p¯ÌpravÏ polosyntetick˝ch deriv·t˘
antibiotik, nap¯. rolitetracyklinu, doxycyklinu aj.

VyvrcholenÌm jeho pr·ce bylo objasnÏnÌ struktury muci-
dinu a jejÌ potvrzenÌ syntÈzou ñ mucidin, kter˝ izoloval dr.
MusÌlek v laborato¯Ìch »SAV, z˘stal dodnes vlastnÏ jedin˝m
u n·s objeven˝m nadÏjn˝m origin·lnÌm antibiotikem, a pr·ce
na nÏm byla v roce 1975 ocenÏna udÏlenÌm st·tnÌ ceny. To vöe
je d˘kazem, ûe v dr. Vondr·Ëkovi jsme mÏli chemika mezi-
n·rodnÌho form·tu, kter˝ nezaslouûenÏ z˘st·val stranou obec-
nÈ pozornosti a uzn·nÌ. P¯i jeho skromnosti a jistÈ uzav¯enosti
nebylo ostatnÏ divu. TÌm spÌöe bychom vöak my vöichni, kdo
jsme ho znali, na nÏho nemÏli zapomÌnat a mÏli bychom si
znovu uvÏdomit, koho jsme v nÏm ztratili.

Miroslav He¯mansk˝
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V·ûenÈ kolegynÏ a v·ûenÌ kolegovÈ,

Je mi ctÌ p¯ivÌtat v·s na XVII. biochemickÈm sjezdu, kter˝
je jiû tradiËnÏ spoleËn˝m setk·nÌm zejmÈna Ëesk˝ch a sloven-
sk˝ch biochemik˘. HlavnÌmi organiz·tory jsou »esk· spoleË-
nost pro biochemii a molekul·rnÌ biologii a Slovensk· spo-
leËnost pro biochemii a molekul·rnÌ biologii. Jsem r·d, ûe se
s n·mi setk·vajÌ i ËlenovÈ SpoleËnosti klinickÈ biochemie »LS
JEP a Fakulty elektrotechnickÈ »VUT, kte¯Ì se takÈ na orga-
nizaci sjezdu podÌleli.

Snaûili jsme se trochu zmÏnit obvyklou strukturu programu
sjezdu a za¯adit do nÏj tÈmata zd·nlivÏ snad ponÏkud odlehl·.
DomnÌv·m se ale, ûe postupnÈ pror˘st·nÌ obor˘ a tematik vede
k tvorbÏ nov˝ch koncepcÌ ve vÏdÏ, a ûe je t¯eba ve vz·jemn˝ch
diskusÌch p¯ich·zet s nov˝mi pohledy na problematiku eta-
blovan˝ch obor˘. P¯·l bych si, abychom na naöe setk·nÌ
ËastÏji zvali kolegy specialisty v oborech biochemii ponÏkud
vzd·lenÏjöÌch.

Jak vÌte, udÌlÌ SpoleËnost p¯i p¯Ìleûitosti sjezdu cenu Bio-
tech za nejlepöÌ soubor pracÌ publikovan˝ch za poslednÌ dva
roky. MusÌm ¯Ìci,  ûe stejnÏ  jako minule i letos jsme byli
obesl·ni vynikajÌcÌmi soubory pracÌ. Auto¯i byli vesmÏs mladÌ
biochemici a jejich publikace mohou soutÏûit s tÌm nejlepöÌm
co se v EvropÏ produkuje. Dostali jsme öest p¯ihl·öek a v˝bor
SpoleËnosti na svÈm zased·nÌ dne 2. kvÏtna mÏl velmi obtÌûnou
povinnost vybrat jednoho vÌtÏze. Stal se jÌm RNDr. Pavel
SouËek, Csc. ze St·tnÌho zdravotnÌho ˙stavu, kter˝ p¯edloûil
soubor pracÌ na tÈma Studium ˙lohy cytochrom˘ P450 v kar-
cinogenezi. Vöechny ostatnÌ soubory pracÌ by si tÈû zaslouûily
ocenÏnÌ. Obeslan· tÈmata byla: Akumulace tÏûk˝ch kov˘ ge-
neticky upravenou biomasou, Diagnostika metabolick˝ch po-
ruch purin˘ a pyrimidin˘ kapil·rnÌ elektroforÈzou, SmÏrov·nÌ
protin·dorovÈ terapie a p¯ekon·nÌ rezistence, Mitochondri-
·lnÌ odp¯ahujÌcÌ proteiny a KomplexnÌ studie genetick˝ch
soubor˘ podmiÚujÌcÌch hyperhomocysteinÈmii. Autor˘m, kte-
¯Ì svÈ publikace do soutÏûe poslali velmi dÏkuji.

»esk· spoleËnost pro biochemii a molekul·rnÌ biologii
zmÏnila ponÏkud od svÈho vzniku v roce 1993 svou p˘sobnost.

Reagovala tak na zmÏnÏnÈ podmÌnky celospoleËenskÈ, kterÈ
ovöem v˝raznÏ ovlivnily podmÌnky vÏdeckÈ pr·ce. HlavnÌm
posl·nÌm SpoleËnosti jiû nenÌ organizov·nÌ symposiÌ a konfe-
rencÌ, kterÈ v minulosti slouûily zejmÈna ke kompenzaci naöÌ
izolace od vÏdy v zahraniËÌ. SpoleËnost dnes spÌöe zprost¯ed-
kov·v· vÏdeck˝m pracovnÌk˘m, p¯edevöÌm tÏm mlad˝m, moû-
nosti zÌsk·nÌ stipendiÌ na pobyty v zahraniËÌ a na ˙Ëast na
mezin·rodnÌch setk·nÌch. Na organizaci mnoha akcÌ dom·-
cÌch i mezin·rodnÌch se ovöem naöe SpoleËnost st·le podÌlÌ.

Prost¯ednictvÌm SpoleËnosti jsou vöichni jejÌ ËlenovÈ Ëleny
Federace evropsk˝ch biochemick˝ch spoleËnostÌ (FEBS), Me-
zin·rodnÌ unie biochemik˘ a molekul·rnÌch biolog˘ (IUBMB)
a EvropskÈmolekul·rnÏbiologickÈkonference (EMBCa EMBO).
To Ëlen˘m umoûÚuje û·dat od tÏchto organizacÌ r˘znÈ druhy
stipendiÌ a podpor na po¯·d·nÌ odborn˝ch akcÌ. DoporuËuji
vöem, aby pravidelnÏ sledovali naöi internetovou str·nku (http:
//csbmb.img.cas.cz/), kde lze najÌt odkazy na vÏtöinu relevant-
nÌch informacÌ.

D˘leûitou aktivitou SpoleËnosti je vyd·v·nÌ Bulletinu. Je
vöak ot·zka, zda jeho souËasn· forma nezastarala a zda by-
chom nemÏli uvaûovat o p¯ÌpadnÈ zmÏnÏ buÔ na biochemick˝
Ëasopis nebo naopak na jednoduch˝ informaËnÌ let·k.

Na vöechny svÈ aktivity si musÌme dnes buÔ penÌze vydÏlat
nebo je zÌskat formou kompetitivnÌch grant˘ Ëi od sponzor˘
a mecen·ö˘. To nenÌ v˘bec jednoduchÈ a dÏkuji tajemnici
SpoleËnosti Ing. KrumlovÈ za jejÌ ˙spÏönou snahu v tomto
smÏru.

V p¯ÌötÌm roce budeme volit nov˝ v˝bor. Volbu opÏt pro-
vedeme korespondenËnÏ. P¯ipravte se na to prosÌm, promluvte
se sv˝mi kolegy, a aû budete vyzv·ni navrhnÏte dobrÈ odbor-
nÌky, kte¯Ì ovöem musÌ b˝t p¯ipraveni ve v˝boru aktivnÏ pra-
covat. VyuûÌv·m tÈto p¯Ìleûitosti, abych podÏkoval vöem bio-
chemik˘m, kte¯Ì se aktivnÏ z˙ËastÚujÌ ûivota SpoleËnosti.

V·clav PaËes
p¯edseda »SBMB

SBORNÕK
XVII. BIOCHEMICK› SJEZD

Praha 7.ñ10. z·¯Ì 2000

»esk· spoleËnost pro biochemii a molekul·rnÌ biologii, Slovensk· spoloËnosù pre biochÈmiu a molekulov˙ biolÛgiu
pri SAV ve spolupr·ci se SpoleËnostÌ klinickÈ biochemie »LS JEP a Fakultou elektrotechnickou »VUT Praha
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01 STUDIUM ⁄LOHY CYTOCHROMŸ P450
V KARCINOGENEZI

PAVEL SOU»EK

VÌtÏz soutÏûe o Cenu »SBMB za rok 2000

Odborn· skupina biotransformacÌ, Centrum HPNP, St·tnÌ
zdravotnÌ ˙stav, ärob·rova 48, 100 42 Praha 10

Cytochrom P450 (d·le jen CYP) je d˘leûit˝m enzymem,
kter˝ metabolizuje chemickÈ l·tky, se kter˝mi lidÈ neust·le
p¯ich·zÌ do styku. Jedn· se o lÈËiva, kontaminanty ûivotnÌho
prost¯edÌ i l·tky tÏlu vlastnÌ, nap¯. hormony, prostaglandiny
a cholesterol. U ËlovÏka bylo zatÌm odhaleno vÌce neû 20
r˘zn˝ch enzymatick˝ch forem CYP, jeû se navz·jem podobajÌ
strukturou, ale velmi se liöÌ spektrem substr·t˘, kterÈ metabo-
lizujÌ.

V pr·ci1 souboru byla detailnÏ prostudov·na lidsk· forma
CYP2A6. U CYP2A6 byl nalezen genetick˝ polymorfismus,
neboli existence tzv. slab˝ch a siln˝ch metaboliz·tor˘. CYP2A6
navÌc metabolizuje celou ¯adu velmi zajÌmav˝ch substr·t˘ ñ
nap¯. je hlavnÌm enzymem metabolizujÌcÌm nikotin u lidÌ.
V r·mci projektu popsanÈho ve zmÌnÏnÈ pr·ci byl CYP2A6
poprvÈnasvÏtÏexprimov·nv Escherichiacoli. Protein CYP2A6
byl purifikov·n a spektr·lnÏ charakterizov·n. Enzymatick·
aktivita CYP2A6 byla optimalizov·na v rekonstituovanÈm
systÈmu. Byly vyprodukov·ny unik·tnÌ protil·tky proti CYP2A6,
kterÈ velmi efektivnÏ inhibujÌ jeho aktivitu. Uveden˝ expresnÌ
systÈm cytochromu P450 2A6 je ide·lnÌ k testov·nÌ metabo-
lismu nov˝ch lÈËiv, jednÌm z m·la dostupn˝ch n·stroj˘ jak
ovÏ¯it v˝znam genetick˝ch polymorfism˘ 2A6 u lidÌ, je vhod-
n˝ pro sledov·nÌ metabolickÈ aktivace prokarcinogen˘ na
mutagennÌ produkty a pouûiteln˝ pro biotechnologii, nap¯. pro
produkci modrÈho barviva indiga2, coû m˘ûe p¯inÈst i komer-
ËnÌ vyuûitÌ. Protil·tky majÌ vyuûitÌ p¯i skrÌningu hladiny a ak-
tivity 2A6 v lidsk˝ch bunÏËn˝ch frakcÌch.

BÏhem  pr·ce  s CYP2A6 byla  vytvo¯ena nov·, rychl·
a velmi citliv· metoda na stanovenÌ metabolismu markerovÈ-
ho substr·tu CYP2A6 kumarinu pomocÌ vysokotlakÈ kapali-
novÈ chtomatografie s fluorescenËnÌ detekcÌ. Tato metoda
najde vyuûitÌ p¯i skrÌningu in vitro i in vivo aktivity CYP2A6
u lidÌ, Ëili m˘ûe b˝t aplikov·na ve farmakologii a toxikologii.
Validace metody a jejÌ vyuûitÌ je pops·no v pr·ci3.

NÏkterÈ substr·ty jsou CYP metabolizov·ny na velmi
reaktivnÌ produkty, kterÈ mohou poökozovat DNA i proteiny
a vÈst aû k mutagenezi a karcinogenezi. Proto byly studov·ny
schopnosti r˘zn˝ch forem CYP metabolizovat substr·ty, kterÈ
jsou v˝znamnÈ z hlediska pr˘myslovÈ expozice (benzen, di-
chlorbenzeny) a vytv·¯et z nich reaktivnÌ produkty schopnÈ
poökozovat DNA i proteiny. V˝sledky naznaËily, ûe p¯ede-
vöÌm lidsk· forma CYP2E1 je zodpovÏdn· za vznik kovalentnÌ
vazby na DNA a proteiny a takÈ byl zjiötÏn vliv genotypu to-
hoto enzymu na kinetickÈ parametry enzymatick˝ch reakcÌ4,5.

⁄loha izoenzym˘ CYP v metabolismu benzenu a n·sledn·
tvorba produkt˘ toxick˝ch pro buÚku byla d·le studov·na
pomocÌ sledov·nÌ ˙Ëink˘ jednotliv˝ch metabolit˘ benzenu na
poökozenÌ funkce izoenzym˘ CYP, tvorby reaktivnÌch kyslÌ-
kov˝ch radik·l˘ a peroxidace lipid˘6. V˝sledky naznaËily, ûe
benzen je v j·trech metabolizov·n na produkty poökozujÌcÌ
funkci CYP, p¯iËemû citlivost jednotliv˝ch izoenzym˘ CYP

se znaËnÏ liöÌ. Produktem, zodpovÏdn˝m za poökozenÌ CYP
a dalöÌch mikrosom·lnÌch protein˘, je p¯edevöÌm benzochi-
non. HlavnÌm mechanismem destrukce zjevnÏ nenÌ tvorba
kyslÌkov˝ch radik·l˘ ani iniciace peroxidace lipid˘, ale p¯Ìm·
kovalentnÌ vazba benzochinonu na proteiny vËetnÏ CYP. Ve-
lice z·vaûn˝ je fakt, ûe citlivost lidsk˝ch izoenzym˘ CYP v˘Ëi
benzochinonu je podstatnÏ vÏtöÌ neû u izoenzym˘ izolovan˝ch
z laboratornÌch potkan˘ a proto je t¯eba posuzovat zdravotnÌ
rizika plynoucÌ z expozice benzenu mnohem p¯ÌsnÏji.

DalöÌ projekt se zab˝val studiem exprese izoforem CYP
v biologick˝ch prepar·tech ñ jaternÌch mikrosom·lnÌch frak-
cÌch u miniprasat a lidÌ7. ImunochemickÈ stanovenÌ hladiny
exprese, izoenzym˘ CYP a jejich aktivit uk·zalo, ûe j·tra
miniprasat obsahujÌ velice podobnÈ aktivity a hladiny CYP
protein˘ jako lidÈ a p¯edevöÌm, ûe celkov˝ metabolick˝ profil
praseËÌch jater je srovnateln˝ s lidsk˝m. Toto zjiötÏnÌ je v lite-
ratu¯e unik·tnÌ a jeho v˝znam roste zejmÈna vzhledem k ˙va-
h·m o moûnÈ transplantaci praseËÌch jater lidem a pouûitÌ
praseËÌch hepatocyt˘ k podpo¯e jater p¯ed vlastnÌ transplantacÌ
(bioarteficial liver). NavÌc podle naöich v˝sledk˘ miniprasata
p¯edstavujÌ ide·lnÌ model na testov·nÌ metabolick˝ch cest,
protoûe, na rozdÌl od potkan˘, u miniprasat nenÌ t¯eba enzymy
CYP indukovat a vytv·¯et tak nefysiologick˝ stav v organismu
zvÌ¯ete.

Pr·ce8-10 popisujÌ v˝sledky sledov·nÌ genetick˝ch poly-
morfism˘ biotransformaËnÌch enzym˘ vËetnÏ CYP a smysl
studia, kter˝ spoËÌv· p¯edevöÌm v moûnosti posoudit indivi-
du·lnÌ vnÌmavost k p˘sobenÌ karcinogen˘ na lidsk˝ organis-
mus.

Pr·ce na projektech byla financov·na granty InternÌ grantovÈ
agentury MZ »R 1850-5 a NL6095-3.
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02 ATOMIC FORCE MICROSCOPY IN THE
INVESTIGATION OF BIOLOGICAL OBJECTS

GIORGIO SEMENZAa,b and ANJA VINCKIERa

aSwiss Federal Institute of Technology Zurich, Biochemistry,
ETH-Zentrum, Postfach 35, CH-8092 Z¸rich, Switzerland,
bDipartimento di Chimica e Biochimica Medica, Università di
Milano, Via Saldini 50, I-20133 Milano, Italy

Scanning Probe Microscopies (SPM) have rapidly become
established techniques in (mainly) inorganic surface science.
Their use in biochemistry/biology is only a few years old. The
SPM which is at the moment most promising is Atomic Force
Microscopy (AFM), although for a number of reasons images
of biological materials reach only molecular resolution at best;
but, as AFM is possible without prior denaturation of the
macromolecule(s), it can allow to follow biological phenome-
na in the imaging and/or non-imaging mode in real time under
quasi ìphysiologicalî conditions (i.e. in aqueous buffers, at
room temperature, etc.)

In order to offer our contribution to these two approaches
ñ imaging and non-imaging AFM investigations of biological
macromolecules ñ we have first developed new, large atomi-
cally flat surfaces (Au(111), (Ref.1,2), onto which self-assem-
bled monolayers of ω-substituted alkyl-thiols (or disulfide)
form spontaneously. The SñAu bond is half as strong as
a covalent CñC bond. The ω-function allows for much versa-
tility: typically a N-hydroxysuccinimide function at this posi-
tion forms a highly reacting ìcarpetî, binding proteins, lipo-
somes, substituted nucleic acids via reaction with primary
amino groups3,4. The native ñ biological material is not brought
into solution by either changes in pH or ionic strength. This
has allowed e.g. to follow in real time the disassembly of
clathrin cages in the fluid cell4. These Au(111) surfaces are
thus valuable alternatives to other very flat surfaces, such as
mica.

As to non-imaging modes, AFM allows measuring anti-
gen/antibody interaction forces (with the protein pairs bound
to the tip and the substrate, respectively, via Au(111) covered
by N-hydroxysuccinimide-terminated self-assembled mono-
layers5). Protein/protein interactions can also be studied with
other substrates (e.g. GroEL bound to mica6 if the ionic strength
is not too high, etc.

Mechanical, e.g. elastic properties can be investigated by
AFM, the Young modulus ranging between 0.5 MPa (cartila-
ge) or less (liposomes) to ca. 3 MPa (microtubules7) and to
more than 22◊109 Pa (mica) (for a short review, see8).

These and additional examples of potential usefulness of
AFM will be summarised.
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03 Kº⁄»OV› PROBL…M BIOLOGICKEJ
EVOL⁄CIE: PRECHOD OD RNA SVETA
K DNA SVETU

MARTA KOLL¡ROV¡

Katedra biochÈmie, PrÌrodovedeck· fakulta UK, Mlynsk· do-
lina CH-1, 842 15 Bratislava, Slovensk· republika

PoËas evol˙cie RNA bola pravdepodobne prvou existuj˙-
cou triedou makromolek˙l. V prvej f·ze evol˙cie RNA mala je-
din˙ funkciu autoreplik·cie. NeskÙr usporiadanie stavebn˝ch
jednotiek nukleov˝ch kyselÌn umoûnilo nielen autoreplik·ciu
vlastnej molekuly, ale aj vytv·ranie öpecifick˝ch ötrukt˙r in˝ch
molek˙l ñ proteÌnov. Pre vznik DNA mali rozhoduj˙cu ˙lohu
dva proteÌny s katalytickou funkciou ñ ribonukleotidreduk-
t·za, ktor· katalyzuje tvorbu deoxyribonukleotidov a reverzn·
transkript·za katalyzuj˙ca prepis inform·cie z RNA do DNA.

Zatial Ëo ribÛza a ribonukleotidy mohli existovaù za pri-
mitÌvnych podmienok na Zemi, pretoûe ribÛza vznik· medzi
mnoh˝mi produktami reakciÌ formaldehydu a ribonukleozidy
sa tvoria zahriatÌm purÌnov˝ch b·z s ribÛzou v prÌtomnosti
anorganick˝ch solÌ, ani intenzÌvny v˝skum tvorby biomolek˙l
za abiotick˝ch podmienok neobjavil doteraz ûiadnu chemick˙
cestu pre tvorbu deoxyribonukleotidov.

Deoxyribonukleotidy  vznikaj˙ redukciou zodpovedaj˙-
cich ribonukleotidov. T·to reakcia je katalyzovan· enz˝mom
ribonukleotidredukt·zou (RNR). Produkty reakcie, 2í-deoxy-
ribonukleotidy, nie s˙ tvorenÈ ûiadnou inou biosyntetickou
cestou de novo. Z tohto dÙvodu m· proces redukcie ribonu-
kleotidov rozhoduj˙cu ˙lohu pri syntÈze DNA a delenÌ buniek.
Redukcia ribonukleotidov nie je jednoduch˝, ale postupn˝
proces, pri ktorom doch·dza k prenosu vodÌka z NADPH
najskÙr na mal˙ ditiolov˙ bielkovinu tioredoxÌn a z tioredoxÌ-
nu na ribonukleotidy. Prv˝ proces katalyzuje enz˝m tioredo-
xÌnredukt·za a druh˝ ribonukleotidredukt·za.

Aktivita RNR bola potvrden· u vöetk˝ch doteraz sk˙ma-
n˝ch organizmov. Tieto enz˝my odr·ûaj˙ jednotu ûivota pr·ve
tak, ako polymer·zy nukleov˝ch kyselÌn alebo ribozom·lny
apar·t. Najprv boli  popÌsanÈ dva typy  RNR. Prv˝  typ  je
reprezentovan˝ enz˝mom izolovan˝m z Escherichia coli kul-
tivovanej za aerÛbnych podmienok a druh˝ z baktÈrie Lacto-
bacillus leichmannii. V s˙Ëasnosti s˙ popÌsanÈ ötyri typy tohto
enz˝mu, ktorÈ sa prekvapuj˙co odliöuj˙ poûiadavkami na
kofaktory napriek ich centr·lnej ˙lohe v metabolizme (ûe-
lezo, koenz˝m B12, mang·n, horËÌk, S-adenozylmetionÌn)
a ˙rovÚou fosforyl·cie ribonukleotidov, ktorÈ vyuûÌvaj˙ ako
substr·ty. ätrukt˙ru koenz˝m B12-z·visl˝ch RNR reprezen-
tovan˝ch enz˝mom L. leichmannii predstavuje jednoduch˝
polypeptidov˝ reùazec. Fe-z·vislÈ RNR reprezentovanÈ E. coli
maj˙ podjednotkov˙ ötrukt˙ru vytvoren˙ z nerovnako veæ-
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k˝ch polypeptidov˝ch reùazcov1. Pravdepodobne veækÈ pod-
jednotky RNR vytv·raj˙ rodinu pÙvodn˝ch proteÌnov s mno-
hon·sobne nukleotid-viaûucimi miestami. Asoci·cia podjed-
notiek pripomÌna viac vzùah apoenz˝mñkoenz˝m neû podjed-
notkov˙ ötrukt˙ru enz˝mu. Predpoklad· sa, ûe B12-z·vislÈ
RNR vznikli prvÈ ako primitÌvne katalyz·tory syntÈzy deoxy-
ribonukleotidov. Tento n·zor sa vöak ned· celkom zos˙ladiù
s fylogenetick˝m stromom bakteri·lneho sveta. Toto by vyûa-
dovalo poznaù prebiotick˙ existenciu kobalt-obsahuj˙cich ko-
rinoidov. Tieto mohli vznikn˙ù s˙beûne s prÌbuzn˝m porfyrÌ-
nov˝m systÈmom, ale nevyskytovali sa pravdepodobne vöade,
pretoûe kobalt je zriedkav˝ prvok a navyöe korinoidnÈ koenz˝-
my s˙ rozkladanÈ svetlom. »o sa t˝ka ûeleza a horËÌka s˙
prinajmenöom stotisÌckr·t a tisÌckr·t frekventovanejöie na zem-
skom povrchu a v‰zba s proteÌnom je regenerovan· celou
ök·lou biochemick˝ch katalyzovan˝ch reakciÌ.

Napriek odliönej proteÌnovej ötrukt˙re maj˙ RNR mnohÈ
vlastnosti podobnÈ. Na z·klade experiment·lnych v˝sledkov
sa predpoklad·, ûe vöetky doteraz zn·me ribonukleotidreduk-
t·zy uskutoËÚuj˙ t˙to reakciu rovnak˝m mechanizmom, ktor˝
m· charakter zloûitej radik·lovej reakcie. Tieû vöetky ötyri
ribonukleotidy sa viaûu na rovnakÈ aktÌvne miesto enz˝mu,
priËom öpecifita naviazania urËitÈho ribonukleotidu je modu-
lovan· naviazanÌm urËitÈho modul·tora na regulaËnÈ (aloste-
rickÈ) miesta enz˝mu.

Z hæadiska evol˙cie by jedn˝m z vysvetlenÌ mohlo byù, ûe
prirodzenÈ vlastnosti chÈmie redukcie ribonukleotidov vn˙tili
tieto podobnosti do oddelene sa vyvÌjaj˙cich enz˝mov kon-
vergentnou evol˙ciou. œalöia alternatÌva predpoklad·, ûe tieto
proteÌny mali spoloËnÈho predka, z ktorÈho vznikli divergent-
nou evol˙ciou prispÙsobenÌm sa na öpecificky meniace sa
poûiadavky prostredia. Na z·klade öt˙dia vlastnostÌ jednotli-
v˝ch typov ribonukleotidredukt·z viac autorov podporuje pr·-
ve t˙to moûnosù. NajsilnejöÌm argumentom pre divergentn˙
evol˙ciu zo spoloËnÈho predka je unik·tny mechanizmus alo-
sterickej regul·cie pre redukciu ribonukleotidov vo vöetk˝ch
ötyroch triedach enz˝mu. V kaûdom prÌpade ich substr·tov·
öpecifita je kontrolovan· naviazanÌm efektorov˝ch nukleoti-
dov do alosterickÈho miesta a vöetky typy redukt·z odpove-
daj˙ rovnak˝m spÙsobom na dan˙ efektorov˙ molekulu, na-
priek rozdielnym proteÌnov˝m ötrukt˙ram. Prv˝ enz˝m prav-
depodobne vznikol pred fotosyntÈzou a mohol byù podobn˝
enz˝mom, ktorÈ boli objavenÈ v organizmoch schopn˝ch r·sù
za anaerÛbnych podmienok. Tento enz˝m zÌskal unik·tny
reakËn˝ a kontroln˝ alosterick˝ mechanizmus, ktor˝ dnes
reguluje substr·tov˙ öpecifitu vöetk˝ch zn·mych ribonukleo-
tidredukt·z. Po objavenÌ kyslÌka na Zemi sa zaËali vyûadovaù
novÈ mechanizmy pre tvorbu radik·lov a zaËali sa vyvÌjaù
Ôalöie typy enz˝mov. Pravdepodobne vöak vznik t˝chto enz˝-
mov je zodpovedn˝ za premenu Ñsveta RNAì na Ñsvet DNAì
(cit.2,3).

StreptomycÈty ako objekt öt˙dia s˙ zaujÌmavÈ nielen z hæa-
diska komplexnÈho cyklu morfologickej diferenci·cie, ale aj
z evoluËnÈho hæadiska, pretoûe s˙ zaradenÈ do skupiny evo-
luËne mladöÌch baktÈriÌ, ktorÈ s˙ prÌkladom konvergentnej
evol˙cie medzi prokaryotick˝mi baktÈriami a eukaryotick˝mi
hubami, ktorÈ s˙ prÌËinou ich v˝nimoËn˝ch vlastnostÌ4. Z toh-
to dÙvodu sme sa rozhodli pre öt˙dium procesov a vlastnostÌ
tak˝ch enz˝mov,  ktorÈ  s˙  kæ˙ËovÈ  pre tento organizmus.
NaöÌm cieæom bola snaha prispieù k objasneniu syntÈzy deo-
xyribonukleotidov v kmeni Streptomyces aureofaciens, ktor˝

je producentom antibiotika chlÛrtetracyklÌnu. Stanovenie cha-
rakteristick˝ch vlastnostÌ proteÌnov z˙ËastÚuj˙cich sa reduk-
cie ribonukleotidov na zodpovedaj˙ce deoxyribonukleotidy ñ
ribonukleotidredukt·zy, tioredoxÌnu a tioredoxÌnredukt·zy, je
prÌspevkom k öt˙diu ich evol˙cie.

T·to pr·ca bola podporen· v r·mci grantu VEGA 1/7252/20.

LITERAT⁄RA

1. Stubbe J.: Proc. Natl. Acad. Sci. 95, 2723 (1998).
2. Reichard P.: Science 260, 1773 (1993).
3. Reichard P.: TIBS 22, 81 (1997).
4. Fierro J. F., Parr F., Quiross L. M., Hardisson C., Salas J.

A.: FEMS Microbiol. Lett. 41, 283 (1987).

04 BIOCHEMICK… A MOLEKULOV… STUDIE
PORUCH METHIONINOV…HO CYKLU
U »LOVÃKA

VIKTOR KOéICH

⁄stav dÏdiËn˝ch metabolick˝ch poruch, Ke Karlovu 2, 128 08
Praha 2

Cyklus methioninu slouûÌ u savc˘ mimo jinÈ k syntÈze
S-adenosylmethinonu (AdoMet) a cysteinu, recyklaci homo-
cysteinu zpÏt na methionin a k udrûov·nÌ homeostasy jedno-
uhlÌkat˝ch zbytk˘. PrvnÌm krokem cyklu je syntÈza AdoMet,
kter˝ je vyuûÌv·n ve vÌce neû stovce r˘zn˝ch transmethylaË-
nÌch reakcÌ Ëi p¯i syntÈze polyaminu. S-Adenosylhomocystein
(AdoHcy) vznikl˝ p¯i transmethylacÌch je hydrolyzov·n na
adenosin a homocystein (Hcy). Homocystein se d·le m˘ûe
zpracov·vat dvÏma r˘zn˝mi metabolick˝mi cestami ñ trans-
sulfuracÌ nebo remethylacÌ. Transsulfurace ñ u savc˘ ireverzi-
bilnÌ ñ zaËÌn· kondenzacÌ Hcy se serinem za katalytickÈho
p˘sobenÌ cystathionin beta-synthasy (CBS), n·sledn˝mi kro-
ky za podpory dalöÌch enzym˘ vznik· cystein, glutathion,
taurin a anorganick˝ sulf·t. Remethylace naproti tomu vracÌ
molekulu Hcy zpÏt do methioninovÈho cyklu, donorem me-
thylovÈ skupiny m˘ûe b˝t methyltetrahydrofol·t nebo betain.
Na remethylaci se podÌlÌ ¯ada enzym˘, mimo jinÈ methionin
synthasa a methionin synthasa reduktasa (MTRR). Methioni-
nov˝ cyklus je regulov·n na r˘zn˝ch ˙rovnÌch, od ˙rovnÏ
transkripËnÌ aû po vz·jemnÏ koordinovanÈ ovlivÚov·nÌ aktivi-
ty enzymu obou metabolick˝ch cest ˙Ëinkem AdoMet.

U ËlovÏka je zn·m· ¯ada geneticky podmÌnÏn˝ch onemoc-
nÏnÌ, u nichû je prokazatelnÏ poruöen˝ metabolismus methio-
ninu  Ëi homocysteinu. PomÏrnÏ vz·cnÈ jsou r˘znÈ formy
homocystinurie; tato skupina nemocÌ je typick· autosom·lnÏ
recesivnÌm zp˘sobem dÏdiËnosti, deseti- aû t¯icetin·sobnÏ
zv˝öen˝mi koncentracemi celkovÈho homocysteinu v plazmÏ
a tÏûk˝m klinick˝m postiûenÌm. MÌrnÏ zv˝öenÈ koncentrace
Hcy v plazmÏ (maxim·lnÏ 2◊ nad hornÌ hranici referenËnÌho
rozmezÌ) jsou naproti tomu velmi ËastÈ u ¯ady bÏûn˝ch nemo-
cÌ, nap¯. u atherosklerosy, thromboembolie Ëi u nÏkter˝ch
komplikacÌ tÏhotenstvÌ. Naöe skupina ve spolupr·ci s dalöÌmi
pracoviöti systematicky studuje genetickÈ faktory u vybran˝ch
klinick˝ch situacÌ.

Pro pochopenÌ fysiologick˝ch dÏj˘ v methioninovÈm cy-
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klu naöe skupina studovala vybranÈ vlastnosti dvou gen˘, a to
CBS a MTRR. KompletnÌ strukturu genu pro CBS jsme zjistili
sekvenov·nÌm 28 kbp ˙seku 21. chromosomu, urËili jsme
hranice vöech 23 exon˘, nalezli jsme celkem 7 polymorfnÌch
mÌst a zjistili jsme prevalenci variantnÌch alel v tÏchto loku-
sech v ËeskÈ populaci; d·le jsme analyzovali strukturu a v˝-
skyt alternativnÏ sest¯iûen˝ch izoforem mRNA pro CBS v r˘z-
n˝ch tk·nÌch. U genu pro MTRR jsme zjistili strukturu a tk·-
ÚovÏ specifick˝  v˝skyt  alternativnÏ sest¯iûen˝ch izoforem
mRNA, tyto izoformy jsme zaklonovali do prokaryotickÈho
expresnÌho vektoru pCW a MTRR exprimovanou v E. coli
nynÌ charakterizujeme po str·nce enzymologickÈ. V genu pro
MTRR jsme nalezli dosud nepopsan˝ polymorfismus a zjistili
jsme jeho prevalenci v ËeskÈ populaci.

Naöe skupina se d·le vÏnovala zevrubnÈ charakterizaci
souboru 23 Ëesk˝ch a slovensk˝ch pacient˘ s homocystinuriÌ,
zp˘sobenou deficitem CBS nebo MTRR. U pacient˘ jsme
analyzovali klinickÈ projevy nemoci, zjiöùovali jsme zmÏny
v koncentraci metabolitu methioninovÈho cyklu a analyzovali
jsme mutace na ˙rovni genomovÈ DNA i mRNA. Po str·nce
klinickÈ jsou ËeötÌ a slovenötÌ pacienti s homocystinuriÌ velmi
podobnÌ pacient˘m jinÈho etnickÈho p˘vodu. Studie metabo-
litu prok·zala u pacient˘ zv˝öenou koncentraci AdoMet, Ado-
Hcy a Hcy v krvi, snÌûenou koncentraci cysteinu a serinu
v plazmÏ a sekund·rnÌ poruchy metabolismu fol·t˘ a vitaminu
B12. P¯es v˝raznÏ snÌûenou koncentraci cysteinu nebyl u pa-
cient˘ prokazateln˝ deficit glutathionu v krvi, rovnÏû jsme
nenalezli zmÏny v koncentraci sulfan˘ a sulfid˘ v krvi. V do-
stupn˝ch vzorcÌch krve a fibroblast˘ jsme charakterizovali

celkem 24 nez·visl˝ch CBS alel a nalezli jsme 9 mutacÌ.
Polovina vöech alel nesla jednu ze dvou bÏûn˝ch mutacÌ ñ
I278T nebo IVS11-2 A>C. PodrobnÏ jsme charakterizovali
chov·nÌ RNA bÏhem sest¯ihu u dvou alel, kterÈ obsahujÌ
p¯edËasn˝ terminaËnÌ kodon a kterÈ jsou odbour·v·ny mecha-
nismem nonsens mediated decay. D·le jsme charakterizovali
3 nez·vislÈ MTRR alely a nalezli jsme 2 mutace; znalost mu-
tacÌ jsme vyuûili i pro prenat·lnÌ diagnostiku v jednÈ rodinÏ.

PoslednÌ oblastÌ z·jmu naöÌ skupiny je anal˝za genetic-
k˝ch faktor˘, souvisejÌcÌch s methioninov˝m cyklem, u kom-
plexnÌch nemocÌ. Pro pochopenÌ mechanism˘ spojen˝ch
s mÌrnou hyperhomocysteinemiÌ jsme vyöet¯ili klinicky, bio-
chemicky a geneticky 270 pacient˘ s koronarograficky prok·-
zanou atherosklerosou vÏnËit˝ch tepen a 550 kontrol. Vöechny
osoby jsme podrobili z·tÏûovÈmu testu s methioninem a ve
vzorcÌch krve p¯ed a po z·tÏûi jsme stanovili vybranÈ metabo-
lity methioninovÈho cyklu, vËetnÏ glutathionu, d·le vitaminy
a bÏûnÈ biochemickÈ parametry. V podsouboru osob jsme d·le
analyzovali markery entotheli·lnÌ dysfunkce a oxidativnÌho
stresu. U vöech pokusn˝ch osob nynÌ zjiöùujeme genotypy
v lokusech pro CBS, MTRR, methylentetrahydrofol·t reduk-
tasu a methionin synthasu. Po shrom·ûdÏnÌ vöech ˙daj˘ bude-
me data analyzovat pomocÌ parametrick˝ch a neparametric-
k˝ch statistick˝ch metod. HlavnÌm cÌlem studie bude zjiötÏnÌ,
zda varianty v analyzovan˝ch genech p¯ispÌvajÌ ke vzniku
atherosklerosy a zda mohou b˝t potenci·lnÌm lÈËebn˝m cÌlem.

PrezentovanÈ studie byly podporov·ny granty IGA MZ M-26-
-3, GA »R 0476 a GA UK.
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01 CIZOROD… ELEMENTY V GENOMECH

JAN PA»ESa,b

a⁄stav molekul·rnÌ genetiky AV »R Flemingovo n. 2, 166 37
Praha 6, bCentrum molekul·rnÌ genetiky VäCHT, Technic-
k· 3, 160 00 Praha, 6

P¯edmÏtem genomiky je komplexnÌ anal˝za cel˝ch geno-
m˘ nebo jejich velk˝ch, do jistÈ mÌry samostatn˝ch Ë·stÌ,
nap¯Ìklad megaplasmid˘ nebo chromosom˘. V tabulce I jsou
uvedeny velikosti genom˘ vybran˝ch p¯edstavitel˘ r˘zn˝ch
t¯Ìd organism˘. Nepostradatelnou souË·stÌ genomiky jsou n·-
stroje bioinformatiky, kter˝mi je jednak skl·d·na koneËn·
nukleotidov· sekvence genomu z Ë·steËn˝ch sekvencÌ jednot-

liv˝ch subklon˘, a d·le je v˝sledn· sekvence analyzov·na na
p¯Ìtomnost gen˘, regulaËnÌch element˘ a dalöÌch charakteris-
tick˝ch rys˘.

Z tabulky I je z¯ejmÈ, ûe dÏdiËn· informace je v prokaryo-
tick˝ch (bakteri·lnÌch) genomech uspo¯·d·na podstatnÏ eko-
nomiËtÏji neû v genomech eukaryotick˝ch (srv. velikosti ge-
nom˘ s poËtem residentnÌch gen˘). ExtrÈmnÌm p¯Ìpadem v ta-
bulce I je lidsk˝ chromosom 21, kde se v celkovÈm poËtu 33,5
miliÛn˘ p·r˘ basÌ naölo jen 225 gen˘. To je d·no jednak
p¯ÌtomnostÌ intron˘ v eukaryotick˝ch genech, ale zejmÈna
p¯ÌtomnostÌ negenovÈ nekÛdujÌcÌ DNA (nap¯Ìklad repetitiv-
nÌch nukleotidov˝ch sekvencÌ). U ËlovÏka jen asi 3 % DNA
kÛduje proteiny. Anal˝za dokonËen˝ch a rozpracovan˝ch ge-
nomov˝ch projekt˘ ukazuje na znaËnou plasticitu genom˘. Ta
je pravdÏpodobnÏ d˘sledkem horizont·lnÌho p¯enosu DNA

Obr. 1. Profil GC genomu bakterie Rhodobacter capsulatus. Oblasti se snÌûen˝m obsahem GC obsahujÌ geny virovÈho p˘vodu
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Tabulka I
Charakteristika vybran˝ch genom˘

Druh Organismus Velikost genomu (bp) PoËet gen˘ v genomu

Aktinobakterie Mycobacterium tuberculosis 4 411 529 4 397
ModrozelenÈ ¯asy Synechocystis 3 573 470 3 215
Gram-pozitivnÌ bakterie Bacillus subtilis 4 214 814 4 221

Mycoplasma genitalium 518 073 503
Proteobakterie Escherichia coli 4 639 221 4 397
Spirochety Borrelia burgdorferi 910 724 1 279
Archebakterie Archaeoglobus fulgidus 2 178 400 2 456
Houby Saccharomyces cerevisiae 12 069 313 6 548
HlÌstice Caenerhabditis elegans 97 000 000 19 000
»lovÏk Homo sapiens Chromosom 21 33 500 000 225

Homo sapiens Chromosom 22 34 400 000 679

Obr. 2. Profily GC genom˘ bakteriÌ Aquifex aeolicus (a) aMethanococcus jannaschii (b). Oblasti se zv˝öen˝m obsahem GC obsahujÌ cizorodÈgeny
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ale takÈ vnitrogenomov˝ch p¯esun˘ a reorganizacÌ DNA. Po-
z˘statky tÏchto ud·lostÌ lze p¯i bliûöÌm zkoum·nÌ nalÈzt nap¯Ì-
klad ve formÏ cizorod˝ch gen˘, zejmÈna gen˘ virovÈho p˘vo-
du, transpozon˘ a ˙sek˘ DNA s vysokou homologiÌ k nep¯Ì-
buzn˝m nebo jen vzd·lenÏ p¯Ìbuzn˝m organism˘m.

My jsme analyzovali nukleotidovÈ sekvence bakteri·lnÌch
i eukaryotick˝ch genom˘ na p¯Ìtomnost cizorod˝ch elemen-
t˘ s cÌlem blÌûe charakterizovat jejich podstatu a distribuci
v genomech. Na obr·zku 1 je zn·zornÏn profil obsahu guani-
nu a cytosinu (GC) v n·mi sekvenovanÈm genomu bakterie
Rhodobacter capsulatus. Pr˘mÏrn˝ obsah GC DNA tÈto ba-
kterie je 66,5 %, ale ˙seky DNA obsahujÌcÌ vûdy nÏkolik gen˘
nebo jejich poz˘statk˘ majÌ obsah GC v˝raznÏ niûöÌ. Tyto
geny jsou vesmÏs virovÈho nebo transpozonovÈho p˘vodu.
DalöÌ cizorodÈ geny usÌdlenÈ v genomu tÈto bakterie lze iden-
tifikovat na z·kladÏ preferenËnÌho zastoupenÌ jin˝ch kodÛn˘
neû je tomu u R. capsulatus. Obr·zek 2 ukazuje podobn˝
p¯Ìpad pro bakterie Methanococcus jannashii a Aquifex aeoli-
cus, kterÈ majÌ genom s obsahem GC nÌzk˝m a kde lze iden-
tifikovat cizorodÈ geny na z·kladÏ vyboËenÌ obsahu GC k vyö-
öÌm hodnot·m.

Na p¯Ìtomnost cizorod˝ch element˘ jsme analyzovali takÈ
ty Ë·sti lidskÈho genomu, kterÈ jsou p¯ÌstupnÈ v datab·zi
a identifikovali jsme mnoûstvÌ gen˘ vÏtöinou retrovirovÈho
p˘vodu. Tyto elementy lze kategorizovat do nÏkolika t¯Ìd.
Vytvo¯ili jsme datab·zi retrovirov˝ch element˘ v lidskÈm
genomu, kter· je na internetovÈ adrese http://herv.img.cas.cz

Podpo¯eno grantem MäMT VS96074.

02 COMPUTER-BASED PREDICTION
OF EXOGENOUS GENE CLUSTERS
AND ITS TRANSCRIPTIONAL ACTIVITY
IN RHODOBACTERCAPSULATUS SB1003
GENOME

HYNEK STRNADa,b, PAVEL ULBRICHa,b,
JAN PA»ESa,b, VÃRA HEJKALOV¡a,b,
and V¡CLAV PA»ESa,b

aCenter for Molecular Genetics, Intstitute of Chemical Tech-
nology, Technick· 3, 166 28 Prague, bInstitute of Molecular
Genetics, Academy of Science, Flemingovo n. 2, 166 37 Pra-
gue, Czech Republic

In the course of the Rhodobacter capsulatus SB1003 geno-
me project special attention was paid to DNA regions with
conspicuously different GC-content and/or dicodon usage.
R. capsulatus SB1003 is a purple nonsulfur bacterium with the
3.7 Mbp chromosome and a 133 kbp plasmid. Its DNA has an
average GC content of 67 %. We developed computer progra-
ms that evaluate GC content, dicodon use and gene length
across the entire chromosome and plasmid. Using these pro-
grams several DNA regions were identified as belonging to
exogenous nonbacterial elements. Genes so identified were
translated into corresponding proteins and these proteins were
compared with the Swissprot protein database. Most of the
genes and gene clusters thus found were shown to be of viral
origin. Except of one case all these viral clusters are integrated
in the vicinity of tRNA genes. The reason may be that the

tRNA genes are highly transcribed and thus available for
integration with a higher incidence compared to other genome
parts.

The transcription units were identified for individual viral
clusters. Transcription activity  is  determined by  Northern
blotting of total R. capsulatus RNA with PCR probes. This
study should lead to identification of transcriptionaly active
parts of viral clusters with the prospect of identification of
genes responsible for inhibition of virulency in integrated
viruses.

03 PRODUCTION OF POLYHYDROXYALKANOIC
ACIDS IN RHODOBACTERCAPSULATUS

PAVEL ULBRICHa,b, HYNEK STRNADa,b,
VERA HEJKALOV¡a,b, and V¡CLAV PA»ESa,b

aCenter for Molecular Genetics, Intstitute of Chemical Tech-
nology, Technick· 3, 166 28 Prague, bInstitute of Molecular
Genetics, Academy of Science, Flemingovo n. 2, 166 37 Pra-
gue, Czech Republic

Poly 3-hydroxyalkanoates (PHAs) are macromolecules
synthesized by many gram-positive and gram-negative bacte-
ria. PHAs are accumulated as discrete granules to levels as
high as 90 % of the cell dry weight and are generally believed
to play a role as a sink for carbon and reducing equivalents and
as a storage material for the bacterial cell. These molecules
show material properties that are very similar to some common
plastics, such as polypropylene, with one important difference,
i.e. its biodegradability. For the economical production of
PHAs various bacterial strains, either wild type, or recombi-
nant, and new fermentation strategies were developed, but the
price of such preparations is still approximately ten times
higher compared to synthetic materials. However, an impor-
tant feature of these bacterial products may be the possibility
to develop from them new types of polymers with specific
properties. We therefore investigate bacterial production of
PHAs and its regulation.

During the Rhodobacter capsulatus SB 1003 sequencing
project several genes were identified that are involved in PHA
synthesis. The three genes that are considered to be indispen-
sable for PHA biosynthesis, namely the genes phaA (encoding
β-ketothiolase), phaB (encoding acetoacetyl-CoA reductase),
and phaC (encoding PHA synthase) were found in the genome
of Rhodobacter. PhaA and phaB genes are not linked to phaC.
PhaC is a part of the genome region that consists of four genes
probably also involved in PHA production. This region shows
a very strong homology with the operon found in Paracoccus
denitrificans. In this bacterium the function of the three genes
was predicted and partially confirmed by functional analysis.
These genes are phaC, the gene which product is responsible
for accumulation of PHAs into cell granules and the third gene
is a transcriptional regulator of this granule forming. The role
and function of the fourth identified gene from R. capsulatus
and P. denitrificans are still unknown.

The nutritional and bioenergetic versatility of R. capsu-
latus, coupled with its ability to produce large amounts of
PHAs make it an attractive model for the study of PHA
production.
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04 ANALYSIS OFALCALIGENES SP. A8 PLASMID
DNA

VÃRA HEJKALOV¡a,b, PAVEL ULBRICHa,b,
HYNEK STRNADa,b, and V¡CLAV PA»ESa,b

aCenter for Molecular Genetics, Intstitute of Chemical Tech-
nology, Technick· 3, 166 28 Prague, bInstitute of Molecular
Genetics, Academy of Science, Flemingovo n. 2, 166 37 Pra-
gue, Czech Republic

Polychlorinated biphenyls (PCBs) are xenobiotics serious-
ly polluting the environment. They are only slowly decompo-
sed to chlorbenzoic acids. Soil bacterium Alcaligenes sp. A8
was found to degrade chlorbenzoic acids, especially 2,5-dich-
lorbenzoic acid to less poisonous compounds. It was found
earlier, that DNA of Alcaligenes sp. A8 consists of a chromo-
some and a large plasmid. The genes encoding enzymes invol-
ved in the PCBs degradation pathway (especially those that
cleave the benzene ring converting chlorbenzoic acids into
three-carboxylic acids) are situated directly on the plasmid DNA.

We analyze the Alcaligenes sp. A8 plasmid with the aim
to characterize genes involved in the degradation reactions.
For this the plasmid DNA was obtained in sufficient amount
and purity for sequencing. This was achieved by combination
of procedures circumventing the low copy number, the large
size (90 kb) and low mechanical stability of the plasmid. DNA
was then partially cut with Sau3A or HinP1 restriction endo-
nucleases and fragments of suitable length were isolated from
agarose gels. DNA fragments were ligated with pUC19 and
M13mp18 sequencing vectors linearized with BamHI or AccI
restriction enzymes. After cloning the DNA is sequenced by
Sanger dideoxy method with fluorescently labeled primers
using A.L.F. Express sequencer (Pharmacia). The sequencing
raw data are processes using the STADEN program package.
We are now assembling individual contigs with the aim to
sequence. The ultimate goal of the project is to characterize
the degradative pathway, that can make possible to construct
a bacterial strain with better properties for bioremediation
processes.

05 STUDIUM MUTACÕ V CENTR¡LNÕ
KONZERVOVAN… DOM…NÃ DNA VAZEBN…
PODJEDNOTKY ENDONUKLEASY EcoR124I

äTÃP¡NKA VEJSADOV¡a,b, J‹RGEN FELSBERGa,b,
KAMILA KOZ¡KOV¡a,b a MARIE WEISEROV¡a,b

Mikrobiologick˝ ⁄stav AV »R, VÌdeÚsk· 1083, 142 20 Praha 4

RestrikËnÏ modifikaËnÌ systÈmy (R-M) se dÏlÌ na t¯i z·-
kladnÌ typy (I, II a III) podle jejich biochemick˝ch vlastnos-
tÌ a genovÈ organizace. Typ I p¯edstavujÌ velkÈ multimernÌ
enzymy sloûenÈ ze t¯Ì podjednotek HsdR, HsdM, HsdS, zod-
povÏdnÈ za restrikci, modifikaci a rozpozn·v·nÌ specifickÈ
sekvence na DNA (cit.1). R-M enzymy typu I se d·le dÏlÌ na
Ëty¯i skupiny IA (EcoKI), IB (EcoAI), IC (EcoR124I, EcoR
124/3I) a ID (StySBLI) na  z·kladÏ sekvenaËnÌ homologie
a genetickÈ komplementace2. Pro vöechny enzymy je spo-
leËnÈ, ûe sice methylujÌ DNA ve specifickÈm rozpozn·vacÌm

mÌstÏ, ale mÌsto ötÏpenÌ nenÌ definov·no a m˘ûe b˝t vzd·le-
no aû nÏkolik kilob·zÌ od rozpozn·vacÌho mÌsta. RestrikËnÏ
modifikaËnÌ systÈmy (R-M) chr·nÌ hostitelskou bakterii p¯ed
infekcÌ cizorodou DNA tÌm, ûe ji ötÏpÌ (restringujÌ), ale ta-
kÈ z·roveÚ methylacÌ adenosylov˝ch nebo cytosylov˝ch zbyt-
k˘ ve specifickÈ sekvenci chr·nÌ hostitelskou DNA p¯ed re-
strikcÌ.

NenÌ dosud zcela jasnÈ jak jsou vz·jemnÏ regulov·ny
restrikËnÌ a methylaËnÌ aktivity. NÏkterÈ v˝sledky ukazujÌ na
moûnost post-translaËnÌ regulace3, jinÈ na ˙lohu cytoplazma-
tickÈ membr·ny v lokalizaci tÏchto protich˘dn˝ch aktivit4,
coû v d˘sledku patrnÏ ovlivnÌ sestavov·nÌ podjednotek do
funkËnÌho komplexu5. KlÌËovou ˙lohu v komplexnÌm enzymu
m· podjednotka HsdS, neboù rozpozn·v· specifickÈ mÌsto na
DNA dÌky variabilnÌm domÈn·m a z·roveÚ hraje d˘leûitou
roli ve vazbÏ s ostatnÌmi podjednotkami prost¯ednictvÌm kon-
zervovan˝ch domÈn6.

ZamÏ¯ili jsme se na anal˝zu funkce centr·lnÌ konzervova-
nÈ domÈny rozpozn·vacÌ podjednotky HsdS R-M systÈmu
EcoR124I. Tato podjednotka je sloûen· ze dvou variabilnÌch
oblastÌ (TRD1, TRD2 ñ target recognition domains) a t¯Ì kon-
zervovan˝ch domÈn (dvÏ na N- a C-konci HsdS podjednotky,
t¯etÌ domÈna se vyskytuje mezi TRD1 a TRD2 oblastÌ). Pomo-
cÌ PCR mutageneze za p¯Ìtomnosti r˘zn˝ch koncentracÌ Mn2+

jsme p¯ipravili soubor mutant˘ s n·hodn˝mi mutacemi v cen-
tr·lnÌ oblasti genu hsdS. KomplementaËnÌ anal˝zou zalo-
ûenou na kompetici dvou p¯Ìbuzn˝ch R-M systÈm˘ EcoR124I
a EcoR124/3I (cit.7) je bylo moûnÈ rozdÏlit na DNA-vazebnÈ
mutanty a mutanty, kterÈ ztratily schopnost vazby s ostatnÌmi
podjednotkami. Z celkovÈho poËtu dvou set analyzovan˝ch
transformant˘ 71 vykazovalo mutantnÌ fenotyp a z toho 61
mutant˘ nebylo v˘bec schopn˝ch restrikce (tab. I). Vöechny
zÌskanÈ mutantnÌ geny hsdS byly sekvencov·ny a kromÏ zmÌ-
nÏnÈ komplementaËnÌ anal˝zy je testov·na schopnost mutan-
tnÌch podjednotek HsdS v·zat se s podjednotkou HsdM. Tato
anal˝za je zaloûena na skuteËnosti, ûe samostatnÏ se exprimu-
jÌcÌ podjednotky HsdR a HsdM jsou detekov·ny v cytoplaz-
matickÈ frakci (jsou solubilnÌ), zatÌmco HsdS podjenotka je
nesolubilnÌ, proto je detekov·na v peletovÈ (membr·novÈ)
frakci8. Podjednotka HsdS je nalezena v cytoplazmatickÈ frak-
ci pouze p¯i souËasnÈ expresi s ostatnÌmi podjednotkami, kdy
vazbou s nimi je solubilizov·na za tvorby funkËnÌ MTasy
(vazba HsdS a HsdM podjednotky) nebo endonukleasy (vazba
MTasy s HsdR podjednotkou)4.

Tabulka I
Frekvece mutacÌ zÌskan˝ch PCR-mutagenezÌ

Koncentrace Mn2+ Vöechny mutace Res-mutace

0,1 mM-Mn2+ 20 % 17 %
0,5 mM-Mn2+ 51 % 44 %

JedineËn· sbÌrka mutant˘ v podjednotce HsdS n·m umoû-
nÌ studovat sestavov·nÌ methylasy a endonukleasy u fenoty-
povÏ zajÌmav˝ch mutacÌ. Srovn·nÌm sekvenaËnÌch ˙daj˘ s fe-
notypov˝m projevem a s v˝sledky bichemickÈ anal˝zy in
vitro chceme identifikovat v˝znamnÈ aminokyselinovÈ zbyt-
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ky zapojenÈ v interakci podjednotek nebo ve vazbÏ na DNA.
Anal˝za vöech dat n·m umoûnÌ prozkoumat zp˘sob sestavo-
v·nÌ podjednotek tÏchto mnohofunkËnÌch enzym˘ a jeho vliv
na regulaci jejich funkce.

Auto¯i dÏkujÌ za finanËnÌ podporu grant˘m GA »R 204/00/
1251 a Wellcome Trust 054514/Z/98/Z/IGS/RC/CRD.

LITERATURA

1. Bickle T. A., Kr¸ger D. H.: Microbiol. Rev. 57, 434
(1993).

2. Titheradge A. J., Ternent D., Murray N. E:. Mol. Micro-
biol. 22, 437 (1996).

3. Kulik E., Bickle T.: J. Mol. Biol. 264, 891 (1996).
4. Holubova I., Vejsadova S., Weiserova M., Firman K.:

Biochem. Biophys. Res. Commun. 270, 46 (2000).
5. Dryden D. T., Cooper L. P., Thorpe P. H., Byron O.:

Biochemistry 36, 1065 (1997).
6. Cowan G. M., Daniel,A. S., Gann A. A., Kelleher J. E.,

Murray N. E.: Gene 74, 239 (1988).
7. Abadjieva A., Patel J., Webb M., Zinkevich V., Firman

K.: Nucleic Acids Res. 21, 4435 (1993).
8. Patel J., Taylor I., Dutta C. F., Kneale G., Firman K.: Gene

1992, 112.
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RestrikËnÏ-modifikaËnÌ (R-M) enzymy typu I se tÏöÌ vel-
kÈmu z·jmu, nejen pro svoji fyziologickou ˙lohu v zajiöùov·nÌ
imunity bakteriÌ proti infekci cizorodou DNA, ale takÈ jako
komplexnÌ vÌce-podjednotkovÈ enzymy s neobvykl˝mi vlast-
nostmi v rozpozn·v·nÌ DNA na molekul·rnÌ ˙rovni. Tyto
enzymy se znaËnÏ liöÌ od jednoduööÌch restrikËnÌch enzym˘
typu II, bÏûnÏ pouûÌvan˝ch v molekul·rnÌ genetice. R-M en-
zymy typu I jsou kÛdov·ny t¯emi geny, hsdR, hsdM a hsdS.
Produkty vöech t¯Ì gen˘ jsou nezbytnÈ pro zabezpeËenÌ restrik-
ËnÌ funkce, zatÌmco pro modifikaci (methylaci) jsou postaËu-
jÌcÌ pouze produkty gen˘ hsdS a hsdM (cit.1).

KlÌËovou ˙lohu v komplexnÌm enzymu m· podjednotka
HsdS, neboù rozpozn·v· specifickÈ mÌsto na DNA CÌlov·
sekvence na DNA je sloûena za dvou Ë·stÌ oddÏlen˝ch nespe-
cifick˝m mezernÌkem; jedna je tvo¯ena 3 p·ry bazÌ a druh·
4ñ5 p·ry bazÌ (nap¯. u EcoR124I GAA N6 PuTCG). Porov-
n·nÌm prim·rnÌ sekvence gen˘ hsdS p¯Ìbuzn˝ch R-M systÈm˘
byla prok·z·na existence dvou vysoce homolognÌch (konzer-
vovan˝ch) oblastÌ. Jedna uprost¯ed genu, kde je obklopena
dvÏma variabilnÌmi oblastmi a druh· na dist·lnÌm konci genu.

Gen hsdS systÈmu EcoR124I m· navÌc konzervovanou domÈ-
nu takÈ na N-konci2.

Kaûd· z variabilnÌch oblastÌ je zodpovÏdn· za rozpozn·-
v·nÌ jednÈ Ë·sti rozpozn·vacÌho mÌsta. P¯edpokl·d· se, ûe za
interakce proteinñprotein a tedy za vazdu podjednotek jsou
zodpovÏdnÈ konzervovanÈ domÈny p¯ÌtomnÈ v podjednotce
HsdS (cit.3).

ZamÏ¯ili jsme se na anal˝zu funkce centr·lnÌ konzervova-
nÈ domÈny rozpozn·vacÌ podjednotky HsdS R-M systÈmu
EcoK124I. PomocÌ PCR mutageneze za p¯Ìtomnosti r˘zn˝ch
koncentracÌ Mn2+ jsme p¯ipravili kolekci n·hodn˝ch mutacÌ
v cent·lnÌ oblasti genu hsdS. PomocÌ komplementaËnÌ ana-
l˝zy zaloûenÈ na kompetici dvou p¯Ìbuzn˝ch R-M systÈm˘
EcoR124I a EcoR124/3I (cit.4) je  bylo  moûnÈ rozdÏlit  na
DNA-vazebnÈ mutanty a mutanty, kterÈ ztratily schopnost
vazby s ostatnÌmi podjednotkami. Vzhledem k tomu, ûe mu-
tace v podjednotce HsdS zatÌm vûdy vykazovaly kompletnÏ
deficientnÌ R-M fenotyp, zaujaly n·s zejmÈna mutace, kterÈ
vykazovaly neobvykl˝ fenotyp R- M+

SekvenËnÌ anal˝zou bylo u jednÈ z nich (mutace Ë. 72)
nalezena z·mÏna T→C v pozici 2594, coû vede ke zmÏnÏ
Trp212na Arg na rozhranÌ centr·lnÌ konzervovanÈ oblasti a dis-
t·lnÌ variabilnÌ oblasti podjednotky HsdS (cit.5). MutantnÌ gen
hsdS byl sestaven do methylasovÈho operonu s genem hsdM
a byla purifikov·na mutantnÌ methylasa (Mtasa 72-4). Vazba
mutantnÌho enzymu na DNA byla sledov·na metodou gelovÈ
retardace (zpoûdÏnÌ) radioaktivnÏ znaËen˝ch fragment˘ DNA
nesoucÌch rozpozn·vacÌ mÌsto pro EcoR124I. MutantnÌ me-
thylasa m· v˝raznÏ poökozenou schopnost vazby na DNA.
Teprve vytvo¯enÌ komplexnÌ endonukleasy p¯id·nÌm purifiko-
vanÈ podjednotky HsdR obnovilo schopnost enzymu v·zat se
na specifickÈ rozpozn·vacÌ mÌsto na DNA. Neschopnost pu-
rifikovanÈ Mtasy 72-4 methylovat cÌlovou sekvenci potvrdilo
zmÏnÏnou schopnost vazby na DNA. SestavenÌ endonukleasy
in vitro p¯id·nÌm podjednotky HsdR obnovilo methylaËnÌ
funkci, ale pouze na poloviËnÌ aktivitu standardnÌho enzymu.

Mutace HsdS72 je prvnÌm popsan˝m p¯Ìkladem tzv. Ñne-
klasickÈì mutace v genu hsdS R-M systÈmu EcoR124I. Tato
mutace ovlivÚuje sestavov·nÌ endonukleasy tak, ûe enzym si
zachov· methylaËnÌ aktivitu, ale nenÌ schopen ötÏpit DNA.
Lokalizace mutace na konci centr·lnÌ konzervovanÈ domÈny
ukazuje na v˝znam tÈto oblasti ve vz·jemnÈ vazbÏ podjedno-
tek p¯i sestavov·nÌ komplexnÌho restrikËnÏ-modifikaËnÌho en-
zymu.

Tato pr·ce byla podpo¯ena granty GA »R 204/96/1365 a Well-
come Trust 054514/Z/98/Z/IGS/RC/CRD.
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Topological properties of DNA are essential for life. The
geometric distortion of a supercoiled molecule means that the
average shape and the frictional properties of the molecule are
changed as a result of its topology. Electrophoresis separates
DNA molecules on the basis of size and compactness; smaller
and/or more compact molecules will migrate more rapidly
through the matrix of the gel under the influence of the electric
field. The resolving power of agarose gels for topoisomers is
impressive, but unfortunately the range is limited, so that the
more highly supercoiled species comigrate as a broad band.
The major problem with one-dimensional gel electrophoresis
is the relatively limited range over which migration is a fun-
ction of topology. The traditional approaches to the study of
linear DNA melting proved ineffective in this case. Resolution
of topoisomers has been greatly improved with the recent use
of two dimensional gel electrophoresis1. We have used tem-
perature-gradient gel electrophoresis (TGGE) to measure the
progress of local denaturation in the closed circular topoiso-
mers DNA as a function of temperature and superhelicity, σ.
Meanwhile very little is known about the formation of the
melted regions in supercoiled DNA. The sample of DNA in
TGGE experiment moves in different denaturing conditions
during electrophoresis2,3. TGGE separates very sensitively
covalently closed DNA of different structure. The pre-melting
temperature of  structural transition for any topoisomer is
dependent on the value of superhelicity. The supercoiled to-
poisomers represent the system of molecules which is sen-
sitive to the changes of temperatures. In the present investi-
gation we examine the TGGE behavior of an extensive fami-
ly of topoisomers of plasmid pBR322 (4361 bp) and pUC19
(2763 bp) over a temperature range of 25 to 75 ∞C. We find
that a series of mobility transitions occurs as linking num-
ber and electrophoresis temperature are systematically varied
and reveal the fine structure of pre-melting in closed circular
DNA. These transitions are manifested as cyclic variations
in mobility with increasing temperature. The marked diffe-
rences in electrophoretic mobility between supercoiled and
relaxed DNA molecules made it possible to observe the dena-
turation of each DNA topoisomer leading to topological rela-
xation. We have shown that thermal stability varies as a fun-
ction of superhelical density for different topoisomers, the
topoisomer with higher absolute value of superhelicity melts
earlier than topoisomers with lower values. Thermal sensitivi-
ty of the highly supercoiled plasmids could play a biological
important role in regulation of replication and expression
under thermal stress of cells. The estimated melting tempera-
ture for plasmid with σ <ñ0.05 is very significant because
these temperatures for pre-melting are below the physiological
temperatures4.

This study was supported in part by grants No. 5053 and 6116
from Slovak Grant Agency.
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08 THE ROLE OF THE TERMINAL MODIFICATIONS
OF CAPSID PROTEIN OF MASON-PFIZER
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Expression of the M-PMV Gag precursor of Mason-Pfizer
monkey virus (M-PMV) in Escherichia coli results in the
assembly  of capsids-like structures indistinguishable from
those of infected mammalian cells. We have used this bacterial
high expression system to investigate the structural require-
ments for assembly of M-PMV Gag precursor into capsids.
a series of C- and N-terminal deletion mutants progressively
lacking each of the mature Gag domains (MA-pp24/16-p12-
-CA-NC-p4) were constructed and expressed in E. coli. We
have observed dramatic variation in the shape of particles
formed in E. coli from individual constructs.

It was found that both CA and NC domains are necessary
for assembly of macromolecular structures but that additional
sequences N-terminal of CA are necessary for assembly of
spherical capsids. The role of these N-terminal domains was
not sequence-specific since both MA-CA-NC and p12-CA-
-NC polyproteins efficiently assembled into spheres. These
residues appear to prevent a conformational change in which
the N-terminal proline plays a key role, since expression of
a CA-NC protein lacking this proline results in the assembly
of  spherical capsids in place  of  the sheets assembled by
CA-NC. The extension of CA with the domain spanning the
first zinc finger within the NC can functionally substitute
whole NC domain suggesting that this region provides neces-
sary interaction domain for the assembly. Several other exten-
sions made have shown that the zinc finger domain per se is
not crucial for this process. Merely extending the C-terminus
of CA by six amino acids from NC, to regenerate the 13 amino
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acid region predicted to be α-helical in the M-PMV Gag
precursor, was not sufficient in itself to modulate assembly of
higher-order structures of CA. Instead, addition of six histidine
residues at the C-terminus resulted in the assembly of protein
sheets that resembled those of CA-NC suggesting that there is
no specific sequence requirement and that this oligo-His se-
quence provides the necessary interaction domain for multi-
merization of CA.

This work was supported by these grants GA »R 203/00/1005
and 203/98/P151.
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Expression of the Mason-Pfizer monkey virus (M-PMV)
Gag precursor in E. coli results in the assembly of capsids-like
structures indistinguishable from those of infected mammali-
an cells. We have used this high expression system to investi-
gate the structural requirements for assembly of Gag derived
proteins into capsids. A series of C- and N-terminal deletion
mutants progressively lacking each of the mature Gag domains
(MA-pp24/16-p12-CA-NC-p4) showed that both CA and NC
domains are necessary for assembly of macromolecular struc-
tures. However, extension of CA with the domain spanning
the first zinc finger can functionally substitute the NC domain
suggesting that this region provides necessary interaction do-
main that is required for the assembly. Several other extensi-
ons made have shown that the zinc finger domain per se is not
crucial for this process. Merely extending the C-terminus of
CA by six amino acids from NC, to regenerate the 13 amino
acid region predicted to be α-helical in the M-PMV Gag
precursor, was not sufficient in itself to modulate assembly of
higher-order structures of CA. Instead, addition of six histidine
residues at the C-terminus resulted in the assembly of protein
sheets that resembled those of CA-NC suggesting that there is
no specific sequence requirement and that this oligo-His sequ-
ence provides the necessary interaction domain for multi-
merization of CA.

The effect of Gag truncations on the intracellular localiza-
tion of corresponding proteins is shown in Figure 1. This figure
also schematically depicts the effect of C-terminal modifica-
tions of CA-NC fusion protein on the morphology of structures
expressed and assembled in E. coli.
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Fig. 1. C-terminal deletion constructs of M-PMV Gag and modi-
fications of CA-NC ñ their morphology in E. coli

Construct
name

Gag Spherical
particles

I.B.

Morphology

MA PP p12 CA NC p4

Composition

MA PP p12 CA NC

MA PP p12 CA

MA PP p12

MA PP

MA

PP p12 CA NC p4

p12 CA NC p4

p12 CA NC

CA NC p4

CA NC

CA

CA

CA

CA

CA NC37

CA

Spherical
particles

I.B.

Spherical
particles

I.B.

Spherical
particles

I.B.

Spherical
particles

None I.B.

None

None

None I.B.

Tubes/
sheets

Tubes/
sheets

None I.B.

Spherical
particles

I.B.

I.B.

Pro(-)CA-NC37

Gag p4∆

Gag NC-p4∆

MA-PP-p12

MA-PP

MA

Gag MA∆

Gag MA-PP∆

p12-CA-NC

CA-NC-p4

CA-NC

CA

CA-6His

CA-6A

CA-6A6His

CA-NC37

CA6A

CA6H Tubes/
sheets

Tubes/
sheets

Tubes/
sheets

CA6A6H

NC37
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166 28 Prague, Czech Republic

Mason-Pfizer monkey virus (M-PMV) pre-assembles im-
mature capsids in the cytoplasm prior to transporting them to
the plasma membrane and subsequent budding. Expression of
the M-PMV Gag precursor in microorganisms as E. coli or
Saccharomyces cerevisiae results in the assembly of capsids-
-like structures indistinguishable from those of infected mam-
malian cells. We have used this bacterial high expression
system to investigate the structural requirements for assembly
of M-PMV Gag precursor into capsids. a series of C- and
N-terminal deletion mutants progressively lacking each of the
mature Gag domains (MA-pp24/16-p12-CA-NC-p4) were
constructed and expressed in E. coli (Fig. 1). It was found that
both CA and NC domains are necessary for assembly of

macromolecular structures but that additional sequences N-
-terminal of CA are necessary for assembly of spherical cap-
sids. The role of these N-terminal domains was not sequence-
specific since both MA-CA-NC and p12-CA-NC polyproteins
efficiently assembled into spheres. These residues appear to
prevent a conformational change in which the N-terminal
proline plays a key role, since expression of a CA-NC protein
lacking this proline results in the assembly of spherical capsids
in place of the sheets assembled by CA-NC.

Figure 1 schematically shows the effect of the N-terminal
truncations on the morphology of M-PMV related structures
expressed and assembled in E. coli.
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of Biochemistry and Microbiology, Prague Institute of Chemi-
cal Technology, 166 10 Prague 6, Czech Republic

Mason-Pfizer monkey virus (M-PMV) represents the pro-
totype of type D retroviruses, characterized by the preassem-
bly of its particles within the cytoplasm of infected cell. These
immature particles are subsequently transported to the plasma
membrane, where they are released by budding. During the
budding process the viral encoded proteinase is activated and
cleaves polyprotein precursors into the structural and enzyma-
tic proteins. The genome of M-PMV is formed by four genes
in the order 5í-gag-pro-pol-env-3í, which are translated as
polyprotein precursors: Gag, Gag-Pro, Gag-Pro-Pol and Env.
The gag gene product encodes the structural proteins of the
viral core. During maturation the Gag polyprotein precursor
is proteolytically cleaved into the structural proteins: MA
(matrix), pp24, p12, CA (capsid), NC (nucleocapsid) and p4.

In the mature viral particle the capsid protein forms the
protein shell that surrounds the inner ribonucleoprotein. In
order to obtain M-PMV CA protein for structural studies, the
gene encoding this protein was cloned downstream of T7
promoter into bacterial expression plasmid pET22b.

CA3◊STOP encodes gene for CA protein with a stop
codon (UAA), CA 6His carries gene encoding CA protein
extended with 6 histidines on its C-terminus and CA 6AA
6His, which encodes gene for CA protein C-terminally exten-
ded with the first 6 amino acids from NC sequence followed
by 6 histidines. All these constructions were expressed in
E. coli BL21 (DE3). The purification procedures were develo-
ped for each of these CA proteins. The secondary structure of
the purified proteins was studied by CD spectroscopy.

It is known that HIV-1 CA can multimerize and so contri-
butes to Gag-Gag interactions. To investigate whether M-
-PMV CA is also able to form the multimeric structures in
vitro, the cross-linking agent (EDC) was used.

This work is supported by these grants: GA »R 203/98/P151,
GA »R 203/00/1005.

Fig. 1. Deletion constructs of M-PMV Gag and their morphology
in E. coli
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12 CHARACTERIZATION OF THREE FORMS
OF PROTEINASE FROM MASON-PFIZER
MONKEY VIRUS

HELENA BAUEROV¡a, ALEä Z¡BRANSK›a,
MICHAELA RUMLOV¡a, ERIC HUNTERb,
TOM¡ä RUMLa, and IVA PICHOV¡a

aDepartment of Biochemistry, Institute of Organic Chemistry
and Biochemistry, Academy of Sciences of the Czech Republic,
Prague, Czech Republic, bDepartment of Microbiology, Uni-
versity of Alabama at Birmingham, USA

Mason-Pfizer monkey virus (M-PMV) originally isolated from
a breast carcinoma of a rhesus monkey causes severe immu-
nosuppressive diseases with pathology distinct from that asso-
ciated with lentiviruses. M-PMV is a prototype of the D-type
retroviruses in which the process of assembly and budding of
immature viral particles are temporally and spatially unlinked.
Thus, M-PMV provides an excellent system for identifying the
role of individual viral proteins in assembly and maturation.

The genomic organization of M-PMV is similar to that of
the most noncomplex viruses with four genes in the order
5í-gag-pro-pol-env-3í. Proteinase (PR), released by autocata-
lytic cleavage of Gag-Pro and Gag-Pro-Pol polypeptide pre-
cursors, catalyzes the processing of viral polyproteins to yield
the structural proteins and enzymes of virion.

In retroviruses, usually only one proteolytically active
form of proteinase exists. We have found that M-PMV PR
exists in vitro in three forms displaying proteolytic aktivity.
These forms arise by selfprocessing of 26 kDa proteinase
precursor. The first cleavage at N-terminus of the precursor
results in 17 kDa product (PR17) that is further cleaved at the
C-terminus into 13 kDa form (PR13) and final 12 kDa form
(PR12). Two of these forms, PR17 and PR13, were also
identified in vivo in mature virions.

To study the role of PR autoprocessing and the importance
of resulting individual forms in the life cycle of the virus we
have mutated cleavage sited within the proteinase molecule.
For  analysis of  Gag-polyprotein  processing PRís mutants
containing PR12/PR13 stop, PR17/PR13 Ile, PR13/PR12 Ile
and PR17/PR12 Arg mutations were used. We have compared
the time course of the Gag polyprotein processing by indivi-
dual proteinases. We have also measured and compared kine-
tics data for cleavage of synthetic decapeptides, which map
the cleavage sites in the Gag-polyprotein.

13 THE STUDY OF MATRIX PROTEINS
OF MASON-PFIZER MONKEY VIRUS
AND HUMAN IMMUNODEFICIENCY VIRUS

JAN LIPOVa, MICHAELA RUMLOV¡b,
and TOM¡ä RUMLa

aDepartment of Biochemistry and Microbiology, The Institute
of Chemical Technology, Technick· 3, 166 28 Prague 6,
bDepartment of organic chemistry and biochemistry, Czech
Academy of Sciences, Flemingovo n. 2, 166 10 Prague 6,
Czech Republic

The Mason-Pfizer Monkey Virus (M-PMV) is a prototype

of D-type retroviruses. Morphogenetic pathway of retroviral
capsid formation represents the main difference between C-
and D-type retroviruses. Unlike the immature capsid of D-type
retroviruses is assembled from polyprotein precursors Gag in
the specific place in cytoplasm and then transported to the
plasma membrane of host cell, the C-type capsid is assembled
at the plasma membrane. However, one of the crucial steps of
the life cycle of both types of retroviruses is the targeting of
polyprotein precursors Gag to the site of assembly. It is known
that the matrix protein (MA), which forms the N-terminal part
of polyprotein Gag, plays essential role during this process.
MA is cotranslationally myristylated on its N-terminus in the
host cell. MA protein plays also a role in other steps of
retroviral life cycle ñ it probably serves as a transport signal
of preintegration complex during its targeting to the host
nucleus. It was shown that single point mutation in the matrix
protein of M-PMV changes its morphogenesis from D- to
C-type. The mutation preventing myristylation of MA protein
had a dramatic effect on targeting of polyprotein precursors to
the plasma membrane.

The aim of this work is to obtain the structural data of both
nonmyristylated and myristylated forms of matrix proteins of
M-PMV and HIV measured by NMR. We are also interested
in mutant M-PMV matrix proteins (A18V, R55W, R55F). We
could take assumption about structural domains of the matrix
protein and their importance for particular functions of this
protein from comparison of obtained data.

E. coli was used harbouring plasmid encoding myristoyl-
transferase for expression of myristylated matrix proteins. The
affinity chromatography of histidine tagged fusion proteins
was used for purification. The information encoding the matrix
protein and a part of the C-terminally adjacent protein sequen-
ce was cloned  into  the  expression vectors. The  sequence
encoding oligohistidine was added in fusion to the gene yiel-
ding the C-terminal tag for purification of products on Ni-NTA
agarose column. Following the washing of contaminating
protein it was used specific M-PMV or HIV proteases to
liberate pure matrix proteins from the column.

The differences between M-PMV and HIV myristylated
Mas and their non-myristylated forms will be discussed.

Supported by the Grant Agency of the Czech Republic, Grant
No. 203/00/1005.

14 OPTIMALIZATION OF A TWO-PLASMID
SYSTEM FOR THE IDENTIFICATION
OF PROMOTERS RECOGNIZED BY RNA
POLYMERASE CONTAINING SIGMA FACTOR
σE IN ESCHERICHIACOLI

BRONISLAVA ÿEéUCHOV¡,
MARTA KAMODYOV¡, and J¡N KORMANEC

Institute of Molecular Biology, Slovak Academy of Sciences,
Dubravsk· 21, 842 51 Bratislava, Slovak Republic

The E. coli rpoE gene for σE, and two cognate promoters,
rpoEp, and degPp were amplified and cloned in two-plas-
mid system for the identification of promoters recognized by
a heterologous σ factor developed by our group. The system
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worked with a modification also for this homologous σ factor
gene.

Recently we developed a method for the identification of
promoters recognized by particular σ factor of RNA-polyme-
rase based on two compatible plasmid system1. The method
supposed that E. coli RNA-polymerase core enzyme would
interact with a particular heterologous σ factor expressed from
one plasmid, and the resulting holoenzyme would recognize
a promoter present in a library of chromosomal fragments
cloned in the second compatible plasmid upstream of a repor-
ter gene. We tried to optimize this method for detection of the
promoters dependent upon homologous σ factor from E. coli.
The method was tested using recently discovered extra heat-
shock σE, and two cognate promoters, the rpoEp directing the
rpoE gene, and degPp directing the degP gene encoding
a periplasmatic protease2. Using the chromosomal DNA from
E. coli W3140 we have amplified by PCR the DNA fragments
containing the whole rpoE gene and two cognate promoters.
The rpoE gene was cloned under the control of a strong IPTG-
-inducible trc promoter in the plasmid pAC5mut2 (Ref.1), and
promoters were cloned  in  the compatible plasmid pSB40
(Ref.1), upstream of the lacZα reporter gene. The plasmids
bearing the both promoters have been transformed parallelly
to E. coli containing the pAC5mut2, and pAC-rpoE (with the
cloned rpoE gene), respectively. The transformants have been
selected on LBACIX plates1 (with 1 mM-IPTG, and 20 µg.ml-1

X-gal). However, we found out that the negative control (cells
containing the plasmid pACmut2 and tested promoter) has
been identified as blue colonies. The transformants containing
the pAC-rpoE have not grown at all. Decreasing concentration
of IPTG (as low as 0.05 mmol.l-1) was still toxic also in mini-
mal M9 medium. However, LBACIX plates without IPTG
worked well. Negative colonies were uncoloured, and positive
colonies were dark-blue. Therefore, the low concentration of
X-gal is sufficient for trc induction of rpoE expression in
a non-toxic level, sufficient for promoter recognition.

This work was supported by the VEGA Grant No. 2/7001/20.
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15 CLONING AND SEQUENCING OF A NEW
POLYKETIDE GENE CLUSTER
IN STREPTOMYCESAUREOFACIENSCCM3239

JANA BIST¡KOV¡, BRONISLAVA ÿEéUCHOV¡,
and J¡N KORMANEC

Institute of Molecular Biology, Slovak Academy of Sciences,
D˙bravsk· 21, 842 51 Bratislava, Slovak Republic

A new polyketide gene cluster (pks1Sa) was identified in
Streptomyces aureofaciens CCM3239. Sequence analysis of
a 5368 bp DNA fragment revealed six ORFs. Putative pro-

teins, besides ORFB, showed high homology to important
proteins for polyketide synthesis in Streptomyces. The S. aure-
ofaciens strain with disrupted orfD gene produced spores with
wild type pigmentation. The results indicate a role of this
cluster in synthesis of a polyketide metabolite, and not in spore
pigment synthesis.

Streptomyces are Gram-positive mycelial soil bacteriawhich
produce a variety of antibiotics and biologically active mole-
cules1. Polyketides are structurally diverse natural products
(for instance antibiotics and spore pigments) synthesized by
polyketide synthase enzymes, which catalyze repeated con-
densation cycles between acyl thioesters2. Using the whiE
probe from S. coelicolor spore pigment gene cluster3, we
cloned a 5368 bp EcoRI fragment in S. aureofaciens. Its se-
quencing revealed six convergent ORFs (Fig. 1). The ORFA
(488 aa) had high homology to oxygenases from many Strep-
tomyces polyketide gene clusters. The ORFB (215 aa) had low
homology to transcriptional factors. The ORFC (110 aa) sho-
wed high similarity to cyclases, the ORFD (421 aa) to keto-
synthases, the ORFE (404 aa) to chain length factors, and the
incomplete ORFF shows similarity to acyl carrier proteins
from Streptomyces polyketide gene clusters. We named this
partial polyketide gene cluster pks1Sa. The organisation of
these six ORFs is more similar to gene clusters for polyketide
antibiotic biosynthesis in Streptomyces, as to gene clusters for
spore pigments. Similarly, the ORFD (ketosynthase) is more
related to all known antibiotic ketosynthases, as to spore
pigment ketosynthases. In order to investigate the function of
this gene cluster, the orfD gene was disrupted in S. aureofaci-
ens. The disruption did not affect morphology and differentia-
tion of S. aureofaciens. The disrupted strain produced spores
with wild-type grey-pink pigmentation. Based on these results
we assume that the cluster is not involved in spore pigment
synthesis. It likely encodes genes for synthesis of a polyketide
secondary metabolite.

This work was supported by the VEGA Grant No. 2/7001/20.
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Fig. 1. Organization of S. aureofaciens pks1Sa gene cluster in 5368
bp EcoRI DNA fragment
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16 IDENTIFICATION OF PUTATIVE PROMOTERS
LIKELY RECOGNIZED BY THE LATE
SPORULATION SIGMA FACTOR σF

IN STREPTOMYCES COELICOLORA3(2)

BEATRICA äEV»ÕKOV¡ and J¡N KORMANEC

Institute of Molecular Biology, Slovak Academy of Sciences,
D˙bravsk· 21, 842 51 Bratislava, Slovak Republic

Using the method for the identification of promoters reco-
gnized by the late sporulation sigma factor σF, we have iden-
tified 9 positive DNA fragments from the genomic library of
Streptomyces. Sequencing of the fragments and deletion ana-
lysis have suggested potential promoters exhibiting high simi-
larity to the consensus sequence of Bacillus subtilis general
stress-response sigma factor σB.

Streptomyces coelicolor is Gram-positive mycelial soil
bacteria undergoing a complex process of morphological dif-
ferentiation1. Recently, we have established a method for iden-
tification of promoters recognized by a particular sigma fac-
tor of RNA polymerase2. The method assumed that E. coli
RNA polymerase core enzyme would interact with a sigma
factor heterologously expressed from one plasmid, and the
resulting holoenzyme would recognize a promoter present in
a library of chromosomal fragments cloned in the second
compatible plasmid upstream of a reporter gene. In the present
report we have used the method for identification of S. coeli-
color promoters that are recognized by the sigma factor σF that
has a role in the late stages of morphological differentiation in
S. coelicolor3. Two S. coelicolor M145 genomic libraries in the
promoter probe vector pSB40 were transformed to the E. coli
containing compatible plasmid pAC-sigF1, having sigF gene
under the control of a IPTG-inducible trc promoter of the
plasmid pAC5mut2 (Ref.2). Using this procedure we have
identified 9 independent positive clones being positive only in
the background of sigF-encoded σF factor. The deletion ana-
lysis of the 8 fragments, and sequence analysis revealed a se-
quences, having high similarity to consensus sequence of
promoters recognized by general stress-response sigma factors
σB of Bacillus subtilis4. Comparison of all the putative sigF-
-dependent promoters is shown in Fig. 1.

This work was supported by the VEGA Grant No. 2/7001/20.
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17 SIGMA FACTOR GENES sigAAND sigB
IN BREVIBACTERIUMFLAVUMCCM 251

NORA HALGAäOV¡, GABRIELA BUKOVSK¡,
JOZEF TIMKO, and J¡N KORMANEC

Institute of Molecular Biology, Slovak Academy of Sciences,
D˙bravsk· cesta 21, 842 51 Bratislava, Slovak Republic

We identified two genes encoding putative sigma factors,
SigA and SigB, of RNA polymerase in Brevibacterium fla-
vum. Sequence analysis revealed that a deduced amino acid

Fig. 1. Comparison of the B. flavum SigA and SigB deduced proteins,
with indicated homology to SigA and SigB proteins from B. lactofer-
mentum2. Amino acids identical in BfSigA and BfSigB are in bold, ami-
no acids different from those in B. lactofermentum SigA and SigB are un-
derlined.Theregionsof thesigmafactorsare indicatedabovethesequences

BfSigA VESSMVENNVAKKTAVAKKTARKTARKAAPRVATPL PIGVASES

BfSigA SATPARSIDGTSTPVEAADTIETTAPAAKAPAAKAPAKKVAKKT

1.1
BfSigA ARKAPAKKTVAKKATTAKAAPATAKDENAPVDDDEENLAQDEQD

BfSigA FDGDDFVDGIEDEEDEDGVEALGEESEDDEEDGSSVWDEDESAT

BfSigB MTAPSTQDLATTEREVD

1.2

LRQA KDAELTA ADS A KQ V N Q S KR AR S VR YL      IGK   ALL   AE EV LA IEBfSigA

PGSR GQTNDNP QDL V NG T T D E QT VR S VR YL IGK ALL AE EV LA IEBfSigB

GLYA H EE LT A RDL A DG KAT RMEEM AFAAGDKDAK P V RAI   R R KNRBfSigA

GLYA H EE LT A RDL A   DG KAE LLKNS - - - - - - - - - P R   MK KVL   K K RSBfSigB

HLLEANLRLVVSLAKRYTGRGM LDLIQEGNLGLIRA EKFDYAF V

2.1

BfSigA

HLLEANLRLVVSLAKRYTGRGM LDLIQEGNLGLIRA EKFDYPL MBfSigB

2.4
SKG KFSTYATWWIRQAITR   MADQ RTIR PVH VE NKL   RY A A I M VI GBfSigA

SKG KFSTYATWWIRQAITR   MADQ RTIR PVH VE NKL RF G S L L QV SBfSigB

3.1
I RE Q LGRE          EL E I E K R SLDQ LL E PTPQ SK MD S E VLEIQQYA   EPI        QBfSigA

I RE      Q LGRE EL E I E K R SLDK Y H ATNE AE SG E S IEMLLRQS DPV        MKBfSigB

3.2

TI DEGDSQ VV VD SFTLLQDQLQD E SEG LGDFIEDSEA      A AV VL TLBfSigA

PV ADEEAP TD ES VASMRHSDIRA N EPG LGDFIEDSEA A AV VL TLBfSigB

4.1

RE      V LR GL DG PRTLD IG G RER RQIE MSKAG VK F T M E QVY VT I SKTBfSigA

RE      V LR GL DG PRTLD   IG G RER   RQIE MSKQD IR Y D V Q RRF LS V REVBfSigB

LR R LR YHPS   SQV D   LDBfSigA

LR R        LR YDGE   ASR E   AQBfSigB

2.2

2.3

4.2

ñ 35 region ñ 10 region

S. coelicolor PF6 GTTTAC ñ N14 ñ GGGTAT
S. coelicolor PF35 GTTGAA ñ N14 ñ GGGAAA
S. coelicolor PF42 GTTCAA ñ N14 ñ GGTAAA
S. coelicolor PF58 GTTTCA ñ N14 ñ GGGCAA
S. coelicolor PF81 GTTTAC ñ N14 ñ TGGCAT
S. coelicolor PF23 GTTTAT ñ N15 ñ GGGGAC
S. coelicolor PF40 GATTCA ñ N14 ñ GGACAT
S. coelicolor PF132 GTTTCG ñ N13 ñ GTATAT
B. subtilis σB GTTTAA ñ N12-14 ñ GGGTAT

Fig. 1. Comparison of the putative S. coelicolor sigF-dependent
promoters with the consensus sequence of promoters recognized
by general stress response sigma factors σB of Bacillus subtilis
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sequence of SigA and SigB proteins shows greatest similarity
to SigA and SigB from B. lactofermentum.

A genomic blot of chromosomal DNA from B. flavum
CCM 251 after digestion with different restriction endonucle-
ases has been hybridized with the DNA fragment originating
from the hrdB gene of Streptomyces aureofaciens1. Two hyb-
ridizing bands were detected on the blot.

We have prepared two subgenomic libraries of B. flavum
CCM 251 in Escherichia coli by cloning 0.8ñ4.8 kbp BamHI
and 0.5ñ4.5 kbp HindIII fragments of B. flavum CCM 251
chromosomal DNA in the BamHI and HindIII site (respecti-
vely) of the pBluescriptIIKS+ (Stratagene). The same hrdB
probe as described above has been used for identification of
the single positive clones after colony hybridization. Nucleo-
tide sequencing of the positive clones revealed significant
homology to the class of σ70 ñ like principal sigma factors, and
shows greatest similarity to sigA and sigB genes from B. lac-
tofermentum2. Sequence analysis of the complete sequence
revealed two ORFs coding for gene products of 498 and 331
amino acid residues, respectively. We have designated them
SigA and SigB. The B. flavum SigA and SigB show striking
similarity to two B. lactofermentum counterparts. There are
only 10 different amino acid residues in B. flavum SigA, and
1 residue in SigB.

This work was supported by the VEGA Grant No. 2/6060/99
and partially by the VEGA Grant No. 2/7001/20.
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18 CLONING AND SEQUENCE ANALYSIS
OF THE ~17 kbp GENOME FRAGMENT
FROMBREVIBACTERIUMFLAVUMCCM 251
BACTERIOPHAGE BFK20

IGOR RAäLÕK, GABRIELA BUKOVSK¡, ºUBOä
Kº⁄»AR, ANDREJ GOD¡NY, and JOZEF TIMKO

Institute of Molekular Biology, Slovak Academy of Sciences,
D˙bravsk· cesta 21, 842 51 Bratislava, Slovak Republic

We have previously isolated and characterized the coryne-
phage BFK20 which causes the lysis of Brevibacterium flavum
CCM251 (Ref.1). This corynephage has noncontractible tail
200 nm long, 10 nm in diameter and polyhedral head 50 nm
wide. Its genome consists of a linear double stranded DNA
(lin. ds DNA) molecule of 44ñ45 kbp with cohesive ends.

The existence of bacteriophages in corynebacteria has
been known for many years, but their complete nucleotide
sequences have not been published yet. However, the comple-
te genome sequences of several phages with lin. ds DNA were
established. For example Lactococcus lactis bacteriophage b
IL67 (22195 bp) (Ref.2), Streptococcus pneumoniae bacteri-
ophage Cp-1 (19345 bp) (Ref.3), Lactobacilus phage φg1e
(42259 bp) (Ref.4).

On base of restriction map of bacteriophage BFK20 DNA
was isolated ~17 kbp BglII fragment. After the restriction ana-
lysis, this fragment was cut by MluI and resulting fragments
were made blunt and cloned into the SmaI linearized pBlue-
scriptIIKS+ vector. Recombinant plasmids contained inserts:
5.5 kbp; 3.5 kbp; 2.1 kbp; 2.0 kbp; 1.2 kbp; 1.0 kbp; 0.9 kbp.

The constructs were SacI/XbaI digested and treated with
Exonuclease III to generate a series of unidirectional deleted
subclones. The complete nucleotide sequences of MluI frag-
ments (5005 bp, 2850 bp, 2070 bp, 1820 bp, 1172 bp, 1015 bp,
921 bp) were determined. Positions of these sequences on the
17 kbp fragment were determine by sequencing of the mutual
transmissions from suggested oligonucleotides (Fig. 1).

We have detected 3 new MluI fragments (129 bp, 397 bp,
~1,3 kbp) and now we are working on completing and analysis
of the final sequence of the 17 kbp fragment.

This work was supported by the VEGA Grant No. 2/6060/99.
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19 CONSTRUCTION OF THE PROMOTER-PROBE
VECTORS ON THE BASE OF PROMOTERLESS

-AMYLASE GENE

JANA UGOR»¡KOV¡, GABRIELA BUKOVSK¡, and
JOZEF TIMKO

Institute of Molecular Biology, Slovak Academy of Sciences,
D˙bravsk· cesta, 842 51 Bratislava, Slovak Republic

Promoter-probe vectors are important tools to study the
expression of genes in vivo. Most of these promoter-probe
vectors contained an antibiotic resistance gene as the reporter.

α

Fig. 1. Localization of BglII (~23 kbp, ~17 kbp, ~4 kbp), BglII-MluI
(5005 bp, 2850 bp) and MluI (2070 bp, 1820 bp, 1172 bp, 1015 bp,
921 bp) fragments on the BFK20 genome
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Morinaga1 had constructed the vector, which carried promo-
terless cat reporter gene for determination of promoter
strength. Kanamycin resistance reporter gene had been already
used2,3.

We have constructed the new promoter-probe vectors for
E. coli and corynebacteria containing the promoterless α-amy-
lase gene from Bacillus subtilis as a reporter, with and without
the signal peptide. Vectors pJUPAE1 and pJUPAE2, respec-
tively, are suitable for isolation of transcriptionally active
fragments. Activity of α-amylase can be easily detected as
a visual effect on agar plates containing chromogenic substra-
te, or by direct measurement of α-amylase activity. New
promoter-probe vectors may be very useful for the study of
corynebacterial promoters and terminators and also for the
study of secretion process.

The presence of cloned signal peptide in our constructs is
advantage in these experiments compare to previously con-
structed promoter-probe vector for corynebacteria, containing
the promoterless amy gene from Streptomyces griseus as a re-
porter without a signal peptide4.

The fragment bearing the promoterless α-amylase gene
from the vector pHYamy318 was subcloned into the pBlue-
scriptIISK+ to create plasmid pSKAE. Fragments carrying the
missing sequence of structural gene with and without signal
peptide was prepared by PCR method. Following steps of
cloning are shown on the schema (Fig. 1).

This work was suported by the VEGA Grant No. 2/6060/99.
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20 CHARAKTERIZ¡CIA REPLIK”NOV
V PLAZMIDOCH Z BUNIEK
ACETOBACTER PASTEURIANUS
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MARI¡N MA»OR a J¡N TUR“A

Katedra molekul·rnej biolÛgie, PrÌrodvedeck· fakulta, Uni-
verzita KomenskÈho, Mlynsk· dolina B-2, 842 15 Bratislava,
Slovensk· republika

Bunky Acetobacter patria do skupiny gramnegatÌvn˝ch
baktÈriÌ schopn˝ch oxid·cie rÙzn˝ch organick˝ch substr·tov.
Zv˝öen˝ z·ujem o tieto baktÈrie je v dÙsledku prÌtomnosti
rÙzn˝ch plazmidov, ktorÈ s˙ zdrojom nov˝ch poznatkov o me-
chanizme ich replik·cie, ako aj zdrojom nov˝ch replikÛnov
vhodn˝ch pre tvorbu klonovacÌch systÈmov1.

Z vybran˝ch bakteri·lnych kmeÚov Acetobacter pasteuria-
nus boli izolovanÈ a charakterizovanÈ dva plazmidovÈ sys-
tÈmy. Z buniek A. pasteurianus 3612 sa izoloval plazmid
pAC1 (19 kb) s replikÛnom AC1. Na najmenöom EcoRI frag-
mente (2,5 kb) bol identifikovan˝ a neskoröie sekvenovan˝
minim·lny replikÛn v blÌzkosti gÈnu ampicilÌnovej rezisten-

Fig. 1. Construction of promoter probe vectors; oriE, oriC, oriBa
ñ origin for vegetative replication in E. coli, Corynebacterium gluta-
micum and B. subtilis, respectively
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Obr. 1. A ñ Konötrukcia vektora pVB10, B ñ stanovenie stability
vektora pVB10
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cie. PripravenÈ vektory s AC1 replikÛnom boli vyuûitÈ ako
shuttle vektory pre klonovanie do gram-negatÌvnych (E. coli,
Comanonas, Salmonella, SerratiaÖ) ako aj niektor˝ch gram-
-pozitÌvnych baktÈriÌ (Bacillus, Lactobacillus, Micrococcus,
SarcinaÖ)2,3.

PouûitÌm AC1 replikÛnu bol pripraven˝ klonovacÌ a sek-
venaËn˝ vektor pVB1 (obr. 1A) a vektor pAPK514 obsahuj˙ci
PL a PR promÛtor bakteriof·ga lambda. PripravenÈ plazmidy
s˙ stabilnÈ pri kultiv·cii v neselektÌvn˝ch kultivaËn˝ch pod-
mienkach (obr. 1B).

Z bakteri·lneho kmeÚa A. pasteurianus 2374 boli izo-
lovanÈ tri plazmidy pAP1 (3,1 kb), pAP2 (4,5 kb) and pAP3
(8 kb). Vöetky plazmidy kÛduj˙ gÈn rezistencie na kanamycÌn
a plazmidy pAP2 a pAP3 aj gÈn rezistencie na ampicilÌn.
Plazmidy boli separovanÈ a transformovanÈ do buniek E. coli
DH1. V bunk·ch Acetobacter s˙ schopnÈ koexistencie v jed-
nej bunke naproti tomu v bunke E. coli sa spr·vaj˙ ako inkom-
patibilnÈ plazmidy. RestrikËnou anal˝zou bol detekovan˝ mi-
nim·lny replikÛn pAP1 (1,2 kb) a pAP2 (1,4 kb) na menöom
SalI fragmente a neskoröie uskutoËnen· sekvenËn· anal˝za
plazmidov (obr. 2).
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21 AN ORIGIN OF DNA REPLICATION
FROM STREPTOMYCETE PHAGE 1/6

ANDREJ GOD¡NY and JARMILA FARKAäOVSK¡

Institute of Molecular Biology, Slovak Academy of Sciences,
842 51 Bratislava, Slovak Republic

A major aim in the study of Streptomyces species has been
to understand the biosynthesis of secondary metabolites and
to exploit genetic recombination for yield improvement or
creation of new compounds. Bacteriophages have proved to

be useful tools not only in studying basic biological processes,
but also in gene technology.

The µ 1/6 is a lytic streptomycete phage with a narrow host
range. This phage is able to form plaques only on tetracyclin
producing strains of Streptomyces aureofaciens1. Its genome
consists of a linear double stranded circularly permuted DNA
(36.2 kbp). According to its morphology µ 1/6 phage belongs
to group B of Bradley,s classification. Previous work has
described the appearance of a silent restriction-modification
system in S. aureofaciens resistant mutants after µ 1/6 infec-
tion2. It seems that µ 1/6 phage could play an interesting role
in S. aureofaciens biology. That is why we continue to study
this phage.

One of our interests has been focused on µ 1/6 replication.
In order to localize the µ 1/6 origin of replication, SpH i and
Sau 3A fragments of µ 1/6 DNA respectively, were cloned into
the replicon probe vector pIMB 04 (Ref.3). Recombinant plas-
mids were used to transform S. lividans 66 strain. We obtained
one SpH I fragment and one Sau 3A fragment, both able to
sustain plasmid replication in S. lividans 66. According to the
hybridization analysis these fragments did not share any ho-
mology. The nucleotide sequence of both fragments, which
direct plasmid replication, was determined. Both sequences
have been analyzed for open reading frames and for direct and
inverted sequences indicative of replication origins.

Previous studies with λ phage have shown that sequences
which enable plasmid replication may not be sufficient to
initiate phage replication4. According to our results we sup-
pose that SpH I fragment represents phage ori. But this frag-
ment may not contain all features required for phage replica-
tion.

This work was supported by VEGA grant No. 2/6060/99.
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Na z·klade rozsiahleho skrÌningu rÙznych rezistenciÌ pri
öt˙diu klinick˝ch kmeÚov bol identifikovan˝ kmeÚ Escheri-

µ

Obr. 2. Mapovanie minim·lneho replikÛnu v plazmide pAP2
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chia coli, oznaËen˝ KL53, rezistentn˝ na teluriËitanovÈ iÛny1.
Determinat  teluriËitanovej rezistencie bol lokalizovan˝  na
konjugatÌvnom plazmide (plazmid pTE53) a n·sledne klono-
van˝ do strednekÛpiovÈho plazmidu pACYC184. Sekvenova-
nÌm determinantu bola zÌskan· jeho ˙pln· sekvencia (5221 bp).
SekvenËnou anal˝zou sa zistila prÌtomnosù piatich ËÌtacÌch
r·mcov, oznaËen˝ch terB, terC, terD, terE a terF. Disrupcia
jednotliv˝ch gÈnov uk·zala, ûe gÈn terF, na rozdiel od ostat-
n˝ch gÈnov determinantu, nie je esenci·lny z hæadiska zacho-
vania teluriËitanovej rezistencie. PouûitÌm metÛdy umoûÚuj˙-
cej öt˙dium transkripcie (vyuûitie f˙zie lacZ gÈnu na trans-
kripËnej ˙rovni) sa zistila najniûöia hladina transkripcie u gÈnu
terB. Hladina transkripcie jednotliv˝ch gÈnov zostala nezme-
nen· aj v prÌtomnosti teluriËitanu draselnÈho v mÈdiu. Vyuûi-
tÌm ÔalöÌch konötruktov umoûÚuj˙cich öt˙dium expresie gÈ-
nov (na z·klade transkripËn˝ch a translaËn˝ch f˙ziÌ) sa pred-
poklad· objasnenie expresie determinantu.
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EXPRESSION DURING DIFFERENTIATION
OFBACILLUS SUBTILIS
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Sporulation in Bacillus subtilis has been extensively stu-
died as a model of cellular differentiation. More than 100
genes are required for making a spore and most of these genes
are activated sequentially during the sporulation process1,2.
Differential gene expression occurs in the forespore and the
mother cell because of sigma factors that are present in active
form in only one cell type, σF followed by σG in the forespore,
σE followed by σK in the mother cell3. Activation of σF in the
forespore immediately after asymmetric division is the key
event that ultimately defines the fate of both cells.

Phosphorylation of Spo0A protein is the key step in the
regulation of sporulation  initiation which is demonstrated
morphologically by asymmetric septum formation and subse-
quently by differential activation of the first compartment
specific sigma factors, σF and σE. Spo0A is phosphorylated by
a phosphorelay, an extended version of a two-component sig-
nal transduction system4. Spo0A is a transcription activator as
well as a transcription repressor. Spo0A is unique in that it
stimulates transcription initiation by RNA polymerase conta-
ining different sigma ñ subunits. There is an evidence for the
interaction of Spo0A with σA and σH (Ref.5). An alignment of
Spo0A homologues from diverse Bacillus and Clostridium
species revealed three highly conserved regions in the C-ter-
minal domain6. The most highly conserved of these corres-
ponds to the recognition helix of a putative helix-turn-helix
motif, region II. It is not known what functions are associated
with the two other regions (I and II). A missense mutation

spo0A9V, in the last conserved region of the C-terminal doma-
in gives rise to a protein which is active as a repressor of abrB
but which is unable to activate transcription of the spoIIA
operon7. Intragenic suppressors of the spo0A9V mutation,
suv-4 and suv-3, have been identified in the first conserved
region of the C-terminal domain. In contrast to the spo0A9V
phenotype, where Spo0A is unable to activate transcription
from the spoIIA promoter but is still functional in repressing
abrB, our results show that the alteration S250H affects both
the activating and repressing functions of Spo0A (Ref.8). Both
these mutants are rescued by the same intragenic suppressor
mutations, i.e. suv-3 and suv-4, suggesting that conserved
regions i and III of the effector domain of Spo0A should be in
direct contact.

In order to understand fully the function of Spo0A, our
laboratories are engaged in structural studies of this key regu-
lator. We have succeeded in determining the structure of the
phosphorylated form of the receiver domain9, in determining
the structure of the non-phosphorylated form of the receiver
domain10, in growing crystals of C-Spo0A (Ref.11) and only
recently in solving the structure of C-Spo0A (Lewis R. J. et
al., unpublished).

Sporulation in B. subtilis is initiated by an asymmetric
division generating two cells of different size and fate. During
a short interval the smaller forespore harbors only 30 % of the
chromosome until the remaining part is translocated across the
septum. We demonstrate that moving the gene for σF, the
forespore-specific transcription factor, in the trapped region of
the chromosome is sufficient to produce spores in the absence
of the essential activators SpoIIAA and SpoIIE. We propose
that transient genetic asymmetry is the device which releases
SpoIIE phosphatase activity in the forespore and establishes
cell specificity12.

The B. subtilis SpoIIE protein appears to be constituted of
3 domains: a 330-residue N-terminal region containing 10
transmembrane segments and playing an important role in
targetting SpoIIE to the sporulation septum, a 276-residue
central region poorly conserved and of no obvious function,
and a 221-residue C-terminal region containing the PP2C
domain acting on SpoIIAA-P (Ref.13-15). We proposed that an
inhibitor of the SpoIIE phosphatase is present in the predivi-
sional cell, and that its inhibition is specifically released in the
forespore. In our model genetic asymmetry is not created by
unequal distribution of SpoIIE within the sporangium, but by
exclusion of the SpoIIE inhibitor from the forespore.

This work was supported by grant 5025 from the Slovak
Academy of Sciences and The Wellcome Trust Collaborative
Research Initiative Grant 056247/Z/98/Z.
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IN BACILLUS SUBTILIS
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D˙bravsk· cesta 21, 842 51 Bratislava, Slovak Republic

Bacillus subtilis is rod shaped soil bacterium that usually
divides by binary fission. The starvation signals that induce
sporulation lead, at an early stage to asymmetric division event
that creates a smaller cell, forespore, next to the larger mother
cell. Prespore matures within cytosol of mother cell that uses
up its resources to allow maturation of spore that can remain
almost indefinitely after lysis of mother cell. Different gene
expresion occurs in the forespore and mother cell. Cell speci-
ficity is first established in the forespore under the control of
σF factor, which itself is activated through the action of SpoIIE
phosphatase, an enzyme targeted to the septum between the
two cells. SpoIIE appears as the master regulatory protein
establishing cell specificity during sporulation. The molecular
mechanisms that restrict its action as a phosphatase to the
forespore have been the subject of intense speculation. It is of
critical importance for establishment of forespore specific
gene expresion that σF factor activation is prevented until after
septation.

The requirement for some interaction taking place only in
the septum and triggering SpoIIE activity would fill this goal.
It was proposed that an inhibitor of the SpoIIE phosphatase is
present in the pre-divisional cell and that its inhibition is
specifically released in the forespore1. It was supposed hypo-
thetical inhibitor can bind to central part of SpoIIE protein
which contains conserved amino acids. To support this model
we tend to find suppress mutation to spoIIE48 mutation at
central part of SpoIIE using in vivo mutagenesis. To make
possible to find suppress mutation to spoIIE48 we had to
introduce additional mutation to spoIIE48 to gain cells of
B. subtilis unable to sporulate. To gain such cells we removed
part of spoIIE48 coding C-terminal part of SpoIIE. We expec-

ted that removal of that part of gene will prevent cells of
B. subtilis to sporulate. We tested sporulation efficiency of
strains with complete and truncated form of spoIIE48 and
found that truncated form of spoIIE48 allows sporulation on
the level only slightly decreased in comparison to complete
spoIIE48. Although, the sporulation efficiency of strain with
deletion in spoIIE48 is low (less than 1 % of wild type strain),
it is still high enough not to enable us to identify suppress
mutations to spoIIE48. The way how to prevent sporulation of
cells containing spoIIE48 mutation is to introduce the next
mutation into spoIIE48.

The next possible way how to elucidate the regulation of
SpoIIE phosphatase activity and at once also characterise gene
expression during onset of sporulation is to identify genes
recognised by RNA polymerase at the onset of sporulation
immediately after decision of cells of B. subtilis to sporulate.
It is probable among identified genes will be present gene
coding hypothetical inhibitor. To identify genes expressed
during onset of sporulation, we propose to use two vector
system in E. coli2 and therefore we have to simulate sporula-
tion conditions in E. coli by expression of Spo0A. Spo0A is
a key regulatory protein of gene expression, during initiation
of sporulation and belongs to large family of response regula-
tors. The phosphorylated Spo0A can bind to sequences (called
0A boxes) and activate or repress the transcription of specific
set of genes3. Spo0A regulates also the switch between vege-
tative and asymmetric sporulation septation. At the beginning
of sporulation Spo0A interacts with σH factor (active after
decision to sporulate) and RNA-polymerase of B. subtilis and
activates transcription of particular genes recognised by σH

factor. Despite a great deal is known about the regulation of
gene expression during sporulation in B. subtilis we mean to
assign genes expressed at the start of sporulation in presence
of Spo0A.

To identify genes expressed at the beginning of sporulation
we plan to use two compatible plasmid vector system in
E. coli, where one plasmid contains σH factor coding gene of
B. subtilis with part of Spo0A coding constitutively active
C-terminal domain of Spo0A simulating sporulation in E. coli,
and the other one contains a library of B. subtilis chromosomal
DNA fragments containing potential promoters2 cloned in
front of promoterless β-galactosidase gene. After identificati-
on of promoters and particular genes recognised by RNA-po-
lymerase in the presence of sigma factors and their common
activator Spo0A it will be possible to determine to date un-
known genes which are expressed during the switch from
vegetative growth to sporulation in presence of Spo0A and to
contribute to better understanding of processes running at the
beginning of sporulation. To determine whether two vector
system in E. coli is suitable for identification of genes recogni-
zed by σH factor we tested if Spo0A is able to interact with
major σ70 factor and RNA-polymerase of E. coli which are
homologous to sigma a factor and RNA-polymerase of B. sub-
tilis. We proved this interaction by recognition of spoIIE
promoter of B. subtilis by σ70 of E. coli in presence of Spo0A.
This test imply two vector system is applicable for identifica-
tion of genes recognised by σH factor in presence of Spo0A.

This work was supported by grant 5025 from the Slovak
Academy of Sciences and The Wellcome Trust Collaborative
Research Initiative Grant 056247/Z/98/Z.
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25 DETECTION OF PROTEIN ñ PROTEIN
INTERACTIONS OCCURRING DURING
DIVISION PROCESSES IN BACILLUS SUBTILIS
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Sporulation in Bacillus subtilis as a special type of cell
division represents an interesting model of cell differentiation.
Each of two cells arisen, follows completely different program
of gene expression, although both contain the same genetic
information1. Methods of yeast two hybrid system that per-
form relatively simple approach for detection protein-protein
interactions were used in elucidating of genetic schemes go-
verning certain steps of the spore formation in B. subtilis.

There are two types of division recognised in some ba-
cterial cells: i) a binary fission, occurring during vegetative
growth and ii) asymmetric division, occurring during sporula-
tion. Both types of division differ from each other in a septum
thickness, structure and positioning2,3. In addition, sporulation
division gives rise to two unequally sized progeny with diffe-
rent developmental potentials and fates. One of the cells ñ the
smaller prespore becomes the spore, and the second one ñ the
larger mother cell, participates in the maturation of the spore
and finally lyses4-6. Despite all differences, sporulation divisi-
on and vegetative division have some common features. It is
likely, that mechanism of division proteins assembly is similar
in both cases, since the aim of the division process is the same:
to recognise and to identify one site of septation.

The division septum is created on a specific site of the cell.
This process requires proper timing and must be topologically
coordinated  with  other events regarding cell division, for
example chromosome replication and nucleoid segregation4-7.
Although the genome of B. subtilis is fully sequenced and the
sporulation division had been studied for a couple of years,
many of gene products taking part in this process remain
without a characterised function.

The SpoIIE protein plays an important role in assuring of
gene expression compartmentalisation, starting at the same
time, or very soon after the septum completion. SpoIIE pho-
sphatase activity occurring specifically in the forespore leads
to activation of the forespore specific sigma factor σF, which
promotes the transcription of forespore specific genes, not
expressed in a mother cell1,8. It is still not known, how SpoIIE
activity asymmetry is determined.

We have used a modified version of the yeast two hybrid
vector system, allowing detection of proteinñprotein interac-
tion of division proteins. The system was originally introduced
for the identification of novel proteins from cDNA library
interacting with a known ìbaitî protein, or for the identifica-
tion of the interaction of two known proteins9,10. To make the
system available for cloning of prokaryotic genomic DNA
library, it was modified, so we obtained statistically relevant
results. We have isolated many positive clones for proteinñ
protein interaction of SpoIIE with proteins coded by the B. sub-
tilis genomic library. These clones were analysed by DNA
sequencing and examined, whether genomic library proteins
are expressed in an appropriate time and at an appropriate
place to the expression of SpoIIE.

Using yeast two hybrid system, an interaction between
SpoIIE and SpoVAA was detected. SpoVAA is a sporulation
protein synthesised much later than SpoIIE and at a time it is
synthesised, the activity of SpoIIE is decreasing. Further expe-
riments are aimed for detection of a protein interacting partner
for SpoVAA, which could be a part of regulatory pathway. To
account the influence of spoVA mutation on transcription
governed by σF and σG factors, lacZ gene was placed under
the control of σF and σG recognised sequences in spoVAñ

strains. These strains were further examined.
The second examined protein, DivIVA belongs to division

proteins. divIVA mutation leads to minicell phenotype and
cell division inhibition11-13. The proposition, that divIVA gene
product has a big importance during vegetative growth divisi-
on, namely in division site selection, is favoured by the fact,
that it was found near the division septum7,8. It is still not
known, whether DivIVA plays any role during sporulation
process. a relevant biological interaction with any sporulation
protein detected via yeast two hybrid system would be very
helpful to account the role of DivIVA during sporulation.

This work was supported by grant 5025 from the Slovak
Academy of Sciences and The Wellcome Trust Collaborative
Research Initiative Grant 056247/Z/98/Z.
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26 OVEREXPRESSION, PURIFICATION
AND BIOCHEMICAL CHARACTERIZATION
OF THE DIVISION PROTEIN DivIVA

KATARINA MUCHOV¡, EVA KUTEJOV¡,
and IMRICH BAR¡K

Institute of Molecular Biology, Slovak Academy of Sciences,
842 51 Bratislava, Slovak Republic

Cell division in Bacillus subtilis like in all rod-shaped
bacteria is initiated by formation of a ring of the tubulin-like
protein FtsZ. Nucleation of this ìZ ringî seems to be a primary
point of control over timing and positioning of the cell division
septum. The ìZ ringî is normally positioned precisely at the
mid-cell, so the division gives rise to two equal daughter cells.
Division sites selection is mediated by MinC and MinD pro-
teins. These proteins are inhibitors of septation at medial and
polar sites and their absence leads to minicell formation during
vegetative growth. The DivIVA protein ensures that MinCD
specifically inhibits division at the cell poles while allowing
division at mid-cell during vegetative cell division1,2. Cha and
Stewart (1997) proposed that on the other hand DivIVA is also
involved in the activation of polar septation sites during spo-
rulation2. It has been shown that at the onset of sporulation
assembly of the FtsZ ring shifts from mid-cell to both polar
sites. This switch is dependent on the transcription factor
Spo0A (Ref.3). The FtsZ ring forms initially at both polar sites
so MinCD inhibition of FtsZ assembly at both sites must be
prevented early in the sporulation process4. It is proposed that
an unknown sporulation factor interacts with DivIVA to make
available the polar septation sites for the septation during
sporulation. Why septation at one of the polar sites is subse-
quently inhibited is not known.

Localization of DivIVA to division sites is dependent on
FtsZ and other cell division proteins (DivIB, DivIC, PbpB)
(Ref.5). DivIVA is targeted to division sites late in their assem-
bly and recruits MinD to the division sites to prevent another
division from taking place near the newly formed cell poles.
MinD is required both to pilot MinC to the cell poles and to
constitute a functional division inhibitor. Sequestration of
MinD and subsequently MinC to the cell poles releases the
next mid-cell sites for division. Recent results show that the
main role of DivIVA is to retain MinCD at the cell poles after
the division is complete. After the division nears completion
all components of division apparatus except DivIVA seem to
disappear from this site. So in some point DivIVA must
become attached to a more permanent anchor in the pole. This
putative target DivIVA interacts with is still unknown6. Also
the means by which B. subtilis switches from binary fission to
asymmetric cell division during sporulation and the possible
role of DivIVA in this process are still unravelled.

In order to better understand the action of the DivIVA
protein it would be advantageous to solve its three dimensional
structure by X ray crystallography. We cloned the divIVA gene
into the expression vectors and purified the encoded protein.
DivIVA was purified to homogeneity and analyzed by isoe-
lectric focusing and analytical ultracentrifugation. The DivI-
VA is a 19.5 kDa cytoplasmatic protein with no significant
sequence similarity to other sequences in the database. Our
experiments with DivIVA showed that DivIVA forms multi-

mers in vitro and in vivo. Oligomerization of the MinE protein
that is required for the proper placement of the cell division
septum in Escherichia coli was recently observed7. Although
both topological specificity factors, MinE of E. coli and DivIVA
of B. subtilis, show no significant sequence similarity and act
in a different way, it could be possible that assembly of a spe-
cific  multimer of DivIVA plays an important role in the
process of the septal placement during B. subtilis cell division.

This work was supported by grant 5025 from the Slovak
Academy of Sciences and The Wellcome Trust Collaborative
Research Initiative Grant 056247/Z/98/Z.
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27 MUTATIONAL ANALYSIS OF THE N-TERMINAL
PHOSPHO-ACCEPTOR DOMAIN OF Spo0A

KATARINA MUCHOV¡a, R. J. LEWISb,
J. A. BRANNIGANb, A. J. WILKINSONb,
and IMRICH BAR¡Ka

aInstitute of Molecular Biology, Slovak Academy of Sciences,
842 51 Bratislava, Slovak Republic, bDepartment of Chemi-
stry, University of York, Heslington, York, Y01 50D, UK

Initiation of sporulation in Bacillus subtilis is controlled
by the phosphorylation of a response regulator Spo0A. Spo0A
contains an N-terminal phospho-acceptor domain that shows
sequence identity to other response regulators and a C-termi-
nal DNA-binding domain that is unique. The N-terminal and
C-terminal domains of Spo0A from B. stearothermophilus
were successfully crystallized1 and the three dimensional
structures of both domains were solved recently2-4. Mutations
in the phospho-acceptor domain have been prepared to study
intramolecular contacts within a Spo0A dimer. After site-di-
rected PCR mutagenesis several clones were obtained, sub-
sequently sequenced and analyzed.

B. subtilis decides to sporulate by integrating a wide range
of internal and external signals. The initiation of sporulation
is primarily determined by the phosphorylation of a transcrip-
tion factor Spo0A. Spo0A is phosphorylated by a phosphore-
lay, an extensive version of two-component signal transducti-
on system5. The relay begins with the activation of one of three
signal kinases. These kinases are activated by different input
signals and also differ in their structural properties, cellular
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localization and in their respective contribution to the sporu-
lation process. In this cumulative environsensory mechanism
several kinases receiving different signals function to phos-
phorylate response regulator Spo0F. Spo0F serves as a phos-
phodonor for phosphotransferase Spo0B that finally transfers
phosphate to the Spo0A. Once activated by phosphorylation,
Spo0A regulates, in addition to its own expression and the
phosphorelay loop, the transcription of at least seven genes
required for the entry into sporulation5.

The central  problem in  understanding  the function of
response regulators is how does phosphorylation of the con-
served aspartic acid residue in the phospho-acceptor domain
activate the effector domain. As the C-terminal DNA-binding/
transcriptional activator (repressor) domain alone is almost
fully active, the phospho-acceptor domain is thought to inhibit
the effector domain in the intact protein. Phosphorylation
leads to conformational changes that overcomes this autoinhi-
bition6.

Comparison of the structure of the phosphorylated N-
-Spo0A and the unphosphorylated forms of CheY and Spo0F
shows the reorientation of the Thr84 side-chain that is accom-
panied by alterations of the conformation of Phe103 (Ref.2).
There is further evidence for the important role of Thr84 and
Phe 103 in signalling from the structure of unphosphorylated
form of N-Spo0A (Ref.3). Comparison of these two N-Spo0A
structures suggests that changes in the active site can be
coupled to changes in quaternary structure (Lys106Pro107
trans/cis isomerization).

In order to define the surfaces used by Spo0A to mediate
signal transduction from the N-terminal to the C-terminal
domain site directed PCR mutagenesis was used. B. subtilis
strains harbouring plasmids with mutated spo0A that showed
changed sporulation phenotype were exposed to in vivo muta-
genesis using EMS. Several clones containing supress muta-
tions were obtained, sequenced and further analyzed. The
genes coding mutant Spo0A proteins were cloned into expres-
sion vectors, the encoded proteins were purified, analyzed by
analytical ultracentrifugation and crystallized.

This work was supported by grant 5025 from the Slovak
Academy of Sciences and The Wellcome Trust Collaborative
Research Initiative Grant 056247/Z/98/Z.
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28 VIRULENCE FACTORS OFCOXIELLABURNETII

JANA MELNI»¡KOV¡a, MARCO QUEVEDO DIAZa,
MAGDA LUK¡»OV¡a, J¡N KORMANECb,
and IMRICH BAR¡Kb

aInstitute of Virology, Department of Rickettsiae, Slovak Aca-
demy of Sciences, D˙bravsk· cesta 9, 842 45 Bratislava,
bInstitute of Molecular Biology, Slovak Academy of Sciences,
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Coxiella burnetii, the etiologic agent of Q fever is unique
among the rickettsiae in that it undergoes a transition from
virulent (phase I) to avirulent (phase II). This phase transition
correlates with some of biological characteristics of the smooth
ñ to ñ rough lipopolysaccharide (LPS) variation of gram ñ
negative Enterobacteriaceae. The virulent phase I C. burnetii,
isolated from natural infections, has a more complex smooth
ñ type LPS. Typically, LPS consists of a complex polysaccha-
ride chain covalently linked to glucosamine lipid (lipid A) via
two molecules of 3-deoxy-D-manno-octulosonate (Kdo). Kdo
is synthetised and covalently linked to lipid a by the following
reactions (catalytic enzymes are in parentheses): i) D-arabino-
se-5-phosphate + phosphoenolpyruate → Kdo-8-phosphate
(Kdo phosphate synthetase), ii) Kdo-8-phosphate → Kdo and
Pi (Kdo-8-phosphate phosphatase), iii) Kdo + CTP → CMP-
-Kdo + Pii (CMP-Kdo synthetase), and iv) CMP-Kdo + lipid
a precursor → CMP + lipid a precursor-Kdo (Kdo transfera-
se). The last reaction occurs twice, resulting in lipid A-Kdo
disaccharide1. The avirulent phase II C. burnetii, selected
during serial laboratory passage in imunologically incompe-
tent host such as eggs or tissue culture, contains a rough ñ type
LPS. Phase II cells lost ability to polymerise saccharide O ñ
chain characteristic for phase I LPS. One of the most important
virulence factor of C. burnetii is just LPS phase I.

Our laboratories are approaching this phenomenon from
two directions. Firstly, we are interested to clone kdtA gene
encodingtheenzyme3-deoxy-D-manno-octulosonic acid (Kdo)
transferase of lipopolysaccharide biosynthesis. Secondly, we
are searching for genes responsible for pathogenicity of C. bur-
netii, namely for specific sigma factors which are important
for their transcription.

Kdo is absolutely essential for the survival of the bacteri-
um and therefore it is a target for new types of antibiotics2-4.
We have already designed DNA oligonucleotide probes for
PCR of kdtA gene encoding Kdo transferase based on compa-
rison of the amino sequences of the kdtA genes of Escherichia
coli K-12, Chlamydia trachomatis serotype L2, Chlamydia
psittaci strain 6BC, Chlamydia pneumoniae strain TW- -183
(Ref.4).

Our search for C. burnetii sigma factors lead us to clone
the genes coding possible such transcription factors. We used
the oligonucleotide probes to clone homologous genes of
stress specific σ factors, which are believed to be important
for pathogenicity. The PCR reaction gave us clear DNA band
of right size (500 bp) which should respond to such σ factorís
gene from C. burnetii. We probed this fragment by Southern
blotting to make sure, that this potential σ factorís gene origi-
nates from C. burnetii chromosomal DNA. The cloning and
further characterisation of this fragment is in progress.

C. burnetii is an obligate parasite and thus the molecular
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biology methods for this microorganism are poorly developed.
Although,  we just recently described the new method of
transformation of this bacterium5, a method for transformation
of statistical library back to this microorganism would be
helpful. For this purpose we used plasmid pKK-GFP with
fragment from C. burneti to characterise the homologous
recombination in this bacteria. The recombination events were
determined by Southern hybridisation.

This work was supported by grant 7057 and 5025 from the
Slovak Academy of Sciences and The Wellcome Trust Colla-
borative Research Initiative Grant 056247/Z/98/Z.
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29 EXTRAGENOMIC DOUBLE-STRANDED DNA
CIRCLES:
NOVEL PLAYERS IN THE MITOCHONDRIAL
TELOMERE MAINTENANCE?

JOZEF NOSEKa and ºUBOMÕR TOM¡äKAb

Departments of aBiochemistry and bGenetics, Comenius Uni-
versity, Faculty of Natural Sciences, Mlynsk· dolina aCH-1
and bB-1, 842 15 Bratislava, Slovakia

Although a typical mitochondrial DNA (mtDNA) is a cir-
cular molecule, there is a large number of organisms contai-
ning linear mitochondrial genomes possessing a homogene-
ous terminal structure. Currently, there are at least six distinct
classes of linear mitochondrial genophores based on the struc-
ture of their telomeres1. The type of mitochondrial telomeres
identified in three yeast species, Candida parapsilosis, Pichia
philodendra and C. salmanticensis, is characterized by the
inverted terminal repeats each consisting of several tandemly
repeated units. In C. parapsilosis, the molecules terminate at
a defined position within a repetitive unit, thus generating a 5í
single-stranded extension. However, the molecular mecha-
nisms of replication, stabilization and maintenance of this type
of mitochondrial telomeres are not known2,3.

In course of the study of replication of linear mitochondrial
DNA of C. parapsilosis by two-dimensional neutral/neutral
agarose gel electrophoresis we observed a presence of distinct
DNA fragments composed solely of mitochondrial telomeric
sequences. The behavior of these fragments under the emplo-
yed conditions suggested that they are of circular nature. The
minicircles were purified from mitochondria of C. para-
psilosis by an alkaline lysis method and inspected by electron

microscopy. The electron-microscopic analysis revealed a pre-
sence of highly supertwisted circular molecules that were
relaxed by a treatment with pancreatic DNase I. Measurement
of the lengths of minicircles revealed that (based on their sizes)
the minicircles fall into distinct categories. The lengths of the
minicircles corresponded to n x 738 bp (n = 1ñ7). Similar
results were obtained, when two other yeast species (P. philo-
dendra and C. salmanticensis) possessing the similar type of
mitochondrial telomeres were examined, suggesting that the
presence of mitochondrial telomeric minicircles is not limited
to C. parapsilosis4. a potential mechanism of the generation
of minicircles and their role in the replication of linear mtDNA
is discussed.

This work was supported by grants from Slovak grant agency
VEGA (1/6168/99 and 1/7248/00), Howard Hughes Medical
Institute Grant (75195-547301) and International research
grant program of Universidad de Complutense Madrid, Spain.
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30 MITOCHONDRIAL TELOMERE-BINDING
PROTEIN OFCANDIDA PARAPSILOSIS:
TINKERING STRATEGY OF THE EVOLUTION
OF LINEAR MITOCHONDRIAL GENOMES

ºUBOMÕR TOM¡äKAa, BLANKA KUCEJOV¡b,
and JOZEF NOSEKb

Departments of aGenetics and bBiochemistry, Comenius Uni-
versity, Faculty of Natural Sciences, Mlynsk· dolina aB-1 and
bCH-1, 842 15 Bratislava, Slovakia

The study of linear mitochondrial genomes evokes several
questions with regard to the evolutionary origin of linear and
circular mitochondrial DNAs. Several lines of evidence sug-
gest that the conversion from one form to another occurred
accidentally through a relatively simple mechanism. Thus the
cell with linearized mitochondrial genome may have employ-
ed a tinkering strategy of dealing with the end-replication
problem and mobilize a pre-existing set of proteins to ensure
its replication1.

Previously we have reported the identification of the first
mitochondrial telomere-binding protein (mtTBP) that specifi-
cally binds a sequence derived from the extreme end of C. pa-
rapsilosis linear mtDNA (Ref.2,3). Sequence analysis of the
corresponding nuclear gene MTP1 revealed that mtTBP shares
homology with several bacterial and mitochondrial single-
-stranded DNA-binding (SSB) proteins4. In this study, DNA
binding properties of mtTBP in vitro and in vivo were analyzed
by electron microscopy. When the M13 single-stranded DNA
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was used as a substrate, mtTBP exhibited similar DNA bin-
ding characteristics as human mitochondrial SSB. MtTBP
formed protein globules along the DNA substrate. The bound
proteins were randomly distributed indicating that the binding
of mtTBP to M13 single-stranded DNA is not highly coope-
rative. Negatively stained samples revealed the presence of
a thin mtTBP filament between the individual protein globules
suggesting the presence of a twisted DNA at sites of the
protein globules.

The electron-microscopic analysis demonstrated that mtTBP
is able to recognize the 5í single-stranded telomeric overhangs
in their natural context. Furthermore, using an isopycnic cen-
trifugation of mitochondrial lysate of C. parapsilosis we show
that mtTBP is a structural part of mitochondrial nucleoids of
C. parapsilosis predominantly bound to the mitochondrial
telomeres. These data support a dual role of mtTBP in mito-
chondria of C. parapsilosis, serving both as a typical mito-
chondrial SSB and as a specific component of the mitochon-
drial telomeric chromatin.

This work was supported by grants from Slovak grant agency
VEGA (1/6168/99 and 1/7248/00), Howard Hughes Medical
Institute Grant (75195-547301) and International research
grant program of Universidad de Complutense Madrid, Spain.
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31 NADH:UBIQUINONE OXIDOREDUCTASE
IN YARROWIA LIPOLYTICA: MOLECULAR
ANALYSIS OF THE GENE CODING
FOR THE 51 kDa SUBUNIT

ADRIANA RY»OVSK¡

Department of Biochemistry, Comenius University, Faculty of
Natural Sciences, Mlynsk· dolina CH-1, 842 15 Bratislava,
Slovakia

Many biological phenomena including the process of ener-
gy conversion in mitochondria can be analyzed by employing
the yeasts and their biochemical mutants1. This prompted us
to prepare the yeast model of the respiratory complex I (NADH:
ubiquinone oxidoreductase). This enzymatic complex cataly-
zes the oxidation of NADH by ubiquinone in the reaction
coupled to proton transfer across the mitochondrial membra-
ne. It consists of at least 41 subunits that are encoded by two
different genetic systems, mitochondrial and nuclear ge-
nome2,3. Although bakerís yeast Saccharomyces cerevisiae
does not possess the phosphorylation coupling site I and con-
sequently it is not suitable for the study of complex I, several
investigations revealed the presence of respiratory complex
I in a wide range of non-conventional yeasts4,5. One of these

species, the obligately aerobic yeast Yarrowia lipolytica due
to well elaborated genetic tools6 seems to be an organism of
choice for molecular analysis of the mitochondrial complex I.

Recently, we have cloned a nuclear gene NUO51 coding
for a homologue of the nucleotide-binding subunit of mito-
chondrial respiratory chain linked NADH:ubiquinone oxido-
reductase from Y. lipolytica7. DNA sequencing revealed the
open reading frame coding for a protein with predicted mole-
cular mass of about 53.7 kDa. The sequence is highly conser-
ved with its counterparts from filamentous fungi and repre-
sents the first yeast homologue of the NADH-binding subunit
(51 kDa) of the respiratory complex I. The NUO51 is a single
copy gene that is localized on a 3.5 Mbp chromosome band of
electrophoretic karyotype. The role of its expression in the
biogenesis of complex I and different cellular processes are
discussed.

This work was supported by grants from Comenius University,
Slovak grant agency VEGA (1/7248/00), Howard Hughes
Medical Institute Grant (75195-547301) and International
research grant program of Universidad de Complutense Mad-
rid, Spain.
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32 PRÕPRAVA TRANSFORMA»N…HO SYST…MU
KVASINKY CANDIDA PARAPSILOSIS

J⁄LIA ZEMANOV¡

Katedra biochÈmie, PrÌrodovedeck· fakulta Univerzity Ko-
menskÈho, Mlynsk· dolina CH-1, 842 15 Bratislava, Sloven-
sk· republika

Mitochondri·lne genÛmy kvasiniek sl˙ûia ako jednoduchÈ
modely na sk˙manie rÙznych aspektov evol˙cie a organiz·cie
eukaryotick˝ch genÛmov.u potenci·lnepatogÈnnejkvasinky Can-
dida parapsilosis, bola identifikovan· line·rna mitochondri·l-
na DNA (mtDNA) (cit.1). SpÙsob ak˝m sa t·to DNA replikuje
zatiaæ nie je zn·my. Svetlo do tejto problematiky by mohla
priniesù identifik·cia a charakteriz·cia proteÌnov C. parapsi-
losis schopn˝ch interagovaù s mitochondri·lnymi telomÈrami.

Predned·vnom bol identifikovan˝ a purifikovan˝ proteÌn
(mtTBP), ktor˝ sa öpecificky viaûe na sekvenciu jednovl·kno-
v˝ch koncov mtDNA C. parapsilosis2. Jeho öt˙dium by mohlo
priniesù odpovede na mnohÈ ot·zky t˝kaj˙ce sa mtDNA C. pa-
rapsilosis, a z·roveÚ prispieù k objasneniu evoluËn˝ch poËiat-
kov line·rnych mitochondri·lnych genÛmov. In vivo anal˝za
je vöak skomplikovan· neexistenciou transformaËnÈho systÈ-
mu, ktorÈho prÌprave je venovan· prezentovan· pr·ca.
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PrÌprava transformaËnÈho systÈmu pre mikroorganizmy
zah‡Úa: i) v˝ber vhodnÈho selekËnÈho markera, prÌpadne prÌ-
pravu hostiteæsk˝ch kmeÚov s nerevertuj˙cimi mut·ciami v gÈ-
noch, kÛduj˙cich enz˝my rÙznych metabolick˝ch dr·h, ktorÈ
mÙûu byù komplementovanÈ transform·ciou, ii) prÌpravu vek-
tora nes˙ceho klonovan˙ sekvenciu, ktor· bude komplemen-
tovaù dan˝ marker, iii) v˝ber a optimaliz·ciu vhodnej metÛdy
na vnesenie DNA do hostiteæskej bunky, iv) zabezpeËenie
stabilnÈho udrûania a replik·cie tejto DNA a v) zabezpeËenie
expresie gÈnov prÌtomn˝ch na vektorovej DNA (cit.3).

Chemickou mutagenÈzou sa n·m podarilo pripraviù nie-
koæko auxotrofn˝ch mutantov ñ galñ a metñ, hisñ, argñ, thrñ.
GÈn CpGAL1 komplementuj˙ci mut·ciu v gÈne pre galaktoki-
n·zu, bol identifikovan˝ a pouûit˝ na konötrukciu vektorov.
Transform·ciu C. parapsilosis t˝mito vektormi sme robili
lÌtium-acet·tovou metÛdou4, avöak transformaËnÈ ˙Ëinnosti
boli veæmi nÌzke. Optimaliz·ciou jednotliv˝ch krokov tejto
metÛdy sa n·m ˙Ëinnosù podarilo zv˝öiù na viac ako 103

transformantov/µg plazmidovej DNA. œalöie zefektÌvnenie je
moûnÈ dosiahnuù aj identifik·ciou ARS sekvencie C. para-
psilosis.

Pripraven˝ transformaËn˝ systÈm bude moûnÈ vyuûiù na
öt˙dium in vivo expresie mtTBP, prÌpadne in˝ch proteÌnov
interaguj˙cich s mitochondri·lnymi telomÈrami C. parapsi-
losis a sledovania ich fyziologickej ˙lohy pri udrûiavanÌ mito-
chondri·lnych telomÈr. ät˙dium t˝chto procesov a ich regul·-
cie by mohlo prispieù k objasneniu mechanizmu replik·cie li-
ne·rnych mitochondri·lnych genÛmova ich evoluËnÈhopÙvodu.

T·to pr·ca  bola podporen·  grantami VEGA (1/6168/99),
Howard Hughes Medical Institute Grant (75195-547301),
International research grant program of Universidad de Com-
plutense Madrid, Spain a grantom Univerzity KomenskÈho.
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33 éIVOTASCHOPNOSç BUNIEK KVASINIEK
A äTRUKT⁄RA MITOCHONDRI¡LNYCH
MEMBR¡N

YVETTA GBELSK¡, MARGITA OBERNAUEROV¡
a J⁄LIUS äUBÕK

Katedra mikrobiolÛgie a virolÛgie PRIF UK, Mlynsk· dolina
B-2, 842 15 Bratislava, Slovensk· republika

éivotaschopnosù petite-negatÌvnych kvasiniek z·visÌ od
intaktnosti mitochondri·lneho genÛmu, ktor˝ kÛduje niektorÈ
zloûky proteosyntetickÈho systÈmu a oxidaËnej fosforyl·cie
mitochondriÌ. Z petite-negatÌvneho druhu kvasiniek Kluyve-
romyces lactis, sa po mutagenÈze etylmetansulfon·tom izo-

lovalo niekoæko jadrov˝ch mutantov s poruchou v mitochon-
dri·lnych funkci·ch1. Tieto mutanty ner·stli na neskvasiteæ-
n˝ch zdrojoch uhlÌka a energie, mali nÌzku respiraËn˙ aktivitu
a nepreûÌvali mutagenÈzu s etÌdiumbromidom. Komplemen-
t·ciou mutantnÈho fenotypu sa z genÛmovej banky K. lactis
izolovali tri gÈny: gÈn öpecifikuj˙ci apocytochÛm c, apocyto-
chÛm c1 a gÈn kÛduj˙cÌ proteÌn z˙ËastÚuj˙ci sa biogenÈzy
funkËnej cytochromoxid·zy. éivotaschopnosù petite-pozitÌv-
nych kvasiniek Saccharomyces cerevisae sa st·va z·vislou od
intaktnosti mitochondri·lneho genÛmu v prÌpade ak sa mut·-
ciou gÈnu PEL1 (cit.2,3) inaktivuje fosfatidylglycerofosf·tsyn-
tet·za. PouûitÌm f˙znych gÈnov PEL1-GFP a PEL1-lacZ sa
dok·zala lokaliz·cia Pel1p v mitochondri·ch. Expresia gÈnu
PEL1 bola reprimovan· prÌtomnosùou inozitolu a cholÌnu v kul-
tivaËnom mÈdiu. Mutant pel1 s poruchou v syntÈze fosfatidyl-
glycerolu a kardiolipÌnu po mutagenÈze s etÌdiumbromidom
ner·stol na komplexn˝ch mÈdiach s glukÛzou. Na druhej stra-
ne r˝chlosù rastu dvojitÈho mutanta crd1rhoñ bola za rovna-
k˝ch podmienok porovnateæn· s mutantom crd1, ktor˝ v dÙ-
sledku defektu v syntÈze kardiolipÌnu hromadil fosfatidylgly-
cerol. ZÌskanÈ  v˝sledky  dokumentuj˙, ûe petite-negativita
kvasiniek nes˙visÌ s inaktiv·ciou respiraËnÈho reùazca ani so
schopnosùou tvoriù ATP oxidaËnou fosforyl·ciou. Pre zabez-
peËenie öpecifik˝ch funkciÌ mitochondriÌ, ktorÈ s˙ nepostra-
dateænÈ pre norm·lny miotick˝ rast buniek kvasiniek v neprÌ-
tomnosti intaktnÈho mitochondri·lneho genÛmu, prÌtomnosù
negatÌvne nabit˝ch fosfolipidov fosfatidylglycerolu a kardio-
lipÌnu je esenci·lna.

T·to pr·ca bola podporen· grantami VEGA, Mä SR a Howard
Huges Medical Institute, USA.
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34 MNOHON¡SOBN¡ REZISTENCIA U KVASINIEK
SACCHAROMYCESCEREVISIAEM‘éE BYç
VYVOLAN¡ SUBSTIT⁄CIAMI AMINOKYSELÕN
V äPECIFICK›CH DOM…NACH
TRANSKRIP»N…HO AKTIV¡TORA Pdr3p
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GÈn PDR3, identifikovan˝ prostrednÌctvom mut·cie vy-
vol·vaj˙cej u kvasiniek Saccharomyces cerevisiae rezistenciu
proti antibiotiku mucidÌnu a in˝m antifung·lnym l·tkam1,2,
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öpecifikuje transkripËn˝ faktor, ktor˝ pozost·va z 976 amino-
kyselÌn a obsahuje DNA viaûuci motÌv zinkovÈho prstu3. Spo-
lu s produktom homologickÈho gÈnu PDR1 sa podieæa na
regul·cii expresie sieti gÈnov PDR, ktor˝ch hyperexpresia
spÙsobuje rezistenciu kvasiniek proti poËetn˝m ötrukt˙rne
a funkËne odliön˝m cytotoxick˝m l·tkam.

S cieæom prispieù k objasneniu molekul·rnych mechaniz-
mov mnohon·sobnej rezistencie u kvasiniek podrobili sme
gÈn PDR3 mutaËnej anal˝ze. In vitro mutagenÈzou s hydro-
xylamÌnom sme pripravili sÈriu mutantov pdr3, ktorÈ niesli
bodovÈ mut·cie v rÙznych oblastiach gÈnu PDR3. V‰Ëöina
z identifikovan˝ch mut·ciÌ spÙsobila substit˙cie aminokyse-
lÌn, ktorÈ sa mapovali do centr·lnej a C-termin·lnej oblasti
Pdr3p. Vöetky analyzovanÈ mut·cie boli semidominantnÈ a vy-
vol·vali rezistenciu kvasiniek proti cykloheximidu, sulfome-
thuronmetylu, 4-nitrochinolÌn-N-oxidu, flukonazolu, mucidÌ-
nu, chloramfenikolu a oligomycÌnu. V transaktivaËn˝ch expe-
rimentoch mutantnÈ alely pdr3 spÙsobovali hyperexpresiu
reportÈrovÈho gÈnu lacZ, ktorÈho expresia bola pod kontrolou
splynutÈho promÛtora gÈnov PDR3, PDR5 alebo SNQ2. Hy-
perexpresia gÈnov PDR5 a SNQ2, ktorÈ öpecifikuj˙ dve eflux-
nÈ pumpy typu ABC transportÈrov, sa potvrdila aj Western
blot anal˝zou bunkov˝ch extraktov mutantov pdr3 s vyuûitÌm
protil·tok proti Pdr5p a Snq2p. ZÌskanÈ v˝sledky demonötru-
j˙, ûe mnohon·sobn· rezistencia u kvasiniek mÙûe vznikaù
v dÙsledku zv˝öenÈho transkripËnÈho potenci·lu mutaËne zme-
nen˝ch molek˙l transkripËnÈho aktiv·tora Pdr3p. Odpoveda-
j˙ce substit˙cie aminokyselÌn vyvol·vaj˙ce mnohon·sobn˙
rezistenciu boli identifikovanÈ v sekvenËn˝ch motÌvoch evo-
luËne konzervovanej centr·lnej regulaËnej domÈny a v C-ter-
min·lnej aktivaËnej domÈne Pdr3p. Tieto motÌvy hraj˙ prav-
depodobne v˝znamn˙ ˙lohu v kontrole interakciÌ typu DNA-
-proteÌn, resp. proteÌnñproteÌn v priebehu aktiv·cie transkrip-
cie gÈnov transportn˝ch systÈmov cytoplazmatickej membr·-
ny kvasiniek. Ich hyperexpresia v dÙsledku mut·ciÌ pdr3 spÙso-
buje zv˝öen˝ eflux poËetn˝ch metabolick˝ch inhibÌtorov z bun-
ky a navodzuje fenotyp mnohon·sobnej rezistencie, ktor˝
u patogÈnnych kvasiniek neûiad˙co ovplyvÚuje lieËbu mykÛz.

T·to pr·ca bola podporen· grantami VEGA, Mä SR a Howard
Hughes Medical Institute, USA.
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35 EXPRESSION OF THE yodA GENE INDUCED
UNDER CADMIUM STRESS IN ESCHERICHIACOLI

ANDREA PUäK¡ROV¡ and PETER FERIANC

Institute of Microbiology of Slovak Academy of Sciences,
ätef·nikova 3, 814 34 Bratislava, Slovak Republic

Cadmium, a toxic heavy metal with not known biological
activity, has detrimental effects on the growth and metabolism

of microorganisms, plants, and animals. A new 24.8 kDa
protein YodA was found in Escherichia coli during cadmium
stress. It was firstly identified as protein designated F023.3
(Ref.1). Based on its N-terminal amino acid sequence degene-
rated oligonucleotide probe was prepared and by following
hybridization its open reading frame (o216) was identified,
which  was located  at about  44  min  on  the E. coli K-12
chromosome. The YodA has been identified as the product of
o216 in the sequencing of the E. coli genome which predicted
o216 to contain a gene designated ìb1973î (Ref.2). The sequ-
ence of a potential gene encoding a 216-amino acid protein
(YodA, SwissProt accession no. P76344) is identical to that of
previously identified, thus we have adopted the gene name,
yodA. In this report we describe the inductibility of yodA gene
on the chromosome by cadmium. PyodA-lacZ transcriptional
gene fusion was constructed. In addition, we demonstrate the
effect of mutations in soxS, oxyR and fur on the induction of
yodA by cadmium.

Work with a monolysogen operon fusion showed that
yodA gene was expressed at a very low level during log-phase
growth and no induction was observed in stationary phase.
Next we investigated the effect of CdCl2 on the expression of
the PyodA-lacZ fusion. When exponentially growing cells were
challenged with CdCl2 (25 mg.l-1) the level of PyodA-lacZ
expression was increased dramatically (greater than 50 fold).
Many of the oxyR regulon proteins are induced during the
initial hour of exposure to CdCl2 (Ref.1). Thus we examined
also the effect of H2O2 on yodA expression. Addition of H2O2
(2 mmol.l-1) did not increase the level of yodA expression
significantly. However, if the concentration was raised to 10
mmol.l-1 there was a 50-fold increase in the expression of
yodA. We suggested, that cadmium treatment may lead to the
generation of the same oxidative stress-inducting signals as
were elicited by H2O2 and that yodA may be under the control
of oxyR regulon. To examine this question, mutation in the
oxyR regulator was introduced into the PyodA-lacZ fusion stra-
in. However, the induction  of yodA by CdCl2 was oxyR
independent. The result suggests that other regulator must
operate to control the expression of yodA by CdCl2. To inves-
tigate this possibility futher, we determined  the effect of
mutations in soxS and fur, known regulators of several stress
promoters in E. coli, on yodA expression. The soxS and also
fur mutant did not show the elevated level of yodA induction.
Induction was very reduced but not completely. We conclude
that induction of yodA by cadmium was dependent of soxS
and fur, but independent of oxyR.

This work was supported by VEGA Grant No. 2/5099/98.
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36 ANALYSIS OF NUCLEIC ACIDS USING DNA
MICROARRAY TECHNOLOGY
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The DNA microarray technology appears to be one of the
most promising and dynamically evolving approaches fulfil-
ling all requirements of functional genomics and high throug-
hput DNA diagnostics.

The method (which can be seen as a miniaturised version
of classic dot-blot analysis) is based on detection and analysis
of hybridisation events of tested nucleic acids with an array of
single stranded DNA fragments (PCR products, oligonucleo-
tides) immobilised on solid surface. Recent advances in robo-
tics, immobilisation chemistries, sensitivity of DNA labelling,
fluorescence detection systems and bioinformatics 1) make
technique amenable to miniaturisation and automation, so
thousands of various nucleic acid sequences can be analysed
in a single experiment and 2) make technology approachable
by academic research.

We have successfully set up DNA microarray technology
platform consisting  of preparation  and characterisation of
cDNA libraries, preparation of amino-modified DNA probes
(PCR products, oligonucleotides), arraying and immobilisa-
tion of probes at various densities (up to 4900 probes/cm2;
GeneSurfer arrayer, GeneAge Technologies), on poly-N-lysi-
ne or epoxysilane modified microscope slides. The hybridisa-
tion of fluorescently labeled DNAs is monitored using laser
microarray scanner GeneTac IVL (Genomic Solutions).

Current pilot experiments are focused on detection of 19
glucocerebrosidase gene mutations encompassing whole mu-
tational spectrum of Czech Gaucher patients1 and on expres-
sion of 16 ATPase subunits under normal and pathological
states in different tissues and in vitro cellular models (mito-
chondrial disorders).

This work is supported by grants NM/5888-2 IGA MZ»R,
301/99/M023 GA»R, VS96/127 and VZ111100003 MäMT,
88/1999/C GAUK.
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Gaucher disease is the most frequent sphingolipidosis. It
is caused by lysosomal β-glucocerebosidase (GCD) deficien-
cy or rarely by the deficiency of sphingolipid activator protein,
saposin C. More than 120 mutations were described in the
human β-glucocerebrosidase gene in Gaucher patients1. The
majority of GCD deficient Gaucher patients are compound
heterozygotes. In non-Jewish populations rare or private muta-
tions form about 25ñ30 % of mutant alleles2. Therefore, fun-
ctional expression of mutant GCD is necessary to distinguish
neutral mutations from deleterious mutations.

We have used hybrid vaccinia expression system to study
wild-type and mutant GCD. We have expressed novel and rare
mutations found in Czech Gaucher patients3. The individual
mutations were introduced by site-directed mutagenesis into
expression vector pTM1-glu1, which contains human GCD
cDNA under control of T7 promoter4,5. After transfection of
BSC40 cell line infected with WT vaccinia virus, recombinant
vaccinia viruses were selected in 143TK(ñ) cell line in the
presence of bromodeoxyuridine6.

We have constructed five recombinant vaccinia viruses
carrying wild-type and mutant human GCDs. The BSC40 cell
line was co-infected with VTF7-3 vaccinia virus, which ex-
presses T7 RNA polymerase, and with each of the recombinant
viruses. High levels of GCD expression were achieved ñ the
background activity of the cell line used was always less than
4 % of total β-glucosidase activity. Mutant GCDs (1263del60,
1326insT, 72delC, S196P) had significantly reduced β-gluco-
sidase activity ñ 5 % or less of wild-type GCD. The GCD
carrying mutation S196P had repeatedly higher (average 5 %)
activity than GCD carrying null mutations (average of wild-
-type GCD 1 % activity). The amount of immunoreactive
material as expressed in S196P was comparable to wild-type
GCD, while in non-sense mutations the amount of immunore-
active material was severely reduced. Truncated protein was
observed in 1326insT GCD.

Plasmids carrying mutant GCD cDNAs were employed
also for transient expression of GCD. We have expressed
15 different GCDs (WT-glu1, 72delC, 1326insT, 1263del60,
S196P, N370S, L444P, V460V, G202E, D409H, T369M,
V294V, L444P+V460V, D409H+T369M, 1263del55). The
BSC40 or GCD patientís fibroblast cell lines were infected
with VTF7-3 virus. Expression plasmids were introduced into
infected cells by lipofection. The cells were harvested after 24
hours and β-glucosidase activity and the amount of immuno-
reactive GCD was measured7. Background β-glucosidase acti-
vity of BSC40 cell line was 25 % but in GCD patientís
fibroblasts approached to null. In spite of the rather high
background of BSC40 cell line of it was possible to distinguish
polymorphisms anddeleterious mutations inboth cases.We have
thus confirmed that mutations 72delC, 1326insT, 1263del60,
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S196P, G202E, T369M, L444P+V460V, D409H+T369M,
1263del55 have deleterious effect on  catalytic activity of
GCD.

This work was supported by grant GAUK 131/97.
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38 MOLEKUL¡RNÃ BIOLOGICK¡ STUDIE
U »ESK›CH A SLOVENSK›CH PACIENTŸ
S FABRYHO CHOROBOU
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⁄stav dÏdiËn˝ch metabolick˝ch poruch, 1. LÈka¯sk· fakulta
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republika

Fabryho choroba je dÏdiËn·, X-v·zan·, recesivnÌ porucha
katabolismu glykosfingolipid˘ kter· je zp˘sobena deficitem
aktivity lyzosom·lnÌ α-galaktosidasy A tvo¯enÈ 429 amino-

kyselinami (z toho 31 aminokyselin tvo¯Ì sign·lnÌ sekvenci).
α-Galaktosidasa je kÛdov·na genem GLA lokalizovanÈm na
Xq22.1. OnemocnÏnÌ je charakterizovanÈ ukl·d·nÌm neod-
bouran˝ch glykolipidnÌch substr·t˘ enzymu s α-galaktosou
v termin·lnÌ poloze v lyzosomech postiûen˝ch bunÏk1.

V naöem ˙stavu je sledov·n soubor osmn·cti rodin s en-
zymaticky prok·zanou Fabryho chorobou z »eskÈ a Sloven-
skÈ republiky. Tato choroba je nejËastÏjöÌ z lyzosom·lnÌch
enzymopathiÌ. Celkem bylo u n·s diagnostikov·no 34 hemi-
zygot˘ a 49 p¯enaöeËek. Zjiöùovali jsme p¯Ìtomnost mutace
v GLA genu u sedmi proband˘ z tÏchto rodin p¯Ìm˝m se-
kvenov·nÌm RT/PCR produkt˘. V souËasnosti se v dalöÌm stupni
tÈto studie zab˝v·me optimalizacÌ vhodnÈ diagnostickÈ meto-
dy vyöet¯enÌ mutace u dalöÌch Ëlen˘ rodiny probanda.

Nalezli jsme pÏt dosud nepopsan˝ch mutacÌ a dvÏ jiû d¯Ìve
publikovanÈ mutace (tab. I). Ze sedmi nalezen˝ch mutacÌ se
jedn· ve dvou p¯Ìpadech o z·mÏnu kodonu kÛdujÌcÌho amino-
kyselinu za STOP kodon (R301X, L294X). Ve dvou p¯Ìpadech
byla nalezena mutace zp˘sobujÌcÌ z·mÏnu jednÈ aminokyse-
liny za jinou (Q280K, R342Q). DalöÌ dvÏ mutace jsou nukleo-
tidovÈ z·mÏny v donorovÈm mÌstÏ intronu, zp˘sobujÌcÌ alter-
nativnÌ sest¯ih (IVS 1+2 T>C, IVS 5+3 A>G). V poslednÌm
p¯ÌpadÏ jsme nalezli deleci exonu 2 na ˙rovni cDNA (mRNA)
(tab. I). V nÏkter˝ch p¯Ìpadech se jiû poda¯ilo optimalizovat
rychlou metodu urËenÌ genotypu u p¯Ìbuzn˝ch Ëlen˘ rodiny
probanda (nap¯. ARMS, PCR/RFLP).

Identifikace mutacÌ u proband˘ s Fabryho chorobou v jed-
notliv˝ch rodin·ch n·m dovolÌ spolehlivou detekci heterozy-
gotek mezi dalöÌmi Ëleny tÏchto rodin a umoûnÌ zp¯esnÏnÌ
prenat·lnÌ diagnÛzy, kter· je doposud prov·dÏna pouze bio-
chemicky. SpoleËnÏ se souborem jiû publikovan˝ch ˙daj˘
mohou v˝sledky naöÌ studie slouûit k posouzenÌ moûnÈ kore-
lace mezi genotypem a fenotypem a k hluböÌmu pochopenÌ
funkce α-galaktosidasy A a jejÌ regulace na molekul·rnÌ ˙rov-
ni.

Tato pr·ce byla podpo¯ena grantem Ministerstva zdravotnic-
tvÌ »R (IGA MZ »R NE 5770-3-99) a projektem Ministerstva
ökolstvÌ »R (VS 96127).

Tabulka I
Mutace v GLA genu u Ëesk˝ch a slovensk˝ch pacient˘

Pacient Ë. Mutace Exon ◊ Intron Mutace Efekt na kÛdujÌcÌ sekvenci

1 nov· IVS1 g.1375 T>C porucha sest¯ihu hnRNA;
inzerce 14 nukleotid˘ za c. 254
posun ËtecÌho r·mce;
p¯edËasn˝ STOP kodon (124 AK)

2 publ.2 E6 c.961 C>T R301X
3 nov· E6 c.898 C>A Q280K
4 nov· E6 c.941 T>C L294X
5 nov· IVS5 g.10295 A>G porucha sest¯ihu hnRNA;

inzerce 36 bp za c. 861
posun ËtecÌho r·mce;
p¯edËasn˝ STOP kodon (270 AK)

6 publ.3 E7 c. 1085 G>A R342Q
7 nov· ? ? delece exonu 2 z mRNA (cDNA);

posun ËtecÌho r·mce;
p¯edËasn˝ STOP kodon (70 AK)
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39 DETEKCE CIRKULUJÕCÕCH N¡DOROV›CH
BUNÃK U PACIENTŸ S MALIGNÕM
MELANOMEM
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⁄spÏönost terapie solidnÌch n·dor˘ z·visÌ kromÏ chirur-
gickÈho z·kroku na  monitorov·nÌ  diseminace n·dorov˝ch
bunÏk krevnÌ cestou. Techniky detekce cirkulujÌcÌch n·doro-
v˝ch bunÏk jsou zaloûeny na pr˘kazu p¯Ìtomnosti markeru
specifickÈho pro dan˝ typ bunÏk v krvi pacienta. JednÌm z nej-
vÌce sledovan˝ch marker˘ u malignÌho melanomu je enzym
tyrosinasa, exprimovan˝ pouze v melanocytech a buÚk·ch me-
lanomu. Protoûe melanocyty nejsou v krvi p¯Ìtomny, lze pr˘-
kaz tyrosinasovÈ mRNA pouûÌt pro detekci n·dorov˝ch bunÏk
v cirkulaci. VlastnÌ detekce je zaloûena na amplifikaci cÌlo-
v˝ch sekvencÌ polymerasovou ¯etÏzovou reakcÌ. Prov·dÌ se na
cDNA, kter· se zÌsk· reverznÌ transkripcÌ RNA (RT-PCR). Pro
vyhled·nÌ cÌlov˝ch sekvencÌ se obvykle pouûÌvajÌ primÈry
oznaËovanÈ jako HTYR1-4 (cit.1). V˝sledky dosavadnÌch stu-
diÌ se vöak vyznaËujÌ velkou variabilitou, uv·dÏn· Ëetnost
pozitivnÌch n·lez˘ se pohybuje v rozsahu 0ñ100 %, rovnÏû byl
zaznamen·n nezanedbateln˝ poËet faleönÏ pozitivnÌch v˝sled-
k˘ u zdrav˝ch osob2. Ve svÈ studii jsme detekci tyrosinasovÈ
mRNA prov·dÏli: a) s klasick˝mi primÈry, b) s primÈry, kterÈ
byly v 1. stupni amplifikace modifikov·ny, c) pomocÌ komer-
ËnÌho kitu, kter˝ vyuûÌv· k detekci produktu PCR sondu zna-
Ëenou biotinem (Tyrosinase RT-PCR Elisa).

Pro anal˝zu bylo pouûito 5 ml nesr·ûlivÈ krve. Frakce
mononukle·rnÌch bunÏk byla zÌsk·na gradientovou centrifu-
gacÌ krve p¯es vrstvu Histopaque. Celkov· RNA byla izolo-
v·na z tÈto frakce fenol-chloroformovou extrakcÌ v p¯Ìtom-
nosti guanidin-isothiokyan·tu. cDNA byla p¯ipravena reverz-
nÌ transkripcÌ bunÏËnÈ RNA pomocÌ kitu Expand Reverse
Transcriptase. Amplifikace cÌlov˝ch sekvencÌ byla provedena
dvoustupÚovÏ s vnÏjöÌmi a vnit¯nÌmi primery (HTYR 1-4).
Pro amplifikace delöÌch genov˝ch fragment˘ v 1. stupni PCR
byly navrûeny novÈ primÈry (T1 a T2). Velikost produkt˘
amplifikace (207 bp) byla potvrzena elektroforeticky. Integri-
ta RNA byla ovÏ¯ena paralelnÌ RT-PCR s primÈry specifick˝-
mi pro β-aktin. Homologie se sekvencÌ tyrosinasovÈho genu

byla provedena na z·kladÏ ötÏpenÌ restriktasou MvaI. Jako
pozitivnÌ kontrola byla testov·na RNA izolovan· z lidskÈho
melanomu a negativnÌ kontroly byly krevnÌ vzorky zdrav˝ch
osob a pacient˘ s jin˝m n·dorov˝m onemocnÏnÌm. Vzorky
RNA byly z·roveÚ zpracov·ny pomocÌ komerËnÌho kitu, spe-
cifita produkt˘ amplifikace je zde ovÏ¯ov·na hybridizacÌ se
specifickou sondou.

HlavnÌm kritÈriem za¯azenÌ pacient˘ do studie byla li-
ne·rnÌ hloubka invaze n·doru dle Breslowa >1,5 mm. Celkem
bylo vyöet¯eno 51 pacient˘. U 15 pacient˘ (st·dium I a II) bylo
vyöet¯enÌ provedeno tÏsnÏ p¯ed chirurgick˝m z·krokem, v os-
tatnÌch p¯Ìpadech (u 28 pacient˘ ve st·diu II a 2 pacient˘ ve
st·diu III a 6 ve st·diu IV) po urËitÈ dobÏ od operace, p¯ÌpadnÏ
po probÏhlÈ chemoterapii. Naöe v˝sledky jsou v souladu s n·-
lezy nÏkter˝ch autor˘2. S primÈry HTYR 1-4 byla pozitivita
testu v˝raznÏ vyööÌ (12/43 u st·dia I/II, 1/2 u st·dia III a 6/6
u st·dia IV) neû p¯i pouûitÌ nov˝ch primÈr˘ T nebo komer-
ËnÌho kitu (6/43 u st·dia I a II, 1/2 u st·dia III a 4/6 u st·dia
IV).

Tato pr·ce byla podpo¯ena grantem GA UK 76/1999/C a LF1-
-206019-2.
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40 ANAL›ZA TYROSINASOV… mRNA
V PERIFERNÕ KRVI U MINIATURNÕCH PRASAT
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Detekce cirkulujÌcÌch n·dorov˝ch bunÏk m· v˝znam pro
vËasnÈ vyhled·nÌ pacient˘ s rizikem recidivy malignÌho one-
mocnÏnÌ a zah·jenÌ adjuvantnÌ terapie. U melanomu lze n·do-
rovÈ buÚky v cirkulaci prok·zat na z·kladÏ detekce exprese
tyrosinasy, klÌËovÈho enzymu v biosyntÈze melaninu, kter˝ je
specifick˝m markerem melanocyt˘1. Amplifikace vhodnÈ se-
kvence  mRNA specifickÈ  pro tyrosinasu  pomocÌ  reverznÌ
transkripce a polymerasovÈ ¯etÏzovÈ reakce (RT-PCR) je vy-
soce citliv· metoda umoûÚujÌcÌ detekci jedinÈ n·dorovÈ buÚky
v 10 ml krve. TÌmto zp˘sobem jsme prokazovali cirkulujÌcÌ
n·dorovÈ buÚky u laboratornÌch miniaturnÌch prasat kmene
MeLiM (Melanoma bearing LibÏchov Minipigs) s pokroËil˝m
koûnÌm melanomem2. Tento vysoce invazivnÌ heredit·rnÌ me-
lanom m˘ûe b˝t vhodn˝m modelem pro studium diseminace
n·dorov˝ch bunÏk v r˘zn˝ch klinick˝ch st·diÌch onemocnÏnÌ
a pro monitorov·nÌ ˙Ëinku experiment·lnÌ terapie pomocÌ de-
vitalizaËnÌ techniky. Metoda je zaloûena na ischemizaci koû-
nÌho tumoru a byla zkouöena u vÌce neû 40 postiûen˝ch zvÌ¯at,
u nichû navodila v pr˘bÏhu 4ñ6 mÏsÌc˘ destrukci melanomo-
v˝ch bunÏk ve vöech n·dorech a org·nov˝ch metast·z·ch2.

Celkov· RNA byla zÌsk·na z frakce leukocyt˘ izolovanÈ
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z perifernÌ nesr·ûlivÈ krve pomocÌ centrifugace p¯es vrstvu
Histopaque (Sigma); RNA purifikovan· z koûnÌho melanomu
byla pouûita jako pozitivnÌ kontrola. ZpÏtn· transkripce vzor-
k˘ celkovÈ RNA probÌhala v p¯Ìtomnosti n·hodn˝ch hexanu-
kleotid˘. Amplifikace pomocÌ PCR byla prov·dÏna dvou-
stupÚovÏ na cDNA (nested PCR) s primÈry, jejichû sekvence
byly zastoupeny na r˘zn˝ch exonech. Jelikoû praseËÌ tyrosi-
nasov˝ gen nebyl zatÌm charakterizov·n, pouûili jsme pro
amplifikaci primÈry, kterÈ odpovÌdaly genov˝m ˙sek˘m, je-
jichû sekvence jsou shodnÈ u r˘zn˝ch zvÌ¯ecÌch druh˘. Speci-
fita zkouöky  byla analyzov·na se vzorky kontrolnÌ RNA.
ElektroforÈza v agarosovÈm gelu prok·zala s obÏma sadami
primÈr˘ amplifikaci fragment˘ oËek·vanÈ dÈlky. Homologii
amplifikovan˝ch fragment˘ s tyrosinasovou cDNA potvrdilo
restrikËnÌ ötÏpenÌ produkt˘ PCR, kterÈ bylo provedeno po
obou stupnÌch amplifikace. Testov·nÌ vzork˘ r˘znÏ ¯edÏnÈ
kontrolnÌ RNA uk·zalo, ûe senzitivita zkouöky se v˝raznÏ
zvyöuje p¯i dvoustupÚovÈ amplifikaci a je srovnateln· s pu-
blikovan˝mi ˙daji. Amplifikace alikvot˘ vzork˘ cDNA s pri-
mÈry specifick˝mi pro β-aktin prok·zala p¯Ìtomnost cDNA
specifickÈ pro tento protein, coû potvrzuje integritu analyzo-
vanÈ RNA. P¯Ìtomnost tyrosinasovÈ mRNA byla analyzov·na
v 8 vzorcÌch perifernÌ krve zvÌ¯at s pokroËil˝m melanomem
a v 5 kontrolnÌch vzorcÌch. PomocÌ nested RT-PCR se poda-
¯ilo prok·zat tyrosinasovou mRNA u 5 zvÌ¯at s melanomem.
V˝sledky se vzorky krve kontrolnÌch zvÌ¯at byly negativnÌ.
Pr˘kaz transkripce tyrosinasovÈho genu pomocÌ PCR se tedy
jevÌ i u praseËÌho melanomu jako vhodn· zkouöka pro detekci
diseminovan˝ch n·dorov˝ch bunÏk.

Tato pr·ce byla podpo¯ena granty: GA »R 523/98/0229 a LF1-
-206019-2.
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41 MUTA»NÕ ANAL›ZA GENU BRCA 1
VRODIN¡CH s DÃDI»N›M V›SKYTEM
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DÏdiËnÈ faktory jsou p¯ÌËinou vÌce neû 5 % karcinom˘
prsu a ov·riÌ. Anal˝zou odpovÏdn˝ch gen˘, BRCA 1 a BRCA
2, lze odhalit v rizikov˝ch rodin·ch nosiËe mutacÌ, kte¯Ì jsou
vysoce ohroûeni malignÌm onemocnÏnÌm. Dosud bylo po-
ps·no nÏkolik set inaktivujÌcÌch mutacÌ rozpt˝len˝ch podÈl
celÈ kÛdujÌcÌ sekvence tÏchto gen˘.

CÌlem studie byla anal˝za mutacÌ genu BRCA 1 u pacien-
tek praûskÈho regionu z rodin s dÏdiËnou predispozicÌ k n·-
dorovÈmu onemocnÏnÌ. Ze vzork˘ perifernÌ krve byla zÌsk·na
genomov· DNA a z lymfocyt˘ izolovan˝ch gradientovou cen-
trifugacÌ celkov· RNA. cDNA byla zÌsk·na zpÏtnou trans-
kripcÌ bunÏËnÈ RNA. Anal˝za byla prov·dÏna v pÏti p¯ekr˝va-
jÌcÌch se fragmentech zahrnujÌcÌch celou kÛdujÌcÌ sekvenci
genu. Exon 11, kter˝ tvo¯Ì asi 60 % tÈto sekvence, byl rozdÏlen
na t¯i fragmenty,  kterÈ byly amplifikov·ny na  genomovÈ
DNA. ⁄seky genu obsaûenÈ v exonech 2ñ10 a 12ñ24 byly
amplifikov·ny dvoustupÚovÏ na cDNA. K pr˘kazu mutacÌ byl
vyuûit tzv. PTT-test (protein truncation test), kter˝m se na
rozdÌl od ostatnÌch screeningov˝ch technik mutace detekujÌ na
˙rovni proteinu. K p¯esnÈ charakterizaci mutacÌ a k anal˝ze
exon˘ 2ñ5 bylo pouûito cyklickÈ sekvenov·nÌ p¯Ìsluön˝ch
produkt˘ PCR.

Tabulka I
Mutace genu BRCA 1 v rizikov˝ch rodin·ch: rozdÏlenÌ rodin podle poËtu jedinc˘ s karcinomem prsu nebo ov·ria a podle
pr˘mÏrnÈho vÏku diagnÛzy n·dorovÈho onemocnÏnÌ

PoËet p¯Ìpad˘ Pr˘mÏrn˝ vÏk PoËet mutacÌ/ Mutace
karcinomu diagnÛzy celkov˝ poËet n·zev alterace
v rodinÏ (poËet mutacÌ/ rodin

Ca prsu Ca ov·ria poËet rodin)

≤35 36ñ50 ≥51

1 0 0/14 0/1 0/0 0/15 ñ ñ
2 0 0/0 2/14 0/0 2/14 561del3 Del CAG od 561

1129del A Del A 1129ñ1135
≥3 0 0/1 1/6 0/11 1/18 Q1111X C za T na 3450

1 1 0/1 1/8 0/10 1/19 Q563X C za T na 1806
1 2 0/0 0/0 0/2 0/2 ñ ñ

≥2 1 0/0 1/2 0/1 1/3 2530delAG Del AG od 2530
0 1 0/2 0/6 0/0 0/8 ñ ñ
0 2 0/0 1/2 0/0 1/2 Exon5del 254del78
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PTT anal˝za prok·zala u 81 pacientek z rizikov˝ch rodin
Ëty¯i r˘znÈ inaktivujÌcÌ mutace.Tyto mutace zahrnovaly dvÏ
delece vedoucÌ k posunu ËtecÌho r·mce p¯i translaci a dvÏ non-
sens mutace. Vöechny zasahovaly do r˘zn˝ch mÌst jeden·ctÈ-
ho exonu. Sekvenov·nÌ produkt˘ RT-PCR odhalilo ˙plnou ztr·tu
exonu 5, kter˝ tvo¯Ì Ë·st ÑRING fingerì domÈny klÌËovÈ pro fun-
kci proteinu BRCA 1, a novou deleci CAG na poË·tku exonu
8zp˘sobujÌcÌztr·tu glutaminu 148 v proteinu BRCA 1. RodinnÌ
p¯ÌsluönÌci (celkem pÏt p¯Ìm˝ch p¯Ìbuzn˝ch) byli vyöet¯ov·ni
u Ëty¯ nosiË˘ mutacÌ a shodnÈ genovÈ alterace byly prok·z·ny
ve t¯ech rodin·ch (u sestry a 2◊ u dcery). P¯ehled o vyöet¯o-
van˝ch rodin·ch a v˝sledcÌch anal˝zy pod·v· tabulka I.

NÌzk˝ z·chyt mutacÌ v testovanÈ skupinÏ rizikov˝ch rodin
m˘ûe souviset s mÈnÏ p¯Ìsn˝mi kritÈrii pro v˝bÏr pacientek.
KromÏ toho, PTT anal˝zou lze detekovat pouze asi 80 %
mutacÌ, kterÈ vedou ke zkr·cenÌ syntetizovanÈho proteinu.
V naöÌ populaci rovnÏû nebyl studov·n podÌl jednotliv˝ch
gen˘ na dÏdiËnÈ predispozici ke karcinomu prsu a ov·ria.

Tato pr·ce byla podpo¯ena granty GA UK 25/2000/C, LF1-
-206019-2 a z v˝tÏûku BÏhu Terryho Foxe.
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X-ALD patients carry mutations in the ALDP gene, enco-
ding a peroxisomal membrane protein. X-ALD is chara-

cterised by impairment of VLCFAs β-oxidation. In our Insti-
tute, nine Czech and two Slovak unrelated X-ALD families
are followed. We examined the ALDP mutations in probands
from these families by direct sequencing of RT/PCR products.
We developed PCR/RFLP methods for genotyping of family
members of each proband.

We have found eight novel and three previously described
mutations (Table I). In the patient no. 3 we have detected two
novel one-base substitutions in exon 1 (c.38 A>C and c.649
A>G), which cause the change of amino acid (N13T and
K217E). Both point mutations were expressed in vitro to find
out whether they are deleterious mutations or neutral poly-
morphisms. Each of the mutations was introduced separa-
tely into the ALDP expression plasmid. Transfection of plas-
mid carrying K217E mutation into X-ALD fibroblasts was
not able to restore defective β-oxidation. In contrast, the se-
cond nucleotide exchange (N13T) does not inhibit the ALDP
function. Therefore N/T13 represents the first polymorphism
causing an amino acid exchange within the ALD-gene. As
this polymorphism was not observed within 300 X-ALD pa-
tients sequenced so far world wide it seams to be very rare or
unique.

We have found another four polymorphisms in the ALDP
genes of our patients. Two of them are known: c.2246 G>C
(8 bp downstream of the stop codone, patient no. 2, 6, 9),
c.1548 G>A (L516L, patient no. 2, 6) and two, which have not
been yet described: c.-59 C>T in promoter region (patient no.
6) and c.2019 C>T (F673F, patient no. 9). The incidence of
these two polymorphisms at 100 controls (50 males and 50
females) was 7 % and 1 %, respectively.

In three families (no. 1, 4, 9) we have observed de novo
mutations. We have examined 22 family members by PCR/
RFLP method, eight of them were heterozygotes and one was
affected hemizygote.

This work was supported by a grant from Ministry of Health,
Czech Republic (IGA MZ »R NE 5770-3-99) and by the
Austrian Science Foundation, project No. P12073-MED.

Table I
Mutations in ALDP gene in Czech and Slovak patients

Patient no. Mutation Phenotype Exon Mutation (ATG = 1) Effect on coding sequence

1 novel ccALD 1 c.97ñ100 del TACC frameshift from 33rd AA
protein is truncated to 66 AA

2 novel AMN 1 c.296 C>A A99D
3 novel ADO 1 c.649 A>G K217E
4 novel ccALD 1 + IVS1 g.697ñ925 del deletion of 233rd to 300th AA
5 novel AMN 3 c.1092 del C frameshift from 364th AA

protein is truncated to 365 AA
6 novel ccALD 8 c.1823 G>A G608D
7 novel asymptomatic 9 c.1898 G>T S633I
8 novel ccALD 9 c.1979 G>C R660P
9 known AMN 1 c.293 C>T S98L

10 known ccALD 5 c.1415ñ1416 del AG frameshift from 472nd AA
protein is truncated to 554 AA

11 known AMN 6 c.1553 G>A R518Q
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dicine, Ke Karlovu 2, 128 08, Prague, Czech Republic

Niemann-Pick disease (NPD) type A and B are caused by
deficiency of lysosomal acid sphingomyelinase (ASM, E.C.
3.1.4.12) resulting in lysosomal accumulation of sphingo-
myelin. Types A and B NPD have autosomal recessive mode
of inheritance. Type A NPD is a fatal, neurovisceral disorder
of infancy, whereas type B NPD is characterized primarily by
visceral involvement and survival till adulthood. Both disor-
ders have higher ethnic prevalence in the Ashkenazi Jewish
population than in general population. There are 21 known
mutations in the gene for acid sphingomyelinase to date.

Genomic DNA of six (twelve alleles) Dutch NPD type A
or B patients was analyzed in search for mutations in the ASM
gene. Genomic DNA was isolated from cultured leukocytes or
fibroblasts. Exons with neighbouring intronic areas were PCR
amplified, the PCR products were purified and then sequen-
ced. Resultant DNA sequences were searched for mutations.

Five novel mutations in the ASM gene were found, all of
them being single nucleotide substitutions. One mutation was
found in exon two (position 1939) of the ASM gene resulting
in the substitution of histidin by tyrosine (H319Y). One mu-
tation was found in exon three (position 3147) resulting in the
substitution of proline by serine (P371S). Two mutations were
found in exon five (position 3855 and 3891) resulting in the
substitution of phenylalanine by serine (F463S) and in the
substitution of proline by leucine (P475L), respectively. One
mutation was found in exon six (position 4232) resulting in
the substitution of tyrosine by histidine (Y537H). Mutations
Y537H, H319Y, P371S were found in homozygous state. One
patient was heterozygote for mutations F463S and P475L.

According to available clinical data mutations Y537H,
F463S and P475L were associated with phenotype A NPD.
Genotype-phenotype correlation of the mutation H319Ycould
not be done due to lack of relevant clinical data.

Known mutation ∆R608 was found in homozygous state
in two NPD type B patients. This arginine deletion in exon six
in the gene for acid sphingomyelinase was found to be preva-
lent mutation in the north-african region of Maghreb. Accor-
ding to literary sources ∆R608 was always associated with
milder nonneuropathic type of NPD (Ref. 1).

Novel mutations were verified by restriction analysis using
mutation specific restriction endonucleases.
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Geneticky polymorfnÌ biotransformaËnÌ enzymy cytochro-
my P450 (CYP), epoxid hydrolasa (EPHX) a glutathion S-
-transferasy (GST) metabolizujÌ ¯adu xenobiotik (lÈky, karci-
nogeny, l·tky ûivotnÌho prost¯edÌ). PravdÏpodobnÏ vÌce neû
90 % karcinogenezÌ je zap¯ÌËinÏno faktory ûivotnÌho prost¯edÌ
(nap¯. kou¯enÌ, strava nebo expozice v povol·nÌ). Individu·lnÌ
efektivita v detoxifikaci xenobiotik m˘ûe ovlivnit vnÌmavost
ke vzniku rakoviny.

Metodou polymerasovÈ ¯etÏzovÈ reakce a anal˝zou dÈlky
restrikËnÌch fragment˘ (PCR-RFLP) jsme sledovali polymor-
fismus v genu CYP1A1 (3íp¯ilÈhajÌcÌ oblast), CYP2E1 (5í
p¯ilÈhajÌcÌ oblast a intron 6), EPHX (exon 3 a exon 4), GSTM1
(delece), GSTP1 (exon 5) a GSTT1 (delece) ve skupinÏ pa-
cient˘ s lymfomy (76 Hodgkinsk˝ch a 143 ne-Hodgkinsk˝ch
lymfom˘) a v kontrolnÌ skupinÏ (450 jedinc˘). HodgkinskÈ
(MH) a ne-HodgkinskÈ (NHL) lymfomy se od sebe liöÌ bio-
logick˝m a histogenetick˝m p˘vodem i klinick˝m chov·nÌm
onemocnÏnÌ. Vznik lymfom˘ zatÌm nebyl p¯esnÏ objasnÏn.
V ¯adÏ p¯Ìpad˘ byly nalezeny genetickÈ abnormality (trans-
lokace na chromozomech nesoucÌch nÏkterÈ onkogeny). NovÈ
techniky v molekul·rnÌ biologii mohou pomoci k objasnÏnÌ
molekul·rnÌ podstaty tohoto onemocnÏnÌ. CÌlem tÈto studie
bylo zjistit, zda existuje vztah mezi polymorfismem biotran-
sformaËnÌch  enzym˘ a individu·lnÌ vnÌmavostÌ ke vzniku
lymfom˘.

Statistick˝m zpracov·nÌm v˝sledk˘ genotypov·nÌ u sku-
piny pacient˘ a kontrol jsme nalezli v˝znamnÏ odliönÈ frek-
vence genotyp˘ CYP2E1-intron 6 (p = 0,03), d·le EPHX-exon
3 u muû˘ (p = 0,005) a takÈ GSTP1-exon 5 u MH (p = 0,044),
p¯edevöÌm u ûen s MH (p = 0,035). P¯i podrobnÏjöÌ anal˝ze
vlivu genotyp˘ na nÏkterÈ klinicko-patologickÈ charakteristi-
ky (klinickÈ st·dium, stupeÚ a velikost tumoru, prim·rnÏ ex-
tranod·lnÌ lokalizace, v˝sledek lÈËby) jsme zjistili vliv CYP2E1-
-intron 6 a GSTP1-exon 5 na stupeÚ NHL (p = 0,01, resp. p =
0026), d·le vliv EPHX-exon 4 a GSTP1-exon 5 na velikost
tumoru (p = 0,012, resp. p = 0,008). D·le jsme analyzovali
rozdÌly mezi MH a NHL. Statisticky v˝znamnÏ se liöil vÏkov˝
pr˘mÏr pacient˘ (p<0,0001), p¯Ìtomnost celkov˝ch p¯Ìznak˘
(p = 0,018) i v˝sledek terapie (p<0,0001).

Tato pr·ce byla podpo¯ena grantem IGA 1850-5.
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45 BODOV… MUTACE V K-ras GENU
U ADENOMAT”ZNÕCH POLYPŸ
V TLUST…M STÿEVÃ
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STANISLAV REJCHRTb, KAREL DÃDI»c,
JANA KL¡NOV¡d a VLADIMÕR PALI»KAa
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FN Hradec Kr·lovÈ, 500 05 Hradec Kr·lovÈ, dLaborato¯
molekul·rnÌ fyziologie rostlin, P¯F MU, Kotl·¯sk· 2, 611 37
Brno

VöeobecnÏ akceptovanou hypotÈzou vzniku vÏtöiny kolo-
rekt·lnÌch karcinom˘ je tzv. adenom-adenokarcinomov· se-
kvence1. NejrizikovÏjöÌ z hlediska moûnÈ malignizace jsou
mnohoËetnÈ vilÛznÌ a silnÏ dysplastickÈ adenomy o velikosti
nad 2 cm, nejmÈnÏ pak ojedinÏlÈ tubul·rnÌ mÌrnÏ dysplastickÈ
adenomy o velikosti nÏkolika milimetr˘. BodovÈ mutace v ko-
donu 12 K-ras genu (Kirsten ras 2 gen; 12p12.1) mohou b˝t
jednÌm  z  faktor˘, kterÈ inhibicÌ  GTPasovÈ aktivity  kÛdo-
vanÈho p21ras proteinu p¯ispÌvajÌ k nekontrolovanÈ proliferaci
a malignÌ transformaci bunÏk tlustÈho st¯eva. Tyto mutace se
v »eskÈ republice vyskytujÌ asi u 35 % sporadicky vznikl˝ch
kolorekt·lnÌch karcinom˘2. CÌlem pr·ce bylo prok·zat exi-
stenci tÏchto mutacÌ jiû ve st·diu kolorekt·lnÌch adenom˘
a porovnat v˝sledky molekul·rnÏ biologick˝ch anal˝z s jejich
klinicko-patologickou klasifikacÌ.

Vyöet¯en˝ soubor tvo¯ilo 19 bioptick˝ch vzork˘ adenoma-
tÛznÌch st¯evnÌch polyp˘ o velikosti 1ñ3 mm3, kterÈ byly
odebr·ny p¯i kontrolnÌm koloskopickÈm vyöet¯enÌ 10 muû˘
a 9 ûen pr˘mÏrnÈho vÏku 63±9 let. K DNA anal˝ze byla
pouûita metoda seminested PCR/RFLP (cit.3). Po fin·lnÌ re-
strikci MvaI restrikËnÌm enzymem vznikl v p¯ÌpadÏ wild-type
alely fragment dÈlky 106 bp, v p¯ÌpadÏ bodovÈ mutace v ko-
donu 12 z˘stal zachov·n neötÏpen˝ PCR produkt o dÈlce
135 bp. Konfirmace v˝sledk˘ a typizace bodov˝ch mutacÌ
byla provedena sekvenacÌ PCR produktu na kapil·rnÌm sekve-
n·toru  ABI  PRISM 310  Genetic  Analyzer (Perkin Elmer
Applied Biosystems, Foster City, USA).

Mutace v kodonu 12 byly zjiötÏny u 7 z 19 adenom˘
(37 %), coû koresponduje s frekvencÌ v˝skytu tÏchto mutacÌ
v kolorekt·lnÌch karcinomech. V˝sledky svÏdËÌ o tom, ûe
bodovÈ mutace v K-ras genu jsou Ëasnou genetickou zmÏnou
souvisejÌcÌ jiû s benignÌm rozvojem kolorekt·lnÌch tumor˘,
kterÈ doprov·zejÌ klon·lnÌ rozvoj tumoru do st·dia karcinomu.
V naöem souboru byly prok·z·ny dva typy bodov˝ch mutacÌ:
substituce GGT (Gly)→GTT  (Val)  a  GGT→AGT (Ser).
V souladu s adenom-adenokarcinomovou teoriÌ vzniku kolo-
rekt·lnÌho karcinomu byl v˝skyt mutacÌ ËastÏjöÌ u adenom˘
vilÛznÌch, adenom˘ se silnou Ëi st¯ednÌ dysplasiÌ a u adenom˘
vÏtöÌch neû 1 cm. 3 ze 7 (43 %) pacient˘ s vyöet¯enou mutacÌ
v K-ras genu mÏlo v anamnÈze z·znam o p¯edchozÌm odstra-
nÏnÌ adenomatÛznÌho polypu Ëi kolorekt·lnÌho karcinomu.
U 5 z nich se v pr˘bÏhu n·sledujÌcÌch 6 mÏsÌc˘ objevily novÈ
adenomatÛznÌ polypy. Naopak, novÈ polypy byly zjiötÏny
pouze u 2 z 12 osob (17 %, p < 0,02) bez p¯edchozÌho n·lezu
polypu v anamnÈze a prok·zanÈ bodovÈ mutace v K-ras genu.

Aplikace tohoto molekul·rnÏ biologickÈho vyöet¯enÌ by
v klinickÈ praxi mohla nejen doplnit histopatologickou klasi-

fikaci adenomu, ale takÈ up¯esnit odhad pravdÏpodobnosti
vzniku nov˝ch adenomatÛznÌch polyp˘ jako predisponujÌcÌho
faktoru pro rozvoj kolorekt·lnÌho karcinomu.

Sekvenov·nÌ bylo zË·sti podpo¯eno grantem Ë. VS96096
MäMT »R.
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46 POäKODENIE DNA V LYMFOCYTOCH V CHRI
ñ BENEFI»N› ⁄»INOK LOSARTANU
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Chronick· ren·lna insuficiencia (CHRI) je spojen· s reten-
ciou rÙznych uremick˝ch toxÌnov, zv˝öenou aktivitou kyslÌ-
kov˝ch voæn˝ch radik·lov (OFR), znÌûenou antioxidaËnou
kapacitou, znÌûenou aktivitou OFR-inaktivaËn˝ch enz˝mov1

a hromadenÌm produktov pokroËilej glyk·cie (AGEs)2. Do-
ch·dza tieû k zmen·m hladÌn katabolick˝ch cytokÌnov a profi-
brotick˝ch rastov˝ch faktorov, ako je IGF-1, IL-1, IL-6, TNF-
-α, TGF-β, FGF a PDGF, Ëo sa tieû odr·ûa na zv˝öenej ORF-
-aktivite3. Vöetky tieto faktory sa mÙûu podieæaù na poökodenÌ
DNA a t˝m prispievaù k progresii obliËkovÈho ochorenia.

Ren·lna morfolÛgia CHRI je charakterizovan· rozvojom
glomerulosklerÛzy a tubulointerstici·lnej fibrÛzy, ktorÈ s˙ za-
prÌËinenÈ rÙznymi faktormi, vr·tane systÈmovej a glomerul·r-
nej hypertenzie, proteÌn˙rie a stimul·cie renÌn-angiotenzÌn-al-
dosterÛnovÈho systÈmu (RAAS). Blok·da angiotenzÌnov˝ch
(AT1) receptorov mÙûe hraù v˝znamn˙ ˙lohu v obliËk·ch
v CHRI (cit.4,5).

Cieæom naöej öt˙die bolo otestovaù, Ëi je model remnantnej
obliËky vhodn˝ na sledovanie poökodenia DNA v lymfocy-
toch, a ak ·no, ak˝ je vplyv losartanu (antagonistu AT1 recep-
torov) na DNA poökodenie v modeli remnantnej obliËky pot-
kana.

Potkany, samce kmeÚa Wistar (180ñ220 g) sme podrobili
4/6 nefrektÛmii a randomizovali do placebovej skupiny (Nx,
n = 17) a skupiny lieËenej losartanom v d·vke 20 mg.l-1 pitnej
vody (NxL, n = 16). Sham operovanÈ potkany sl˙ûili ako
kotroly (Sham, n = 16). Zvierat· boli p·rovo chovanÈ. ät˙dia
trvala 3 mesiace. Systolick˝ krvn˝ tlak (SBP) sme merali pred
oper·ciou a na konci experimentu. Krv sme odoberali z bruö-
nej aorty v tiopentalovej narkÛze. Stanovovali sme sÈrov˝
kreatinÌn, moËovinu, malondialdehyd (MDA), lipofuscÌn (LF)

Chem. Listy 94, 516 ñ 547 (2000) Sekce 1

544



a hipur·t. Na sledovanie DNA zlomov sme pouûili metÛdu
comet assay6. VyizolovanÈ lymfocyty zakotvenÈ v agarÛzo-
vom gÈle sme zlyzovali a jadr· podrobili alkalickej elektrofo-
rÈze. ÑKomÈtyì sme zafarbili so 4,6 diamino-2-fenylindolom
a vyhodnotili vo fluorescenËnom mikroskope. V˝sledky sme
ötatisticky spracovali v programe Statgraphics (Anova, LSD
test).

Tabuæka I
⁄Ëinok losartanu na SBP a ren·lne funkcie

Sham Nx NxL

SBP [mmHg] 112±2,3 120±5,4a 103,0±16,5a,b

S-kreatinÌn [µmol.l-1] 46±1,9 102±14,2a 88,2±6,2a,b

ProteÌn˙ria [mg.d-1] 10±1 20±2a 20±4a

S-hipur·t [µmol.l-1] 8,1±0,5 15,1±2,7a 16,4±2,1a

MDA [µmol.l-1] 2,2±0,1 5,4±1,0a 6,2±1,3a

LF [a.u.] 7,9±0,2 9,2±1,3 9,4±0,6
DNA zlomy [% DNA] 14,7±1,2 57±2,1a 23,3±3,3a,b

a V˝znamnosù vÙËi Sham, b v˝znamnosù vÙËi Nx, p < 0,05

Pod·vanie losartanu remnantn˝m potkanom v˝znamne
znÌûilo SBP a ren·lne funkcie (tab. I). DNA poökodenie v Nx
skupine bolo veæmi silnÈ, priËom losartan mal v˝razn˝ protek-
tÌvny ˙Ëinok; DNA poökodenie v NxL skupine sa znÌûilo
takmer na ˙roveÚ Sham skupiny (tab. I). Zistili sme v˝znamnÈ
korel·cie medzi DNA zlomami a sÈrov˝m kreatinÌnom (r =
0,882, p<0,001), DNA zlomami a hipur·tom (r = 0,505, p<
0,01) a DNA zlomami a MDA (r = 0,472, p<0,05).

Model remnantnej obliËky potkana je vhodn˝ na sledova-
nie DNA poökodenia v CHRI a lieËba s losartanom ˙Ëinne
zabr·nila poökodeniu DNA v izolovan˝ch lymfocytoch.
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47 OPTIMALIZATION OF EXTRACTION METHOD
FOR DETECTION OF TRANSGENIC DNA IN FOOD
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For more than 10 years, modern methods for preparation
of new commercially available organisms have been used.

These methods are based on molecular genetics techniques,
especially on the transfer of chosen genes to the new organisms
creating new properties. These organisms are called genetical-
ly modified (GMO). Development of modern biotechnologies
allows to obtain such changes, which are usually not occurring
in nature. Application of these modern technologies could help
in the agriculture and in the food processing to solve the
problem of the food-deficiency, which is caused by continual
increasing of population, especially in the countries of the third
world. Although the advantages of genetically modified pro-
ducts are evident, the public acceptance of GMO is in the most
cases negative. For possible control of GMO products in the
future is inevitable to establish new methods for GMO analy-
sis1.

Our work is focused on the detection of transgenic DNA
from GMO by PCR method2. As a model system genetically
modified corn was used. Because PCR is a very sensitive
technique demanding purified DNA samples, the extraction
method is essential step in the whole procedure3. Several types
of extraction methods suitable for an isolation of the genomic
(chromosomal) DNA from plant cells were tested. The Wi-
zardTM (Promega, USA) which is the commercial test was
used. Further genomic DNA was extracted by the alkaline
lysis, ROSE method, CTAB method and by the combination
of CTAB and phenol-chloroform extraction4. The quantity of
extracted DNA was determined by UV-spectrometry at wave-
length 260 nm. A purity of extracted DNA was determined by
absorption measurement at 260 and 280 nm.

The ability of amplification of extracted DNA was proved
by the PCR reaction. Complementary primers to conservative
non-coding sequence of the chloroplast genome5 were used.
The size of amplified products was between 500 and 600 bp.

Extracted DNA will be tested by PCR (Ref.6) on the
presence of putative transgene. The aim of the project is
development of complete protocol of transgenic DNA de-
tection which will include: i) extraction of DNA, ii) PCR,
iii) identification of product.

The work was financed from grant FRVä 771/G1/2000.

LITERATURA

1. SmÏrnice ËÌslo 90/220/EHS o z·mÏrnÈm uvolÚov·nÌ ge-
neticky modifikovan˝ch organism˘ do ûivotnÌho prost¯e-
dÌ, str. 15, 1990.

2. Lin J-J., Kuo J., Saunders J. A., Beard H. S., MacDonaln
M. H., Kenworthy W., Ude G. N., Matthews B. F.: Plant
Mol. Biol. Reporter 14, 156 (1996).

3. Zimmermann A., L¸thy J., Pauli U.: Z. Lebensm. Unters.
Forsch. 207, 81 (1998).

4. Hupfer Ch., Hotyel H., Sachse K., Engel K.: Z. Lebensm.
Unters. Forsch. 205, 442 (1997).

5. Pietsch K., Waiblinger H. U., Brodmann P., Wurz A.:
Dtsche Lebensm.-Rundsch. 93, 35 (1997).

6. H¸bner P., Studer E., H‰fliger D., Stadler M., Wolf Ch.,
Looser M.: Accred. Qual. Assur. 4, 292 (1999).

Chem. Listy 94, 516 ñ 547 (2000) Sekce 1

545



48 PÃSTOV¡NÕ A POLARIZOVAN¡ RAMANOVA
SPEKTROSKOPIE MONOKRYSTALU
FOSFON¡TOV…HO ANALOGA GpC

JANA ZACHOV¡a, KATEÿINA CHMELOV¡a,
PIERRE-YVES TURPINb a JOSEF äTÃP¡NEKa

aFyzik·lnÌ ˙stav Univerzity Karlovy v Praze, Ke Karlovu 5,
121 16 Praha 2, bUniversitÈ P. et M. Curie, L.P.B.C., 4 Place
Jussieu, Case 138, Paris Cedex 05, F-75252, France

Monokrystal 5í-O-(guanosin-2í-O-phosphonomethyl)cy-
tidinu (GpCC) p¯edstavuje zatÌm jedinou zn·mou krystalickou
strukturu nukleotidu s izopol·rnÌ a neizosternÌ modifikacÌ in-
ternukleotidovÈ spojky. Tento typ modifikace, spoËÌvajÌcÌ v in-
zertov·nÌ methylenovÈ skupiny do cukrfosf·tovÈ vazby, se
zd· b˝t perspektivnÌ pro uûitÌ v Ñantisenseì strategii. Virosta-
tick˝ch a kancerostatick˝ch ˙Ëink˘ se dosahuje nav·z·nÌm
syntetickÈho oligonukleotidu na cÌlovou sekvenci v mRNA,
ËÌmû se zabr·nÌ transkripci patogennÌho proteinu. KlÌËovou
podmÌnkou pro ˙ËinnÈ in vivo pouûitÌ syntetick˝ch oligonu-
kleotid˘ je pr·vÏ nalezenÌ vhodnÈ chemickÈ modifikace inter-
nukleotidovÈ spojky, kter· by zaruËila rezistenci v˘Ëi nuklea-
sam a souËasnÏ nenaruöila hybridizaËnÌ vlastnosti nukleotidu.

Monokrystaly GpCC ve tvaru bezbarv˝ch, pentagon·lnÌch
destiËek o rozmÏrech aû 0,4◊0,25◊0,15 mm byly vypÏstov·ny
metodou sedÌcÌ kapky odpa¯ov·nÌm vodnÈho roztoku v p¯Ì-
tomnosti ho¯eËnat˝ch solÌ (GpCC:Mg2+ = 2:1 mol; pH 3,6) ze
z·rodku. Krystalov· struktura1obsahuje Ëtrn·ct molekul vody
a dvÏ symetricky nez·vislÈ molekuly GpCC, liöÌcÌ se konfor-
macÌ internukleotidovÈ spojky (g-gt a tgt) a tÌm i intramo-
lekul·rnÌ vzd·lenostÌ rovin b·zÌ G-C (3,6 Å a 3,3 Å). Kon-
formace nukleosidu vöak je shodn· a odpovÌd· konformaci
u p¯irozenÈho GpC(2í-5í) (cit.2): cytidiny v C2í-endo/anti a gua-
nosiny v C3í-endo/syn konformaci.

VypÏstovanÈ monokrystaly byly vyuûity jako referenËnÌ
vzorky pro interpretaci vibraËnÌch spekter modifikovan˝ch
nukleotid˘ danÈho  typu. Polarizovan·  Ramanova vibraËnÌ
spektra byla mÏ¯ena p¯i geometrii zpÏtnÈho rozptylu na dob¯e
vyvinutÈ ploöe (001). MÏ¯enÌ byla prov·dÏna na CCD spek-
trometru Jobin Yvon T64000 vybavenÈm konfok·lnÌm mikro-

skopem. Laserov˝ svazek (Ar+ laser, linie 488 nm) byl foku-
sov·n na stopu o pr˘mÏru 2 mm na povrchu krystalu. Byla
zÌsk·na spektra odpovÌdajÌcÌ Ëtverc˘m sloûek xx, yy a xy Ra-
manova tensoru. Vysok· anizotropie Ramanova spektra po-
tvrzuje velmi dobrou optickou kvalitu povrchu vzorku v mÌstÏ
mÏ¯enÌ.

ZÌskan· spektra umoûÚujÌ zjistit korelaci mezi konformacÌ
a vibraËnÌmi mÛdy internukleotidovÈ spojky (skupina p·s˘
v oblasti 870 cm-1). D·le bylo moûnÈ zjiöùovat vliv rozdÌlnÈ
konformace spojky na vibraËnÌ mÛdy cukr˘ a b·zÌ. ZatÌmco
u cukr˘ z¯ejmÏ doch·zÌ k posun˘m frekvencÌ sp¯aûen˝ch vib-
racÌ (p·sy v oblasti 1020ñ1180 cm-1), vibrace lokalizovanÈ na
vzd·lenÏjöÌch b·zÌch nevykazujÌ mÏ¯itelnÈ rozdÌly.

Auto¯i dÏkujÌ Ing. Ivanu Rosenbergovi, CSc. a RNDr. ZdeÚko-
vi ToËÌkovi, CSc. za poskytnutÌ suroviny GpCC, kter· byla
syntetizov·na publikovan˝m postupem3.
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49 EVOLU»NÕ V›PO»ETNÕ TECHNIKY
A JEJICH APLIKACE
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Gerstnerova Laborato¯, »VUT FEL, Technick· 2, 166 27
Praha 6

EvoluËnÌ v˝poËetnÌ techniky p¯edstavujÌ t¯Ìdu optimali-
zaËnÌch metod, jejichû Ëinnost je zaloûena na principu vy-
ölechtÏnÌ kvalitnÌho ¯eöenÌ v procesu simulovanÈ evoluce.
P˘vodnÌ myölenka inspirovat se p¯Ìrodou a vyuûÌt mechanis-
my p¯irozenÈ selekce a genetickÈ rekombinace v umÏl˝ch
systÈmech se objevila jiû na poË·tku 60-t˝ch let. Za jednoho
z prvnÌch pr˘kopnÌk˘ v oblasti evoluËnÌch v˝poËetnÌch tech-
nik je povaûov·n Lawrence Fogel, kter˝ v roce 1960 p¯i-
öel s metodou zvanou evoluËnÌ programov·nÌ (EP). Byla to
v podstatÏ iterativnÌ v˝hradnÏ mutaËnÌ procedura, kter· byla
pouûita pro v˝voj koneËn˝ch stavov˝ch automat˘. O Ëty¯i ro-
ky pozdÏji a zcela nez·visle na Fogelovi, Rechenberg, Schwe-
fel a Bienert z BerlÌnskÈ univerzity Ñvynalezliì evoluËnÌ stra-
tegie (ES), kterÈ pouûÌvali pro optimalizaci n·vrhu p¯evodo-
vek. P¯i hled·nÌ  optim·lnÌho  n·vrhu  ES vych·zeli z celÈ
populace existujÌcÌch ¯eöenÌ, coû je podstatn˝m rysem dneö-
nÌch evoluËnÌch technik. KromÏ mutace, tj. modifikace para-
metr˘ jednoho ¯eöenÌ, bylo v ES pouûito i n·hodnÈ kombino-
v·nÌ vlastnostÌ dvojice st·vajÌcÌch ¯eöenÌ. Pr·vÏ rekombinace
neboli k¯ÌûenÌ je dalöÌ klÌËovou operacÌ evoluËnÌch technik.

Velk˝ rozmach evoluËnÌch v˝poËt˘ p¯iöel aû s genetick˝-
mi algoritmy (GA). Za jejich otce je povaûov·n americk˝
biolog John Holland, jenû se snaûil pomocÌ modelov·nÌ evo-
luËnÌch proces˘ algoritmickou cestou o vysvÏtlenÌ diverzity
druh˘ v p¯ÌrodÏ1. Mezi z·kladnÌ operace algoritmu pat¯Ì selek-
ce, k¯ÌûenÌ jedinc˘ a mutace. GA pracujÌ s populacemi jedinc˘,
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kterÈ se vyvÌjejÌ v diskrÈtnÌch krocÌch tzv. generacÌch. Jedin-
cem se zde rozumÌ jistÈ potenci·lnÌ ¯eöenÌ danÈ ˙lohy, kterÈ je
reprezentov·no kÛdem, zpravidla ve formÏ ¯etÏzce fixnÌ dÈlky
tvo¯enÈho symboly z nÏjakÈ abecedy. Tento ¯etÏzec, v GA
naz˝van˝ chromozom, lze pak povaûovat za jakousi genetic-
kou informaci genotyp o kandid·tovi ¯eöenÌ problÈmu. Vlast-
nosti samotnÈho ¯eöenÌ jsou pak vlastnÏ fenotypem, kter˝
danÈmu genotypu odpovÌd·. KÛdov·nÌ musÌ b˝t voleno tak,
aby ke kaûdÈmu genotypu bylo moûno urËit fenotyp, tedy
kandid·ta ¯eöenÌ problÈmu, s n·slednou moûnostÌ stanovit jeho
kvalitu tzv. fitness. To je jedin· informace o ¯eöenÈm problÈ-
mu, kterou GA pot¯ebujÌ zn·t pro efektivnÌ vyöet¯enÌ prohle-
d·vanÈho prostoru. NevyûadujÌ û·dnou dalöÌ apriornÌ znalost,
jako nap¯. derivace fitness funkce apod. Jin˝mi slovy, pro GA
je postaËujÌcÌ, ûe dok·ûou rozliöit mezi horöÌm a lepöÌm ¯eöe-
nÌm pop¯. vyuûÌvajÌ relativnÌ rozdÌly mezi nimi. P¯itom na
povaze fitness funkce nez·leûÌ. M˘ûe b˝t spojit· i diskrÈtnÌ,
m˘ûe obsahovat öumovou sloûku, ohodnocenÌ m˘ûe zahrnovat
vÌce kritÈriÌ apod.

GA jsou algoritmicky velice jednoduchÈ. Na poË·tku se
zpravidla n·hodnÏ vygeneruje populace vhodnÏ zvolenÈho
poËtu chromozom˘. Kaûd˝ chromozom je transformov·n na
odpovÌdajÌcÌ fenotyp, kter˝ urËuje jeho fitness. Z·roveÚ se
vyhodnotÌ celkov· a pr˘mÏrn· fitness p¯es celou populaci.
TÏlo GA je tvo¯eno hlavnÌm cyklem, v nÏmû doch·zÌ k v˝voji
populace. Nejprve se naplnÌ tzv. mezipopulace chromozomy,
kterÈ budou pouûity p¯i vytv·¯enÌ novÈ populace. K tomu
slouûÌ oper·tor selekce, kter˝ simuluje p¯irozen˝ v˝bÏr ûivo-
taschopn˝ch jedinc˘. MÏlo by platit to, ûe chromozomy repre-
zentujÌcÌ kvalitnÌ ¯eöenÌ budou mÌt ËetnÏjöÌ zastoupenÌ v me-
zipopulaci a tÌm i jejich genetick˝ materi·l bude ËastÏji pouûit
p¯i formov·nÌ novÈ populace a naopak. Z chromozom˘ danÈ
mezipopulace jsou potom pomocÌ k¯ÌûenÌ a mutace vygene-
rov·ny novÈ chromozomy, ze kter˝ch se vytvo¯Ì nov· popu-
lace. Z tÈ se znovu odstartuje proces vytv·¯enÌ n·slednÈ popu-
lace atd. D˘leûitou vlastnostÌ GA je to, ûe genetick· informace
uloûen· v celÈ populaci je zpracov·v·na paralelnÏ a ne oddÏ-
lenÏ chromozom po chromozomu. To je ËinÌ v˝raznÏ robus-
tnÏjöÌmi a odolnÏjöÌmi v˘Ëi uv·znutÌ v lok·lnÌm extrÈmu. Po
jistÈm poËtu generacÌ potom populace zkonverguje k ˙zkÈ
oblasti prohled·vanÈho prostoru, ve kterÈ uû se m˘ûe nach·zet
¯eöenÌ poûadovanÈ kvality. V˝poËet probÌh· dokud nenÌ spl-
nÏna ukonËovacÌ  podmÌnka.  Ta m˘ûe b˝t zad·na poËtem
generacÌ, poËtem aplikacÌ oper·toru k¯ÌûenÌ apod. NejlepöÌ
¯eöenÌ, kterÈ se vyskytlo bÏhem celÈho v˝poËtu p¯edstavuje
nalezenÈ ¯eöenÌ. V˝stupem GA ale nemusÌ b˝t pouze jedinÈ
¯eöenÌ. V˝hodou GA je, ûe vÏtöinou je v poslednÌ populaci
dokonce nÏkolik r˘zn˝ch, ale stejnÏ kvalitnÌch ¯eöenÌ, ze kte-
r˝ch si uûivatel m˘ûe vybrat. P¯ipomeÚme, ûe GA pouûÌvajÌ
pravdÏpodobnostnÌ p¯echodov· pravidla. PravdÏpodobnostnÌ

sloûka, kter· je obsaûena v kaûdÈm oper·toru a strategii opÏt
v˝raznÏ sniûuje pravdÏpodobnost uv·znutÌ v nÏkterÈm lok·l-
nÌm optimu.

GA p¯edstavujÌ skuteËnÏ univerz·lnÌ optimalizaËnÌ tech-
niky. Jsou pouûÌv·ny v mnoha oblastech jako ¯ÌzenÌ, designu,
rozvrhov·nÌ, zpracov·nÌ obrazu, robotice, marketingu, medi-
cÌnÏ a mnoha dalöÌch.

V minulÈm obdobÌ vzniklo na naöem oddÏlenÌ nÏkolik
pracÌ, kterÈ byly zamÏ¯eny na ovÏ¯enÌ pouûitelnosti GA pro
¯eöenÌ konkrÈtnÌch ˙loh rozvrhov·nÌ, problÈmu obchodnÌho
cestujÌcÌho, problÈmu optim·lnÌho pokrytÌ, hled·nÌ z·vislostÌ
v datech apod. GA byly takÈ pouûity v systÈmu pro predikci
v˝sledk˘ srdeËnÌch operacÌ. SystÈm funguje na principu me-
tody p¯ÌpadovÈho usuzov·nÌ. Kaûd˝ pacient je pops·n n atri-
buty. Pro odhadnutÌ v˝sledku operace se v datab·zi zn·m˝ch
p¯Ìpad˘ vyhled· v jistÈm smyslu nejbliûöÌ neboli nejpodobnÏj-
öÌ. Metrika podle nÌû se stanovuje podobnost mezi p¯Ìpady
pouûÌv· r˘znÈ v·hy u jednotliv˝ch atribut˘. Pro ˙Ëely predikce
je nutnÈ stanovit d˘leûitost jednotliv˝ch atribut˘, kterÈ nejlÈpe
postihujÌ mnoûinu zn·m˝ch p¯Ìpad˘. Jedn· se tedy o nalezenÌ
optim·lnÌho vektoru vah v n-rozmÏrnÈm prostoru. SystÈm ¯eöÌ
tuto ˙lohu automatickÈho ladÏnÌ vah atribut˘ pomocÌ gene-
tickÈho algoritmu.

Aktu·lnÏ byly takÈ navrûeny a odzkouöeny novÈ oper·tory
k¯ÌûenÌ tzv. Ë·steËnÏ inverznÌ k¯ÌûenÌ (PRX Partially Rando-
mised X-over), kterÈ jsou urËeny pro GA pouûÌvajÌcÌ bin·rnÌ
reprezentaci2. DosaûenÈ v˝sledky uk·zaly zejmÈna na schop-
nosti PRX oper·tor˘ v˝raznÏ zkvalitnit a zefektivnit konver-
genci GA.

EvoluËnÌ v˝poËetnÌ techniky a zvl·ötÏ genetickÈ algoritmy
p¯edstavujÌ zajÌmavou alternativu pro ¯eöenÌ optimalizaËnÌch
˙loh. Vedle popsan˝ch v˝hod vöak vykazujÌ i nÏkterÈ nep¯Ì-
znivÈ jevy. Mezi hlavnÌ pat¯Ì problÈmy spojenÈ s konvergencÌ
k optim·lnÌmu ¯eöenÌ, s omezenÌmi kladen˝mi na hledanÈ
¯eöenÌ, s optim·lnÌ konfiguracÌ algoritm˘ apod. Je z¯ejmÈ, ûe
po poË·teËnÌm bou¯livÈm a ˙spÏönÈm rozvoji doch·zejÌ GA
v souËasnÈ dobÏ do stavu, kdy uû nestaËÌ pouze ladit paramet-
ry klasickÈho tzv. jednoduchÈho genetickÈho algoritmu, ale je
t¯eba hledat novou inspiraci v p¯ÌrodnÌch systÈmech.

Tato pr·ce vznikla za podpory projektu ministerstva ökolstvÌ
MSM 212300014.
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01 ANALYTICK… A PREPARATIVNÕ SEPARACE
A CHARAKTERIZACE PEPTIDŸ A BÕLKOVIN
KAPIL¡RNÕMI A PRŸTOKOV›MI
ELEKTROMIGRA»NÕMI METODAMI

V¡CLAV KAäI»KA, ZDENÃK PRUSÕK,
PETRA S¡ZELOV¡, JAN JEéEK, JIÿÕ JIR¡»EK,
JAN HLAV¡»EK, JIÿÕ VELEK a TOMISLAV BARTH

⁄stav organickÈ chemie a biochemie AV »R, Flemingovo n. 2,
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Vysoko˙ËinnÈ kapil·rnÌ elektromigraËnÌ metody, zÛnov·
elektroforÈza, izotachoforÈza a elektrokinetick· chromatogra-
fie, byly vyuûity pro kvalitativnÌ a kvantitativnÌ nano-piko-
anal˝zu a charakterizaci biologicky aktivnÌch peptid˘ a bÌlko-
vin1-3.

Elektroforetick· homogenita ionogennÌch peptid˘ a bÌl-
kovin, nap¯. inzulinu, des-oktapeptid inzulinu, B23-B30-ok-
tapeptidu inzulinu a jejich deriv·t˘ a fragment˘, dalargin˘,
deriv·t˘ oxytocinu a vasopressinu, hmyzÌho oostatickÈho hor-
monu a pentadekapeptidovÈho fragmentu proteinu G byla te-
stov·na kapil·rnÌ zÛnovou elektroforÈzou (CZE). Peptidy byly
analyzov·ny jako kationty v kysel˝ch elektrolytov˝ch sys-
tÈmech (0,1 mol.l-1 kyselina fosforeËn·, 0,05 mol.l-1 tris, pH
2,1; 0,5 mol.l-1 kyselina octov·, pH 2,5) nebo jako anionty ve
slabÏ alkalickÈm z·kladnÌm elektrolytu (0,04 mol.l-1 tris, 0,04
mol.l-1 tricine, pH 8,1).

»istota neinogennÌch peptid˘, tj. peptid˘ se zablokovan˝-
mi resp. derivatizovan˝mi ionogennÌmi skupinami, nap¯. Car-
betocinu (des-amino deriv·tu oxytocinu s amidovou skupinou
na C-konci) a peptidov˝ch a glykopeptidov˝ch dendrimer˘
s acetylovan˝mi aminoskupinami a amidovan˝mi karboxy-
skupinami byla testov·na kapil·rnÌ elektrokinetickou chroma-
tografiÌ (CEKC) s micel·rnÌ pseudof·zÌ anionickÈho surfak-
tantu, dodecylsulf·tu sodnÈho (SDS), 0,05 mol.l-1 SDS v tris-
-fosf·tovÈm pufru (0,02 mol.l-1 tris, 0,005 mol.l-1 kyselina
fosforeËn·, pH 8,7).

StupeÚ Ëistoty syntetick˝ch Ëi z p¯irozenÈho materi·lu
izolovan˝ch peptid˘ a bÌlkovin, jejichû standard nebyl k dispo-
zici, byl stanoven jako relativnÌ v˝öka resp. plocha jejich pÌku.

CZE a CEKC anal˝zy byly provedeny v kapil·rnÌm elek-
troforetickÈm analyz·toru vlastnÌ konstrukce vybavenÈm UV
fotometrick˝m detektorem s pevnou vlnovou dÈlkou 206 nm.
SeparaËnÌm prostorem je k¯emenn· kapil·ra s vnit¯nÌm pr˘-
mÏrem 0,05 mm, vnÏjöÌm pr˘mÏrem 0,2 mm, celkovou dÈlkou
315 mm a efektivnÌ dÈlkou (od poË·tku kapil·ry k detektoru)
200 mm. Peptidy byly rozpuötÏny v z·kladnÌch elektrolytech
nebo ve vodÏ v koncentraËnÌm rozsahu 0,3ñ0,8 mg.ml-1. Fem-
tomolov·-pikomolov· mnoûstvÌ peptid˘ byla analyzov·na v na-
nolitrov˝ch objemech vzork˘ zaveden˝ch do kapil·ry hydro-
statick˝m tlakem vytvo¯en˝m rozdÌlem v˝öek hladin roztoku
vzorku a elektrodovÈho roztoku (v˝ökov˝ rozdÌl 50 mm byl
aplikov·n po dobu 10ñ25 s). Separace byly prov·dÏny p¯i
laboratornÌ teplotÏ, intenzita elektrickÈho pole v kapil·¯e se
pohybovala v rozmezÌ 200ñ400 V.cm-1.

Obsah nÌzkomoleku·rnÌch ionogennÌch p¯ÌmÏsÌ v peptido-
v˝ch prepar·tech, nap¯. acet·t˘, trifluoroacet·t˘ a fluorid˘
v·zan˝ch jako protiionty bazick˝ch peptid˘ byl urËov·n ka-
pil·rnÌ izotachoforÈzou (CITP), metodou kalibraËnÌ k¯ivky.

Takto bylo moûno stanovit subnanomolov· mnoûstvÌ iont˘
v mikrolitrov˝ch objemech vzorku.

Na z·kladÏ korelace mezi kapil·rnÌ a kontinu·lnÌ pr˘toko-
vou zÛnovou elektroforÈzou byly analytickÈ CZE separace
p¯evedeny na preparativnÌ proces realizovan˝ kontinu·lnÌ pr˘-
tokovou zÛnovou elektroforÈzou (FFZE). Z ˙daj˘ zÌskan˝ch
CZE (migraËnÌ Ëasy ionogennÌch a elektroneutr·lnÌch analy-
t˘) byly spoËteny elektroforetickÈ a elektroosmotickÈ rychlos-
ti v kapil·¯e a v pr˘tokovÈ komo¯e a podle nich pak byly
stanoveny d˘leûitÈ parametry FFZE, celkovÈ napÏtÌ na pr˘to-
kovÈ komo¯e a pr˘tokov· doba nosnÈho elektrolytu. Pro pre-
parativnÌ separaci bylo vyuûito i optimalizovanÈ sloûenÌ z·-
kladnÌho elektrolytu vyvinutÈ v CZE.

FFZE byla vyuûita pro purifikaci nÏkter˝ch z v˝öe uve-
den˝ch peptid˘ (dalargin˘, oktapeptid˘ inzulinu) s preparativ-
nÌ kapacitou 40ñ60 mg peptidu za hodinu. V˝hodou FFZE je,
ûe pracuje v kontinu·lnÌm reûimu, separace probÌh· v bez-
nosiËovÈm prost¯edÌ za mÌrn˝ch podmÌnek, ve kter˝ch se
zachov·v· biologick· aktivita peptid˘ a ztr·ty materi·lu jsou
minimalizov·ny.

FFZE byla provedena v za¯ÌzenÌ vlastnÌ konstrukce s pr˘-
tokovou komorou o rozmÏrech 500◊500◊0,5 mm. Separace
nejËastÏji probÌhala v prost¯edÌ 0,5 mol.l-1 kyseliny octovÈ.
Peptidy tak byly zÌsk·ny s acet·tov˝m protiiontem, tj. ve
formÏ p¯Ìmo pouûitelnÈ pro biologickÈ testy. Vysok˝ stupeÚ
Ëistoty peptid˘ p¯ipraven˝ch FFZE byl potvrzen jejich CZE
a HPLC anal˝zou.

Pr·ce byla podpo¯ena grantem Ë. 203/96/K128 GA »R.
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02 IODINATED DERIVATIVES OF L-TYROSINE
IMMOBILLIZED TO DIVINYL SULFONE
ACTIVATED SEPHAROSE: AFFINITY
CARRIER FOR THE SEPARATION OF PEPSIN
ISOFORMS
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The estimation of the pattern of isoforms of aspartate
proteases and their zymogens is important from the diagnostic
point of view. Changes in the mutual ratios of individual
isoforms are characteristic markers for some gastric disea-
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ses1,2. Methods based on biospecific interactions seem to be
the most suitable ones for the separation of the enzyme and its
zymogen isoforms. There exists only a limited number of
described ligands used for the affinity chromatography of
pepsin and its zymogen: (peptide inhibitors, poly-L-lysine,
antibodies)3. N-Acetyl-L-phenylalanyl-L-tyrosine is used as
a substrate for the determination of the activity of aspartate
proteases. A substitution of L-tyrosine for 3,5-diiodo-L-tyrosi-
ne results in a significant increase of the pepsin affinity to this
substrate, while the affinity of other aspartate proteinases is
not changed.

This phenomenon has been used for the preparation of
a specific affinity carrier for the pepsin separation and the
possible separation of isoforms of pepsin and its zymogen.
Divinyl sulfone activated Sepharose 4B (Ref.4) was used for
coupling: 3,5-diiodo-L-tyrosine, L-tyrosine, BOC-3, 5-diiodo-
-L-tyrosine, BOC-L-tyrosine, glycine.

Affinity gel containing coupled L-tyrosine and glycine, as
a control experiment, were further iodinated by standard chlor-
amine method. The prepared affinity gels were analyzed by
the measurement of UV absorption spectra (absorption maxi-
ma in the region from 280 to 290 nm) and by the determination
of iodine content. The measurement of NMR spectra of the
product of the reaction of divinyl sulfone with 3,5-diiodo-L-
-tyrosine was used to prove that 3,5-diiodo-L-tyrosine is bound
to divinyl sulfone by nitrogen atom. Affinity of porcine pepsin
to the immobilized ligands was used to compare the properties
of prepared affinity carriers.

Results of affinity chromatography of porcine pepsin on
the prepared affinity carriers:
a) Pepsin was adsorbed to 3,5-diiodo-L-tyrosine due to the
presence of iodine substitution, only 10 percentage of pepsin
was bound to L-tyrosine coupled to Sepharose by the same
way.
b) NMR spectra and experiments with coupling BOC deriva-
tives of L-tyrosine of 3,5-diiodo-L-tyrosine with blocked ami-
no group showed that L-tyrosine and its derivatives are linked
to activated Sepharose via amino group.
c) Pepsin was separated by affinity chromatography on iodi-
nated L-tyrosine-Sepharose into two active fractions. Results
are different from those obtained with 3,5-diiodo-L-tyrosine-
-Sepharose. This fact suggests that the resulting derivative of
iodination of L-tyrosine residue is not homogeneous 3,5-diio-
do-L-tyrosine.
d) Pepsin is not adsorbed to iodinated glycine-Sepharose
indicating the iodination of inert matrix is not the cause of
different behavior of pepsin on affinity gels.

The Grant Agency of the Czech Republic, grant No. 303/98/
1121, supported this work.
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03 MONITORING OF THEEcoKI AND EcoR124I
TYPE I RESTRICTION ñ MODIFICATION
SYSTEMS BY NON-EQUILIBRIUM pH
GRADIENT TWO-DIMENSIONAL GEL
ELECTROPHORESIS
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Classical restriction and modification (R-M) systems pro-
vide the host bacteria with immunity to infection by foreign
DNA and protect cellular DNA from restriction by methyla-
tion of adenosyl and cytosyl residues within the sequence
recognised by the restriction enzymes. These enzymes are
divided into three groups; type I, II and III. The type I R-M
systems are the most complex so far discovered and analyses
of the genetic determinant of these systems in natural isolates
of E. coli revealed unusual allelic diversity1.

Type I R-M systems are classified into four distinct fami-
lies; IA, IB, IC and ID. Most of them are encoded by chromo-
somally located genes, like EcoKI (IA) system. R-M system
EcoR124I (IC) is a representative of a plasmid-born enzymes.
These enzymes are coded by three genes; hsdR, hsdM and
hsdS. All three genes are required for production of the restric-
tion endonuclease; hsdR is absolutely required for restriction
and is transcribed from its own promoter (PRES); while hsdM
and hsdS are transcribed from a separate promotor (PMOD) and
together are required for modification2,3.

High resolution two-dimensional polyacrylamide gel elec-
trophoresis (2D-PAGE), which was introduced by OíFarrell4

in 1975 allows to separate up to thousands of proteins accor-
ding to charge (pI) in the first dimension and size (molecular
weight) in the second dimension. This technique has a unique
capacity for the resolution of complex mixtures of proteins,
permitting simultaneous analysis of thousands of gene pro-
ducts, in their interactive expression levels regulated by certain
cellular physiological situations. The only disadvantage of
equilibrium isoelectric focusing (IEF) lies in the pH gradient
instability in the basic region, which causes the common
problem called cathodic drift, in case the running time is
prolonged. In addition, basic proteins poorly enter the first
dimensional gel even if more basic ampholites are used. This
problem was overcome by non-equilibrium pH gradient sys-
tem (NEPHGE) developed by OíFarrell5.

We have developed series of protocols which were optimi-
zed for detection of all three subunits of EcoKI and EcoR124I
on one 2-D gel with cell crude extract.

First of all we found that the way of sample preparation is
crucial for succesful analysis of these proteins. Samples were
treated with benzonase in presence of Mg2+ ions. This treat-
ment released the proteins from possible attachment to nucleic
acids and helped to give a low background in silver staining.

We had to solve the problem of good separation of low pI
proteins (HsdM and HsdR) and highly basic HsdS (pI = 9.6)
and at the same time keeping all the proteins in one gel. Our
preliminary attempts to broaden the pH range of the classical
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IEF system in order to meet the terms described above have
failed. The HsdR and HsdM subunits could be caught into the
range but we have never been able to get the HsdS subunit that
has the highest pI on the same gel. To solve this problem, we
have developed a very effective procedure involving NEPHGE
with Biorad Mini-protean II.

The running time and voltage were optimized for the first
dimension to obtain well shaped protein spots which facilitate
subsequent computer aided analysis. Because of the high
molecular weight of the subunits, we reduced the concentrati-
on of acrylamide down to 8 % in the second dimension. The
low concentration used enables the high molecular mass pro-
teins to enter the second dimension gel as well as removes the
low molecular weight proteins that cause increased back-
ground in computer aided analysis.

For highly sensitive silver stain detection of proteins, we
used Rabilloudís method, utilizing a glutaraldehyde fixation,
which can detect as low as two nanograms of protein6.

The combination of all the conditions described above
gives us the unique chance to visualize EcoKI and EcoR124I
systems in their complexity. The  primary results confirm
that we can easily detect all of the three subunits of both EcoKI
and EcoR124I systems as distinct spots on NEPHGE 2D-
-PAGE. It will allow us to follow the in vivo concentration
of the three subunits in defined physiological situations in-
dividually and in relation to other proteins. This technique,
in concert with computer aided analysis of gel images, follo-
wed by testing of the restriction-modification activity, pro-
mises to reveal more information about nowadays discus-
sed role of subunit concentration in the regulation of fun-
ction of Escherichia coli type I restriction-modification sys-
tems.

The work was supported in part by grants from the Grant
Agency of the Czech Republic Nos. 204/98/0443 and 301/00/
1369.
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04 OPTIMALIZ¡CIA PURIFIK¡CIE BAKTERIOCÕNU
PRODUKOVAN…HO KME“OM ENTEROCOCCUS
FAECIUMAL41
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BakteriocÌny mÙûeme vo vöeobecnosti charakterizovaù ako
heterogÈnnu skupinu proteÌnov s rÙznou molekulovou hmot-
nosùou a biochemick˝mi vlastnosùami. Tieto bakteri·lne pro-
teÌny mÙûu maù bakteriostatick˝ alebo bakteriocÌdny ˙Ëinok
na baktÈrie rovnakÈho druhu ale aj na baktÈrie odliönÈho druhu
a pÙvodu1,2. Enterokoky tvoria na jednej strane Ëasù norm·lnej
flÛry gastrointestin·lneho traktu a feces tak u æudÌ ako aj u zvie-
rat, no na druhej strane mÙûu spÙsobovaù rÙzne nozokomi·lne
infekcie. MnohÈ kmene enterokokov s˙ zn·me ako producenti
bakteriocÌnov ako bolo popÌsanÈ v posledn˝ch rokoch3.

Environment·lny kmeÚ Enterococcus faecium AL41 bol
vybran˝ na z·klade öirokÈho spektra ˙Ëinku ako aj vysokej
aktivity produkovanÈho bakteriocÌnu (10 000 AU.ml-1). Ako
indik·tory sme pouûili 4 bakteri·lne kmene (z 19 testova-
n˝ch indik·torov˝ch kmeÚov), ktorÈ sme pouûÌvali na kon-
trolu aktivity produkovan˝ch bakteriocÌnov poËas vöetk˝ch
purifikaËn˝ch experimentov. Z·kladom pre dobr˙ izol·ciu
z produkËnÈho bakteri·lneho kmeÚa je zabezpeËenie Ëo naj-
optim·lnejöÌch rastov˝ch podmienok pre rast producenta a na-
Ëasovanie izol·cie bakteriocÌnu odpovedaj˙ce maxim·lnej pro-
dukcii, ktor· z·visÌ nielen na vhodne zvolenom kultivaËnom
mÈdiu (vo v‰Ëöine prÌpadov tekutom), ale aj od pH a teploty4.
My sme vych·dzali pri purifik·cii z 2 l 16 h kultiv·cie pro-
dukËnÈho kmeÚa E. faecium AL41 v MRS (Difco) mÈdiu pri
37 ∞C. U v‰Ëöiny öt˙diÌ t˝kaj˙cich sa purifik·cie bakteriocÌnov
sa hlavn˝ dÙraz kladie na prÌpravu Ëist˝ch prepar·tov, zv˝-
öenie v˝ùaûku, skr·tenie Ëasu purifik·cie a znÌûenie v˝davkov
spojen˝ch s purifik·ciou. Vo vöeobecnosti purifikaËnÈ schÈ-
my vych·dzaj˙ zo zr·ûania proteÌnov zo supernatantu. Zr·ûa-
nÈ proteÌny s˙ postupne rozpustenÈ vo vhodnom tlmivom
roztoku a bakteriocÌnovÈ molekuly s˙ separovanÈ pouûitÌm
rÙznych deliacich metÛd zah‡Úaj˙c iÛnomeniËe, FPLC alebo
HPLC metÛdy. Naöou snahou bolo optimalizovaù purifik·ciu
produkovanÈho bakteriocÌnu a urËiù jeho z·kladnÈ charakteri-
stiky. ProteÌny boli zr·ûanÈ prÌdavkom sÌranu amÛnneho, pri-
Ëom sa aktivita produkovanÈho bakteriocÌnu prakticky ne-
zmenila. IÛnov˝menn·  chromatografia na kolÛnach  PD10
nezv˝öila aktivitu izolovanÈho bakteriocÌnu, preto bola pouûi-
t· iba katiÛnov˝menn· chromatografia na SP sepharose s n·-
slednou el˙ciou roztokmi NaCl o rÙznej koncentr·cii. œalej
bol ötudovan˝ vplyv pH na adsorbciu a n·sledn˙ el˙ciu izolo-
vanÈho bakteriocÌnu. Optim·lna koncentr·cia NaCl je 1 mol.l-1,
pH 5, podobne, ako pri izol·cii enterocÌnu A z kmeÚa E. fae-
cium EK13. Po kaûdom purifikaËnom kroku bola sledovan·
aktivita bakteriocÌnu, jeho AU.ml-1, celkov· aktivita v jednot-
k·ch AU ako aj jeho öpecifick· aktivita a % v˝ùaûku. Bolo
zistenÈ, ûe aktivita izolovanÈho bakteriocÌnu sa nemenÌ po 1 h
inkub·cii pri 60 ∞C, 80 ∞C, 30 min pri 100 ∞C a je stabiln˝ pri
4 ∞C a ñ20 ∞C aj po 1 roku.

Koncentrovan˝ bakteriocÌn, zÌskan˝ pouûitÌm optimalizo-
vanÈho protokolu, bol pouûit˝ na Ôalöiu purifik·ciu metÛdou
FPLC, kde boli monitorovanÈ rÙzne eluËnÈ mÈdia, ich rÙzne
koncentraËnÈ gradienty s n·slednou kontrolou aktivity purifi-
kovanÈho proteÌnu, aû po ich optimaliz·ciu. U takto priprave-
nÈho bakteriocÌnu s vysokou aktivitou (>30 000 AU.ml-1) bola
stanoven· relatÌvna molekulov· hmotnosù a aminokyselinovÈ
zloûenie, na z·klade ktorÈho bolo zistenÈ, ûe bakteriocÌn pro-
dukovan˝ environment·lnym kmeÚom E. faecium AL41 je
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enterocÌn P o molekulovej hmotnosti Mr = 4 627 994, ktor˝
bol po prv˝kr·t popÌsan˝ Luis Cintas a kol.5

T·to pr·ca vznikla za podpory projektu Ë. 2/6106/99 grantovej
agent˙ry VEGA.
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NovÈ analogy inzulinu pom·hajÌ objasnit vztah mezi struk-
turou a funkcÌ tohoto peptidovÈho hormonu. Naöe pr·ce smÏ-
¯ovala k C-koncovÈ oblasti B ¯etÏzce, kde se nach·zejÌ v pozi-
cÌch B24ñB26 aromatickÈ aminokyseliny, dva fenylalaniny
a tyrosin. Tato Ë·st inzulinu je uspo¯·d·na do β-struktury a je
nezbytn· pro nav·z·nÌ na inzulinov˝ receptor. D˘leûitost tÈto
Ë·sti inzulinu pro jeho funkci byla prok·z·na1,2,3. Tyto pr·ce
studovaly r˘znÈ z·mÏny aminokyselin v pozicÌch B24, B25. My
jsme se zab˝vali z·mÏnou tyrosinu v pozici B26 za fenylalanin
a vlivem N-methylace peptidovÈ vazby v pozicÌch B24ñB25

a B25ñB26. PouûÌvali jsme analogy inzulinu zkr·cenÈ o posled-
nÌ Ëty¯i aminokyseliny B27ñB30. Tato sekvence m˘ûe b˝t z hor-
monu eliminov·na, aniû by ztratil biologickou aktivitu. D·le
jsme zjiöùovali vliv N-methylace peptidovÈ vazby na konfor-
maci molekuly a vliv na biologickou aktivitu peptidu. Tato
modifikace se zd· vhodn· pr·vÏ pro objasnÏnÌ vztahu struktu-
ry a funkce inzulinu. N-methylace totiû zp˘sobÌ, ûe se zmÏnÌ
uspo¯·d·nÌ trans na cis. P¯id·nÌm tÈto skupiny se zvÏtöÌ objem
a tÌm lze p¯edpokl·dat, ûe se zvÏtöÌ stÈrickÈ z·brany, takûe
se zmenöÌ rotaËnÌ volnost z·kladnÌho peptidovÈho ¯etÏzce.
Vzhledem k tomu, ûe je substituov·na methylov· skupina, lze
p¯edpokl·dat, ûe se zv˝öÌ hydrofobicita tohoto ˙seku. Pr·vÏ
hydrofobicita tÈto Ë·sti ¯etÏzce je pot¯ebn· pro nav·z·nÌ inzu-
linu na receptor. DalöÌm aspektem N-methylace peptidovÈ
vazby je, ûe dusÌk nenÌ schopen tvo¯it vodÌkovou vazbu.

Vöechny naöe analogy byly p¯ipraveny enzymovou semi-
syntÈzou. Z vep¯ovÈho inzulinu se trypticky oddÏlil oktapeptid

za ArgB22 a vznikl˝ desoktapeptid(B23-B30)-inzulin (DOI)4,5

byl ve zmÏnÏn˝ch reakËnÌch podmÌnk·ch, opÏt trypsinem
katalyzovanou reakcÌ, spojen s tetrapeptidem, p¯ipraven˝m
metodou syntÈzy na pevnÈ f·zi.

Jako biologickÈ testy byly vyuûity a) vazba inzulinu na
plazmatickÈ membr·ny tukovÈho tk·nÏ krys, b) stimulace
transportu glukosy na izolovan˝ch krysÌch adipocytech a c)
sledov·nÌ somatotropnÌ aktivity inkorporacÌ radioaktivnÌho
thymidinu do DNA mlÈËn˝ch ûl·z.

P¯ipravenÈ a testovanÈ analogy inzulinu:

DOI ñ Gly ñ Phe ñ Phe ñPhe ñ NH2
DOI ñ Gly ñ Phe ñ (N-Me)Phe ñ Phe ñ NH2
DOI ñ Gly ñ Phe ñ Phe ñ (N-Me)Phe ñ NH2

Fin·lnÌ v˝tÏûek analog˘ po enzymovÈ semisyntÈze a p¯e-
ËiötÏnÌ pomocÌ RP-HLPC byl 20ñ25 % vzhledem k DOI.
Biologick· aktivita DOI-GFFF-NH2 a DOI-GFF(N-Me)F-NH2
se  ve  vöech  sledovan˝ch testech  velice  blÌûila biologickÈ
potenci inzulinu. Biologick· aktivita DOI-GF(N-Me)F-NH2
byla v˝raznÏ niûöÌ neû aktivita inzulinu ve vöech testech.

Prok·zali jsme, ûe z·mÏna tyrosinu v pozici B26 inzulinu
za fenylalanin zachov·v· biologickou aktivitu inzulinu. D·le
bylo prok·z·no, ûe N-methylace vazby mezi PheB24ñPheB25

vede ke snÌûenÌ biologickÈ aktivity (glukosov˝ transport, in-
korporace ñ viz v˝öe), coû dokazuje d˘leûitost tÏchto dvou
aminokyselinov˝ch zbytk˘ pro nav·z·nÌ hormonu na receptor.
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The interaction of the antiviral and antiparkinsonian drug
amantadine with histidine has been studied by UV ñ pre-reso-
nance Raman spectroscopy in aqueous solution. It was found:
i) the formation of the amantadine ñ histidine complex inclu-
des unprotonated amino group of the amantadine; ii) the N1H
group of the imidazole ring of histidine is included to the
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complex formation; iii) the binding acts via a formation of
hydrogen bonds between the N1H of histidine and NH2 group
of amantadine.

Amantadine is an antiviral agent that specifically inhibits
influenza A virus replication at a micromolar concentration1.
This drug is also effective in the treatment of human Parkin-
sonís disease2. The mechanism of amantadine antiviral activi-
ty resides in the blocking of an ion channel capable to modulate
the appropriate pH of an enviroment for a correct virus matu-
ration1. An essential histidine residue (His-37) in the trans-
membrane domain of this channel is believed to play an
important role in the amantadine mode of action of influenza
A virus. It is suggested that histidine residue forms hydrogen-
-bonded interactions with the ammonium group of the aman-
tadine3. The antiparkinson activity of this drug is less known,
although it is also related to the ability of amantadine to block
neuromuscular transmission, which may, however, depends on
its capacity to increase the synthesis and release of dopamine2.

In the paper we present the study of the amantadine (Am)
interaction with histidine (His) in aqueous solution with the
aim of determining the drug ñ histidine binding site. The
absorption spectra of His and Am shifted to a deep UV region
lead us to use the pre-resonance Raman spectroscopy method
(excitation 257 nm).

The aqueous solutions of amantadine hydrochloride and
histidine were prepared in 0.1 mol.l-1 concentrations. Their
UV-resonance Raman spectra were recorded at pH 3 and pH 7,
respectively. The complexes in molar ratio 1:1 and 1:2 were
prepared from the stocks solutions.

At acidic pH amantadine hydrochloride remains under the
protonated form as the corresponding ammonium form and its
resonance Raman spectrum (RRS) is different from that ob-
served at neutral pH when the amino group is unprotonated.
The Am-His complex RR-spectrum analyses show that Am is
in the protonated form in the complex in spite of fact that pH
of complex is neutral. It means that the His interacts with
unprotonated amino group of Am and that this interaction
leads to the Am amino group protonation. As a results of this
type of interaction we can see the ammonium form of Am in
the complex. As a consequence of this type of interaction, RRS
of the complex 1:2 does not change in relation to the complex
1:1, because only one molecule of His can bound the Am.

On the level of the His molecule an interesting question is
ñ which part of the His molecule is implicated in this interac-
tion. Protonation of the imidazole ring in N3 position produces
an expressive changes in RRS of His which are not seen in the
complex spectrum. It means that the N3 position does not
participate in the complex formation. Vibrational modes of
unprotonated His (pH 7) are seen in the complex spectrum.
From these findings can be concluded that the formation of the
amantadine ñ histidine complex is realized between the N1H
group of histidine and the unprotonated amino group of aman-
tadine via a hydrogen bond formation.

This work was supported by a grant GAV 1/6027/99 and
Slovak ñ France grant No. 2.
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07 CHARAKTERISTIKA TERMODYNAMICK›CH
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VIKTOR VÕGLASK›a a MARI¡N ANTALÕKb

aKatedra biochÈmie, PrÌrodovedeck· fakulta, Univerzita P. J.
äaf·rika, Moyzesova 11, 041 54 Koöice, bOddelenie biofyziky,
⁄stav experiment·lnej fyziky SAV, Watsonova 47,043 53 Ko-
öice, Slovensk· republika

KonformaËn˝ stav jednoduch˝ch ale aj zloûitejöÌch makro-
molek˙l je determinovan˝ vonkajöÌmi podmienkami. V pod-
mienkach, v ktor˝ch si makromolekul·rny systÈm zachov·va
svoju biologick˙ funkciu pri danej konform·cii hovorÌme, ûe
systÈm je v natÌvnom (N), prÌpadne v zbalenom (folded) stave.
Ak systÈm v dÙsledku zmien vonkajöÌch podmienok (por˙ch)
str·ca svoje funkËnÈ vlastnosti, hovorÌme o tzv. denaturova-
nom (D) alebo rozbalenom (unfolded) stave. Denaturovan˝
systÈm m· tieû urËitÈ charakteristickÈ vlastnosti1. Veæmi zjed-
noduöene mÙûeme popÌsaù prechod z natÌvneho do denaturo-
vanÈho stavu nasleduj˙cou schÈmou:

priËom a je frakcia molek˙l v denaturovanom stave a k1, k2 s˙
r˝chlostnÈ konötanty prechodu. Vyhodnotenie prechodu me-
dzi natÌvnym a denaturovan˝m stavom sa Ëasto komplikuje
v re·lnych podmienkach experimentu. Medzi ˙plne denaturo-
van˝m a natÌvnym stavom mÙûu existovaù urËitÈ medzistavy,
tzv. intermedi·ty. Na druhej strane, konformaËn˝ prechod
makromolek˙l je Ëasto sprev·dzan˝ aj agreg·ciou monomÈr-
nych podjednotiek do celkov s vysokou molekulovou hmot-
nosùou.

Pomocou teplotnej gradientovej gelovej elektroforÈzy
(TGGE) je moûnÈ ötudovaù teplom-indukovanÈ konformaËnÈ
prechody a vÔaka separaËnej schopnosti sledovaù s˙Ëasne aj
tvorbu ich agreg·tov. RÙzny stupeÚ agreg·cie molek˙l je moû-
nÈ pozorovaù vÔaka deliacej schopnosti elektroforÈz. Ak pre se-
paraËn˝ Ëas t pri TGGE platÌ, ûe t >> 1/k1 + 1/k2, potom v okolÌ
teploty prechodu medzi natÌvnym a denaturovan˝m stavom je
pozorovateæn˝ kontinu·lny spojit˝ nerozmazan˝ p·s a celko-
v˝ tvar pohyblivosti vzorky od teploty m· typick˝ sigmoi-
d·lny tvar2,3. Tvar sigmoid·lnej krivky je z·visl˝ aj od koope-
rativity prechodu. Situ·cia je odliön· v prÌpade keÔ platÌ, t ~
1/k1 + 1/k2 alebo t < 1/k1 + 1/k2. V tomto prÌpade je tvar
elektroforetickÈho z·znamu v okolÌ teploty prechodu rozma-
zan˝, pretoûe poËas delenia doch·dza v okolÌ teploty precho-
du, tj. v blÌzkosti rovnov·hy, nie je striktne definovan˝ stav
molekuly.

Na uvedenom prÌklade elektroforetick˝ch z·znamov cy-
tochrÛmu c v rÙznych podmienkach (obr. 1) je moûnÈ priamo
vidieù jednotlivÈ prÌpady spr·vania sa proteÌnu v oblasti kon-
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formaËnÈho prechodu. Na elektroforegrame a) vidieù typick˝
sigmoid·lny tvar tepelne indukovanÈho konformaËnÈho pre-
chodu z natÌvneho do denaturovanÈho stavu v 10 mM acet·te
pri pH 3,0, kde t >> 1/k1 + 1/k2. Na elektroforegrame b) je
hodnota pH 2,8. Teplota prechodu sa pos˙va so zniûuj˙cou sa
hodnotou pH k niûöÌm hodnot·m. œalej je moûnÈ na tomto
obr·zku sledovaù okrem najintenzÌvnejöej frakcie aj n·znak
tvorby intermedi·tov. Na elektroforegrame c) s˙ pozorovateæ-
nÈ modifikovanÈ frakcie cytochrÛmu c s peroxosÌranom sod-
n˝m. Avöak vöetky tieto modifikovanÈ frakcie cytochrÛmu c
v 100 mM acet·te pri pH 3,0 od urËitej teploty maj˙ rovnak˙
pohyblivosù, z Ëoho je moûnÈ dedukovaù, ûe vöetky formy
cytochrÛmu c maj˙ nerozlÌöiteæn˝ denaturovan˝ stav. Na elek-
troforegrame d) je prÌklad konformaËnÈho prechodu s poma-
lou kinetikou voËi separaËnÈmu Ëasu, t ~ 1/k1 + 1/k2. Prechod je
diskontinu·lny a s˙Ëasne doch·dza k tvorbe agreg·tov. »Ìm
je vyööÌ stupeÚ agreg·cie, t˝m menöia je pohyblivosù vzorky
v polyakrylamidovom gÈle. Podmienky v tomto experimente
boli 50 mM acet·t, 1 mg.ml-1 kyselina hyaluronov·, pH 5,5.
Na elektroforegrame e) je moûnÈ pozorovaù v kyslej oblasti
pH 2,0, 100 mM fosf·t, pravdepodobne konformaËn˝ prechod
z molten globul·rneho stavu MG do denaturovanÈho stavu
s r˝chlou kinetikou a s˙Ëasne koexistencia agreg·tov pri vyö-
öÌch teplot·ch s veæmi pomalou kinetikou.

Pri in˝ch typoch proteÌnov pri istej teplote je moûnÈ s˙-
Ëasne detekovaù konformaËnÈ stavy s rÙznym stupÚom agre-
g·cie, napr. dimeriz·cia, tetrameriz·cia, atÔ.

T·to pr·ca bola financovan· z prostriedkov grantu VEGA
Ë. 1/5053/98.

LITERAT⁄RA

1. Creighton T. E.: Protein Structure a Practical Approach,
str. 225. Oxford Univ. Press, Oxford 1990.

2. Hilser V. J., Worosila G. D., Freire E.: Anal. Biochem.
208, 1 (1993).

3. Viglasky V., Antalik M., Bageæova J., Tomori Z., Pod-
hradsky D.: Electrophoresis 21, 850 (2000).

08 INCREASED THERMAL DENATURATION
REVERSIBILITY OF PROTEINS
IN THE PRESENCE OF POLYANIONS
IN ISOELECTRIC pH CONDITIONS

DIANA FEDUNOV¡a and MARI¡N ANTALÕKa,b

aDepartment of Biophysics, Institute of Experimental Physics
SAS, Watsonova 47, 043 53 Koöice, bDepartment of Bioche-
mistry, Faculty of Natural Sciences UPJä, Moyzesova 11,
041 54 Koöice, Slovakia

Protein aggregates frequently occur as undesired compo-
nents in many processes. Aggregation of de novo synthesized
polypeptide chains decreased yield of the native conformers
possessing a biological activity. Similarly, treatment of prote-
ins with stress conditions such as heat denaturation is often
accompanied by aggregation of denatured protein molecules.
The cells developed special mechanisms for preventing the
formation of unfunctional misfolding and aggregates. They
contain special proteins, molecular chaperones, which are able
to bind partially folded polypeptide chains and facilitate their
folding to the native  conformation1 as well  as to protect
proteins against irreversible aggregates formation under stress
conditions2. It has been shown that also non ñ protein polya-
nionic compounds such as DNA, RNA and heparin together
with unnatural polyanion polyvinylsulfate can assist the pro-
per folding of Arc represor3 in vitro. We have examined
possible ability of polyanions polyvinylsulphate (PVS) and
polystyrenesulphonate (PSS) to prevent the aggregation of
cytochrome c (cytc c) and ribonuclease A (RNase) in the
process of heat denaturation near isoelectric pH conditions.
The reversibility of thermal denaturation of cyt c and RNase

Obr. 1. ElektroforetickÈ z·znamy cytochromu c
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e
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t, ∞C

Fig. 1. DSC thermograms of cyt c (1) and cyt c ñ PVS (2) with
curves corresponding to two scans of given sample. 2 µM glycine,
73 µM cyt c and 0.4 mg.ml-1 PVS
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in pH 10.0 and 9.6, respectively, is very low (about 5 % of
native protein). In the presence of low concentration of PVS
the transition characterized by decreased transition tempera-
ture and high calorimetric and vanít Hoff enthalpy ratio occurs
indicating simultaneous binding of several protein molecules
to polyanion chain. Increase of PVS concentration to saturati-
on condition has led to the decrease of enthalpy ratio and
extensive increase of reversibility to 90 % for both proteins.
Protein-polyanion complex is formed on basis of coulombic
interaction as is indicated from the loss of complexation at high
salt concentration. Although the overall charge of these pro-
teins is neutral, spatially displaced charged groups on the
surface of protein molecules forms charged areas responsible
for binding with negatively charged groups on polyanion
chain. Reduced ability of proteins to form aggregates in com-
plex with PVS probably arises as a consequence of the steric
hindrance as well as repulsion of charged groups on polyanion
and protein shielding the hydrophobic surfaces responsible for
aggregation. The thermal denaturation reversibility of native
protein decrease with  increase  of  pH  to isoelectric value
(Fig. 2). On the other hand, in the complex with polyanion is
the high reversibility maintained at all pH studied.

In the case of PSS the high reversible transition has been
observed for RNase, but not for cyt c. According to the effect on
cyt c structure polyanions has been divided into two groups4.
In previous work5 in our laboratory it has been shown that PSS
belong to the second group of polyanions possessing stronger
effect on structure of heme environment especially due to the
hydrophobic interaction participating in complex formation.
This stronger effect is manifested by diminish of thermal
transition at relatively low concentration of PSS. The high
transition reversibility of complex with RNase arises probably
due to the content of disulphide bonds stabilizing the structure
of protein.

This work was supported by grants of Vega No. 6116 and 7023.
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09 TERMOSTABILITA ELONGA»NÕHO FAKTORU
Tu ZBACILLUS STEAROTHERMOPHILUS

HANA TOMINCOV¡, MARK…TA BRABCOV¡,
LIBOR KR¡SN› a JIÿÕ JON¡K

OddÏlenÌ biosyntÈzy protein˘, ⁄stav molekul·rnÌ genetiky AV
»R, Flemingovo n. 2, 166 37 Praha 6

Termostabilita elongaËnÌho faktoru Tu (EF-Tu) ze st¯ednÏ
termofilnÌ bakterie Bacillus stearothermophilus (Bst) byla
studov·na prost¯ednictvÌm chimernÌch protein˘ EF-Tu z Bst
a z mezofilnÌ bakterie Escherichia coli (Ec).

EF-Tu je nejhojnÏji se vyskytujÌcÌ protein v bakteri·lnÌ
buÚce. BÏhem proteosyntÈzy p¯in·öÌ do A mÌsta ribozomu

Fig. 2. Plot of % of reversibility of thermal denaturation vs. pH.
Cyt c (¡), RNase (ol), cyt c ñ PVS (l), RNase ñ PVS (n) in 2 mM

glycine, prot. conc. 73 µmol.l-1, PVS ñ 0.4 mg.ml-1

7 8 9 11

%
 o

f 
re

ve
rs

ib
ili

ty

pH

10
0

100

80

60

40

20

Obr. 1. Struktura EF-Tu z Thermus aquaticus v aktivnÌ GTP (a)
a neaktivnÌ GDP konformaci (b)
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molekuly aminoacyl-tRNA p¯i dekÛdov·nÌ mRNA. EF-Tu je
GTPasa a pat¯Ì mezi GTP-proteiny. Jejich aktivita je ¯Ìzena
vazbou guaninov˝ch nukleotid˘, GTP nebo GDP, kdy v z·-
vislosti na typu v·zanÈho nukleotidu doch·zÌ ke zmÏnÏ kon-
formace proteinu1,2. GTP-Proteiny fungujÌ jako molekul·rnÌ
spÌnaËe. Bakteri·lnÌ  EF-Tu  jsou sloûeny p¯ibliûnÏ ze 400
aminokyselin, kterÈ jsou uspo¯·d·ny do t¯Ì domÈn (obr. 1)3,4.
G-DomÈna tvo¯Ì polovinu molekuly a svou strukturou p¯ed-
stavuje typickou G-domÈnu GTP-protein˘3 s vazebn˝m mÌs-
tem pro GDP/GTP a GTPasov˝m centrem.

Byly p¯ipraveny dva chimernÌ proteiny (CH1 a CH2) a sa-
motn· G-domÈna Bst. CH1 obsahoval G-domÈnu z Bst a do-
mÈny 2 a 3 z Ec. CH2 byl sloûen z G-domÈny Ec a domÈn 2
a 3 z Bst. Z·roveÚ byly testov·ny EF-TuA z Ec a EF-Tu z Bst
(obr. 2). Pro izolaci rekombinantnÌch protein˘ byl pouûit GST
purifikaËnÌ systÈm. Geny pro tyto proteiny byly p¯ipraveny
pomocÌ PCR, vloûeny do plazmidu pGEX-5X-3 a produkty
exprimov·ny a izolov·ny.

Termostabilita protein˘ byla testov·na t¯emi metodami:
i) schopnostÌ protein˘ EF-Tu v·zat GDP a ii) GTP p¯i vzr˘sta-
jÌcÌ teplotÏ a iii) testov·nÌm jejich GTPasovÈ aktivity.

Termostabilita GDP i GTP forem protein˘ stoupala v tom-
to po¯adÌ: G-domÈna Bst < EF-TuA Ec < CH2 < CH1 < EF-Tu
Bst. Termostabilita GTP forem byla, aû na CH2, o 3ñ6 ∞C niûöÌ
neû GDP forem.

G-DomÈna Bst, aËkoli z termofilnÌho organismu a protei-
nu, byla sama o sobÏ velmi termolabilnÌ a neliöila se v tomto
smyslu od G-domÈny EF-TuA z mezofilnÌ Ec (cit.5,6). JejÌ
p¯Ìnos k termostabilitÏ se projevil aû ve spojenÌ s ostatnÌmi
dvÏma domÈnami, p¯iËemû p¯ÌspÏvek G-domÈny k termosta-
bilitÏ  celÈho proteinu EF-Tu Bst byl vyööÌ neû  p¯ÌspÏvek
domÈn 2 a 3. Pro to svÏdËÌ vyööÌ termostabilita CH1 vzhledem
k CH2.

Z naöich experiment˘ vypl˝v·, ûe termostabilita EF-Tu
z Bst je tedy nejspÌöe v˝sledkem vysokÈho stupnÏ kooperativi-
ty mezi G-domÈnou a zbyl˝mi dvÏma domÈnami, vedoucÌ
z¯ejmÏ aû k synergismu.

DalöÌ v˝zkum bude proto smÏ¯ovat k charakterizaci povr-
chov˝ch struktur vöech t¯Ì domÈn a jejich vz·jemn˝ch inter-
akcÌ v r·mci celÈ molekuly EF-Tu.

Tato pr·ce byla podpo¯ena grantem GA »R 204/98/0863.
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10 INTERACTION OF FERRICYT c
WITH HETEROPOLYTUNGSTATES

M¡RIA MATOV¡a, MARI¡N ANTALÕKb,
ERIK SEDL¡Ka, and DUäAN PODHRADSK›a

aDepartment of Biochemistry, Faculty of Sciences P. J. äaf·rik
University, Moyzesova 11, 041 54 Koöice, bDepartment of
Biophysics, Institute of Experimental Physics, Slovak Acade-
my of Sciences, Watsonova 47, 043 53 Koöice, Slovakia

The study of the complex formation between cyt c and
natural partners has a role in understanding the mechanisms
of physiological processes connected with this small globular
protein, localized in the inner mitochondrial membrane. The
interaction between cyt c and natural partner is almost based
on coulombic interaction1,2. Also is not excluded the partici-
pation of another type of forces ñ noncoulombic, such as

Obr.  2. SloûenÌ testovan˝ch protein˘ EF-Tu, ˙seky z Bst jsou
zn·zornÏny tmavÏ öedou a ˙seky Ec bÌlou

G-doména doména 2 doména 3

EF-TuA z Ec

EF-Tu z Bst

Chiméra 1 (CH1)~G( )-2+3( ) – tento protein je tvoøen G-doménou
EF-Tu z a doménami 2 a 3 z

Bst Ec

Bst Ec

Chiméra 2 (CH2)~G( )-2+3( ) – tento protein je tvoøen G-doménou
EF-Tu z a doménami 2 a 3 z

Ec Bst

Ec Bst

G-doména (G1) – protein odpovídající samotné doménì EF-Tu z Bst

Fig. 1. DSC scans of ferricyt c 1 and ferricyt c-polyanion complex
at pH 7.0: ferricyt c-polyglutamate (3 mg polyglutamate, 60 mM

phosphate) 2, ferricyt c-heparin (3 mg heparin, 60 mM phosphate) 3,
ferricyt c-PVS (3.33 mg PVS, 10 mM phosphate) 4, ferricyt c-SiT (1
mM-SiT, 30 mM phosphate) 5, ferricyt c-HPT (1.75 mM-HPT, 10 mM

phosphate) 6, ferricyt c-AsT (1 mM-AsT, 30 mM phosphate) 7, ferricyt
c-PSS (3 mg PSS, 60 mM phosphate) 8. The ferricyt c concentration
in all samples was 110 µM
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hydrophobic interaction, H-bonding3. The monitoring of con-
formational changes of cyt c in complex with natural partners
is limited by accessible methods (absorbance spectroscopy,
fluorescence spectroscopy, differential scanning calorimetry),
because the signals of both physiological partners contribute
into measured spectra, respectively thermograms. From this
point of view, it seems reasonable to study the ferricyt c
properties by using the polyanions as a model of cyt c physi-
ological partners.

Our group focused an attention to study the structural
changes of ferricyt c by using linear (hydrophilic) polyanions
such as heparin and polyglutamate with good modeling pro-
perties4,5. Sedl·k3,6 used linear hydrophilic (poly[vinyl-sulfa-
te] (PVS)) and  linear hydrophobic (poly[4-styren-sulfate]-
(PSS), Nafion]) polyanions to study a degree of perturbation
of cyt c structure.

The present work is directed to the investigation of altera-
tions ferricyt c structure by using globular heteropolytungsta-
tes as a modeling system of cyt c natural partners. We have
selected three polyanions 12-tungstophosphoric acid (HPT),
[SiW11O39]

8- (SiT) and [KAs4W40O140]
27- (AsT) with Keggin

structure. The stability range of these spherically shaped hete-
ropolyanions is approximately restricted to pH 7.0ñ4.5. The
distinct influence of these polyanions on ferricyt c structure
may be caused by their different size, negative charge, consti-
tution and stability7. The spectroscopic characterization of the
complexes ferricyt c-SiT and ferricyt c-AsT have been already
demonstrated by Chottard and HervÈ8. They found out that the
binding the ferricyt c to these polyanions is mediated by the
participation of coulombic interactions. Our findings were
directed to complete these information and make the charac-
terization of complex ferricyt c-HPT, which till now was not
extensively studied. In this study were also discussed the
complex formations of ferricyt c-heteropolytungstate (HPT, SiT,
AsT) in the high ionic strength medium. The results obtained
by absorption spectroscopy and differential scanning calori-
metry  strongly support  the participation  of noncoulombic
forces dealing with the creation of complex ferricyt c-hete-
ropolytungstate. As is evident from Fig. 1, the globular poly-
anions HPT, SiT and AsT more profoundly affect the global
stability of ferricyt c structure as hydrophilic polyanions (poly-
glutamate, heparin, PVS), where as a binding force is mostly
expected the coulombic interaction4-6. In the case of the used
hydrophobic polyanion PSS was detected the deeper pertur-
bation of ferricyt c tertiary structure in comparison to the
influence of globular polyanions HPT, SiT and AsT.

It could be concluded, the polyanions with noncoulombic
effect alter the ferricyt c structure stronger than hydrophilic
polyanions.

This work was supported by the Slovak Grant Agency VEGA
through Grants No. 4173, No. 5053.
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11 STABILIZATION OF SECONDARY STRUCTURE
OF CYTOCHROME c BY POLYANIONS

ERIK SEDL¡Ka and MARI¡N ANTALÕKa,b

aDepartment of Biochemistry, Faculty of Science, P. J. äaf·rik
University, Moyzesova 11, 041 67 Koöice, bDepartment of
Biophysics, Institute of Experimental Physics, Slovak Acade-
my of Sciences, Watsonova 47, 043 53 Koöice, Slovakia

Physiological activity of the large majority of proteins is
connected with their interactions with other biomacromo-
lecules ñ proteins, nucleic acids, phospholipid assemblies.
Such complexes are usually very complex and the interpreta-

Fig. 1. DSC scans of ferricyt c in 10 mmol.l-1 phosphate, pH 7.0,
on incremental additions of PVS. In all cases, ferricyt c concentra-
tions were 1.0 mg.ml-1. PVS concentrations (mg.ml-1) are idicated at
the curves

Fig. 2. DSC scans of ferricyt c ñ PVS in 10 mmol.l-1 phosphate at
pH 6.1, 6.2, 6.5, 7.0, in 10 mmol.l-1 acetate at pH 5.1 and 5.5. In
all cases, ferricyt c and PVS concentrations were 1.0 mg.ml-1 and 1.0
mg.ml-1, respectively
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tion of results thus obtained is complicated. This is the reason
why great effort has been devoted to looking for simple model
system mimicking the main properties of substituted bioma-
cromolecule.

Cytochrome c due to its location on the surface of the inner
mitochondrial membrane and positive charge (pI ~ 10.1) easily
interacts both with negatively charged groups of the redox
partners and  with negatively charged membrane surfaces.
The influence of such interactions on ferric cytochrome c
(ferricyt c) structure has been intensively studied. In the pre-
sented contribution, the effect of polyanion, poly(vinylsulfate)
(PVS), used as a model of negatively charged surface, on
ferricyt c structure in acidic pH has been studied by circular
dichroism (CD) and microcalorimetry (DSC). The polyanion
induced only small changes in the native structure of the
protein at neutral pH (Ref.1), but if profoundly shifted the acid
induced high spin state of the heme in the active center of
ferricyt c to a more neutral pH region (from pH 2.5 to 5.5)2.
Although binding of PVS to ferricyt c is connected with
significant discontinuous decrease in the melting temperature
from 84 ∞C to 53 ∞C the protein remained in a compact sta-
te (Fig. 1). However, a slight decrease in the pH of the sol-
vent brought about large conformational changes in ferricyt c
tertiary structure ñ indicated by decreased calorimetric en-
thalpy of the complex thermal transition (Fig. 2) and the
changes in its CD spectrum in the Soret and the aromatic re-
gions without affecting ferricyt c secondary structure (Fig. 3)
and (Ref.2). Ferricyt c in the complex with PVS has thus
characteristics typical for molten-globule state. This is espe-
cially interesting in light of the previous observations that
conformations of  various  proteins associated with  negati-
vely charged membrane surface was affected in the similar
way3,4. However, till the using of polyanions partially enligh-
tened mechanism of the action of a cooperative assembly of
negative charges. Moreover, for the first time we showed that
such negative surfaces strongly stabilize the secondary struc-
ture of ferricyt c at acidic pH even at increased temperatures
(Fig. 3).

The authors acknowledge the financial support provided by
the Slovak Grant Agency VEGA to this research through
Grants No. 5053, No. 7023.
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12 EFFECT OF HEPARIN ON THE LOCAL AND
GLOBAL STABILITY OF FERRICYTOCHROME c
IN SLIGHTLY ALKALINE pH

ZUZANA GAéOV¡, JAROSLAVA B¡GEºOV¡,
and MARI¡N ANTALÕK

Institute of Experimental Physics, Slovak Academy of Scien-
ces, Watsonova 47, 043 53 Koöice, Slovakia

Cytochrome c (cyt c) is a basic protein, which mediates
electron transfer in the respiratory chain of aerobic organisms.
During this process, the tight cyt c-redox partner complexes
are created through electrostatic interactions1. It has been
proposed that these interactions involve a cationic patch on
cyt c with a bond on cyt c molecule in a dynamic equilibrium
of various orientations to the redox partners. The complex
formation is accompanied with a conformational rearrange-
ment of both protein molecules near the hemes.

There are some evidence that the pH change at the mem-
brane surface can promote cyt c conformational transition
during electron transfer reaction. The alkaline transition of
cyt c includes a structural rearrangement of the heme pocket
(disruption of the Met80-heme iron bond) leading to a change
of the coordination state with an apparent pKa of about 9.3.
Formation of cyt c-redox partner complexes is followed by
a significant increase of the pKa constant as well as decrease
of the denaturation temperature of cyt c (Ref.2).

The artificial polyanions could mimic the negatively elec-
trostatic field of the redox partners. They do not absorb light
in the visible region and provide thermodynamic reversibility
of the studied processes, so, they serve as a useful models of
natural redox partners. Heparin, the flexible ìlinearî hydro-
philic polyanion, generates complexes with cyt c. It has been
shown that spectral changes of cyt c occurring after addition
of heparin are similar to those of redox partners at neutral pH
and physiological temperature3.

The effect of saturated solution of heparin on the thermal
stability of the Met80-heme iron bond and on the global
stability of ferricyt c was studied by absorption spectroscopy
and differential scanning calorimetry (DSC) in slightly alka-
line pH region (from 7.0 to 9.5). Fig. 1 shows the effect of pH
on the midpoint of the thermal transition of cyt c near the heme
(spectral data) as well as molecule as a whole (DSC data).

According to spectral data the midtransition temperature
of the cleavage of the sulfur-iron bond decreases with increa-
sing pH, while the transition temperature of cyt c complex with
heparin does not depend on pH (from 7.0 to 9.5). Similar
dependence is observed for denaturation temperature for cyt c,
as follows from DSC scans. Addition of saturated amount of

Fig. 3. Thermal unfolding of ferricyt c at pH 7.0 (o) and ferricyt c
ñ PVS complexes measured by CD at 222 nm at different pH: 7.0 (l),
6.2 (∆), 4.8 ( ), 3.9 (∇) and 2.7 ( )
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heparin causes the lowering of the denaturation temperature
for cyt c unfolding by 15ñ25 ∞C in the observed pH region.

Experimental data shown that heparin stabilizes the Met80-
-heme iron bond in ferricyt c and decreases the denaturation
temperature of the cyt c molecule as a whole. It is evident, that
heparin has similar effect as the redox partners on the thermal
stability of cyt c (Ref.4). So, the conformational changes of
cyt c detected in the presence of heparin may have biological
implication in understanding the origin of protein conforma-
tional changes induced  by interactions with its biological
redox partners as well as membrane lipids.

This work was supported by research grants from Slovak
Grant Agency No. 6116 and 7023.
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13 A NEW TYPE OF AFFINITY CARRIER
FOR THE ISOLATION
OF PHOSPHORYLCHOLINE BINDING PROTEINS
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VÃRA JON¡KOV¡b, and MARIE TICH¡a

aDepartment of Biochemistry, Charles University, Albertov
2030, 128 40 Prague, bInstitute of Molecular Genetics, Acade-
my of Sciences of the Czech Republic, Flemingovo n. 2, 166 37
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A number of different types of phosphorylcholine binding
proteins exist that  differ in their properties  and function.

C-Reactive protein (CRP)1 frequently used as a clinical index
of acute inflammation represents the most studied phospho-
rylcholine binding protein. CRP is also found in the inverteb-
rate Limulus polyphemus as a constitutive and major compo-
nent of horseshoe crab hemolymph2. Another type of proteins
possessing the ability to interact with phosphorylcholine was
found among proteins of seminal plasma of different species.
Some of seminal plasma proteins are known to bind specifi-
cally to the sperm surface, in this case, an interaction of surface
sperm proteins with phosphorylcholine-containing components
of the sperm membrane is involved3.

Phosphorylcholine binding activity of some proteins from
seminal plasma of different species is used for the isolation of
these proteins. Mostly, the combination with affinity chroma-
tography on immobilized heparin was applied: proteins were
adsorbed to Heparin-Sepharose and the elution with phospho-
rylcholine solution followed4-6. In some cases direct binding
to immobilized p-aminophenyl phosphorylcholine to Sepha-
rose was used7.

We have prepared a new type of affinity carrier containing
immobilized phosphorylcholine: L-glyceryl phosphorylcholi-
ne was coupled to divinyl sulphone activated Sepharose (Sche-
ma 1). The only used immobilized phosphorylcholine was
linked to Sepharose via p-amino phenyl spacer arm. Contrary
to it, the ligand used in our experiments represents directly
a part of phospholipids present in membranes participating in
interactions of studied proteins in vivo.

Fig. 1. Dependence of the temperature transition on pH for cyt c (l), and cyt c + heparin (¡) (spectral and calorimetric detection). All
measurements were performed in 2 mmol.l-1 phosphate solution, cyt c concentration was 5ñ7 µmol.l-1, 1 mg.ml-1 of heparin
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The prepared phosphorylcholine derivative coupled to Se-
pharose was used for the affinity chromatography of phospho-
rylcholine binding proteins from bull and boar seminal plas-
ma. The adsorbed proteins to the affinity carrier were specifi-
cally eluted with the phosphorylcholine solution. No proteins
were obtained by following elution with 4 M urea. Mercapto-
ethanol coupled to divinyl sulphone activated Sepharose (so-
-called thiophilic gel8) was used as a matrix to evaluate the
effect of divinyl sulphone derivative that was formed on the
protein interaction.

Isolated phosphorylcholine binding proteins were charac-
terized by SDS electrophoresis and HPLC with reversed pha-
se. The  composition of the mixture of phosphorylcholine
binding proteins obtained using the affinity carrier prepared
by us was compared with that isolated by the combination of
affinity chromatography on heparin-Sepharose followed by
the elution with the phosphorylcholine solution.

This work was supported by the Grant Agency of the Czech
Republic, grant No. 303/99/0357 and by the Ministry of Edu-
cation of the Czech Republic, grant No. VS 96/141.
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14 CHARACTERIZATION OF AGGREGATED
FORMS OF BOAR SEMINAL PLASMA PROTEINS

PAVLA MA“¡SKOV¡a, PETRA JELÕNKOV¡b,
MARIE TICH¡b, and VÃRA JON¡KOV¡b

aInstitute of Molecular Genetics, Academy of Sciences of the
Czech Republic, Flemingovo n. 2, 166 37 Prague, bDepart-
ment  of Biochemistry, Charles University, Albertov 2030,
128 40 Prague, Czech Republic

Mammalian seminal plasma contains secretory products
of the seminal vesicles and other accessory organs that bind to
spermatozoa upon ejaculation. These proteins, localized on the
sperm surface, take part in sperm capacitation, gamete recog-
nition and binding of sperm to the ovum.

Five protein fractions (IñV) of molecular masses >100, 55,
45, 30, 5ñ15 kDa, respectively, were obtained by gel filtration
chromatography of boar seminal plasma on Sephadex G-75

SF at pH 7.4. RP HPLC analysis and N-terminal sequencing
of these protein fractions showed that high molecular weight
fractions (IñIII) contained mainly AQN, AWN and PSP II
spermadhesins and DQH sperm surface protein. AQN, AWN
and PSP spermadhesins are proteins with low molecular mass
(12ñ16 kDa)1. They belong to the large family of developmen-
tally regulated proteins with the characteristic CUB domain2

and play an important role in sperm capacitation and in contact
of both gametes1. DQH sperm surface protein is a member of
the large family of cell and matrix adhesion proteins, and its
structure is different from the spermadhesins3. Fraction IV
consisted of the heterodimer PSP I/PSP II only; its binding
properties have already been described4. Fraction V contained
mainly inhibitors of serine proteinases, β-microseminopro-
tein, AQN 1 spermadhesin and a minor amount of lactofer-
rin. β-Microseminoprotein is a mucus-associated protein (Mr
10 kDa), it is produced mainly by the prostate and present in
an abundant amount in seminal plasma. Its ability to bind to
immunoglobulin has been described, and it has been shown to
be able to block antibody production against sperm in the male
and female reproductive tracts5. Lactoferrin is an iron-binding
glycoprotein, it belongs to the transferrin family of 80 kDa. It
is a typical product of the mammary gland. Its presence was
also located in seminal plasma, where it is secreted by seminal
vesicle epithelium and prostate. Its function is not fully under-
stood in fertilization, and lactoferrin may mediate and regulate
various components of the immune system6.

Aggregated forms and their HPLC-separated components
were tested by the ELBA (Enzyme-linked binding assay)
method for binding to some acid polysaccharides. Epithelium
cells of the female reproductive tract secrete proteoglycans
with heparin- and chondroitin sulphate-like glycosaminogly-
can side-chains, which stimulate sperm capacitation7,8. These
proteins on the sperm surface might act as counterparts to
polysaccharide moieties of the proteoglycans in the female
tract during sperm capacitation. Aggregates of DQH sperm
surface protein and AWN spermadhesins as well as their
separated proteins interacted strongly with heparin and chon-
droitin sulphate. PSP II spermadhesin bound to some acidic
polysaccharides, while heterodimer PSP I/PSP II (fraction IV)
did not show any binding activity.

The same method was used for studies of binding of
aggregated and monomeric protein forms to glycoproteins of
porcine zona pellucida and to epididymal and ejaculated boar
spermatozoa. AWN 1 and its aggregated forms interacted most
strongly with glycoproteins of zona pellucida. Aggregates
containing AQN, AWN, DQH and PSP spermadhesins (frac-
tions IñIV) and their HPLC-separated components bound to
epididymal and ejaculated boar spermatozoa with the same
efficiency.

Our  results suggest that  aggregated forms of proteins
(DQH sperm surface protein, AQN, AWN, PSP II sperm-
adhesins) present in seminal plasma under physiological con-
ditions play a role in coating the sperm surface, in sperm
capacitation, recognition and primary binding of spermatozoa
to zona pellucida of the ovum.

This work was supported by the Grant Agency of the Czech
Republic, grants No. 303/99/0357 and 524/96/K162, by the
Ministry of Education of the Czech Republic, grant No. VS 96
141, and by the Grant of Charles University 12/1998.
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15 HEPARIN-BINDING PROTEINS FROM BULL
SEMINAL PLASMA AND THEIR INTERACTION
WITH D-FRUCTOSE
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and MARIE TICH¡a

aDepartment of Biochemistry, Charles University, Albertov
2030, 128 40 Prague, bInstitute of Molecular Genetics, Aca-
demy of Sciences of the Czech Republic, Flemingovo n. 2,
166 37 Prague, Czech Republic

Mammalian fertilization is a series of events involving
sperm capacitation, gamete recognition and sperm binding to
ovum and mediated by specific interactions between molecu-
les located on the surface of both gametes as well as substances
surrounding gametes in natural environment 1. Interactions of
the lectin type play an important role in some steps of this
process2,3. Proteins of seminal plasma interact with the sperm
surface4 and with several substances of different types, inclu-
ding acidic polysaccharides of the heparin type5. Heparin
induces capacitation of bull sperm in vitro6; the presence of
D-glucose inhibits this process6. Moreover, the binding pro-
perties of seminal plasma proteins are probably influenced by
low molecular weight components of seminal plasma, e.g.
monosaccharides. Seminal plasma of different species con-
tains, besides others, also D-fructose7. D-Fructose present in
seminal plasma is not only a source of energy, but it may
participate in some steps of the fertilization process. D-Fruc-
tose was found to inhibit human acrosin5 or to suppress the
acrosome reaction of human spermatozoa9.

In our experiments using ELBA (Enzyme Linked Binding
Assay) and biotinylated polyacrylamide derivative of hepa-
rin10, we have tested the effect of monosaccharides on the
ability of bull sperm and bull seminal plasma proteins to
interact with heparin. The heparin-binding activity of bull
seminal plasma proteins was inhibited by D-fructose and in

a lesser degree by D-glucose; D-galactose had no effect. The
interaction of bull sperm with heparin was not influenced by
the presence of monosaccharides.

These results were confirmed by the affinity chromato-
graphy of bull seminal plasma proteins on heparin immobi-
lized to polyacrylamide followed by elution with monosaccha-
rides. The amount of proteins eluted with D-fructose was about
8ñ10 times higher than those eluted with D-glucose. No pro-
teins were eluted with the D-mannose solutions. The remaining
heparin-binding proteins were eluted with 3 M-NaCl.

Proteins adsorbed to a heparin-polyacrylamide column and
eluted with D-fructose were analyzed by HPLC with reversed
phase, SDS electrophoresis and by the determination of N-ter-
minal amino acid sequence. The D-fructose fraction contains
several proteins with rel. mol. wt. of 14 000, 17 500, 27 000,
48 500, 56 000. Among proteins of the D-fructose binding
fraction, RNAase dimer was identified. Only traces of the main
BSP proteins of bull seminal plasma were found. N-terminal
amino acid analysis revealed in the D-fructose binding fraction
the presence of three other proteins with the N-terminal sequence
not corresponding to known proteins:

a) EVVTTEDQQXGAAEPSEVEXÖ.. (14 000),
b) AVGXAPPGWXÖ.(48 500),
c) XAGGSVHSQXÖ. (17 500).

The obtained results suggest that monosaccharides present
in seminal plasma serve not only as energy source but that they
could participate in the interaction of seminal plasma proteins
with polysaccharides of the glycosaminoglycan type; these
interactions are involved in the capacitation process.

This work was supported by the Grant Agency of the Czech
Republic, grant  No. 303/99/0357, and by the Ministry of
Education of the Czech Republic grant No. S 95/141 and by
the Grant Agency of Charles University grant No. 12/198.
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16 CROSS-REACTIVITY OF ANTIBODIES
AGAINST BOAR SPERMADHESINS
WITH HEPARIN-BINDING PROTEINS
FROM HUMAN SEMINAL PLASMA
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Boar seminal plasma contains different types of proteins
such as e.g. spermadhesins that are bound on spermatozoa
upon ejaculation. Spermadhesins located on the sperm surface
play a role in capacitation, gamete recognition and interaction
of spermatozoa with the egg. Proteins closely related to boar
spermadhesins were also found in seminal plasma of other
species. Spermadhesins belong to a large family of develop-
mentally regulated proteins with characteristic CUB domains1,2.

The aim of this work was to find human seminal plasma
proteins related to spermadhesins. For their isolation, we used
the same method as for boar spermadhesins, which  were
separated, using their ability to bind heparin3. Similarly, hepa-
rin-binding proteins were isolated from human seminal plasma
by affinity chromatography on Heparin-Sepharose. By RP
HPLC, fractions designated as HHB 1, 2, 3, 4, 5, 6, 7, 8, 9, 9A,
9B, 10 and 11 were separated. SDS-polyacrylamide gel elec-
trophoresis showed that the spectrum of isolated heparin-bin-
ding proteins from human seminal plasma was more compli-
cated than that found in boar seminal plasma. The presence of
predominant proteins ñ semenogelin fragments and lactoferrin
and its splitting products were detected. We identified the
semenogelin fragments by N-terminal amino acid sequencing
of HHB 1 and HHB 2 fractions. Semenogelin, the most domi-
nant protein, originates in seminal vesicles. Upon ejaculation,
it constitutes a noncovalent complex coagulum that entrappes
spermatozoa and thus inhibits their movement4. The coagulum
is dissolved by cleavage with semenogelin-specific protease
15ñ20 min after ejaculation5. The released spermatozoa move
faster than before entrapment. A hypothesis exists that seme-
nogelin fragments could act as activators of motility6. The
heparin binding ability of semenogelin was described pre-
viously7. In HHB 8 ñ HHB 11, lactoferrin and its fragments
were found by immunodetection with rabbit antibodies against
human milk lactoferrin that cross-reacts with the human semi-
nal plasma form8. This finding is in an agreement with results
of Lilja et al.4 However, the ability of lactoferrin and its
fragments from human seminal plasma has not been described.
The role of lactoferrin in seminal plasma is probably the
protection of spermatozoa from bacterial attack9.

Immunochemical methods were used to show the presence
of proteins in human seminal plasma that are related to boar
spermadhesins. Recently prepared rabbit antibodies against
spermadhesins AQN 1 (designated according to the first three
N-terminal amino acids of the sequence) and AWN 1 (Ref.10)
were studied for their cross-reactivity with HHB proteins. By
means of  immunoblotting of electrophoretically  separated
proteins, rabbit antibody against AQN 1 cross-reacted with
three low Mw bands (10.7, 12.6 and 14.8 kDa) of HHB 8. Four

bands (11.2, 11.9, 13.0 and 14.1 kDa) of HHB 9A and HHB
10 cross-reacted with rabbit antibody against AWN 1 boar
spermadhesin.

Although the immunoreactions of antibodies against boar
spermadhesins with protein components from human seminal
plasma were very strong, the corresponding bands were hardly
detectable even by silver staining in polyacrylamide gel.

To identify proteins cross-reacting with antibodies against
boar spermadhesins, the gel chromatography of heparin-bin-
ding proteins on Sephadex G-75 SF was used. To prevent the
formation of protein aggregates, the gel chromatography was
performed in 2 M urea. The proteins with cross-reactivity
against spermadhesins were eluted in high molecular fractions
(mol. wt. 60ñ100 kDa) containing mainly lactoferrin, which
is known to interact strongly with several seminal plasma
proteins11, and it is likely that it interacts with human sperm-
adhesin-related proteins too.

This work was supported by the Grant Agency of the Czech
Republic (Grant Nos. 524/96/K162, 303/99/0357), Grant
Agency of Charles University (12/1998), Grant of the Ministry
of Education of the Czech Republic (VS 96 141).
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17 THE NATURE AND POSSIBLE ROLE OF SIZE
AND CHARGE HETEROGENEITY OF EF-Tu
POPULATION IN STREPTOMYCES
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Protein synthesis elongation factor Tu (EF-Tu) is one of
the most abundant proteins found in bacteria. It participates on
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the correct positioning of incoming aminoacyl-tRNA on the
ribosome during translation1. There have been proposed seve-
ral other functions for EF-Tu beside its role in elongation, such
as the role in RNA transcription2, that of a structural protein3

or in the chaperon-like activity4. These functions might be
regulated also on a post-translational level. The sequence data
show that there are, in the structure of tuf genes coding for
active EF-Tu in prokaryotes, large homologous or identical
regions. The degree of identity is even higher within individual
genera of bacteria.

In Streptomyces the amino acid sequence identity ranges
between 92ñ98 % for five so far sequenced tuf1 genes. All
of the genes give the product of the same length of 397 amino
acids. Nevertheless, the comparison of tuf gene products from
several Streptomyces strains on SDS gel, presented in our
study, revealed quite significant differences in their apparent
size. Besides of this differences we had also detected for
some of the factors analysed on 2D electrophoresis gels pre-
sence of isoforms of EF-Tu differing in charge. EF-Tu hetero-
geneity was observed both in purified factors and in cell crude
extracts.

In order to get better understanding of the Tu population
heterogeneity we had cloned EF-Tu from Streptomyces aureo-
faciens on a pET plasmid and overproduced it with the T7
RNA polymerase system in E. coli. Recombinant Streptomy-
ces EF-Tu represented there more than 40 % of total cell
protein and was stored in inclusion bodies. We had developed
a method for purification of S. aureofaciens EF-Tu from iso-
lated inclusion bodies based on the ability of the protein
to aggregate spontaneously. Purified protein showed similar
charge heterogeneity as EF-Tu isolated from mycelium of
S. aureofaciens and was of the same size. All the isoforms
reacted with antibodies against S. aureofaciens EF-Tu and also
reacted with monoclonal antibodies against phosphoserine
and phosphothreonine. The phosphorylation of the protein was
studied in in vitro and in vivo phosphorylation assays.

We had also followed the concentration and the ratio of
EF-Tu isoforms during growth of S. aureofaciens in liquid and
solid media. For that purpose we had developed a technique
of liquid medium, which is easy to change during the growth
or to supplement it with radioactive label or various additions.

The current experiments are oriented towards the clarifi-
cation of the nature and position of potential post-translation
modifications which might play a significant role in regulation
of EF-Tu functions and are possibly causing the charge and
size differences between proteins.

This work was supported by the Grant Agency of the Czech
Republic Grant No. 204/098/0443 and Dr. Nguyem D. Liem
was supported by a UNESCO fellowship.
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18 PROTEINñPROTEIN RECOGNITION:
MODELING OF STREPTOMYCETE
RIBONUCLEASES COMPLEXES WITH
BARSTAR AND ASSESSMENT
OF BINDING ENERGIES

ºUBICA URB¡NIKOV¡, RADOVAN DVORSK›,
and JOZEF äEV»ÕK

⁄stav molekul·rnej biolÛgie SAV, D˙bravsk· cesta 21, 842 51
Bratislava

Understanding of proteinñprotein recognition mechanism
is important in clarifying of many biological processes and is
inevitable for practical application as for example drug design.
Complexes of ribonucleases with inhibitors are ideal models
for studying the subject.

RNase Sa, Sa2 and Sa3 are guanylspecific endoribonu-
cleases produced by Streptomyces aureofaciens. Their struc-
tures were solved at high resolutions, including atomic for
RNase Sa (Ref.1). As the enzymes are toxic for the host cells,
high level production was allowed only by contemporary
expression of the enzyme and barstar genes. Barstar is a spe-
cific intracellular inhibitor of barnase, ribonuclease from Ba-
cillus amyloliquefaciens2. It binds to and fully inhibits Sa
ribonucleases by a steric blocking of the active site. Dissocia-
tion constants of the complexes of Sa ribonucleases with
barstar are in order of 10-10 to 10-12 mol.l.-1, which is three to
four orders higher than that of barnase-barstar complex3. The
structure of barnase ñ barstar complex was solved at 2.6 and
2.0 Å resolution4,5. Crystal structure of the complex of RNase
Sa with barstar was solved by molecular replacement and
refined at 1.7 Å resolution to R = 16.2 % (Ref.6). Structure of
RNase St, a ribonuclease from S. erythreus is similar to Sa
structures7. RNase Sa residues, which are important in binding
to barstar, are conserved also in St. In spite of that it seems that
barstar does not inhibit RNase St as the contemporary expres-
sion of RNase St and barstar genes does not protect host cells
from the toxic effect of the enzyme3.

Complexes of Sa2, Sa3 and St ribonucleases with barstar
were modeled on the basis of known structures of RNase Sa ñ
barstar and barnase ñ barstar complexes and expected flexibi-
lity of the molecules. The aim was to rationalize the differen-
ces in the dissociation constants and to explain why RNase St
is not inhibited by  barstar. Modeling  has not shown any
significant differences in intermolecular contacts in the com-
plexes.

It is known that electrostatic interactions play an important
role in formation of complexes. Therefore solvent accessible
areas of free enzymes and inhibitor molecules and distribution
of surface charges were analyzed and association free energy
of complexes was calculated. Interaction energies between
ribonucleases and barstar, comprising Coulomb and van der
Waals forces were calculated using the molecular forcefield8.
Contribution of solvent to the tightness of the complexes was
acquired by analysis of solvent accessible areas and solution
of Poisson-Boltzmann equation. It was found that in complex
formation there are involved not only recognition sites but also
other regions of solvent accessible surfaces of molecules may
play an important role.

The results contribute to better understanding of the me-
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chanism of recognition and complex formation and are being
used to propose mutations of enzymes and inhibitors in order
to modify dissociation constants of the complexes and to
increase their tightness.

This  work was financed  by the  Howard Hughes Medical
Institute grant number 75195-547601 and the Slovak Acade-
my of Sciences grant number 2/1070/96.
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19 INFLUENCE OF MUTATIONS AND
MYRISTYLATION OF MATRIX PROTEIN FROM
MASON-PFIZER MONKEY VIRUS ON ITS
CONFORMATION IN SOLUTION

MARTIN HASSMAN, MILAN KODÕ»EK,
MARTIN STROHALM, JAN LIPOV, and TOM¡ä RUML

Institute of Biochemistry and Microbiology, Faculty of Food
and Biochemical Technology, Institute of Chemical Techno-
logy, Technick· 5, 166 28 Prague, Czech Republic

Mason-Pfizer monkey virus (M-PMV) is a prototype of
type D retrovirus. Their immature capsids assemble in cyto-
plasm and afterwards they are targeted to the plasma membra-
ne of the host cell where they released by the process of
budding.

Matrix protein of M-PMV is formed by a single polypep-
tide chain (12 kDa) and represents a substantial component of
virus envelope. Its N-terminal glycine is cotranslationally
myristylated by enzyme apparatus of host cell. This modifica-
tion influences crucially the virus morphogenesis; if the my-
ristylation is prevented, the assembly of the virus particle is
not completed. Some of point mutations in matrix protein also
affect morphogenesis. The three-dimensional structure of only
non-myristylated form M-PMV matrix protein has been elu-
cidated up to now1.

In this work we have studied influence of myristylation
and some point mutations on M-PMV matrix protein in solu-
tion; we would like to know whether the possible conformati-

onal changes, induced by these modifications, can be correla-
ted with the changes in morphogenesis of the virus. Using
fluorimetry and circular dichroism  (CD) spectroscopy we
compared three non-myristylated mutants: mutation A18V
(Val instead of Ala) prevents transport of preassembled capsid
to plasma membrane2, R55W (Trp instead of Arg) and R55F
(Phe instead of Arg) convert the morphogenesis of M-PMV to
the C-type3,4 (capsid is assembled in direct interaction with the
plasma membrane simultaneously with the process of virion
budding). Further on, we have compared the myristylated and
non-myristylated non-mutated protein; when the protein is not
myristylated, the capsid is preassembled in cytoplasm, but not
targeted to the membrane.

CD spectra of the  studied  forms of matrix protein in
peptide region were not found to be different; all forms contain
about 35 % of α-helix. On the other hand, CD spectra in
aromatic region differ significantly (Fig. 1). As the structure
itself of aromatic chromophores is not chiral (inherently achi-
ral chromophores), the observed changes in CD spectra signa-
lise conformational differences on the level of tertiary struc-
ture. Of course, with the mutants R55W and R55F the obser-
ved changes in CD spectra can be also induced by the presence
of another aromatic chromophore.

A broad positive CD band at 260 nm (Fig. 1) is often linked
to the presence of disulphide chromophore. The matrix protein
contains 2 cystein residues that, according to our experiments,
do not react with Ellman reagent. These observations indicate
that, at least in vitro, the cystein residues are connected by
disulphide bridge. This corresponds with the finding that the
positive band at 260 nm does not disappear during denatura-
tion by 6 M guanidine hydrochloride; disulphide structure is
inherently chiral and, consequently, less sensitive to confor-
mational changes than aromatic bands.

Emission fluorescence spectra (excitation at 295 nm) of all
forms of matrix protein studied exhibit maximum at 342 nm.
It can be judged that indole residues of Trp are partially buried
in hydrophobic core of the protein but they are not completely
separated from the contact with water surrounding. Mutation
R55W led to an increase and broadening of the emission band
to higher wavelength; we can conclude the ìadditiveî Trp is
located on the surface of the protein molecule.

The tracing of heat denaturation by both methods has
shown that the protein looses its ordered structure at higher
temperatures. The denaturation transition is gradual; the native
structure does not exhibit a high degree of cooperativity.

Fig. 1. CD spectrum of matrix protein M-PMV in aromatic region.
myristylated form, ñ ñ ñ non-myristylated form
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20 ALTERNATIVNÕ SPLICING V AMELOGENESI

RADIM »ERN›, MIROSLAV BALVÕN a EVA »ERN¡

⁄stav lÈka¯skÈ chemie a biochemie, LÈka¯sk· fakulta UK,
Karlovarsk· 48, 301 66 PlzeÚ

Amelogenese, tj. tvorba zubnÌ skloviny, je p¯ev·ûnÏ funkcÌ
ameloblast˘, speci·lnÏ diferencovan˝ch epitheli·lnÌch bunÏk
ektodermovÈho p˘vodu. Velmi silnÏ mineralizovan· zubnÌ
sklovina se p˘vodnÏ formuje jako proteinov· matrix, kter· se
ukl·d· paralelnÏ vedle jinÈ proteinovÈ vrstvy p¯edstavujÌcÌ
budoucÌ dentin, produkovan˝ odontoblasty, buÚkami mesen-
chym·lnÌho p˘vodu. ObÏ proteinovÈ matrix se v˝raznÏ liöÌ
typem protein˘, kterÈ je tvo¯Ì. ZatÌmco dentin je formov·n na
b·zi kolagenu, sklovinu tvo¯Ì zvl·ötnÌ proteiny, kterÈ jinde
nenajdeme. Jedn· se p¯edevöÌm o amelogenin1 a d·le o tzv.
ameloblastin2, nazvan˝ tÈû amelin3 a sheathlin4. Pro ameloge-
nin je typick˝ alternativnÌ splicing, jak bylo zjiötÏno na modelu
myöi5. Tvo¯Ì se tak proteiny o variantnÌch dÈlk·ch od 59 do
180 aminokyselin.

V naöÌ pr·ci jsem studovali jednak amelogenin morËete,
jednak ameloblastin (amelin, sheathlin) morËete a potkana. Ve
vöech p¯Ìpadech jsme zaznamenali variantnÌ mRNA na pod-
kladÏ alternativnÌho sest¯ihu. JednotlivÈ varianty byly detego-
v·ny jako klonovanÈ PCR produkty vzniklÈ syntÈzou z r˘z-
n˝ch primer˘ po reverznÌ transkripci celkovÈ RNA izolovanÈ
z odontogennÌ tk·nÏ p¯ÌsluönÈho druhu. V p¯ÌpadÏ morËete byl
analyzov·n permanentnÏ rostoucÌ mol·r dospÏlÈho jedince,
u potkana ölo o formujÌcÌ se mol·ry nÏkolikadennÌch ml·Ôat.

Amelogenin morËete je tvo¯en ze 4 typ˘ mRNA, kterÈ
kÛdujÌ proteiny o 65, 187, 212 a 226 aminokyselin·ch, a to
vËetnÏ sign·lnÌho peptidu o 16 aminokyselin·ch. V jednotli-
v˝ch klonovan˝ch cDNA jsme zjistili absenci exonu 6b, 6a
spoleËnÏ s 6b a koneËnÏ souËasnou absenci exon˘ 4, 6a a 6b.

RovnÏû ameloblastin vykazuje alternativnÌ splicing, i kdyû
ne v tak velkÈm rozsahu jako amelogenin. V p¯ÌpadÏ amelo-
blastinu potkana nach·zÌme 2 standardnÌ varianty cDNA liöÌcÌ
se ˙sekem 45 nukleotid˘ (15 aminokyselin) v proxim·lnÌ Ë·sti
¯etÏzce (nukleotidy 396ñ440), coû p¯edstavuje celkovou dÈlku
peptidu 422, respektive 407 aminokyselin. PodobnÈ varianty
vykazuje i ameloblastin  prasete4. V p¯ÌpadÏ ameloblastinu
morËete se z hlediska zmÌnÏn˝ch variant vyskytuje pouze
delöÌ forma, ale alternativnÌ splicing jsme zjistili v dist·lnÏjöÌ
Ë·sti molekuly, a to v rozsahu nukleotid˘ 782ñ829, coû p¯ed-
stavuje ˙sek 16 alternativnÌch aminokyselin, kter˝ upravuje
celkovou dÈlku molekuly buÔ na 423 nebo 407 aminokyselin.

Smysl alternativnÌho splicingu je nejspÌöe ve zv˝öenÌ he-
terogenity proteinov˝ch produkt˘ p¯ÌsluönÈ matrix, aniû je

t¯eba exprese vÏtöÌho poËtu gen˘. To je d·le umocnÏno ¯Ìzenou
proteol˝zou, kter· postupnÏ mÏnÌ charakter p¯Ìtomn˝ch pep-
tid˘ a umoûÚuje tvorbu pot¯ebn˝ch peptidov˝ch agreg·t˘,
kterÈ regulujÌ mineralizaci a celkovou stavbu vznikajÌcÌ sklo-
viny.

Tato pr·ce byla podpo¯ena grantem IGA MZ 3735-3.
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21 VYUéITÕ PEPTIDOV…HO MAPOV¡NÕ PROTEINŸ
LIDSK…HO DENTINU PRO STANOVENÕ VÃKU
POST MORTEM

ANNA KOTRBOV¡-KOZAKa, ALEXANDER PILINb,
JIÿÕ SAJDOKa a JAN K¡äa

a⁄stav biochemie a mikrobiologie VäCHT, Technick· 5, 166 28
Praha 6, b⁄stav soudnÌho lÈka¯stvÌ a toxikologie 1. LF UK
a VFN v Praze, StudniËkova 4, 128 00 Praha 2

V pr˘bÏhu poslednÌho desetiletÌ soudnÌ lÈka¯stvÌ vyuûÌv·
stanovenÌ racemizace kyseliny asparagovÈ, ke kterÈ doch·zÌ
bÏhem st·rnutÌ protein˘ s pomal˝m metabolick˝m obratem
(proteiny zub˘, kostÌ) pro urËenÌ vÏku post mortem1,2. Vzhle-
dem k tomu, ûe sekund·rnÌ racemizace aspart·tu bÏhem tot·lnÌ
kyselÈ hydrol˝zy p¯i standardnÌ uûÌvanÈ metodÏ zatÏûuje v˝-
sledky systematickou chybou, je dnes hled·na specifick· me-
toda, kter· by sekund·rnÌ racemizaci eliminovala. Byla navr-
ûena strategie na vyuûitÌ stafylokokovÈ proteasy V8, o kterÈ
se p¯edpokl·d·, ûe ötÏpÌ jak Glu-Xaa, tak Asp-Xaa vazby, ale
pouze v mÌstÏ L-aminokyselinovÈho zbytku. Byla p¯ipravena
dvojice syntetick˝ch substr·t˘ o sekvencÌch Gly-L-Ser-L-Glu-
-L-Ala-L-Tyr-Gly-L-Asp-L-Lys-Gly (peptid LELD) a Gly-L-
-Ser-D-Glu-L-Ala-L-Tyr-Gly-D-Asp-L-Lys-Gly (peptid DEDD).
Jelikoû nedoch·zelo ke ötÏpenÌ peptidu DEDD (peptid LELD
ötÏpen byl), lze usuzovat, ûe ötÏpenÌ proteasou V8 je specifickÈ
v˘Ëi L-aminokyselin·m. Byla izolov·na frakce rozpustn˝ch3

peptid˘ dentinu (SP) z 25 a 72 let˝ch osob, ötÏpena proteasou
V8 a produkt byl analyzov·n RP-HPLC. TÌmto mÏla b˝t ovÏ-
¯ena pouûitelnost proteasy V8 pro pr˘kaz p¯Ìtomnosti D-aspar-
t·tu v proteinov˝ch ötÏpech. AËkoliv rozliöenÌ produkt˘ ötÏ-
penÌ nebylo dostateËnÈ, pro kvantitativnÌ vyhodnocenÌ, byly
patrny z¯etelnÈ rozdÌly mezi obÏma peptidov˝mi mapami.
V souËasnÈ dobÏ je rozpracov·v·na optimalizace analytickÈ
koncovky metody.
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Vzhledem k tomu, ûe fosfoproteiny a fosfopeptidy tvo¯Ì
souË·st organickÈ matrice dentinu, byla vyvinuta technika pro
izolaci tÈto skupiny pomocÌ IMAC s Fe3+. Tato nov· technika
byla aplikov·na pro sledov·nÌ zmÏn v obsahu fosfopeptid˘4.

Je zn·mo, ûe limitovan· kysel· hydrol˝za nevede k v˝raz-
nÈmu urychlov·nÌ racemizace aspart·tu. Kyselou extrakcÌ den-
tinu jsou zÌsk·ny nekolagennÌ proteiny s vysok˝m obsahem
fosfoprotein˘. ZavedenÌ separace fosfoprotein˘ metodou IMAC
od jin˝ch peptid˘, zÌskan˝ch kyselou extrakcÌ, m˘ûe p¯inÈst
dalöÌ vylepöenÌ navrhovanÈho postupu stanovenÌ D-, L-aspar-
t·tu peptidov˝m mapov·nÌm. Pro zv˝öenÌ reprodukovatelnos-
ti a snÌûenÌ n·klad˘ byla proteasa V8 imobilizov·na.

Pr·ce vznikla s podporou grantu IGA MZ »R Ë. 4753-3.
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22 THROMBOGENICITY OF FIBRINOGEN LAYERS

JITKA RYäAV¡a, JAN E. DYRa, JIÿÕ SUTTNARa,
PETR CIESLARb, EDUARD BRYNDAc,
MILAN HOUSKAc, ALBRECHT BRANDENBURGd,
and JIÿÕ HOMOLAe

aInstitute of Hematology and Blood Transfusion, U nemocni-
ce 1, 128 20 Prague 2, bCharles University, Prague, cInstitute
of Macromolecular Chemistry, Academy of Sciences of the
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Institute  of Physical  Measurements Techniques, Freiburg,
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Academy of Sciences of the Czech Republic, Prague, Czech
Republic

Fibrinogen adsorption to biomaterials plays a key role in
their biocompatibility. The conformation of bound fibrinogen
determines its reactivity with other proteins including fibrino-
gen itself and also blood platelets1. We used optical methods
employing the evanescent light wave penetrating from the
surface of an optical element into the adjacent medium for
observation of processes taking place in thin films of im-
mobilized fibrinogen. Using specific monoclonal antibodies
against various domains of fibrinogen we found that at low
fibrinogen surface density the majority of elongated fibrino-
gen molecules seem to be adsorbed side on, at high surface
density the molecules seem to be adsorbed end-on2. Different
degree of freedom of immobilized fibrinogen depending on
its surface density was observed directly by optical sensors.
When ionic strength of the medium was lowered, at high
fibrinogen density the effective refractive index calculated
from the recorded coupling angle decreased due to decrease in
the refractive index (∆Neff) of solution within the penetration
depth of the evanescent wave, but then it increased. At low
fibrinogen density and also when a wavelength interrogation-

-based SPR (surface plasmon resonance) sensor was employed
the changes were much lower. The theoretical treatment of the
grating coupler optics related the decrease in ∆Neff to shrinking
of the adsorbed fibrinogen layer. In solution, fibrinogen pre-
cipitates when ionic strength is lowered.

Fibrinogen in solution did not bind to surface-bound fi-
brinogen. Not depending on the hydrophobicity of the surface,
a fibrinogen monolayer was always formed. Bound fibrinogen
converted by thrombin to fibrin monomer interacted (rather
slowly) with fibrinogen in solution. The rate of adsorption
depended upon immobilized fibrin monomer density, fibrino-
gen concentration in solution, and on the presence of calcium
ions. At low fibrin monomer density the second layer was
formed which contained about the same amount of protein as
the first layer, at higher fibrin monomer concentration less than
one molecule of fibrinogen per molecule of fibrin monomer
was captured.

Supported by the grants No. 102/99/0549 (GA»R) and No.
4642-3, NK/4956-3 (IGA MZd »R).
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23 STUDIUM REKOMBINANTNÕHO RTX
PROTEINU FrpC BAKTERIENEISSERIA
MENINGITIDIS
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SERGEY VATOLINa, JITKA KALMUSOV¡b,
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bSt·tnÌ zdravotnÌ ˙stav, ärob·rova 48, 100 42 Praha

Bakterie Neisseria meningitidis je jednÌm z mikroorganis-
m˘ zp˘sobujÌcÌch u ËlovÏka bakteri·lnÌ meningitidu a celko-
vou sepsi organismu. Tato onemocnÏnÌ jsou charakterizov·na
tk·Úovou a cÈvnÌ degradacÌ a i p¯es rychlou a modernÌ terapii
z˘st·v· poËet ˙mrtÌ na tyto infekce pomÏrnÏ vysok˝. Pr˘bÏh
patogenese onemocnÏnÌ nenÌ na molekul·rnÌ ˙rovni prozatÌm
detailnÏ prostudov·n a navÌc, na rozdÌl od jin˝ch gramnega-
tivnÌch patogennÌch baktÈriÌ, nebyl u N. meningitidis objeven
û·dn˝ Ñklasick˝ì exotoxin, kter˝ by se na vzniku Ëi pr˘bÏhu
onemocnÏnÌ podÌlel. NicmÈnÏ ned·vno byly u kmene FAM20
identifikov·ny dva sekretovanÈ proteiny, FrpA a FrpC (cit.1-3),
podobajÌcÌ se nÏkolika charakteristick˝mi strukturnÌmi rysy
protein˘m pat¯ÌcÌm do tzv. RTX (Repeats in ToXin) rodiny
cytotoxin˘ gramnegativnÌch patogen˘, kterÈ jsou ve vÏtöinÏ
p¯Ìpad˘ klÌËov˝mi faktory virulence. Tato podobnost nazna-
Ëuje, ûe proteiny FrpA a FrpC mohou hr·t d˘leûitou roli
v patogenezi invazivnÌho meningokokovÈho onemocnÏnÌ.

PomocÌ polymerasovÈ ¯etÏzovÈ reakce (PCR) byla studo-
v·na p¯Ìtomnost frpA a frpC lokus˘ kÛdujÌcÌch v˝öe uvedenÈ
proteiny u tÈmÏ¯ sedmdes·ti klinick˝ch izol·t˘ N. meningiti-
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dis. ZatÌmco frpC lokus byl detekov·n u vöech kmen˘ izolo-
van˝ch z nemocn˝ch jedinc˘ a tÈmÏ¯ u vöech kmen˘ izolova-
n˝ch ze zdrav˝ch kontakt˘, frpA specifickou DNA se poda¯ilo
amplifikovat u mÈnÏ neû poloviny testovan˝ch kmen˘. NavÌc,
devÏt sekvenovan˝ch frpC PCR produkt˘, identick˝ch s po-
Ë·tkem genu frpC, vykazovalo vysok˝ stupeÚ sekvenËnÌ ho-
mologie. Z tohoto d˘vodu byla dalöÌ Ë·st pr·ce zamÏ¯ena
pouze na frpC gen, resp. FrpC protein.

Z genomovÈ DNA jednoho z klinick˝ch izol·t˘ N. menin-
gitidis byla p¯ipravena v plazmidu pTZ19R parci·lnÌ genomo-
v· knihovna a pomocÌ PCR detekov·n klon nesoucÌ frpC
lokus. Exprese FrpC z tohoto lokusu v E. coli XL1-Blue vedla
k zÌsk·nÌ pouze velmi nÌzkÈ koncentrace proteinu. K dosaûenÌ
vyööÌho stupnÏ exprese byl gen frpC klonov·n do expresnÌho
vektoru pTYB2 (IMPACT T7 System, New England Bio-
labs4,5) pod kontrolu transkripËnÌch a translaËnÌch iniciaËnÌch
sign·l˘ genu 10 bakteriof·ga T7. V˝öe uveden˝ systÈm navÌc
umoûÚoval snadnou a rychlou purifikaci proteinu ze surovÈho
cytoplazmatickÈho extraktu E. coli BL21(DE3) pomocÌ afinit-
nÌ chromatografie na chitinovÈ kolonÏ. Jako druh˝ purifikaËnÌ
krok byla za¯azena iontov˝mÏnn· chromatografie na DEAE-
-Sepharose. V˝tÏûek FrpC proteinu po dvou purifikaËnÌch
krocÌch byl 2 mg rozpustnÈho nativnÌho proteinu z 1 litru
kultury, jehoû Ëistota byla vÌce neû 90 %, jak bylo stanoveno
pomocÌ SDS-PAGE anal˝zy. Z tÈ bylo navÌc z¯ejmÈ, ûe kromÏ
celistvÈ 198 kDa formy FrpC je na gelu p¯Ìtomna druh·, asi
150 kDa, forma. Ta byla na Western blotu pomocÌ specific-
k˝ch monoklon·lnÌch protil·tek identifikov·na jako C-konco-
v· Ë·st FrpC, p¯iËemû obÏ formy byly v mol·rnÌm pomÏru p¯i-
bliûnÏ 1:1. DalöÌmi experimenty bylo prok·z·no, ûe obÏ formy
jsou p¯Ìtomny jiû v buÚce bÏhem exprese a navÌc, 198 kDa
forma vysoce purifikovanÈho prepar·tu p¯ech·zÌ in vitro tÈmÏ¯
kompletnÏ na 150 kDa formu v p¯Ìtomnosti v·penat˝ch iont˘,
p¯iËemû je moûnÈ tento p¯echod inhibovat p¯Ìdavkem EDTA.
Tyto v˝sledky naznaËujÌ, ûe jednou z moûn˝ch aktivit FrpC
proteinu je kalcium-dependentnÌ autokatalytickÈ ötÏpenÌ mo-
lekuly.

Purifikovan˝ protein byl pouûit jako antigen ke stanovenÌ
hladiny anti-FrpC specifick˝ch protil·tek v sÈrech pacient˘,
kte¯Ì prodÏlali invazivnÌ meningokokovÈ onemocnÏnÌ pomocÌ
metody ELISA. U Ëty¯ pacient˘ nebyly anti-FrpC specifickÈ
IgG protil·tky detekov·ny. U dalöÌch devÌti byla detekov·na
hladina protil·tek s titrem od 100 do 300. U poslednÌch öesti
byla detekov·na vysok· aû velmi vysok· hladina anti-FrpC
specifick˝ch IgG protil·tek, a to s titry od 900 do 72 900.
Zv˝öenÈ hladiny anti-FrpC specifick˝ch IgG protil·tek (titr aû
900) byly navÌc detekov·ny u nÏkter˝ch jedinc˘, kte¯Ì byli
v kontaktu s nemocn˝mi, coû by mohlo svÏdËit o moûnosti
navozenÌ imunitnÌ odpovÏdi prost¯ednictvÌm FrpC, aniû by
doölo k propuknutÌ invazivnÌho onemocnÏnÌ. T¯i takovÈ jedin-
ce (titr aû 300) se n·m poda¯ilo identifikovat i mezi zdravou
kontrolnÌ skupinou. Z v˝öe uveden˝ch v˝sledk˘ je z¯ejmÈ, ûe
FrpC protein je jako ostatnÌ RTX proteiny vysoce imunogennÌ
a pokud by se navÌc poda¯ilo prok·zat baktericidnÌ schopnosti
produkovan˝ch protil·tek, pak by mohl b˝t i vhodn˝m kandi-
d·tem pro novou generaci rekombinantnÌch vakcÌn.

Za pouûitÌ FrpC proteinu znaËenÈho FLAG epitopem byla
pomocÌ FACS (Fluorescence Activated Cell Sorter) anal˝zy
a imunofluorescenËnÌ mikroskopie prok·z·na vazba proteinu
na r˘znÈ typy eukaryotnÌch bunÏk pÏstovan˝ch ve tk·ÚovÈ
kultu¯e. Po opracov·nÌ bunÏk trypsinem doch·zelo ke ztr·tÏ

vazby, coû ukazuje na interakci FrpC s proteinov˝m recepto-
rem. U FrpC, na rozdÌl od jin˝ch RTX toxin˘, nebyla pozoro-
v·na û·dn· zjevn· cytotoxicita nebo destrukce bunÏËnÈ mem-
br·ny (uvolÚov·nÌ lakt·t dehydrogenasy, MTT redukËnÌ test),
coû naznaËuje odliön˝ charakter p˘sobenÌ proteinu na cÌlovÈ
buÚky.
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24 STUDIUM MEMBR¡NOV… TOPOLOGIE
ADENYL¡T-CYKLASOV…HO TOXINU
BAKTERIEBORDETELLAPERTUSSIS
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Adenyl·t-cyklasov˝ toxin (ACT) je jednÌm z klÌËov˝ch
faktor˘ virulence gramnegativnÌ bakterie Bordetella pertussis,
p˘vodce ËernÈho kaöle. ACT obsahuje 1706 aminokyselino-
v˝ch zbytk˘ a skl·d· se z adenyl·tcyklasovÈ a hemolytickÈ
domÈny. Adenyl·tcyklasov· domÈna pronik· do cytosolu celÈ
¯ady bunÏk, kde po nav·z·nÌ kalmodulinu katalyzuje p¯emÏnu
ATP na cAMP1. Hemolytick· domÈna je zodpovÏdn· za inter-
akci ACT s cytoplazmatickou membr·nou cÌlov˝ch bunÏk
a za tvorbu kation selektivnÌch membr·nov˝ch kan·l˘. Skl·d·
se z nÏkolika odliön˝ch oblastÌ ñ hydrofÛbnÌ domÈny, oblasti
posttranslaËnÌ modifikace ACT mastnou kyselinou, repetitiv-
nÌ  domÈny  vytv·¯ejÌcÌ  Ca2+ vazebn· mÌsta a C-koncovÈho
sekreËnÌho sign·lu1. ACT je nejenom pozoruhodn˝m p¯Ìkla-
dem toxinu schopnÈho spont·nnÏ pronikat p¯Ìmo cytoplazma-
tickou membr·nou cÌlov˝ch bunÏk, ale lze jej takÈ pouûÌt jako
invazivnÌ nereplikativnÌ vektor pro dopravu r˘zn˝ch vir·lnÌch
epitop˘ p¯Ìmo do cytosolu antigen-prezentujÌcÌch bunÏk a n·-
slednÏ pouûÌt k vakcinaËnÌm ˙Ëel˘m2. Mechanismus interakce
ACT s cytoplazmatickou membr·nou, translokace adenyl·t-
cyklasovÈ domÈny do cytosolu bunÏk a celkov· topologie
toxinu v membr·nÏ ovöem z˘st·vajÌ nezn·my.

Ke studiu topologie ACT v membr·nÏ jsme p¯ipravili sadu
26 mutantnÌch ACT protein˘, nesoucÌch v p¯esnÏ definova-
n˝ch pozicÌch epitop FLAG jako intramolekul·rnÌ marker,
kter˝ lze detekovat pomocÌ specifickÈ anti-FLAG monoklo-
n·lnÌ protil·tky. Po zabudov·nÌ jednotliv˝ch FLAG-ACT do
membr·ny modelov˝ch cÌlov˝ch bunÏk, jsme sledovali p¯Ì-
stupnost FLAG epitopu ke ötÏpenÌ trypsinem p¯idan˝m k buÚ-
k·m. »·sti s FLAG epitopem zabudovan˝m v urËitÈm mÌstÏ
ACT, kterÈ se nach·zely intracelul·rnÏ, byly uvnit¯ erythro-
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cyt˘ chr·nÏny proti rozötÏpenÌm trypsinem.Ty Ë·sti toxinu
s FLAG epitopem, kterÈ z˘staly umÌstÏny extracelul·rnÏ a ne-
pronikaly do bunÏk, byly trypsinem rozötÏpeny. Takto zÌskanÈ
fragmenty toxinu byly detekov·ny metodou Western blotu.
Fragmenty odpovÌdajÌcÌ transmembr·nov˝m segment˘m byly
zÌsk·ny po proteolytickÈm ötÏpenÌ membr·n erythrocyt˘ z ex-
tracelul·rnÌ i z cytosolickÈ strany. P¯i studiu membr·novÈ
topologie ACT byla takÈ pouûita FACS anal˝za, zaloûen· na
principu detekce FLAG epitopu za nedenaturujÌcÌch podmÌ-
nek. P¯i interpretaci vöech zÌskan˝ch v˝sledk˘ byl br·n v po-
taz p¯Ìpadn˝ Ë·steËn˝ pokles biologickÈ aktivity ACT po
inzerci FLAG epitopu a vliv umÌstÏnÌ epitopu na schopnost
monoklon·lnÌ protil·tky specificky rozezn·vat FLAG epitop
v danÈm mÌstÏ molekuly ACT.

ZÌskanÈ v˝sledky naznaËujÌ, ûe p¯inejmenöÌm Ë·st repeti-
tivnÌ domÈny ACT pronik· rovnÏû do cytosolu cÌlov˝ch bu-
nÏk, p¯ÌpadnÏ v cytoplazmatickÈ membr·nÏ vytv·¯Ì transmem-
br·novÈ smyËky. Toto tvrzenÌ se opÌr· zejmÈna o v˝sledky
s konstrukty s epitopem FLAG zabudovan˝m v pozicÌch 1334
a 1387, kterÈ majÌ zachov·nu p˘vodnÌ biologickou aktivitu.
Po jejich zabudov·nÌ do bunÏËnÈ membr·ny a ötÏpenÌ extra-
celul·rnÏ p¯idan˝m trypsinem, lze u tÏchto konstrukt˘ deteko-
vat pomocÌ Western blotu fragmenty o velikosti 150, 90 a 30 kDa,
resp. 80 a 60 kDa, kterÈ odpovÌdajÌ intracelul·rnÌm Ë·stem
toxinu, chr·nÏn˝m p¯ed extracelul·rnÌm trypsinem. U vÏtöiny
konstrukt˘ jsme zÌskali hned nÏkolik r˘znÏ velk˝ch chr·nÏ-
n˝ch fragment˘, coû poukazuje na existenci alespoÚ dvou kon-
formaËnÌch stav˘ molekul ACT po zabudov·nÌ do membr·ny
bunÏk. V˝sledky zÌskanÈ s konstrukty s epitopem FLAG v po-
zici 510, 524, 594 a 607 ukazujÌ, ûe hydrofÛbnÌ domÈna ACT
rovnÏû pronik· do membr·ny cÌlov˝ch bunÏk. Soubor dalöÌch
v˝sledk˘ ukazuje, ûe adenyl·tcyklasov· domÈna pronik· do
cytosolu bunÏk, kde doch·zÌ k jejÌ proteolytickÈ degradaci,
a proto jejÌ fragmenty bylo moûno detekovat pouze po imu-
noprecipitaci.

Ze zÌskan˝ch v˝sledk˘ jsme navrhli pracovnÌ model trans-
membr·novÈ topologie ACT.
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25 STUDIUM LYTICK…HO ⁄»INKU
ADENYL¡T-CYKLASOV…HO TOXINU
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Adenyl·t-cyklasov˝ toxin (ACT) je klÌËov˝m virulenËnÌm
faktorem bakterie Bordetella pertussis, kter· zp˘sobuje one-
mocnÏnÌ Ëern˝ kaöel1. Jedn· se o protein o molekulovÈ hmot-

nosti 177 kDa (1706 aminokyselin), kter˝ je tvo¯en dvÏma
Ë·stmi: adenyl·t-cyklasou a RTX hemolyzinem.

HlavnÌ biologickou aktivitou toxinu je jeho schopnost
inzerce do membr·n r˘zn˝ch typ˘ eukaryotnÌch bunÏk a trans-
lokace enzymatickÈ adenyl·t-cyklasovÈ domÈny do cytosolu
napadenÈ buÚky. V cytosolu je adenyl·t-cyklasa aktivov·na
eukaryotick˝m kalmodulinem2 a katalyzuje konverzi ATP na
cAMP. Interakci ACT s membr·nou cÌlovÈ buÚky zabezpeËu-
je druh· Ë·st toxinu, tzv. RTX hemolyzin, kter˝ vytv·¯Ì ionto-
vÈ kan·ly v cytoplazmatickÈ membr·nÏ. Pro obÏ aktivity ACT
je nutn· posttranslaËnÌ modifikace mastnou kyselinou a vazba
v·penat˝ch iont˘. P¯esn˝ mechanismus interakce ACT s mem-
br·nou cÌlovÈ buÚky nenÌ zn·m.

K sledov·nÌ ˙Ëinku toxinu na cÌlovou membr·nu byla
pouûita metoda mÏ¯enÌ ˙niku fluorescenËnÌ sondy FITC z li-
pozom˘. Bylo zjiötÏno, ûe kinetika ˙niku fluorescenËnÌ son-
dy p˘sobenÌm toxinu je z·visl· na koncentraci toxinu, kon-
centraci v·penat˝ch iont˘, pH a acylaci toxinu. ZÌskanÈ v˝-
sledky naznaËujÌ, ûe p¯i poË·teËnÌ f·zi inzerce ACT do
membr·ny lipozom˘ doch·zÌ nejprve ke vzniku velk˝ch lezÌ,
kterÈ umoûÚujÌ rychl˝ ˙nik sondy z lipozom˘. Ve druhÈ f·zi
inzerce pravdÏpodobnÏ toxin zaujme stabilizovanou defini-
tivnÌ konformaci v membr·nÏ a zaËne ˙Ëinkovat jako ion-
tovÏ selektivnÌ kan·l. To zp˘sobuje pomalejöÌ toky iont˘ p¯es
membr·nu vedoucÌ k pomalejöÌ lyzi lipozom˘ a ke zpoma-
lenÌ ˙niku fluorescenËnÌ sondy. Vazba a inzerce toxinu do
membr·ny lipozom˘ nevyûaduje na rozdÌl od membr·n cÌlo-
v˝ch bunÏk posttranslaËnÌ acylaci ACT. ⁄nik fluorescenË-
nÌ sondy z Ñghost˘ì erytrocyt˘ se vyznaËuje odliönou kine-
tikou ñ nebyla zde zaznamen·na prvnÌ Ñrychl·ì f·ze lyze.
Mechanismus inzerce toxinu do membr·ny erytrocyt˘ je tedy
patrnÏ odliön˝ od mechanismu inzerce do membr·ny lipozo-
m˘.

NastavenÌm membr·novÈho potenci·lu na lipozomech (cca
ñ30 mV) pomocÌ koncentraËnÌho gradientu KCl(in)/NaCl(out)
nedoölo ke zv˝öenÌ vazby ACT do membr·ny (oproti systÈmu
bez potenci·lu). TakÈ kinetika lyze lipozom˘, na kter˝ch byl
ustaven potenci·l, nejevÌ oproti systÈmu bez potenci·lu û·dn˝
rozdÌl. Membr·nov˝ potenci·l byl mÏ¯en pomocÌ fluorescenË-
nÌ sondy diS-C3(3) (cit.3).

Tato pr·ce byla podporov·na grantem ËÌslo A5020907 Gran-
tovÈ agentury Akademie vÏd »R.
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26 ACYLATION OF CONSERVED LYSINE 983 IS
SUFFICIENT FOR ACTIVITY OFBORDETELLA
ADENYLATE CYCLASE TOXIN:
SUBSTITUTIONS OF ALANINE 140
IN THE ACYLTRANSFERASE CyaC MODULATE
THE SELECTION OF TOXIN ACYLATION SITES

T‹MAY BASARa, VLADIMÕR HAVLÕ»EKa,b,
SILVIA BEZOUäKOV¡a, LEEANN HIGGINSb,
MURRAY HACKETTb, and PETER äEBOa

aInstitute of Microbiology, Academy of Sciences,  Prague,
Czech Republic, bDepartment of Medicinal Chemistry, Uni-
versity of Washington, Seattle, WA 98195, USA

The biological activity of Bordetella pertussis adenylate
cyclase toxin (Bp-ACT) depends on a posttranslational fatty
acylation by the accessory acyltransferase CyaC, which pal-
mitoylates ACT at the conserved lysine 983 (Ref.1). However
an additional conserved RTX acylation site can be identified
in ACT at lysine 860 (K860) and this residue becomes palmi-
toylated  when recombinant ACT (r-Ec-ACT) is produced
together with CyaC in Escherichia coli K12 (Ref.2). We have
generated a set of mutated CyaC acyltransferases and deter-
mined their in vivo capacity to acylate the simultaneously
produced proACT. Substitutions of the conserved serine 20
and histidine 33 of CyaC ablated its acylating activity, sugges-
ting that Ser20 and His33 residues might be involved in acyl
transfer catalysis. In contrast, conservative substitutions of
alanine 140 of CyaC by glycine (A140G) and valine (A140V)
residues revealed the importance of Ala140 for interaction of
CyaC with the two acylation sites on ACT. As assessed by
a combination of two-dimensional gel electrophoresis and mi-
crocapillary HPLC/tandem mass spectrometric analyses, acy-
lation by the A140V variant of CyaC yielded a close to 1:1 mix-
ture of mono-acylated ACT molecules modified at either the
K860, or the K983 residues, respectively. In contrast, acylation
by the A140G CyaC variant yielded a close to 1:1 mixture
of the non-acylated proACT molecules with mono-acylated
ACT palmitoylated exclusively at lysine 983. Both ACT pre-
parations exhibited, however, about 50 % of the biological
activity of the doubly acylated ACT, irrespectively of whether
half of the ACT preparation consisted of non-acylated pro-
ACT, or of the ACT mono-acylated at K860. This strongly
suggests, that acylation of lysine 983 is essential and sufficient
for biological activity of ACT, while acylation of K860 is
dispensable.

This work was supported by grants No. 310/98/0432 from the
Grant Agency of the Czech Republic, No. A5020907 of the
Grant Agency of the Academy of Sciences and grants No.
VS96149 and ME167 of the Ministry of Education Youth and
Sports of the Czech Republic to P. S.
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ADENYL¡T-CYKLASOV…HO TOXINU
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Adenyl·t-cyklasov˝ toxin-hemolysin (ACT) je jednÌm z klÌ-
Ëov˝ch faktor˘ virulence Bordetelly pertussis (BP), bakterie
zp˘sobujÌcÌ Ëern˝ kaöel. HlavnÌ cytotoxick· aktivita tohoto
proteinu spoËÌv· v jeho schopnosti pronikat p¯Ìmo p¯es cytoplaz-
matickou membr·nu nÏkter˝ch eukaryotick˝ch bunÏk a dopra-
vovat do jejich cytosolu adenyl·t-cyklasovou katalytickou do-
mÈnu. Po spuötÏnÌ nekontrolovanÈ konverze ATP na cyklick˝
AMP pak dojde k naruöenÌ z·kladnÌch bunÏËn˝ch funkcÌ a apo-
ptÛze.Adenyl·t-cyklasov˝toxin-hemolysin z B. pertussis zÌsk·v·
svoji biologickou aktivitu aû po palmitoylaci ε-aminoskupiny
lysinu 983 (K983) pomocÌ acyltransferasy CyaC. Jako dalöÌ
acylaËnÌ mÌsto byl v minulosti identifikov·n lysin 860 (K860),
pokud byl rekombinantnÌ ACT produkov·n v Escherichia coli.

Uv·dÌme detailnÌ hmotnostnÏ-spektrometrickou anal˝zu
acylace ACT, kter˝ byl exprimov·n kmenem BP 18323/pHSP9.
Jedn· se o prvnÌ p¯Ìpad, kdy palmitoylace byla nalezena na
obou lysinech (K860/K983) toxinu, kter˝ byl sekretov·n re-
kombinantnÌm BP kmenem. SouËasnÏ jsme nalezli chybu
v sekvenci odvozenÈ z DNA (datab·ze Genebank a Swiss-
prot): ve skuteËnosti je Val1001 substituov·n leucinem. Obec-
n˝ analytick˝ protokol urËenÌ polohy acylaËnÌch mÌst v ACT
zahrnuje proteolytick· ötÏpenÌ (trypsin, Asp-N, Glu-C, Lys-C)
a jejich anal˝zu metodami mikrokapil·rnÌ HPLC/MS/MS
a ionizace laserem za p¯Ìtomnosti matrice (MALDI-TOF).

Auto¯i dÏkujÌ za finanËnÌpodporu grantu GA AV »R Ë. A5020907
a grantu MäMT »R Ë. ME167.

28 STRUKTURA A VLASTNOSTI INHIBITORŸ
REZISTENTNÕCH MUTANT PROTEASY VIRU
HIV-1 A; PO»ÕTA»OV¡ STUDIE

MARTIN LEPäÕK a JIÿÕ VONDR¡äEK

⁄stav organickÈ chemie a biochemie Akademie vÏd »R, Fle-
mingovo n. 2, 166 10 Praha 6

JednÌm ze zp˘sob˘ lÈËby AIDS je pouûitÌ inhibitor˘ pro-
teasy viru HIV-1. ProblÈm, kter˝ terapii prov·zÌ, je vznik
variant viru, kterÈ jsou k danÈmu lÈËivu rezistentnÌ, protoûe
obsahujÌ tzv. rezistentnÌ mutanty (RM) proteasy. Tyto mutanty
v·ûÌ inhibitor s niûöÌ afinitou, avöak zachov·vajÌ si schopnost
ötÏpit p¯irozen˝ substr·t proteasy. CÌlem tÈto studie je charak-
terizovat vybranÈ inhibitory a klinicky charakterizovanÈ rezis-
tentnÌ mutanty proteasy a p¯ispÏt tak k objasnÏnÌ mechanism˘
inhibice a rezistence.
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Tabulka I
Charakteristiky studovan˝ch inhibitor˘

Inhibitor DÈlka PostrannÌ ¯etÏzce inhibitoru ñ vazebnÈ mÌsto proteasy Vzd·lenost karbonylov˝ch
[Å] kyslÌk˘ [Å]

AMP ñ ñ
BMS-182193 14,74 6,08
IDV 16,59 3-methylpyridin-P3, terc-butylamid 2-piperazin karboxylovÈ kys.-P2, 4,62

P1, benzyl-P1í, 2R-hydroxyindanyl-P2í, P3í
NFV 14,92 2-methyl-3-hydroxybenzoov· kys.-P2, S-fenyl Cys-P1, terc-butylamid- 4,63

dekahydroisochinolin (DIQ)-3-karboxylovÈ kys.-P1í, P2í
QF02 ñ Phe, Phe, Gln, Phe 4,82
QF34 ñ Phe, Phe, Gln, Phe 4,46
QF37 ñ Phe, Phe, Gln, Phe 4,22
QF69 ñ Phe, Phe, Gln, Phe 4,22
RTV 17,06 2-isopropyl-4-thiazolylmethyl-P3, Val-P2, Phe-P1, Phe-P1í, 5-thiazolyl- 4,49

methylester-P2í
SKB-3Va 20,24 Ala-P3, Ala-P2, Phe-P1, Gly-P1í,Val-P2í, Val-psi methyl-P3í, 5,56
SQV 15,23 chinolin 2-karboxylov· kys.-P3, Asn-P2, Phe-P1, terc-butylamid 4,92

dekahydroisochinolin-3-karboxylovÈ kys.-P1í, P2í
U89360E 17,53 cyklohexyl Ala-P1, Val-P1í, Gln-P2í, Arg amid-P3í 4,39

Studie byla prov·dÏna pomocÌ poËÌtaËov˝ch metod a s vy-
uûitÌm dat z experiment·lnÌch pracÌ. PrvnÌm krokem bylo
porovn·nÌ aminokyselinov˝ch sekvencÌ rezistentnÌch mutant
proteasy zÌskan˝ch z provirovÈ DNA lÈËen˝ch pacient˘ (We-
ber J., osobnÌ sdÏlenÌ). P¯i grafickÈm zn·zornÏnÌ stupnÏ kon-
zervovanosti jednotliv˝ch reziduÌ se uk·zalo, kterÈ amino-
kyselinovÈ zbytky jsou nepostradatelnÈ pro Ëinnost proteasy
a kterÈ naopak mohou b˝t zmÏnÏny a p¯Ìp. r˘znou mÏrou
p¯ispÌvat k rezistenci.

Byla zkoum·na sada inhibitor˘ ñ 5 klinicky pouûÌvan˝ch
(saquinavir ñ SQV, indinavir ñ IDV, ritonavir ñ RTV, nelfi-
navir ñ NFV a amprenavir ñ AMP), 4 konstrukty inhibujÌcÌ
rezistentnÌ mutanty HIV-1 PR (QF02, QF34, QF37 a QF69)
(cit.1,2) a 3 inhibitory, u nichû je zn·ma struktura v komplexu
s rezistentnÌ mutantou proteasy (BMS-182193, SD146 a U-
-89360E). Jako referenËnÌ byl z datab·ze proteasov˝ch struk-
tur vybr·n komplex s inhibitorem SKB-3Va. U vöech tÏchto
inhibitor˘ kromÏ AMP byly k dispozici krystalovÈ struktury.
Studie se zamÏ¯ila na charakteristiku n·sledujÌcÌch vlastnostÌ
inhibitor˘ (tab. I): dÈlku ¯etÏzce uhlÌkatÈho skeletu, chemickÈ
sloûenÌ postrannÌch ¯etÏzc˘ a jejich orientaci ve vazebn˝ch
mÌstech proteasy (P3-P1, P1í-P3í) a vzd·lenost karbonylo-
v˝ch kyslÌk˘, kterÈ jsou v krystalov˝ch struktur·ch p¯emo-
stÏny molekulou vody stabilizujÌcÌ interakci s chlopnÏmi pro-
teasy.

AËkoli jsou inhibitory strukturnÏ i chemicky velice roz-
dÌlnÈ a liöÌ se mezi sebou charakterem vazby na jednotliv·
podmÌsta proteasy, z·kladnÌ rys vazby ñ p¯emostÏnÌ 2 zbytk˘
proteasy a 2 kyslÌk˘ inhibitoru molekulou vody ñ z˘st·v·
zachov·n.

JednÌm z cÌl˘ studie bylo charakterizovat konformaËnÌ
flexibilitu vybran˝ch inhibitor˘ mimo vazebnou dutinu pro-
teasy a p¯ispÏt tak k objasnÏnÌ jak samotn· struktura a konfor-
maËnÌ stabilita inhibitoru m˘ûe ovlivnit jejich afinitu k enzy-
mu. Byly zkoum·ny 2 sady inhibitor˘ ñ struktury zÌskanÈ

vyjmutÌm z komplex˘ s proteasou a de novo zkonstruovanÈ
inhibitory. Tyto struktury byly pak podrobeny dvoukrokovÈ
energetickÈ  minimalizaci  programem Discover  p¯i pouûitÌ
dvou r˘zn˝ch potenci·l˘ CVFF a AMBER. JednÌm ze sledo-
van˝ch parametr˘ byla vzd·lenost dvou karbonylov˝ch kys-
lÌk˘ v komplexu v·ûÌcÌch molekulu vody. Oba pouûitÈ poten-
ci·ly poskytovaly p¯i pouûitÌ stejnÈho v˝poËetnÌho protokolu
srovnatelnÈ v˝sledky. MÏ¯en· vzd·lenost byla oproti v·zanÈ-
mu inhibitoru vÏtöÌ. V dalöÌm kroku proto byla k minimalizo-
van˝m struktur·m p¯id·na molekula vody, orientovan· po-
dobnÏ jako v krystalovÈ struktu¯e komplexu. Tato zmÏna p¯i-
spÏla ke konvergenci sledovan˝ch parametr˘.

P¯edkl·dan· pr·ce mapuje roli aminokyselin u proteasy
viru HIV-1, udrûujÌcÌ urËitÈ podstatnÈ strukturnÌ rysy enzymu
jejichû mutace mohou zp˘sobovat Ëi p¯ispÌvat k rezistenci.
Studie d·le p¯in·öÌ popis konformaËnÌch vlastnostÌ vybran˝ch
inhibitor˘ HIV-1 proteasy a zab˝v· se zkoum·nÌm pouûitel-
nosti metod molekul·rnÌ mechaniky na strukturnÌ charakteris-
tiku inhibitor˘ a jejich vazby.

Auto¯i dÏkujÌ za finanËnÌ podporu grantu GA »R 203/00/
0828.
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29 PROTEÕN KIN¡ZA Cla4 JE POTREBN¡
PRE TVORBU H›F U YARROWIA LIPOLYTICA

ROMAN SZABO

Katedra biochÈmie, PrÌrodovedeck· fakulta Univerzity Ko-
menskÈho, Mlynsk· dolina CH-1, 842 15 Bratislava, Sloven-
sk· republika

Kvasinkov˝ druh Yarrowia lipolytica sa javÌ vhodnou
alternatÌvou klasick˝ch modelov˝ch organizmov Saccharo-
myces cerevisiae a Candida albicans pre öt˙dium dimorfizmu
ako jednÈho z najjednoduchöÌch morfologick˝ch procesov1.

Monomorfick˝ kmeÚ Y. lipolytica, neschopn˝ tvoriù fila-
menty na pevn˝ch mÈdi·ch ako aj v kvapaln˝ch kult˙rach, bol
pripraven˝ UV mutagenÈzou. Mutantn˝ fenotyp bol recesÌvny
a segregoval po krÌûenÌ v pomere 2:2, naznaËuj˙c mut·ciu
v niektorom z jadrov˝ch gÈnov. Komplement·cia genomic-
kou kniûnicou z divÈho kmeÚa viedla k izol·cii plazmidovej

DNA, ktor· po transform·cii reprodukovateæne obnovova-
la tvorbu filamentov na ˙roveÚ rodiËovskÈho kmeÚa. Sekve-
n·cia prÌsluönÈho inzertu odhalila prÌtomnosù otvorenÈho ËÌ-
tacieho r·mca s dÂûkou 2934 bp, kÛduj˙ci polypeptid s 977
aminokyselinami a odhadovanou molekulovou hmotnosùou
106 kDa. ProteÌn vykazuje najvyööiu homolÛgiu s proteÌn ki-
n·zami Cla4 z organizmov C. albicans a S. cerevisiae. Podæa
predbeûn˝ch v˝sledkov sa v genÛme ötudovanÈho kmeÚa Y. li-
polytica gÈn pre Cla4 nach·dza v jedinej kÛpii a jeho delÈcia
je pravdepodobne let·lna.

T·to pr·ca bola podporovan· grantami Slovenskej grantovej
agent˙ry VEGA (1/7248/00), Howard Hughes Medical Insti-
tute (75195-547301) a grantom KomenskÈho univerzity.
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01 THE METABOLISM OF POLYAMINE
OXIDATION PRODUCTS IN PLANTS ñ
CHARACTERISATION OF PEA
AMINOALDEHYDE DEHYDROGENASE

MAREK äEBELAa, FRANTIäEK BRAUNERa,
ANNA RADOV¡a, LENKA LUHOV¡a,
SUSANNE JACOBSENb, JAN HAVLIäc,
PETR GALUSZKAa, and PAVEL PE»a

aDepartment of Biochemistry, Faculty of Science, Palack˝
University, älechtitel˘ 11, 783 71 Olomouc, Czech Republic,
bDepartment of Biochemistry and Nutrition, Technical Uni-
versity of Denmark, Søltofts Plads, Building 224, DK-2800
Kgs. Lyngby, Denmark, cDepartment of Analytical Chemistry,
Masaryk University, Kotl·¯sk· 2, 611 37 Brno, Czech Repub-
lic

Polyamines have been proposed to be the regulatory sub-
stances involved in growth, cell division and differentiation1.
Catabolic regulation of polyamine levels in plant tissues is
mediated by Cu-amine oxidases (CAOs) and FAD-polyamine
oxidases (PAOs)1. Plant CAOs catalyse the oxidative deami-
nation of di- and polyamine substrates, such as putrescine and
spermidine, resulting in the formation of 4-aminobutanal (ABAL)
and 4-(3-aminopropyl)aminobutanal (APBAL), respectively,
along with the release of ammonia and hydrogen peroxide1,2.
Several plant CAOs have been shown to convert propane-1,3-
-diamine into 3-aminopropanal (APAL)3. The oxidative clea-
vage of spermidine and spermine by plant PAOs brings about
the formation of ABAL and APBAL, respectively, propane-
-1,3-diamine and H2O2(Ref.1). In plants, the above mentioned
aminoaldehydes are further metabolised to the respective ω-
-amino acids by the activity of NAD-dependent aminoal-
dehyde dehydrogenases (AMADHs). The enzymes have been
found in legumes and grasses4.

According to our knowledge, we developed first purifi-
cation protocol enabling isolation of a homogeneous plant
AMADH (Ref.5). The procedure involved initial precipitations
of a pea seedling extract followed by three low pressure chro-
matographic steps. Partially purified enzyme was further sub-
jected to FPLC on a Mono Q column and to affinity-inter-
action chromatography on 5í-AMP Sepharose. Native pea
AMADH exists as a tetramer of 230 kDa with pI 5.4. The
enzyme showed a broad substrate specificity utilising various
aminoaldehydes as substrates. The best substrate was APAL,
the enzyme also efficiently oxidised ABAL and ω-guanidi-
noanalogues of the aminoaldehydes. Pea AMADH was inhi-
bited by SH-reagents, several aldehydes and metal-binding
agents. Although the enzyme did not oxidise betaine aldehyde
at all, the N-terminal amino acid sequence of the enzyme
shows a high degree of homology with those of plant betaine
aldehyde dehydrogenases5.

AMADH was detected in polyacrylamide gels after native
electrophoreses by means of an activity staining method with
APAL as a substrate, based on the formation of a formazan
dye by the reduction of nitroblue tetrazolium6. Using the same
staining technique, the ultrastructural localisation of AMADH
was performed in etiolated pea seedlings. AMADH was de-
tected in intracelular spaces of vascular parenchyma cells in

roots and shoots. At the same developmental stage of the
seedlings, copper amine oxidase was localised by a routine
staining method7 in cell walls of rhizodermal and epidermal
cells and further in cell walls of vascular parenchyma and
xylem cells (in roots and shoots). These results indicate a di-
rect co-operation of the two enzymes in catabolic pathways of
polyamines in plants.

This work was supported by the grant 203/99/D048 of the
Grant Agency of the Czech Republic.
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02 ENDOGENOUS INHIBITOR OF AMINE OXIDASE
FROM THE SEEDLINGS OF PHASEOLUS
VULGARIS

MAREK PETÿIVALSK›a, IVO FR…BORTa,
LENKA LUHOV¡a, KAREL LEMRb,
LUDMILA ZAJONCOV¡a, and PAVEL PE»a
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Copper amine oxidase (Cu-AO, amine:O2 oxidoreductase)
is the key enzyme in the catabolism of biogenic amines.
Cu-AO catalyses the oxidative deamination of amines to cor-
responding aldehydes. Although its physiological role has not
been clearly elucidated, Cu-AO participates in vital processes
including cell growth, proliferation and tissue diferentiation1.
Plant Cu-AOs are tightly involved in the lignification of cell
wall during normal development and as a part of the defense
mechanism during pathogenesis2. Due to its relation to some
pathological phenomena in mammalian tissues, a special at-
tention is being paid to investigations on species and tissue
specific inhibitors of Cu-AO (Ref.3).

Cu-AO is inhibited by a variety of diverse natural or
synthetic substances4 but any endogenous inhibitor of Cu-AO
regulating its activity in vivo has been unambiguously charac-
terized. Hypothetical low- and high-molecular natural inhibi-
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tors of Cu-AO were reported in Arachis hypogea5 and Sor-
ghum vulgare6, but their chemical nature remains unknown.
We showed cytokinins are weak inhibitors of plant Cu-AO but
unlikely play a physiological role in the regulation of Cu- -AO
activity7. Recently we focused on rather unexpected phenome-
na in the seedlings of Phaseolus vulgaris that do not show
significant  Cu-AO activity in plant extract. Although the
restoration of Cu-AO during its purification after the hydro-
xyapatite column step indicates the presence of reversible
low-molecular inhibitor, the authors of the first report on
Cu-AO from P. vulgaris discarded this explication8.

In our previous studies, we confirmed Cu-AO from etio-
lated seedling of white bean (P. vulgaris) to be inhibited
by a naturally occurring low-molecular endogenous inhibitor,
which showed the inhibition also towards Cu-AOs from other
Fabaceae plants9. To enable a detailed chemical and enzymo-
logical characterization of the inhibitor, we designed a bio-
assay-directed fractionation scheme of the seedling extract on
the preparative scale. The plant material was extracted, deli-
pidized and deproteinized by non-polar organic solvents and
then fractionated by extraction with ethyl acetate, n-butanol
and water. Fractions exhibiting the inhibitory activity were
pooled, vacuum evaporated and subjected to several steps of
Si-gel flash column chromatography with chloroform/metha-
nol/water mixtures as eluting phases. Active fraction was
further purified by high-pressure liquid chromatography on
semi-preparative reversed-phase C18 and NH2 columns using
UV-diode array detector. The purity of HPLC fractions was
checked by thin layer chromatography. The purified substance
was characterized as a reversible non-competitive inhibitor of
Cu-AO from P. vulgaris, Pisum sativum and Lathyrus sativus.
Further elucidation of the inhibitor molecular structure is in
progress.

This research was supported by Ministry of Education, Youth
and Physical Education, Czech Republic through Research
Intents Grant MSM 153100010 and by University of Palacky
Olomouc through Intern Grant Program 2000/2001.

REFERENCES

1. äebela M., FrÈbort I., PeË P., in: Advances in Regulation
of Plant Growth and Development (Strnad M., PeË P.,
Beck E., ed.), p. 23. Peres Publishers, Prague 1999.

2. Rea G., Laurenzi M., Tranquilli E., DíOvidio R., Federico
R., Angelini R.: FEBS Lett. 437, 177 (1998).

3. Ercolini L., Angelini R., Federico R., Rea G., Venturini
G.: J. Enz. Inhibit. 13, 465 (1998).

4. Padiglia A., Medda R., Pedersen J. Z., Lorrai A., PeË P.,
FrÈbort I., Floris G.: J. Enz. Inhib. 13, 311 (1998).

5. Sindhu R. K., Desai  H. V.: Phytochemistry 19, 317
(1980).

6. Joshi B. H., Prakash V.: Experientia 38, 315 (1982).
7. Galuzska P., äebela M., Luhov· L., Zajoncov· L., FrÈbort

I., Strnad M., PeË P.: J. Enz. Inhib. 13, 457 (1998).
8. Cogoni A., Farci R., Medda R., Rinaldi A., Floris G.:

Prep. Biochem. 19, 95 (1989).
9. FrÈbort I., Luhov· L., Lemr K., Zajoncov· L., PeË P.: 8th

Days of Plant Physiology, Olomouc, July 7ñ10, 1998;
Book of abstracts p. 70.

03 ENZYMOLOGICAL AND IMMUNOCHEMICAL
CHARACTERISATIONS OF POLYAMINE
OXIDASES IN PLANTS OF THE GENUS AVENA

ANNA RADOV¡a, MAREK äEBELAa,
LUDMILA ZAJONCOV¡a, SUSANNE JACOBSENb,
and PAVEL PE»a
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The polyamines spermidine and spermine and the related
diamines putrescine and cadaverine have been shown to play
an important role in processes of cell growth, division and
differentiation. Enzymes concerned with catabolism of these
substances are widespreaded in living organisms and they
have been studied particularly in plants1. Plant polyamine
oxidases (PAOs) preferentially cleave the aminopropyl side
chains at secondary amino groups of spermidine and spermine,
producing hydrogen peroxide, propane-1,3-diamine and 1-
-pyrroline or 1-(3-aminopropyl)-pyrroline, respectively2. Plant
PAOs are mostly distributed in the monocotyledonous, espe-
cially in cereals belonging to the Graminae2. Plant polyamine
oxidases are usually localised in cell wall similarly as copper
amine oxidases. PAO activity staining is most intense in the
middle lamellar region of the wall and cells of tissues, where
lignification, suberisation and wall stiffening occur3. There-
fore it could provide hydrogen peroxide for peroxidase media-
ted crosslinking reactions in the cell wall and may play impor-
tant role in the regulation of plant growth. Moreover, the
products of polyamine oxidation can be effective in the patho-
gens attack prevention4.

Polyamine oxidase (OPAO) was isolated from 14-day-old
etiolated seedlings of oat (Avena sativa) by a novel purifica-
tion  procedure. Oat  seedlings were homogenized and  the
extract was precipitated with protamine and ammonium sul-
phates. The crude enzyme was further purified by the applica-
tion of low pressure chromatography techniques followed with
two FPLC steps. Specific activity of the pure enzyme was
2265 nkat.mg-1 measured with spermidine as a substrate. SDS-
-PAGE confirmed homogeneity of the final enzyme prepara-
tion. Some molecular and kinetic properties of homogenous
OPAO were examined. Determination of the molecular mass
by SDS-PAGE showed a single protein band of 58 kDa. Oat
PAO is an acidic protein with pI 4.7 as determined by chro-
matofocusing. The purified yellow-coloured enzyme shows
visible absorption maxima at 380 and 450 nm. The N-terminal
amino acid sequence of oat PAO reveals a high degree of
similarity to those of maize PAO and several other flavopro-
tein oxidases.

Homogenous OPAO was used for the preparation of anti-
-OPAO antiserum by the immunisation of a White New Zea-
land rabbit. After bleeding the rabbit, the serum was tested
for the presence of anti-OPAO polyclonal antibodies by the
Ouchterlonyís double diffusion test5. The antibody prepared
was found to cross-react with PAOs of barley and millet
seedlings. A curtain degree of cross-reactivity was demonstra-
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ted to be related to glycan epitopes by deglycosylation treat-
ments and could be overcome by affinity chromatography
procedures6.

Some characteristics of PAOs from wild oat plants (e.g.
A. barbata, A. abyssinica) were compared with those of OPAO
using electrophoretic methods (native PAGE, SDS PAGE,
isoelectric focusing), immunodiffusion tests and the Western
blotting technique and found to be very similar.
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04 MOLECULAR AND BIOCHEMICAL PROPERTIES
OF CYTOKININ DEHYDROGENASE ñ ENZYME
ACTIVITY DEGRADED CYTOKININS IN PLANTS
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An enzyme degrading cytokinins with isoprenoic side
chain, previously named cytokinin oxidase, has been purified
from wheat and barley grains by combination of low pressure
chromatographic steps, preparative electrophoresis and FPLC.
Approximately 100 µg of 1,500-fold purified enzyme prepa-
ration with about 80 % purity was obtained from 1 kg of wheat
grains. Purified cytokinin dehydrogenase is a monomeric fla-
voprotein of 60 kDa. Flavin cofactor was confirmed by diffe-
rential pulse polarography and fluorescence spectroscopy.

Previous studies suggested that enzyme requires molecu-
lar oxygen1 and cytokinin oxidase had for a long time been
classified as a copper-containing amine oxidase2 on the basis
of some other non-specific proofs. The rapid enhancement of
the cytokinin oxidase activity in the presence of the copper-
imidazole complexes was observed3. This enhancement was
not affected by anaerobic conditions, showing that copper-
imidazole complexes are substitutes for oxygen.

Interestingly, oxygen is not required and hydrogen peroxi-
de is not produced during the catalytic reaction of enzyme from
cereals that rather proceeds by dehydrogenation as confirmed
by high enhancement of the enzyme activity in the presence

of artificial electron acceptors, such as phenazine methosulfate
and 2,6-dichlorophenol-indophenol. 2,3-Dimethoxy-5-methyl-
-1,4-benzoquinone, a precursor of naturally occurring electron
acceptor ubiquinone, positively affects the enzyme activity
already in micromolar concentration. So, ubiquinone could
play a role in the cytokinin degradation in vivo and enzyme
localization in cells. Therefore we have started to use a new
name ìcytokinin dehydrogenaseî for the enzyme.

First works on cloning cytokinin oxidase gene from maize
kernels appeared last year4,5 and a recombinant protein with
cytokinin oxidase activity was prepared by expressing the
gene in yeast. N-Terminal amino acid sequence of the wheat
enzyme determined in our laboratory shows similarity with
a hypothetical cytokinin oxidase gene from Arabidopsis but
does not correspond much to the maize enzyme. The enzyme
from barley does not produce any legible sequence probably
due to blocking N-terminus.

First attempt of cloning genes from barley and wheat were
also done. Poly+mRNA was isolated from grains and used as
template for RT-PCR with various combinations of primers
designed on the base of homologous parts between maize and
Arabidopsis genes. Two 413 bp fragments of genes encoding
cytokinin dehydrogenase corresponding to protein C-terminus
from both sources were cloned and sequenced. Both sequences
show about 80 % homology with the maize gene and about
50 % homology with Arabidopsis genes. Searching of whole
gene sequence is in progress in our laboratory now.

This work was supported by the grants 204/94/K235 and
522/00/0121 from GA »R and VS96154 from the Ministry of
Education.
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lina CH-1, 842 15 Bratislava, Slovensk· repubnlika

Mal·tdehydrogen·za (L-mal·t-NAD+-oxidoredukt·za, EC
1.1.1.37) je prÌtomn· v prokaryotick˝ch a eukaryotick˝ch or-
ganizmoch. Katalyzuje vratn˙ reakciu premeny mal·tu na
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oxalacet·t spojen˙ s redukciou alebo oxid·ciou dinukleotido-
v˝ch koenz˝mov NAD+ resp. NADP+. »i sa vytvorÌ mal·t
alebo oxalacet·t z·visÌ od fyziologick˝ch podmienok ako je
redox potenci·l NAD(P)+ a funkcie v tkanive.

Mal·tdehydrogen·zy s˙ multimÈrne enz˝my zloûenÈ z iden-
tick˝ch podjednotiek, obyËajne vytv·raj˙ dimÈry1,2, zriedkavo
tetramÈry Bacillus subtilis3, Neurospora crassa4. Unik·tna
mal·tdehydrogen·za bola objaven· v rozsievke morskej Nitz-
schia alba5, ktor· je aktÌvna vo forme oktamÈru.

PorovnanÌm ötrukt˙rnych a aminokyselinov˝ch sekvenË-
n˝ch ˙dajov sa identifikoval poËet funkËne dÙleûit˝ch amino-
kyselÌn, ktorÈ s˙ prÌtomnÈ vo vöetk˝ch mal·tdehydrogen·-
zach. AktÌvne miesto mal·tdehydrogen·zy pozost·va z hydro-
fÛbnej vakuoly, ktor· obsahuje v‰zbovÈ miesto pre substr·t
a nikotÌnamidov˝ kruh koenz˝mu6. U viacer˝ch organizmov
bola zisten· prÌtomnosù His-Asp p·ru v aktÌvnom mieste ma-
l·tdehydrogen·zy. HistidÌn a kyselina aspar·gov· s˙ spojenÈ
vodÌkovou v‰zbou a vytv·raj˙ protÛn-prietokov˝ systÈm7.

Mal·tdehydrogen·za zo Streptomyces aureofaciens CCM
3239 sa vyznaËuje nÌzkou afinitou ku koenz˝mu NADPH ñ
asi 0,3 % aktivity NADH-MDH. StanovenÌm N-koncovej
aminokyselinovej sekvecie enz˝mu sa zistilo NADH-viaû˙ce
miesto ÑGAAGQIGì (v polohe 11 aû 17), ktorÈ je identickÈ
s mal·tdehydrogen·zou zo S. atratus a Mycobacterium lep-
rae. Za natÌvnych podmienok je mal·tdehydrogen·za zo S. au-

reofaciens homodimÈr (70 kDa), s veækosùou podjednotky
38 kDa (cit.8).

MoËovina denaturuje mal·tdehydrogen·zu v prÌtomnosti
25 % glycerolu v denaturaËnej zmesi pri koncentr·cii 6 mol.l-1

a guanidÌnhydrochlorid pri 2,2 mol.l-1. Bez prÌtomnosti gly-
cerolu v denaturaËnej zmesi je mal·tdehydrogen·za denatu-
rovan· 4 mol.l-1 moËovinou a 1,5 mol.l-1 guanidÌnhydrochlo-
ridom. Zistili sme aditÌvny vplyv renaturaËn˝ch l·tok ñ sÈrum-
albumÌnu (BSA), kyseliny oxaloctovej (OAA) a glycerolu na
denaturovan˙ mal·tdehydrogen·zu (obr. 1a, b). Stanovili sme
teplotnÈ optimum mal·tdehydrogen·zy v rozsahu 50 ∞C. Na
z·klade skrÌningu urobenÈho v laboratÛriu v Yorku9 sme me-
tÛdou visiacej kvapky pripravili kryöt·ly mal·tdehydrogen·zy
zo S. aureofaciens.
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06 PURIFICATION, CRYSTALLIZATION
AND KINETIC CHARACTERIZATION
OF γ-HEXACHLOROCYCLOHEXANE
DEHYDROCHLORINASE
FROM SPHINGOMONAS PAUCIMOBILIS UT26
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KAMILA HYNKOV¡b, JIÿÕ DAMBORSK›c,
and YUJI NAGATAd
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γ-Hexachlorocyclohexane (γ-HCH; lindane) is highly
chlorinated pesticide which can cause serious environmental
problems. γ-HCH was formerly used world-wide in agricultu-
re, but many countries have prohibited using of γ-HCH from

a

b

Obr. 1. a) Z·vislosù renatur·cie MDH v prÌtomnosti BSA, OAA a
glycerolu, (denatur·cia 4,5 mol.l-1 moËovinou), b) z·vislosù rena-
tur·cie MDH v prÌtomnosti BSA, OAA a glycerolu (denatur·cia
1,2 mol.l-1 guanidÌnhydrochloridom); n 20-n·sobnÈ riedenie dena-
turovanej MDH, ¨ 50-n·sobnÈ riedenie denaturovanej MDH; rena-
tur·cia: A ñ 20 mmol.l-1 Tris-HCl pH 8,0, 50 mmol.l-1 2-ME, B ñ 0,5
mmol.l-1 OAA, 6 µmol.l-1 BSA, 25 % glycerol v roztoku A, C ñ 0,5
mmol.l-1 OAA, 6 µmol.l-1 BSA v roztoku A, D ñ 0.5 mmol.l-1 OAA,
25 % glycerol v roztoku A, E ñ 6 µmol.l-1 BSA, 25 % glycerol
v roztoku A
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reason of its toxicity and persistence in soil. This pollutant is
degraded rapidly under anaerobic conditions, but it is extre-
mely persistent under aerobic conditions. Sphingomonas pau-
cimobilis UT26 is one of the few bacterial species known to
be able to degrade γ-HCH under aerobic conditions.

The degradation of γ-HCH by S. paucimobilis UT26 is
based on the sequential dehalogenation and the coincident
oxidation of the γ-HCH ring by several types of dehaloge-
nases1. A key enzyme in the metabolism of lindane is γ-hexa-
chlorocyclohexane dehydrochlorinase (LinA). LinA catalyses
the first two steps of γ-HCH transformation. The enzyme is
responsible for the conversion  of γ-HCH to  1,3,4,6-tetra-
chloro-1,4-cyclohexadiene via γ-pentachlorocyclohexene.

The first objective of this study was to purify LinA for
crystallization and kinetic characterization. The enzyme was
overexpressed in Escherichia coli JM109 using inducible ex-
pression vector2. Various combinations of chromatographic
techniques were designed for purification LinA and chosen the
best one for fast and effective purification of LinA. Among the
separate purification steps the hydrophobic chromatography
proved to be the most effective method. Bound enzyme can be
eluted only by decreasing the ionic strength almost to zero.
The main advantage of such elution is that the sample obtained
from hydrophobic chromatography can be directly loaded to
an anex column. Following size-exclusion chromatography
results in the homogenous enzyme as was confirmed by elec-
trophoresis under native and denaturing conditions.

Different behaviour of the enzyme in solution of various
ionic strength was observed, resulting in the apparent dissocia-
tion and the association of the enzyme subunits. On the basis
of this observation, structural changes of LinA in a presence
of urea and dithiothreitol were studied. The charge properties
of LinA using method of titration curve were also studied.
There are two cystein residues per subunit of LinA but they do
not seem to be responsible for intrasubunit binding. The enzy-
me subunits are probably held together by hydrophobic inte-
ractions and not by disulphide bonds.

Sufficient amount of homogenous LinA was obtained for
crystallization experiments which are currently in progress.
These experiments are intended to determine the tertiary struc-
ture of LinA enzyme by protein crystallography. In parallel,
the steady-state kinetic experiments were initiated to study
catalytic properties, substrate specificity and enantioselectivi-
ty of LinA.
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07 STRESS-INDUCED EXPRESSION AND PARTIAL
PURIFICATION OF A CATALASE-PEROXIDASE
FROM THE SOIL BACTERIUM COMAMONAS
TERRIGENA N3H
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Aerobic organisms which utilise molecular oxygen as the
final electron acceptor are generally equipped with antioxidant
systems to cope with the toxic derivatives of oxygen. Hydro-
gen peroxide is the most abundant reactive oxygen species
(ROS), and probably also the most important one. It may
be formed in the environment but for the majority of orga-
nisms it is also a normal metabolic by-product. Catalases
(E.C. 1.11.1.6. hydrogen peroxide-hydrogen peroxide oxido-
reductases) are the enzymes which most efficiently catalyse
its decomposition to oxygen and water. Comamonas terrigena
N3H is a gram-negative bacterium which was isolated from
contaminated soils of middle Slovakia and it exhibits remar-
kable biodegradation properties. We have investigated the
expression of catalases in this micro-organism in response to
the various conditions of oxidative stress1. We have observed
that catalatic as well as peroxidatic activity was increased
under these conditions. In native PAGE the presence of two
catalase isoenzymes was revealed by a specific catalase stain1,
with molecular weights of about 240 kDa and 155 kDa, res-
pectively. The former can be classified as a typical tetrameric
catalase due to several typical features and was specifically
induced by cadmium salts.

We focused on the isolation and characterisation of the
smaller isoenzyme, obviously a dimeric catalase-peroxidase
(as demonstrated by SDS PAGE). This protein is constitutive-
ly expressed, but up to 13-fold increase in the expression of
this hydroperoxidase was observed when the bacteria were
grown on 0.5 mmol.l-1 peroxyacetic acid as sole carbon source.
The cells were homogenised with glass beads in a Braun
homogenisator; after Sepharose CL 6B gel filtration the sam-
ples with the highest specific activity were applied to Cibacron
blue 3GA Sepharose where a major fraction of this bifunctio-
nal enzyme was bound, and could be eluted by increasing
concentrations of sodium chloride in the buffer. The specific
activity of the best purified fraction was 2630 U.mg-1 (with
hydrogen peroxide as a substrate). The peroxidatic activity of
this catalase-peroxidase was determined with various 1-elec-
tron donors, including ABTS (2,2í-azino-bis-(3-ethylbenzthia-
zoline-6-sulphonic acid), guaiacol (2-metoxy-phenol), and phe-
nol. The highest specific activity was observed with ABTS
(2.5 U.mg-1). The electronic spectrum of this partially purified
sample reflects the typical a, b1,b2 and g (Soret) bands. The Rz
value (A406/A280) was 0.14; such low values appear charac-
teristic for catalase-peroxidases, due to partial loss of haem in
the course of the purification procedure. The kinetics of inhi-
bition with the ìsuicideî inhibitor AT as well as the thermal
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stability at 55 ∞C was typical for this enzyme. Due to its broad
peroxidatic reaction specificity, its insensitivity to heavy metal
contamination, and its high stability, this catalase could find
potential application in biotechnology. It is also a candidate
for the bioremediation of phenol-contaminated waste waters3.

This work was supported by the grant 2/5099/98 of VEGA
(Slovak grant agency) and by the grant P13637 of FWF
(Austrian Science Fund).
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08 LON PROTEASE IS AN ATP-DEPENDENT
PROTEASE WITH THE SEVERAL IMPORTANT
FUNCTIONS IN MITOCHONDRIA
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Intracellular proteolysis is responsible for the rapid degra-
dation of the abnormal proteins as well as for the rapid turnover
of the specific unstable regulatory proteins. ATP-dependent
proteases play a crucial role in this process. Escherichia coli
contains at least five of these ATP-dependent proteases Lon,
ClpAP, ClpXP, FtsH, HslVU, with the different substrate
specificities and the same protease families were found in pro-
karyotes and in mitochondria and chloroplasts of eukaryotes1.

E. coli Lon protease contributes to the regulation of several
important cellular functions, including radiation resistance,
cell division, filamentation, capsular polysacharide produc-
tion, apoptosis, lysogeny of certain bacteriophages through the
degradation of the proteins involved in this processes, like
UmuD, UmuC, SulA, RcsA, CcdA, λXis, λN proteins2,3. Si-
te-specific DNA binding (TG-rich DNA promoter elements)
is an additional important biochemical characteristic of the
multifaceted Lon protease4.

Genes encoding Lon protease have been found in a large
variety of prokaryotes, where they have been implicated in
developmental pathway,  as well as in  the degradation  of
specific regulatory proteins5. In eukaryotes, Lon is found in
mitochondria (yeast, human, maize, rat liver, beef adrenal
cortex)5-11 and has been shown to be essential for mitochon-
drial function in Saccharomyces cerevisiae7,8. It seems, that
the Lon proteases has their specific proteolytic function. Lon
protease from E. coli12 and also Lon protease from maize10 are
able to maintain the respiration dependent growth in ∆lon
S. cerevisiae but are unable to restore the proteolytic activity
of yeast Lon.

We isolated the Lon protease from mitochondria of S. ce-
revisiae as an ATP-dependent serine protease with the sensi-
tive sulfhydryl group(s)6. Deletion of LON in yeast bloks
ATP-dependent degradation of the mitochondrial matrix pro-
teins, prevents growth on nonfermentable carbon source, and
causes deletion in the mitochondrial genome as well as accu-
mulation of electron-dense inclusion bodies within the mat-
rix7,8,13. The chaperone-like function was propose that serves
to facilitate protein degradation and possibly the assembly of
protein complexes14. The synthesis of mitochondrially enco-
ded cytochrom c oxidase subunit I (CoxI) and cytochrome b
(Cob) was found to be impaired in ∆lon mutants containing
mtDNA. LON-mediated proteolysis is required for the trans-
location of mature COXI mRNA. Moreover, deficiencies in
the splicing of COXI and COB transcripts, which appears to
be restricted to intron encoding mRNA maturases, were ob-
served in cell lacking the LON gene15.

For better understanding of the role of Lon protease in
yeast mitochondria we developed a rapid procedure for puri-
fication of this protease, as well as its mutants in ATPase and
protease domain to homogeneity, in the cooperation with Prof.
Schatzís group in Basel. A point mutation in either ATPase or
the protease site strongly inhibited the corresponding activity
of the pure protein but not alter the proteinís oligomerization16.
Mass determination and cryoelectron microscopy identify the
yeast mitochondrial Lon as a flexible ring-shaped heptamer17.
In vitro studies of degradation of the endogeneous substrates
prove the MPPβ (β subunit of the matrix processing peptidase)
to be the substrate of the Lon. Moreoever, the MPPα (α subu-
nit of the matrix processing peptidase) is also the substarte of
this protease. Formation of the MPPαβ complex protects
subunits against the degradation.

This work was supported by the grant VEGA Mä SR a SAV
2/6006/99.
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09 BEHAVIOR OF INTRACELLULAR SERINE
PROTEINASE OF BACILLUS MEGATERIUM
UNDER SALT STRESS
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Each organism is challenged by several more  or less
deleterious stress stimuli in its natural habitat. To face unfavo-
rable conditions successfully, organisms have evolved a com-
plex system of adaptation strategies. Some of the adaptation
mechanisms are universal, being induced under miscellaneous
stress conditions in all organisms from bacteria to humans.
One of the most general responses to a stress challenge is an
acceleration of protein turnover as a consequence of a protein
injury. On the other hand, among stress factor-specific respon-
ses an accumulation of compatible solutes is the most typical
reaction to salt stress. Compatible solutes (osmoprotectants)
not only help the cell to restore the turgor and reduce an
inhibitory effect of a cytoplasmic salt concentration but also
stabilize proteins or protect them against chemical/structural
modification. This preserves protein functionality and pre-
vents early catabolic removal of the protein. This may be part
of the reason why the salt stress induces an increased resistance
(cross-protection) to other subsequent stresses (heat, oxidati-
ve, ethanol).

Although several components and events including cha-
perones, protein modification, intramolecular interactions are
involved in the control of intracellular proteolytic process, the
role of individual intracellular proteinases still remains a car-
dinal question. Furthermore, there is only scant data about the
effect of the salt stress on intracellular proteolytic apparatus,
although the effect of some stresses on intracellular protein
catabolism is well characterized.

ISP-1  (intracellular  serine proteinase) is the dominant
calcium activated endopeptidase, which represents more than
80 % of the total proteolytic activity determined in vitro.
Preliminary data, however, suggest that only a minor portion
of the enzyme is active in vivo. It was found that the activity
of ISP-1 is controlled by its activation and by a specific

inhibitor rather than by the synthesis of ISP-1 itself. The
activation of ISP-1, which probably includes auto-processing,
is triggered by calcium ions in vitro. The presence of calcium
thus seems to be essential not only for ISP-1 action but also
for its activation in vivo.

During our study of heat and salt stresses, we found that
ISP-1 is a stress responsive protein. The synthesis and activity
of ISP-1 is downregulated in growing and increased in starving
populations of B. megaterium under stress conditions. This
strongly contrasts with protein catabolism under salt stress
conditions. While salt stress increases intracellular protein
degradation in a growing population, it decreases the assayed
activity of ISP-1. By contrast, the activity of ISP-1 is increased
during inhibition of sporulation of B. megaterium by salt
stress, when protein degradation is strongly decreased.

In this work, we focused on the effect of increased salt
concentration on the activity of ISP-1. We discuss enzyme
properties of ISP-1 in complex protein samples and potential
molecular adaptation of ISP-1 to salt stress.

This work was supported by CR Grant Agency (204/95/1050,
204/96/1261 and 204/00/0488).

10 PÿIROZEN… INHIBITOR-PROTEINASOV…
KOMPLEXY A JEJICH DETEKCE
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⁄stav biochemie, LÈka¯sk· fakulta UK v Plzni, Karlovarsk·
48, 301 66 PlzeÚ

ProteolytickÈ enzymy jsou nejen fyziologickou nutnostÌ,
ale i potenci·lnÌm rizikem, neboù, vymknou-li se kontrole,
mohou destruovat bunÏËnÈ a tk·ÚovÈ proteiny. P¯Ìroda dispo-
nuje dvÏma z·kladnÌmi regulaËnÌmi mechanismy: 1) aktivacÌ
neaktivnÌch zymogen˘ a 2) tvorbou komplex˘ aktivnÌch enzy-
m˘ s proteinov˝mi inhibitory. Vzhledem k öirokÈ paletÏ p¯Ì-
tomn˝ch inhibitor˘ je enzym-inhibitorov˝ komplex bÏûnou
formou existence proteinasy a Ëasto takÈ p¯edpokladem jejÌ
eliminace. P¯i hodnocenÌ rovnov·hy proteolytick˝ch a anti-
proteolytick˝ch aktivit v biologick˝ch vzorcÌch v r·mci kli-
nickÈ diagnostiky nebo patogenetickÈho v˝zkumu je t¯eba
uvaûovat jak volnou, tak v·zanou formu proteolytickÈho enzy-
mu. Metodick˝ p¯Ìstup z·leûÌ p¯edevöÌm na typu enzym-inhi-

Tabulka I
P¯ehled p¯irozen˝ch inhibitor-proteinasov˝ch komplex˘

Proteinasy Inhibitory Charakter komplex

Ser ÑmalÈì reverzibilnÌ
Ser serpiny efektivnÏ ireverzibilnÌ
Cys cystatiny reverzibilnÌ
Metallo TIMPs reverzibilnÌ
Nespec. α2-makroglobulin ireverzibilnÌ
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bitorovÈ dvojice (tab. I). P¯irozenÈ inhibitory vytv·¯ejÌ vÏtöi-
nou relativnÏ pevnÈ komplexy ekvimol·rnÌho sloûenÌ, liöÌ se
vöak schopnostÌ disociace a odolnostÌ v˘Ëi denaturant˘m
(nap¯. SDS), coû je d·no povahou inhibiËnÌho mechanismu,
zejmÈna pak typem vazeb (kovalentnÌ/nekovalentnÌ). P¯Ìsluö-
nÈ analytickÈ metody zahrnujÌ: 1) elektroforÈzu za nativnÌch
a denaturaËnÌch podmÌnek, 2) zymografickou elektroforetic-
kou variantu (s kopolymerizovan˝m nebo n·slednÏ p¯ikl·da-
n˝m substr·tem), 3) izoelektrickou fokusaci, 4) imunochemic-
kou detekci, 5) chromatografickou izolaci. Z povahy interakcÌ
nap¯. vypl˝v·, ûe pro komplexy cysteinov˝ch proteinas a me-
taloproteinas je t¯eba uûÌt nativnÌ prost¯edÌ, zatÌmco serpin-
proteinasovÈ komplexy je moûno studovat v podmÌnk·ch SDS-
-PAGE. V tÈto souvislosti je zajÌmavÈ, ûe p¯i zymografickÈm
provedenÌ vykazujÌ proteolytickou aktivitu i frakce serpino-
v˝ch komplex˘1, coû je vysvÏtlov·no ÑvÏtvenou cestouì in-
terakce serpin˘ s p¯Ìsluön˝mi proteasami2.

SouËasn· studie p¯edkl·d· elektroforetickÈ varianty de-
tekce komplex˘ p¯irozen˝ch inhibitor˘ s biomedicinsky rele-
vantnÌmi proteinasami.

Tato pr·ce byla podpo¯ena grantem IGA MZ NC/6088-3/2000.
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11 COMPARISON OF ASPARTIC PROTEINASES
OF DIFFERENT ORIGIN IN THE RESPECT
OF THE AMOUNT OF PHOSPHATE IONS
IN THE MOLECULE
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Aspartic proteinases of gastric mucosa are involved in
food digestion. The activity of these enzymes is derived from
a number of molecular variants of pepsinogens. All animal
species studied have been shown to produce aspartic acid
proteinases homologous to human pepsinogen A, B and C (EC
3.4.23.1, EC 3.4.23.2, and EC 3.4.23.3). The enzymes are
secreted as pepsinogens and transformed to pepsins, which
hydrolyse the nutritional proteins under acidic conditions.

The presence and relative concentration of pepsin A (pep-
sin) and pepsin C (gastricsin) vary according to vertebrate
species, genetic variation, and, at least in human, with different
gastric diseases as well1. Three pepsins and two gastricsin
isoenzymes, for instance, are present in human stomach2. Only
pepsin is present in pig3 and only gastricsin in rat4. Human
pepsinogen A consists of five isozymogens designed isozymo-
gen Pg1ñPg5. Two additional bands of pepsinogen C are

designed as Pg6 and Pg7 isozymogens. The animal other than
human have several isozymogens of pepsinogen as well. Post-
translation phosphorylation might play an essential physio-
logical function by improving stability and integrity of pepsin.
It may be suggested that the amount of enzymes may correlate
with genetic type and gastric disseases. Higher concentration
of phosphate ions was observed at patients with gastric can-
cer5.

In this study the individual isozymogens of human, dog,
rat, pig, and fish aspartic proteinases are compared in the
respect of the amount of phosphate ions in the molecule.
Samples of resected stomach of 113 human patients (gastric
resection was performed in 47 patients with duodenal ulcer,
25 patients with gastric ulcer and 41 patients with gastric
carcinoma), 50 rats, 5 fish, 4 dogs and comercial preparate of
pig pepsinogen were examined.

Phosphate ions concentration in protein was determined
using immobilised metal ion chromatography with bound Fe3+

ions. The column packed with IDA-Agarose loaded with Fe3+

was equilibrated with sodium acetate. Sample was applied and
elution was effected with sodium phosphate.

Table I
Percentage of phosphorylated molecules of pepsinogens

Pg 1 2 3 4 5 6 7

Human 75 80 81 81 72 72 72
Pig 100 100 ñ ñ ñ ñ ñ
Dog 0 0 ñ ñ ñ ñ ñ
Rat 40 0 ñ ñ ñ ñ ñ
Fish 30 30 ñ ñ ñ ñ ñ

Amount of phosphate ions per molecule of individual
isozymogens of pepsinogen is  shown in Table I. Human
pepsinogens contain 0 to 3 phosphate ions per molecule of
protein, one sample contains molecules of the same isozymo-
gens of pepsinogen with and without phosphate ions. The
phosphate is rather loosely bound to human pepsinogen mole-
cules. Pepsinogen samples of patients with gastric carcinoma
contain higher amount of phosphate ions. All molecules of pig
pepsinogen are phosphorylated and phosphate is bound very
tightly in this case. Dog pepsinogen molecules donít contain
any phosphate ions. Some molecules of faster fraction of rat
pepsinogens contain phosphate ions, that one of slower frac-
tion does not. Only some of fish pepsinogens contain phospha-
te ion in their molecule.

The work was supported by the grant of the Grant Agency of
the Czech Republic No. 303/98/1121.
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12 STUDIUM PROTEOLYTICK›CH ENZYMŸ
Z PLODŸ ANANASU

MICHAELA POL¡KOV¡a, IVANA M¡ROV¡a,
RADOVAN POLCARa, A. KORGOb a MILAN DRD¡Ka

a⁄stav chemie potravin a biotechnologiÌ, Fakulta chemick·
VUT v BrnÏ, bSuntropic Trade Ltd., Basel, Switzerland

Ananas comosus je druh tropickÈho ovoce z Ëeledi Bro-
meliaceae. Obsahuje ¯adu biologicky aktivnÌch l·tek, jako
jsou vitaminy C, B a E, karotenoidy (β-karoten, lutein), flavo-
noidy, vl·kninu a dalöÌ. V plodech je p¯Ìtomno asi 0,5 aû 1,0 %
bÌlkovin, p¯ev·ûnÏ s proteolytickou aktivitou, kterÈ vesmÏs
pat¯Ì do skupiny papainov˝ch cysteinov˝ch proteas1. V celÈ
rostlinÏ jsou p¯Ìtomny celkem Ëty¯i cysteinovÈ proteasy: s-bro-
melin, f-bromelin, ananain, comosain. s-Bromelin (izolovan˝
ze stonk˘) byl podrobnÏ prostudov·n a je hojnÏ pouûÌv·n
v potravin·¯skÈm pr˘myslu (tenderizace masa), koûeluûskÈm
a farmaceutickÈm pr˘myslu (multienzymovÈ prepar·ty, vita-
mÌnovÈ prepar·ty; diagnostickÈ soupravy)2. O f-bromelinu
(izolovanÈm z plod˘) jsou informace dosud ne˙plnÈ. Vzhle-
dem k rostoucÌmu z·jmu o vyuûitÌ ananasov˝ch produkt˘ jako
sloûek Ëi doplÚk˘ potravy byly provedeny experimenty t˝ka-
jÌcÌ se srovn·nÌ vlastnostÌ a proteolytickÈho ˙Ëinku s-brome-
linu a f-bromelinu a vlivu vybran˝ch faktor˘ na uchov·nÌ
enzymovÈ aktivity.

NejvyööÌ obsah f-bromelinu byl nalezen v povrchov˝ch vrs-
tv·ch plodu a v hornÌ Ë·sti3. »erstv· öù·va vymaËkan· z plod˘
ananasu obsahuje v z·vislosti na stupni zralosti 6ñ11 mg.ml-1

bÌlkovin, z nichû pr˘mÏrnÏ 20 % p¯edstavuje f-bromelin4.
Specifick· aktivita bromelinu je vyööÌ u mÈnÏ zral˝ch plod˘.
TeplotnÌ optimum ˙Ëinku je 20ñ23 ∞C, pH optimum je 7ñ8.
Pro dlouhodobÈ uchov·v·nÌ zmraûenÈ öù·vy je optim·lnÌ pH 6,
p¯i kterÈm za 4 mÏsÌce doölo ke ztr·tÏ aktivity bromelinu
o 14 %.

Podle v˝sledk˘ elektroforÈzy SDS-PAGE jsou s-bromelin
i f-bromelin tvo¯eny jednou podjednotkou, f-bromelin m· mo-
lekulovou hmotnost 23 800 Da, molekulov· hmotnost s-bro-
melinu je vyööÌ, 26 100 Da. Izoelektrick˝ bod s-bromelinu je
10,5, f-bromelin m· pI vyööÌ neû 11. Optim·lnÌ pH aktivity je
u s-bromelinu 6,5ñ7 u f-bromelinu 7ñ8. K tepelnÈ denaturaci
doch·zÌ u s-bromelinu p¯i teplotÏ vyööÌ neû 70 ∞C, u f-brome-
linu p¯i teplotÏ 65 ∞C. f-Bromelin je odoln˝ v˘Ëi p˘sobenÌ
ûaludeËnÌ a st¯evnÌ öù·vy (na z·kladÏ experiment˘ s umÏlou
ûaludeËnÌ a st¯evnÌ öù·vou lze ¯Ìci, ûe si f-bromelin zachoval
30 % ze svÈ p˘vodnÌ aktivity).

Oba enzymy obsahujÌ v aktivnÌm centru zbytek Cys a vy-
kazujÌ klasickou Michaelisovu kinetiku. Jsou inhibov·ny mo-
difikaËnÌmi Ëinidly ñSH skupin. Substr·tov· specifita obou
enzym˘ je öirok· a p¯Ìliö se neliöÌ. RozdÌln˝ je ale proteolytic-
k˝ ˙Ëinek obou enzym˘. s-Bromelin ötÏpÌ proteinovÈ substr·ty
na smÏs peptid˘ o velikosti 5ñ8 kDa, ˙Ëinkem f-bromelinu
vznikajÌ polypeptidy o velikosti nad 10 kDa. V obou p¯Ìpadech
je hydrol˝za ne˙pln·.
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13 EFFECT OF TANNINS, THEIR DERIVATES
AND SOME SYNTHETIC INHIBITORS
ON PROTEASES ACTIVITY OF ASPERGILLUS
ORYZAE IN VITRO
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JOZEF NEUSCHLb, ºUDMILA äLES¡ROV¡a,
and ANNA SOBEKOV¡a

aDepartment of Chemistry, Biochemistry and Biophysics, bDe-
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Some digestive enzymes (probiotics) produced by nume-
rous companies, which are used to restore and keep good
health  conditions of animals, are interesting from the re-
searcher viewpoint. The Danimex company2 produces an As-
pergillus oryzae digestive enzyme that has been characterized
also by other authors1,4. It is a protease that is well soluble in
water, stable in the range of pH 5ñ9. Powdered enzyme is
stable also at high temperatures. This enzyme is active not only
on casein, but also on hemoglobin, egg albumin, wheat gluten,
soybean proteins, edestin, etc. Preparations containing A. ory-
zae protease are well tolerated by animals at oral administra-
tion in recommended doses2, but sometimes can induce vari-
ous side effects at humans. The real cause of these side effects
is not known up to now4. The powdered enzyme by Danimex
is not a homogenous enzyme, it contains also amylases, inver-
tases, cellulases and other enzymes.

The aim of our work is to verify the influence of tannins
and some synthetic inhibitors on A. oryzae protease that may
contribute to inhibition of inflammatory process induced by
this protease in vivo.

Kinetic characteristic of the activity of A. oryzae protease
and sequential inhibitions by tannins and synthetic inhibitors
(Fig. 1 and 2) were performed according to Bartik et al.1, and
by modified method according to Rosival et al.3 In our expe-
riments, inhibitions of A. oryzae protease were measured with
three synthetic inhibitors: (Ala)3-Leu-NH-EtPh (I 1), Suc-
-(Ala)2-Pro-NH-EtPh (I 2), and Gly-(Ala)2-Pro-NH-EtPh (I 3),
and tannins using a synthetic substrate Suc-(Gly)2-Phe-p-ni-
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troanilide. Protease A. oryzae enzyme was supplied by LÈËiva
(Prague), the synthetic substrate and inhibitors were received
from E. Kasafirek (Research Institute for Pharmacy and Bio-
chemistry, Prague). Tannin and its derivatives were supplied
by the Department of Pharmacology, UVM Koöice.

It was found that tannins are better inhibitors compared to
synthetic derivatives I1, I2, I3 (Fig. 1 and 2), in the range of
0ñ40 µg.ml-1 they inhibit the protease from 30 to 80 %.
However, their inhibition effect decreases at higher concen-
trations from 200ñ300 µg.ml-1.

Tannin and its derivatives are phenolic compounds that
exhibit various biological effects. From the nutrition view-
point, they are anti-nutrients, since they decrease digestibi-
lity of proteins in the digestive tract by affecting the activity
of serine proteases. Inhibitory effect of tannins does not de-
pend on the structure and amount of glycoside bonds, but only
on the number of free hydroxyl groups in the tannin struc-

ture2. Healing anti-inflammatory effects of researched inhi-
bitors will be studied in our following experiments with ani-
mals.
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14 ZMÃNY AKTIVNÕHO CENTRA
ASPART¡TAMINOTRANSFERASY VLIVEM
GLYKACE
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KovalentnÌ modifikace enzymov˝ch molekul, zp˘soben·
chemicky aktivnÌmi l·tkami, vede zpravidla ke snÌûenÌ kata-
lytickÈ aktivity aû k ˙plnÈ inaktivaci enzymu. K tÏmto modi-
fikacÌm pat¯Ì i neenzymovÈ glykace, jejichû z·kladem je re-
akce redukujÌcÌho cukru s volnou ε-aminoskupinou lysino-
v˝ch zbytk˘ v molekule. Tyto reakce jsou studov·ny po ¯adu
let p¯edevöÌm v souvislosti s v˝kladem molekul·rnÌch zmÏn
v pr˘bÏhu diabetu. V n·vaznosti na naöe p¯edchozÌ pr·ce1-3

a pr·ce Okady et al.4, zab˝vajÌcÌ se zmÏnou aktivity AST pod
vlivem monosacharid˘, jsme studovali in vitro vliv glukosy, ri-
bosy a fruktosy na absorpËnÌ a CD spektra aspart·taminotrans-
ferasy (AST, EC 2.6.1.2) ze srdce prasete jako modelovÈho
pyridoxalovÈho enzymu. AËkoli voln˝ pyridoxalfosf·t nenÌ
opticky aktivnÌ molekulou, ve formÏ v·zanÈ v katalytickÈm
centru AST vykazuje spektrum cirkul·rnÌho dichroismu5, kte-
rÈ je pro pyridoxalovÈ enzymy charakteristickÈ a mÏnÌ se po-
dle stavu koenzymu a aktivnÌho centra. Naöe v˝sledky ukazu-
jÌ, ûe relativnÏ pevn· vazba pyridoxal-5í-fosf·tu omezuje gly-
kaci lysinu v aktivnÌm centru pyridoxalovÈ (tj. v˝chozÌ) formy
enzymu, takûe postupn˝ pokles katalytickÈ aktivity, pozoro-
van˝ v pr˘bÏhu nÏkolikat˝dennÌ inkubace (4∞ C, 25 ∞C nebo
37 ∞C), lze vysvÏtlit spÌöe p¯ednostnÌ glykacÌ jin˝ch lysino-
v˝ch zbytk˘ v molekule. Glykace lysinu v aktivnÌm centru z·-
visÌ na pomÏru koncentracÌ cukru a enzymu. P¯i koncentraci
enzymu ca. 5.10-5 mol.l-1 se interakce s ribosou a v˝sledn·
spektra liöila podle koncentrace ribosy. P¯i relativnÏ nÌzk˝ch
koncentracÌch cukru (50 mmol.l-1) se mÏnÌ pravdÏpodobnÏ
pouze ionizace koenzymu, coû se projevuje jako p¯esun od ak-
tivnÌ formy (absorpËnÌ a CD vrchol 360 nm) k neaktivnÌ formÏ
enzymu (430 nm). Tento p¯esun z¯ejmÏ p¯ispÌv· i k pozo-
rovanÈmusnÌûenÌ katalytickÈ˙ËinnostiglykovanÈhoenzymu.P¯i
vysok˝ch koncentracÌch cukru (0,5 mol.l-1) doch·zÌ ke glykaci
lysinu i v aktivnÌm mÌstÏ a posunu maxima k 330 nm.

Fig. 1. Inhibitory effect of tannins (0ñ300 µg.ml-1) on A. oryzae
protease (450 µg.ml-1), determined from the course of protease hy-
drolysis of Suc-(Gly)2-Phe-p-nitroanilide (20 mmol.ml-1), buffer Tris/
HCl, incubation 15 min at 37 ∞C; tanifarm, o pycnogenol, ∆ far-
matan, ◊ tanÌn

Fig. 2. Inhibitory effect of synthetic inhibitors (0ñ300 µg.ml-1) on
A. oryzae protease (450 µg.ml-1), determined from the course of
protease hydrolysis of Suc-(Gly)2-Phe-p-nitroanilide (20 mmol.ml-1),
buffer Tris/HCl, incubation 15 min at 37 ∞C; I1,¨ I2, ∆ I3
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ZmÏny v aktivnÌm centru, pozorovanÈ po inkubaci enzy-
mu s 0,5 M ribosou, jsou nevratnÈ. Zaznamenali jsme tÈû
zmÏny sign·lu CD v oblasti aromatick˝ch aminokyselin (250ñ
280 nm), kterÈ ukazujÌ na pravdÏpodobnost konformaËnÌ zmÏ-
ny molekuly. Glykace v aktivnÌm mÌstÏ enzymu stoup· s re-
aktivitou cukru (ribosa > fruktosa > glukosa).

V˝sledky jsou v˝chodiskem pro sledov·nÌ faktor˘, ovliv-
ÚujÌcÌch glykoxidace.

Tato pr·ce byla podpo¯ena grantem GA UK 95/2000 a pro-
jektem MäMT J13/98:11600002.
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Ornithine aminotransferase (OAT, EC 2. 6. 1. 13) cataly-
zes the second step of arginine degradation namely transfer of
the amino group from L-ornithine to α-ketoglutarate, forming

L-glutamate and glutamate-5-semialdehyde1. In animals OAT
is mitochondrial enzyme that is encoded in the nucleus, but it
also occurs in microorganisms. In solutions in vitro it occurs
mainly as dimer, but in vivo it is considered to be hexamer2. It
uses pyridoxal-5-phosphate as cofactor, one molecule per
subunit. The structure of the human enzyme, both free2 and
with irreversibly-bound substrate analogues3,4 has been solved
recently. There are many similarities in structure, particularly
at the active site, with other members of the same subgroup of
the α-family of pyridoxal-5í-phosphate-dependent enzymes5.
This is especially true for GABA-aminotransferase, the active
site of which contains only two significant differences from
that  of OAT (Ref.6) (Fig. 1). They  share the same basic
mechanism of reaction and the same second substrate which
restores the cofactor to pyridoxal form. Besides that, both
substrates that act as donors of amino group have very similar
structure, too. In spite of this similarity, both enzymes show
strong substrate specificity.

To explain the roles of the amino acid residues that differ
in the two active sites, we used mutation analysis. Four single
and two double mutants were prepared. First was a straight-
forward change Tyr85Ile. Three further mutants were prepared
as first steps in rotating the aromatic ring of Tyr55 in OAT
to Phe320 from the second subunit in GABA-aminotrans-
ferase ñ Tyr55Ala, Tyr55Gly and Gly320Phe. Then the double
mutant with Tyr55Ala and Gly320Phe was prepared, so the
aromatic ring moved to the same position as in GABA-
-AT. The specific activity towards L-ornithine and GABA,
steady-state kinetics for all substrates and equilibrium and
rate constants for single steps of the reactions of all mu-
tants were compared with those of the wild type of human
OAT.
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Fig. 1. Active site of a) ornithine aminotransferase and b) GABA-aminotransferase
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16 IZOENZ›MY XYLOGLUKAN
ENDOTRANSGLYKOZYL¡ZY Z KAPUCÕNKY
(TROPAEOLUM MAJUS)

ZDENA SULOV¡, RICHARD BARAN
a VLADIMÕR FARKAä

Chemick˝ ˙stav Slovensk· akadÈmia vied, D˙bravsk· cesta 9,
842 38 Bratislava, Slovensk· republika

Xyloglukan endotransglykozyl·zy (XETs) boli izolovanÈ
z rÙznych druhov rastlÌn. Hraj˙ dÙleûit˙ ˙lohu v metabolizme
bunkov˝ch stien rastlÌn, ich substr·tom je polymÈrny xylo-
glukan (XG). Degrad·cia XG s XET prebieha transglykozy-
laËn˝m mechanizmom a zahrÚuje vytvorenie komplexu enz˝m-
-substr·t za s˙ËasnÈho uvoænenia fragmentu XG. Druh· Ëasù
molekuly XG s novovytvoren˝m redukuj˙cim koncom ost·va
naviazan· na enz˝m a uvoænÌ sa prenesenÌm zvyöku XG na
molekulu akceptora, ktor˝m mÙûe byù in· molekula XG, alebo
xyloglukanov˝ oligosacharid (XG-OS) (cit.1). Pri pouûitÌ r·-
dioaktÌvne znaËen˝ch XG-OS ako akceptorov, je moûnÈ podæa
spÙsobu ötiepenia molekuly XG oËak·vaù tvorbu troch typov
produktov, ktorÈ s˙ zn·zornenÈ na obr. 1.

V tejto pr·ci sme sledovali spÙsob degradacie XG enz˝-
mom izolovan˝m z klÌËiacich semien (sXET) a z nadzemn˝ch
ËastÌ (nXET) kapucÌnky veækej (Tropaeolum majus). Tieto dva
enz˝my sa odliöuj˙ svojou fyziologickou ˙lohou, fyzik·lno-
-chemick˝mi, imunologick˝mi aj katalytick˝mi vlastnosùami.
XET zo semien sa vyznaËuje vysokou viskozimetrickou, ale
aj r·diometrickou aktivitou. Naproti tomu XET z nadzemn˝ch
ËastÌ rastliny m· napriek vysokej aktivite nameranej r·diome-
trickou metÛdou v˝razne niûöiu viskozimetrick˙ aktivitu. Na
z·klade porovnania t˝chto dvoch aktivÌt sme u sXET predpo-
kladali skÙr endo-typ degrad·cie XG (obr. 1, prÌpad 1), ktor˝

je spojen˝ s r˝chlym poklesom Mr, k˝m v prÌpade nXET sa
dal oËak·vaù skÙr exo-typ degrad·cie, keÔûe pokles Mr je
v˝razne pomalöÌ. Napriek tomu, poËas inkub·cie oboch enz˝-
mov so substr·tom a r·dioaktÌvnymi XG-OS bol profil vzni-
kaj˙cich produktov pri delenÌ na Sepharose CL 4B v prv˝ch
hodin·ch reakcie veæmi podobn˝ (obr. 2). V˝raznejöie rozdie-
ly sa dali pozorovaù aû po öiestich a viac hodin·ch reakcie, kde
˙Ëinkom nXET doch·dzalo vo v˝raznej miere k tvorbe pro-
duktov z niûöou molekulovou hmotnosùou (obr. 2). Existencia
t˝chto produktov sa potvrdila pri delenÌ reakËn˝ch zmesÌ na
kolÛne BioGel P6, kde sme v prÌpade nXET detegovali tvorbu
produktov s molekulovou hmotnosùou zodpovedaj˙cou mo-
nomÈru, prÌpadne dimÈru XG-OS (DP 7-9, resp. 14-18).

T·to pr·ca bola podporovan· grantom Ë. 2/7137/20 Sloven-
skej grantovej agent˙ry VEGA.

LITERAT⁄RA

1. Farkaö V., Sulov· Z., Stratilov· E., Hanna R., Maclachlan
G.: Arch. Biochem. Biophys. 298, 365 (1992).

Obr. 2. Porovnanie r·dioaktÌvnych produktov reakcie XET z naklÌËen˝ch semien (l) a z nadzemn˝ch ËastÌ rastliny ( ) v rÙznych Ëasoch
reakcie

Obr. 1. Tvorba r·dioaktÌvnych  produktov  pri degrad·cii XG
˙Ëinkom XET s pouûitÌm r·dioaktÌvnych XG-OS* ako glykozylo-
v˝ch akceptorov; 1. endo-typ, vznikaj˙ produkty s pribliûne polo-
viËnou Mr ako pÙvodn˝ XG, 2. exo-typ, ötiepenie od redukuj˙ceho
konca, vznik znaËen˝ch produktov s Mr blÌzkou pÙvodnÈmu XG,
3. exo-typ, ötipenie z neredukuj˙ceho konca, vznik nÌzkomolekulo-
v˝ch r·dioaktÌvnych fragmentov
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17 PING-PONG REAK»N› MECHANIZMUS
XYLOGLUKAN ENDOTRANSGLYKOZYL¡ZY
(XET) ZO SEMIEN KAPUCÕNKY

RICHARD BARAN, ZDENA SULOV¡
a VLADIMÕR FARKAä

Chemick˝ ˙stav SAV, D˙bravsk· cesta 9, 842 38 Bratislava

Rastlinn· xyloglukan endotransglykozyl·za (XET, EC
2.4.1.207) degraduje xyloglukan transglykozylaËn˝m mecha-
nizmom, priËom ako glykozylov˝ akceptor mÙûu sl˙ûiù inÈ
molekuly xyloglukanu (XG), resp. xyloglukanovÈ oligosacha-
ridy. Transglykozyl·cia prebieha pri zachovanÌ anomericity
ötiepenej glykozidickej v‰zby. Tak˝to mechanizmus predpo-
klad· tvorbu kovalentnÈho glykozyl-enz˝movÈho komplexu
XG-XET (cit.1). Nakoæko sa jedn· o dvojsubstr·tov˙ reakciu,
snaûili sme sa pomocou kinetick˝ch meranÌ rozlÌöiù, Ëi reakcia
prebieha mechanizmom typu ping-pong, alebo sa jedn· o us-
poriadan˝ sekvenËn˝ mechanizmus. Ako substr·ty sme pouûi-
li vysokomolekul·rny XG a trÌciom znaËenÈ oligosacharidy
DP 7-9 odvodenÈ od xyloglukanu (OS*). R˝chlosù reakcie sa
stanovovala r·diometrickou metÛdou, kde sa monitorovalo
zabudov·vanie r·dioaktÌvnych OS* do vysokomolekul·rneho
XG (cit.2). Merala sa sada z·vislostÌ r˝chlosti reakcie na kon-
centr·cii jednÈho zo substr·tov, priËom koncentr·cia druhÈho
substr·tu bola udrûiavan· na konötantnej ˙rovni (obr. 1). ZÌs-
kanÈ v˝sledky sa ötatisticky spracov·vali a fitovali do rovnÌc
popisuj˙cich jednotlivÈ reakËnÈ mechanizmy. Z moûn˝ch mo-
delov najviac vyhovoval model pre ping-pong reakËn˝ mecha-
nizmus, priËom pozdÂû reakËnej koordin·ty mÙûe doch·dzaù
k dvom boËn˝m reakci·m: tvorbe neproduktÌvneho komplexu
XET-OS (dead-end inhibÌcia), alebo k transferu glykozylo-
vÈho zvyöku z XG-XET komplexu na vodu (hydrol˝za, obr. 2).

T·to pr·ca bola podporovan· grantom Ë. 2/7137/20 zo Slo-
venskej grantovej agent˙ry VEGA.
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18 PECTIN DEGRADING GLYCOSIDE
HYDROLASES OF FAMILY 28: SEQUENCE
FEATURES, SPECIFITY AND EVOLUTION

OSKAR MARKOVI»a and äTEFAN JANE»EKb

aInstitute of Chemistry, Slovak Academy of Sciences, D˙brav-
sk· cesta 9, 842 38 Bratislava, Slovakia, bInstitute of Micro-
biology, Slovak Academy of Sciences, ätef·nikova 3, 814 34
Bratislava, Slovakia

Pectin-degrading glycoside hydrolases constitute the family
28 in the sequence-based classification1. This family consists

Obr. 1. Graf z·vislosti 1/v = f(1/[OS]) pri rÙznych konötantn˝ch koncentr·ci·ch XG (a), z·vislosù smernice na koncentr·cii XG (b)

Obr. 2. SchÈma zn·zorÚuj˙ca rozvetven˝ reakËn˝ mechanizmus
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of polygalacturonase (EC 3.2.1.15), exopolygalacturonase (EC
3.2.1.67), exo-poly-α-galacturonidase (EC 3.2.1.82), rhamno-
galacturonase (EC 3.2.1.-), and endo-xylogalacturonan hydro-
lase (EC 3.2.1.-). All the family 28 members act with an
inverting mechanism2.

At present the family contains more than 100 complete
amino acid sequences3 taxonomically belonging to bacteria,
fungi and plants with one insect representative. Tertiary struc-
tures were determined for Aspergillus aculeatus rhamnogalac-
turonase4 and two polygalacturonases from Erwinia carotovo-
ra5 and A. niger6. All adopt the so-called parallel β-helix
structural domain7 first observed in pectate lyase C.

Several comparsion of amino acid sequences of bacterial,
fungal and plant polygalacturonases were performed8,9, how-
ever, detailed sequence analysis of entire family 28 is still
lacking. The running genome projects, yielding numerous
sequences of putative proteins with similarity to those of this
family, support the importance of such study. The aim there-
fore was to compare all the available sequences of members
of this family and present their detailed evolutionary relation-
ships.

The evolutionary tree  based on  the alignment of 114
different sequences of endo- and exo-polyglalacturonases re-
vealed the clustering that, in principle, respects both the taxo-
nomy and the enzyme specifity. All these enzymes contain
the conserved sequence regions8-10 comprising the residues
178_ntD, 201_DD, 222_gHG, and 256_riK as well as the
invariant Tyr291 (A. niger polygalacturonase II numbering).

The only insect (i.e. animal) representative seems to be
most related to fungal endopolygalacturonases. Xylogalactu-
ronan hydrolase possesses all the conserved sequence regions
characteristic of polygalacturonases, while the rhamno-
galacturonases evidently lack the histidine residue correspon-
ding with the invariant His223 of polygalacturonases. From
the evolutionary point view, fungal endo-xylogalacturonan
hydrolase is clustered with the fungal exopolygalacturonases,
the rhamnogalacturonases being placed on branch adjacent to
them.

This study was supported by VEGA grants 2/6045/99 and
2/7142/20.
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19 THE PRIMARY STRUCTURE OF CARROT
PECTIN METHYLESTERASE WITH A BLOCKED
N-TERMINUS

OSKAR MARKOVI»a, ELLA CEDERLUNDb ,
WILLIAM J. GRIFFITSb, and HANS J÷RNVALLb

aInstitute of Chemistry, Slovak Academy of Sciences, D˙-
bravsk· cesta 9, 842 38 Bratislava, Slovakia, bDepartment of
Medical Biochemistry and Biophysics, Karolinska Institutet,
S-17177 Stockholm, Sweden

Pectin methylesterase (PME) (EC 3.1.1.11) catalyzes the
deesterification of pectin and belongs to the large group of
pectic enzymes. PMEs were found in all higher plant tested
and are produced by pathogenic bacteria and fungi; they take
part in the modulation of cell wall structural features during
fruit ripening, in cell wall extension, pollen germination, in
defense reactions against pathogens and mainly in preparing
the substrate for the action of polygalacturonases and pectate
lyases.

PME was identified in carrots more than 140 years ago1

and the most alkaline form of this enzyme (pI 9.8) was recently
isolated from carrot roots2. The N-terminus of this PME form
was resistent to Edmann degradation and the possibility that
N-terminus was acetylated was excluded after hydrolysis with
trichloroacetic acid. The homogeneity of this isolated PME
form was proved by C-terminal sequencing which rendered
five residues from C-end: Leu-Gly-Leu-Ser-Phe-; the sixth
rersidue was not possible to obtain (the next sequenation of
separated peptides from proteases cleavages showed that the
sixth residue was Pro, at which the C-terminal sequenation has
stopped). The carboxymethylated enzyme was specifically clea-
ved by Lys-protease and peptides were separated by reverse
phase HPLC and sequenced. The obtained peptide structures
exhibited a striking similarity to those of tomato leaves PME
(Ref.3). One of Lys-protease peptides was resistent to Edmann
degradation and its average mass (1978.1) showed, by com-
paring with that of tomato leaves PME, the possibility that it
could be the N-terminal peptide of carrot PME. By means of
tandem mass spectrophotometry4 it was possible to estimate
the sequence of this peptide; the first residue was pyrogluta-
mate and the sequence of 20 residues was: p-Gln-Ser-Ser-
-Thr-Val-Thr-Pro-Asn-Val-Val-Val-Ala-Ala-Asp-Gly-Ser-Gly-
-Asp-Tyr-Lys. There was only one change in residue No. 8,
which was in tomato leaves PME structure Asp. The position
of Lys-protease peptides was ascertained by sequencing the
peptides obtained by specific cleavage of carboxymethylated
carrot PME by endoproteinase Asp-N and subsequent separa-
tion by reverse phase HPLC.

The polypeptide chain of carrot PME was composed of
319 residues and shared 85.9 % identity with tomato leaves
PME cDNA structure, as well as more than 80 % identity with
two PEMs from Valencia orange (U82973 and U82975), and
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Arabidopsis thaliana PME2 (U25649). These four plant PMEs
together with carrot PME represent in phylogenetic tree (pre-
pared from 25 primary structures of plant, fungal and bacterial
PMEs) one distinct subgroup of plant PMEs.

From the similarity of N-terminal part of some plant PMEs
with that of carrot PME, it is possible to predict the N-termi-
nal residue p-Gln in seven plant PMEs (Q43043, U49330,
U82973, U25649, U82975, X95991 and X81585).

This study was supported by the VEGA grant 2/142/20 and
SMRC project 13X-3532.
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20 ISOLATION AND CHARACTERIZATION
OF α-GALACTOSIDASE FROM THE
THERMOPHILIC FUNGUS THERMOMYCES
LANUGINOSUS

VLADIMÕR PUCHART, M¡RIA VRäANSK¡,
and PETER BIELY

Institute of Chemistry, Slovak Academy of Sciences, D˙brav-
sk· cesta 9, 842 38 Bratislava, Slovakia

α-Galactosidases were isolated from a wide variety of
organisms including bacteria, yeasts, fungi, plants and ani-
mals. However, only some of them are active and stable at
higher temperatures. Just these enzyme properties meet indus-
trial demands. The most important industrial applications of
α-galactosidases is in the sugar and soy milk industry as well
as in softwood Kraft pulp bleaching.

Recently we found out that a strain of α thermophilic
fungus, Thermomyces lanuginosus IMI 158749, produced high
levels of extracellular endo-β-1,4-mannanase (EC 3.2.1.78)
and α-galactosidase (EC 3.2.1.22) during growth on locust
bean gum as a carbon source1. The α-galactosidase was puri-
fied to homogeneity by combination of anion exchange and
hydrophobic interaction chromatographies. On SDS PAGE
the enzyme showed a single, somewhat diffuse band with
a molecular weight of 57 kDa that corresponded to a detected
glycoprotein. On isoelectric focusing the enzyme afforded
several protein bands that coincided with activity bands; pI
value of the major form was 5.2. The enzyme was partially
amino acid sequenced and N-terminal and two internal sequ-
ences were determined as follows: LVRPGNVGKLPALG
wNTwNAFGcDIDAT, IMTAANEVVNLG and DHYSVEL
ESHDVAALVVG. The sequences showed a high degree of
similarity with Penicillium simplicissimum α-galactosidase
AGLI that belongs to family 27 of glycosyl hydrolases. The

enzyme showed maximum activity at pH 4.5ñ5.0 and 65 ∞C
and showed full stability in pH range 2.5ñ7.5 and up to 60 ∞C.
Besides artificial aryl α-galactosides the enzyme was active
also on naturally occurring α-galactosylated oligosaccharides
such as melibiose, raffinose and stachyose. In addition, the
enzyme was able to release galactose as the only hydrolysis
product from polymeric legume seed galactomannans to such
a degree that caused precipitation of the polysaccharide from
the solution. Such a property is quite rare among microbial
α-galactosidases.

Physico-chemical and catalytic properties of the isolated
T. lanuginosus α-galactosidase suggest that the enzyme is
a promising candidate for industrial applications. The activity
against polymeric substrates can be used for improvement of
properties of plant galactomannans.
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21 COLD-ACTIVE β-GALACTOSIDASE

PETRA KARASOV¡a, ä¡RKA MAL¡a,
BLANKA KR¡LOV¡a, and NICHOLAS J. RUSSELLb

aDepartment of Biochemistry and Microbiology, Institute of
Chemical Technology, Technick· 5, 166 28 Prague 6, bDe-
partment of Biological Sciences, Imperial College University
of London, United Kingdom

β-Galactosidase (EC 3.2.1.23) is the enzyme that catalyses
the hydrolysis of terminal non-reducing β-D-galactose residu-
es in β-D-galactosides. In special cases this enzyme is also able
to transfer liberated galactosyl group on an acceptor different
from the water. This so called transglycosylation activity can
be utilized for synthesis of galactooligosaccharides, which are
recognised as probiotics and health benefitial substances. The
galactooligosaccharidesareadded toyoghurts, drinks, baby food
and  other dairy products, but also to other food industry
products, e.g. to the chewing gums1-3.

Majority of commercially available β-galactosidases have
the temperature optimum around 40 ∞C, a temperature that is
not convenient for dairy production because of possible mic-
robial contamination, and their activity at low temperature is
usually much decreased. Use of cold active β-galactosidase
from psychrophilic or psychrotolerant microorganisms for
production of galactooligosaccharides directly in the milk
offer a solution of the problem2.

The isolates from Antarctica obtained from the Imperial
College University of London collection and the microorga-
nisms obtained from Czech collection of microorganisms in
Brno were used for the primary screening of β-galactosidase
activity. Selected microbial producers were tested for the
ability to hydrolyse the glycosidic bond of synthetic substrate
X-gal (5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside).
In crude extracts the ability to hydrolyse the natural substrate
lactose, the temperature profile of β-galactosidase activity and
the ability to catalyse the transglycosylation were determined.
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As the best producers of cold-active enzyme with desirable
charcteristics, the isolates CH07 and C2-2 from Antarctica
were chosen. In these strains we plan to identify the genes for
β-galactosidase and to transfer them to the selected strain
without health hazard.
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22 KVASINKOV¡ GALAKTOZYLTRANSFER¡ZA

PETER BARTEK a NADEéDA KOLAROVA

Chemick˝ ˙stav SAV, D˙bravsk· cesta 9, 842 38 Bratislava

Odkedy sa kvasinky stali popul·rne ako hostiteæskÈ bunky
expresie a sekrÈcie farmaceuticky a biotechnologicky dÙle-
ûit˝ch glykoproteÌnov, je nevyhnutnÈ pochopiù mechanizmus
kontroly biosyntÈzy t˝chto l·tok.

SyntÈza sacharidovej Ëasti glykoproteÌnov na rozdiel od
bielkovinovej Ëasti nepodlieha priamej genetickej kontrole.
Na ˙rovni gÈnovej regul·cie je zabezpeËen· expresia: i) pro-
teÌnovej Ëasti glykoproteÌnu, ii) glykozyltransfer·z a glykozi-
d·z, ktorÈ sa z˙ËastÚuj˙ na syntÈze oligosacharidovej Ëasti
glykoproteÌnov. Geneticky je determinovan· ich substr·tov·
öpecifita a vyûadovanie rÙznych kofaktorov.

Glykozyltransfer·zy patria do skupiny enz˝mov z˙ËastÚu-
j˙cich sa syntÈzy oligosacharidov˝ch reùazcov glykoproteÌ-
nov a glykolipidov. Za syntÈzu kaûdej glykozidickej v‰zby
medzi rÙznymi sacharidmi je zodpovedn· öpecifick· glyko-
zyltransfer·za, z Ëoho vypl˝va, ûe ich poËet sa pohybuje okolo
100. Zatiaæ len niekoæko z nich sa podarilo vyizolovaù.

Medzi najviac preötudovanÈ glykozyltransfer·zy v kva-
sink·ch patria manozyltransfer·zy1,2. V posledn˝ch rokoch sa
objavili pr·ce o galaktozyltransfer·zach izolovan˝ch z mem-
br·nov˝ch frakciÌ kvasiniek3,4.

Naöe v˝sledky ukazuj˙, ûe v kvasink·ch Cryptococcus
laurentii existuj˙ aspoÚ dve formy galaktozyltransfer·z, ktorÈ
sa navz·jom odliöuj˙ nielen ich lokaliz·ciou v bunke, ale aj
ich rÙznou aktivitou, meniacou sa poËas bunkovÈho cyklu.

Zatiaæ Ëo najv‰ËöÌ podiel rozpustnej formy galaktozyl-
transfer·zy bol pozorovan˝ v stacion·rnej f·ze rastu kvasi-
niek, membr·novo viazan· galaktozyltransfer·za vykazovala
najvyööiu aktivitu v logaritmickej f·ze.

NajvhodnejöÌm akceptorom rozpustnej formy galaktozyl-
transfer·zy je manÛza. Membr·novo viazan· galaktozyltrans-
fer·za galaktozyluje okrem manÛzy aj N-acetylglukozamÌn.
Obidve formy galaktozyltransfer·z si vyûaduj˙ prÌtomnosù
Mg2+ a ATP.

Vzhæadom k tomu, ûe zatiaæ popÌsanÈ glykozyltransfer·zy
kvasiniek boli vûdy membr·novo viazanÈ, nemÙûeme s urËi-
tosùou tvrdiù, ûe nami zisten· rozpustn· forma galaktozyltrans-
fer·zy nie je uvoænen· z membr·n poËas mechanickÈho rozbÌ-
jania buniek. UrËenie pÙvodu rozpustnej galaktozyltransfe-
r·zy je predmetom n·öho Ôalöieho v˝skumu.

T·to pr·ca bola financovan· grantom Slovenskej grantovej
agent˙ry pre vedu Ë. 2/7137/20.

LITERAT⁄RA

1. Strahl-Bolsinger S., Gentzsch M., Tanner W.: Biochim.
Biophys. Acta 1426, 297 (1999).

2. Hersccovics A., Orlean P.: FASEB J. 7, 540 (1995).
3. Chappell T. G., Warren G.: J. Cell Biol. 109, 2693 ( 1989).
4. Gemmill T. R., Trimble R. B.: Glycobiology 9, 507 (1999).

23 INTERACTION OF GUANINE
PHOSPHONOMETHOXYALKYL DERIVATIVES
WITH GMP KINASE ISOENZYMES

ROMANA KREJ»OV¡, KVÃTOSLAVA HORSK¡,
IVAN VOTRUBA, and ANTONÕN HOL›

Institute of Organic Chemistry and Biochemistry, Academy of
Sciences of the Czech Republic, 166 10 Prague 6, Czech
Republic

Acyclic nucleoside phosphonates (ANP) ñ 9-[2-(phospho-
nomethoxy)-alkyl] derivatives of both purine and pyrimidine
bases are unique antiviral agents with broad-spectrum activity
against DNA viruses and/or retroviruses (i.e. human immuno-
deficiency virus, HIV)1-3. Moreover, some of these com-
pounds also possess cytostatic4 and antitumor activity5.

The ANP compounds need to be activated by cellular
nucleotide kinases to their active forms ñ ANPpp, i.e. nucleo-
side 5í-triphosphate analogues6-9 which then act as selective
substrate/inhibitors of viral and celullar DNA polymerases10,11

and also of retroviral reverse transcriptase12.
The aim of our work was to compare different types of

biologically interesting 9-[2-(phosphonomethoxy)alkyl] com-
pounds [(R)-HPMPG, (S)-HPMPG, PMEG, (R)-PMPG, (S)-
-PMPG, PMEDAP, (R)-PMPDAP, (S)-PMPDAP] with res-
pect of their substrate activity and inhibitory potency towards
GMP kinase (EC 2.7.4.8) isoenzymes from L1210 cells.

Our data prove that all GMP kinase isoenzymes tested
catalyze the phosphorylation of PMEG as well as of both
enantiomers of its 2-methyl derivative (PMPG) and/or hydro-
xymethyl derivative (HPMPG), respectively. These results are
compatible with the biological activity of these compounds1-5.
The both enantiomers of HPMPG are phosphorylated appro-
ximately to the same extent. However, substantially different
phosphorylation pattern of the both enantiomers of PMPG by
GMP kinase isoenzymes from L1210 cells indicates that the
GMP-binding site of these isoenzymes does not favour the
binding of the (S)-PMPG contrary to structurally related (R)-
-HPMPG which bears a hydrophilic CH2OH group instead of
CH3 substituent.

In addition to their substrate activity (S)-HPMPG, (R)-
-PMPG and PMEG also inhibit GMP kinases. The kinetics of
inhibition of GMP kinase isoenzymes from L1210 cells as well
as of GMP kinase from porcine brain indicate that their binding
occurs only at the GMP-binding site.

Supported by the grant No. 203/96/K001 of the Grant Agency
of the Czech Republic, by grant No. NL/5423-3 of Ministry of
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Health of the Czech Republic and by Gilead Sciences (Foster
City, CA, U.S.A.).
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24 HPMPApp AS A SUBSTRATE TOWARD
REPLICATIVE DNA-POLYMERASES α, δ AND ε

GABRIEL BIRKUäa, IVAN VOTRUBAa,
ANTONÕN HOL›a, and BERTA OTOV¡b

aInstitute of Organic Chemistry and Biochemistry, Academy
of Sciences of the Czech Republic, 166 10 Prague 6, Czech
Republic, bInstitute of Biology, 1st Faculty of Medicine, Char-
les University, 128 00 Prague, Czech Republic

9-(S)-(3-Hydroxy-2-phosphonomethoxypropyl)adenine
(HPMPA) which was found to have the potent and selective
activity against a broad spectrum of DNA viruses1 also exhi-
bits antimalarial effect2. The compound is phosphorylated to
its diphosphoryl derivative (HPMPApp) by AMP(dAMP) ki-
nase3 and is incorporated into cellular DNA (Ref.4) and inhibits
DNA replicative polymerases δ and ε (Ref.5). In this commu-
nication we have focused on substrate activity of (S)-HPMPApp
toward pol α, δ, ε and on the effect of cumulative insertion of
HPMPA in DNA chain on the kinetics of DNA polymerization.

The relative efficiency of the HPMPApp incorporation6

into template-primer TP1, which enables the maximum cumu-

lation of two molecules of HPMPA or dAMP respectively, is
decreasing in the order: pol ε > pol δ = pol α and is approxi-
mately 5 to 13 times lower than that for dATP.

The effect of cumulative insertion of HPMPA in DNA
chain on the kinetics of polymerization was studied with the
use of template-primer TP2, which enables the cumulation of
four molecules of HPMPA or dAMP, respectively. The rela-
tive efficiency of the HPMPApp incorporation into this tem-
plate-primer is decreasing in the order: pol ε = pol δ > pol α
and is approximately 6 to 24 times lower than the efficacy of
dATP incorporation. The kinetic constants (Km, Vm) and finsfor
pol ε catalyzed reactions on both template-primers TP1 and
TP2 are almost identical. Low fins for HPMPApp incorporation
into TP2 catalyzed by DNA pol δ is assigned to the lowering
of HPMPAppVm/dATPVm ratio at 8 fold decrease of Km for this
analog compared to TP1. The reaction catalyzed by pol α
results in  approximately two-fold decrease of fins on TP2
compared to TP1, due to the increase of HPMPAppKm value. The
time course of HPMPApp incorporation shows that, in contrast
to pol α, pol δ can accumulate maximum two molecules of the
analog into template-primer TP2 despite the fact that the
analog is a better substrate for pol δ than for pol α.

This study shows, that this nucleotide analog is relatively
good substrate of the replicative DNA-polymerases α, δ and
ε; after its insertion into TP1 the elongation of DNA can
proceed. These findings are in agreement with our previous
results on the inhibition of cellular DNA synthesis and HPMPA
incorporation into genomic DNA (Ref.4,5). Moreover, a putati-
ve insertion of HPMPA molecules into the DNA chain may
cause DNA damage and/or their accumulation at the 3í-end in
dependence on intracellular concentration of the compound
and the sequence of the replicating template can ultimately
result in a block of replication. Most probably such a dual
mode of DNA damage is responsible for S-M checkpoint
activation7 and S-phase cell cycle arrest8.

This work was supported by the grant No. 203/96/K001 of the
Grant Agency of the Czech Republic, by grant No. NL/5423-3
of Ministery of Health of the Czech Republic and by Gilead
Sciences (Foster City, CA, U.S.A.).

REFERENCES

1. De Clercq E., Hol˝ A., Rosenberg I., Sakuma T., Bal-
zarini J., Maudgal P. C.: Nature 323, 464 (1986).

2. Kaminsky R., Zweygarth E., De Clercq E.: J. Parasitol.
80, 1026 (1994).

3. Merta A., Votruba I., Jind¯ich J., Hol˝ A., Cihl·¯ T.,
Rosenberg I., Otmar M., Herve T. Y.: Biochem. Pharma-
col. 44, 2067 (1992).

4. Votruba I., Bernaerts R., Sakuma T., De Clercq E., Merta
A., Rosenberg I., Hol˝ A.: Mol. Pharmacol. 32, 524
(1987).

5. Kramata P., Votruba I., Otov· B., Hol˝ A.: Mol. Pharma-
col. 49, 1005 (1996).

6. Boosalis M. S., Petruska J., Goodman M. F.: J. Biol.
Chem. 262, 14689 (1987).

7. Rhind N., Russell P.: Curr. Opin. Cell Biol. 10, 749
(1998).

8. Kaminsky R., Nickel B., Hol˝ A.: Mol. Biochem. Parasi-
tol. 15, 91 (1998).

Chem. Listy 94, 571 ñ 591 (2000) Sekce 3

587



25 STABILITA PERIPLAZMATICK›CH ENZYMŸ
SIRN…HO METABOLISMU BAKTERIE
THIOBACILLUS FERROOXIDANS

OLDÿICH JANICZEK, JANA ZEMANOV¡
a MARTIN MANDL

Katedra biochemie, P¯ÌrodovÏdeck· fakulta, Masarykova uni-
verzita, 611 37 Brno, »esk· republika

Bakterie Thiobacillus ferrooxidans je chemolithoautotrof-
nÌ bakterie, kter· zaujÌm· v˝znamnou roli v dynamick˝ch
cyklech rovnov·hy sÌry a ûeleza v biosfÈ¯e dÌky svÈ schopnos-
ti oxidovat redukovanÈ sirnÈ slouËeniny, sÌru a nerozpustnÈ
sulfidy kov˘. D˘leûit˝m krokem pro pochopenÌ tÏchto proce-
s˘, kterÈ majÌ velk˝ dopad na ûivotnÌ prost¯edÌ je studium
oxidace sirn˝ch l·tek na enzymovÈ ˙rovni. P¯edkl·dan· pr·ce
se zab˝v· zjiötÏnÌm stabilit dvou klÌËov˝ch periplazmatick˝ch
enzym˘ sirnÈho metabolismu tÈto bakterie, thiosulf·toxidore-
duktasy1 a tetrathionanhydrolasy2.

pH optimum thiosulf·toxidoreduktasy se nach·zÌ v roz-
mezÌ pH 3ñ4 a tetrathionanhydrolasy v rozmezÌ pH 2,5ñ3.
Stabilita thiosulf·toxidoreduktasy v z·vislosti na pH prok·-
zala, ûe je enzym nejstabilnÏjöÌ v citr·tovÈm pufru o pH 3,0.
Enzym pro uchov·nÌ svÈ aktivity vyûaduje kyselÈ prost¯edÌ,
ve fosf·tovÈm pufru pH 7,0 a TRIS/HCl pH 8,0 jeho stabilita
v˝raznÏ kles· (obr. 1).

Pro aktivitu tetrathionanhydrolasy je  nutn· p¯Ìtomnost
sÌranu nebo selenanu. Na stabilitu enzymu m· klÌËov˝ vliv
p¯Ìtomnost sÌranov˝ch iont˘. D˘leûit˝ je rovnÏû v˝bÏr vhod-
nÈho pufru a jeho pH (obr. 2).

Pro uchov·v·nÌ enzym˘ je nosnou informacÌ kromÏ pH
stability takÈ teplotnÌ stabilita. Oba enzymy jsou znaËnÏ sta-
bilnÌ p¯i 4 ∞C a lze je uchov·vat p¯i ñ25 ∞C bez v˝raznÈ ztr·ty
aktivity.

Tato pr·ce byla vypracov·na s podporou grantu 525/00/0785
GrantovÈ agentury »eskÈ republiky.
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26 RAPID DETECTION OF HALOALKANE
DEHALOGENASE ACTIVITY BY CAPILLARY
ZONE ELECTROPHORESIS
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Halogenated aliphatic hydrocarbons constitute one of the
largest groups of environmental pollutants as a result of their
widespread use as solvents, pesticides, herbicides, insecticides
and chemical intermediate1. Because of their toxicity, biocon-
centration and persistence, the ubiquitous distribution of ha-
logenated compounds in the biosphere has  caused public
concern over the possible effects on the quality of life2. The
study of the biochemistry of dehalogenation processes may
help to understand and evaluate the potential for their degra-
dation in nature3. Moreover, biotransformation  of organic
compounds with biocatalysts offer new routes for the synthesis
of intermediates.

Haloalkane dehalogenases (EC 2.8.1.1) are group of enzy-
mes involved in the biodegradation of these compounds by
catalysing cleavage of the carbon-halogene4. A molecule of
the water is consumed per molecule of substrate and the
reaction products are a primary alcohol, a halide and a proton:

CH3(CH2)nX + H2O → CH3(CH2)nOH + H+ + Xñ

Obr. 2. Stabilita tetrathionanhydrolasy v z·vislosti na pH a kon-
centraci sÌranu; z·vislost aktivity tetrathionanhydrolasy na dobÏ
uchov·v·nÌ enzymu v r˘zn˝ch pufrech s promÏnnou koncentracÌ
sÌranu: (u) acet·tov˝ pufr pH 5,0 + 50 mmol.l-1 sÌran, (o) citr·tov˝
pufr pH 3,0 + 50 mmol.l-1 sÌran, ( ) acet·tov˝ pufr pH 5,0 bez sÌranu,
(¡) citr·tov˝ pufr pH 3,0 bez sÌranu, (n) acet·tov˝ pufr pH 5,0 +
1 mol.l-1 sÌran, (l) citr·tov˝ pufr pH 3,0 + 1 mol.l-1 sÌran, (∆) 1 mol.l-1

sÌran amonn˝

Obr. 1. Stabilita thiosulf·toxidoreduktasy v z·vislosti na pH; z·-
vislost aktivity thiosulf·toxidoreduktasy na dobÏ uchov·v·nÌ enzymu
v r˘zn˝ch pufrech: (l) 50 mmol.l-1 citr·tov˝ pufr pH 3,0, (u) 50
mmol.l-1 acet·tov˝ pufr pH 5,0, (o) 50 mmol.l-1 fosf·tov˝ pufr pH
7,0, (∆) 50 mmol.l-1 TRIS/HCl pufr pH 8,0
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Because of the significance of haloalkane dehalogenase
for ecotoxicology and synthetic chemistry, many assay me-
thods have been developed for this enzyme5-11. Most existing
methods for determination of haloalkane dehalogenase enzy-
matic activity are based on measuring chloride production
colorimetrically through chloride specific chemical reactions5,6

or by ion-selective electrode7. However these methods ha-
ve several drawbacks. The colorimetric methods employ to-
xic and corrosive reagents, the ion-selective electrodes equili-
brate slowly and have a problem with interference by other
ions.

In this work, a new sensitive method has been developed
for the determination of haloalkane dehalogenase activity
using capillary zone electrophoresis (CZE). The enzymatic
reactions were carried out directly in thermostatted autosam-
pler vials and the formation of product ñ bromide or chloride
ions ñ was monitored by sequential CZE runs. The determina-
tions were performed in a 75 µm fused silica capillary using
5 mM chromate, 0.5 mM-TTAB (pH 8.4) as a background elec-
trolyte, separation voltage 15 kV (negative polarity) and indi-
rect detection at sample wavelength 315 nm, reference wave-
length 375 nm for brominated and chlorinated substrates,
respectively 0.1 M β-alanine ñ HCl (pH 3.50) as a background
electrolyte, separation voltage 18 kV (negative polarity) and
direct detection at 200 nm for brominated substrates. The
temperature of capillary was in both cases 25 ∞C. The method
is rapid, able to be automated, and requires only small amount
of sample and substrates.

By means of the method basic kinetic parameters of halo-
alkane dehalogenase from Sphingomonas paucimobilis UT 26
were studied: pH and temperature optima and an approxima-
tion of the Michaelis constant. The possibility of monitoring
the enzyme purification process was also tested. While the
method was developed for determination of activity of halo-
alkane dehalogenase acting on haloaliphatic compounds, it
could be used to monitor the activities of other dehalogenating
enzymes.

This work was supported in part by grant 203/97/P149 from
the Czech Grant Agency and by the grant ME276 for Czech-
-Japanese collaboration from the Ministry of Education of the
Czech Republic.
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27 MOBILITA IZOAMYL¡Z U SCHWANNIOMYCES
V AGAROVOM G…LI

JOZEF AUGUSTÕN

Katedra mlieka, tukov a hygieny poûivatÌn, Chemickotechno-
logick· fakulta STU, RadlinskÈho 9, 812 37 Bratislava, Slo-
vensk· republika

V r·mci rieöenia problematiky sledovania rÙznych druhov
mikroorganizmov na ich schopnosù utilizovaù ökrob, Ëo je
vlastnosùou u viacer˝ch organizmov pomerne zn·mou a je
povaûovan· za jeden z uznan˝ch rozliöovacÌch taxonomic-
k˝ch znakov, bola t·to öpecifick· vlastnosù sledovan· aj vo
vybranom s˙bore kvasiniek a kvasinkovit˝ch organizmov. Je
zn·me, ûe ökrob, ale i Ôalöie polysacharidickÈ zloûky, ako
najdostupnejöie alfa-1,4 gluk·ny s˙ z hæadiska taxonomickej
diferenci·cie dostatoËne vyuûÌvanÈ. V tejto pr·ci bola sledo-
van· mobilita izoamyl·z kvasniËn˝ch izol·tov rodu Schwan-
niomyces v elektromagnetickom poli a bola porovn·van· s mo-
bilitou ÔalöÌch kvasniËn˝ch amyl·z, ako naprÌklad Endomy-
cosis capsularis, E. biospora, Leucosporidium capsuligenum,
Cryptococcus luteolus. œalej bola porovn·van· s amyl·zami
bakteri·lneho pÙvodu Bacillus amyloliquefaciens a B. subti-
lis, ako aj s amyl·zou rastlinnÈho pÙvodu pletivovej kult˙ry
smreka obyËajnÈho (Picea excelsa).

Alfa-amyl·za bola rozdelen· elektroforÈzou v agarovom
gÈli (BACTO-DIFCO) pri pH 8,4. K anal˝ze izoenz˝mov
alfa-amyl·zy bola pouûit· chromolytick· metÛda,vyuûÌvaj˙ca
techniku rovnomernÈho prevrstvenia elektroforeogramu po
separ·cii izoenz˝mov vrstvou jemne sieùovanÈho ökrobu s ko-
valentne viazan˝m farbivom Remazol Brillant Blue, priv·-
dzan˝m do reakcie z druhej gÈlovej vrstvy, tzv. sendviËov˝m
spÙsobom. Po inkub·cii sa t·to detekËn· vrstva odstr·nila
a vrstva pÙvodne elektroforetick· sa zafarbila roztokom jodu.
Po detekcii bolo moûnÈ izoamyl·zy pozorovaù ako jasnÈ pruhy
na tmavomodrom pozadÌ. PrÌtomnosù alfa-amyl·zovej aktivity
je teda povaûovan· za jeden zo z·kladn˝ch diagnostick˝ch
znakov u rÙznych mikroorganizmov, nevynÌmaj˙c testovanÈ
druhy rodu Schwanniomyces, aj keÔ öpecifick· aktivita pro-
dukcie (aktivita vztiahnut· na jednotku biomasy) je znaËne
variabiln·. DosiahnutÈ v˝sledky elektroforetick˝ch öt˙diÌ po-
ukazuj˙ na skutoËnosù, ûe jednotn˝m taxonomick˝m znakom
druhu Schwanniomyces occidentalis je jedna pomalöie putu-
j˙ca frakcia, na rozdiel od ostatn˝ch testovan˝ch druhov rodu
Schwanniomyces. Pre druhy S. alluvius, S. castelli a S. perso-
nii je pr·ve charakteristick· prÌtomnosù jednej r˝chlejöie pu-
tuj˙cej zÛny. U dvoch kmeÚov S. occidentalis a to CCY 47-1-5
a CCY 47-1-10 sa prejavilo anom·lne zdvojenie hybridnÈho
typu, obsahuj˙ceho oba izoenz˝my alfa-amyl·zy, teda ako
pomalöie anodicky putuj˙cu frakciu, tak aj r˝chlejöie putuj˙cu
frakciu, Ëo je pr·ve charakteristick˝m znakom niektor˝ch
z·stupcov rodu Schwanniomyces.

T·to pr·ca bola vypracovan· v r·mci rieöenia v˝skumn˝ch
˙loh  za  podpory grantu Ë. 1/6228/9 ev. Ë. A-4890, ktor˝
poskytla GA VEGA.
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28 THE LACTATE DEHYDROGENASE (LD)
PATTERN IN SERUM OF CALVES WITH TOTAL
ARTIFICIAL HEART (TAH) SAMPLED DURING
ìADAPTATIONî TO TAH

JAN äALPLACHTA and JIÿÕ NE»AS

University of Veterinary and Pharmaceutical Sciences, Palac-
kÈho 1/3, 612 42 Brno, Czech Republic

To identify ìmean LD patternî in serum of calves having
no heart ventricles after total artificial heart (TAH) implanta-
tion, data file was created from LD patterns in serum of
experimental calves (n = 12) showing no noticeable acute
damage and LD pattern oscillation in the serum. Blood serum
was sampled during the interval of days 33ñ49 with TAH. We
presumed that a certain adaptation to the TAH occurred within
the interval of days 30ñ50 of survival with TAH as the calves
recovered from surgery and no pathophysiological processes
were seen yet. Isoenzyme LD patterns in serum from experi-
ments (calves: Amur, Armand, Arvid, Hakon, Marcel, MÏöek,
Lena, Leon, Norman, Olaf, Prokop, Richard) were used to
compute a ìmean LD patternî and its resultant vector. The
next step was to compare LD patterns in control serum (n = 12)
and LD pattern in serum of calves with TAH. Both LD patterns
in serum (control and ìmean LD patternî) differed significan-
tly (two-tailed F-test and Studentís t-test, p<0.05) in single LD
isoenzymes and  resultant  vectors. Isoenzyme LD patterns
were converted to the vectors of translation model tSV, LD

(1ñ5) under conditions stated in Ref.1 The point of intersection
of axes x,y is the end point of the translation vector that
represents ìmean LD patternî. While the comparison of both
LD patterns by variables of single isoenzymes offered negli-
gible differences, the clear difference between vectors of LD
patterns has been shown in the translation model tSV5, LD
(1ñ5) (Fig. 1). The vector of ìmean LD patternî is equipped
with rectangle and its corner points are defined by the equati-
ons: SV[x ]±2s[x]; SV[y]±2s[y]. A rectangle area contains an
end  point of resultant vector whose LD pattern is in the
reference interval with a 95 % probability. To decipher the
change in serum LD pattern after TAH implantation, the end
points of vectors of mean LD patterns in tissues of controls are
completed in Fig. 1. In conclusion, the presented procedure
enabled an easy comparison of two files of LD patterns in
contrast to single LD isoenzyme evaluation. It was shown that
LD patterns in serum of calves with TAH sampled during
ìadaptationî to TAH and intact controls differed significantly.
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29 STUDIUM TK¡“OV… DISTRIBUCE ENZYMŸ
KETOGENESE A KETOL›ZY
NA AUTOMATICK…M SPEKTOFOTOMETRU
COBAS FARA

JANA HRD¡ a EVéENIE POSPÕäILOV¡

⁄stav dÏdiËn˝ch metabolick˝ch poruch VFN, Ke Karlovu 2,
128 08 Praha 2

CÌlem studie je zmapovat dosud nedostateËnÏ popsan˝
metabolismus ketonov˝ch l·tek na ˙rovni enzym˘. V jednot-
liv˝ch tk·nÌch jsou v z·vislosti na charakteru a metabolickÈ
Ëinnosti jejich bunÏk exprimov·ny r˘znÈ enzymy. Enzymy
jsou v buÚk·ch p¯Ìtomny v cytosolu nebo jsou v·z·ny na
bunÏËnÈ struktury. Tk·Úov· distribuce enzym˘ je jiû dlouho
zn·ma a pat¯Ì k d˘leûit˝m diagnostick˝m vodÌtk˘m.

Ketogenese a ketol˝za jsou sledem biochemick˝ch reakcÌ,
p¯i nichû doch·zÌ ke vzniku a n·slednÈ utilizaci ketonov˝ch
l·tek (acetoacet·t, D-3-hydroxybutyr·t a aceton). KetonovÈ
l·tky jsou z·sobnÌm zdrojem energie p¯i vyËerp·nÌ bunÏËnÈ
glukosy.

Studie zkoum· tk·Úovou distribuci zn·m˝ch enzym˘ ke-
togenese a ketol˝zy. Vzhledem k omezenÈ dostupnosti lid-
sk˝ch tk·nÌ byly ke studii pouûity tk·nÏ laboratornÌ myöi.
EnzymovÈ aktivity byly mÏ¯eny v tk·Úov˝ch homogen·tech
(mozek, j·tra) a v jejich subcelul·rnÌch frakcÌch (mitochon-
drie, cytosol). ZmÏ¯ili jsme aktivity tÏchto enzym˘: aceto-
acetyl-CoA-thiolasy, sukcinyl-CoA:acetoacet·t-CoA-transfera-
sy, 3-hydroxy-3-methyl-glutaryl-CoA-synthasy.

Aktivita ketogenick˝ch enzym˘ ñ acetoacetyl-CoA-thiolasy
a 3-hydroxy-3-methylglutaryl-CoA-synthasy ñ byla namÏ¯e-
na v mitochondrii jaternÌ buÚky. Naopak aktivita klÌËovÈho
enzymu ketol˝zy, sukcinyl-CoA:acetoacet·t-CoA-transfera-
sy, zde nebyla signifikantnÌ. V mitochondrii mozkov˝ch bu-
Úek chybÏla aktivita 3-hydroxy-3-methylglutaryl-CoA-syn-

Fig. 1. Isoenzyme LD pattern in serum taken from the calves with
TAH; LD pattern in control serum and tissues, translation model
tSV5, LD (1ñ5)
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thasy, namÏ¯ena byla aktivita acetoacetyl-CoA-thiolasy a suk-
cinyl-CoA:acetoacet·t-CoA-transferasy.

Naöe v˝sledky potvrzujÌ, ûe ketogenese a ketol˝za jsou na
subcelul·rnÌ ˙rovni v·z·ny na stejnou bunÏËnou strukturu ñ
mitochondrii. Metabolick· dr·ha ketogenese je lokalizov·na v ja-
ternÌ buÚce, zatÌmco ketol˝za probÌh· v buÚce mozkovÈ.

Auto¯i dÏkujÌ za finanËnÌ podporu grantu IGA MZ NE 6003-
-3/2000-05-02.

30 EFFECT OF VITAMIN E AND SELENIUM
INJECTION ON BLOOD GLUTATHIONE
PEROXIDASE ACTIVITY IN SHEEP

GABRIEL KOV¡», KHALED MILAD,
and PAVOL MUDRO“

University of Veterinary Medicine, KomenskÈho 73, 041 81
Koöice, Slovak Republic

Vitamin E and selenium are antioxidants that have been
related to immune function in domestic animals1. Selenium as
an essential component of glutathione peroxidase reduces
potentially harmful oxygen radical such as hydrogen peroxi-
des and lipid hydroperoxides4. The present investigation ai-
med to determine  the  effects of vitamin  E and selenium
administration on blood glutathione peroxidase activity in
sheep.

Twelve pregnant Merino sheep weighing 42 to 66 kg, aged
three to four years, were available for the present experiment.
The sheep were housed and fed daily concentrates of 0.5 kg
BAK (BAK is a concentrate for sheep), meadow hay and water
were available ad libitum. The same feeding program conti-
nued throughout the experiment duration, and the sheep were
under a constant surveillance during the experiment. The sheep
were divided into two groups. The first group was given
a single subcutaneous injection of 5 mg tocopheryl acetate and
0.4 mg of selenium as sodium selenite per kg body weight
(Selevit inj: 25 mg tocopheryl acetate and 2.2 mg sodium

selenite in 1 ml, Biotika) and the second group served as
control. Blood samples were obtained at the beginning of the
experiment prior to vitamin E and selenium administration,
14 days after lambing and 30 days after lambing. The glutat-
hione peroxidase activity in whole blood was estimated accor-
ding to the modification of the technique of Paglia and Valen-
tine3 using a commercial kit (Randox ñ Ireland). Data were
analysed by a two way analysis of variance. Studentís t-test
was used.

The whole blood GSH-Px activities of treated group with
vitamin E and selenium preparation and control group are
presented in Table I. GSH-Px assays offer a rapid and simple
alternative to whole blood selenium estimation for the dia-
gnosis of selenium deficiency, avoiding the matter of selenium
concentration. The enzyme is very stable in erythrocytes5 and
it is therefore suitable for routine diagnostic purposes. In
treated group, the GSH-Px increase appears to respond to
selenium and vitamin E injection. The decline in selenium
concentration during late pregnancy and lactation has already
been reported for selenium-deficient sheep2. The present study
demonstrated that sheep of control group, lactation was pro-
bably responsible for worsening the GSH-Px activity status.
Therefore, our study demonstrated that dose used before lam-
bing was responsible for a lasting increase in the GSH-Px
activity. Thus, the sheep of this experiment were possibly
stressed. In conclusion, a single vitamin E and selenium injec-
tion led to a significant increase in whole blood GSH-Px
activity and the increase was similar after lambing (14 and 30
days).
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Table I
Whole blood glutathione peroxidase activity in treated sheep with vitamin E and selenium and in non-treated sheep

Groups GSH-Px activity (U.g-1 HB) Time effect (p)
Before treatment After parturition Group effect (p)

(0 day) (14 days) (30 days)

Treated 49.05±17.78 226.6±82.57a,b 216.6±40.09a,c p<0.0001
Control 49.68±22.97 50.22±20.14 42.70±16.73 p<0.0001

a p<0.01 vs 0; b p<0.01 vs C; c p<0.001 vs C
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01 EXPRESE SACHARIDOV›CH MOLEKUL
NA POVRCHU LIDSK›CH NORM¡LNÕCH
LEUKOCYT¡RNÕCH BUNÃK A JEJICH
PATOLOGICK›CH PROFILŸ

KRISTI¡N KOUBEKa, BEFEKADU ASFAWb

a JANA LEDVINOV¡b

a⁄stav hematologie a krevnÌ transf˙ze, U nemocnice 1, 128 20
Praha 2, b⁄stav dÏdiËn˝ch metabolick˝ch poruch, Karlova
univerzita, Ke Karlovu 2, 128 08 Praha 2

StandardnÌ biotechnologiÌ p¯Ìpravy monoklon·lnÌch pro-
til·tek (MoAbs) byly konstruov·ny t¯i hybridomy produkujÌcÌ
MoAbs (MG-1, MG-2, MG-7) prokazujÌcÌ sacharidovÈ mole-
kuly v·zanÈ na membr·ny lidsk˝ch leukocyt˘.
1. MoAb MG-1 (UHKT) je t¯Ìdy IgM a prokazuje obecn˝
termin·lnÌ pentasacharid Gal(β1→4)-(Fucα1→3)-GlcNAc-R
nÏkter˝ch membr·nov˝ch glykoprotein˘ a glykolipid˘. Tato
molekula je oznaËov·na jako LewisX, X-hapten, lacto-A-fu-
copentaose III nebo st·diovÏ specifick˝ embryon·lnÌ antigen
(SSEA) (cit.1). CD15 znak je vyj·d¯en na nezral˝ch buÚk·ch
kostnÌ d¯enÏ a leukemick˝ch buÚk·ch myelo-monocyt·rnÌ
¯ady, ËÌmû napom·h· k imunofenotypizaci nÏkter˝ch myelo-
idnÌch typ˘ leukÈmiÌ. Na z·kladÏ exprese CD34 a CD15 znak˘
na leukemick˝ch buÚk·ch je moûnÈ tyto buÚky in vitro odstra-
nit z prepar·tu v complement zprost¯edkovanÈ reakce za po-
uûitÌ anti CD15 MG-1 MoAb od norm·lnÌch hematopoetic-
k˝ch progenitorov˝ch bunÏk (CD34+). Mimo to defekt ñ
jehoû p¯ÌËinou je mutace v genu kÛdujÌcÌm jeden z enzym˘
fukosyltransferasy, kter· se podÌlÌ na biosyntÈze sialyl-LeX

(CD15) ñ je naz˝v·n LAD II (leukocyte adhesion deficiency).
Tento klinick˝ syndrom, z¯ejmÏ v d˘sledku poruch biosyntÈzy
neuron·lnÌch gangliosid˘, zp˘sobuje u nemocn˝ch i ment·lnÌ
retardaci.
2. MoAb MG-2 (UHKT) prokazuje CDw17 molekulu (lak-
tosylceramid). Jedn· se o karboxyhydr·tov˝ antigen defino-
van˝ jako laktosyl-disacharidov· skupina glykosfingolipidu
laktosylceramidu (LacCer): Galβ1-4GlcβCer (1-3) (cit.2).

Tato molekula se vyskytuje na nÏkter˝ch buÚk·ch myelo-
idnÌ ¯ady, B lymfocytech (40ñ75 %) a takÈ na nÏkter˝ch
leukemick˝ch buÚk·ch p¯ev·ûnÏ nemocn˝ch s akutnÌmi mye-
loidnÌmi leukemiemi. Funkce CDw17 antigenu nenÌ zatÌm
plnÏ objasnÏna. Z vazby tohoto antigenu na bakterie se p¯ed-
pokl·d·, ûe CDw17 m˘ûe hr·t roli p¯i fagocytÛze. Mimo to se
tato molekula m˘ûe podÌlet v odpovÏdi bunÏk na fytohemaglu-
tinin i IL-2 a takÈ p¯i vzniku nÏkter˝ch dÏdiËn˝ch defekt˘
(nap¯. deficit prosaposinu).
3. MoAb MG-7 (UHKT) reaguje s NK buÚkami (50 %)
a s IL-2 aktivovan˝mi NK buÚkami. D·le MG-7 protil·tka
reaguje s buÚkami FS12.3 fibrosarkomovÈ linie, THP-1 mo-
nocyt·rnÌ linie, s NK.3 liniÌ a s buÚkami nÏkter˝ch dalöÌch
lymfoblastoidnÌch liniÌ (APD, BSM, Daudi, RSH) (cit.3).

MoAb MG-7 nereaguje s cyCD3ε thymocyty (zbytkov˝mi
nebo IL-2 aktivovan˝mi) a rovnÏû tak i s buÚkami transfekto-
van˝mi geny kÛdujÌcÌmi CD94 a CD161 (NKR-P/A) znaky.
Z v˝sledk˘ autor˘ A. H. KorosovÈ (Graduate School of Public
Health, University of Pittsburgh) prov·dÏnÈ v r·mci mezin·-
rodnÌch studiÌ (6. workshop a konference o lidsk˝ch leukocy-
t·rnÌch diferenciaËnÌch antigenech) vypl˝v·, ûe MG-7 MoAb
reaguje takÈ s buÚkami linie malobunÏËnÈho plicnÌho karci-

nomu (9ñ67 %) a karcinomu mammy (41ñ77 %) (cit.4). D·le
auto¯i Berti a spol. (Institute of Dermatological Science, Uni-
versity of Milan) nalezli reakci tÈto protil·tky s bÌlou a öedou
pulpou sleziny a takÈ s krevnÌmi cÈvami a makrof·gy4. Ko-
neËnÏ B. Kniep (Institute of Immunology, University of Tech-
nology, Dresden) uzavÌr·, ûe MG-7 MoAb se specificky v·ûe
na neutr·lnÌ glykolipid globo-tetra-osylceremidu (globosid =
P antigen), coû je hlavnÌ glykosfingolipid erytrocyt·rnÌ mem-
br·ny4.

Tato pr·ce vznikla v r·mci ¯eöenÌ grant˘ IGA MZ »R Ë. 3747,
Ligy proti  rakovinÏ (4/2000, Praha), FRVä  Ë. 1899/2000
a GA UK Ë. 37/2000.
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02 STEREOCHEMISTRY OF GLYCOSIDIC BOND
HYDROLYSIS BY THERMOMYCES
LANUGINOSUS -GALACTOSIDASE

VLADIMÕR PUCHART, M¡RIA VRäANSK¡,
and PETER BIELY

Institute of Chemistry, Slovak Academy of Sciences, D˙brav-
sk· cesta 9, 842 38 Bratislava, Slovak Republic

Glycosyl hydrolases fall into two major mechanistic cate-
gories: those which hydrolyze the glycosidic bond with net
inversion of anomeric configuration (α→β, β→α) and those
which do so with net retention of anomeric configuration
(α→α, β→β) (Ref.1). Structurally similar enzymes that may
show different substrate specificity usually have the same
catalytic mechanism resulting in that they are all retaining or
inverting ones2.

α
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An interesting α-galactosidase (EC 3.2.1.22), belonging
probably to family 27 of glycosyl hydrolases, was purified in
our laboratory from a thermophilic fungus Thermomyces la-
nuginosus. Stereochemistry of glycosidic bond hydrolysis of
this α-galactosidase was studied by 1H-NMR spectroscopy.
4-Nitrophenyl α-D-galactopyranoside and D-mannopyranosyl-
-β-1,4-D-mannopyranosyl-β-1,4-(6-O-α-D-galactopyranosyl)-
-D-mannopyranose were chosen as representatives of artificial
and naturally occurring substrates, respectively. The amount
of the enzyme used in the NMR experiment was selected to
assure such a rate of substrate hydrolysis which would exceed
the  rate of mutarotation  of released  galactose. With both
substrates primary product of hydrolysis was α-D-galactopy-
ranose which consequently underwent slow mutarotation to its
β-anomer which is predominant in anomeric equilibrium. This
means that T. lanuginosus α-galactosidase is a retaining gly-
cosyl hydrolase acting via double replacement mechanism. In
consonance with this fact the enzyme is able to catalyze
transglycosylation reactions at high substrate concentration.
This leads to a suggestion that in the enzyme catalytic center
the most important amino acids are two carboxylate residues,
most probably a pair of glutamates, that function as acid/base
catalyst and nucleophile, and that a covalently linked β-D-ga-
lactopyranosyl-enzyme intermediate is involved in the reac-
tion mechanism.
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03 CHANGES OF SOME CARBOHYDRATE
DEGRADING ENZYMES DURING INHIBITION
OF ELONGATION GROWTH CAUSED
BY GALACTOGLUCOMANNAN-DERIVED
OLIGOSACCHARIDES
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PETER CAPEKa, DESANA LIäKOV¡a,
DANIELA K¡KONIOV¡a, KARIN SADLO“OV¡a,
and J¡N STANOb
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sk· cesta 9, 842 38 Bratislava, bGarden of Medicinal Plants,
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In our previous papers1,2 the inhibition effect of galacto-
glucomannan-derived oligosaccharides (GGMOs) on elonga-
tion growth of pea stem segments has been described. Activi-
ty and distribution changes of some carbohydrate degrading
enzymes ñ glycanases (endo-(1,4)-β-D-mannanase, endo-(1,4)-
-β-D-glucanase, and endo-(1,4)(1,3)-β-D-glucanase) and gly-
cosidases (β-D-glucosidase, β-D-mannosidase, β-D-galactosi-
dase, β-D-xylosidase, α-L-arabinosidase, and α-D-galactosida-
se) in different cell fractions ñ extracellular, soluble and cell
wall fraction (divided into ìTRIS solubleî, ìLiCl solubleî,
ìEDTA extractableî, and nonextractable ñ cell wall bound)
occurred during this process.

The main portion of glycosidases were present in the

ìsolubleî fraction, while glycanases were present in the ìcell
wallî fraction. The presence of 2,4-D and GGMOs in the
incubation mixture increased α-D-galactosidase activity in the
ìsolubleî  fraction  and decreased  endo-(1,4)-β-D-glucanase
activity in the ìcell wallî fraction compared with the 2,4-D

control. These results, as well as the finding that α-D-galacto-
pyranosyl residues are essential for the biological activity of
GGMOs, indicate significant role of these enzymes in the
elongation growth. The biochemical mechanism of this pro-
cess is probably realized on two levels: 1) on the level of the
soluble fraction where the changes of α-D-galactosidase acti-
vity led to changes of the biological activity of GGMOs
through their modification in the α-D-galactopyranosyl con-
tent, and 2) in the cell wall where the changes of endo-(1,4)-
-β-D-glucanase activity led to endolytic changes of cellulose
chain resulting in changes of the growth rate.

This work was supported by the VEGA grant No. 2/5061/00.
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04 INDUCTION OF PLANT DEFENCE RESPONSE
BY GALACTOGLUCOMANNAN-DERIVED
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Over the last decade, more attention has been focused on
biological active oligosaccharides (oligosaccharins) because
these fragments released from cell wall polymers can function
in plants as molecular signals affecting growth, development,
and defence or they can be involved directly in some physio-
logical processes.

In our previous work1 we have described the biologi-
cal effect of galactoglucomanan-derived oligosaccharides
(GGMOs) in elongation growth, in some morfogenic proces-
ses, and on vitality of regenerating protoplasts. Now, we report
the results of defence response of cucumber (C. sativus cv.
Laura) infected by tobacco necrosis virus (TNV) in the pre-
sence of GGMOs isolated from secondary cell walls of spruce
(Picea abies L. Karst). In this model system cucumber reacted
hypersensitively to TNV infection with formation of local
lesions.

Application of GGMOs of different degree of polymeriza-
tion and concentration onto plant cotyledons resulted in the
inhibition of disease symptoms from 60 % to 75 %. Average
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lesion number per cotyledon was significantly decreased when
GGMOs were applied simultaneously or 24 h prior to TNV
inoculation. Further, significant changes of PR-proteins (per-
oxidase, glucanase, and chitinase) acting in hypersensitive
response of cucumber cotyledons to TNV inoculation were
observed as well.

Galactoglucomannan-derived oligosaccharides from spruce
can induce a non specific resistance to local TNV infection in
plants. It seems that they act as inhibitors of virus infection
rather than inhibitors of direct virus multiplication.

This research was supported by Slovak Grant Agency for
Science No. 2/5061/99 and 2/1010/98.
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05 ISOLATION AND CHARACTERIZATION
OF BIOLOGICALLY ACTIVE
OLIGOSACCHARIDES

PETER CAPEK, MARTA KUBACKOV¡,
JURAJ ALFOLDI, LADISLAV BILISICS,
DESANA LIäKOV¡, and DANIELA K¡KONIOV¡

Institute of Chemistry, Slovak Academy of Sciences, D˙brav-
sk· cesta 9, 842 38 Bratislava, Slovak Republic

The discovery that some microbial and plant oligosaccha-
rides released from certain cell wall polysaccharides are bio-
logically active in many life processes (growth, development,
and defence) of plant cell initiated a new area of plant biology1.
We have found that oligosaccharides isolated from spruce
(Picea abies L. Karst) cell wall polymer galactoglucomannan
showed biological effect as well2.

Alkali-extracted galactoglucomannan from spruce saw-
dust composed of D-galactose, D-glucose, and D-mannose in
1:8:33 mole proportion was partially depolymerized and the
hydrolysate mixture was separated by gel filtration to nine
distinct oligosaccharide fractions of d.p. 2ñ10. Compositional
analysis of oligosaccharides revealed the presence of D-galac-
tose, D-glucose, and D-mannose in different mole ratio with
dominant content of D-mannose. With increasing d.p. of oli-
gomers the content of D-galactose increased while the content
of D-mannose decreased. The major components of this hy-
drolysate were oligomers of d.p. 2, 3, and 4. HPLC chromato-
graphy showed their heterogeneous character. In order to
determine the number, mutual ratio, and detailed structural
features of the individual components, the oligomeric frac-
tions of d.p. 2, 3, and 4 were separated by a combination of
HPLC chromatography and PPCH. The structures of the homo-
geneous components were elucidated on the basis of 1H and 13C
measurements (2D DQF-COSY, TQF-COSY, 1D-TOSCY,
HSQC, and HMBC) and chemical analyses.

This research was supported by Slovak Grant Agency for
Science No. 2/5061/99.
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POLYSACCHARIDE FROM THE YEAST
CRYPTOCOCCUS LAURENTII
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Cryptococcus laurentii was a zoopathogenic yeast-like
organism but recently was found that it can be a human
pathogen as well. In addition to forming capsules, excretes
extracellular polysaccharides into growth medium which play
an important role in infection1. From this point of view it was
interesting to characterize the individual components of this
extracellular mixture.

A mixture of extracellular polysaccharides composed of
D-galactose, D-glucose, D-mannose, D-xylose, and D-glucuro-
nic acid was dissolved in water and precipitated with Fehlingís
solution. The insoluble part afforded the glucomannan-protein
complex already described2 and the soluble portion was resol-
ved by ion-exchange chromatography to neutral and acidic
fractions. The neutral portion was further purified by size-ex-
clusion chromatography to give a homogeneous polysaccha-
ride composed of D-glucose, D-xylose D-galactose, and D-man-
nose, in 1.0:1.4:3.7:10.8 mole proportion. Partial acid hy-
drolysis and acetolysis of galactoglucoxylomannan afforded
mixtures of oligomers which were separated by gel filtration
to four distinct oligosaccharide fractions of d.p. 2ñ5. The
structures of seven dimers, four trimers, two tetramers, and
two pentamers were elucidated on the basis of 1H and 13C
measurements and chemical analyses.

This research was supported by Slovak Grant Agency for
Science No. 2/7137/20 and 2/5061/20.
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07 ENZYMATIC SYNTHESIS
OF CHITOOLIGOSACCHARIDES CONTAINING
VARIOUS N-ACYL GROUPS

PAVLA FIALOV¡, EVA RAJNOCHOV¡,
ZDENKA HU“KOV¡, LENKA WEIGNEROV¡,
and VLADIMÕR KÿEN

Institute of Microbiology, Laboratory of Biotransformation,
Academy of Sciences of the Czech Republic, VÌdeÚsk· 1083,
142 20 Prague 4, Czech Republic

Oligosaccharides play an important role in many aspects
of immune recognition. Chitooligomer derivatives are impor-
tant activating ligands for natural killer cells (NK). This acti-
vity is strongly dependent on some structural features such as
type of linkage between the glycosidic moieties and type of
substituent at the NH groups. The aim of our project was to
investigate the immunomodulatory properties of chitooligo-

mers modified at the reducing end, in particular those bearing
one free amino group. This arrangement offers the possibility
of introducing various acyl groups into 2-N position and to
examine the influence on the binding properties to the NK cell
receptor.

2-Deoxy-2-glukopyranosylamine HCl was subjected to
glycosyl transfer using GlcNAcβ-O-pNP as a glycosyl donor
(Schema) at pH 5.0 and 37 ∞C and β-N-acetylhexosaminidase
from Aspergillus oryzae. Reaction was monitored by TLC.
The main product was GlcNAcβ (1-6)GlcNH2 as could be seen
from the NMR spectrum but also traces of GlcNAcβ (1-
-4)GlcNH2 regioisomer was isolated. Surplus GlcNH2.HCl
was used to prevent the parasitic reaction of two GlcNAcβ-O-
-pNP molecules giving yield to chitobiose and/or pNP-chito-
biose. The pure product was isolated by gel filtration on the
column packed with Toyopearl HW-40F eluted with water.

Support by a Grant Agency of the Czech Republic, grant No.
303/99/1382 is gratefully acknowledged.
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01 THE MEMBRANE Ca2+/Mg2+ ecto-ATPase
(ìMYOGLEINî): AN UPDATE

ATTILA ZIEGELH÷FFERa, ALBERT BREIERb,
and N. S. DHALLAc

aInstitute for Heart Research, Slovak Academy of Sciencces,
Bratislava, bInstitute of Molecular Physiology, Slovak Acade-
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Centre, Department of Physiology, Faculty of Medicine, Uni-
versity of Manitoba Winnipeg, Canada

This paper basically reviewes the important data on Ca2+/
Mg2+ ecto-ATPase with particular emphasis on the enzyme
present in the myocardium. Ca2+/Mg2+ ecto-ATPase also has
been referred to as Ca2+/Mg2+-ATPase, Ca2+-activated ATP-
ase, Ca2+-ATPase with low affinity to Ca2+ ions, Mg2+ or
Ca2+-activated ATPase, basal ATPase or ìmyogleinî. It was
first defined in  1957  in liver tissue, than in  1971 in  the
myocardium, identified as a membrane-bound enzyme and it
was classified with the number E.C.3.6.1.15 as an E-type
ATPase.

Most important features of the Ca2+/Mg2+ ecto-ATPase or
ìmyogleinî are:
1. Catalytic site situated on the extracellular surface;
2. Difference in response or even insensitivity to some in-
hibitors of other ATPases such as: a) Ouabain (1 mmol.l-1) and
vanadate (50 mmol.l-1) known as specific inhibitors of P-type
ion transporting ATPases (the Na, K-ATPase, Ca2+-pump
ATPases of the SL and SR etc.); b) NaN3 (5 mmol.l-1) and
oligomycin (6 µmol.l-1) ñ inhibitors of F-type ATPases (F0F1-
-ATPase, etc.); c) N-ethylmaleinide (NEM, 0.5 mmol.l-1) and
fluoride (10 mmol.l1) known inhibitors of V-type ATPases
(vacuolar proton pump, etc.);
3. Inactivation by non-ionic detergents;
4. Absence of phosphoprotein intermediate formation during
the reaction cycle;
5. Low affinity to its metallic cofactors Ca2+ and Mg2+ (10-3

mol.l-1) in contrary to the Ca2+ pump ATPases with affinities
to Ca2+ ions approaching (10-6 mol.l-1);
6. High specificity for nucleotide triphosphates, particularly
to ATP, low nucleotide diphosphate and monophosphate split-
ting;
7. Absence of an essential SH group in the ATP binding site
ñ in contrary to all P-type ATPases;
8. High turnover rate of 5000,000 min-1;
9. Alkaline pH optimum (7.5ñ8.5);
10. Low abundance in most tissues;
11. Activation upon electrical stimulation;
12. Activation upon cAMP-dependent phosphorylation of mem-
brane proteins.

Based on its functional properties and the mode of its
regulation in cell membranes of different tissues, Ca2+/Mg2+

ecto-ATPase may act in the following roles:
1. As a receptor for ATP and ADP involved in:
a) Transmission of purinergic signals by binding of nucleoti-
des to P2Y purinoreceptors; b) Participation in the cascade of
extracellular ATP-induced protein phosphorylation in smooth
muscle cells; c) Serve as a receptor and simultaneously also as

an adhesion protein in axo-glyal recognition and in axo-glyal
contact formation.
2. In induction of NO release in bovine aorta endothelial and
smooth muscle cells. This was confirmed by complete sup-
pression of NO formation due to inhibitors of adenylate kinase
and Ca2+/Mg2+ ecto-ATPase.
3. Serve as a biochemical correlate to the electrophysiologi-
cally defined Ca2+ channel in heart sarcolemma.
4. In bicarbonate transport in pancreatic cells.
5. In nutrient breakdown in the rat small intertine brushbor-
der membrane.
6. As a cell adhesion molecule named ìmyogleinî, in cells
of numerous tissues including the myocardium. Cardiac myo-
glein exhibits 100 % homology with the mouse platelet adhe-
sion protein as well as 88ñ96 % homology with other cell
adhesion proteins.
7. In protection of L0V0Dx human tumor cells against death
caused by exogenous ATP.
8. An increase in the mercurial-sensitive form of the Ca2+/
Mg2+ecto-ATPase/C-CAM always indicates an increased ex-
pression of carcinoembryonic antigen.
9. In stabilization and protection the membranes of the Lan-
gerhans cells, submandibular gland cells and taste bud cells
against the membrane-lytic effect of exogenous ATP as well
as in preservation of their cell adhesion and secretory proper-
ties.

02 INTERACTION OF ISOTHIOCYANATES
WITH ATP BINDING SITE OF SODIUM PUMP ñ
ESSENTIAL ROLE OF CYSTEINE

ALBER BREIERa, ATTILA ZIEGELH÷FFERb,
PETER DO»OLOMANSK›a, and VIERA BOH¡»OV¡a

aInstitute of Molecular Physiology and Genetics, Slovak Aca-
demy of Sciences, Vl·rska 5, 833 34 Bratislava, Slovakia,
bInstitute for Heart Research, Slovak Academy of Sciences,
D˙bravsk· cesta 9, 842 33 Bratislava, Slovak Republic

(Na+/K+)-ATPase (sodium pump, a member of P-type
ATPases) is generally known to secure the active transport of
sodium and potasium ions across plasma membrane and is
invoved in regulation of several processes in cells1-4. Isothio-
cyanates are recognized inhibitors acting at ATP-binding site
of this enzyme5. Detailed study with modification of proteins
in molecules of purified sodium pump by fluorescein isothio-
cyanate (FITC) and consequent tryptic hydrolysis followed
with isolation and sequencing of the respective peptide frag-
ments revealed FITC bound to a lysine residue6. This residue
was then suggested to be essential for interaction of ATP with
the (Na+/K+)-ATPase. Nevertheless, upon an exchange by site
directed mutagenesis of the lysine, believed to be essential, the
expected total inhibition of ATPase activity was missing7. In
addition, in plasma membrane Ca2+-ATPase (another member
of the P-type ATPases), the residual activity was shown to be
still sensitive to FITC (Ref.8). On the contrary, in our previous
studies we have shown on the basis of reactivity of isothiocya-
nates the primary target of FITC in (Na+/K+)-ATPase has to
be the SH group of a cysteine residue9-12. However, because
the SH groups are forming relatively unstable products with
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isothiocyanates, i.e., S-esters of dithiocarbamic acid, that may
dissociate rapidly  namely under altered conditions during
trypsinolysis and sequencing procedure, the FITC may be
transferred from its original site of interaction to a lysine
residue and this may lead to final identification of the label on
a false place.

This work was supported by VEGA SR 2/6086/20.
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03 PITFALLS INHERENT IN MEASURING
STRESS-INDUCED CHANGES
IN PROTONMOTIVE FORCE
IN PROTEOLIPOSOMES RECONSTITUTED
FROM THE YEAST PLASMA MEMBRANE

ALEä HOLOUBEKa, JAROSLAV VE»Eÿb,
and KAREL SIGLERa

aInstitute of Microbiology, VÌdeÚsk· 1083, 142 20 Prague 4,
bInstitute of Physics, Charles University, Ke Karlovu 5, 121 16
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Oxidative and other  types  of  stress affect the plasma
membrane of cells by inactivating the membrane H+-ATPase
and thereby dissipating or collapsing the transmembrane pro-
tonmotive force and its two components ∆ψ and ∆pH. The net
effects of stress on ∆ψ and ∆pH can be measured without
interfering metabolic influences in an in vitro membrane sys-
tem ñ proteoliposomes reconstituted from lipids such as aso-
lectin, soybean or egg lecithin, and purified fragments of the
plasma membrane. In yeasts, such proteoliposomes can be
produced by subjecting a mixture of the two components plus
a suitable detergent to dialysis1 or freeze-thaw sonication3. The

two components of the protonmotive force are then measured
usually with suitable fluorescent probes (e.g. Oxonol VI)2.
Acquisition of satisfactory results requires several conditions
to be fulfilled: a) the resulting proteoliposomes have to be
properly sealed; b) the proton conductance of their membranes
has to be sufficiently low to enable the observation of ∆pH and
∆ψ buildup and stress-induced dissipation; c) the protonmoti-
ve force-generating H+-ATPase has to remain active through-
out the experiment; d) the fluorescent probes used for ∆pH and
∆ψ measurement must not affect the protonmotive force.

Our measurement of the protonmotive force in proteolipo-
somes reconstituted from the plasma membrane of the yeasts
Saccharomyces cerevisiae and Schizosaccharomyces pombe
revealed several pitfalls. One of them is the possible inactiva-
tion of the H+-ATPase by cellular proteases during proteoli-
posome preparation. This danger is high with S. cerevisiae but
relatively low with S. pombe. In the measurement of ∆ψ,
another source of inaccuracies may stem from the fact that, at
the ambient pH 6 used with proteoliposomes of small inner
volume, the fluorescent ∆ψ-indicator probe itself has to be
used at very low concentrations (10-9 to 10-8 M) to avoid its
dissipating effect on ∆ψ. This in turn requires a high-sensiti-
vity fluorimeter.

The measurement of ∆pH in proteoliposomes containing
sequestered fluorescent probe requires that the probe used
does not perceptibly flow out of the proteoliposomes during
the measurement. This condition is not fulfilled with some
probes such as SNARF. The ∆pH across the proteoliposome
membrane has to be sufficiently stable to permit prolonged
measurements.

Despite these pitfalls, the generation of protonmotive force
by the membrane H+-ATPase on addition of external ATP, and
its changes brought about by H+-ATPase inhibitors such as
vanadate can be measured in proteoliposomes reconstituted
from the yeast plasma membrane (Fig. 1).

The work was supported by CR Grant Agency (grants 202/
99/0186, 204/99/0488), CR Ministry of Education (grant ME
315), NATO grant SA (CRG.CRGP 973150) and BMBF grant
TSR-113-97.
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Fig. 1. Measurement of ∆ψ in reconstituted yeast (S. pombe) plas-
ma membrane proteoliposomes by the fluorescent probe Oxonol VI
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04 Na+/H+ ANTIPORTNÕ MECHANISMY
V KVASINK¡CH

OLGA KINCLOV¡a,b, SERGE POTIERb

a HANA SYCHROV¡a
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Kvasinky se liöÌ svou odolnostÌ v˘Ëi vysok˝m koncentra-
cÌm alkalick˝ch iont˘ ve vnÏjöÌm prost¯edÌ. Na udrûov·nÌ
optim·lnÌ nÌzkÈ koncentrace toxickÈho sodÌku a lithia v buÚ-
k·ch tÏchto eukaryontnÌch mikroorganism˘ se podÌlejÌ jak
ATPasy tak antiportnÌ p¯enaöeËe vyuûÌvajÌcÌ gradient proton˘
p¯es plazmatickou membr·nu. Geny kÛdujÌcÌ antiportnÌ p¯e-
naöeËe schopnÈ eliminovat alkalickÈ kovy z bunÏk byly zatÌm
klonov·ny ve t¯ech kvasink·ch: osmosenzitivnÌ Schizosac-
charomyces pombe (gen sod2), Ë·steËnÏ osmotolerantnÌ Sac-
charomyces cervisiae (gen NHA1) a vysoce osmotolerantnÌ
Zygosaccharomyces rouxii (geny Z-SOD2, Z-SOD22). Odvo-
zenÈ prim·rnÌ struktury vöech t¯Ì p¯enaöeË˘ se velmi podobajÌ,
pouze C-konec proteinu Nha1p je mnohem delöÌ neû u p¯ena-
öeË˘ z S. pombe a Z. rouxii. Abychom mohli podrobnÏji
charakterizovat vlastnosti Nha 1 p, lÈpe specifikovat jeho ˙lo-
hu v buÚce a objasnit ˙lohu dlouhÈho C-konce, byly vöechny
t¯i geny klonov·ny za konstitutivnÌ promotor genu NHA1
a exprimov·ny v kvasince S. cervisae, v kmeni B31 (enal-4∆
nha1∆), kter˝ je znaËnÏ senzitivnÌ k vysok˝m koncentracÌm
alkalick˝ch iont˘ ve vnÏjöÌm prost¯edÌ. U zÌskan˝ch transfor-
mant˘ byl stanoven limit jejich tolerance v˘Ëi r˘zn˝m alkalic-
k˝m iont˘m a byla mÏ¯ena rychlost v˝stupu Na+, K+, a Li+

z bunÏk. ZÌskanÈ v˝sledky uk·zaly, ûe, zatÌmco exprese p¯e-
naöeË˘ sod2 a zejmÈna Z-Sod2 vede ke znaËnÈmu zv˝öenÌ
tolerance bunÏk k sodÌku a lithiu, pouze Nha1p se ˙ËastnÌ
transportu draslÌku. PomocÌ zv˝öenÈ exprese genu Z-SOD2
v divok˝ch kmenech S. cervisiae byla testov·na takÈ moûnost
zlepöenÌ tolerance S. cerevisiae k sodÌku a lithiu.

Tato pr·ce byla podporov·na grantem GA »R 204/98/
0475.

05 S100A1 Ca2+-BINDING PROTEIN IN HUMAN
HEART. A LOCALIZATION STUDY
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Calcium ions play an important role in the regulation of
large number of cellular processes1-5. S100 proteins are the
largest subfamily of EF-hand Ca2+-binding proteins6. S100A1
is mainly expressed in heart muscle cells7 and localization
studies may help clarify its role in Ca2+-signalling.

Human heart muscle was fixed in 3 % paraformaldehyde
and 0.5 % glutaraldehyde and embedded in Lowicryl K4M.
Three different blocks of tissue were used. From each block 3
different grids with sections were prepared. 16 micrographs
were taken from each grid and printed at total magnification
of 17 500◊. Sections were labelled with polyclonal goat anti-
serum against human S100A1. Rabbit anti-goat antibody con-
jugated with 15 nm gold particles was used as secondary
antibody. Distribution of gold particles was related to areal
densities of structural components of the cells.

The normalized values (Table I) compensate for differences
in immuno-labelling between individual blocks and show that
the S100A1 density at Z-lines is about 2 and in case of sarcop-
lasmic reticulum (SR) more than 3 times higher than in other
structural components. These differences are significant (p<0.05).

Similar S100A1 localizations in myofibrils in heart and
skeletal muscles8 suggest close relationship of the S100A1 to
myofibrillar proteins. Direct interaction of S100A1 with F-ac-
tin in vitro has already been demonstrated9. The S100A1
protein in Z-line is assumed to modulate the actin capping
protein, CapZ (Ref.10) which controls actin polymerization.
The presence of S100A1 in SR vesicles may be related to
increased caffeine-induced Ca2+ release by S100A1 (Ref.11),
to interaction with adenylate cyclase12, to stimulation of Ca2+-
induced Ca2+ release from SR vesicles13 and to interaction with
the ryanodine receptor14.

This work was supported by the Slovak grant agency for
science (grant No. 2/6086/20).

REFERENCES

1. Breier A., Sulov· Z., Vrbanov· A.: Gen. Physiol. Bio-
phys. 17, 179 (1998).

Table I
Mean S100A1 densities (immunogold particles/mm2) and the values normalized to immuno-labelling in mitochondria (±SEM)

Sarcoplasmic Z-line I-band A-band Mitochondria Remaining
reticulum sarcoplasm

Particles/µm2 0.783±0.230 0.414±0.136 0.165±0.089 0.096±0.028 0.159±0.070 0.102±0.033
Normalized values 3.316±0.344 1.963±0.115 0.987±0.074 0.813±0.092 ñ 0.846±0.153

Chem. Listy 94, 596 ñ 618 (2000) Sekce 5

598



2. Sulov· Z., VyskoËil F., StankoviËov· T., Breier A.: Gen.
Physiol. Biophys. 17, 271 (1998).

3. Bastianelli E., Moutairou K., AkÈlÈ-Akpo M. T., Dar-
boux R., Pochet R.: Gen. Physiol. Biophys. 18, 5 (1999).

4. Lipsk· E., Radzyukevich T.: Gen. Physiol. Biophys. 18,
139 (1999).

5. Kamouchi M., Droogmans G., Nilius B.: Gen. Physiol.
Biophys. 18, 199 (1999).

6. Heizmann C. W., Cox J. A.: Biometals 11, 383 (1998).
7. Pedrocchi M., Hauer C. R., Sch‰fer B. W., Erne P.,

Heizmann C. W.: Biochem. Biophys. Res. Commun. 197,
529 (1993).

8. Maco B., Brezov· A., Sch‰fer B. W., UhrÌk B., Heizmann
C. W.: Gen. Physiol. Biophys. 16, 373 (1997).

9. Mandinova A., Atar D., Sch‰fer B.W., Spiess M., Aebi
U., Heizmann C. W.: J. Cell Sci. 111, 2043 (1998).

10. Ivanenkov V. V., Dimlich R. V., Jamieson G. A.: Bio-
chem. Biophys. Res. Commun. 221, 46 (1996).

11. Weber C., Remppis A., Heizmann C. W., Katus H. A.,
Fink R. H. A.: J. Muscle Res. Cell Motil. 18, 192 (1997).

12. FanÚ G., Angelella P., Marrigio D., Aisa M. C., Giam-
banco I., Donato R.: FEBS Lett. 248, 9 (1989).

13. FanÚ G., Marsili V., Angelella P., Aisa M. C., Giambanco
I., Donato R.: FEBS Lett. 255, 381 (1989).

14. Treves S., Scutari E., Robert M., Groh S., Ottolia M.,
Prestipino G., Ronjat M., Zorzato F.: Biochemistry 36,
11496 (1997).
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ENZYMATICK›CH AKTIVIT ñ RESTRIKCE
A MODIFIKACE DNA
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RestrikËnÏ-modifikaËnÌ systÈmy (R-M) vybavujÌ hostitel-
skou bakteri·lnÌ buÚku imunitou v˘Ëi infekci cizorodou DNA
a souËasnÏ chr·nÌ bunÏËnou DNA p¯ed restrikcÌ methylacÌ
adenosylov˝ch nebo cytosylov˝ch zbytk˘ v nukleotidovÈ se-
kvenci rozpozn·vanÈ restrikËnÌmi enzymy. V p¯ÌpadÏ R-M
enzym˘ typu I jsou obÏ tyto funkce v˝sledkem p˘sobenÌ
jednoho enzymovÈho komplexu sloûenÈho ze t¯Ì podjednotek
HsdR, HsdM a HsdS kÛdovan˝ch odpovÌdajÌcÌmi geny hsd.
Komplex stechiometrie 2R2M1S restringuje nemethylovanou
a modifikuje hemimethylovanou DNA, menöÌ komplex 2M1S,
kter˝ je mezistupnÏm p¯i sestavov·nÌ enzymovÈho komple-
xu1, m· pouze methylasovou aktivitu. Modifikace p¯edpo-
kl·d· lokalizaci enzymu uvnit¯ buÚky; pro restrikci cizorodÈ
DNA se lokalizace na bunÏËnÈm povrchu jevÌ strategicky
v˝hodnÏjöÌ. P¯edloûenÈ sdÏlenÌ je shrnutÌm v˝sledk˘ t˝kajÌ-
cÌch se lokalizace R-M enzymu EcoKI v buÚce Escherichia
coli.

Z kmen˘ E. coli produkujÌcÌch kompletnÌ endonukleasu,
methylasu, resp. jednotlivÈ polypeptidy Hsd byly p¯ipraveny
subcelul·rnÌ frakce2. SolubilizovanÈ proteiny p¯Ìsluön˝ch frak-
cÌ byly rozdÏleny elektroforeticky v SDS polyakrylamidovÈm
gelu3 a p¯eneseny na PVDF membr·nu. Podjednotky EcoKI
byly identifikov·ny pomocÌ polyklon·lnÌch protil·tek a k de-
tekci imunokomplex˘ byla pouûita metoda chemiluminiscen-
ce (ECL Western Blotting System, Amersham).

Anal˝za frakcÌ prok·zala, ûe endonukleasa i methylasa
jsou asociov·ny s cytoplazmatickou membr·nou. SamostatnÈ
podjednotky HsdR a HsdM jsou rozpustnÈ cytoplazmatickÈ
proteiny a k jejich asociaci s membr·nou doch·zÌ pouze p¯i
spojenÌ s podjednotkou HsdS do funkËnÌho enzymu. UvolnÏnÌ
enzymu z membr·novÈ frakce p˘sobenÌm benzonasy indikuje
˙Ëast DNA v tÈto interakci.

Ke studiu topolologie vazby EcoKI s cytoplazmatickou
membr·nou byla pouûita proteol˝za sfÈroplast˘ trypsinem.
P˘sobenÌm trypsinu na intaktnÌ sfÈroplasty kmene produkujÌ-
cÌho komplexnÌ endonukleasu doch·zÌ pouze k proteol˝ze
podjednotky HsdR. Za stejn˝ch podmÌnek jsou podjednotky
HsdM a HsdS plnÏ chr·nÏny p¯ed ˙Ëinkem trypsinu, i kdyû
nejsou v˘Ëi p˘sobenÌ trypsinu struktur·lnÏ rezistentnÌ.

P¯edpokl·d·me, ûe podjednotka HsdR R-M enzymu EcoKI
je exponov·na na vnÏjöÌm povrchu cytoplazmatickÈ membr·-
ny, zatÌmco podjednotky HsdM a HsdS (komponenty me-
thylasy) jsou lokalizov·ny uvnit¯ sfÈroplastu. Tato prostorov·
orientace umoûÚuje p¯Ìstup enzymu k obÏma substr·t˘m: k re-
zidentnÌ DNA v cytoplazmÏ, kterou v pr˘bÏhu replikace me-
thyluje a k cizorodÈ DNA, kterou p¯i vstupu do buÚky restrin-
guje. Interakce EcoKI s cytoplazmatickou membr·nou z¯ejmÏ
hraje klÌËovou ˙lohu v regulaci tÏchto protich˘dn˝ch aktivit
enzymu EcoKI.

Auto¯i dÏkujÌ za finanËnÌ podporu grant˘m GA »R 204/96/
1365 a Wellcome Trust 054514/Z/98/Z/IGS/RC/CRD.
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The Bordetella pertussis adenylate cyclase toxin-hemo-
lysin (ACT or CyaA) is an intriguing example of a large
protein capable to translocate directly across the cytoplasmic
membrane of target cells, such as macrophages and neutro-
phils and to deliver into cell cytosol an adenylate cyclase
domain (AC). This catalyses uncontrolled conversion of ATP
to the key second messenger, cAMP, thereby causing cell
intoxication and inducing apoptosis. In order to get insight into
the unique membrane translocation process of ACT, we have
subjected the gene for this protein to extensive linker insertion
and site directed mutagenesis1,4,5. Specific mutations disso-
ciating membrane translocation of the AC domain into cells
from ACT membrane insertion  were obtained and  define
structures involved in penetration of the AC across membra-
nes1,4,5.

In parallel studies, the unique mechanism of posttransla-
tional activation of ACT, consisting in fatty-acyl modification
of ACT by the protein acyltransferase CyaC was studied1. Both
the palmitoylation sites at K860 of ACT, as well as a set of
mutated acyltransferase proteins were generated and the in
vivo acylation status of co-expressed ACT was determined.
Residues potentially involved in catalysis of acyl transfer from
palmityl-ACP to ACT were identified in CyaC (His33, Ser30),
as well as residues determining the choice of palmitoylation
sites on ACT by the acyltransferase CyaC (Ala140). Our
results suggest that palmitoylation of K983 is essential for
membrane interaction capacity of ACT, while acylation of
K860 of ACT is dispensable.

As further product of the mutagenesis studies, a number of
permissive sites was identified through the ACT molecule, at
which epitope tags and foreign antigenic determinants could
be inserted without altering the cell invasive activity of the
toxin4. Such tagged ACT molecules are now used as tools for
studies on mechanism of membrane interaction and transmem-
brane topology of ACT. Moreover, these mutant ACT are now
becoming a valuable tool for the immunologist for inducing
specific cellular immune responses against viruses and tu-
mors.

ACT was recently shown to accommodate, at several sites
within the AC domain, heterologous peptides such as viral
epitopes, without loosing cell-invasiveness7 and ACT could
be exploited in vivo for delivery of foreign epitopes into MHC
class I antigen presenting cells and induction of protective
cytotoxic CD8+ T-cell (CTL) responses2,3,6-8. In order to eva-
luate the carrier potential of ACT and to map ACT domains
allowing epitope delivery for MHC class I presentation, vari-

ous CTL epitopes were inserted at different positions through
the ACT molecule, either alone or in combination. The immu-
nological properties of such constructs were analyzed in mice.
Efficient delivery for MHC class I presentation in vitro and
induction of epitope-specific CTL in vivo was achieved for
antigenic fragments of up to 76 amino-acids, resulting in
protective CD8+ T-cell immune responses against a lethal
challenge with the LCMV virus and partially protecting mice
against transplanted tumors2,6.

Recently, a 32-residue-long peptide derived from wheat
α-gliadin and inserted in the AC domain was shown to be
a potent immunogen when presented in the context of the ACT
molecule and induced significantly higher levels of specific
anti-gliadin antibodies in mice than purified α-gliadin itself.
The antigenicity of the ACT-gliadin construct was dependent
on the acylation status of the vector ACT molecule.

The sum of the above mentioned results shows that ACT
not only is an intriguing model for analysis of molecular
mechanisms undrlying activation of proteins by fatty acylation
and of spontaneous protein translocation across lipid bilayer
of cellular membranes. The knowledge acquired in such stu-
dies on ACT can also be transformed into useful applications
for design of a promising new vector molecule (antigen car-
rier) for induction of both specific CTL and antibody responses
against heterologous antigens. Recent developments in these
two major directions of research on ACT structure-function
relationships and immunological applications, as well as the
current model of ACT action, will be presented in a compre-
hensive lecture summarizing a series of accompanying poster
presentations.
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08 IVA50: AN UNIQUE ANTI-CD9 MONOCLONAL
ANTIBODY
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Monoclonal antibodies (mAbs) are widely used to probe
the function of cell-surface molecules. Some mAbs induce cell
activation and this is taken to indicate a signalling role of the
target antigen. A unique monoclonal antibody IVA50 specific
for bovine as well as human surface molecule CD9 has been
prepared.

CD9 antigen, a member of the tetraspanin (TM4) superfa-
mily, is a 24-27 kDa surface membrane glycoprotein present
on platelets and a variety of different hematopoetic and nonhe-
matopoetic cells1. CD9 has been reported to play a role in
regulation of cell proliferation, motility and adhesion2-4. In
accordance with the signaling function, CD9 is reported to
associate with small GTP-binding proteins5 and platelet integ-
rin GPIIb/IIIa (Ref.6). It was also found that CD9 itself elicits
an intracellular signal(s) without involvement of FcR, al-
though the precise role for CD9 in platelet activation remains
to be determined7.

Hybridoma cell line producing mAb IVA50 was obtained
after immunization of BALB/c mice with bovine platelets.
Reactivity of IVA50 with bovine peripheral blood cells was
studied by an indirect immunofluorescence test. The positive
reactions were recorded with platelets and granulocytes, nega-
tive reactions with lymphocytes and erythrocytes. IVA50 cross-
-reacted also with human platelets and granulocytes. IVA50
specifically immunoprecipitated a protein having a molecular
weight of 24ñ25 kDa under reducing and nonreducing condi-
tions from lysates of biotinylated bovine platelets. Immu-
nobloting analysis demonstrated the binding of mAb with
24ñ25 kDa protein when platelet proteins were electrophore-
sed under nonreducing conditions. The cross-reactivity of
IVA50 with human cells was employed to demonstrate that
the antigen is a bovine homologue of human CD9 protein.
IVA50 was compared with standard mAb MM2/57 to human
CD9 on human platelets. Both mAbs immunoprecipited the
molecules from human platelets having the identical molecular
mass. Sequential immunoprecipitation data and Western blot
analysis of immunoprecipited MM2/57 antigen with IVA50 also
confirmed that both antibodies react with the same molecule.

IVA50 is also a potent activator of platelet function, inclu-
ding aggregation and protein tyrosine phosphorylation. Stimu-
lation of platelets by treatment with IVA50 caused an induc-
tion of tyrosine phosphorylation of several platelet proteins.
The prominent tyrosine phosphorylated proteins were p80,
p64, p62 and p40, while p62 was appeared 5 minutes after
stimulation.

Finally the tyrosine phosphorylation of the IVA50 antigen
itself was examined. Tyrosine phosphorylation of the BoCD9
was observed in thrombin-stimulated platelets. This type of
post-translational modification of CD9 has not been observed
so far. In addition to BoCD9 another two phosphorylated
proteins (p85 and p120) were immunoprecipited.

In conclusion, an antibody IVA50 is unique in its specifity
to both bovine and human CD9 antigen. It is the first antibody
that specifically recognizes phosphorylated bovine CD9. IVA50
may therefore become a valuable tool in the understanding of
the signal transduction from the BoCD9 into the cell.

This work was supported by the VEGA grant No. 155/0214/2000.
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09 SEARCHING FOR A COMMON TRANSPORT
MECHANISM FOR CYCLOSPORINE A
AND OTHER PHARMACOLOGICALLY
IMPORTANT CYCLIC PEPTIDES
AND SILYMARINES IN LIVER CELL PLASMA
MEMBRANE
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BudÏjovice

Cyclosporine A, a cyclic undecapeptide, is widely used as
a powerful immunosuppressant in organ transplantations. Like
the most of other biologically active compounds it has got their
effector sites in the cytoplasma of cells. But for solving of
medicinal problems there is primary important transport of
these compounds into the cell through their plasma membrane
to reach effective concentration of medicine or toxin in the
cell. Cyclosporine A and some other pharmacologically im-
portant compounds (medicines or toxins) with common cyclo-
peptide structural feature (i.e. alga toxin microcystine, mush-
room toxins amanitin and phalloidin etc.) and flavanolignans
from Milk Thistle (Silybum marianum) were investigated in
this study. For these compounds there are known intracellular
mechanisms of their toxic effects and probable transport me-
chanisms into the cytoplasma. These mechanisms are comple-
tely different1-3. But among some of these compounds binary
competitions were described4-6. 90 % of these compounds are
metabolized in liver7.

To test the hypothesis that there is some place of common
interaction during their transport into the liver cell ñ all of these
compounds were tested. Binding of tritium marked cyclospo-
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rine A to temporary hepatocyte culture and to isolated liver
cell plasma membranes was measured. For competition non-
-radioactive other compounds were added and decreasing in
cell associated cyclosporine A was stated. Changes in mem-
brane fluidity raised by cyclic peptides or silymarines were
monitored by diphenylhexatriene fluorescence anisotropy.

This work was supported by grants GA CR 204/98/P129,
MSMT VS96085, MSMT CEZ:J06/98:123100001 and MSM
151100003.
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Ergosterol as a typical fungal sterol is the target of several
antimycotic substances. Although its biosynthesis is quite well
characterized, only little is known about its transfer between
individual intracellular membranes. In yeast Saccharomyces
cerevisiae, sterols may exist in two forms: as free sterols in
membranes and as esterified sterols in lipidic particles. Plasma
membrane is the major reservoir of free ergosterol in fungal
cells. In principle, there are two independent pathways how
ergosterol is delivered to plasma membrane. In normal cells
competent in sterol synthesis, newly synthesized ergosterol is
transported from endoplasmic reticulum (ER ñ the site of its
synthesis) to plasma membrane (ìoutward transportî). Cells
deficient in ergosterol synthesis rely on the uptake of sterols
from the medium. The majority of free sterol accumulated by
sterol-depleted yeast cells from the medium remains associa-
ted with the plasma membrane. However, a significant portion
of external sterols may be internalized (ìinward transportî)
and converted to steryl esters in the ER. There is a lack of
reliable data on the mechanism of the outward transfer of
ergosterol from ER to plasma membrane1. On the other hand,
sterol uptake from the medium is known to be driven by sterol
depletion and it was reported to be inhibited in the presence of
heme in yeast cells2,3.

In our studies of mechanisms of sterol movement in both
inward and outward directions in the yeast S. cerevisiae we
have used hem1 mutant deficient in δ-aminolevulinate (dALA)
synthase. Due to its heme deficiency, this mutant is not able
to synthesize ergosterol but it takes up external sterols from
the medium. The differential inhibition of ergosterol synthesis
in the presence of normal heme synthesis was achieved by
treatment with terbinafine (inhibitor of squalene epoxidase) of
hem1 cells supplied with dALA. Delivery of newly synthesi-
zed ergosterol to plasma membrane was monitored by changes
in the sensitivity of yeast to nystatine. This polyene macrolide
exerts its antimycotic activity by formation of hydrophilic
pores specifically in ergosterol-containing membranes4. Incre-
ased permeabilization of yeast cells to propidium iodide or
lysis of spheroplasts in the presence of nystatin can be thus
used as an indicator of ergosterol presence in plasma membra-
nes. Uptake of external sterols was studied by two independent
methods: by nystatin permeabilization and by direct measure-
ment of 14C-cholesterol accumulation in yeast cells. In the
latter case, formation of cholesteryl esters was used as a marker
for arrival of cholesterol in intracellular membranes (ER). To
estimate possible interference of sterol trafficking with cell
growth, both sterol internalization and transfer from ER to
plasma membrane were studied in growing cells (incubation
in YPD medium) and in non-growing cells (incubated in
buffer).

When incorporation of external sterols into the plasma
membrane of hem1 cells was monitored by induction of nys-
tatin sensitivity, it was driven solely by sterol depletion inde-
pendent on heme synthesis or growth. Similarly, the uptake of
the external 14C-cholesterol probe by ergosterol-depleted cells
was dependent primarily on sterol depletion. Surprisingly,
internalization of external sterols (estimated as cholesterol
esterification in the ER) was significant also in non-growing
cells with induced heme synthesis. On the contrary, transport
of newly synthesized ergosterol from ER to plasma membrane
showed different kinetics in growing and non-growing er-
gosterol-depleted cells. Cells incubated over a 5 hour period
in buffer with glucose as energy source and dALA to stimula-
te ergosterol synthesis did not show any increase in nystatin
sensitivity although efficient ergosterol synthesis was detec-
ted by isotope labelling in these cells. Cells cultivated un-
der similar conditions in growth media have acquired sensiti-
vity to nystatin in less than one hour. This differential response
of sterol uptake and plasma membrane delivery to cell growth
indicates that outward and inward movement of sterol mole-
cules may use different routes in the yeast S. cerevisiae.

This work was supported by VEGA grant No. 2/5046/98.
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11 STRUCTURAL ALTERATIONS OF THE RAT
OVARIAN LH/hCG RECEPTOR INDUCED
BY PROTEIN-MODIFYING REAGENTS
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Chemical modification of the receptor amino acid resi-
dues with protein-modifying reagents can help to establish
the specific amino acids essential for ligand binding. Pre-
viously it has been implicated that histidine residues of the rat
ovarian LH/hCG receptor are necessary for the hormone bin-
ding1. In the present work, treatment of the membrane-bound
LH/hCG receptor with a histidine specific reagent diethyl-
pyrocarbonate (DEPC) resulted in a concentration-dependent
decrease in hCG specific binding activity. Modification of
histidyl  residues  was  connected with an  alteration  of the
physical state of ovarian membranes. Membrane lipid rigidity,
as determined by fluorescence polarization of 1,6-diphenyl-
-1,3,5-hexatriene (DPH), decreased in DEPC-treated mem-
branes. Possible structure-functional relationships of the LH/
hCG receptor were analyzed by intrinsic fluorescence and
thermal perturbation techniques due to the action of DEPC
(Ref.2). Fluorescence quenching experiments indicated that
DEPC did not change the accessibility of fluorophores to
acrylamide. The Stern-Volmer constants (KSV) determined
from the Stern-Volmer plots for control and 0.1 and 1 mM

DEPC-treated membranes were found to be 4.7 M-1 vs. 5.7 and
5.2 M-1, respectively. Heat inactivation of hCG-binding sites
demonstrated that there was a significant destabilization of the
LH/hCG receptor structure when membranes were treated
with DEPC. Thermal destabilization produced by 5 mM-DEPC
caused a decrease in T50 value by 12 ∞C. Although DEPC
shows a good specificity for histidine, it can also react with
other amino acids, such as lysine, cysteine, tryptophan and
tyrosine, and hydroxylamine only partially restored the bin-
ding activity of hCG to the membrane ovarian receptor after
inhibition with DEPC. We therefore studied the inhibitory
effect of protein-modifing reagents with specificity toward
these amino acid residues.

Incubation of ovarian membranes with tryptophan-speci-
fic reagents N-bromsuccinimide (NBS) and 2-hydroxy-5-ni-
trobenzyl bromide (HNB-Br) reduced the ability of the LH/
hCG receptor to bind hCG and increased the membrane lipid
rigidity. Oxidation of tryptophan residues by NBS decreased
the accessibility of fluorophores for acrylamide, the KSV con-
stants for control and NBS-treated membranes were found to
be 7.0 M-1 and 4.4 M-1, respectively. During the incubation of
ovarian membranes treated with 1 mM-NBS or HNB-Br at
a constant temperature of 50 ∞C, the damage of hCG binding
sites was apparently manifested after 5 min. Treatment of
ovarian membranes with tyrosine-specific reagents 2,4-dini-
trofluorobenzene (2,4-DNFB) and acetic anhydride (AcA)
resulted in a dose-dependent reduction of hCG binding activity
and an alteration of membrane lipid rigidity. The Stern-Vol-
mer constants for control and 2,4-DNFB or AcA treated mem-
branes were found to be 4.2 and 4.6 M-1 vs. 2.4 and 3.3 M-1,

indicating that the accessibility of fluorophores for acrylamide
was reduced. Thermal destabilization of the receptor structure
produced by 10 and 20 mM 2,4-DNFB caused a decrease in T50
value by about 3 and 8 ∞C, respectively.

Modification of the LH/hCG receptor by the studied pro-
tein-modifying reagents suggests that histidyl, tyrosyl and
tryptophan residues are located at or close to the hCG binding
sites, as well as that perturbations of the membrane at a site
distant from the binding sites elicit an alteration of structure-
-functional properties of the receptor.

This work was supported by Grant VEGA 2/7179/20.
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ALTERATION OF RAT OVARIAN LH/hCG
RECEPTORS
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The stability of macromolecules in their native conforma-
tion has become a topic of increasing attention over the last
several years. The stabilizing effect of albumin on structure-
-functional alteration of LH/hCG receptors was analyzed by
thermal perturbation technique. Previously, we showed that
the model of thermal inactivation of hCG-binding sites on the
ovarian membrane receptor yielded information similar to that
obtained by differential scanning calorimetry1. On exposing
the membranes to BSA the heat inactivation profile of hCG-
-binding sites was shifted to a temperature higher by about
5 ∞C (T50 values). The  stabilizing effect of BSA was not
dependent on its presence in the course of thermal inactivation.
The effect was similar when membranes were just preincuba-
ted at 24 or 4 ∞C for 30 min. Thermal inactivation of the
LH/hCG receptor is a quick process. Incubation of untreated
membranes at a constant temperature of 48 ∞C resulted after
5 min in an about 25 % loss of binding sites, while membranes
containing oleic acid exhibited an almost 90 % decrease. The
receptor destabilizing action of arachidonic and oleic acids
incorporated into ovarian membranes and reversal of this
effect when  BSA was used  as fatty acid scavenger, may
indicate that free fatty acids are responsible for the thermal
instability of hCG-binding sites. This presumption was corro-
borated by digestion of membranes with phospholipase-A2.
The digestion of ovarian membranes with PLA2 diminished in
a dose dependent manner the stability of the LH/hCG receptor.
BSA could reverse thermal destabilization of hCG-binding
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sites. Insertion of arachidonic acid into ovarian membranes
decreased membrane lipid rigidity and BSA reversed this
effect. However, alterations of the ordering of the lipid envi-
ronment in which the receptor is embeded was not found to be
a necessary prerequisite for stabilization of the LH/hCG re-
ceptor structure. Quenching of the intrinsic fluorescence of
protein by extrinsic agents provide information on the acces-
sibility and microenvironment of protein fluorophores and on
the dynamics of the protein matrix surrounding these resi-
dues2. Fluorescence quenching studies indicated that fatty
acids elevated the accessibility of fluorophores for acrylamide.
The Stern-Volmer quenching constant for control and oleic
acid treated membranes was found to be 2.8 M-1 and 6.9 M-1,
respectively. Extraction of oleic acid with BSA was compa-
rable to the quenching of BSA-treated membranes. Preincu-
bation of membranes with PLA2 resulted in a similar dose-de-
pendent increase in the accessibility of ovarian fluorophores
and in a comparable BSA inverting effect. BSA was found to
enhance gonadotropin-stimulated cAMP formation in rat lu-
teal cells as well as porcine ovarian granulosa cells. Treatment
of ovarian membranes with BSA decreased a dissociation
constant (Kd) and increased a limiting fluorescence (Fmax)
of anionic probe 8-anilino-1-naphtalene sulphonate compared
to untreated membranes. On the contrary, the cationic probe
monodansylcadaverine showed a decrease of Fmaxand number
of binding sites with an increased Kd upon incubation of
membranes with BSA. The results indicate that the stabilizing
effect of BSA on the LH/hCG receptor structure may be
associated with reduction of a negative membrane surface
charge.

This work was supported by grant VEGA 2/7179/20.
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13 KR¡LI»Õ PROTIL¡TKY PROTI
EXTRACELUL¡RNÕM SEKVENCÕM
OXYTOCINOV…HO RECEPTORU
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a⁄stav molekul·rnÌ genetiky a b⁄stav organickÈ chemie a bio-
chemie AV »R, Flemingovo n. 2, 166 37 Praha 6

Oxytocinov˝ receptor pat¯Ì do rodiny receptor˘ v·zajÌcÌch
G-protein. P¯Ìprava protil·tky proti receptoru sp¯aûenÈmu s G-
-proteinem je komplikov·na tÌm, ûe receptor se sedmi trans-
membr·nov˝mi ˙seky lze obtÌûnÏ solubilizovat aniû by se
naruöila jeho sekund·rnÌ struktura a navÌc je v bunÏËn˝ch
membr·n·ch p¯Ìtomen v malÈ koncentraci. Pro p¯Ìpravu proti-
l·tek proti oxytocinovÈmu receptoru, jehoû prim·rnÌ struktura
byla stanovena pro nÏkolik ûivoËiön˝ch druh˘1,2, jsme proto
zvolili jako antigen konjug·ty synteticky p¯ipraven˝ch kr·t-

k˝ch ˙sek˘ receptoru. Takov˝ postup je v˝hodn˝ tÌm, ûe
syntetick˝ peptid m˘ûeme vyrobit v dostateËnÈm mnoûstvÌ
a pokud vybereme mimomembr·novÈ sekvence, vyhneme se
problÈmu s rozpustnostÌ antigenu.

K imunizaci jsme vybrali dva peptidy: EVADGVF (99-
-106) z druhÈ a WDITFRFY (179-185) z t¯etÌ extracelul·rnÌ
oblasti receptoru. Oba peptidy byly p¯ipraveny ve dvou for-
m·ch: jako line·rnÌ hepta- a oktapeptid a jako n·sobnÈ anti-
gennÌ peptidy (MAP)3 konstruovanÈ jako Ëty¯n·sobnÈ cyklic-
kÈ peptidy p¯ipojenÈ k tzv. stromeËku tvo¯enÈmu lysinem
a kyselinou glutamovou. Peptidy byly syntetizov·ny na pevnÈ
f·zi podle Merrifielda4 tert-butyloxykarbonyl/benzylovou stra-
tegiÌ. Z nosiËe byly peptidy odötÏpeny kapaln˝m fluorovodÌ-
kem a rozpuötÏny ve z¯edÏnÈ kyselinÏ octovÈ. Pak byly p¯e-
ËiötÏny preparativnÌ RP HPLC a charakterizov·ny aminokyse-
linovou anal˝zou, hmotnostnÌ spektrofotometriÌ (FAB MS)
a analytickou RP HPLC.

»ty¯em kr·lÌk˘m byla mnohon·sobn˝mi podkoûnÌmi vpi-
chy aplikov·na suspenze kompletnÌho Freundova adjuvans
s 1 mg MAP nebo 1 mg line·rnÌho peptidu konjugovanÈho
s BSA. Po öesti a dvan·cti t˝dnech byly zvÌ¯at˘m injikov·ny
poloviËnÌ d·vky antigen˘. P¯ed imunizacÌ a dva t˝dny po
kaûdÈ imunizaci byly odebr·ny vzorky krve a zÌsk·no krevnÌ
sÈrum.

V antisÈrech p¯ipraven˝ch proti obÏma MAP jsme zjistili
velmi nÌzk˝ titr protil·tek jak proti MAP, tak proti p¯ÌsluönÈmu
line·rnÌmu peptidu. Naproti tomu konjug·ty line·rnÌch pepti-
d˘ s BSA vytvo¯ily antisÈra s titrem 1:800 (EVADGVF) a 1:
3200 (WDITFRFY) jak k line·rnÌm, tak cyklick˝m peptid˘m.
Zda obÏ protil·tky rozezn·vajÌ molekulu oxytocinovÈho re-
ceptoru, jsme testovali na membr·n·ch bunÏk HEK OTR,
kterÈ stabilnÏexprimujÌ lidsk˝oxytocinov˝receptor.NaWestern
blotech lyzovan˝ch membr·nov˝ch bÌlkovin obÏ protil·tky
shodnÏ rozezn·valy dominantnÌ bÌlkovinu 55 kDa a minoritnÌ
bÌlkovinu zhruba o dvojn·sobnÈ molekulovÈ hmotnosti. BÌl-
koviny podobn˝ch molekulov˝ch hmotnostÌ jsme zÌskali imu-
noprecipitacÌ lyzovan˝ch membr·n HEK OTR bunÏk naöimi
protil·tkami.

Protil·tky proti dvÏma kr·tk˝m extracelul·rnÌm ˙sek˘m
oxytocinovÈho receptoru rozezn·valy shodnÈ bÌlkoviny. Mo-
lekulov· hmotnost menöÌ z nich odpovÌd· glykosylovanÈmu
receptoru, vÏtöÌ m˘ûe b˝t dimerem dominantnÌ bÌlkoviny.
Protoûe ˙seky oxytocinovÈho receptoru, kterÈ jsme pouûili
k p¯ÌpravÏ protil·tek jsou stejnÈ u ovce, prasete, potkana i Ëlo-
vÏka5, zÌskali jsme protil·tky proti oxytocinovÈmu receptoru
vöech tÏchto ûivoËiön˝ch druh˘.

Tato pr·ce byla podpo¯ena grantem GA »R 204/99/1435.
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14 IDENTIFIK¡CIA IP3R1 V SRDCI POTKANA
A JEHO MODUL¡CIA VPLYVOM
IMOBILIZA»N…HO STRESU
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a RICHARD KVET“ANSK›b

a⁄stav molekul·rnej fyziolÛgie a genetiky SAV, Vl·rska 3,
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V srdcovom svale bola dosiaæ dok·zan· prÌtomnosù iba
jednÈho z troch zn·mych typov receptorov pre inozitoltrifos-
f·t, a to IP3R1. Jeho fyziologick˝ v˝znam v srdcovom tkanive
nie je zn·my, hoci je uû dok·zanÈ, ûe neparticipuje na excit·cii
a kontrakcii.

Cieæom tejto öt˙die bolo zistiù gÈnov˙ expresiu IP3 recep-
torov typu 1 (IP3R1) a 2 (IP3R2) v jednotliv˝ch Ëastiach srdca
potkanov a moûnosù jej modul·cie imobilizaËn˝m stresom.
Najv‰Ëöie mnoûstvo mRNA pre IP3R1 sme naöli v æavej predsie-
ni. Na stanovenie jeho hladÌn mRNA v komor·ch, sme pouûili
metÛdu Ñseminestedì RT-PCR, ktorou sa d· amplifikovan˝
sign·l v˝razne zosilniù oproti tradiËnej RT-PCR. T˝mto spÙ-
sobom sme identifikovali malÈ mnoûstv· mRNA IP3R1 recep-
tora aj v pravej a æavej komore. Podobn˙ distrib˙ciu ako pre
IP3R1 sme zistili aj pre IP3R2. Mieru expresie sme vyhodnotili
pomocou Ñhouskeeperì gÈnu glyceraldehyd-3-fosf·t dehydro-
gen·zy (GAPDH), ktorej expresia v bunk·ch je konötantn·.

V naöej pr·ci n·s zaujÌmal moûn˝ vplyv faktoru stresu na
gÈnov˙ expresiu oboch typov receptorov. Vplyvom imobili-
zaËnÈho stresu sme zistili v˝znamn˝ n·rast hladÌn mRNA pre
IP3R1 a IP3R2 v srdcov˝ch predsieÚach. Je veæmi zaujÌmavÈ,
ûe tento n·rast nastal uû po jednorazovej imobiliz·cii po dobu
2 hodÌn, s n·sledn˝m trojhodinov˝m oddychom. KeÔ boli
rovnakÈmu imobilizaËnÈmu stresu vystavenÈ adrenalektÛmo-
vanÈ zvierat· (zastaven· produkcia glukokortikoidov odstr·ne-
nÌm nadobliËiek), nezistili sme ûiadne zv˝öenie hladÌn mRNA
pre IP3 receptory. SvedËÌ to o priamej, alebo nepriamej sti-
mul·cii gÈnovej expresie glukokortikoidmi, v podmienkach
imobilizaËnÈho stresu. AdrenalektÛmovanÈ zvierat·, ktorÈ ne-
boli vystavenÈ imobilizaËnÈmu  stresu, nemali ovplyvnenÈ
z·kladnÈ hladiny mRNA pre IP3 receptory v srdcovom tka-
nive. Z toho vypl˝va, ûe za norm·lnych podmienok nie je t·to
expresia modulovan· glukokortikoidmi.

T·to pr·ca bola financovan· grantami VEGA 2/7158 a 2/6109.

15 INTERNALISATION OF TRIMERIC G PROTEINS
AND DESENSITISATION OF HORMONE RESPONSE

PETR SVOBODA, ZUZANA PEäANOV¡,
JAN »ERN›, and JIÿÕ NOVOTN›

Department of Biochemistry of Membrane Receptors, Institute
of Physiology, Academy of Sciences, VÌdeÚsk· 1083, 142 20
Prague 4, Czech Republic

Sustained hormone stimulation of target cells results in
desensitisation (refractility, tolerance, tachyphylaxis) of hor-

mone response which is associated with internalisation and
down-regulation (decrease in total cellular amount) of G pro-
tein-coupled receptors (GPCR)1-3. Desensitisation of hormone
response is also associated with solubilization and subcellular
redistribution of trimeric guanine nucleotide binding proteins
(G proteins)4-8. The cellular and molecular mechanisms of the
desensitization mechanisms proceeding at the G protein level
are mostly unknown and were subject of our present as well
as previous studies.

Clone e2m11 of HEK293 cells expressing high levels of
both TRH-receptors (TRH-R) and exogenous G11α exhibit
dramatic agonist (thyrotropin-releasing hormone, TRH)-indu-
ced internalisation, solubilization as well as down-regulation
G11α protein. These cells also exhibit an agonist-induced
internalisation of the TRH-receptor9-12. The agonist-induced
internalisation of TRH-R and G11α protein proceed on diffe-
rent time scales. The internalisation of TRH receptors is rapid
process proceeding within minutes, while the first internalisa-
tion  of G11α protein is not detectable  before 60  min  of
incubation with the  hormone and  is clearly demonstrated
between 2 and 4 hours of TRH exposure. TRH-R internalisa-
tion proceeds via clathrin-dependent pathway, while the me-
chanism of G protein internalisation is unknown.

The results presented in the present study indicate that
internalisation of G11α protein may be closely related to or be
mediated by ìmembrane-domainsî or caveolae, the specific
structural compartments of plasma membrane, which are en-
riched in specific marker protein caveolin and other signalling
molecules such as GPI-bound, peripheral membrane proteins,
tyrosine-kinases and alkaline phosphatase. The detergent-in-
sensitive membrane domains (DIMs) were isolated by extrac-
tion of e2m11-cell homogenate with 1 % Triton X-100 and
flotation on sucrose density gradients. The sucrose density
fractions were characterised by markers representing the pe-
ripheral, GPI-bound as well as integral membrane proteins
(caveolin, CD29, CD55, CD59, CD147, the α subunit of
Na, K-ATPase, alkaline phosphatase, adenylyl cyclase). Ca-
veolin-containing DIMs represented only a minor fraction of
the overall pool of Gqα/G11α-rich domains. Prolonged stimu-
lation of e2m11-cells with TRH resulted in dramatic depletion
of Gqα/G11α from all DIMs, which was paralleled by a conco-
mitant Gqα/G11α increase in the high-density gradient frac-
tions containing the bulk-phase membrane constituents solub-
le in 1 % Triton X-100. Distribution of membrane markers was
unchanged under these conditions. Membrane domains thus
represent a substantial structural determinant of the G protein
pool relevant to desensitization of hormone action.

This research was supported by CRI grant of The Wellcome
Trust for PS.
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16 SIGNALING DOWNSTREAM
OF TRANSCRIPTION FACTORS ñ
TRANSCRIPTION COACTIVATORS
AND COREPRESSORS

PETR FOLK, MONIKA AMBROZKOV¡,
MICHAL SKRUéN›, LUDMILA HAMPLOV¡,
and FRANTIäEK PŸTA

Department of Physiology and Developmental Biology, Fa-
culty of Sciences, Charles University, ViniËn· 7, 128 00 Pra-
gue 2, Czech Republic

Sequence specific transcription factors (TFs) are the tar-
gets of multiple signal transduction pathways, which propaga-
te the signal by modulating TFs functional properties. The
effects may include phosphorylation, acetylation, chaperone
assisted folding, or selective proteolysis. Some of the modifi-
cations affect the affinity or specificity of DNA-elementñ
DNA-binding domain interaction. Frequently, the signals in-
fluence the activation function of the transcription factor,
changing the way the factor interacts with its downstream
targets.

Our understanding of these downstream events changed
considerably with the seminal discoveries of chromatin remo-
deling complexes and histone acetyltransferases and deace-
tylases1. The repertoire of proteins mediating the effects of TFs
is unexpectedly complex. It includes coregulator complexes,
such as SRC1-1/p160 or SMRT/NCoR complexes, and chro-
matin remodeling complexes such as SWI/SNF or DRIP. The
activation of TF leads to change in recruitment of the coregu-
lator complexes, which influences local chromatin structure by
acetylating or deacetylating histones and other regulatory
proteins. Subsequently, the chromatin remodeling complexes
change the mobility and positioning of nucleosomes, allowing
the binding of other TFs and of the components of the general
transcription machinery2. In addition, signaling pathways we-
re found to influence the coregulators themselves, bypassing
the TFs.

Coactivator and corepressor complexes contain enzyma-
tic activities (such as histone acetyltransferases) as well as
components mediating protein-protein interactions. Our in-
terest in signal transduction proteins in Dictyostelium (http:

//www.nih.gov/science/models/index.html) led us to the dis-
covery of a novel type of coregulator ñ the SNW protein3.
The protein(s) containing the signature >SNWKN< Prp45p/
FUN20, spSNW1, SnwA, Bx42, and SKIP/NCoA-62, were
recently identified in every eukaryotic organism examined,
which indicates ancient and important regulatory function. We
and others found the SNW proteins in proximity with diverse
signaling partners4-7.

In D. melanogaster, SNW (Bx42) binds to specific puffs
on polytene chromosomes in response to ecdysone4. Human
SNW (NCoA-62) binds to VDR /RXR heterocomplex and
augments steroid receptors activated transcription5. Indepen-
dently, human SNW was found in interaction with Ski (Ref.6),
a DNA binding oncoprotein. The transcription factor CBF1,
which represses transcription through the interaction with the
SMRT corepressor complex, also binds to SNW. Another
module proven so far to interact with SNW is the ankyrin
repeat region of the membrane receptor Notch (Notch IC)7. In
Dictyostelium, we present evidence for the interactions of
SnwA with spliceosomal components, which suggests the role
of this coregulator in linking transcription regulation and RNA
splicing. We also show the ability of yeast SNW protein
FUN20/PRP45 to transactivate reporter genes when targeted
to DNA regulatory elements.

The multiplicity of interactions suggests that SNW pro-
teins can converge a variety of signals on the preinitiation
complex of RNAPolII and probably also during the elongation
phase.

The financial support of GA »R 204/98/0406 is gratefully
acknowledged.
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17 PHOSPHORYLATION OF SERINE 795
AND THREONINE 373 IS CRITICAL
FOR INACTIVATION OF pRb IN TGFbeta1 ñ
INDUCED GROWTH ARREST

DANIEL TVRDÕKa,b, RASHED DJABORKHELa,b,
IVAN RAäKAa,b, and JULIUS M‹LLERa,b

aLaboratory of Gene Expression, 3rd Faculty of Medicine,
Charles University, bDepartment of Cell Biology, Institute of
Experimental Medicine, Czech Academy of Sciences, Alber-
tov 4, Prague 2, Czech Republic

Extracellular signals including cytokines have a profound
effect on cell cycle machinery, which is otherwise tightly
controlled by several regulatory circuits. Transforming growth
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factor beta1 (TGFbeta1) inserts its inhibitory action via diffe-
rent mechanisms depending on the cell type1. In this study we
found that TGFbeta1 significantly inhibited cell cycle progre-
ssion of malignant follicular lymphoma-derived DoHH2 cell
line. The treatment of TGFbeta1 reduced the number of cells
which entered S phase compared to untreated control cells.
The sensitivity to TGFbeta1 mediated growth inhibition was
confirmed by flow cytometry2.

Several nuclear proteins are involved in cell cycle machi-
nery, including  the pocket  proteins, retinoblastoma tumor
supressor protein pRb, p107 and Rb2/p130, which play a cen-
tral role in G1/S transition3. We studied the phosphorylation
status of pRb and the capacity of relevant protein kinases in
malignant lymphoma cells. We found that TGFbeta1-induced
growth arrest was associated with hypophosphorylation of
retinoblastoma protein on serin 795 (S795) and threonine 373
(T373). Although TGFbeta1 treatment did not modulate the
level of early/mid G1 cyclins, cyclin D2 and cyclin E or the
level of cyclin-dependent kinases (cdk), cdk 4, cdk6 and cdk2,
the treatment significantly inhibited phosphorylation activity
of both of cyclin D2- and cyclin E-associated kinases, cdk6
and cdk2, respectively4.

This work was supported by Programme Project No. 96129 of
Czech Ministry of Education, Youth and Sport of the Czech
Republic, Grant No. 304/96/K002 of Grant Agency of the
Czech Republic, Wellcome Grant No. 0499 49/Z/97 and by
Grant No. 2066-5 of the Ministry of Health of the Czech
Republic.
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18 INSULIN-LIKE GROWTH FACTORS AND THEIR
BINDING PROTEINS IN SHEEP AMNIOTIC FLUID
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Prenatal growth and foetus development is controlled be-
sides others factors, by the insulin growth factors (IGF) ñ I and
II (Ref.1). Moreover it has been recently shown that some
peptidic growth factors and their binding proteins may act on
development of gastrointestinal and pulmonary tract of human

foetus1,2. The aim of this work is to investigate the presence of
IGFs and their binding proteins in sheep amniotic fluid.

Amniotic fluid was obtained in 10th week of pregnancy by
puncture of the amniotic sac and after delipidation it was stored
in lyophilized form. Fractionation of amniotic fluid was per-
formed by gel filtration on column of Sephadex G-10 in 0.04
mol.l-1 NH4HCO3. The mitogenically active fraction from this
procedure was futher chromatographed on column of Sepha-
dex G-50 in 10 % acetic acid. All fractions after measurement
of absorbance at 280 nm were tested for mitogenic activity.
To determine character of mitogeniccaly active fractions, they
were analyzed by SDS-PAGE electrophoresis followed by
ligand blot.

As indicator cells were used mouse fibroblast BP-A31
which become quiescent when deprived of exogenous growth
factors.

For the study of mitogenic activity, samples of amniotic
fluid were collected at the 10th week of gestation, i.e. time of
maximum growth of foetal membrane. Non separated amnio-
tic fluid of examinated sheep has no mitogenic activity on
tested cells. However after elimination of small molecules
fraction by gel filtration on Sephadex G-10, the void volume
fraction has significant effect on proliferation of BP-A31 cells

Table I
Mitogenic activity of amniotic fluid after Sephadex G-10;
control was taken as 100 % ± σ, n = 5; a p<0.05, b p<0.001

Tested material on BP-A31 cell % of mitogenic activity

Control (without mitogen) 100±30
Whole sample 95±20
Void volume fraction 230±10b

Small molecules fraction (Mr ≤ 700) 50±15a

Fig. 1. Gel chromatography of mitogenically active fraction of
amniotic fluid on Sephadex G-50. A280 ñ black points, cpm (mitoge-
nic activity) ñ white points. Arrow ñ elution position of 125I-IGF 1.
Below is ligand ñ blot of some fractions
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(Table I). Further separation on Sephadex G-50 revealed that
the biological activity was separated into two peaks. One was
coeluted with 125I-IGF 1, other one was eluted immediately
after void volume (Fig. 1). The electrophoretic analysis of the
fractions with mitogenic activity followed by ligand blot have
shown that significant amounts of IGFBPs with Mr40ñ45 kDa
were present in the first peak, bottom of Figure 1. However
immunoblotings of these fractions with antibodies against
human IGFBP-1 and IGFBP-3 were unsuccessful.

This work was supported by grant 1/5150-98.
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19 NUKLEOL¡RNÕ FAKTOR UBF ASOCIOVAN›
S RIBOZOM¡LNÕ DNA JE SYNTETIZOV¡N
A AKTIVOV¡N V S F¡ZI BUNÃ»N…HO CYKLU

IVAN KALOUSEK a PAVLA KÿÕéKOV¡

⁄stav hematologie a krevnÌ transfuze, U nemocnice 1, 128 20
Praha

SyntÈza prekurzoru ribozom·lnÌ RNA probÌh· v bunÏË-
nÈm nukleolu p˘sobenÌm RNA polymerasy I a je regulov·na
minim·lnÏ dvÏma faktory: multiproteinov˝m komplexem pro-
motorovÈ selektivity SL1 a enhancerem UBF (upstream bin-
ding factor). SyntÈza a aktivaËnÌ fosforylace faktoru UBF
reprezentujÌ pozitivnÌ regulaËnÌ mechanismy, kterÈ spoluroz-
hodujÌ o schopnosti buÚky vytv·¯et a zmnoûovat vlastnÌ pro-
teosyntetick˝ apar·t a n·slednÏ r˘st a proliferovat.

MitogennÌ transformace norm·lnÌch lymfocyt˘ stimulo-
van· jejich interakcÌ s fytohemaglutininem iniciuje vstup T
lymfocyt˘ do bunÏËnÈho cyklu a mÏnÌ tak klidovÈ buÚky
v buÚky proliferujÌcÌ podobnÈ lymfoblast˘m.

Naöe v˝sledky studia syntÈzy prekurzoru ribozom·lnÌ RNA
metodou Run On assay ukazujÌ, ûe rychlost syntÈzy rRNA
roste prudce v presyntetickÈ G1 f·zi prvnÌho bunÏËnÈho cyklu.
Na poË·tku syntetickÈ S f·ze, monitorovanÈ inkorporacÌ anti-
gennÌ determinanty 5-bromo-2ídeoxyuridinu do replikovanÈ
chromozom·lnÌ DNA, dosahuje stabilnÌho maxima. MÏ¯enÌ
rychlosti transkripce genu kÛdujÌcÌho UBF metodou RT-PCR
n·sledovanou hybridizacÌ znaËenÈho transkriptu s imobilizo-
vanou probou (plazmidem pSUBF) a bezfilmovou autoradio-
grafiÌ ukazujÌ, ûe transkipce UBF mRNA probÏhne a je prakticky
ukonËena v ËasnÈ G1 f·zi. V˝sledky studia rychlosti translace
proteinovÈho produktu UBF pomocÌ metabolickÈho znaËenÌ
[35S]metionin/cysteinem s n·slednou imunoprecipitacÌ UBF,
SDS PAG elektroforÈzou a bezfilmovou autoradiografiÌ a d·le
pak pomocÌ stanovenÌ hladin UBF vyhodnocenÌm imunoblot˘
vizualizovan˝ch technikou ECL+ a kvantifikovan˝ch uûitÌm
Fluor-S MultiImageru ukazujÌ, ûe neosyntÈza UBF probÌh·

souËasnÏ s replikacÌ chromozom·lnÌ DNA, tedy prakticky
v˝hradnÏ bÏhem S f·ze bunÏËnÈho cyklu. MÏ¯enÌ rychlosti
fosforylace UBF kultivacÌ bunÏk ve fosf·t deficitnÌm mÈdiu
obsahujÌcÌm [32P]ortofosf·t, imunoprecipitacÌ UBF n·sledo-
vanou SDS PAG elektroforÈzou a bezfilmovou autoradiogra-
fiÌ gel˘ demonstrujÌ, ûe fosforylace neosyntetizovanÈho UBF
ËasovÏ koreluje s jeho translacÌ a probÌh· tedy rovnÏû v S f·zi
bunÏËnÈho cyklu (obr. 1).

Naöe v˝sledky ukazujÌ, ûe mitogennÌ transformacÌ akcele-
rovan· syntÈza ribozom·lnÌho prekurzoru v G1 f·zi bunÏË-
nÈho cyklu nevyûaduje zv˝öenÌ hladiny pozitivnÌho regul·toru
UBF. Je pravdÏpodobnÈ, ûe pozitivnÌ regulace vyuûÌv· poolu
UBF p¯ÌtomnÈho v klidov˝ch buÚk·ch a nÏkterÈ naöe p¯edbÏû-
nÈ v˝sledky naznaËujÌ, ûe k akceleraËnÌmu efektu m˘ûe p¯i-
spÌvat aktivaËnÌ fosforylace tohoto poolu v G1 f·zi. V˝sledky
rovnÏû ukazujÌ, ûe translace proteinovÈho produktu UBF nenÌ
regulov·na pouze na ˙rovni transkripce genu UBF ukonËenÈ
v G1 f·zi. JejÌ poË·tek a signifikantnÌ n·r˘st v S f·zi svÏdËÌ
pro n·slednÈ regulaËnÌ mechanismy.

20 DEVELOPMENTAL ALTERATIONS
IN THE MEMBRANE-CYTOSOL BALANCE
OF HETEROTRIMERIC G PROTEINS IN RAT
VENTRICULAR MYOCARDIUM: INFLUENCE
OF NEONATAL HYPO- AND HYPERTHYROIDISM

JIÿÕ NOVOTN›a, LENKA BOUÿOV¡a,
FRANTIäEK KOL¡ÿb, and PETR SVOBODAa

Departments of aBiochemistry of Membrane Receptors and
bDevelopmental Cardiology, Institute of Physiology, Academy
of Sciences of the Czech Republic, VÌdeÚsk· 1083, Prague 4,
Czech Republic

Heterotrimeric G proteins play a crucial role in transmit-
ting information from agonist-activated serpentine receptors
to cellular effectors1. Beside others they serve as important
regulatory molecules in hormonal modulation of heart functi-
on2. Here we aimed to analyse the possible influence of altered
thyroid status on subcellular distribution of G protein subunits
in the developing rat heart.

Obr. 1. SyntÈza ribozom·lnÌho prekurzoru p¯edch·zÌ S f·zickou
syntÈzu a aktivaci UBF. UBF mRNA je syntetizov·na v G1 f·zi;
l syntÈza DNA,u syntÈza rRNA,n syntÈza UBF mRNA,¡ syntÈza
UBF,o fosforylace UBF
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The membrane and cytosolic fractions were prepared from
homogenates of ventricular myocardium of immature (21-
-day-old) hypo- or hyperthyroid rats and adult (84-day-old)
previously hypo- or hyperthyroid rats by a high-speed centri-
fugation (250000 ◊ g, 60 min) and analysed by immunoblot-
ting with specific anti-G-protein antibodies3,4 for the relative
content of Gsα, Giα, Goα and Gqα/G11α.

We have found that the total amount of myocardial Gsα
increased, Giα and  Goα did not  significantly change  and
Gqα/G11α decreased in adult rats as compared to the levels of
these G proteins in myocardia from immature animals. The
cytosolic form of Gsα represented roughly one third of the total
amount of myocardial Gsα in preparations from both immature
and adult rats. The long (GsαL) isoform was the major isoform
of Gsα found in membrane as well as cytosol preparations.

The total amounts of membrane-bound and cytosolic Giα
proteins in myocardial preparations were very similar. Whe-
reas there was no change in the level of myocardial Giα1, we
observed a decrease in membrane-bound Giα2 and increase in
cytosolic Giα2 and Giα3 during maturation. The content of
Goα did not significantly differ in immature and adult myo-
cardia and the membrane localization slightly prevailed over
the cytosolic one. Whereas all three isoforms of Goα (Goα1,
Goα2 and Goα*) occured in membranes, only Goα1 and Goα*
were detected in the cytosol.

Gqα and G11α associated with membranes represented the
bulk of total myocardial Gqα/G11α proteins and their amount
decreased during postnatal development. In contrast, a relati-
vely low level of cytosolic Gqα increased in adult animals and
there was no detectable G11α in the cytosol.

Neonatal hypo- or hyperthyroidism was found to be asso-
ciated respectively with lower or higher expression of mem-
brane-bound GsαL in immature rat myocardium. In parallel,
neonatal hypothyroidism markedly increased the amount of
membrane-bound Goα proteins and decreased cytosolic Gqα
in immature myocardium. On the other hand, neonatal hyper-
thyroidism decreased the levels of all three membrane-bound
Giα isoforms and elevated cytosolic Giα3 in immature myo-
cardium. Alterations in the content of myocardial G proteins
in previously hypo- and hyperthyroid adult rats were vastly
restored in adulthood to the levels of the corresponding control
euthyroid animals.

Collectively, our present data provide evidence about une-
qual regulation of expression and subcellular localization of
G protein isoforms during maturation of rat myocardium. In

addition, altered thyroid status was found to affect significan-
tly expression and distribution of some G protein subunits
especially in immature myocardium, what might at least par-
tially explain altered heart function observed previously in
these animals3.

This work was supported by grants 305/00/1660 and 306/98/
0470 from the Grant Agency of the Czech Republic.
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21 ANALYSIS OF SUBCELLULAR DISTRIBUTION
OF THE LONG AND SHORT SPLICE VARIANTS
OF Gs PROTEIN IN THE DEVELOPING RAT
CORTEX, THALAMUS AND HIPPOCAMPUS

IVANNA IHNATOVYCHa, JIÿÕ NOVOTN›b,
RENATA HAUGVICOV¡a, HANA KUBOV¡a,
PAVEL MAREäa, and PETR SVOBODAb

Departments of aDevelopmental Epileptology and bBioche-
mistry of Membrane Receptors, Institute of Physiology, Aca-
demy of  Sciences of the Czech  Republic, VÌdeÚsk· 1083,
Prague 4, Czech Republic

Heterotrimeric GTP-binding proteins (G proteins) functi-
on as key regulatory elements in signal tranduction from
hormone-activated plasma membrane-bound receptors to ap-
propriate effector molecules1. In the present work develop-
mental changes in the subcellular distribution of the long
(GsLα) and short (GsSα) isoforms of the α subunit of the
stimulatory G protein (Gs) were analysed in cortex, thalamus
and hippocampus of 1-, 7-, 12-, 18-, 25- and 90-day-old rats.
Membrane and cytosolic fractions were prepared by high-
-speed centrifugation (250000 ◊ g, 30 min) of homogenates
obtained from the above mentioned brain regions and the

α

Fig. 1. Developmental changes in the GsLα/GsSα ratio in membrane and cytosolic fractions of rat cortex, thalamus and hippocampus
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relative content of Gsα was determined by immunoblotting
using specific antisera2.

The total amount of GsLα and GsSα raised markedly (by
about 200ñ500 %) in all tested brain regions between postnatal
day (PD) 1 and 90. Whereas GsLα prevailed over GsSα in
membrane fractions all the time and its amount in the cytosol
did not dramatically change during postnatal development,
GsSα was barely detectable in the cytosol shortly after birth,
but then substantially increased and represented the dominant
form of brain Gsα in mature animals. The GsLα/GsSα ratio
decreased between PD 1 and 90 from 2.97 to 1.56 and from
5.7 to 1.64 in membranes fractions of cortex and hippocampus,
respectively, but remained almost constant in thalamus. More
pronounced changes in the GsLα/GsSα ratio were detected in
cytosolic fractions of all studied brain regions: decrease from
9.14 to 0.86, from 5.57 to 0.8 and from 9.7 to 0.45 in cortex,
hippocampus and thalamus, respectively (Fig. 1).

This is the first demonstration of cytosolic forms of Gsα
protein in the brain. In addition, our results indicate that GsLα
and GsSα proteins are expressed in the developing rat brain in
a region- and age-specific manner what suggests that their
roles might change during brain maturation.

This work was supported by grants 305/00/1660 and 309/99/
0207 from the Grant Agency of the Czech Republic.
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22 GETTING A CLUE TO THE ROLE OF PROTEIN
SER/THR KINASES IN STREPTOMYCES
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ZUZANA TECHNIKOV¡, and PAVEL BRANNY
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Phosphorylation is a key component of a signal transduc-
tion network of both eukaryotic and prokaryotic cells. It has
been thought for a long time that in prokaryotes the signal
transduction processes are mediated mainly by two-compo-
nent systems. Recent results, however, have shown the presen-
ce of a multigene family encoding eukaryotic-type protein
Ser/Thr kinases in different bacteria, either in those displaying
some kind of differentiation process, or in human pathogens.
Recently, we have described three protein Ser/Thr kinases
(Pkg2, 3 and 4) from actinomycete Streptomyces granaticolor
all endowed with different properties. Analysis of PhoA fusion
proteins suggested that Pkg2 is a transmembrane protein Ser/
Thr kinase whereas the others are likely cytoplasmatic prote-
ins. The N-terminal parts of Pkg4, 3 and 2 contain conserved
catalytic domains of protein kinases and the C-terminal parts
contain seven tandem repeats of 11 or 12 amino acids with
similarity to the tryptophan-docking motif known to stabilize

a symmetrical three-dimensional structure called a propeller
structure. When the pkg2 and pkg4 genes were expressed in
E. coli the gene products have been found to be autophospho-
rylated at serine and threonine residues. In contrast, when pkg3
was expressed in E. coli, no autophosphorylation was detected,
either in vivo or in vitro. This unique feature gave rise to
hypothesis that Pkg3 could be activated by another protein
kinase, constituting a phosphorelay. The expression of the
pkg2, 3 and 4 genes during the growth cycle of S. granaticolor
was investigated using S1 nuclease analysis and at least pkg2
seems to be developmentally regulated. Replacement of the
pkg2, 3 and 4 genes resulted in changes both in the morphology
of aerial hyphae and in the pattern of protein Ser/Thr phospho-
rylation in cell-free extracts of S. granaticolor. Some of the
results indicated that Pkg2 and Pkg4 (3) share the same sig-
nalling pathway.

23 INCREASED ACTIVITY OF Akt KINASE
IN v≠src≠TRANSFORMED CELLS

ZDENA TUH¡»KOV¡, MARTINA VOJTÃCHOV¡,
EVA äLONCOV¡, and VLASTA SOVOV¡

Institute of Molecular Genetics, Academy of Sciences of the
Czech Republic, 166 37 Praha 6, Flemingovo n. 2, Czech
Republic

Translation of the specific subset of mRNAs that possess
long highly structured 5íuntranslated regions (5íUTRs), pre-
sumably encoding protein products of proto-oncogenes, onco-
genes, transcription factors, growth factors and their receptors,
is regulated at the level of translation initiation. Signal trans-
duction pathway that can control several steps in mRNA
translation in response to extracellular signals has been recen-
tly identified1. It is selectively inhibited by the immunosup-
pressant rapamycin.

Rapamycin blocks the formation of the functional mRNA
cap-binding protein complex eIF4F, which consists of initia-
tion factors eIF4E, eIF4A and eIF4G. The cap-binding protein
eIF4E plays a central role in this complex and its activity is
regulated by the translation repressor proteins 4E-BP1,2 (eIF4E-
-binding proteins) (Ref.2). The rapamycin-sensitive phospho-
rylation of 4E-BP1 disrupts its association with eIF4E and
allows to form the functional eIF4F complex that may lead to
upregulation of the cap-dependent translation, in particularly,
of mRNAs with structured 5íUTRs. This may result in incre-
ase in the rate of protein synthesis caused by an additional
selective increase in the translation of such specific subset of
mRNAs that are normally found in a translationally repressed
state. Phosphorylation of the repressor protein 4E-BP1 thus
potentially represents a powerful regulatory mechanism in the
translational gene expression.

We have previously found that 4E-BP1 is highly phospho-
rylated in Syrian hamster fibroblasts transformed by Rous
sarcoma virus (RSV). This hyperphosphorylation of the trans-
lation repressor protein was only partially inhibited by rapa-
mycin in RSV-transformed cells indicating that additional
rapamycin-insensitive events are involved in the control of
4E-BP1 phosphorylation in these cells3.
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We found that a distinct, rapamycin-insensitive signalling
pathway PI-3íkinase/Akt, which also plays an important role
in cell growth and proliferation, is activated in v-src-transfor-
med cells. We examined therefore a possible involvement of
this pathway in the regulation of the phosphorylation of 4E-
BP1 in RSV≠transformed hamster fibroblasts.

This work was supported by the grants No. 301/00/0269 and
312/96/K205 from the Grant Agency of the Czech Republic.
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24 PARADOXY EKTOPICKEJ APOPT”ZY
V SACCHAROMYCES CEREVISIAE INICIOVANEJ
BAX. PRAVDA A SKUTO»NOSç O ÑZABÕJANÕì
KVASINIEK PROAPOPTICK›M BAX

VERONIKA FEKETE, M¡RIO äPÕREK
a PAVOL SULO

Katedra biochÈmie, PrÌrodovedeck· fakulta, Univerzita Ko-
menskÈho, Mlynsk· Dolina, 842 15 Bratislava, Slovensk·
republika

SpÙsob signaliz·cie z mitochondriÌ do jadra nie je pravde-
podobne sprostredkovan· proteÌnmi, ale skÙr metabolick˝mi
sign·lmi. Tieto reguluj˙ rÙznymi spÙsobmi expresiu mito-
chondri·lnych proteÌnov z jadrov˝ch gÈnov. Jedin˝m zn·mym
prÌpadom signaliz·cie z mitochondriÌ, sprostredkovan˝ prote-
Ìnmi, je proces programovanej smrti bunky. ApoptÛza a de-
grad·cia jadrovej DNA je sp˙öùan· uvoænenÌm cytochrÛmu c
z mitochondriÌ. Tento typ signaliz·cie by mohol byù pozostat-
kom pÙvodnÈho mechanizmu komunik·cie prvotnÈho endo-
symbionta, predchodcu s˙Ëasn˝ch eukaryotov. Podæa doteraj-
öÌch poznatkov expresia proapoptickÈho BAX gÈnu z rÙznych
cicavcov iniciuje apoptÛzu v kvasink·ch, hoci vlastn˝ priro-
dzen˝ proces v nich nebol doteraz hodnoverne preuk·zan˝.

Naöe poznatky z expresie tohto proteÌnu pod indukovateæ-
n˝m promÛtorom na epizom·lnom plazmide poukazuj˙ skÙr
na skutoËnosù, ûe proteÌn kvasinky neusmrcuje, ale plazmid je
z buniek öpecificky eliminovan˝. Tento proces je viazan˝ na
delenie buniek. Saccharomyces cerevisiae sa s expresiou tohto
toxickÈho proteÌnu vyrovn·vaj˙ pomocou dominantn˝ch i re-
cesÌvnych mut·ciÌ, priËom dominantnÈ mut·cie s˙ ˙ËinnÈ len
v respiruj˙cich kvasink·ch. Z kvasinkov˝ch gÈnov sme izo-
lovali niekoæko supresorov˝ch gÈnov, z ktor˝ch jeden bol
identifikovan˝ ako XBP1, transkripËn˝ represor exprimovan˝
v podmienkach stresu. Nadexpresia BAX proteÌnu nesp˙öùa
apoptickÈ procesy, ale je pre kvasinky toxick·, podobne ako
nadexpresia in˝ch vlastn˝ch i heterolÛgnych proteÌnov.

Autori Ôakuj˙ za finanËn˙ podporu grantu VEGA 1/7310/20.

25 EXPRESSION OF PROAPOPTOTIC PROTEINS
IN NON-SMALL CELL LUNG CARCINOMA
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The prerequisite condition for entry of cells into the pro-
cess of apoptosis is their ability to express a specific assort-
ment of proapoptotic proteins. Disruption of many vitally
important cell functions and molecular assemblies, including
the nuclear genome, during apoptosis is usually the result of a
coordinate, rapid and robust activation of a functionally latent
community of intracellular protein molecules including pro-
caspase (procasp) -9, -8, -3, -7 and -6, the apoptosis-protease
activating factor-1 (Apaf-1), and the DNA fragmentation fac-
tor (DFF)1-5. To date there is evidence that tumor cells of
epithelial origin can develop defects in expression of some
apoptosis-associated procaspases6-8 and/or can down-regulate
their activation9-11. This makes such tumor cells highly resis-
tant toward a variety of apoptosis inducing signals that they
encounter during growth and dissemination.

In the present work we examined expression of seven
proapoptotic proteins in a panel of non-small cell lung carci-
noma (NSCLC) cell lines and in NSCLC tissues and lung
parenchyma from surgically treated patients. We found by
means of SDS-PAGE and Western blot analysis (WBA) with
specific antibodies that procasp-9, -8, and -3, and DFF45, i.e.
the larger subunit of DFF, were expressed in all examined
NSCLC cell lines and tissues and in the lungs. Procasp-6,
Apaf-1 and DFF40, i.e. the smaller subunit of DFF, were also
expressed in NSCLC cell lines, albeit at variable levels. Pro-
casp-3 from NSCLC cell lines, NSCLC tissues and lungs could
be processed to casp-3 by granzyme B (GRB) or recombinant
casp-8 as shown by SDS-PAGE and WBA revealing the
presence of both the large and the small casp-3 subunits. With
using SDS-PAGE and WBA we also demonstrated that DFF45
from NSCLC tissues was cleavable to several polypeptide
fragments by recombinant casp-3. The level of procasp-3 in
NSCLC tissues was significantly higher compared to matched
lungs. This result was confirmed by an activation assay with
using GRB which showed that the GRB-generated casp-3
activity, measured with Ac-DEVD-AFC as the substrate, was
significantly higher in NSCLC tissues than in the lungs, both
in the absence and the presence of dithiothreitol (DTT). How-
ever, in the absence of DTT some tumors displayed lower
GRB-generated casp-3 activity than matched lungs. In the
presence of DTT, the  GRB-generated  casp-3  activities in
extracts from NSCLC cell lines and NSCLC tissues were not
significantly different. Casp-3 activity could be induced in
cytosols from NSCLC cells by addition of both cytochrome c
(cyt c) and dATP. The induction of casp-3 activity was inhi-
bitable by Ac-LEHDal, an inhibitor of casp-9, and by different
detergents. Compared to the levels of casp-3 activity that was
generatable in extracts and cytosols from NSCLC cells by
GRB or by cyt c and dATP, only very low or no casp-3 activity
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was induced in NSCLC cells growing in culture after treatment
with staurosporine or an anti-Fas agonistic antibody. We found
also only very low levels of oligonucleosomal type of genomic
DNA fragmentation after treatment of NSCLC cells with the
mentioned apoptosis inducers. Taken together, the present
study shows that NSCLC cells express a set of key proapopto-
tic proteins which are activatable but sheltered from activation
in intact tumor cells exposed to apoptotic stimuli.

Supported by a grant (no. NC/4963-3) from the Ministry of
Health, Czech Republic.
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26 INTERACTION OF DNA WITH CATIONIC
SURFACTANTS AND LIPOSOMES
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In the last few years gene therapy has received significant
attention. The development of new techniques for transferring
genes into living cells allowed for the potential treatment of
several diseases of genetic origin1. The central problem of gene
therapy is the development of safe and efficient gene delivery
system. Since both the DNA and the cell membranes are nega-
tively charged, the naked polynucleotides are electrostatically
prevented from entering inside cells. Futhermore, the unprotec-
ted DNA is rapidly degraded by nucleases present in plasma1.

In the non-viral category of gene delivery systems, the
DNA-liposome complexes have shown the most promise.
Cationic liposomes can associate with the DNA segments,
neutralizing or even inverting the electric charge of nucleoti-
des, thus significantly increasing the efficiency of gene ad-
sorption and transfection by cells. As the cationic surfactant is

added to the solution containing DNA, a cooperative binding
of surfactant to the DNA molecules is observed2. This binding
is strongly dependent on the concentration of the salt and on
the hydrophobicity of the surfactant molecules. Kuhn et al.3

have shown, that for amphiphile which are sufficiently hydro-
phobic, a charge neutralization, or even charge inversion of
the complex is possible. The charge inversion could, in prin-
ciple, allow the DNA-surfactant complex to approach negati-
vely charged cell membranes permitting the transfection to
take place.

The aim of present work is to study the interaction of DNA
with surface active N,Ní-bis(alkyldimethyl)-1,4-butane-diam-
monium dibromides (CnBAS, n = 12, 13 and 16 is the number
of carbons in alkyl chains) in the presence or absence of mul-
tilamellar dilauroylfosfatidylcholine (DLPC) dispersion. The
CnBAS gemini surfactants are powerful bactericidal agents4.

The interaction between DNA and CnBAS (n = 12, 13, 16)
was followed using changes in transmittance (at λ = 450 nm)
of DNA+CnBAS mixture. The transmittance decrease was
observed in dependence on both the CnBAS concentration and
on the length of alkyl substituents. The increase of CnBAS
hydrophobicity leads to the transmittance decrease at lower
concentrations. After reaching a saturation level of DNA,
DNA+CnBAS aggregates precipitate. The change in size of
DNA+CnBAS (n = 12, 16) aggregates with increasing con-
centration of CnBAS was observed by using dynamic light
scattering. In the concentration range below the critical micel-
lar concentration of surfactant, the diameter of DNA+CnBAS
aggregates decreases with increasing CnBAS concentration.
Above the micellar concentration a slight increase of the
diameter of DNA+CnBAS aggregates was observed. Small
angle x-ray (SAX) diffraction pattern of DNA+C13BAS pre-
cipitate displays one broad reflection with the maximum at
s = 0.264 nm-1 and inconspicuous shoulder at s = 0.353 nm-1.
We suppose that the DNA+C13BAS aggregate has an ordered
structure with periodicity d = 3.8 nm in one dimension.

In the presence of liposomes at equimolar DNA base:lipid
ratio, the decrease of transmittance with increasing CnBAS
concentration was observed at significantly lower concentra-
tion of CnBAS (Ref.5,6). The aggregation is a result of interac-
tion of DNA with bisalkylammonium ions incorporated in-
to lipid bilayer of liposomes. The structure of DNA:DLPC:
C12BAS = 1:1:0.5 (mol base/mol/mol) complex was determi-
ned from SAX diffraction pattern. Three peaks observed in the
SAX region at s = 0.179, 0.347 and 0.514 nm-1 were indexed
as h = 1, 2 and 3 reflections, respectively, due to stacking of
lipid bilayers in a lamellar phase, and the reflection at s =
0.285 nm-1 was ascribed in analogy to DNA ñ cationic liposo-
me complexes7 to the reflection of parallel DNA chain inter-
calated in the aqueous layers of lamellar stacks of DLPC
bilayers. The lamellar repeat period d = 5.86 nm of lipid and
the spacing between DNA strands dDNA = 3.50 nm were de-
termined from these reflections.

This study was supported by the Slovak Ministry of Education
Grant Agency and by the European Union Human Capital and
Mobility (Large Installations) Programme.
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27 N¡SLEDKY, PRAVIDL¡ A LIMITY V›MENY
VLASTN›CH MITOCHONDRIÕ
ZA MITOCHONDRIE Z IN›CH DRUHOV
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Na biogenÈzu funkËn˝ch mitochondriÌ okrem produktov
vlastnÈho genÛmu je potrebn˝ch niekoæko stov·k proteÌnov
kÛdovan˝ch jadrom. Pravdepodobne len niekoæko z nich za-
bezpeËuje synchroniz·ciu biogenÈzy mitochondriÌ s ostatn˝mi
Ëasùami bunky. Na osvetlenie t˝chto komunikaËn˝ch uzlov
sme sa pok˙sili pomocou f˙zie protoplastov zameniù pÙvodn˝
mitochondri·lny genÛm kvasiniek za mitochondri·lnu gene-
tick˙ inform·ciu in˝ch druhov. NiektorÈ z t˝chto xenomito-
chondri·lnych cybridov by mohli vykazovaù odliönÈ chovanie
spÙsobenÈ prÌtomnosùou nov˝ch mitochondriÌ. Tieto organely
z kvasiniek povaûovan˝ch v s˙Ëasnosti ako synonym· k Sac-
charomyces cerevisiae, i napriek rozdielom v organiz·cii mi-
tochondri·lneho genÛmu (S. italicus, oviformis, chevalieri,
capensis), mÙûu ˙plne nahradiù pÙvodnÈ mitochondrie. Mito-
chondrie z najprÌbuznejöieho druhu (S. douglasii) dok·ûu na-
hradiù mitochondrie v S. cerevisiae len po niekoækot˝ûdÚovej
adapt·cii a len do urËitej miery. Naopak mitochondrie zo
S. cerevisiae dok·ûu ˙plne kooperovaù z jadrami nielen ses-
tersk˝ch kvasiniek, ale aj z jadrami prÌbuzn˝ch no bezpochyby
odliön˝ch druhov (S. douglasii, S. paradoxus). Identifikovali
sme niekoæko jadrov˝ch gÈnov (MRP13, MRS3, MRS4) a ob-
lasù mitochondri·lnej DNA sprostredkuj˙cich adapt·ciu a kom-
patibilitu S. cerevisiae s cudzÌmi mitochondriami. NeobyËaj-
n˝m dÙsledkom adapt·cie je strata schopnosti r·sù pri zv˝öenej
teplote, ktor· ost·va zachovan· aj v prÌpade, ûe mitochondri-
·lny genÛm je z buniek odstr·nen˝. Zd· sa, ûe bariÈrou inkom-
patibility je neschopnosù replikaËnej maöinÈrie replikovaù cu-
dziu mtDNA. Xenomitochondri·lne cybridy povaûujeme nie-
len za n·stroj öt˙dia eukaryotickej komunik·cie, ale aj ako
uûitoËnÈ taxonomickÈ kritÈrium. Tieû oËak·vame, ûe by mohli
poskytn˙ù dÙleûitÈ ˙daje na rieöenie paradoxu mitochondriÌ,
ktor˝ sa javÌ kruci·lnym problÈmom pri obnove vyhynul˝ch
druhov (experimentoch typu Jursk˝ park) klonovanÌm.

Autori Ôakuj˙ za finanËn˙ podporu grantu VEGA 1/7310/20.

28 RAPID COLORIMETRIC ASSAY FOR CELL
GROWTH AND PROLIFERATION ñ
APPLICATION TO PROLIFERATION
OF PERIPHERAL BLOOD LYMPHOCYTES
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Katedra chÈmie, biochÈmie a biofyziky, Univerzita veterin·r-
skeho lek·rstva, KomenskÈho 73, 041 81 Koöice, Slovak Re-
public

The determination  of  cellular viability, activation and
proliferation are usefull in many biological approaches. The
classical and the most frequently used method for determina-
tion of cell proliferation is based on the incorporation of
radiolabelled  nucleotides into DNA. Need  for scintilation
counter, handling of toxic scintilation fluid and breakdown of
[3H]-thymidine are generally known disadvantages of this
procedure. Recently, several groups have described alternative
methods utilizing nonradioactive substances which are meta-
bolized  to  coloured product by the  cells. The  amount  of
originated colour product is proportional to the number of
viable cells and it is determined spectrophotometrically1,2.

In the present study tetrazolium salt 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyl tetrazolium bromid (MTT) was used.
This dye was till now employed largely for quantitative deter-
mination of cellular proliferation of different cell lines, but by
our knowledge, not for cell culture of peripheral blood cells.
Moreover experiments, where radioactive substances were
used for kinetics studies of growth of these cells, provided
diverse results3. Hence we tried to adapt MTT method for our
experimental conditions, where bovine peripheral blood lym-
phocytes were used as a target cells.

Cell preparation: Heparinized blood from healthly cows
was layered on to Histopaque 1077 and centrifuged at 400 g
for 30 minutes. Cells at the interface were removed and washed
twice in non-complete RPMI-1640 medium (RPMI-1640 with
100 units penicillin plus 100 µg streptomycin per 1 ml and
without fenol red). Lymphocytes were resuspended in com-
plete culture medium (non-complete RPMI-1640 medium plus
2 mmol.l-1 of glutamine) at a concentration 3.5◊106 cells.ml-1.
Viability of the cells was assessed by exclusion of trypan blue
dye (>95 %).

Mitogen-induced proliferation of peripheral blood lym-
phocyte: Isolated lymphocytes (880 µl) suspended in complete
culture medium were added in triplicate to 24-well flat-bottom
plates. Some wells were supplemented with 10 % of fetal calf
serum. Employed mitogens were diluted in complete culture
medium and appropriate concentration (5ñ25 µg.ml-1) of con-
canavalin A (ConA) and phytohemagglutinin (PHA) was ad-
ded to some wells. Complete culture medium was then added,
with a final volume of 1 ml per well.

MTT colorimetric assay: Cells were incubated for 48 or 72
hours (5 % CO2, 37 ∞C). After the incubation, 100 µl of MTT
solution (5 mg MTT per ml of PBS) was added to each well.
Plates were incubated an additional 4 hours under the same
conditions and then 1 ml of solubilization solution (10 % SDS
in 0.01 mol.l-1 HCl) was added into each well. The micro-pla-
tes were standed overnight in incubator (5 % CO2, 37 ∞C). The
amount of solubilized formazan product was measured spec-
trofotometrically at 550 nm.
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Lymphocytes from the peripheral blood appear in vivo as
quiescent, non-proliferating cells, but they are able to prolife-
rate in the presence of appropriate mitogens. In this study we
used non-specific polyvalent mitogens of lymphocytes ñ PHA
and ConA to evaluate a convenience of application of MTT
method to pursue peripheral blood lymphocytes (PBL) sur-
veillance to substances with potential mitogenic effect. The
results in Figure 1 show apparent effect of employed mitogens
on proliferation of bovine PBL. On the other hand, it is evident
that viability of the cells go down after 48 hours of incubation
if cells are incubated without mitogens. Loss of viability after
72 hour of incubation, even in the presence of mitogens, was
also observed by Gilles et al. when spleen cells were used4.

Mitogenic effect of various concentrations of PHA and
ConA on proliferation of bovine peripheral blood lymphocytes

is shown on Figure 2. It is seen that in the range of concentra-
tion from 5 to 25 µg per ml the proliferation slowly descrease
and optimal concentration for both mitogens is 5 µg.ml-1.

This work was supported by grant 1/5150-98.
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29 OBSAH TRIACYLGLYCEROLOV
A VOºN›CH MASTN›CH KYSELÕN V PE»ENI
A KOSTROVOM SVALE POTKANOV
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InzulÌnov· rezistencia sa sp·ja so situ·ciami charakterizo-
van˝mi nadbytkom lipidov, Ëi uû vo forme zv˝öen˝ch hladÌn
voæn˝ch mastn˝ch kyselÌn a triacylglycerolov v cirkul·cii
alebo vo forme zv˝öenej akumul·cie triacylglycerolov v tkani-
v·ch1. FarmakologickÈ a diÈtne z·sahy, ved˙ce k znÌûenej
ponuke lipidov, obyËajne priaznivo ovplyvÚuj˙ ˙Ëinok inzu-
lÌnu. Z diÈtnych prepar·tov v˝znamnÈ miesto patrÌ dlhoreùaz-
cov˝m n-3 PNMK a tio-substituovan˝m mastn˝m kyselin·m.

Cieæom pr·ce bolo indukovaù inzulÌnov˙ rezistenciu u ex-
periment·lnych zvierat pod·vanÌm vysokosacharÛzovej (VS,
63 kal% sacharÛzy) a vysokotukovej diÈty (VT, 70 kal% tuku)
a sledovaù ˙Ëinok rybieho oleja (RO) bohatÈho na n-3 PNMK
a tetradecyltiooctovej kyseliny (TTA) na hladiny triacylgly-
cerolov (TG) a voæn˝ch mastn˝ch kyselÌn (VMK) v peËeni
a kostrovom svale potkanov vo vzùahu ku hladin·m lipidov
v cirkul·cii.

Stanovenie TG a VMK v chloroformov˝ch extraktoch
tkanÌv a v sÈre sa robilo enzymaticky modifikovanou kolo-
rimetrickou metÛdou s vyuûitÌm komerËne dostupn˝ch kitov
(fy Boehringer Mannheim, Nemecko na stanovenie TG a fy
Randox, Veæk· Brit·nia na stanovenie VMK).

Konzum·cia VS a VT diÈty viedla k zv˝öen˝m hladin·m TG
v cirkul·cii, priËom tento ˙Ëinok bol v˝razne vyööÌ v nas˝-
tenom stave (PD: 2,3±0,3, VS: 3,1±0,3, VT: 4,2±0,4 mmol.l-1;
p<0,05) ako nalaËno (PD: 0,8±0,2, VS: 1,2±0,1, VT: 0,7±0,1
mmol.l-1; p<0,05). Obohatenie diÈt o RO a TTA sa prejavilo
znÌûenÌm cirkuluj˙cich hladÌn TG v nas˝tenom stave (VSRO:
1,3±0,3, VSTTA: 1,8±0,2 mmol.l-1; VTRO: 1,2±0,2, VTTTA:
0,8±0,2 mmol.l-1; p<0,05) aj nalaËno (VSRO: 0,5±0,0, VSTTA:
0,9±0,1 mmol.l-1; VTRO: 0,4±0,0, VTTTA: 0,5±0,1 mmol.l-1;
p>0,05) pri obidvoch modeloch inzulinorezistencie aû na ˙ro-
veÚ kontrol. Na druhej strane, zmeny v obsahu VMK v cirkul·cii
po konzum·cii VS a VT diÈty boli menej v˝raznÈ v nas˝tenom

Fig. 1. Proliferation of peripheral blood lymphocytes in response
to non-specific lymphocyte mitogens and to time of incubation.
Results are shown as the means and standard deviation of 3 replicates;
B ñ cells in complete medium, B/FS ñ cells in medium supplemented
with fetal calf serum, B/FS/PHA or B/FS/ConA ñ cells in complete
medium supplemented with fetal calf serum and with appropriate
mitogen at concentration 10 µg. ml-1

Fig. 2. Mitogen-induced proliferation of bovine peripheral blood
lymphocytes stimulated with varying concentration of PHA and
ConA for 48 hours. Results are shown as the means of 3 replicates
per point. Background values, obtained from wells with cells but no
mitogens, were subtracted from all points
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stave (PD: 0,6±0,0, VS: 0,5±0,0, VT: 0,6±0,0 mmol.l-1; p<0,05)
ako nalaËno (PD: 0,5±0,1, VS: 0,8±0,0, VT: 1,1±0,1 mmol.l-1;
p<0,05). Obe hypolipidemicky pÙsobiace l·tky, RO i TTA
viedli k normaliz·cii hladÌn VMK nalaËno (VSRO: 0,5±0,1,
VSTTA: 0,5±0,0 mmol.l-1; VTRO: 0,7±0,1, VTTTA: 0,6±0,1
mmol.l-1; p<0,05) i v nas˝tenomstave (VSRO: 0,4±0,0, VSTTA:
0,4±0,0 mmol.l-1; VTRO: 0,4±0,0, VTTTA: 0,4±0,0 mmol.l-1;
p<0,05). V peËeni experiment·lnych zvierat doölo po k‡menÌ
VS a VT diÈtou k akumul·cii TG (PD: 8,7±0,6, VS: 17,4±2,8,
VT: 39,7±6,6 µmol.g-1; p < 0,05), priËom sa v tomto prÌpade
potvrdil hypolipidemick˝ ˙Ëinok RO a TTA (VSRO: 10,7±
1,5, VSTTA: 12,8±1,8 µmol.g-1; p<0,05; VTRO: 14,4±2,4,
VTTTA: 19,3±1,4 µmol.g-1; p<0,05). V kostrovom svale bola
situ·cia opaËn·, konzum·cia VS a VT diÈty viedla k znÌûeniu
obsahu TG (PD: 5,9±1,1, VS: 5,0±0,7, VT: 5,4±0,6 µmol.g-1;
p<0,05). Obohatenie diÈt o RO a TTA sa neprejavilo v˝razn˝-
mi ˙Ëinkami na obsah TG (VSRO: 4,3±0,3, VSTTA: 6,8±0,9
µmol.g-1; p<0,5; VTRO: 7,0±1,0, VTTTA: 6,0±1,2 µmol.g-1;
p<0,05). Konzum·cia VT diÈty viedla k v˝raznej akumul·cii
VMK v peËeni, zatial Ëo obsah VMK po VS diÈte sa prakticky
nemenil (PD: 0,8±0,1, VS: 0,9±0,2; VT: 4,2±1,1 µmol.g-1;
p<0,05). Podobne aj pokles obsahu VMK v peËeni ˙Ëinkom
RO a TTA bol signifikantn˝ len u VT diÈty indukovanej
inzulinorezistencie (VSRO: 0,7±0,2, VSTTA: 0,7±0,1 µmol.g-1;
n.s. VTRO: 0,7±0,2, VTTTA: 0,8±0,1 µmol.g-1; p<0,05). Ob-
sah VMK v kostrovom svale sa v˝znamne nemenil po ûiadnej
z pod·van˝ch diÈt.

ZistenÈ zmeny v hladin·ch VMK a TG ukazuj˙, ûe a) na-
ruöenie metabolizmu nepol·rnych lipidov pri diÈtou induko-
vanej IR je prÌtomnÈ predovöetk˝m na ˙rovni peËeÚñkrv,
b) napriek ich zv˝öenej ponuke v cirkul·cii nedoch·dza v kos-
trovom svale za kæudovÈho reûimu k akumul·cii neutr·lnych
lipidov a c) v˝sledky Ôalej potvrdili priazniv˝ vplyv rybieho
oleja bohatÈho na n-3 PNMK aj TTA na metabolizmus neu-
tr·lnych lipidov.

Autori Ôakuj˙ za finanËn˙ podporu grantu VEGA 2-721020.
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Rozvoj hypertriacylglycerolÈmie a inzulinorezistencie sa
d·va do s˙vislosti s poruchou mitochondri·lnej oxid·cie mast-
n˝ch kyselÌn1. KarnitÌn palmitoyl transfer·za-I (CPT-I) sa
povaûuje za kæ˙Ëov˝ enz˝m pri transporte mastn˝ch kyselÌn
(MK) do mitochondriÌ, ËÌm determinuje r˝chlosù ich oxid·cie.
Malonyl-CoA, medziprodukt syntÈzy MK, silne inhibuje CPT-I

a teda oxid·ciu MK v peËeni i v kostrovom svale2. Dlhore-
ùazcovÈ n-3 polynenas˝tenÈ mastnÈ kyseliny (n-3 PNMK) z ry-
bieho oleja pÙsobia hypotriacylglycerolemicky3 priËom me-
chanizmus tohto pÙsobenia nie je celkom objasnen˝.

Cieæom pr·ce bolo preto sledovaù vplyv rybieho oleja na
oxid·ciu mastn˝ch kyselÌn ako aj na aktivitu CPT-I v peËeni
a v kostrovom svale. S˙Ëasne sa sledoval aj ˙Ëinok malonyl-
-CoA na aktivitu CPT-I v obidvoch vyööie uveden˝ch tka-
niv·ch, u zdrav˝ch potkanov i potkanov s dieteticky-induko-
vanou hypertriacylgycerolÈmiou.

Samci potkanov kmeÚa Wistar sa 21 dnÌ k‡mili baz·lnou
(PD) alebo vysokotukovou (VT 70 kal%) diÈtou, priËom po-
lovica zvierat z kaûdej skupiny (PD,VT) mala diÈtu obohaten˙
o rybÌ olej (RO, n-3 PNMK 10 hm.%). Oxid·cia mastn˝ch
kyselÌn sa stanovila r·diometricky v hrubej mitochondri·lnej
frakcii peËene a svalu, pomocou r·dioaktÌvne znaËenÈho 1-14 C-
-palmitoyl-CoA. Mnoûstvo vznikaj˙ceho 1-14C-acetyl-CoA
sa meralo ako aktivita produktu rozpustnÈho v kyseline. Akti-
vita karnitÌn palmitoyl transfer·zy-I sa stanovila v tkanivovom
extrakte z peËene a svalu pomocou 14C L-karnitÌnu a palmito-
yl-CoA ako mnoûstvo vznikaj˙ceho acyl-14C karnitÌnu. Z·-
roveÚ sa sledovalo inhibiËnÈ pÙsobenie 20 mM malonyl-CoA
na aktivitu CPT-I.

Vysokotukov· diÈta neovplyvnila oxid·ciu palmitoyl-CoA
(sval: PD:57,0±10,0 vs. VT: 64,9±12,5 µmol.mg-1min-1; pe-
ËeÚ: PD:226,6±8,2 vs. VT: 187,4±59,2 µmol.mg-1min-1; p =
N.S.). Naproti tomu bola aktivita CPT-I, ˙Ëinkom VT diÈty
zv˝öen· tak v kostrovom svale (CPT-I, PD: 0,25±0,02 vs. VT:
0,44±0,04 µmol.g-1min-1; p<0,05) ako aj v peËeni (CPT-I, PD:
1,02±0,04 vs. VT: 2,34±0,16 µml.g-1min-1; p<0,05). Citlivosù
CPT-I na malonyl-CoA nebola v˝znamne zmenen· v ûiadnom
zo sledovan˝ch tkanÌv.

Obohatenie diÈty RO viedlo k zv˝öeniu oxid·cie palmito-
yl-CoA v obidvoch sledovan˝ch tkaniv·ch ñ vo svale (VT+ RO:
174,5±21,3 µmol.mg-1min-1; p<0,05) i v peËeni (VT+RO:
585,1±28,9 µmol.mg-1min-1; p<0,05). Naölo sa tieû zv˝öenie
aktivity CPT-I v kostrovom svale (CPT-I, PD+RO: 0,51±0,03
a VT+RO: 0,84±0,11 µmol.g-1min-1; p<0,05). Avöak aktivita
CPT-I (VT+RO: 2,43±0,01 µmol.g-1min-1; p<0,05) ani citlivosù
CPT-I na malonyl-CoA sa v peËeni zvierat s dieteticky induko-
vanou inzulinorezistenciou nezmenila. U zdrav˝ch (kontrol-
n˝ch)  zvierat  sa obohatenie diÈty rybÌm olejom prejavilo
zv˝öenÌm aktivity CPT-I (PD+RO: 1,72±0,09 µmol.g-1min-1;
p<0,05).

V˝sledky uk·zali, ûe hypotriacylglycerolemick˝ ˙Ëinok
n-3 PNMK je sprev·dzan˝ zv˝öenÌm oxid·cie MK v peËeni
i v kostrovom svale. Aktivita CPT-I sa po diÈte s vysok˝m
obsahom nas˝ten˝ch mastn˝ch kyselÌn dvojn·sobne zvyöuje
v peËeni i vo svale. PrÌtomnosù RO v diÈte ju vöak Ôalej nemenÌ
(peËeÚ) alebo len nepatrne zvyöuje (kostrov˝ sval). Z toho
moûno usudzovaù, ûe obohatenie vysokotukovej diÈty rybÌm
olejom vedie k zv˝öeniu mitochondri·lnej oxid·cie MK v pe-
Ëeni i kostrovom svale, avöak r˝chlosù transportu MK cez
mitochondri·lnu membr·nu sa pritom nemenÌ.

Za ËiastoËn˙ finanËn˙ podporu autori Ôakuj˙ grantu VEGA
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In spite of the fact that during the last twenty years research
on nitric oxide  (NO) has resulted in identifying that NO
is a functional messenger in several physiological processes
as neurotransmission, vasodilatation and immune response,
it is only during the few years, NO was identified as impor-
tant signal molecule in the liver. Experiments dealing with
NO modulatory effect on hepatocyte urea synthetic capabili-
ty represent an important step towards preserved hepatocyte-
-specific functions that are essential for keeping this cellular
model as  physiologically active  as possible. Indeed, urea
synthesis is a highly demanding energy process, where one
molecule of urea needs 4 equivalents of ATP and also requires
precisely organized movements of intermediates between cy-
toplasmic and mitochondrial compartments. Moreover NO is
synthesized by a family of enzymes that are collectively called
nitric oxide synthase (NOS) which employs L-arginine as
a substrate and requires other cofactors with the production of
L-citrulline. This occurs as part of the integrated urea cycle and
the NO pathway. We have recently gave preliminary results
that exogenous NO modulates the rate of urea production by
isolated rat hepatocytes. Experiments done by other authors
demonstrated that NO did posses double face effect by either
reducing or increasing the rate of urea synthesis in hepato-
cytes.

On the base of above findings, the aim of the present study
was to further investigate the effects of NO on the rate of urea
synthesis using isolated perfused hepatocytes (bioreactor mo-
del), which is used routinely at our laboratory. Specifically,
with the use of perfused rat hepatocytes, the purpose of this
study was to: 1) characterise the role played by endogenous
NO induced by lipopolysaccharide (LPS) injection to rats
followed by hepatocyte isolation on urea synthesis; 2) deter-
mine the role played by inhibition of iNOS on urea synthesis;
and 3) compare the results with exogenously delivered NO to
hepatocytes through NO donors.

Isolated hepatocytes were prepared by standard methods
either from control male Wistar rats injected with saline solu-
tion (control) or rats injected with LPS (5 mg.kg-1 i.p). 18 hours
later hepatocytes were isolated and the immobilization of
hepatocytes in low temperature gelling agarose threads and the
subsequent perfusion with Williams E medium was done
according  to  Farghali et al.1 The functional  integrity and
metabolic competence of the hepatocytes was evaluated by
assessing the time course of lactate dehydrogenase leakage

from the immobilized hepatocytes, rate of oxygen consumpti-
on of the cells and the time course of urea synthesis into the
perfusate. To inhibit iNOS production the phosphatase (calci-
neurin) inhibitor tacrolimus (FK 506 0.3 mg.kg-1) was given
i.p. before LPS and urea synthesis was followed. In some
experiments the immobilized hepatocytes were preincubated
with sodium nitroprusside (SNP 0.2 mmol.l-1) or S-nitroso-N-
-acetyl penicillamine (SNAP 0.2 mmol.l-1) and the time course
of urea synthesis was followed up.

The rate of urea synthesis was significantly reduced by
LPS administration at all time intervals tested. Four hours after
hepatocyte perfusion the cummulative urea synthesis was
5.5±0.2 mg/100 ml of the perfusate in control hepatocytes as
compared to 4.0±0.2 mg/100 ml cummulative synthesis by
hepatocytes isolated from LPS treated rats. The coadministra-
tion of tacrolimus, though did not affect the final absolute
amount of urea after 4-hours perfusion, the rate of urea syn-
thesis was increased more than two-fold during the perfusion
time (600 % increase in LPS-treated rats as compared to
1700 % increase in tacrolimus-pretreated rats). The delivery
of NO through the donors SNP or SNAP decreased the rate of
urea synthesis in all types of experiments performed.

It seems that stimulation of iNOS by LPS with the con-
sequent production of NO is followed by inhibition of urea
synthesis. It is well established that tacrolimus is a phospha-
tase inhibitor in T-cells and we found that it inhibits the iNOS
mRNA in rat peritoneal macrophages by using RT PCR tech-
nique. The inhibitory effect of LPS induced iNOS on urea
synthesis apparently was reversed by tacrolimus. Moreover
NO exogenously delivered also inhibited the urea production.

Our results are in agreements with our previous2 and other
studies3 which reported that NO production in the differen-
tiation process of human hepatocytes by butyrate may play
a role in suppressing butyrate-induced urea-synthesis capaci-
ty. However, it should be indicated that endogenous arginine
synthesizing and arginine degrading enzymes regulate NO
synthesis by a very complicated process. The reduction of urea
synthesis by hepatocytes under endogenous or exogenous
provision of NO, may indicate a novel negative feedback
mechanism whereby NO downregulates one or more of urea
cycle enzyme gene expression or reduces the activity of one
or more of these enzymes by simple nitrosylation of an active
site. However, the practical implication of the effect of NO
inhibitory effect on hepatocytes urea synthesis remains to be
clarified.

This work was supported by research grants from GA »R 305/
00/1129, IGA MZ NL/5885-3 and MäMT 206017-01.
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32 MECHANISMUS FOTOCYTOTOXICK›CH
⁄»INKŸ INDUKOVAN…HO PROTOPORFYRINU
IX NA LEUKEMICK… BU“KY

DANA GREBE“OV¡, JITKA BARTOäOV¡,
HANA CAJTHAMLOV¡, IURI MARINOV
a ZBYNÃK HRKAL

⁄stav hematologie a krevnÌ transfuze, U Nemocnice 1, 128 20
Praha 2

Fotodynamick· terapie (PDT) je protin·dorovou terapiÌ
zaloûenou na navozenÌ z·stavy bunÏËnÈho cyklu, apoptÛzy Ëi
nekrÛzy malignÌch bunÏk, ˙Ëinkem svÏtlem aktivovan˝ch fo-
tosensitivnÌch l·tek, tzv. fotosensibiliz·tor˘. P¯enosem ener-
gie z excitovanÈho fotosensibiliz·toru na molekuly kyslÌku
dojde ke vzniku vysoce reaktivnÌch molekul tzv. singletovÈho
kyslÌku (1O2). Molekuly kyslÌku v singletovÈm stavu kriticky
poökodÌ oxidativnÌmi procesy nÏkterÈ bunÏËnÈ sloûky v jejich
bezprost¯ednÌm okolÌ (proteiny, lipidy, DNA), coû n·slednÏ
vede k bunÏËnÈ smrti. V d˘sledku vyööÌho zadrûenÌ fotosensi-
biliz·toru n·dorovou tk·nÌ ve srovn·nÌ s tk·nÌ norm·lnÌ dojde
ke specifickÈmu zniËenÌ malignÌch bunÏk.

V poslednÌm desetiletÌ byl ve fotodynamickÈ terapii uplat-
nÏn nov˝ princip: namÌsto exogennÌho fotosensibiliz·toru je
pod·n prekurzor fotosensitivnÌ l·tky, kyselina 5-aminolevu-
lov· (ALA). TÌmto z·sahem je v buÚk·ch p¯eklenut prvnÌ
regulaËnÌ krok biosyntÈzy hemu, syntÈza ALA z glycinu a suk-
cinyl CoA, kontrolovan˝ ALA-synthasou. Prost¯ednictvÌm
enzymovÈho systÈmu biosyntÈzy hemu jsou n·slednÏ synte-
tizov·na v mitochondriÌch v˝znamn· mnoûstvÌ l·tky s vy-
nikajÌcÌmi fotosensibilizaËnÌmi vlastnostmi, protoporfyrinu
IX (PPIX). V norm·lnÌch buÚk·ch je nadbyteËnÈ mnoûstvÌ
PPIX transformov·no ferochelatasou na fotodynamicky neak-
tivnÌ hem, jenû je rychle degradov·n hemoxygenasou. Naproti
tomu v n·dorov˝ch buÚk·ch se PPIX hromadÌ, patrnÏ v d˘-
sledku defektnÌ metabolickÈ dr·hy syntÈzy hemu (zv˝öen·
aktivita deaminasy porfobilinogenu, snÌûen· aktivita feroche-
latasy). N·slednÈ oz·¯enÌ tk·nÏ viditeln˝m svÏtlem v oblasti
nÏkterÈho z absorpËnÌch p·s˘ PPIX (na p¯. Soretova p·su)
vede ke specifickÈ destrukci malignÌch bunÏk, p¯iËemû okolnÌ
zdrav· tk·Ú z˘st·v· nedotËena.

V p¯edchozÌch pracech1,2 jsme prok·zali vysokou citlivost
bunÏk ¯ady leukemick˝ch liniÌ (HL60, ML2, JURKAT, DAUDI,
HEL) i krevnÌch bunÏk pacient˘ trpÌcÌch leukemick˝mi one-
mocnÏnÌmi, k tÈto variantÏ fotodynamickÈ teapie zaloûenÈ na
aplikaci ALA (ALA-PDT). V tomto sdÏlenÌ se zab˝v·me
mechanismem cytotoxickÈho ˙Ëinku ALA-PDT na leukemic-
kÈ buÚky.

Faktorem, kter˝ z·sadnÌm zp˘sobem ovlivÚuje ˙Ëinnost
ALA-PDT je mnoûstvÌ pohlcenÈ svÏtelnÈ energie, jeû je ˙mÏr-
nÈ velikosti podanÈ svÏtelnÈ d·vky. Metodami  pr˘tokovÈ
cytometrie jsme pomocÌ propidium jodidu stanovili k¯ivky
p¯eûitÌ bunÏk leukemick˝ch linÌ po indukci ALA (1 mol.l-1,
4 h) v z·vislosti na svÏtelnÈ d·vce (0ñ18 J.cm-2) a dobÏ kulti-
vace (0ñ72 h). MnoûstvÌ viabilnÌch bunÏk klesalo ˙mÏrnÏ
podanÈ svÏtelnÈ d·vce. SvÏteln· d·vka 9 J.cm-2 byla minim·l-
nÌ nutn· k docÌlenÌ trvalÈho poökozenÌ bunÏk (pokles viabil-
nÌch bunÏk o vÌce neû 99 %). P¯i niûöÌch hodnot·ch svÏtelnÈ
d·vky nÏkterÈ buÚky p¯eûily ALA-PDT Ëi se zotavily z cyto-
toxickÈho stresu a zaËaly opÏt proliferovat. SvÏteln· d·vka

18 J.cm-2 (60 min oza¯ov·nÌ) byla dostaËujÌcÌ k docÌlenÌ ma-
xim·lnÌho cytotoxickÈho ˙Ëinku ALA-PDT. D·le jsme pomo-
cÌ fluorescenËnÌ sondy DiOC6 (3,3í-dihexyloxacarbocynain
jodid) sledovali pomocÌ pr˘tokovÈ cytometrie Ëasov˝ pr˘bÏh
ztr·ty potenci·lu vnit¯nÌ mitochondri·lnÌ membr·ny, ∆ψm, jeû
je poË·teËnÌm stadiem programovanÈ bunÏËnÈ smrti, apoptÛ-
zy, iniciovanÈ perturbacÌ mitochondri·lnÌch funkcÌ. K poklesu
potenci·lu ∆ψm doch·zelo u leukemick˝ch bunÏk HL60 jiû
v pr˘bÏhu oza¯ov·nÌ, p¯iËemû svÏten· d·vka 18 J.cm-2 vyvo-
lala jeho zruöenÌ u 90 % bunÏk.

DalöÌm apoptotick˝m parametrem, kter˝ jsme sledovali
kvantitativnÏ byla fragmentace DNA ˙Ëinkem ALA-PDT,
pomocÌ metody TUNEL zaloûenÈ na znaËenÌ novÏ vznikajÌ-
cÌch 3íOH konc˘ bromodeoxyuridinem (BrdU). Maxim·lnÌ
˙rovnÏ internukleosom·lnÌ DNA fragmentace bunÏk HL60
(75 %) bylo dosaûeno jiû 45 min po indukci ALA (1 mol.l-1,
4 h) a oz·¯enÌ d·vkou 18 J.cm-2. D·le jsme SDS elektroforÈzou
a Western blottingem, uûitÌm specifickÈ anti-PARP protil·t-
ky, prok·zali ötÏpenÌ polymerasy poly-ADP ribosy, jeû je
projevem exekuËnÌ f·ze apoptÛzy. Ke ötÏpenÌ PARP doch·ze-
lo jiû za 30 min po ALA-PDT.

V˝sledky podporujÌ p¯edstavu o iniciaci apoptÛzy oxida-
tivnÌm stresem vyvolan˝m v mitochondriÌch fotoaktivacÌ PPIX
syntetizovanÈho  v  tÈto  organele  po indukci ALA, po nÌû
n·sleduje exekuËnÌ f·ze apoptÛzy majÌcÌ za n·sledek stÏpenÌ
reparativnÌho proteinu PARP a DNA fragmentaci.

Tato pr·ce byla podpo¯ena grantem IGA MZ »R NC/5883-3.
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33 AKTIVITA K+-p-NITROFENYLFOSFAT¡ZY
(K+pNPP¡ZA) V TKANIVE CNS
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UK, Sasinkova 2, 811 08 Bratislava, Slovensk· republika

Vzhæadom na jednu z funkciÌ nervovÈho systÈmu (pre-
nos nervovÈho vzruchu) patr Ì aktivita ATP-·z, podieæa-
j˙cich sa na udrûiavanÌ nerovnomernej distr ib˙cie iÛnov,
k dÙleûit˝m enz˝mom tohto tkaniva. Predpoklad· sa, ûe
s˙Ëasùou aktivity Na+, K+-ATP·zy je aktivita K+pNPP·zy,
ktor· zabezpeËuje K+ z·visl˙ hydrol˝zu fosfoenz˝mu1,2. V li-
terat˙re nie je jednoznaËne vyrieöen˝ problÈm, Ëi rozliËnÈ
aktivity pNPP·z v z·vislosti od prÌtomnosti regulaËn˝ch iÛ-
nov s˙ prejavom existencie viacer˝ch typov enz˝mov3. V pr·-
ci s˙ charakterizovanÈ aktivity pNPP·z v homogen·toch moz-
gu a peËene potkana.

Aktivity pNPP·z boli stanovenÈ metÛdou podæa Stefanovica
a spol. (cit.4) v 1 % homogen·toch mozgu a peËene potkana
vTris-HCl(pH7,5)pri37 ∞Cvkombin·ciiiÛnov:Mg2+(3 mmol.l-1)

Chem. Listy 94, 596 ñ 618 (2000) Sekce 5

617



Tabuæka I
Vplyv vyviazania endogÈnneho Ca2+ na aktivity pNPP·z

pNPP·zy MgK(Ca) MgK(ñCa) Mg(Ca) Mg(ñCa) K(Ca) K(ñCa)

nkat.mg-1 bielkovÌn 0,55±0,07 0,83±0,09* 0,13±0,02 0,24±0,03* 0,42±0,05 0,59±0,06*

a Mg2+(3 mmol.l-1) +K+ (10 mmol.l-1 , v prÌtomnosti endogÈn-
neho Ca2+ a po jeho vyviazanÌ s 0,1 mmol.l-1 EGTA. Uvoænen˝
p-nitrofenol bol stanoven˝ pri 405 nm. ätatistickÈ hodnotenie
bolo robenÈ Studentov˝m t-testom.

V homogen·toch tkanÌv boli stanovenÈ aktivity pNPP·z
v prÌtomnosti iÛnov Mg2++K+ a v prÌtomnosti Mg2+. Z ich roz-
dielu bola vypoËÌtan· K+ aktivovan· Ëasù pNPP·zy. Vyviaza-
nie endogÈnneho Ca2+ poch·dzaj˙ceho z homogen·tu pomo-
cou EGTA viedlo ku zv˝öeniu aktivÌt Mg2+ aj Mg2+K+pNPP-
·zy v homogen·toch mozgu (tab. I) aj kÙry mozgu potkana5.

V·pnik prid·van˝ pri inkub·cii homogen·tov kÙry mozgu
(5.10-6 mol.l-1 CaCl2) neovplyvÚoval aktivitu pNPP·z (cit.5).
Vyviazanie Ca2+ teda aktivuje jednotlivÈ pNPP·zy, Ëo po-
ukazuje na to, ûe mnoûstvo v·pnika nach·dzaj˙ce sa v 1 %
homogen·te postaËuje na inhibÌciu pNPP·z, ako aj na moûn˝
z·sah Ca2+ do regul·cie ich aktivÌt. Porovnanie aktivÌt pNPP·z
v homogen·toch mozgu a peËene potkana v prÌtomnosti en-
dogÈnneho Ca2+ a  po  jeho vyviazanÌ  uk·zalo, ûe aktivita
celkovej ñ Mg2+K+pNPP·zy (s Ca2+aj bez Ca2+) je v mozgu
3-kr·t vyööia ako v peËeni.

Z rovnakej aktivity Mg2+pNPP·zy v mozgu a peËeni a vy-
sokej aktiv·cie pNPP·zy pridanÌm K+ v mozgu, bez tejto
aktiv·cie v peËeni, moûno predpokladaù, ûe sa jedn· o dva
rozliËnÈ typy enz˝mov ñ Mg2+pNPP·zu a K+pNPP·zu. Na
v˝znam K+pNPP·zy v mozgu poukazuje jej vysok· aktivita
v tkanive CNS, lokaliz·cia v synaptozÛmoch1 a regul·cia jej
aktivity iÛnmi Ca2+, k˝m Ëasù aktivity regulovan· Ca2+ je
v peËeni veæmi nÌzka (obr. 1). Tieto v˝sledky mÙûu pouka-
zovaù na to, ûe v CNS okrem K+pNPP·zy ako s˙Ëasti Na+,
K+-ATP·zy by mohla existovaù Ôalöia K+pNPP·za. Ak by sa
aj t·to aktivita z˙ËastÚovala defosforyl·cie proteÌnov, mohla
by maù vzùah k regul·cii procesov v synaptozÛmoch s˙visia-
cich s Ca2+-dependentnou fosforyl·ciou a n·slednou defosfo-
ryl·ciou bielkovÌn vezik˙l synaptozÛmov. Takto by sa jedna
Ëasù K+pNPP·zy synaptozÛmov podieæala na defosforyl·cii
Na+, K+-ATP·zy a druh· aktivita (modulovan· Ca2+) na defo-
sforyl·cii synapsÌnu, dÙleûitÈho v procese fix·cie resp. uvoæ-
Úovania vezik˙l v neurÛnoch.

Autori Ôakuj˙ za finanËn˙ podporu grantu Mä SR Ë. 1/6145/99.
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Obr. 1. Aktivity pNPP·z v 1 % homogen·toch mozgu a peËene
potkana
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01 STEROL ESTERIFICATION IN YEAST ñ TWO
ENZYMES FOR A NON-ESSENTIAL PROCESS

MARTIN VALACHOVI» and IVAN HAPALA

Institute of Animal Biochemistry and Genetics, Slovak Acade-
my of Sciences, 900 28 Ivanka pri Dunaji, Slovak Republic

Sterols may exist in two forms in eukaryotic cells: as free
sterols in cellular membranes and as fatty acid esters located
almost exclusively in lipid particles in the cytoplasm. The
pools of free and esterified sterols are freely interconvertible
in the yeast Saccharomyces cerevisiae and their relative sizes
depend on physiological status of the culture. The exact fun-
ction of sterol esters is still a matter of discussion. Their
accumulation in the stationary phase and rapid conversion to
free sterols during renewal of growth1 indicates a possible role
of storage form sterols. Alternatively, esterification and stora-
ge in lipid particles could be involved in sequestration of
sterols less optimal for membrane functions. In the yeast
S. cerevisiae, sterol esterification is catalysed by two homo-
logous acyl-CoA:sterol acyltransferases, Are1p and Are2p.
Their individual roles in sterol turnover is not well understood,
however, they appear to be not essential for yeast as single and
double disruptants in genes ARE1 and ARE2 show normal
growth pattern.

We have analysed the levels of steryl esters in mutants with
inactivated ARE1 and ARE2 genes with the aim to get insight
about their function/activity under different growth conditi-
ons. It has been reported previously that ARE2 gene encodes
the major acyl-CoA:sterol acyltransferase activity2. This fact
was confirmed in our experiments in aerobic cells labelled
with 14C-acetate or 14C-oleate when inactivation of the ARE1
gene showed no major effect on the levels of steryl esters while
inactivation of ARE2 gene reduced the levels of steryl esters
by about 60 %. This difference was preserved in cells harve-
sted in exponential phase as well as in the early stationary
phase indicating that ARE1 and ARE2 genes are not differen-
tially controlled by growth phase. A different pattern of sterol
esterification activity was observed in cells grown under strict
anaerobiosis. Interestingly, the relative activity of Are1p and
Are2p was reversed in anaerobiosis which indicated that ARE1
gene (encoding the minor activity in aerobic cells) may be the
hypoxic esterification enzyme in S. cerevisiae. Our results do
not allow to distinguish if observed differences under various
growth conditions are caused by differential expression of
ARE genes or changes in the activities of corresponding pro-
teins due to different availability of substrates. Anaerobic cells
showed in general very low levels of steryl esters compared to
aerobic cells. When the activity of Are1p and Are2p was tested
in anaerobic cells incubated with various sterols as substrates,
both enzymes showed a similar affinity in the order cholesterol
> sitosterol > stigmasterol > ergosterol > lanosterol.

The possibility that sterol esterification is involved in
removal of improper sterols from membranes3 was tested in
mutants with single and double disruptions of ARE genes with
ergosterol synthesis partially inhibited by antimycotics. Inac-
tivation of both isoenzymes in double disruptant are1 are2
resulted in slightly increased sensitivity to low doses of itra-
conazole. However, the effect of Are1p and Are2p on the
esterification of detrimental ergosterol precursors must be

estimated by direct analysis of pattern of esterified sterols in
antimycotic-treated cells.

This work was supported by the grant VEGA 2/5046/98.
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02 THE ROLE OF CYTOCHROME c OXIDASE
IN REGULATION OF ENERGY METABOLISM

ZDENÃK DRAHOTAa, SUBIR ROY CHOWDHURYa,b,
and JOSEF HOUäTÃKa,b

aInstitute of Physiology, Academy of Sciences of the Czech
Republic, VÌdeÚsk· 1083, 142 20 Prague, bDepartment of
Paediatrics, 1st Faculty of Medicine, Charles University, Ke
Karlovu 2, 120 00 Prague, Czech Republic

Cytochrome c oxidase is a terminal enzyme of mitochon-
drial respiratory chain formed by 13 different polypeptide
subunits. Some of these subunits have regulatory functions,
which can modulate the enzyme activity1. The most important
regulatory mechanisms are allosteric inhibition by ATP (Ref.2),
fatty acid controlled proton translocation3 and the role of
cytochrome c oxidase as an oxygen sensor4.

Cytochrome c oxidase activity is also dependent on the in-
tegrity of the mitochondrial membrane. Solubilisation of the
membrane with detergent highly increases the enzyme activi-
ty, which indicates that the cytochrome c oxidase in intact cells
is down regulated. As demonstrated by several groups5-7 a sig-
nificant excess of cytochrome c oxidase capacity over capa-
cities of respiratory chain linked dehydrogenases can be de-
tected in mitochondria of most tissues. This difference can
be calculated from e.g. titration of cytochrome c oxidase and
succinate oxidase by KCN and results in a nonlinear de-
pendence between inhibition of cytochrome c oxidase and
inhibition of respiratory chain acivity which is apparent as
a ìtreshold behaivourî. Recently however, Villani and Attar-
di8 indicated that this situation can be different in intact cell
preparations.

Using high resolution polarography (OROBOROS oxy-
graph, Austria) we studied cytochrome c oxidase activity in
isolated mitochondria from various tissues (heart, liver, brown
fat) and in isolated (hepatocytes, cardiocytes) and cultured
cells (fibroblasts, amniocytes). We found that there are pro-
nounced differences between various tissues and cell prepara-
tions in the extent of detergent activation of cytochrome c
oxidase activity. Also the values of ìexcessî of cytochrome c
oxidase activity differ in various cell preparations tested, being
maximal in cardiocytes and minimal in amniocytes.

These new aspects of understanding the mitochondrial
function treshold values are very important, especially with
respect of studies of mitochondrial cytopathies, because they
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could help to explain why mitochondrial defects can be tissue
specific even if a nuclear mutation, or homoplasmic mtDNA
mutation is present.

This work was supported by the grant of Charles University
No. 70-99 and by the Grant of the Czech Grant Agency No.
303001658.
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03 MITOCHONDRIAL RESPIRATORY ENZYME
ACTIVITIES IN HUMAN FOETAL CELLS

SUBIR ROY CHOWDHURYa,b, ZDENÃK DRAHOTAa,
and JOSEF HOUäTÃKa,b

aInstitute of Physiology, Academy of Sciences of the Czech
Republic, VÌdeÚsk· 1083, 142 20 Prague, bDepartment of
Paediatrics, 1st Faculty of Medicine, Charles University, Ke
Karlovu 2, 120 00 Prague, Czech Republic

Amniocytes represent a population of foetal cells that can
be used for prenatal diagnosis of mitochondrial oxidative
phosphorylation (OXPHOS) defects1-3. For systematic analy-
sis of OXPHOS defects in foetal cells, however, limitations of
various methods used for evaluation of mitochondrial func-
tions must be considered4. We present a complex protocol for
determination of the function of mitochondrial OXPHOS en-
zymes in cultured amniocytes using three independent and
complementary methods: i) spectrophotometry as a technique
for determination of mitochondrial enzyme activities measu-
red under optimum conditions for particular enzyme, which
refers to maximum enzyme capacity, ii) high resolution pola-
rographic oxymetry as a technique to assesss respiratory chain
enzyme activities under in situ conditions in ìcell-integrated
OXPHOS enzyme systemî, and iii) TMRM cytofluorometry
as a technique to determine the function and efficiency of the
OXPHOS system at the level of mitochondrial membrane
potential. Furthermore, our studies thus represent the base for
detailed prenatal analysis of OXPHOS system in mitochon-
drial diseases. Our data showed a modified stoichiometry
between cytochrome c oxidase and complex I or II when their
activities are measured under optimum or in situ conditions.
These differences are due to detergent activation of the cyto-
chrome c oxidase and indicate that under in situ conditions
cytochrom c oxidase is down regulated5. Therefore, some de-

fects in Complex IV could be undetected when the enzyme ac-
tivity is measured only in the presence of detergents (Table I).

Table I
Ratio of cytochrome c oxidase and succinate oxidase activity
in digitonin permeabilized amniocytes

Activity Ratio (A/B)

Spectrophotometric determination
(nmol/min/mg protein)

Cytochrome c oxidase (A) 45.6±13.3 4.75
Succinate cytochrome c 9.6±2.1
reductase (B)

Polarographic determination
(pmol oxygen/s/mg protein)

Cytochrome c oxidase 82.5±25.7 1.13
(ascorbate, TMPD, ADP)
Succinate oxidase 72.4±22.0
(succinate, ADP)

This work was supported by the grant of Charles University,
No. 70/99.
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Disorders in oxidative phosphorylation (OXPHOS) en-
zymes represent large group of severe metabolic diseases ñ
mitochondrial encephalomyopathies, which often manifest in
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early childhood and predominantly affect muscle, brain and
other tissues with high energetic demands1. Genetically are
OXPHOS disorders rather complicated as the pathogenic mu-
tations can reside in mtDNA, as well as in nuclear genes. So
far decscribed inborn defects of mitochondrial ATPase, the
key enzyme of ATP production in mammalian cells are mostly
caused by maternally inherited mtDNA point mutations in
subunit a which disturb the function of the ATPase Fo proton
channel resulting in a decrease of mitochondrial ATP produc-
tion2-4. Besides that, also some of the mtDNA deletions, which
include  ATPase genes, may result in defects of ATPase.
Typical for the diseases is transmission of the mutation from
an asymptomatic mother harbouring <60 % of mutated mtDNA
to all children, resulting in dramatic positive segregation of the
mutation.

We have found a new type of fatal mitochondrial disorder
that is caused by selective deficiency of mitochondrial ATPase.
The defect manifested in hypotrophic newborn by severe lactic
acidosis, cardiomegaly and hepatomegaly followed by heart
failure after 2 days. The activity of oligomycin-sensitive
ATPase was only 31ñ34 % of the control, both in muscle and
heart, but activities of cytochrome c oxidase, citrate synthase
and pyruvate dehydrogenase were normal. The electrophoretic
and Western-blotanalysis revealedselectivereductionofATPase
complex but normal content of the respiratory chain comple-
xes I, III and IV. The same selective deficiency of ATPase was
found in cultured skin fibroblasts which showed similar de-
crease in the ATPase content, ATPase hydrolytic activity and
activity of substrate-dependent ATP synthesis (20ñ25 %, 18 %
and 29ñ33 % of the control, respectively).

Pulse-chase labelling of patient fibroblasts revealed low
incorporation of [35S]methionine into assembled ATPase com-
plex, but increased incorporation into immunoprecipitated
ATPase subunit beta, which showed very short half-life. In
contrast, no difference was found in the size and subunit
composition of the assembled and newly produced ATPase
complex. No mutations could be found in mtDNA genes for
subunit a and A6L and Northern blot analysis showed normal
mRNA levels for ATPase subunits beta and c in the patient.
Transmitochondrial cybrids prepared from enucleated fibro-
blasts of the patient and rho0cells derived from 143B.TK-human
osteosarcoma cells restored fully the ATPase activity, ATP
synthesis and ATPase content, when compared with control
cybrids. Likewise, the pattern of [35S]methionine labelling of
ATPase was found to be normal in patient cybrids.

We conclude5 that the described generalised deficiency of
mitochondrial ATPase is thus the first human ATPase defect
of nuclear origin and it is caused by an altered biosynthesis of
the enzyme, probably at the level of enzyme assembly.
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Mitochondrial ATPase is the central enzyme in energy
conversion of the cell. The biosynthesis of ATPase involves
a complicated apparatus of genes and proteins, which have to
act in concert to provide the cell with sufficient amount of fully
functional enzyme. Several regulatory levels have been sug-
gested to be involved in the biogenesis of ATPase. In ATPase-
-poor brown adipose tissue (BAT), which has 10-fold de-
creased ATPase content, only the mRNA for subunit c is
decreased while the mRNA levels for all other ATPase su-
bunits remain high1,2. Translational inhibition of ATP synthase
β-subunit (β-ATPase) mRNA in prenatal rat liver has been im-
plicated to be controlled by a protein termed 3í-β-F1-ATPase
binding protein3. The studies on mRNA of β-ATPase subunit
showed that overexpressed mRNAs of ATPase subunits seem
to have decreased half-life and low translational efficacy in
BAT compared with other tissues4.

We have identified two mammalian cytosolic proteins,
BARB1 and BARB2, that selectively interact with the 3í-un-
translated region of β-ATPase mRNA, and their role in post-
-transcriptional regulation of β-ATPase mRNA was propo-
sed5. To determine the binding requirements for BARB1 and
BARB2, series of different RNA probes, spanning the coding
region and the 3í-UTR, were used in electromobility shift
assay (EMSA) and cross-link experiments. BARB1 and BARB2
interaction with β-ATPase mRNA were further characterised
by means of the displacement of RNA-protein binding by
homoribopolymers and unlabelled specific and unspecific ri-
boprobes, competition assays with oligonucleotides comple-
mentary to the putative binding regions and RNA probes
carrying deletions of these regions.

The results indicate that BARB1 binding involves interaction
with the actual poly(A) tail but also requires specific upstream
element; BARB2 can bind without BARB1, however BARB1
is a bona fide poly(A) binding protein with specificity for
β-ATPase mRNA and BARB2 binds β-ATPase mRNA via U-
-rich region, and the binding involves different or several po-
ly(U) sites. We suggest that BARB2 recognises two or more di-
stinct regions in the β-ATPase mRNA, and the binding is rela-
tively unspecific with respect to different U-rich sequence motif.

In order to characterise the BARB proteins, FPLC chroma-
tography, Northwestern analysis, electrophoretic separations
and MALDI-TOF analysis were performed. The β-ATPase
mRNA binding proteins were identified as heat-shock cognate
protein 70 (Hsc70) and heat-shock protein 84 (Hsp84).
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In conclusion, post-transcriptional regulation of β-ATPase
reveals a novel principle for conferring selectivity of poly(A)
binding protein. It could be suggested that analogous specific
post-transcriptional control exists also for other mitochondrial
proteins, where gene expression does not correlate with the
amount of the corresponding protein products.
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06 ROZPÿAéENÕ MITOCHONDRI¡LNÕ OXIDA»NÕ
FOSFORYLACE V ADIPOCYTECH BÕL…
TUKOV… TK¡NÃ INHIBUJE SYNT…ZU
MASTN›CH KYSELIN
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SyntÈza mastn˝ch kyselin (MK) de novo v adipocytech je
d˘leûit· pro ¯ÌzenÌ celkovÈho mnoûstvÌ tÏlesnÈho tuku. U Ëlo-
vÏka m˘ûe lipogeneze v tukovÈ tk·ni p¯edstavovat aû 40 %
veökerÈ syntÈzy MK. Pro  syntÈzu  MK  v  tukovÈ tk·ni je
nezbytn· kooperace enzym˘ v cytoplazmÏ a v mitochondriÌch.
Mitochondrie jsou pro lipogenezu nezbytnÈ dÌky syntÈze ATP
a proto, ûe napom·hajÌ tvorbÏ acetyl koenzymu A a NADPH
v cytoplazmÏ. Protoûe hladiny vöech v˝öe uveden˝ch metabo-
lit˘ z·visÌ na ˙Ëinnosti energetickÈ p¯emÏny v mitochondriÌch,
Ñrozp¯aûenÌì oxidaËnÌ fosforylace by mohlo sniûovat rychlost
syntÈzy MK. Jiû Rognstad a Katz1 prok·zali inhibici syntÈzy
MK ve fragmentech tukovÈ tk·nÏ inkubovan˝ch s 2,4-dinitro-
fenolem (DNP). Snaûili jsme se ovÏ¯it, zda syntÈzu MK v tu-
kovÈ tk·ni mohou ovlivÚovat mitochondri·lnÌ rozp¯ahujÌcÌ
proteiny (UCP). Existuje nÏkolik p¯Ìbuzn˝ch UCP, a vöechny
pravdÏpodobnÏ zvyöujÌ propustnost vnit¯nÌ mitochondri·lnÌ
membr·ny pro protony. UCP1 je p¯Ìtomen pouze v hnÏdÈm
tuku a je nezbytn˝ pro tvorbu tepla v tÈto tk·ni. V bÌlÈ tukovÈ
tk·ni je silnÏ exprimov·n gen UCP2 a p¯edpokl·d· se, ûe
UCP2 m· vztah k regulaci tÏlesnÈ hmotnosti a obezitÏ.

Pokusy byly prov·dÏny na adipocytech bunÏËnÈ linie 3T3-
-L1 diferencovan˝ch in vitro, a na transgennÌch myöÌch, rezis-
tentnÌch v˘Ëi obezitÏ dÌky indukci UCP1 v bÌlÈ tukovÈ tk·ni2.
SyntÈza a oxidace MK v adipocytech a tukovÈ tk·ni byly
mÏ¯eny pomocÌ radioaktivnÌch substr·t˘, membr·nov˝ poten-

ci·l mitochondriÌ v adipocytech pomocÌ fluorescenËnÌ sondy
TMRM a pr˘tokovÈ cytometrie, genov· exprese pomocÌ semi-
kvantitativnÌ RT-PCR.

DNP sniûoval Ëty¯n·sobnÏ syntÈzu MK v 3T3-L1 adipo-
cytech in vitro, zatÌmco oxidace MK byla stimulov·na o 50 %.
Inhibice syntÈzy korelovala se sniûov·nÌm mitochondri·lnÌho
membr·novÈho potenci·lu. TakÈ transgennÌ UCP1 v tukovÈ
tk·ni transgennÌch myöÌ sniûoval syntÈzu MK aû Ëty¯n·sobnÏ,
v korelaci s expresÌ transgenu a efektem transgenu na mnoûstvÌ
tuku. Hladiny transkript˘ pro lipogennÌ enzymy byly niûöÌ
v tukovÈ tk·ni transgennÌch myöÌ neû u kontrol.

Prok·zali jsme, ûe rozp¯aûenÌ oxidaËnÌ fosforylace v tuko-
vÈ tk·ni vlivem UCP sniûuje syntÈzu MK (cit.3). To by mohlo
b˝t hlavnÌ funkcÌ UCP2 v bÌlÈ tukovÈ tk·ni.
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⁄Ëinnost mitochondri·lnÌ oxidaËnÌ fosforylace v adipocy-
tech bÌlÈ tukovÈ tk·nÏ m˘ûe ovlivÚovat celkovÈ mnoûstvÌ tuku
v tÏle. Ektopick· syntÈza rozp¯ahujÌcÌho proteinu 1 (UCP1)
v bÌlÈ tukovÈ tk·ni transgennÌch (aP2-Ucp1) myöÌ ovlivÚuje
rozloûenÌ tÏlesnÈho tuku a chr·nÌ proti obezitÏ1. Hyperlepti-
nemie vyvolan· v potkanech adenovirov˝m p¯enosem genu
pro leptin (tk·Úov˝ hormon produkovan˝ tukovou tk·nÌ) sni-
ûuje obsah tuku tÌm, ûe indukuje expresi rozp¯ahujÌcÌch protei-
n˘ UCP1 a UCP2, zvyöuje oxidaci mastn˝ch kyselin a inhibuje
syntÈzu lipogennÌch enzym˘ a jejich transkripËnÌho faktoru
PPARγ2 (cit.2). V bÌlÈ tukovÈ tk·ni je gen UCP2 silnÏ expri-
mov·n i za norm·lnÌch podmÌnek, m· vztah k regulaci tÏlesnÈ
hmotnosti a p¯edpokl·d· se, ûe by mohl sniûovat ˙Ëinnost
oxidaËnÌ fosforylace. Naöim cÌlem bylo vysvÏtlit proË odp¯a-
ûenÌ sniûuje lipogenezu bÌlÈ tukovÈ tk·nÏ3.

Anal˝za genovÈ exprese byla provedena pomocÌ metod
ÑNorthern blotinguì a semikvantitativnÌ RT-PCR. Byly pouûi-
ty transgennÌ (aP2-Ucp1) a kontrolnÌ myöi (kmen C57BL6/J)
a adipocyty odvozenÈ od tÏchto zvÌ¯at a diferenciovanÈ in vitro
v prim·rnÌch kultur·ch. Mitochondri·lnÌ membr·nov˝ poten-
ci·l (∆ψm) v adipocytech byl zmÏ¯en pomocÌ pr˘tokovÈ cyto-
metrie a fluorescenËnÌ sondy TMRM.

V podkoûnÌm bÌlÈm tuku transgennÌch myöÌ je, v porov-
n·nÌ s kontrolami, 2ñ3◊ niûöÌ hladina transkript˘ gen˘ pro
Ñlipid binding proteinì aP2 (marker lipogeneze) a PPARγ2.
Exprese aP2 genu v adipocytech diferenciovan˝ch in vitro

γ
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negativnÏ korelovala s expresÌ transgennÌho UCP1. Adipocyty
odvozenÈ z transgennÌch myöÌ vykazujÌ relativnÏ nÌzk˝ mem-
br·nov˝ potenci·l.

Naöe v˝sledky ukazujÌ, ûe rozp¯aûenÌ mitochondri·lnÌ oxi-
daËnÌ fosforylace v adipocytech bÌlÈ tukovÈ tk·nÏ m˘ûe sni-
ûovat expresi transkripËnÌho faktoru PPARγ a n·slednÏ tak
i expresi lipogennÌch enzym˘.
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Gen rozp¯ahujÌcÌho  proteinu 1  (UCP1) je  exprimov·n
pouze v hnÏdÈ tukovÈ tk·ni savc˘. Tato bÌlkovina vnit¯nÌ mi-
tochondri·lnÌ membr·ny je nezbytn· pro termogenezu v hnÏ-
dÈm tuku, uplatÚuje se p¯i udrûov·nÌ st·lÈ tÏlesnÈ teploty, ale
takÈ p¯i ¯ÌzenÌ celkovÈ energetickÈ bilance organismu. Exprese
genu UCP1 je indukov·na, a mnoûstvÌ HT vzr˘st·, bÏhem
adaptace na chlad a p¯i krmenÌ zvÌ¯at Ñcafeteria dietì, tj. za
podmÌnek, kterÈ vedou k vyööÌmu kalorickÈmu p¯Ìjmu. Vliv
nadmÏrnÈho kalorickÈho p¯Ìjmu na tÏlesnou hmotnost je proto
minim·lnÌ, protoûe vÏtöina nadbyteËnÈ metabolickÈ energie
p¯ijatÈ potravou je uvolÚov·na termogenezÌ v hnÏdÈm tuku.
BÌl· tukov· tk·Ú u myöÌ, ale pravdÏpodobnÏ i u ËlovÏka,
obsahuje prekurzory hnÏdotukov˝ch adipocyt˘. CÌlem tÈto
pr·ce bylo zjistit, zda pod·v·nÌ stravy s vysok˝m obsahem
tuk˘ vyvol· diferenciaci hnÏdotukov˝ch adipocyt˘ v bÌlÈ tu-
kovÈ tk·ni, resp. expresi genu UCP1.

Samci myöÌ kmene C57BL6/J byly od ostavu (ve Ëty¯ech
t˝dnech po narozenÌ) krmeny po dva t˝dny vysokotukovou
dietou (10, 60 a 27 % kaloriÌ ve formÏ bÌlkoviny, tuku a sacha-
rid˘) nebo standardnÌ laboratornÌ dietou ST1, Velaz (27, 25
a 38 % kaloriÌ ve formÏ bÌlkoviny, tuku a sacharid˘). Obdobn˝
pokus byl proveden i na dospÏl˝ch zvÌ¯atech (ve st·¯Ì osmi
mÏsÌc˘), krmen˝ch od odstavu standardnÌ dietou a pak po dva
t˝dny vysokotukovou dietou. V bÌlÈ tukovÈ tk·ni z podkoûÌ
a z b¯icha (epididym·lnÌ tuk) a v interskapul·rnÌ hnÏdÈ tukovÈ
tk·ni byla hodnocena exprese genu UCP1 na ˙rovni hladin
transkriptu (semikvantitativnÌ ÑReal Time RT-PCRì) a na
˙rovni hladin UCP1-antigenu (imunoblotacÌ) se specifickou
UCP1 protil·tkou. BuÚky exprimujÌcÌ gen UCP1 v tukovÈ
tk·ni byly charakterizov·ny imunohistochemicky.

Vysokotukov· dieta indukovala expresi UCP1 v bÌlÈ tuko-
vÈ tk·ni v podkoûÌ u myöÌ po odstavu i u dospÏl˝ch zvÌ¯at.

V˝raznÏjöÌ indukce byla pozorov·na na ˙rovni hladin trans-
kriptu pro UCP1 (3◊), neû na ˙rovni samotnÈ bÌlkoviny (1,8ñ
2,5◊). Imunohistochemick· anal˝za prok·zala expresi UCP1
jen v malÈ frakci bunÏk tukovÈ tk·nÏ. V epididim·lnÌ tukovÈ
tk·ni myöÌ obou vÏkov˝ch skupin nebyla indukce nalezena.
TakÈ v interskapul·rnÌm hnÏdÈm tuku byl gen UCP1 induko-
v·n vysokotukovou dietou, ale pouze u myöÌ po odstavu, a ne
u dospÏl˝ch zvÌ¯at.

Vysokotukov· dieta indukuje expresi UCP1 a diferenciaci
hnÏdotukov˝ch bunÏk v bÌlÈ tukovÈ tk·ni v podkoûÌ, bez
ohledu na vÏk zvÌ¯at. Tato dieta aktivuje gen UCP1 i v inter-
skapul·rnÌm depu hnÏdÈho tuku, ale jen u myöÌ tÏsnÏ po
odstavu, a ne u dospÏl˝ch zvÌ¯at.

09 THE ROLE OF MITOCHONDRIAL UCP2
IN CONTROL OF LIPOGENESIS IN WHITE FAT
DURING FASTING

KRISTINA BARDOV¡, RADKA MIKULOV¡,
PAVEL FLACHS, IVO SYROV›, and JAN KOPECK›

Department of Adipose Tissue Biology, Institute of Physiolo-
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Uncoupling protein 2 (UCP2) is a recently discovered
component of mitochondria. Similarly to the brown fat speci-
fic UCP1, also UCP2 probably mediates proton leak across the
inner mitochondrial membrane, decreases mitochondrial mem-
brane potential, and uncouples ATP production from substrate
oxidation. UCP2 has a wide tissue distribution, with the hig-
hest levels of the UCP2 transcript detected in adipocytes and
myeloid cells of the immune system1. The prevailing opinion
is that the function of UCP2 in white fat is linked to overall
metabolic energy efficiency and obesity, as also supported by
relatively low expression of UCP2 gene in abdominal white
fat of morbidly obese patients2, or high expression in mice
strain resistant to obesity3. It was shown that mitochondrial
uncoupling induced in white fat in vitro by 2,4-dinitrophenol4,
or in transgenic mice by ectoptic UCP1 (Ref.5), resulted in the
inhibition of in situ fatty acid synthesis. This inhibition pro-
bably resulted from the lack of mitochondrial ATP synthesis,
required for the fatty acid synthesis. However, transcriptional
control of the lipogenic enzymes could be also involved. The
aim of this study was to verify a hypothesis whether UCP2
may function as a regulator of lipogenesis in white fat, and
namely whether it may be involved in the inhibition of lipo-
genesis during fasting.

Obesity-resistant A/J and obesity-prone C57BL/6J mice
were maintained at 20 ∞C with a 12 h light-dark cycle. 6 A/J
mice and 6 C57BL/6J mice were used as a control, and 9 A/J
mice and 6 C57BL/6J mice fasted for 24 h. Total RNA was
isolated from intraperitoneal adipose tissue and analysed on
Northern blots using ssDNA probes for mouse UCP2, pyru-
vate carboxylase, fatty acid synthase, and a probe for a con-
census sequence of acetyl-CoA carboxylase. Fatty acid syn-
thesis was measured in vitro according to procedure published
in Ref.5

In response to 24 h fasting, the activity of fatty acid
synthesis in epididymal white fat decreased by 20 and 70 %
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in A/J and C57BL/6J mice, respectively. During fasting, the
level of UCP2 transcript increased 2-fold in epididymal white
fat of both A/J and C57BL/6J strains of mice, while the
expression of the gene for acetyl-CoA carboxylase decreased
by 72 and 90 %, and that of the gene for fatty acid synthase
decreased by 46 and 73 % in the case of A/J and C57Bl/6J
mice, respectively. However, the expression of the gene for
pyruvate carboxylase, the intramitochondrial enzyme presu-
mably sensitive to intramitochondrial ATP/ADP ratio, and
required for the maintenance of the overall metabolic flux
through the pathway of fatty acid synthesis, did not change in
response to fasting in the case of A/J mice, and decreased by
40% in the case of C57BL/6J mice.

Our results support the hypothesis that UCP2 is engaged
in the control of fatty acid synthesis in white fat during fasting.
However, the molecular mechanism of the link between UCP2
and lipogenesis has to be established.
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10 POKLES HEMATOPO…ZY A EXPRESE
UNCOUPLING PROTEINU 2 V J¡TRECH
»LOVÃKA PO PORODU

PETR BRAUNERa, MARYSE NIBBELINKb,
PAVEL FLACHSa, IVANA VÕTKOV¡c,
PAVEL KOPECK›d, IRENA MERTELÕKOV¡a,
LENKA JANDEROV¡a, LUC P…NICAUDb,
LOUIS CASTEILLAb, RICHARD PLAVKAd

a JAN KOPECK›a

aFyziologick˝ ˙stav AV »R, VÌdeÚsk· 1083, 142 20 Praha,
bUMR 5018, UPS-CNRS, Institut Louis Bugnard, Toulouse,
Francie, cPatologick˝ ˙stav a dNeonatologickÈ oddÏlenÌ Gy-
nekologicko-porodnickÈ kliniky, VFN, 1. LF UK, 128 51 Praha

J·tra jsou org·nem d˘leûit˝m pro krvetvorbu bÏhem em-
bryon·lnÌho a fet·lnÌho v˝voje ËlovÏka. Jsou hlavnÌm zdrojem
Ëerven˝ch krvinek poËÌnaje 9. t˝dnem gestace, ve 24. t˝dnu
p¯ebÌr· tuto ˙lohu kostnÌ d¯eÚ. Schopnost hematopoÈzy v j·-
trech prudce kles· kr·tce po porodu. Zjistili jsme, ûe mitochon-
dri·lnÌ uncoupling protein 2 (UCP2) je markerem krvetvorn˝ch
bunÏk ve fet·lnÌch j·trech myöi a potkana1. Za fyziologick˝ch
podmÌnek je gen UCP2 exprimov·n pouze v makrof·zÌch2,
exprese v hepatocytech byla pozorov·na jen p¯i nÏkter˝ch
patologick˝ch stavech spojen˝ch s infekcÌ, steatÛzou a tumory
jater3. PodobnÏ jako dalöÌ proteiny z rodiny UCP, takÈ UCP2
pravdÏpodobnÏ ¯ÌdÌ ˙Ëinnost p¯emÏny energie na vnit¯nÌ mi-
tochondri·lnÌ membr·nÏ. P¯edpokl·d· se, ûe jeho funkcÌ v ma-
krof·zÌch je sniûov·nÌ produkce voln˝ch kyslÌkov˝ch radi-

k·l˘4. CÌlem pr·ce bylo charakterizovat bunÏËnÈ typy expri-
mujÌcÌ gen UCP2 v j·trech v perinat·lnÌm obdobÌ u ËlovÏka
a zjistit, jak˝m zp˘sobem tato exprese koreluje s jaternÌ hema-
topoÈzou.

Pokusy byly prov·dÏny na autoptick˝ch vzorcÌch jater 22
lidsk˝ch novorozenc˘, kte¯Ì z r˘zn˝ch d˘vod˘ zem¯eli kr·tce
(45 minut aû 140 dnÌ) po porodu, a jednoho fÈtu (umÏlÈ
p¯eruöenÌ tÏhotenstvÌ ve 23. t˝dnu gestace z d˘vodu indikova-
nÈ dÏdiËnÈ choroby). P¯ev·ûnou Ë·st souboru tvo¯ili novoro-
zenci s velmi nÌzkou porodnÌ hmotnostÌ (<1000 g, gestaËnÌ vÏk
mezi 23. a 32. t˝dnem, 16 p¯Ìpad˘). Soubor obsahoval 6 dÏtÌ
s porodnÌ hmotnostÌ >1000 g (gestaËnÌ vÏk >28 t˝dn˘, z toho
2 novorozenci narozenÌ v ¯·dnÈm termÌnu). HematopoÈza
byla vyhodnocov·na histologicky, UCP2 exprese metodami
Northern blotu, Western blotu, imunohistochemie a in situ
hybridizace.

Byl potvrzen prudk˝ pokles poËtu krvetvorn˝ch bunÏk
v j·trech po porodu, a to bez ohledu na gestaËnÌ vÏk dÌtÏte.
Exprese UCP2 sledovala v˝voj hematopoÈzy. UCP2 byl dete-
kov·n pouze v myeloidnÌch (zejmÈna Kupfferov˝ch) buÚ-
k·ch, a ne v hepatocytech, i p¯es v˝skyt r˘zn˝ch onemocnÏnÌ
doprov·zen˝ch sepsÌ a jaternÌ steatÛzou. Naöe v˝sledky pro-
k·zaly, ûe porod je urychlujÌcÌm faktorem pro pokles hema-
topoÈzy v lidsk˝ch j·trech bez ohledu na gestaËnÌ vÏk. Pokles
exprese genu UCP2 koreluje s poklesem hematopoÈzy. UCP2
m· pravdÏpodobnÏ d˘leûitou ˙lohu pro funkci makrof·g˘
(fagocytÛza, oxidaËnÌ vzplanutÌ) a slouûÌ jako marker jaternÌ
hematopoÈzy v perinat·lnÌm obdobÌ.

Auto¯i dÏkujÌ za finanËnÌ podporu grant˘m IGA MZ 4643-3,
NATO LST.CLG97502 a Barrande 98082-2.
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11 THE BIOGENESIS OF MITOCHONDRIA
AS A POSSIBLE TARGET FOR CYTOTOXIC
ACTION OF Bax IN YEAST CELLS

INGRID KIääOV¡, PETER POL»IC,
MICHAELA VACHOV¡, and JORDAN KOLAROV

Department of Biochemistry, Faculty of Sciences, Comenius
University, 842 15 Bratislava, Slovak Republic

Apoptosis is an evolutionarily conserved cell suicide me-
chanism that plays a crucial role in various biological events,
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including development, tissue homeostasis, and removal of
unwanted cells. Apoptotic signals are activated by various
stimuli and converge towards a common death pathway, for
which Bcl-2 family proteins act as regulators and caspase
family proteases as the signal transducers.

Recent evidences suggest that the mitochondria play a key
function in apoptosis. The interaction between mitochondrial
membranes and proapoptotic proteins of Bcl-2 family (Bax,
Bak) leads to the opening of the mitochondrial permeability
transition pore and to the release of apoptogenic factors such
as cytochrome c and AIF from the intermembrane space into
the cytosol1. The cytochorome c in the cytosol activates the
caspases ñ specific proteases of cell death that then cleave the
number of target substrates and thus are directly or indirectly
responsible for the characteristic morphological and bioche-
mical features of apoptotic cells2,3. These events are prevented
by antiapoptotic members of Bcl-2 family of proteins4.

In Saccharomyces cerevisiae genome no homologues of
any important regulator of metazoan apoptosis were detected,
but the expression of these proteins in yeast cells induces
growth defects, cytochrome c release to  the  cytosol5 and
apoptotic phenotypes characteristic for metazoan cells6. The
fact that the mentioned phenotypes can be prevented by co-
expression of antiapoptotic Bcl-2 proteins7 indicate that in
yeast cells Bax may  act directly  upon  conserved cellular
components that correspond to their apoptotic targets in mam-
malian cells.

In this work, we examined the effect of murine Bax ex-
pression on i) the growth properties, ii) the mitochondrial
functions and iii) the import of proteins to the mitochondria in
wild type S. cerevisiae cells.

Expression of murine Bax has the cytotoxic effect on yeast
cells; it induces the growth arrest and death as observed by the
vital fluorescent staining and plating assay.

The effect of Bax expression on the mitochondrial respi-
ration and membrane potential (∆ψ) was measured in perme-
abilised spheroplasts using Clark oxygene electrode and ∆ψ
sensitive fluorescence dye rhodamine 123, respectively. The
respiration rate of the Bax expressing cells is ~50 % reduced
as compared to the wild type yeast. The mitochondria in Bax
expressing cells are capable of developing transmembrane
potential with magnitude similar to that observed in the control
cells. However, the addition of ADP to mitochondria in Bax
expressing cells does not produce a decrease of transmembra-
ne potential8. The effect of Bax on both the mitochondrial
respiration and the properties of mitochondrial transmembra-
ne potential indicates that the Bax interacts with the yeast
mitochondrial proteins and/or lipids.

To estimate the effect of Bax on the import of proteins to
the mitochondria, we have used GFP fusions with two mito-
chondrial proteins ñ the MTP1 that contains a cleavable N-ter-
minal targeting sequence and the AAC1 that belongs to the
mitochondrial carrier family of proteins possessing the inter-
nal targeting sequences and is taken up by mitochondria by the
different import pathway9,10. Yeast cells were co-transformed
with plasmids carrying the fusion proteins and BAX carrying
plasmid, and analyzed for fluorescence at different times after
the Bax induction. The mitochondrially localised fluorescence
of the AAC1-GFP was after the Bax induction extinguished
while the MTP1-GFP expressing cells retained the mitochon-
drial fluorescence at the corresponding times, what suggests

that Bax preferentially inhibits the import of carrier proteins
to yeast mitochondria8.

We propose that Bax induced permeability of outer mito-
chondrial membrane should lead to the release of essential
soluble components of import machinery of carrier proteins
(TIM8, 9, 10, 12) and by this way may influence the import of
proteins to the mitochondria.

This work was supported by the Howard Hughes Medical
Institute Grant No. 75195-547301.
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12 THE ATTEMPT TO MIMIC Bax INDUCED
PHENOTYPES IN SACCHAROMYCES
CEREVISIAE BY ABROGATING
MITOCHONDRIAL FUNCTIONS

PETER POL»IC, INGRID KIääOV¡,
MARTINA BALIOV¡, and JORDAN KOLAROV

Department of Biochemistry, Faculty of Sciences, Comenius
University, 842 15 Bratislava, Slovak Republic

In mammalian cells Bax protein promotes the apoptosis by
the release of apoptogenic proteins, such as cytochrome c, AIF
or procaspase-9, from the mitochondrial intermembrane space
to the cytosol1. The proposed mechanism by which Bax inter-
acts with the mitochondrial membranes is the Bax induced
opening of the nonspecific channel known as mitochondrial
permeability transition pore (PTP). Although the channel pro-
perties of the PTP are well known, its protein composition
remains unclear. The evidences suggest that the pore complex
may include the voltage dependent anion channel of the outer
mitochondrial membrane, ADP/ATP carrier of the inner mem-
brane together with hexokinase, cyclophilin D and benzodia-
zepine receptor2.

Bax is a member of the Bcl-2 protein family ñ family of
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proteins which include both the apoptotic agonists such as
Bax, Bak, Bad, Bid and the antagonists Bcl-2, Bcl-XL.

Yeast Saccharomyces cerevisiae do not contain any ho-
mologue of Bcl-2 family nor of the caspases ñ the proteases
involved in the metazoan apoptosis. When expressed in yeast,
Bax induces cell death3 as well as the cytochrome c release
from mitochondria4. Since the coexpression of antiapoptotic
Bcl-2 or Bcl-XL prevents yeast cells from the death the Bax
action is considered a specific and it is supposed that it cellular
(mitochondrial) target is the same as in the mammalian cells.
This promotes the yeast to the position of an attractive model
for the studying the mechanism of action of the apoptotic
regulator proteins.

In this work the role of mitochondrial ADP/ATP carrier
(Aac) and  components of mitochondrial respiratory chain
encoded by the mitochondrial DNA has been investigated. The
Bax induced change of growth characteristics and the viability
of wild type yeast and the mutants with AAC genes deleted or
respiratory deficient (rho0) strain was examined. The mentio-
ned yeast strains were transformed by the plasmid carrying the
murine BAX gene under the control of inducible GAL10 pro-
moter and the growth characteristics in the galactose contai-
ning media were assayed. The viability was tested by the
spreading of the aliquots on the glucose containing plates and
by vital fluorescent staining.

Results show that neither AAC deletion nor rho0 mutation
affects the Bax induced cell killing. In all strains tested the 2ñ3
generations are required for the 90 % viability decrease. The
observed lag in the mutant strains is the consequence of their
reduced growth rate.

Since we have shown that the essential process of mito-
chondrial biogenesis ñ the import of the proteins to the inner
mitochondrial membrane ñ should be affected by the Bax
expression5, we attempted to mimic the Bax induced pheno-
types by the combination of the mutations and specific mito-
chondrial inhibitors that affect the mitochondrial biogenesis.
The effect of antimycin A ñ the inhibitor of respiration, and
bongkrekate ñ the inhibitor of ADP/ATP transport on the
growth and viability of the wild type, AAC deletion and rho0

strain was tested. The results will be discussed.
In summary, our results indicate that Bax kill the yeast

cells by inhibiting the mitochondrial biogenesis. We proposed
that possible mechanism should include a release to cytosol of
soluble components of the mitochondrial protein import ma-
chinery (TIM9, TIM10, TIM 12, TIM8) essential for the
import of mitochondrial carrier proteins.

This work was supported by the Howard Hughes Medical
Institute Grant No. 75195-547301.
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13 CIRCULATION OF Ca++ IONS ACROSS
THE PLASMA MEMBRANE
OFMETHANOBACTERIUM
THERMOAUTOTROPHICUM
IS OBLIGATORY FOR METHANOGENESIS
AND GROWTH OF THESE MICROORGANISMS

PETER äMIG¡“, PETER POL¡K,
ALAN MAJERNÕK, and MILOSLAV GREKS¡K

Institute of Animal Biochemistry and Genetics, Slovak Acade-
my of Sciences, 900 28 Ivanka pri Dunaji, Slovak Republic

In eukaryotic cells, variation in the level of cytosolic free
calcium ions regulate processes as impor tant as chemota-
xis chromosome segregation, ion transpor t, mitochondr ial
functions (ATP synthesis included), phospholipase activity
and many others. Cytosolic free calcium concentration is
controlled by the action of specific transpor t system1.

In prokaryotes, diverse and important roles have also been
attributed to calcium ions2.

From studies with different bacterial species, it has been es-
timated that, in analogy to eukaryotes, the cytosolic Ca2+ con-
centration is maintained well below the extracellular medium.

In methanoarchaea Methanobacterium thermoautotrophi-
cum the presence of H+ and Na+ ñ linked Ca2+ extruding
systems have been described. The results obtained are in
agreement with the model in which Ca2+ influx pathway is
represented by a membrane potential-driven uniport whereas
Ca2+ efflux is mediated by two transport system ñ Na+/Ca2+

and H+/Ca2+ antiporters ñ whose participation in the total
efflux is dependent on the energy of the corresponding gra-
dients of driving ions3,4. The role of these transport systems in
Ca2+ ions metabolism is not understood. Recently, we have
found out that the Na+/H+ activity cells M. thermoautotrophi-
cum is under the control of calcium ions5.

In this paper we report that the growth and methanogenesis
of M. thermoautotrophicum is under the control of calcium
ions. The growth of these cell was strongly inhibited in the
medium supplemented with divalent cations chelators EDTA
or EGTA respectively.The growth of these microorganisms
was inhibited also in the presence of ruthenium red (strong

Fig. 1. Calcium dependence of methan formation in M. thermo-
autotrophicum. Cells were suspended in 50 mM-MOPS-Tris buffer
(pH 7.0) to a concentration 1.5 mg protein per 1 ml. App. Ks value for
calcium was calculated from a double-reciprocal plot of the rate of
methanogenesis versus calcium concentrations
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inhibitor of Ca2+ uniport in mitochondria). On the other hand
EGTA did not exert the inhibitory effect on membrane poten-
tial. Methanogenesis in M. thermoautotrophicum from hydro-
gen and carbondioxide was found to be dependent on Ca2+ions
(Fig. 1). Magnesium ions exerted similar activity. The stimu-
latory effect of Ni2+ and Co2+ ions on methane formation was
not observed. The calcium dependent methanogenesis was
coupled with ATP synthesis. The methanogenesis in these
cells was profoundly inhibited in the presence of divalent
cations ionophore A23187.

In conclusion, the present study demonstrate that also in
methanoarchaea M. thermoautotrophicum strain ∆H calcium
ions circulation is obligatory for methanogenesis and growth.

This work was supported by Research Grant VEGA No. 2/
7134/20 from the Slovak Academy of Sciences.
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14 A MUTANT STRAIN OFMETHANOBACTERIUM
THERMOAUTOTROPHICUM WITH A LESION
IN Na+-TRANSLOCATING ATPase ñ
BIOENERGETIC PARAMETERS UNDER
DIFFERENT EXTERNAL CONDITIONS

PETER POL¡K, PETER äMIG¡“,
ALAN MAJERNÕK, and MILOSLAV GREKS¡K

Institute of Animal Biochemistry and Genetics, Slovak Acade-
my of Sciences, Moyzesova 61, 90028 Ivanka pri Dunaji,
Slovak Republic

In some methanogenic archaea the existence of Na+-bio-
energetic cycle in addition to H+-bioenergetic cycle has been
postulated1. To understand the function and interrelationship
of these bioenergetic subsystems, genetic elimination of the
components of the bioenergetic machinery was recently intro-
duced. A mutant of Methanobacterium thermoautotrophicum
with a lesion in Na+-translocating ATPase (synthase) was
isolated2. In the present study the effects of different concen-
trations of Na+ ions, of protonophore 3,3í,4í,5-tetrachlorosali-
cylanilide (TCS) and of alkaline pH on methanogenesis, me-
thanogenic electron transport driven ATP synthesis and mem-
brane potential (∆ψ) of this mutant strain were determined.

The methanogenesis of whole cells of the mutant strain
was at pH 8.5 comparable with wild type cells. Protonophore
TCS inhibited CH4 formation at both pH 6.8 and pH 8.5,
respectively; this inhibition was dependent on the presence of
Na+ ions. At low NaCl concentration (1 mM), CH4 synthesis
was completely inhibited by the addition of protonophore
TCS. At high NaCl concentration (10 mM) and under slightly

acidic (pH 6.8) or alkaline (pH 8.5) external conditions CH4
synthesis was observed even in the presence of protonophore
TCS (Table I).

It was suggested that in the wild type the Na+-translocating
ATPase may operate under conditions of limited proton moti-
ve force (i.e. at alkaline pH or in the presence of an uncoupler)3.
Synthesis of cellular ATP driven by methanogenic electron
transport was observed under both slightly acidic or alkaline
conditions. This process was completely inhibited at both pH
values contrary to  the  wild  type cells by the addition of
protonophore TCS, and no Na+ ions dependency of this inhi-
bition was observed (Table I). This probably resulted from the
defect in Na+-translocating ATPase in the mutant strain.

Membrane potential was determined under slightly acidic
(pH 6.8) or alkaline (pH 8.5) conditions. Moreover the effects
of relevant cations, ATPase inhibitors and ionofors on ∆ψ
were determined. Values of ∆ψ were approx. ñ230 mV at both
slightly acidic and alkaline conditions. Under energized condi-
tions (gas phase, H2/CO2), Na+ ions had no effect on ∆ψ; on the
otherhand,Na+ ions specifically dissipated ∆ψ under non-ener-
gized conditions (gas phase, Ar). ∆ψ was abolished by the ad-
dition of valinomycin + KCl. At pH 6.8 in the presence of 10 mM-
-NaCl protonophore TCS completely dissipated ∆ψ. At pH 8.0,
under the same experimental conditions TCS only partially
dissipated ∆ψ (ñ150 mV) (Table I). The finding of a protono-
phore-resistant ∆ψ at pH 8.5 indicates that at alkaline condi-
tions these cells can switch from H+-energetics to Na+-energe-
tics, when the proton-motive force becomes limited. Moreo-
ver, the results presented in this work supports the hypothesis
that a primary Na+-translocating pump different from Na+-
translocating ATPase operates in M. thermoautotrophicum.

Table I
Bioenergetic parameters of the mutant of M. thermoautotro-
phicum under different external conditions

Measured Addition pH
parameter 6.8 8.5

Growth ñ + ñ
CH4 ñ + +

TCS, 1 mM-NaCl ñ ñ
TCS, 10 mM-NaCl + +

ATP ñ + +
TCS, 1 mM-NaCl ñ ñ
TCS, 10 mM-NaCl ñ ñ

∆ψ ñ -230 -230
TCS, 10 mM-NaCl 0ñ -60 -150

This work was supported by the Research Grant VEGA 2/
7134/20 from the Slovak Academy of Sciences.
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15 EXPRESSION OF PUTATIVE GENE CODING FOR
Na+/H+ ANTIPORTER OFMETHANOCOCCUS
JANNASCHII IN ESCHERICHIA COLIAND YEAST
PICHIA PASTORIS

ALAN MAJERNÕKa, ROLF DANIELb,
and GERHARD GOTTSCHALKb,c

aInstitut of Animal Biochemistry and Genetics, Slovak Acade-
my of Sciences, 900 28 Ivanka pri Dunaji, Slovak Republic,
bAbteilung Allgemeine Mikrobiologie, cGˆttingen Genomics
Laboratory, Institut f¸r Mikrobiologie und Genetik der Georg-
-August-Universtit‰t, 370 77 Gˆttingen, Germany

Na+/H+ antiporters are membrane proteins that couple the
circulation of H+ and Na+ across biological membranes of
archaeal, bacterial and eucaryal cells. Na+/H+ antiporter activi-
ty was detected in several methanogens1, but the question on
the nature of the transporter(s) in these organisms remains
open. To provide a functional analysis of methanoarchaeal
Na+/H+ antiporters, the nhaJ (Mj1275) gene coding for a po-
tential Na+/H+ antiporter of Methanococcus jannaschii2 was
selected. In the present report, the attempts to produce the nhaJ
gene product in bacterial or eucaryotic hosts are described.

The pKKANT plasmid in which the nhaJ gene was inser-
ted into the expression vector pKK223-3 (Ref.3) was transfor-
med into the E. coli Na+/H+ antiporter mutant EP432 (Ref.4).
The heterologous transcription of the nhaJ gene was confir-
med by Northern blot analysis of total RNA, but the hete-
rologous production of the nhaJ gene product was not detec-
table under various growth conditions. It was found that 102
of the  total 389 codons of the sequence of the nhaJ are
low-usage codons in E. coli. To avoid a low efficiency of trans-
lation, we cotransformed pKKANT and the plasmid pUBS520,
which harbored the genes encoding the rare E. coli tRNAs
codons for arginine, into E. coli JM109. Subsequently, IPTG
induction of heterologous expression of the nhaJ resulted in
retardation of growth and cell lysis. Further experiments were
carried out with the commercially available strain BL21-Co-
don plus (DE3) RIL [Stratagene]. This strain overproduces the
tRNAs that in low concentration restrict translation of hete-
rologous proteins from organisms containing AT-rich genes
in E. coli. We used a pBluescript SK+ derivative pDD4 (Ref.3),
in which the nhaJ gene was placed under the control of the T7
promoter for transformation into the BL21(DE3) RIL strain.
Experiments were performed in buffered glucose medium (pH
7.5). This medium allowed the transformants to grow without
protonmotive force5. Most of transformants showed partly or
fully inhibited growth. Only cells that lost the ability to express
the target DNA product were able to grow.

Another expression  system  based  on  the yeast Pichia
pastoris was chosen for further studies. The nhaJ gene was
fused to the haemagglutin tag (HA) and cloned into the pPIC9
vector under the control of the strong, methanol-inducible
PAOX1 promoter. The resulting plasmid pPIC9ANT and the
cloning vector pPIC9 (control) were transformed and integra-
ted into the Pichia chromosome. The expression was induced
by addition of methanol and the different fractions of the cell
aliquots (crude extract, debris, 100,000◊ g supernatant and
crude membranes) were analyzed by SDS-PAGE or Western
blot using the monoclonal anti-[HA] antibody. The nhaJ gene

product was not detectable in any of the above mentioned
fractions. The cloning region of pPIC9ANT was sequenced.
The results showed that the nhaJ-HA fusion has been cloned
in correct orientation and frame. However, three additional
mutations (A/T exchange for G/C) were identified in the
coding region of the nhaJ gene. It was concluded that none of
these mutations were able to prevent a production of the nhaJ
gene product in Pichia cells.

Our results suggested that expression of nhaJ gene from
strong promoters was highly toxic for different E. coli strains.
This toxicity was not dependent on the activity of the gene
product but on accumulation of the foreign hydrophobic pro-
tein inside the E. coli cells. In addition, this putative Na+/H+

antiporter gene was not able to complement mutations in the
Na+/H+ antiporter genes of E. coli EP432.

A. M. was supported by a research fellowship from the Deu-
tsche Forschungsgemeinschaft and a Young scientist fellow-
ship from the Union der Deutschen Akademien der Wissen-
schaften (supported by the Volkswagen-Stiftung). This work
was partly supported by the Research Grant VEGA from the
Slovak Academy of Sciences No. 2/7134/20.
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16 SCREENING OF ENVIRONMENTAL DNA
LIBRARIES FOR THE PRESENCE OF GENES
CONFERRING Na+ (Li+)/H+ ANTIPORTER
ACTIVITY
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Na+/H+ antiporters are the universal devices that couple the
circulation of H+ and Na+ or Li+ ions across biological mem-
branes. These enzymes were described and characterized in
many microorganisms from different environments. To study
the genetic and ecological diversity, we focussed on identifi-
cation of new genes encoding Na+(Li+)/H+ antiporter from
environmental samples. Environmental DNA libraries from
three different soil samples (meadow, sugar beet field, valley
of the river Nieme) were constructed recently1. Subsequently,
these libraries were screened for the presence of genes confer-
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ring Na+/H+ antiporter activity to the Escherichia coli Na+/H+

antiporter mutant strains Knabc (Ref.2). The screening was
performed in selective L(K) medium containing 7.5 mM-LiCl.
75  positives  out of approximately  1,480,000  recombinant
E. coli strains were obtained during the initial screening pro-
cedure. In order to confirm the positive phenotype of the
clones the plasmids were isolated, retransformed and the re-
sulting E. coli strains were screened again on selective plates.
60 recombinant E. coli strains conferred a stable phenotype.
Restriction analysis revealed that three different groups of
plasmid were among them. One of each group (designated
pAM1 to pAM3) was selected for further studies. All three
corresponding E. coli transformants showed growth in the
presence of 0.3 M-LiCl and 0.7 M-NaCl.

The inserts have been sequenced and the data were com-
pared to the sequences available in the NCBI databases. The
nucleotide sequence of the pAM3 insert was 100 % identical
to a 5,050 bp region of the E. coli chromosome: This region
contained the genes coding for the Na+/H+ antiporter (NhaA)
and the positive regulator protein NhaR. Interestingly, the
antiporter containing region is flanked by insertion sequences
(IS). The nucleotide sequences of these elements are almost
100 % identical among various species from bacteria to human.

We observed that the pAM2 contained two plasmids with
insert sizes of 9,000 and 1,330 bp, respectively. Further analy-
sis revealed that the bigger plasmid is the same as pAM1 and
contained the gene encoding the antiporter activity. The insert
of the latter plasmid is currently sequenced and analyzed. In
addition, biochemical analysis of membrane vesicles prepared
from the corresponding E. coli clone (E. coli/KNabc/pAM1)
exhibited significant Li+/H+ and Na+/H+ antiporter activity.

Our screening procedure showed a promising perspective,
since we have encountered a new gene encoding an antiporter.
In addition, we found the nhaA gene, which encodes the
Na+/H+ antiporter of E. coli. The latter result confirmed the
potential of the used approach. Interestingly, identification of
E. coli antiporter in a soil sample indicated a horizontal gene
transfer of this important bioenergetic device among microor-
ganisms from different environments. This hypothesis is sup-
ported by the two conserved IS elements, which were located
at both ends of the DNA region harboring nhaA of E. coli. The
first sequencing results of the new gene encoding antiporter
revealed only weak similarity to sequences available in the
NCBI databases. Thus, we might have encountered a gene
encoding a Na+(Li+)/H+ antiporter from an organism, which
has not been investigated or even cultivated.

A. M. was supported by a Young scientist fellowship from the
Union der Deutschen Akademien der Wissenschaften, (sup-
ported by Volkswagen-Stiftung). This work was partly suppor-
ted by the  Research Grant  VEGA of Slovak  Academy  of
Sciences No. 2/7134/20. We are grateful to Professor Tomo-
fusa Tsuchyia (Okayama University, Japan) for supplying us
with the KNabc mutant strain.
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17 IZOL¡CIA G…NU K”DUJ⁄CEHO ADP/ATP
TRANSLOK¡TOR V YARROWIA LIPOLYTICA
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ADP/ATP translok·tor je jadrom kÛdovan˝ proteÌn loka-
lizovan˝ vo vn˙tornej mitochondri·lnej membr·ne. Pre jeho
ötrukt˙ru platia charakteristiky spoloËnÈ pre cel˙ rodinu mito-
chondri·lnych pren·öaËov1. Prim·rnu ötrukt˙ru tvorÌ reùazec
aminokyselinov˝ch zvyökov o veækosti pribliûne 30 kDa, zlo-
ûen˝ z trojitej tandemovej repetÌcie prÌbuzn˝ch sekvenciÌ.
Cel˝ proteÌn obsahuje öesù hydrofÛbnych α-hÈlixov, ktorÈ
prestupuj˙ lipidickou dvojvrstvou2. N-Termin·lny aj C-termi-
n·lny koniec s˙ zhodne lokalizovanÈ v medzimembr·novom
priestore mitochondrie. ADP/ATP translok·tor je antiporter,
ktor˝ zabezpeËuje elektrogÈnnu v˝menu iÛnov ADP3- a ATP4-

medzi matrixom a cytoplazmou. Je vysoko öpecifick˝ a pro-
tonizovanÈ formy ATPH3- a ADPH2-, rovnako ako iÛny AMP2-

netransportuje3,4. Pozorovan· interakcia ADP/ ATP translok·-
tora s proapoptick˝m Bax proteÌnom a vplyv jeho öpecifick˝ch
inhibÌtorov na mitochondri·lny PT pÛr poukazuje na ˙Ëasù pri
apoptÛze5,6. DÙleûit˙ ˙lohu ADP/ATP translok·tora vo fyzio-
logick˝ch procesoch bunky podËiarkuje jeho spolupr·ca s voæ-
n˝mi mastn˝mi kyselinami pri odpojenÌ oxidatÌvnej fosfory-
l·cie  od  respir·cie preuk·zan·  u cicavcov  aj kvasiniek7,8.
V predkladanej pr·ci popisujeme spÙsob izol·cie gÈnu kÛdu-
j˙ceho ADP/ATP translok·tor v dimorfnej, oblig·tne aerÛbnej
kvasinke Yarrowia lipolytica. Tento alternatÌvny model kva-
sinkovej bunky je pre z·kladn˝ v˝skum zaujÌmav˝ z viacer˝ch
dÙvodov: i) ako oblig·tne aerÛbna kvasinka je prÌstupn· ge-
netick˝m manipul·ci·m porovnateæn˝m s moûnosùami pre
fakultatÌvne anaerÛbnu kvasinku Saccharomyces cerevisiae;
ii) v zloûenÌ  respiraËnÈho  reùazca  sa od S. cerevisiae lÌöi
prÌtomnosùou protÛn translokuj˙ceho komplexu I; iii) kedûe sa
v˝skyt viacer˝ch izoforiem d·va do s˙visu so schopnosùou
anaerÛbneho rastu, je zaujÌmavÈ urËiù poËet gÈnov kÛduj˙cich
ADP/ATP translok·tor v Y. lipolytica, a iv) zistiù, Ëi je funkËn˝
ADP/ATP translok·tor esenci·lny pre rast aerÛbnej kvasinky.

Na z·klade porovnania piatich nukleotidov˝ch sekvenciÌ
kvasinkov˝ch ADP/ATP translok·torov boli navrhnutÈ pri-
mery rozpozn·vaj˙ce vysoko konzervovanÈ oblasti. Reakciou
PCR sa amplifikoval fragment AAC gÈnu Y. lipolytica, ktor˝
bol po r·dioaktÌvnom znaËenÌ pouûit˝ ako homolÛgna hybri-
dizaËn· prÛba pri prehliadavanÌ cDNA kniûnice Y. lipolytica
(kmeÚ W29). Zo zÌskan˝ch 38 klonov sa pri sekund·rnej
hybridiz·cii identifikovalo 11 pozitÌvnych klonov. Na ziste-
nie, ktor˝ z nich kÛduje funkËn˝ ADP/ATP translok·tor bola
vyuûit· funkËn· komplement·cia. Rast na neskvasiteænom
zdroji uhlÌka je u kvasiniek kritÈriom funkËnosti ADP/ATP
translok·tora9. Mutant S. cerevisiae JLY-73, ktor˝ m· dele-
tovan˝ AAC2 gÈn a nie je schopn˝ r·sù na neskvasiteænom
zdroji uhlÌka, bol transformovan˝ pozitÌvnymi klonmi. ätyri
z nich funkËne komplementovali rast na neskvasiteænom zdro-
ji uhlÌka. Sekven·ciou jednÈho pozitÌvneho klonu bol identi-
fikovan˝ 915 bp dlh˝ otvoren˝ ËÌtacÌ r·mec, ktor˝ kÛduje
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proteÌn zloûen˝ z 305 aminokyselinov˝ch zvyökov. Tento gÈn
dostal oznaËenie YlAAC1. Aminokyseliny, u ktor˝ch sa pre-
uk·zala esenci·lna funkËn· alebo ötrukt˙rna ˙loha sa podæa
oËak·vania nach·dzaj˙ na konzervovan˝ch miestach. Amino-
kyselinov˝m zloûenÌm sa proteÌn YlAac1p najviac podob·
ADP/ATP translok·toru z vl·knitej huby Neurospora crassa
a kvasinky Schizosaccharomyces pombe. Po ˙speönej identi-
fik·cii gÈnu YlAAC1 sa prist˙pilo k jeho disrupcii. Rastom
Y. lipolytica v tekutom YPD mÈdiu obsahuj˙com kyselinu
bongkrekov˙ bola snaha zistiù, Ëi neprÌtomnosù funkËnÈho
ADP/ATP translok·tora bude pre t˙to kvasinku let·lna. PrÌ-
tomnosù kyseliny bongkrekovej neovplyvÚovala dobu dele-
nia ani rastov˝ v˝ùaûok buniek. MoûnÈ s˙ tieto vysvetlenia:
i) funkËn˝ ADP/ATP translok·tor nie je esenci·lny pre rast
Y. lipolytica; ii) vzhæadom na aktÌvny metabolizmus mastn˝ch
kyselÌn v Y. lipolytica mÙûe doch·dzaù k elimin·cii toxick˝ch
˙Ëinkou kyseliny bongkrekovej touto cestou, alebo pomocou
mechanizmu pleiotropnej rezistencie. S˙ËasnÈ pr·ce s˙ zame-
ranÈ na disrupciu gÈnu YlAAC1 a urËenie poËtu gÈnov kÛdu-
j˙cich ADP/ATP translok·tor v Y. lipolytica.

T·to pr·ca bola podporen· grantom Slovenskej grantovej
agent˙ry VEGA 1/7285/20.
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18 PRŸKAZ PÿÕTOMNOSTI HEMU O U BAKTERIE
PARACOCCUS DENITRIFICANS POMOCÕ
HPLC A MALDI-TOF MS
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aBiochemick˝ ˙stav, LÈka¯sk· fakulta, Masarykova Univerzi-
ta, 662 43 Brno, bKatedra biochemie, P¯ÌrodovÏdeck· fakulta,
Masarykova Univerzita, 611 37 Brno, c⁄stav analytickÈ che-
mie AV »R, 611 42 Brno

P¯Ìtomnost hemu O v buÚk·ch denitrifikujÌcÌch bakteriÌ
byla a je dlouho p¯edmÏtem diskusÌ1. Tento hem byl objeven
u E. coli jako souË·st termin·lnÌ oxidasy schopnÈ v·zat jak O2,
tak CO. V komplexu s oxidem uhelnat˝m se vyznaËuje cha-
rakteristickou absorpcÌ v SoretovÏ oblasti (maximum p¯i 417
nm a minimum p¯i 432 nm).

Jeho existence u bakterie P. denitrificans byla dlouho
zpochybÚov·na, ¯ada autor˘ jej povaûovala za hem typu B
schopn˝ v·zat kyslÌk2. Hem O se od hemu B odliöuje p¯Ìtom-

Obr. 2. MALDI-TOF hmotnostnÌ spektra frakce hemu O z E. coli (a) a frakce z P. denitrificans odebranÈ ve stejnÈm tR (b). Aplikov·no
bylo 0,8 µl odparku rozpuötÏnÈho v mobilnÌ f·zi a 0,8 µl roztoku matrice (sinapinov· kyselina v 0,1 % TFA-acetonitril, 60:40, v/v). MÏ¯eno na
hmotovÈm spektrometru Shimadzu-Kratos Kompact MALDI IV s N2 laserem (337 nm, puls 3 ns), dÈlka trubice 1 m, ionty urychlujÌcÌ napÏtÌ 20 kV
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Obr. 1. Chromatogram hem˘ z extraktu E. coli metodou HPLC.
Na kolonu bylo aplikov·no 40 µl fin·lnÌho extraktu odpovÌdajÌcÌ
15 mg bakteri·lnÌ suöiny. Kolona CGC 150◊3,3 mm, Sepharon SIX
C18 (5 µm). MobilnÌ f·ze methanolñkyselina octov·ñvoda 70:17:13
(v/v/v), pr˘tok 0,5 ml.min-1. VIS detekce 398 nm
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nostÌ farnesylovÈho zbytku zp˘sobujÌcÌho jeho lipofilnÌ cha-
rakter a lze jej proto od hemu B dob¯e separovat kapalinovou
chromatografiÌ s obr·cen˝mi f·zemi (obr. 1). ObjektivnÏ byl
pak hem O u P. denitrificans prok·z·n anal˝zou p¯ÌsluönÈ
separovanÈ frakce hmotovou spektrometriÌ, jak zn·zorÚuje
obr. 2 (Mr autentickÈho hemu O je 839).

Hem O se vyskytuje ve vyööÌ hladinÏ u tÈto bakterie, je-li
pÏstov·na za anaerobnÌch podmÌnek. Jeho funkce vöak nebyla
dosud uspokojivÏ vysvÏtlena. Jednou z moûnostÌ je, ûe slouûÌ
jako prekurzor syntÈzy hemu A podle p¯edpokl·danÈ metabo-
lickÈ cesty: protohem → hem O → hem A. P¯i nÌzk˝ch hla-
din·ch kyslÌku by nemohlo dojÌt k oxygenaci hemu O, kter˝
se tak hromadÌ v buÚce. P¯i p¯echodu z anaerobnÌch do aero-
bnÌch podmÌnek je pak pokles hladiny hemu O prov·zen

paralelenÌm zvyöov·nÌm hladiny hemu A. Druhou moûnou
funkcÌ hemu O m˘ûe b˝t, ûe je, podobnÏ jako u E. coli,
prostetickou skupinou nÏkterÈ z termin·lnÌch oxidas, kterÈ se
syntetizujÌ za podmÌnek limitovanÈ aerace ñ viz schÈma 1.

ÿeöeno v r·mci v˝zkumnÈho z·mÏru MäMT (MSM 143100005).
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NADH Q ubichinoloxidasa * (cyt ba3 ?)

cyt c oxidasa (cyt aa3, nÌzk· I50 pro CNñ)

bc1 komplex cyt c

cyt c oxidasa* (cyt cbb3, ?, vysok· I50 pro CNñ)

SchÈma 1 * obsah zv˝öen˝ p¯i limitovanÈ aeraci
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01 PERSPEKTIVY MINIATURIZACE
V LABORATORNÕ DIAGNOSTICE
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V poslednÌm desetiletÌ se aplikace miniaturizovanÈ p¯Ì-
strojovÈ techniky a technologie neust·le rozöi¯uje. K mini-
aturizaci vedla ¯ada d˘vod˘: ekonomick· ˙spora reagenciÌ
a biologickÈho materi·lu, rychlejöÌ odezva, moûnost ¯·dovÈho
zv˝öenÌ analytickÈ kapacity a zjednoduöenÌ pr·ce. N·stup
mikroanalytick˝ch technologiÌ je pozitivnÌm v˝stupem pokro-
ku v mikroelektronice. P¯estoûe v˝voj v oblasti miniaturizace
je v poslednÌch letech velmi öirok˝, z˘st·v· vÏtöinou p¯edmÏ-
tem z·kladnÌho v˝zkumu, do praxe laboratornÌ diagnostiky
postupnÏ pronik· jen omezen˝ poËet postup˘.

K jiû pouûÌvanÈ miniaturizovanÈ technologii se bezesporu
¯adÌ mikroËipy. V oblasti in vitro jde nejËastÏji o mikroËipy
pracujÌcÌ na principu kapil·rnÌ elektroforÈzy pouûÌvanÈ k de-
tekci produkt˘ DNA. DalöÌm nadÏjn˝m polem p˘sobnosti je
proteomov· anal˝za s vyuûitÌm kombinace proteinov˝ch mi-
kroËip˘ a hmotnostnÌ spektrometrie. P¯evedenÌ v˝sledk˘ to-
hoto v˝zkumu do pr˘myslovÈ praxe umoûnÌ zÌskat obs·hlÈ
a dosud citelnÏ chybÏjÌcÌ znalosti o uspo¯·d·nÌ epitop˘ a pa-
ratop˘, kterÈ by umoûnily p¯echod ¯ady oblastÌ klinickÈ imu-
nochemie z empirickÈ na exaktnÌ b·zi. MikroËipy se zaËÌnajÌ
intenzivnÏji uplatÚovat takÈ p¯i sledov·nÌ metabolick˝ch po-
chod˘ in vivo, dokonce aû na ˙rovni sledov·nÌ bunÏËnÈ komu-
nikace. P¯Ìkladem mohou b˝t implant·ty mikroËip˘ pro kon-
tinu·lnÌ sledov·nÌ koncentrace glukosy, parci·lnÌho tlaku ky-
slÌku apod.

Mikropole (microarray) dovoluje diskrÈtnÌ umÌstÏnÌ vel-
kÈho poËtu receptor˘ (senzor˘) na velmi malÈ ploöe neutr·l-
nÌho nosiËe. NejvÏtöÌ p¯Ìnos pro laboratornÌ diagnostiku p¯i
aplikaci mikropolÌ oËek·v·me u imunochemick˝ch postup˘.
Z pohledu blÌzkÈ budoucnosti lze p¯edvÌdat z·sadnÌ pr˘lom
v aplikaci imunochemick˝ch metod dÌky v˝raznÈmu snÌûenÌ
provoznÌch n·klad˘ o 1ñ2 ¯·dy, p¯iËemû souËasnÈ pr˘mÏrnÈ
n·klady na imunochemickÈ vyöet¯enÌ se vyËÌslujÌ ve stoko-
run·ch. Pr˘nik technologie mikropolÌ do imunochemie bude
nutnÏ vyûadovat glob·lnÌ inovaci souËasnÈ p¯ÌstrojovÈ techni-
ky. ImunochemickÈ metody vykazujÌ vynikajÌcÌ ˙roveÚ analy-
tickÈ selektivity, jejÌmû d˘sledkem je vysok· ˙roveÚ diagnos-
tickÈ specifiËnosti. RozöÌ¯enÌ imunochemick˝ch metod bez
ekonomick˝ch z·bran p¯ispÏje ke zv˝öenÌ kvality diagno-
stickÈho procesu. ZjednoduöenÌ obsluhy umoûÚuje pouûÌt tu-
to technologii u l˘ûka nemocnÈho a na operaËnÌch s·lech
(POCT).

Mikrokom˘rky vysokÈ hustoty jsou dnes öiroce vyuûÌvanÈ
nap¯. v hybridomovÈ technologii p¯i p¯ÌpravÏ monoklon·lnÌch
protil·tek nebo p¯i detekci produkt˘ DNA anal˝z. Tyto postu-
py umoûÚujÌ rychlou a levnou detekci. Vedle malÈ spot¯eby
reagenciÌ je v˝hodou takÈ moûnost zÌsk·nÌ velkÈho poËtu
v˝sledk˘ v kr·tkÈm Ëase. To je neocenitelnÈ p¯i sledov·nÌ
˙spÏönosti vzniku nestabilnÌch struktur, detekci bodov˝ch
mutacÌ, mapov·nÌ oblastÌ genomu apod.
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ñ PRAKTICK¡ APLIK¡CIA

KATARÕNA DUBAYOV¡a, JAROSLAV KUäNÕRa,
LUCIA LEäKOV¡a a MILAN KUCHTAb

a⁄stav lek·rskej chÈmie a biochÈmie LF UPJä, bDetsk· klinika
LF UPJä a FNsP, Lek·rska fakulta UPJä, Trieda SNP 1,
040 66 Koöice, Slovensk· republika

Anal˝za telov˝ch tekutÌn, najm‰ krvi a moËa, je neod-
deliteænou s˙Ëasùou stanovenia diagnÛzy pacienta. TelovÈ te-
kutiny s˙ komplikovanÈ zmesi rÙznych chemick˝ch zl˙Ëe-
nÌn, ktor˝ch detailnÈ zloûenie sa ned· Ëasto presne defino-
vaù. Filozofia ich anal˝zy je zaloûen· najm‰ na sledovanÌ
koncentr·cie l·tok, ktorÈ s˙ pre dan˙ tekutinu charakteristic-
kÈ, prÌpadne na identifik·cii a stanovenÌ zl˙ËenÌn, ktorÈ s˙
markermi predpokladanej diagnÛzy. Tieto ËiastkovÈ anal˝zy
(ich poËet mÙûe byù rÙzny) vytv·raj˙ predstavu o zloûenÌ
telovej tekutiny, ale necharakterizuj˙ ju komplexne, ako jeden
celok.

Tak˙to charakteriz·ciu umoûÚuje grafick· definÌcia, tj.
grafick˝ z·znam vhodne zvolen˝ch parametrov, ktorÈ charak-
terizuj˙ komplikovan˙ zmes ako jeden celok1,2. Najv˝stiûnej-
öiu grafick˙ definÌciu takej zmesi umoûÚuje synchrÛnny fluo-
rescenËn˝ fingerprint3,4. Vrstevnicov· mapa vytvoren· poËÌta-
Ëov˝m spracovanÌm sÈrie synchrÛnnych spektier, kvalitatÌvne
(poloha fluorofÛru na mape) aj kvantitatÌvne (hustota vrs-
tevnÌc) graficky definuje zloûit˙ zmes ako jednu entitu, kom-
plexne ju charakterizuje a umoûÚuje maxim·lne vyuûiù vöetky
inform·cie o jej zloûenÌ4. PorovnanÌm dvoch z·znamov sa daj˙
veæmi r˝chlo odhaliù kvalitatÌvne aj kvantitatÌvne zmeny v zlo-
ûenÌ komplikovan˝ch zmesÌ.

Grafick· charakteriz·cia telov˝ch tekutÌn ako jednÈho cel-
ku a hæadanie odliönostÌ oproti definovanÈmu ötandardu, pred-
stavuje nov˙ filozofiu v anal˝ze biologickÈho materi·lu.

SynchrÛnny fluorescenËn˝ fingerprint sme pouûili na gra-
fick˙ definÌciu moËa detsk˝ch pacientov (obr. 1). Anal˝zou
moËa zdrav˝ch detÌ sme definovali fingerprint norm·lneho
fyziologickÈho moËa (ötatistick˝ priemer). V˝razne zmenen˝
fingerprint sme zaznamenali u detÌ s rÙznym ochorenÌm obli-
Ëiek, moË u novozistenÈho diabetes mellitus mal tieû öpecific-
k˝ fingerprint. PrÌtomnosù rÙznych liekov, resp. ich metabo-
litov sa prejavila atypickou vrstevnicovou mapou.

Anal˝za moËa metÛdou synchrÛnneho fluorescenËnÈho
fingerprintu je veæmi r˝chla. Nevyûaduje zdÂhavÈ izolaËnÈ
postupy, umoûÚuje priame meranie zriedenej vzorky bez prÌ-
davku reagenciÌ. Okamûite poskytuje komplexn˝ obraz o kva-
litatÌvnom aj kvantitatÌvnom zloûenÌ moËu, a t˝m usmerÚuje
prÌpadnÈ Ôalöie konkrÈtne anal˝zy. Lek·rovi mÙûe pomÙcù
v urËovanÌ, potvrdenÌ, resp. vyvr·tenÌ diagnÛzy.
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03 MONOCLONAL ANTI-LACTOSYLCERAMIDE
ANTIBODY (CDw17) ñ COMMENT ON THE
SPECIFICITY AND SUITABILITY FOR IN SITU
LIPID IMMUNOHISTOCHEMICAL DETECTION

HELENA HŸLKOV¡a, BEFEKADU ASFAWa,
JANA LEDVINOV¡a, KRISTIAN KOUBEKb,
and MILAN ELLEDERa

aInstitute of Inherited Metabolic Disorders, Charles Univer-
sity, 1st Faculty of Medicine, Ke Karlovu 2, 128 08 Prague 2,
bInstitute of Hematology and Blood Transfusion, U nemocni-
ce 1, 128 08 Prague 2

Lactosylceramide (LacCer) is a normal constituent of cell
membranes of various cells1,2. It is also known to be concen-
trated in secondary granules of granulocytes3. LacCer is in-
creased in various tissues in several lysosomal storage disor-
ders4, especially in deficiency of prosaposin5. We followed
LacCer storage in Niemann-Pick type C disease and in a set
of control tissues using both immunohistochemistry and lipid
chromatography. Among the four CDw17 clones tested, only
one gave results satisfactory for reliable immunohistochemis-
try. The specificity for lipid detection was tested on TLC using

a series of glycolipids (glucosylceramide, galactosylceramide,
digalactosylceramide, globotriaosylceramide, globoside, sul-
phatide, GM1-GM3 gangliosides) and purified total lipid ex-
tracts from the following tissues: liver, spleen, kidney, brain,
adrenal glands and erythrocytes. Among all the glycolipids
tested, only LacCer gave positive immunodetection on TLC.
The staining was partially blocked by lactose but completely
resistent to sucrose. In tissues the best results were achieved
in unfixed frozen samples (cryostat sections). The specificity
was further checked, to exclude nonlipid participation, by the
following lipid extraction sequence carried out at room tem-
perature: 50 % ethanol, 10 minutes; chloroform:methanol:
water 4:8:3, 30 minutes; chloroform:methanol 2:1, 30 minu-
tes. The detection protocol (standard blocking procedures are
not mentioned) was as follows: primary antibody (undiluted
hybridoma fluid) overnight at 4 ∞C , secondary antibody (goat-
-anti mouse IgM, Pierce, USA) 1 h, 37 ∞C, followed by DAKO
LSABR Kit (anti- mouse, rabbit, goat, DAKO, Denmark), and
DAB reaction. This antibody allowed for the first time in situ
localisation of LacCer, which had been proven to be stored in
Niemann-Pick type C by lipid chromatography of tissue ex-
tracts. There was massive LacCer accumulation restricted to
cortical neurons (negative in controls), strong storage in he-
patic Kupffer cells and in spleen macrophages (definite in-

Obr. 1. Grafick· definÌcia moËa pomocou synchrÛnneho fluorescenËnÈho fingerprintu. Porovnanie fingerprintov moËov detÌ s rÙznymi
diagnÛzami
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crease against mild-medium strong signal in controls) and
slight storage in both spleen and liver sinusoidal endothelium.
Storage in hepatocytes was minimal. In contrast to the brain
neurons, there was virtually no LacCer detectable in peripheral
(gut) neurons despite their affection by the storage process. In
control appendix the staining of myenteric plexi was strong
with massive positivity in neurons. This staining was resistent
to lipid extraction and could be considered as a lactose rich
glycoprotein. This finding is currently under investigation.

This work was supported by the grants FRVä No. 1899/2000
and GAUK No. 37/2000/C.
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04 JEDNODUCH¡ ULTRAMIKROMET”DA
NA STANOVENIE J”DU V MO»I PRE
UR»OVANIE SATUR¡CIE ORGANIZMU J”DOM

ELENA äEB÷KOV¡a, PAVEL LANGERa,
ºUDMILA KOäç¡LOV¡b, JIÿÕ BENDLc

a IWAR KLIMEäa

aLaboratÛrium diabetu a v˝ûivy, ⁄stav experiment·lnej endo-
krinolÛgie SAV, bI. Detsk· klinika, Detsk· fakultn· nemocnica,
Bratislava, Slovensk· republika, cAnalytika s.r.o., Praha, »es-
k· republika

JÛd ako jeden z veæmi dÙleûit˝ch mikroelementov sa v ûi-
v˝ch organizmoch nach·dza vo veæmi nÌzkych koncentr·-
ci·ch. Preto bolo treba prekonaù velkÈ analytickÈ problÈmy,
k˝m sa podarilo vypracovaù metÛdy na dostatoËne citlivÈ
stanovenie jÛdu v biologick˝ch materi·loch. Stanovenie jÛdu
v  moËi  m· v s˙Ëasnosti najm‰ epidemiologick˝ v˝znam,
a vyuûÌva sa na nepriame zistenie satur·cie organizmu jÛdom,
Ëo Ôalej sl˙ûi na hodnotenie stavu ötÌtnej ûæazy u danej po-
pul·cie. Podæa odpor˙ËanÌ organiz·cie ÑInternational Council
for Control of Iodine Deficiency Disordersì (ICC/IDD) sa
povaûuje prÌjem jÛdu za dostatoËn˝, ak sa zistÌ v tom istom
Ëase u pribliûne 50 obyvateæov istÈho ˙zemia hodnota medi·nu
jod˙rie medzi 100 a 200 µg.l-1.

Cieæom tejto pr·ce bolo zavedenie jednoduchej, reprodu-
kovateænej, finanËne nen·roËnej, a r˝chlej metÛdy na stanove-
nie jod˙rie, ktor· by sa dala rutÌnne vyuûÌvaù na monitorovanie
satur·cie organizmu jÛdom.

Spektrofotometrick· metÛda1, ktor˙ odpor˙Ëa na stanove-
nie jod˙rie ICC/IDD, je zaloûen· na kyslom spaæovanÌ vzorky
moËu s kyselinou chloristou pri regulovanej teplote 110ñ115 ∞C
v termobloku po dobu 60 min˙t. Po ochladenÌ spaæovan˝ch
vzoriek sa vykon·va farebn· Sandellova-Kolthoffova2 reakcia

za presne definovan˝ch Ëasov˝ch a teplotn˝ch podmienok. Jej
princÌpom je redukcia ötvormocnÈho cÈru (Ce4+) sÌranu cÈri-
Ëito-amÛnneho ûltej farby, ktor˝ sa ˙merne prÌtomnej koncen-
tr·cii jÛdu vo vzorke redukuje na trojmocn˝ (Ce3+), priËom sa
s˙Ëasne oxiduje trojmocn˝ arzÈn (As3+) oxidu arzenitÈho na
p‰ùmocn˝ (As5+). JÛd pri tejto reakcii pÙsobÌ ako katalyz·tor.
Reakcia sa zastavuje pridanÌm roztoku brucÌnu, po ktorom
nasleduje spektrofotometria pri vlnovej dæûke 410 nm. Kon-
centr·cie jÛdu sa odËÌtavaj˙ z kalibraËnej krivky rÙznych kon-
centr·ciÌ roztoku jodiËÒanu draselnÈho. Pri hmotovej spek-
troskopii sa nariedenÈ vzorky moËu meraj˙ na hmotnostnom
spektrometri s indukËne viazan˝m plazmatom ICP-MS typu
UltraMass firmy Varian (Austr·lia). Vzorky sa rozpr·öia do
odparovanÈho kvapalnÈho argÛnu. JÛd sa meria uprostred pÌku
m/z = 127 amu. Doba zotrvania na meranom bode je 10 000 ms.
Meranie obsahovalo 50 skenov v piatich blokoch. KalibraËnÈ
roztoky o koncentr·cii jÛdu 10, 20, 50, 100 a 500 µg.l-1 sa pri-
pravia riedenÌm z·sobnÈho kalibraËnÈho roztoku jÛdu Astasol.

Zistili  sme, ûe  spektrofotometrickÈ stanovenie  jÛdu je
najm‰ v rozp‰tÌ koncentr·ciÌ 50ñ200 µg.l-1 dostatoËne presnÈ.
To vypl˝va v prvom rade z paraleln˝ch stanovenÌ viacer˝ch
vzoriek moËu ako aj zo stanovenia koncentr·cie jÛdu v riede-
n˝ch vzork·ch a tieû zo sp‰tn˝ch stanovenÌ pridan˝ch mnoû-
stiev jÛdu. Reprodukovateænosù metÛdy sa potvrdila pomerne
nÌzkym rozptylom pri opakovanom stanovenÌ t˝ch ist˝ch vzo-
riek. Pomocou porovnania v˝sledkov tejto metÛdy s princi-
pi·lne odliönou, avöak objektÌvne presnou metÛdou hmotovej
spektrometrie sa napokon zistilo, ûe najm‰ v rozp‰tÌ 50ñ
150 µg.l-1 d·vaj˙ hodnoty koncentr·cie jÛdu vysoko v˝znam-
n˙ korel·ciu s hodnotami zisten˝mi pomocou hmotovej spek-
trometrie. V˝sledky poslednej metodiky moûno pritom pova-
ûovaù za veæmi presnÈ a takmer totoûnÈ s absol˙tnym obsahom
jÛdu v sledovan˝ch vzork·ch.

Autori Ôakuj˙ za ËiastoËn˙ finanËn˙ podporu grantu VEGA
2-721020 a f. Merck Slovensko, s.r.o.
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05 HEPARIN INDUCED THROMBOCYTOPENIA:
A FUNCTIONAL ASSAY USING ESTIMATION
OF RELEASED SEROTONIN BY HPLC METHOD
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Institute of Hematology and Blood Transfusion, U nemocni-
ce 1, 128 20 Prague 2, Czech Republic

Heparin induced thrombocytopenia (HIT) is a major com-
plication of heparin therapy1. This iatrogenic complication
occurs more frequently with unfractionated heparin but is also
observed with low molecular weight heparin2. HIT is caused
by immunoglobulin ñ usually IgG ñ that becomes detectable
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five or more days following exposure to heparin. The major
target antigen is a macromolecular complex comprised of
heparin (or other high-sulfated oligosaccharides) and platelet
factor 4 (PF4) that binds to the platelet surface. In the presence
of high heparin concentrations, the complexes are disrupted
and displaced away from the platelet surface.

Radioactive (C14) serotonin (5-HT) release from washed
platelets is a currently used method (SRA) for estimation of
HIT (Ref.3). We have developed an HPLC method for seroto-
nin analysis. The column is CGC SGX C18, 5 µm, 150◊3 mm
(TESSEK, Prague, Czech Republic), operated isocratically at
40 ∞C with flow-rate of 0.5 ml.min-1 and with fluorimetric
detection (Ex = 270 nm, Em = 340 nm). The mobile phase is
100 mM phosphoric acid, 5 mM hexane sulfonic acid, pH 2.5
(with triethylamine), 14 % (v/v) methanol.

Two point test with low heparin concentration (0.1 U.ml-1,
final) and high heparin concentration (100 U.ml-1, final) was
used. The washed platelets in albumin-free Tyrodeís solution
(pH 7.4) were incubated (75 µl) in microtiter wells with test
serum (20 µl) and heparin (5 µl) at the presence of imipramine
and ascorbic acid (5 µl, 40 µM imipramine and 4 mM ascorbic
acid) for 60 min at room temperature. The release reaction was
terminated by adding of 100 µl of 0.5 % EDTA. The platelets
were centrifuged for 5 minutes at 2000 g and 150 µl of the
supernatant was removed, proteins were precipitated by per-
chloric acid, centrifuged, and 20 µl of supernatant was injected
into the chromatograph. The test is positive when greater than
20 % release of 5-HT occurs with low-dose heparin and patient
serum while less than 20 % release of 5-HT occurs with
high-dose heparin  and patient serum.  The method  design
makes it possible to perform simultaneously also heparin-in-
duced platelet activation (HIPA) assay. Preliminary data show
that there is a correlation of SRA with HIPA, and with GTI-
-PF4 ELISA assay (GTI, USA) for detection of antibodies
against PF4 ñ polyvinylsulfonate (mimics heparin).

This work was supported by grants from IGA MZ »R: NI/6063-
-3 and 4809-3.

REFERENCES

1. Warkentin E. V.: Ann. Rev. Med. 50, 129 (1999).
2. Amiral J., Marfaig-Koka A., Poncz M., Meyer D.: Plate-

lets 9, 77 (1998).
3. Sheridan D., Carter C., Kelton J. G.: Blood 67, 27 (1986).

06 HPLC METHOD FOR MEASUREMENT
OF CATECHOLAMINES IN RABBIT ADRENAL
MEDULLA

TER…ZIA KALNOVI»OV¡a and PETER TUR»¡NIb

aInstitute of Medical Chemistry, Biochemistry and Clinical
Chemistry, Medical Faculty, Comenius University, Bratisla-
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Measurements of catecholamines and their metabolites in
biological tissues can provide useful information regarding

their role in various physiological and pathological situations.
Several methods for quantification of catecholamines have
been reported, but none of these methods has been found
optimal. Here we report a new, simple, and sensitive HPLC
method for quantifying catecholamines in 10 µl of adrenal
medulla extracts.

Chromatographic conditions: The HPLC unit consisted of
a pump (Model 610; Waters, USA), hand operated injector
(Waters, USA), an amperometric detector (LC-4B, BAS, USA),
and a strip-chart recorder (Model SE120; BBC Goerz Metra-
watt, Vienna, Austria). The oxidation potential of the electrode
(glassy carbon) was adjusted at 0.6 V against Ag/AgCl referen-
ce electrode. Sensitivity of the detector was kept at sd = 1 nA.
The isocratic separation was carried out on Radial Pak C18
column (type 8NV, particle size 5 µm, 100◊8 mm I.D.; Wa-
ters, USA). A Guard Pak column (Corasil packing, type II,
37ñ50 µm, Waters, USA) was used  as a precolumn. The
mobile phase consists of 0.1 mol.l-1 H3PO4, 2.7◊10-4 mol.l-1

Na2EDTA, 5.7◊10-3 mol.l-1 sodium heptansulphonate, 5.2◊10-2

mol.l-1 triethylamine and 5 % acetonitrile (v/v), pH 2.3.
Adrenal medulla samples removed from rabbits under

thiopental anesthesia were homogenized in 0.2 mol.l-1 HClO4
(20 mg of the tissue per 1ml of HClO4), centrifuged for 20 min

Fig. 1. HPLC chromatogram of epinephrine (E), norepinephrine
(NE), and dopamine (DA) in adrenal medulla extract sample
chromatographed on the Radial Pak C18 column (100◊8 mm I.D.).
The sample contained 25.5 µg of NE, 886.7 µg of E, and 3.1 µg of
DA per gram of adrenal medulla
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at 10 000 rpm, and 10 µl of supernatant was used for chroma-
tography. Fig. 1 depicts a representative chromatogram of
epinephrine, norepinephrine, dopamine and 3,4-dihydroxy-
phenylacetic acid (DOPAC) in adrenal medulla extract. Opti-
mal composition of the mobile phase was determined by
checking three parameters: pH, concentration of organic modi-
fier (acetonitrile), and concentration of ion-pairing reagents1.
Epinephrine, norepinephrine, dopamine and 3,4-dihydroxy-
phenylacetic acid (DOPAC) in the chromatogram were identi-
fied by comparing the retention times for the pure substances
dissolved in 0.1 mol.l-1 HClO4 and by the standard addition
technique. The detection limits, defined as two times the
baseline noise, were 39 pg for epinephrine, 42 pg for nore-
pinephrine and 25.4 pg for dopamine. A linear detector res-
ponse for catecholamines was observed between 0.3ñ100 ng.
The intra- and interassay coefficients of variation were less
than 5 %.

Described method provides a rapid approach to the exami-
nation of catecholamines concentrations in adrenal medulla
extracts. The sensitivity is sufficient to detect as little as
0.3 pmol of these substances. The precision is acceptable, not
exceeding 6 %. Given the absence of any cumbersome speci-
men pretreatment procedure, the method is suitable for study-
ing the role of adrenal catecholamines in various physiological
and pathological states.

The Ministry of Education grant no. 1/4132/97 supported this
study.
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07 THE CHANGES IN ADRENAL MEDULLA
CATECHOLAMINE CONTENT IN RABBITS
WITH HEART FAILURE TREATED
BY CAPTOPRIL
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Experimental heart failure due to haemodynamic overload
is  associated with reduction  of myocardial  catecholamine
content, decreased  activity  of catecholamine metabolizing
enzymes, and decreased content of catecholamines in adrenal
medulla1. Adrenal medulla is site of interaction between renin-
-angiotensin system (RAS) and sympathetic system2,3. Angio-
tensin II by blocking its receptors in adrenal medulla stimula-
tes the release of catecholamines and increases the plasmatic
level of catecholamines4. To gain insight in the interactions
between RAS and sympathetic system during development of
cardiac hypertrophy and heart failure, we analyzed the adrenal

medulla content of catecholamines in rabbits with heart failure
due to haemodynamic overload treated by captopril, an angio-
tensin-converting enzyme inhibitor.

Adrenal medulla samples removed from rabbits under
thiopental anesthesia were homogenized in 0.2 mol.l-1 HClO4
(20 mg of the tissue per 1ml of HClO4), centrifuged for 20 min
at 10 000 rpm, and 10 µl of supernatant was used for HPLC
chromatography with amperometric detection5. Adrenal me-
dulla samples were obtained from rabbits with haemodynamic
cardiac overload induced by aortic regurgitation6 at the stage
of development of cardiac hypertrophy. The rabbits were
separated  according to  the treatment  and  clinical state  in
4 groups: Z ñ control group, Z+C ñ control group after capto-
pril treatment (6 mg.kg-1, i.m.), HF ñ rabbits with heart failure,
HF+C ñ rabbits with heart failure after captopril treatment.
Results are presented as arithmetic mean ±SD. Data were
analyzed with standard statistical methods (goodness-of-fit
test, F-test), and the Mann-Whitney test was used for statistical
comparison of differences in the means.

In Table I the concentration of catecholamines in adrenal
medulla extracts of healthy rabbits and rabbits with heart
failure are presented. Significantly changed concentrations
were observed only in rabbits with heart failure without cap-
topril treatment. We found no significant changes in adrenal
medulla catecholamine content in animals with heart failure
treated by captopril. We hypothesized that captopril inhibits
catecholamine release by blocking angiotensin II receptors on
medullary chromaffin cells.

Table I
The rabbit adrenal medulla content of epinepphrine, norepi-
nephrine and dopamine after captopril treatment. Z ñ control
group, HF ñ rabbits with heart failure, Z+C, HF+C ñ after
captopril treatment

Group na Epinephrine Norepinephrine Dopamine
[µg.g-1] [µg.g-1] [µg.g-1]

Z 13 955.5±307.9 38.7±23.0 4.55±1.64
HF 8 939.5±170.8 18.6±5.9b 2.81±0.74c

Z+C 11 1005.4±284.3 23.6±8.8 3.34±1.31
HF+C 9 1055.4±387.2 26.7±11.4 3.87±1.4

a Number of animals, b p<0.05, c p<0.01 (comparison between
Z and HF)

The Ministry of Education grant No. 1/4132/97 supported this
study.
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PETR äTERNa, BEDÿICH FRIEDECK›b

a JAROSLAVA V¡VROV¡b

a⁄stav klinickÈ biochemie, Vöeobecn· fakultnÌ nemocnice a 1.
LÈka¯sk· fakulta UK, Karlovo n. 32, 121 11 Praha, b⁄stav
klinickÈ biochemie a diagnostiky, FakultnÌ nemocnice, 500 36
Hradec Kr·lovÈ

Kardiovaskul·rnÌ choroby jsou na prvnÌm mÌstÏ v seznamu
p¯ÌËin ˙mrtÌ v industrializovan˝ch zemÌch. P¯ÌspÏvek klinickÈ
laborato¯e k diagnÛze spoËÌval doposud ve stanovenÌ kataly-
tick˝ch koncentracÌ nÏkter˝ch enzym˘. Je moûno pozorovat
v˝voj od pouûÌv·nÌ nespecifick˝ch enzym˘ stanovovan˝ch
nespolehliv˝mi metodami (AST) k relativnÏ specifick˝m en-
zym˘m (CK, LD), izoenzym˘m (CK-MB, LD1) a jejich izo-
form·m (CK-MB1, CK-MB2). MÏ¯enÌ katalytick˝ch koncen-
tracÌ enzym˘ vûdy vÌce Ëi mÈnÏ spolehlivÏ p¯ispÌv· pouze
k diagnostice akutnÌho infarktu myokardu a nenÌ schopno
spolehlivÏ detekovat menöÌ poökozenÌ myokardu.

V poslednÌch pÏti letech doölo k v˝znamn˝m zmÏn·m
v biochemickÈ diagnostice srdeËnÌch chorob. Tyto zmÏny jsou
jednak d˘sledkem expanze imunochemick˝ch metod do rutin-
nÌ laboratornÌ praxe a takÈ objevu nov˝ch vysoce specifick˝ch
kardi·lnÌch marker˘ ñ troponin˘. N·stup imunochemick˝ch
technik umoûnil novou kvalitu analytick˝ch v˝sledk˘ (nap¯.
stanovenÌ myoglobinu), nov˝ pohled na zastoupenÌ enzym˘
(hmotnostnÌ koncentrace CK-MB) a v poslednÌ dobÏ takÈ
velmi rychlou analytickou odezvu (do 10 min).

V roce 1999 bylo publikov·no doporuËenÌ Mezin·rodnÌ
federace klinickÈ chemie a laboratornÌ medicÌny (IFCC) o po-
uûÌv·nÌ biochemick˝ch marker˘ v diagnostice srdeËnÌch cho-
rob. Toto doporuËenÌ pracuje se dvÏma markery. PrvnÌ z nich
je Ëasn˝ marker myoglobin. VyznaËuje se vysokou klinickou
senzitivitou, nÌzkou specifiËnostÌ a diagnostick˝m oknem 2ñ
12 h po n·stupu symptom˘. Druh˝m, definitivnÌm markerem
je nÏkter˝ z obou troponin˘: troponin T (cTnT) nebo troponin I
(cTnI). VykazujÌ vysokou specifiËnost i senzitivitu a öirokÈ
diagnostickÈ okno v intervalu 4 hñ7 dnÌ. Zcela novou moûnostÌ
diagnostickÈho vyuûitÌ troponin˘ je schopnost diagnÛzy men-
öÌch srdeËnÌch poökozenÌ typu nestabilnÌ anginy pectoris a/
nebo asymptomatickÈho srdeËnÌho infarktu bez elevace ST
˙seku na EKG. Velmi nadÏjnou se jevÌ schopnost troponin˘
stratifikovat mÌru rizika, s nÌmû pacienti s menöÌmi srdeËnÌmi
poökozenÌmi dostanou akutnÌ infarkt myokardu nebo skonËÌ
n·hlou koron·rnÌ smrtÌ. To m· z·sadnÌ v˝znam pro racion·lnÌ
indikaci modernÌch revaskularizaËnÌch proces˘ (srdeËnÌch by-
pass˘, balonkovÈ tromboplastiky ñ PTCA, trombolytickÈ lÈË-
by, implementace stentu). MnoûstvÌ troponinu uvolnÏnÈho do
krevnÌ cirkulace dovoluje kvalifikovanÏ posoudit kvalitu ope-
rativnÌch a jin˝ch invazivnÌch kardiochirurgick˝ch z·sah˘.
DoporuËenÌ definuje poûadovanou p¯esnost mÏ¯enÌ (6 % pro
myoglobin, 10 % pro troponin). Kritick˝ p¯ehled publiko-
van˝ch pracÌ ukazuje, ûe tento poûadavek je v mnoha p¯Ìpa-
dech, zejmÈna u troponinu I, dosud nedosaûiteln˝. ZnaËn˝m
problÈmem, kter˝ komplikuje ¯eöenÌ, jsou velmi mÏkkÈ tole-

ranËnÌ  limity v˝robc˘  diagnostick˝ch  souprav tolerujÌcÌch
nep¯esnost 3ñ5kr·t vyööÌ.

P¯i diagnÛze srdeËnÌch chorob doporuËenÌ p¯edpokl·d·
pouûÌv·nÌ dvou rozhodovacÌch limit˘ p¯i interpretaci v˝sledk˘
stanovenÌ troponin˘. PrvnÌ diskriminuje mezi zdravou popu-
lacÌ a subjekty s poökozenÌm myokardu (uvaûuje se 97,5
kvantil zdravÈ populace). Druh˝ rozhodovacÌ limit je urËen
ROC anal˝zou a diskriminuje populace bez AIM a s AIM.
Kritick˝ p¯ehled publikovan˝ch pracÌ ukazuje na skuteËnost,
ûe tato kritÈria nejsou autory d˘slednÏ dodrûov·na. P¯i stano-
venÌ myoglobinu se tÈmÏ¯ v˝hradnÏ pouûÌv· pouze jeden
rozhodovacÌ limit.

NesoumÏ¯itelnost v˝sledk˘ stanovenÌ cTnI je velk˝m pro-
blÈmem v diagnostice srdeËnÌch chorob. Je zp˘sobena rozdÌl-
nostÌ pouûit˝ch monoklon·lnÌch protil·tek, heterogenitou cir-
kulujÌcÌho cTnI tvo¯enÈho t¯emi sloûkami r˘znÈ imunore-
aktivity a naprost˝m nedostatkem standardizace. Troponin I
v krenÌ cirkulaci je tvo¯en podÌlem volnÈ frakce, bin·rnÌho
komplexu s troponinem C a tern·rnÌho komplexu s troponiny
C a T. Maxim·lnÌ a minim·lnÌ ud·vanÈ hodnoty rozhodova-
cÌch limit˘ se od sebe liöÌ dvacetin·sobnÏ. Je velmi p¯ekvapu-
jÌcÌ, ûe dob¯e definovan· a mal· molekula myoglobinu se
zn·m˝mi epitopy m· proti oËek·v·nÌ pomÏr extrÈm˘ rozho-
dovacÌho limitu 2,3.

Celkov· doba odezvy m· b˝t kratöÌ neû 1 h. Z toho plyne,
ûe laboratornÌ odezva musÌ b˝t kratöÌ neû 30 min a vlastnÌ
anal˝za by nemÏla trvat dÈle neû 15 min. Materi·lem volby je
plazma. Jako antikoagulans se doporuËuje heparin·t lithn˝,
protoûe EDTA m˘ûe ovlivnit v˝sledky stanovenÌ cTnI ötÏpe-
nÌm jeho bin·rnÌch a tern·rnÌch komplex˘. Kritick˝ p¯ehled
dat ukazuje, ûe auto¯i a v˝robci vÏnujÌ rozdÌl˘m v pouûitÌ krve,
plazmy a sÈra velmi malou pozornost, a ûe plazma b˝v· jen
m·lokdy preferov·na.

DoporuËenÌ IFCC poËÌt· i s decentralizovanou anal˝zou
(POCT) v p¯Ìpadech, ûe laborato¯ nenÌ schopn· dodrûet poûa-
dovanou dobu odezvy, kter· je povaûovan· za v˝znamnÏjöÌ
neû p¯esnost mÏ¯enÌ.

09 EFFECT OF ISCHEMIA AND REPERFUSION
ON MYOFIBRILLAR PROTEINS OF RABBIT
MYOCARDIUM

PETER KAPL¡Na, MILENA MATEJOVI»OV¡a,
J¡N LEHOTSK›a, RADOVAN MURÕNa,
and W. FLAMENGb

aDepartment of Biochemistry, Jessenius Faculty of Medicine,
Comenius University, Mala Hora 4, 036 01 Martin, Slovak Re-
public, bCentre for Experimental Cardiac Surgery and Anae-
sthesiology, Catholic University Leuven, B-3000 Leuven, Bel-
gium

Myocardial stunning is a phenomenon characterized by
reversible contractile dysfunction that persist after reperfusion
despite restoration of normal perfusion. A recent hypothesis
proposes that stunning is at least partially due to decreased
Ca2+ responsiveness of myofilaments. However, the molecular
mechanisms are not yet fully understood1. Several studies have
demonstrated selective degradation of myofibrillar proteins
during ischemia and reperfusion2,3. Other studies have, how-
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ever, shown negative findings with regard to myofibrillar
protein degradation4 or protein phosphorylation5. The aim of
the present study was to determine whether myocardial stun-
ning is associated with changes in myofibrillar function and
to characterize protein components of contractile apparatus
with the emphasis on regulatory protein troponin I (TnI). The
preparation used was the isovolumetric Langerdorff-perfused
rabbit heart. Normothermic global ischemia of 15 min followed
by 10 min of reperfusion caused significant changes in mechani-
cal performances. Developed left ventricular pressure and the
left ventricular dP/dt were decreased to 68 % and 63 % of the
preischemic value, respectively. After ischemia or reperfusion
myofibrillar proteins were isolated from samples of left ventri-
cle and were used for protein analysis and measurement of Mg2+-
-ATPase activity. To determine whether myocardial stunning
is associated with breakdown of myofibrillar proteins, myofi-
brils were analyzed by polyacrylamide gel electrophoresis.
There were no differences in relative content of myosin heavy
chain, protein C, actin, troponin T, tropomyosin, troponin I,
myosin light chain 1 and 2 in myofilaments isolated from con-
trol and stunned hearts. To study selective proteolysis of tro-
ponin I (TnI) immunobloting analysis using monoclonal anti-
-TnI antibody TI-1 was performed. Western blotsdemonstrated
the presence of two immunoreactive bands. The 31 kDa band
corresponds to the native TnI. A secondary band of lower mo-
lecular mass represents only a minor mass fraction of native TnI
(less than 4 %) and was observed in samples from stunned as well
as control hearts. Similar results were observed using unfrac-
tionated tissue homogenates of left ventricles. This suggests
that stunning of isolated rabbit myocardium occurs without
TnI degradation. Negative findings are in contrast to results
obtained on isolated rat hearts2,3, however, they are in agree-
ment with those observed after coronary artery occlusions in
swine4. This may indicate different mechanism of stunning in
different animal species. However, we cannot exclude the
possibility that our negative findings are due to low TI-1
antibody specificity and sensitivity to detect TnI fragments.
Lack of the effect of ischemia and reperfusion on myofila-
ments is also supported by functional studies. There were no
statistically significant changes in maximum Ca2+-stimulated
Mg2+-ATPase activity (Vmax), apparent half-maximally activa-
ting Ca2+ concentration (KCa) and Hill coefficient in ischemic
and stunned hearts when compared with control hearts (Table I).
These results are in agreement with the data in the literature6

and suggest that stunning does not result in enzyme damage.
In conclusion, our study indicates that the mechanical

dysfunction occuring during reperfusion of isolated rabbit
heart is not the result of structural and functional alterations of

Table I
Effect of ischemia and reperfusion on kinetic parameters of
myofibrillar Mg2+-ATPase

Vmax KCa Hill
[nmol.min-1.mg-1] [mmol.l-1]l coefficient

Control 193±9 0.35±0.07 1.9±0.2
Ischemia 229±19 0.39±0.11 1.8±0.2
Stunning 232±23 0.37±0.04 1.6±0.2

contractile proteins. However, further studies are required to
clarify whether different mechanisms of stunning or differen-
ces in experimental protocols and analytical techniques are the
cause of contradictory literature data.
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10 KVALITA KRVN›CH ELEMENTOV, OXIDA»N›
STATUS A ENDOTELOV… MARKERY
U VYBRAN›CH PACIENTOV S DIABETES
MELITUS

J¡N LEHOTSK›a, ANNA DRGOV¡a,
RADOVAN MURÕNa, MILENA MATEJOVI»OV¡a,
PETER KAPL¡Na a MARI¡N MOK¡“b

a⁄stav lek·rskej biochÈmie, bI. intern· klinika, Jesseniova
lek·rska fakulta UK, Mal· Hora 4, 036 01 Martin, Slovensk·
republika

Diabetes mellitus je spojen˝ so zmenami nielen celkovÈho
metabolizmu ale aj poruchami cievneho systÈmu a hemost·zy
s ˙Ëinkom na rÙzne org·ny. V˝znamn˙ ˙lohu v tomto procese
hraj˙ abnormality lipidovÈho metabolizmu a nadprodukcia
reaktÌvnych foriem kyslÌka ako aj zmeny koncentr·ciÌ nÌzko-
molekulov˝ch antioxidantov. Toto mÙûe vyvolaù zmeny
membr·nov˝ch fosfolipidov a n·sledne v˝znamne vpl˝vaù na
procesy zhlukovanie trombocytov (Tr), priænavosù erytrocytov
(Er) a aktiv·ciu leukocytov a spolu s alter·ciami hemost·zy
viesù k mikro a makrovaskulop·ti·m1. V naöej pr·ci sme
sledovali u vybran˝ch skupÌn pacientov s diabetes melitus
typ I (IDDM) a typ II (NIDDM) a u kontrolnej skupiny pacien-
tov: i) zloûenie a organiz·ciu fosfolipidov krvn˝ch elementov
v lipidick˝ch extraktoch membr·n metÛdou HPTLC; ii) ana-
lyzovali sme zast˙penie antioxidaËn˝ch elementov (aktivitu
superoxid dismut·zy SOD pouûitÌm xantÌn oxid·zovÈho sys-
tÈmu) a produktov oxidaËnÈho stresu: a) tiobarbit˙rov· kyse-
lina reaktÌvne produkty ako marker lipoperoxid·cie a Fe2+

stimulovanÈ prooxidaËnÈ TBARS produkty spektrofotomet-
ricky2 b) hladinu bielkovinov˝ch SH skupÌn pouûitÌm s DTNB
taktieû spektrofotometricky; iii) molekulovÈ markery aktiv·-
cie endotelu (von Willebrandov faktor, trombolmodulÌn) a fi-
brinolytickÈ parametre (tkanivov˝ aktiv·tor plazminogÈnu a in-
hibÌtor aktiv·tora plazminogÈnu)3.

U skupÌn pacientov s IDDM a NIDDM sme zistili k zmeny
celkovÈho obsahu fosfolipidov v Er a Tr. U oboch typov dia-
betu sme pozorovali vzostup hladÌn lyzofosfolipidov u oboch
typov buniek. Hladiny sfingomyelÌnov sa zniûuj˙ len u Er
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v type IDDM, v Tr je ich hladina znÌûen· u oboch typov
diabetu. U oboch typov diabetu sme pozorovali v Er zv˝öenie
hladÌn fosfatidylinozitolov.

Hladiny lipoperoxidaËn˝ch produktov s˙ zv˝öenÈ v plaz-
me u IDDM priËom in vitro prooxidaËn· aktivita kles· s hla-
dinami t˝chto produktov. U NIDDM mnoûstvo voæn˝ch SH
skupÌn v Er ako aj v plazme v˝razne kles·. Superoxid dismut·-
za v leukocytovej frakcii vykazuje v˝raznejöÌ pokles u IDDM.
U oboch typov sme nepozorovali zmeny v hladin·ch kyseliny
moËovej.

Marker aktiv·cie endotelu trombomodulÌn v˝raznejöie na-
rast· u typu NIDDM. Hladiny PA ñI sa zvyöuj˙ najm‰ u typu
IDDM.

Zloûenie a oxidaËn˝ stav membr·n koreluj˙ s patologic-
k˝m stavom pacientov. Naöe v˝sledky diskutujeme s ohæadom
na moûnÈ ovplyvnenie antioxidaËnÈho stavu pod·vanÌm anti-
oxidantov per os v kombin·cii s klasickou lieËbou.

Pr·ca bola podporen· fakultn˝m grantom JLF UK Ë. 18/20.
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11 PLASMA MAGNESIUM LEVELS IN PATIENTS
WITH TYPE 2 DIABETES MELLITUS
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Magnesium is an essential component of many enzymes
in the body and also involved in glucose homeostasis. Present
data suggest that patients with diabetes mellitus tend to a low
circulating magnesium level1-3. Reduced plasma magnesium
levels have been reported in type 2 diabetes and are associated
with insulin resistance and diabetic late complications4,5.

The aim of present study was to evaluate plasma magne-
sium levels in patients with type 2 diabetes treated with insulin
and oral hypoglycaemic agents (OHA), and to compare the
results with those in healthy subjects.

Twenty seven patients with type 2 diabetes included in the
study were matched for age, sex and duration of diabetes. 13
patients were treated with insulin (6 males, 7 females, age
53.5±14.0 years, diabetes duration 10.5±8.1 years).14 patients
were treated with OHA (8 males, 6 females, age 61.7±16.1
years, diabetes duration 11.0±7.2 years). No other drugs were
taken which are known to interfere with magnesium metabo-
lism. The metabolic control of the diabetes was assessed by
analysis of glycated haemoglobin (HbA1c) in blood. The con-
trol group consisted of 30 healthy volunteers (16 males, 14 fe-
males, age 30.1±12.2 years). Blood samples were taken in the
morning after overnight fasting for at least 12 hours. Plasma

magnesium levels were measured by atomic absorption spec-
trophotometry. Statistical analyses were performed using Stu-
dentís t test and the data are expressed as means ±SEM.
Significance was assumed when p<0,05.

Baseline characteristic of the patients with type 2 diabetes
and control subjects are shown in Table I. Plasma magne-
sium levels were significantly reduced in both the insulin-
-treated group (0.72±0,012 mmol.l-1 vs 0.93±0.014 mmol.l-1,
p<0.0001) and the group treated with OHA (0.81±0.017mmol.l-1

vs 0.93±0.014 mmol.l-1, p<0.001) compared to control group.
Patients with OHA treatment had significantly higher levels
of magnesium in plasma (p<0.05) as compared with those in
the insulin ñ treated group. All patients were in good metabolic
control (HbA1c 8.25±0.23 % and 8.1±0.25 %) to exclude an
additional magnesium loss through urinary excretion. No sig-
nificant correlation between HbA1c and plasma magnesium
levels were found in both the insulin-treated group and group
with OHA treatment.

Reduced plasma magnesium levels are common finding in
patients with diabetes mellitus. A relationship between hypo-
magnesaemia and diabetic late complications have been repor-
ted in several studies1-5, although the mechanism is still un-
known. The main finding of our study are significantly de-
creased levels of plasma magnesium in patients with type
2 diabetes and hypomagnesaemia which is not correlated to
metabolic control (Table I). We found significantly higher
levels of magnesium in patients with OHA treatment compa-
red with insulin-treated group. The present results in this study
suggest that hypomagnesaemia might represent an important
risk factor for the development of diabetic late complications
in these patients.

Table I
Baseline characteristic and plasma magnesium levels in pa-
tients with type 2 diabetes and control subjects

Control Insulin OHA
group treatment treatment

n 30 13 14
Sex [M/F] 16/14 6/7 8/6
Age [years] 30.1±12.2 53.5±14.0 61.7±16.1
Diabetes duration ñ 10.5±8.1 11.0±7.2
[years]
Plasma magne- 0.93±0.014 0.72±0.012a 0.81±0.017b,c

sium [mmol.l-1]

Data are given as a mean ±SEM, n is number of subjects per
group; a p<0.0001 vs control group, b p<0.05 vs insulin ñ
treated group, c p<0.001 vs control group
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12 NEUROPEPTIDES AS A MODULATION
OF IMMUNE FUNCTIONS

BENADIK SMAJDAb, PAVOL JALCa,
and PETER KALANINa
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Vasoactive intestinal peptide (VIP) is a linear 28 amino
acid polypeptide originally discovered in lung and intestine
and also found in tissues including brain, liver, pancreas,
smooth muscle and lymphocytes. The molecular weight is
3381. VIP is structurally related to a family of peptides which
include PACAP, PHI, secretin and glucagon. The carboxyter-
minal amino acid of VIP (Asn) is amidated. VIP has a diverse
range of biological actions including vasodilation, electrolyte
secretion, neurotransmision and modulation of immune func-
tion. VIP is a neuropeptide which interacts with cells of the
immune system. VIP can interact directly with lymphocytes
and accessory cells, resulting in most cases, but not always in
cAMP generation within these cells, and a subsequent cascade
of intracellular events that alter effector cell function. VIP
appears to modulate maturation of specific populations of
effector cells, T cell recognition, antibody production, and
homing capabilities. These effects of VIP are tissue-specific
and are probably dependent on the resident cell populations
within the lymphoid tissue and the surrounding microenviron-
ment. Different microenvironments within the same lymphoid
tissue may influence the modulatory role of VIP also. Effects
of VIP on immune function may result from indirect effects
on secretory cells, endothelial cells, and smooth muscle cells
in blood vessels, ducts, and respiratory airways. Influences of
VIP on immune function also may vary depending on the
presence of other signal molecules, such that VIP alone will
have no effect on a target cell by itself, but may greatly
potentiate or inhibit the effects of other hormones, transmit-
ters, or cytokines. The activational state of target cells may
influence VIP receptor expression in these cells, and therefore,
may determine whether VIP can influence target cell activity.
VIP contained in neural compartments is involved in the
pathophysiology of several disease states in the gut and lung.
Release of inflammatory mediators by cells of the immune
system may destroy VIP-containing nerves in inflammatory
bowel disease and in asthma. Loss of VIPergic nerves in these
disease states appears to further axecerbate the inflammatory
response. Altered VIP concentration can have significant con-
sequences in terms of health and disease. In addition, the
protective effects of VIP from tissue damage associated with
inflammatory processes also may be applicable to other pat-
hological conditions such as rheumatoid arthritis, anaphylaxis,
and the swelling and edema seen in the brain following head
trauma. While VIP degrades rapidly, synthetic VIP-like drugs
may be developed that interact with VIP receptors and have

similar protective effects. Synthetic VIP-like agents also may
be useful in treating neuroendocrine disorders associated with
dysregulation of the hypothalamic-pituitary-adrenal axis, and
pituitary release of prolactin.

All this evidence indicates that VIP is an endogenous
autocrine modulator of immune function.

This work is supported by grant of the Ministry of Education
VEGA 1/6025/99.

13 SLEDOVANIE ZMIEN SYNT…ZY PROTEÕNOV
A EXPRESIE c-Fos PROTEÕNU V NUCLEUS
CAUDATUS MOZGU POTKANA PO ISCH…MII
A N¡SLEDNEJ REPERF⁄ZII V Z¡VISLOSTI
NA POUéITÕ HEMODIL⁄CIE

MIROSLAVA N…METHOV¡, JOZEF BURDA
a JOZEF MARäALA

Neurobiologick˝ ˙stav SAV, äoltÈsovej  4, 040 01 Koöice,
Slovensk· republika

InhibÌcia syntÈzy proteÌnov po ischÈmii a n·slednej reper-
f˙zii je spÙsoben·, ako je uû dlhöÌ Ëas zn·me, fosforyl·ciou
α-podjednotky iniciaËnÈho faktora eIF-2 (cit.1). Podjednotka
α iniciaËnÈho faktora eIF-2 po fosforyl·cii nie je schopn·
recykl·cie, a t˝m doch·dza k zastaveniu procesu inici·cie
proteosyntÈzy v poökoden˝ch bunk·ch. Cerebr·lna ischÈmia
tieû vedie k tvorbe tzv. skor˝ch gÈnov a ich produktov. Inhi-
bÌcia proteosyntÈzy mÙûe zvyöovaù expresiu vËasn˝ch gÈnov,
pretoûe niektorÈ skorÈ produkty vËasn˝ch gÈnov zabezpeËuj˙
represiu ich vlastn˝ch transkriptov2. Technikou hybridiz·cie
in situ bolo dok·zanÈ, ûe zv˝öenie produkcie öpecifick˝ch
mRNA pre skorÈ gÈny bolo detekovanÈ predovöetk˝m v regiÛ-
noch mozgu, ktorÈ s˙ zn·me svojou vysokou citlivosùou na
ischÈmiu, ako s˙ tzv. selektÌvne vulnerabilnÈ oblasti ñ hipo-
kampus a striatum (nucleus caudatus)3. Hemodil˙cia je efek-
tÌvny spÙsob ako navodiù v ischemicky poökodenom mozgu
zv˝öenie perf˙zie. ZriedenÌm obsahu cirkuluj˙cej krvi substi-
tuËn˝m roztokom je moûnÈ dosiahnuù znÌûenie poËtu krvn˝ch
elementov, ako polymorfonukle·rnych leukoctyov a erytrocy-
tov, ktorÈ s˙ hlavn˝m zdrojom voæn˝ch radik·lov kyslÌka,
a t˝m aj znÌûenie vplyvu radik·lov na poökodenie proteosyn-
tetickÈho apar·tu.

V naöej pr·ci sme sledovali funkËn˝ stav proteosyntetic-
kÈho apar·tu v nucleus caudatus prostrednÌctvom inkorpor·-
cie znaËenÈho leucÌnu do polypeptidov˝ch reùazcov in vitro
v bezbuneËnom systÈme z postischemick˝ch mozgov potka-
nov a z·roveÚ sme sledovali imunohistochemicky expresiu
protoonkogÈnovÈho produktu c-Fos, ako markera ischemic-
kÈho poökodenia. PokusnÈ zvierat· boli rozdelenÈ do dvoch
skupÌn, priËom jednej skupine bola navoden· experiment·lna
cerebr·lna ischÈmia bez hemodil˙cie a druhej s hemodil˙ciou.
Inkorpor·ciu znaËenÈho leucÌnu (obr. 1) a expresiu c-Fos
proteÌnu sme stanovovali po troch rozliËn˝ch Ëasoch reperf˙-
zie ñ 30 min˙tach, 120 min˙tach a 240 min˙tach, priËom dÂûka
ischemickÈho inzultu bola pri vöetk˝ch pokusn˝ch zvierat·ch
rovnak· ñ 30 min˙t. IschÈmia bola navodenÈ ötandardn˝m
modelom ötvorcievneho podv‰zu podæa Pulsinelliho a Brier-
lyho4. Hemodil˙cia predstavovala odobratie dva kr·t po 2 ml
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krvi a jej s˙ËasnÈ nahradenie roztokom hydroxyetylökrobu
(10 % HES 200/0,5), v 5 min˙tov˝ch intervaloch poËas is-
chÈmie, aû pokiaæ nebol dosiahnut˝ pokles hodnÙt hemato-
kritu na pribliûne 30 %. Po uplynutÌ zvolen˝ch Ëasov reper-
f˙zie boli potkany utratenÈ a mozgy, urËenÈ na biochemic-
k˙ anal˝zu, boli ihneÔ po vybratÌ spracovanÈ podæa Burda
a spol.1 Potkany, urËenÈ na imunohistochemick˙ anal˝zu boli
po reperf˙zii intrakardi·lne perfundovanÈ fixaËn˝m roztokom
(4 % paraformaldehyd) a zmrazenÈ transverz·lne rezy moz-
gov o hr˙bke 40 µm boli inkubovanÈ imunohistochemickou
metÛdou pomocou avidÌn-biotÌn peroxid·zovÈho komplexu.
PozitÌvne c-Fos jadr· buniek boli hodnotenÈ pouûitÌm camera
lucida. Pre anal˝zu c-Fos pozitivity bolo vybrat˝ch 10 rezov
(300◊400 µm) z dorzo-later·lnej oblasti nucleus caudatus a hod-
noty s˙ vyjadrenÈ ich priemerom (obr. 2).

Z nameran˝ch hodnÙt je zrejmÈ, ûe 30 min˙tov· ischÈmia
m· v˝razn˝ inhibiËn˝ ˙Ëinok na aktivitu proteosyntetickÈho
apar·tu. S predlûuj˙cim sa Ëasom reperf˙zie sa mnoûstvo
inkorporovanÈho znaËenÈho prekurzora zvyöuje a ötatisticky
v˝znamnÈ zmeny boli zaznamenanÈ po 2 hodin·ch reperf˙zie.
V prÌpade expresie skor˝ch produktov vËasn˝ch gÈnov c-Fos,
ötatisticky najviac ovplyvnila hemodil˙cia 30 min˙tovÈ preûÌ-
vanie, kde sa signifikantne zniûuje poËet pozitÌvnych c-Fos
jadier oproti reperf˙zii bez pouûitia hemodil˙cie. »o sa vöak

t˝ka dlhöieho preûÌvania, nemÙûeme konötatovaù, ûe hemodi-
l˙cia m· priazniv˝ vplyv na zniûovanie expresie c-Fos prote-
Ìnu v bunk·ch nucleus caudatus mozgu potkana.

Pr·ca bola vypracovan· s podporou grantov VEGA 2/7231/20
a 2/5196/98.
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14 DISTRIBUTION PATTERNS
OF NADPHd-EXHIBITING AND NOS-IR
NEURONS IN THE LUMBOSACRAL SEGMENTS
IN THE EARLY PHASE OF CAUDA EQUINA
SYNDROME IN THE DOG ñ A HISTOCHEMICAL
AND IMMUNOCYTOCHEMICAL STUDY
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Pathogenesis of cauda equina syndrome (CES) and accom-
panying disorders such as low-back pain, saddle anesthesia,
bilateral sciatica, bladder dysfunction, motor weakness of the
lower extremities or chronic paraplegia are not fully understo-
od. At present, little information is available concerning the
direct effects of cauda equina chronic stimulation or damage
on spinal cord neuronal pools and circuitry. Therefore, a mo-
del of canine multiple protracted cauda equina constrictions
(MPCEC), mimicking the long-term cauda equina compressi-
on in human was tested with the aim of analyzing the potential
changes in the lumbosacral spinal cord neurons and circuitry
in relation to the early phase of CEC, and time course of
changes of NADPHd-exhibiting and NOS-IR neurons.

Experiments were performed on 6 adult mongrel dogs,
weighing between 11 and 18 kg. Lumbar laminectomy with
removal of the sixth and seventh laminae was carried out for
gaining access to the cauda equina. The constrictions were
made according to our previously described approach1. Basi-
cally, the animals were devided into two groups, one (n = 3),
surviving two days postoperatively, and the next one (n = 3),
surviving 5 days postconstriction. All animals were processed
according to previously published protocols2,3. All lumbosac-
ral segments were used for histochemical and immunocy-
tochemical analyses, described in detail in our previous pa-
pers3-7.

In animals, surviving after MPCEC two days constriction
multiple NADPHd-positive and NOS-IR neurons were found
in the superficial dorsal horn as well as in the deep dorsal horn
layers. At this postconstriction time no differences in the

Obr. 1. Hodnoty inkorpor·cie znaËenÈho leucÌnu do polypeptido-
v˝ch reùazcov in vitro v bezbuneËnom systÈme, prepoËÌtanÈ na
mnoûstvo v pmol na 1 mg bielkovÌn, nucleas caudatus mozgu
potkana, po rÙznych Ëasoch reperf˙zie a pouûitÌ hemodil˙cie;
* predstavuje ötatisticky v˝znamnÈ hodnoty na ˙rovni p<0,05

Obr. 2. PoËet pozitÌvnych c-Fos jadier neurÛnov v nucleus cau-
datus mozgu potkana po rÙnych Ëasoch reperf˙zie a pouûitÌ he-
modil˙cie; * viÔ obr. 1
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number of NADPHd positive and NOS-IR neurons known
from normal material2 could be detected. Longer postconstric-
tion time considerably broadened the extent of the spinal cord
laminae containing NADPHd positive and NOS-IR neurons,
comprising not only the intermediate zone of the sacral seg-
ments but reaching more ventrally with many reacting neurons
in the medial portion of the ventral horns and pericentral gray.
While many small interneurons located in the central portion
of the ventral horns were clearly affected no signs of NADPHd
positivity or NOS-IR staining could be seen in the motoneu-
ronal pools of the lower lumbar and all sacral segments. It is
concluded therefore, that during the acute phase of ensuing
cauda equina syndrome serving as an model of viscerosomatic
pain mainly intrinsic small interneurons are affected, a pheno-
menon negatively influencing spinal cord circuitry not only in
the superficial dorsal horn but, more considerably the ventral
horns and the intermediate zone.

This work was supported by the VEGA Grant No. 2/7222/20.
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15 CHANGES IN CALCIUM HOMEOSTASIS
AND CYTOSKELETON ORGANIZATION
IN BLOOD ELEMENTS OF PATIENTS
WITH ALZHEIMERíS DISEASE
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Alzheimerís disease (AD) is a major cause of dementia
affecting a large aged population. The pathophysiology of AD
is connected with the alterations in neurotransmission, amy-
loid plaques and neurofibrillary tangles formation, and distur-
bance of calcium homeostasis in brain tissues1. Despite the

tremendous effort of clinical and  laboratory research, the
etiology of this devastating brain deterioration, and an effec-
tive and causative therapy is not known. The early and accurate
diagnosis of AD remains alike far unachieved goal.

The development of diagnostic criteria is urgently needed.
The biochemical approach is based on the hypothesis that the
causative disorder of AD may lurk at the level of cell physiolo-
gy, altering various brain functions, such as the recognition,
memory, language and visuospacial skills. Documentation of
a change in the peripheral cells could help in the search for
biological markers for diagnosis, understanding the pathophy-
siology of AD, and for the search for new therapeutic strate-
gies.  The identification of  a  biological  peripheral marker
would also to determine whether AD is a systemic disease or
whether it is limited to the brain. Our working hypothesis
suggests that neurodegenerative changes, which occur in the
brain of patients with AD, may manifest in blood elements.
Alterations of protein tau reported by many authors enable us
to assume changes in the cytoskeletal network in peripheral
cells. An alteration in calcium homeostasis could affect most
of the AD-related deficiences.

We used blood platelets and red blood cells to study the
changes in free intracellular calcium concentration [Ca2+]i and
organization of cytoskeletal network in peripheral cells of
patients with AD, young and age-matched healthy subjects.
[Ca2+]i was determined using long wavelength indicator Fluo-
-3AM as previously described2. Organization of spectrin and
tubulin was observed by means of specific antibodies using
indirect immunofluorescence technique3. Our observations
document that aging is connected with changes in cytoskeletal
proteins spectrin and tubulin.

In platelets of patients with early stages of AD, the basal
values of [Ca2+]i were significantly lower in comparison with
age-matched and young controls. In the presence of 1 mM

calcium in the incubation medium the [Ca2+]i markedly incre-
ased in AD patients while the [Ca2+]i increased only to a smal-
ler extent in control age-matched and young subjects. The
present study proposes that calcium dysregulation during the
whole disease period could not be uniform and according to
our results the [Ca2+]i is reduced in the first stages of AD. We
speculate that the disturbed calcium homeostasis in AD is an
ìearly defectî.

Our study further suggests the systemic feature of this
disease and support the view that examining peripheral cells
may represent a useful approach to explore the cellular pat-
hophysiology of AD.

Supported by the Internal Grant Agency of the Ministry of
Health of the Czech Republic (Grant No. NG/15-3) and by the
Grant of Charles University Prague (No. 113/1998/BBio/
P¯F).
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16 EFFECT OF ISCHEMIC TOLERANCE
ON THE INHIBITION OF TRANSLATION
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REPERFUSION IN THE RAT BRAIN
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Although, ischemia per se produces relatively moderate
changes which are dependent on the model and duration of
the ischemia and intraischemic temperature, generates bac-
kground for profound protein synthesis alterations occurring
during subsequent reperfusion. First minutes of postischemic
reperfusion are characterised by nearly complete block of
translation, focused to the inhibition of initiation, which is
manifested by disaggregation of polyribosomes to monoso-
mes and ribosomal subunits. After common transient inhibi-
tion of initiation, most brain regions recover their protein
synthesis capability; however, inhibition in the selectively
vulnerable regions is persistent. Deep inhibition of translation
occurring immediately after the blood flow restoration to
ischemic brain tissue is caused by the phosphorylation of α
subunit (38 kDa) of initiation factor 2 (eIF-2)1. The results of
Kato2 and Furuta3 based on autoradiography and electron
microscopy show that the ischemic tolerance (IT) is closely
related to the facilitated recovery from suppressed protein
synthesis in the brain after ischemia. Most of the tolerance-in-
duced neurons demonstrated reaggregation of cytosomal ribo-
somes and restoration of impaired amino acid incorporation
24 h after the ischemia. These findings suggest that recovery
of protein synthesis during the early post ischemic phase is
essential for CA1 neuron survival after ischemic injury.

Our presented work was focused to the in vitro study of
translational changes induced by ischemic tolerance as well as
comparison of the influence of various time intervals between
preconditioning (sublethal ischemia) and lethal ischemia (four
vessel occlusion model of transient forebrain ischemia4 follo-

wed by short reperfusion. Protocol of the experiment: Control
ñ sham operated rats without ischemia; I30/R30 ñ test (lethal)
ischemia 30 min with subsequent 30 min of reperfusion; IT
groups ñ 4 min of sublethal ischemia followed by 30 min, 2
hours, 4 hours or 2 days of first reperfusion (ischemic tolerance
induction) with subsequent test ischemia and reperfusion equ-
al to the group I30/R30.

Results presented in Table I show that while test ischemia
I30/R30 inhibits proteosynthetic machinery in all brain re-
gions by 90 %, ischemic tolerance induced by short sublethal
ischemia which preceded test ischemia for 30 min only signi-
ficantly improves translational activity. No differences were
observed in comparison between 30 min and 2 hours of IT
induction. At the fourth hour of interval between preconditio-
ning and test ischemia the second period of changes inducing
tolerance against subsequent lethal ischemia begins. At this
time values of leucine incorporation reach 55ñ75 % of sham
control activity. Finally, after two days ischemic tolerance is
able to preserve 90 % of proteosynthetic activity.

Mechanism of preservation consists in the improvement
of reinitiation ability which is completely broken after test
ischemia in non-tolerant animals but gradually increases with
duration of interval between preconditioning and test ische-
mia. Significantly improved is phosphorylation of eIF-2α, too.
While eIF-2α phosphorylation represents in test ischemia
(I30/R30) 28.4 % (cortex) of total eIF-2α in tolerant animals
(IT 2 days) equal ischemic intervention causes in individual
regions 8ñ12 % of eIF-2α phosphorylation only. Decreased
eIF-2α phosphorylation accompanied by increased reinitiati-
on ability and translational activity suggests two possible
mechanisms of ischemic tolerance intervention to the transla-
tional machinery: inhibition of specific protein kinases (not
increased in test ischemia without IT) or, more probably,
activation of eIF-2α protein phosphatases PP-1 and/or PP-2A
transiently decreased after the test ischemia in non-tolerant
rats (our unpublished results).

Supported by grants SK-VEGA 2/7231/20 and 2/5169/98 and
ESP-MEC PM97-0071 and FIS 00/0245.
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Table I
Incorporation of 3H-leucine into polypeptides in cell-free system from brain of ischemic rats

Region Control I30/R30 IT 30 min IT 2 h IT 4 h IT 2 d

Cortex 16.8±0.5 1.4±0.1a 4.2±0.6a,b 4.0±0.1a,b 10.9±0.6a,b 14.9±1.0b

Hippocampus 19.0±1.1 2.0±0.1a 3.8±0.2a,b 4.5±0.2a,b 10.8±0.2a,b 16.7±1.4b

Striatum 15.3±0.7 1.8±0.4a 3.9±0.1a,b 4.3±0.1a,b 11.5±0.1a,b 16.4±1.4b

Data are expressed as pmol.l-1 of leucine incorporated into TCA insoluble fraction per 1 mg of protein. Values represent means
±SEM with n = 4 in each group; a represents significant differences compared to sham control group (p<0.05), b represents
significant differences compared to group without IT (p<0.05)
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17 EFFECTS OF 7-NITROINDAZOLE
AND AMINOGUANIDINE ON NADPH-
-DIAPHORASE ACTIVITY IN THE RAT
ISCHEMIC BRAIN
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There are three types of NO synthase. Neuronal and indu-
cible NO synthases have a neurotoxic effect and endothelial
NO synthase has a protective effect. The increase in NO
metabolites showed two peaks in the ischemic brain damage,
one during ischemia and the other during the reperfusion
period. Preischemic treatment with 7-nitroindazole, a selecti-
ve neuronal NO synthase inhibitor suppressed both peaks of
NO metabolites, whereas preischemic treatment with amino-
guanidine, a selective inducible NO synthase inhibitor, parti-
ally suppressed only the peak in the reperfusion period1. In all
three isoforms of NO synthases, the reduced nicototinamide
adenine dinucleotide phosphate-diaphorase (NADPH-d) acti-
vity is found, which has been used to localize NO synthase
containing neurons. The presence of NO synthase was inferred
by the histochemical demonstration of NADPH-d (Ref.2).

NADPH-d activity was assayed spectrophotometricaly by
measuring the reduction of nitroblue tetrazolium (0.5 mM) in
the presence NADPH (1 mM) (Ref.3). We report changes in
NADPH-d activity after transient forebrain ischemia (4-ves-
sels occlusion)4 and 7 days reperfusion in the rat and these
changes were compared with the same ischemia without pre-
treatment and with the sham-operated control. After ische-
mia without pre-treatment, a significant two-fold increase in
NADPH-diaphorase activity was found in all the areas that
were investigated (neocortex, hippocampus). A systemic ad-
ministration of 7-nitroindazole (25 mg.kg-1 b.w. i.p.) 30 min
before ischemia, NADPH-diaphorase activity in the neocortex
was preserved at the control level only during 3 hours after
reperfusion. After 3ñ7 days of reperfusion the activity was
significantly increased (by 25 %) in comparison with the
control sham-operated group. The administration of amino-
guanidine (100 mg.kg-1 b.w. i.p.) 30 min before ischemia
blocked the increase of NADPH-d activity after ischemia at
the control level during 3 hours reperfusion and then signifi-
cantly decreased by 30 % below the control level after 3 and
7 days reperfusion (Fig. 1).

In the hippocampus, the NADPH-d activity was signifi-
cantly increased after ischemia and reperfusion. After pre-tre-
atment with a specific neuronal NO synthase inhibitor 7-ni-
troindazole, the NADPH-d activity was non significantly in-
creased by 20 % in comparison with the control level during
short time of reperfusion. However, after 3ñ7 days reperfusion
enzyme activity was increased by 40 % in comparison with

the sham-operated control group. The dynamic of the changes in
NADPH-d activity after the pre-treatment with aminoguanidi-
ne in the hippocampus was comparable with that found in the
neocortex (Fig. 2).

7-Nitroindazole and aminoguanidine suppressed the incre-
ase of NO metabolites, but in different ways. 7-Nitroindazole
supppressed the initial increase in NO by its direct inhibition
of neuronal NO synthase in the early phase of cerebral ische-
mia, but aminoguanidine directly suppressed inducible NO
synthase activity in later phase of cerebral ischemia. The
results suggest that NADPH-d is probably identical to NO
synthase.

This work supported by the Vega Grant No. 2/7231/2000 and
2/5169/98.
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Fig. 1. The effect of 7-nitroindazole (7-NI) and aminoguanidine
(AG) on NADPH-diaphorase activity in the neocortex after 30 min
ischemia and reperfusion. Data are expressed as the mean ±SEM
and are normalized to 100 µg protein; n = 6 each performed in
triplicate; p<0.05 compared with control (ANOVA)
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Fig. 2. The effect of 7-nitroindazole (7-NI) and aminoguanidine
(AG) on NADPH-diaphorase activity in the hippocampus after 30
min ischemia and reperfusion. Data are expressed as the mean
±SEM and are normalized to 100 µg protein; n = 6 each performed in
triplicate; p<0.05 compared with control (ANOVA)
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18 IRON DEPOSITION IN THE RAT ISCHEMIC
BRAIN
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Iron in various organs is involved in the formation of free
radicals, thus contributing to lipid peroxidation. It has been
showed that recirculation of blood after transient cerebral
ischemia causes an increase in low molecular weight species
of iron and that free radical formation initiated by iron ions
leads to brain damage by lipid peroxidation during early stages
of cerebral ischemia1. To elucidate iron-related pathology in
the  brain during chronic  phase ischemia, we investigated
histochemically distribution of iron at 1ñ8 weeks after transi-
ent forebrain ischemia produced using the four-vessel occlu-
sion model2 in rat brain. Brain iron was determined by Perls
reaction with 3,3-diaminobenzidine (DAB) intensification3.

In the hippocampus CA1 area, which is the region most
vulnerable to ischemia, iron began to accumulate by 3 weeks
after recirculation. Positive staining by Perlsí DAB reaction
appeared in the hippocampus CA1 region by 4 weeks after
recirculation and reached maximal levels by 8 weeks. The
staining was greater in the hippocampal CA1 region than in the
frontal cortex. Iron accumulation in the hippocampal CA1
region indicating that iron deposition was probably produced
in the process of gliosis. Iron was occasionally present in the
fine granular deposits in the perikarya and neuronal processes
of some pyramidal neurons in layer V of the frontal cortex. At
4 and 8 weeks after recirculation in the ischemic group, the
granular iron-laden pyramidal neurons of the frontocortical
layer V showed an increase with time and were significantly
more numerous than in sham-operated controls. The granular
iron deposition in pyramidal neurons of cerebral cortex was
not accompanied by any glial reaction in the chronic stage of
ischemia (Fig. 1).

Regardless of the sources or mechanisms, deposited iron
may lead to lipid peroxidation in neurons and consequent

slowly progressive neuronal dysfunction. An iron imbalance
has been found as part of the phatophysiology or phatogenesis
of a number of neurodegenerative disorders, including Alzhei-
mer disease and Parkinson disease. Most of work on cerebral
ischemia has been focused on the acute stage. It seems possib-
le, however, that the long-term pathological changes accom-
panied by iron deposition after a transient ischemic insult may
be very useful as a new model of chronic neuronal damage.

This work was supported by the Vega Grant No. 2/7231/2000
and 2/5169/98.
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19 CREATINE KINASE REACTION IN RAT BRAIN
DURING CHRONIC ISCHEMIA AND ETHANOL
INTOXICATION ñ 31P MAGNETIC RESONANCE
STUDY
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The enzyme creatine kinase catalyzes a transfer of the
N-phosphoryl group from phosphocreatine to ADP to regene-
rate ATP and plays a key role in the energetic homeostasis of
cells with fluctuating energy requirements such as brain cells
ñ neurons. In the 31P MR spectra in the brain are generally
dominated by signals from ATP and PCr which are substrates
and products of the creatine kinase reaction. 31P MRS is ideally
suited to study this reaction using of magnetization transfer
experiments. This method has been extensively used to study
creatine kinase reaction rates in various tissues: in perfused
heart1, skeletal muscle2 and in brain3. These studies have
sought to established the relationship between creatine kinase
exchange flux and changes in ATP hydrolysis or oxidative
ATP synthesis associated with increased cellular work. Many
works seems to indicate that in different tissues, CK flux may
respond differently to increased workload or during acute
metabolic stress4. A clear correlation between CK-catalysed
flux and brain activity has been demonstrated in vivo by MRS
magnetization transfer3.

In this work we studied kinetics of the above reaction in
adult and aged rat brains under conditions hypoperfusion or
during of mild and severe chronic cerebral  ischemia and
chronic alcoholic intoxication. For the experiments, 6-month

Fig. 1. Regional differences in iron deposition from 1 to 8 weeks
after 30 min transient forebrain ischemia in the frontal cortex and
hippocampus. Data are expressed as the mean ±SEM for area (µm2);
n = 6 each; p<0.05 compared with sham-operated control group
(ANOVA)
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old (250ñ300 g) and aged, 14ñ15 month (320ñ480 g) old
Wistar rats were used. They were anaesthetized with 2 %
halothane oxygen/air mixure (1:1). Mild (two vessel occlusi-
on) and severe (three vessel occlusion) brain ischemia were
induced in mature and also aged rats. Mild chronic cerebral
ischemia was induced in rats by ligating both common carotid
arteries. Severe chronic cerebral ischemia was modeled in
above animals, which was induced by simultaneous ligating
the left subclavian artery and occlusion both common carotid
arteries. The animals for model of chronic alcoholic intoxica-
tion were given 3 ml of 30 % ethanol once daily with gastric
tube for the period of 3 weeks. Control animals (n = 6) were
given 2 ml of water once daily with gastric tube. Phosphorus
MR spectroscopy saturation transfer method was performed
on an 4.7 T 200/330 SISCO instrument, equipped with a
horizontal magnet, at 81 MHz. The static magnetic field was
shimmed using proton signal which showed typical line width
of 20ñ35 Hz. We have used time dependent saturation transfer
who allows one to measure simultaneously two parameters,
T1 and kfor. The resonance γATP is saturated for increasing
times, the magnetization of phosphocreatine will exponential-
ly decay to a new steady state. Aged rats kept for 9ñ10 weeks
under condition hypoperfusion showed no statistically impor-
tant changes in conventional 31P MRS spectrum. However,
aged rats 2 weeks after above occlusions showed significant
decrease in kfor (0.23±0.02)s-1 and 9 weeks after surgery kfor
decreased on the value (0.20±0.03)s-1. These data suggest that
the  creatine kinase reaction could  play a key role in the
energetic systems of the aged brain under conditions chro-
nic cerebral ischemia. In comparison with the control group
(0.30±0.02)s-1, the adult rats measured 2 and 9 weeks after
3 vessel occlusions showed no statistically significant changes
in kfor (0.28±0.03)s-1. This fact probably related to very good
adaptability of mature rat brains. In our experiments on aged
rats  under  condition mild  chronic  cerebral  ischemia (two
vessel occlusion) showed also significant decrease in the rate
constants (0.23±0.02)s-1 2 and 9 weeks after occlusions. The
above results indicate that not only model severe but also even
mild chronic cerebral ischemia causes changes in forward rate
constant kfor of the creatine kinase reaction. However, meas-
urement of creatine kinase reaction in alcoholic rat brain
showed significant decrease of the forward creatine kinase rate
constant (0.31 s-1) compared to controls (0.38 s-1), which was
probably consistent with an inhibition of the activity of the
creatine kinase system during the alcohol stress. The decreased
activity of creatine kinase already after 3 weeks of ethanol
intoxication is unlikely to be a specificity only of this model
of ethanol intoxication or of these rats. We think that the
decrease in creatine kinase activity is a common feature of our
3 models of chronic ethanol intoxication indicating disorder
in energy metabolism in the brain of the alcohol-fed rats.

We concluded that in vivo phosphorus magnetization trans-
fer MR spectroscopy methods are a powerful technique for
monitoring non-invasively high-energy phosphate turnover.
The use these techniques for brain metabolic studies have
contributed to a better understanding of the underlying proces-
ses of various neurological disorders. It is believed that the
described technique can be used to evaluate progressive neu-
ronal damage in the brain under condition chronic ischemia or
alcoholic intoxication. It might perhaps serve as a relatively
noninvasive in vivo biomarker for age-related neurodegenera-

tive diseases, because using this technique it is possibly predict
a brain energy metabolism damage which is not yet detectable
by conventional magnetic resonance spectroscopy methods.

This work was supported by the C category grant of the
Ministry for Education, Slovak Republic.
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20 HUMAN ADENYLOSUCCINATE LYASE (ADSL),
CLONING AND CHARACTERISATION OF FULL
LENGTH cDNA AND ITS ISOFORM, GENE
STRUCTURE AND MOLECULAR BASIS
FOR ADSL DEFICIENCY IN 6 PATIENTS
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Adenylosuccinate lyase (ADSL) is a bifunctional enzyme
acting in  purine de novo synthesis and  purine nucleotide
recycling. ADSL deficiency is a selectively neuronopathic
disorder with psychomotor retardation and epilepsy as leading
traits. Both dephosphorylated enzyme substrates, succinyl-
aminoimidazole-carboxamide riboside (SAICAr) and succi-
nyladenosine (S-Ado), accumulate in the cerebrospinal fluid
(CSF) of affected individuals with S-Ado/SAICAr concentra-
tion ratios proportional to the phenotype severity. We studied
the disorder at various levels in a group of six patients with
ADSL deficiency. We identified the complete ADSL cDNA
and its alternatively spliced isoform resulting from exon 12
skipping. Both mRNA isoforms were expressed in all the
tissues studied with the non-spliced form 10-fold more abun-
dant. Both cDNA were expressed in E. coli and functionally
characterised at the protein level. The results showed only the
unspliced ADSL to be active. We described for the first time
the structure and complete genomic sequence of the ADSL
gene. The gene consists of 13 exons spanning 23 kb. The
promotor region shows typical features of the housekeeping
gene. Eight mutations were identified in a group of six patients.
The expression studies of the mutant proteins carried out in an
attempt to study genotype-phenotype correlation showed that
the level of the residual enzyme activity correlates with the
severity of the clinical phenotype. All the mutant enzymes
studied in vitro displayed a proportional decrease in activity
against both of their substrates. However, this was not concor-
dant with strikingly different concentration ratios in the CSF
of individual patients. This suggests either different in vivo
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enzyme activities against each of the substrates and/or their
different turnover across the CSF-blood barrier which may be
decisive in determining the disease severity.

21 OXYTOCINOV… RECEPTORY V HIPOKAMPU
POTKANA PO CHRONICK…M POD¡V¡NÕ
AMFETAMINU

ELäAN S. NAZAROVa,b, PAVEL äÕDAb,
JIÿINA SLANINOV¡a a VÃRA KLENEROV¡b

a⁄stav organickÈ chemie and biochemie, Akademie vÏd »eskÈ
republiky, Flemingovo n. 2, 166 10 Praha 6, b⁄stav farmako-
logie, 1. LÈka¯sk· fakulta UK, 120 00 Praha 2

Oxytocin (OT) i vasopresin jsou uvolÚov·ny do periferie
za r˘zn˝ch stresov˝ch situacÌ a liter·rnÌ data ukazujÌ na rozdÌl-
nou sekreci obou hormon˘ takÈ vlivem n·vykov˝ch l·tek, jako
je nap¯. amfetamin1. PsychostimulaËnÌ l·tka amfetamin ovliv-
Úuje chov·nÌ na r˘zn˝ch ˙rovnÌch, coû se projevuje zmÏnÏnou
lokomoËnÌ aktivitou a v˝skytem stereotypnÌho chov·nÌ. Po
akutnÌm Ëi chronickÈm pod·nÌ amfetaminu bylo zjiötÏno (Mor-
risovo vodnÌ bludiötÏ)2, ûe doch·zÌ k v˝raznÈmu zhoröenÌ
prostorovÈ pamÏti a orientace u dvou kmen˘ potkan˘. R˘znÈ
typy stresor˘ ovlivÚujÌ chov·nÌ podobn˝m zp˘sobem jako
amfetamin. Z·roveÚ doch·zÌ takÈ k zv˝öenÌ hladin OT v plaz-
mÏ. Vymaz·nÌ pamÏùovÈ stopy m˘ûe b˝t zp˘sobeno OT, a to
zejmÈna jeho p˘sobenÌm v hipokampu, kam je lokalizov·no
centrum prostorovÈ pamÏti.

NaöÌm cÌlem bylo vypracovat metodu pro stanovenÌ mnoû-
stvÌ OT-receptor˘ na membr·n·ch z hipokampu (pop¯. pre-
front·lnÌho cortexu nebo striatu) potkan˘, a to metodou ra-
dioreceptorovÈ anal˝zy a stanovit Bmax a Kd v hipokampech
zvÌ¯at po chronickÈm pod·v·nÌ amfetaminu. Pokusy jsme
prov·dÏli na  samcÌch kmene Wistar (V⁄FB, Kon·rovice,
200ñ240 g), kte¯Ì byli chov·ni jednak ve speci·lnÌm za¯Ìze-

nÌ pro pr·ci s SPF zvÌ¯aty, jednak konvenËnÏ ve zvÏ¯inci
⁄OCHB. Zach·zenÌ se zvÌ¯aty odpovÌdalo pravidl˘m Helsin-
skÈ vyhl·öky. VazbovÈ studie byly prov·dÏny s membr·nami
izolovan˝mi dle Noonana a spol.3 s mÌrn˝mi modifikacemi.
125I-OznaËen˝ analog OT ([d(CH2) , Tyr(Me)2, Thr4, Orn8,
Tyr-NH ]-vasotocin) o spec. aktivitÏ 2190 Ci/mmol byl p¯i-
praven klasickou chloraminovou metodou a ËiötÏnÌm na HPLC
(IMMUNOTECH, a.s., Praha). Membr·ny spolu s radioligan-
dem a neznaËen˝m OT nebo antagonistou byly inkubov·ny
30 min p¯i 37 ∞C. V·zan· a voln· frakce byly oddÏleny rychlou
filtracÌ (Brandel Cell Harvester, filtr Whatman GF/B). Ra-
dioaktivita byla stanovena na γ-poËÌtaËi Minigamma 1275
(LKB-Wallac, ävÈdsko). P¯i pouûitÌ dÏloûnÌch membr·n vy-
kazoval jodovan˝ prepar·t publikovanÈ hodnoty Kd a Bmax. P¯i
stanovov·nÌ OT-receptor˘ v hipokampu (obr. 1a, b) je problÈ-
mem vysok· nespecifick· vazba (NSB), kterou se nepoda¯ilo
snÌûit û·dn˝m zp˘sobem (nap¯. zv˝öenÌm koncentrace BSA
v pufrech nebo impregnacÌ filtr˘ ethyleniminem). VysokÈ hod-
noty NSB p¯i stanovenÌ OT-receptor˘ na membr·n·ch mozku
uv·dÏjÌ i jinÌ auto¯i4. Po vypracov·nÌ podmÌnek bylo stano-
veno mnoûstvÌ receptor˘ v hipokampech 6 potkan˘, kter˝m
byl aplikov·n chronicky amfetamin (chrAMF, 8 mg.kg-1 po
dobu 14 dnÌ) a 6 potkan˘, kter˝m byl aplikov·n fyziolo-
gick˝ roztok (kontroly). Byl zjiötÏn ˙bytek mnoûstvÌ OT-re-
ceptor˘ u potkan˘, kter˝m byl pod·v·n chronicky amfetamin
(31,2 fmol.mg-1 versus 45,8 fmol.mg-1 u kontrol), rozdÌly v Kd
nalezeny nebyly (0,215 mol.l-1 versus 0,198 nmol.l-1). SnÌûenÌ
mnoûstvÌ receptor˘ o p¯ibliûnÏ 33 % po chronickÈ aplikaci
amfetaminu bychom mohli vysvÏtlit tak, ûe doch·zÌ k tzv.
downregulaci receptor˘ st·lou sekrecÌ OT z oxytocinergnÌch
zakonËenÌ vlivem amfetaminu.

Tato pr·ce byla podporov·na grantem GA »R 204/99/1435.
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22 D‘KAZ EXPRESIE G…NU
FENYLETANOLAMÕN-N-METYLTRANSFER¡ZY
(PNMT) V PREDSIE“ACH A KOMOR¡CH
SRDCA A JEHO MODUL¡CIA IMOBILIZA»N›M
STRESOM
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Potencuj˙ca funkcia katecholamÌnov pri Ëinnosti srdca je
zn·mym fenomÈnom. Za norm·lnych podmienok uvoæÚuje
srdcovÈ tkanivo pribliûne 16◊ viac noradrenalÌnu, ako adre-
nalÌnu. Poûiadavka na obsah adrenalÌnu rapÌdne vzrast· v öpe-
cifick˝ch situ·ci·ch (napr. cviËenie, stres, patologickÈ pod-
mienky, starnutie atÔ.). FenyletanolamÌn-N-metyltransfer·za
(PNMT; EC 2.1.1.28) je enz˝m, ktor˝ premieÚa noradrenalÌn
na adrenalÌn. Moûn· expresia gÈnu PNMT v srdci by poten-
ci·lne umoûÚovala vysvetliù niektorÈ patofyziologickÈ stavy
(napr. neopodstatnen· tachykardia), kedy je plazmatick· hla-
dina katecholamÌnov v norme, ale srdcov˝ sval je ne˙merne
excitovan˝.

Cieæom tejto öt˙die bolo zistiù moûn˙ expresiu gÈnu fenyl-
etanolamÌn-N-metyltransfer·zy v srdcov˝ch predsieÚach a ko-
mor·ch a sledovaù, Ëi sa gÈnov· expresia tohto enz˝mu bude
meniù po vystavenÌ organizmu imobilizaËnÈmu stresu.

Na stanovenie mnoûstva PNMT mRNA sme pouûili me-
tÛdu reverznej transkripcie s n·slednou polymer·zovou reùa-
zovou reakciou (RT-PCR). GÈnov˙ expresiu sme vyhodnoco-
vali vzhæadom na tzv. Ñhouskeeperì glyceraldehyd-3-fosf·t
dehydrogen·zu (GAPDH), ktorej expresia je pomerne kon-
ötantn·. PouûitÌm uvedenej metÛdy sme zistili najvyööie hladi-
ny mRNA pre PNMT v æavej predsieni srdca (LA). V srd-
cov˝ch komor·ch (LV, RV) bola hladina mRNA veæmi nÌzka.
Jednorazov· dvojhodinov· imobiliz·cia zv˝öila gÈnov˙ ex-
presiu  PNMT v predsieÚach, v takom istom rozsahu  ako
imobiliz·cia opakovan· po dobu 7 dnÌ. V komor·ch sme
podobn˝ efekt nepozorovali. KeÔûe hladina glukokortikoidov
je za stresu veæmi v˝razne zv˝öen· a gÈn PNMT obsahuje
aj glukokortikoidov˝ responsÌvny element (GRE), zaujÌmalo
n·s, Ëi imobiliz·ciou indukovanÈ zmeny hladÌn mRNA pre
PNMT v predsieÚach srdca s˙ regulovanÈ glukokortikoidmi.
Uk·zali sme, ûe tento efekt je modulovan˝ glukokortikoidmi,
keÔûe adrenalektÛmia (odstr·nenie zdroja glukokortikoidov)
kompletne zabr·nila zv˝öeniu hladiny mRNA pre PNMT vy-
volanÈmu imobiliz·ciou.

Zv˝öen· gÈnov· expresia PNMT v predsieÚach vplyvom
stresu sa potvrdila aj zmenami v aktivite srdcovej PNMT.
Hladiny vlastnÈho PNMT proteÌnu sa n·m nepodarilo stanoviù
Western blotom a n·slednou hybridiz·ciou s polyklon·lnou
protil·tkou proti PNMT, pravdepodobne v dÙsledku veæmi
malÈho mnoûstva proteÌnu a nedostatoËnej citlivosti metÛdy.
Hladiny mRNA pre PNMT v srdci vöak koreöpondovali s na-
meran˝mi hladinami adrenalÌnu v srdci.

V tejto pr·ci sa prv˝kr·t identifikovala gÈnov· expresia
PNMT v srdcov˝ch predsieÚach a komor·ch. Expresia gÈnu
PNMT bola stimulovan· imobilizaËn˝m stresom v srdcov˝ch
predsieÚach, ale nie v komor·ch. KeÔûe vyradenie zdroja
glukokortikoidov kompletne zablokovalo imobiliz·ciou indu-
kovan˝ vzostup hladÌn PNMT mRNA, dok·zali sme, ûe expre-
sia gÈnu PNMT v srdci je regulovan· predovöetk˝m glukokor-
tikoidmi.

T·to pr·ca bola podporen· grantami VEGA 2/6109 a 2/7158
a grantom FIRCA 1R03TW00984.
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ImobilizaËn˝ stres je povaûovan˝ za siln˝ stresov˝ podnet,
pretoûe aktivuje obe Ëasti sympatikoadren·lneho systÈmu,
tj. adrenomedul·rnu a sympatoneur·lnu. Naöe predch·dzaj˙-
ce v˝sledky uk·zali v˝razn˝ aktivaËn˝ ˙Ëinok jednorazovÈ-
ho imobilizaËnÈho stresu na tyrozÌn-hydroxyl·zu (TH; EC
1.14.16.2), kæ˙Ëov˝ enz˝m syntÈzy katecholamÌnov.

Cieæom tejto öt˙die bolo porovnaù ˙Ëinok niektor˝ch stre-
sorov na tyrozÌn-hydroxyl·zu v dreni nadobliËiek a v cervik·l-
nych gangli·ch.

Mnoûstvo THmRNA sme stanovovali metÛdou Northern
blotu a n·slednou hybridiz·ciou s radioaktÌvne znaËenou prÛ-
bou pre tyrozÌn-hydroxyl·zu. ProteÌn TH sme zisùovali Wes-
tern blotom a hybridiz·ciou s monoklon·lnou protil·tkou voËi
tyrozÌn-hydroxyl·ze.

V dreni nadobliËiek sme na ˙rovni mRNA nezaznamenali
ûiadny signifikantn˝ vzostup TH u zvierat, ktorÈ boli dlhodo-
bo vystavenÈ chladu. Hladiny TH proteÌnu v dreni nadobliËky
boli vöak signifikantne zv˝öenÈ u t˝chto zvierat, v porovnanÌ
s kontroln˝mi zvieratami. V cervik·lnych gangli·ch sme naöli
veæmi signifikantn˝ vzostup TH mRNA u zvierat ktorÈ bo-
li exponovanÈ 28 dnÌ na chlad, priËom na ˙rovni proteÌnov
sme nezaznamenali ûiadny signifigantn˝ vzostup TH vplyvom
chladu oproti kontrole.

Po dlhodobom vystavenÌ zvierat chladovÈmu podnetu,
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niektorÈ skupiny boli exponovanÈ Ôalöiemu stresoru, tj. imo-
biliz·ciÌ po dobu 2 hod. s n·sledn˝m 3-hodinov˝m kæudom
(IMO), inzulÌnu (Ins) a 2-deoxyglukÛze (2-DG). Tieto skupiny
sme porovn·vali so skupinami potkanov, ktorÈ boli vystave-
nÈ jednotliv˝m stresorom bez predch·dzaj˙cej adapt·cie na
chlad. V dreni nadobliËky sme pozorovali aditÌvny ˙Ëinok
imobiliz·cie, inzulÌnu a 2-deoxyglukÛzy k chladovÈmu pod-
netu na TH mRNA, ale nie na proteÌn. V cervik·lnych gangli-
·ch sme naöli v˝razn˝ n·rast TH proteÌnu u zvierat, ktorÈ boli
adaptovanÈ na chlad a n·sledne exponovanÈ ˙Ëinku inzulÌnu
(Ins), alebo 2-deoxyglukÛzy (2-DG). Tieto v˝sledky nekoreö-
pondovali s hodnotami mRNA pre TH za rovnak˝ch podmie-
nok.

Z·verom moûno zhrn˙ù, ûe dlhodob˝ chlad zvyöuje hladi-
ny mRNA pre TH v cervik·lnych gangli·ch, ale nie v dreni
nadobliËky, zatiaæ Ëo TH proteÌn je zv˝öen˝ len v dreni nad-
obliËky. Podanie inzulÌnu a 2-deoxyglukÛza v˝razne zvyöo-
vali hladiny TH proteÌnu v gangli·ch zvierat, ktorÈ boli adap-
tovanÈ na chlad. Fyziologick˝ v˝znam, ako aj mechanizmus
regul·cie zv˝öenej expresie gÈnu TH za stresu je eöte treba
objasniù.

T·to pr·ca bola podporen· grantmi VEGA 2/6109 a FIRCA
1R03TW00984.

24 TK¡“OV¡ TRANSGLUTAMINASA ñ NOV›
MARKER C…LIAKIE U KOMBINOVAN›CH
AUTOIMUNITNÕCH ONEMOCNÃNÕ

PETR KOCNAa, ZDISLAVA VANÕ»KOV¡a,
JINDRA PERUäI»OV¡b, MILOä DVOÿ¡Kc,
ZDENKA LÕMANOV¡b a JAN äKRHAb

a⁄stav klinickÈ biochemie, b3. internÌ klinika, c4. internÌ kli-
nika, Vöeobecn·  fakultnÌ nemocnice a 1. lÈka¯sk· fakulta
Univerzity Karlovy, Karlovo n. 32, 121 11, Praha 2

CÈliakie (glutÈnov· enteropathie) pat¯Ì mezi autoimunitnÌ
onemocnÏnÌ a vyskytuje se proto Ëasto u nemocn˝ch s jin˝mi
autoimunitnÌmi onemocnÏnÌmi. K nejËastÏjöÌm koincidencÌm
pat¯Ì diabetes mellitus 1.typu (IDDM), autoimunÌ thyreoiditis,
Sjˆgren˘v syndrom a revmatoidnÌ artritis. U nemocn˝ch s cÈ-
liakiÌ je asociace s IDDM pops·na u 2ñ7,8 %, reciproËnÏ
u pacient˘ s IDDM je pops·na koincidence s cÈliakiÌ a to
p¯ev·ûnÏ u dÏtÌ. U dospÏl˝ch diabetik˘ popsal v˝skyt cÈliakie
ve 2,6 % Sjˆberg na souboru 1664 pacient˘ s diabetes mellitus
1. typu1. Tk·Úov· transglutaminasa byla identifikov·na jako
hlavnÌ autoantigen antiendomysi·lnÌch protil·tek u nemoc-
n˝ch s cÈliakiÌ a byl definov·n moûn˝ patogenetick˝ mecha-
nismus. Deamidace gliadinu tk·Úovou transglutaminasou vy-
tv·¯Ì epitop pro vazbu na DQ2 a DQ8, kter˝ je rozpozn·v·n
specifick˝mi T-buÚkami. Podle studie autor˘ Bao a spol.2 je
prevalence protil·tek ke tk·ÚovÈ transglutaminase prok·z·na
u 32,3 % HLA DQ2 homozygotnÌch pacient˘ s IDDM. Na
rozdÌl od immunofluorescenËnÌho pr˘kazu antiendomysi·l-
nÌch  protil·tek  lze protil·tky ke tk·ÚovÈ transglutaminase
stanovovat podstatnÏ jednoduööÌ ELISA technikou. K dispozi-
ci je jiû cel· ¯ada ELISA souprav, nap¯. firem DPC ñ Bioven-
dor, Genesis ñ Dialab, Medipan, Eurospital, Immco. V p¯ed-

chozÌ studii jsme porovn·vali soupravy Genesis ñ Dialab
a Medizym s metodikou ovÏ¯enou imunologickou laborato¯Ì
MB⁄ AV »R ve spolupr·ci s doc.MUDr.H.Tlaskalovou CSc.
a  soupravu Genesis  ñ Dialab  jsme doporuËili  pro  rutinnÌ
diagnostiku.

V tÈto studii jsme se zamÏ¯ili na diagnostiku cÈliakie
v souboru nemocn˝ch s jin˝mi autoimunitnÌmi onemocnÏnÌ-
mi, p¯edevöÌm diabetes mellitus 1.typu (IDDM) a autoimunit-
nÌmi chorobami ötÌtnÈ ûl·zy. Protil·tky ke tk·ÚovÈ transgluta-
minase (atTG) jsme stanovili ELISA soupravou Genesis ñ
Dialab, antiendomysi·lnÌ protil·tky (EmA) jsme detekovali
soupravou Immco ñ Dialab a antigliadinovÈ protil·tky t¯Ìdy
IgA a IgG (AGA, AGG) vlastnÌm setem s purifikovan˝m
alfa-gliadinem. Protil·tky proti thyreoglobulinu (TGAB) a pe-
roxidase ötÌtnÈ ûl·zy (TMAB, TPO) byly stanoveny setem
firmy Dialab. Z celkovÈho poËtu vyöet¯en˝ch vzork˘ (2146)
jsme vöechny jmenovanÈ markery cÈliakie stanovili u 732.
Z nich 352 bylo vyöet¯ov·no v souvislosti s endokrinologic-
kou poruchou, nejËastÏji diabetem mellitem 1. typu (186),
diabetem mellitem 2. typu (26), autoimunitnÌ thyreoiditidou
(96) a dalöÌmi thyreopatiemi (20).

Pr˘mÏrnÈ hodnoty marker˘ cÈliakie atTG (IU.ml-1), EmA
(% pozitivnÌch), AGA (index) a AGG (index) jsou v jednotli-
v˝ch sledovan˝ch skupin·ch n·sledujÌcÌ: cÈliakie 32,2; 16,6;
52,7; 66,9; diabetes mellitus 1.typu 14,4; 4,2; 18,4; 30,1;
diabetes mellitus 2.typu 11,3; 0; 13,9 a 19,9; autoimunitnÌ
onemocnÏnÌ ötÌtnÈ ûl·zy 6,15, 1,1, 19,3 a 34,0.

V souboru 75 diabetik˘ 1.typu jsme prok·zali v˝raznÏ
vyööÌ hodnoty atTG (18,1 IU.ml-1) u skupiny s pozitivitou
GAD protil·tek ve srovn·nÌ se skupinou GAD negativnÌch,
kde pr˘mÏrn· hodnota atTG byla pouze 8,45. V souboru 96
thyreopatiÌ jsme prok·zali pozitivnÌ hodnoty pro IGA v 15
p¯Ìpadech (15,6 %), pro IGG ve 45 p¯Ìpadech (46,9 %), pozi-
tivita antiendomysi·lnÌch protil·tek byla nalezena v 1 p¯ÌpadÏ
a atTG v 17 p¯Ìpadech (17,7 %). SouËasn· pozitivita vöech
4 serologick˝ch marker˘ cÈliakie byla prok·z·na v 1 p¯ÌpadÏ
(1 %), pozitivita 3 marker˘ u 5 pacient˘ (5,2 %) a pozitivita
dvou marker˘ v 17 p¯Ìpadech (17,7 %), pozitivita alespoÚ
jednoho markeru v 51 p¯Ìpadech (53 %). U 37 pacient˘ ze
skupiny s autoimunitnÌ thyreoiditidou jsme souËasnÏ stanovili
protil·tky proti thyreoglobulinu a proti peroxidase ötÌtnÈ ûl·zy
(hodnoty v IU.ml-1, norm·lnÌ <100, hraniËnÌ 100ñ250, patolo-
gickÈ >250). Skupina pacient˘ s norm·lnÌmi a hraniËnÌmi
hodnotami TGAB a TMAB se v˝raznÏ neodliöovala od sku-
piny pacient˘ s hodnotami patologick˝mi p¯i hodnocenÌ pro-
til·tek AGG (30,45 resp. 33,1), atTG (5,2 resp. 6,8) a antien-
domysi·lnÌch protil·tek. Hodnoty AGA byly ve skupinÏ pa-
cient˘ s patologick˝mi hodnotami TGAB a TMAB tÈmÏ¯
dvakr·t vyööÌ (11,08 resp. 20,25). Ve skupinÏ 18 pacient˘
s jin˝mi thyreopatiemi (hypothyreosa, struma) jsme nalez-
li obdobnÈ pr˘mÏrnÈ hodnoty AGA a AGG protil·tek jako
u skupiny pacient˘ s autoimunitnÌ thyreoiditidou (21,11 resp.
37,42). Pr˘mÏrn· hodnota atTG byla niûöÌ (3,19 IU.ml-1) neû
u pacient˘ s autoimunitnÌ thyreoiditidou (6,15 IU.ml-1).

Anal˝zou souboru nemocn˝ch s hodnotou aTTG nad
30 IU.ml-1 (n = 72), z hlediska jejich prim·rnÌ diagnÛzy, jsme
zjistili kromÏ 44 cÈliakiÌ 12 nemocn˝ch s diabetes mellitus
1. typu, 3 nemocnÈ s Crohnovou chorobou a d·le nemocnÈ
s autoimunnÌ thyreoiditis, autoimunnÌ hemolytickou anÈmiÌ,
revmadoidnÌ arthritis a schizophreniÌ.

Na z·kladÏ v˝sledk˘ tÈto studie lze doporuËit rutinnÌ po-
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uûitÌ ELISA stanovenÌ protil·tek ke tk·ÚovÈ transglutaminase
v kombinaci s AGA resp. EmA jako screening cÈliakie u vöech
osob s jin˝mi autoimunitnÌmi onemocnÏnÌmi.

Tato studie byla podpo¯ena grantem GA UK 68/1999/C.
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25 OPRAVA DNA:
BIOMARKER PRE CHEMOTERAPIU

KAROL KLEIBL

Oddelenie molekul·rnej genetiky, ⁄stav experiment·lnej on-
kolÛgie SAV, Vl·rska 7, 833 91 Bratislava, Slovensk· repu-
blika

Vplyv ûivotnÈho prostredia, radi·cia a chemik·lie, hr·
dÙleûit˙ ˙lohu pri vzniku n·dorov, ktorÈ s˙ v˝sledkom inter-
akcie prostredia a genetickej v˝bavy jednotlivca. Procesy,
ktorÈ s˙stavne monitoruj˙ a udrûiavaj˙ integritu genetickej
inform·cie sa s˙borne naz˝vaj˙ Ñoprava DNAì a defekt v öpe-
cifick˝ch reparaËn˝ch gÈnoch vedie buÔ k predispozÌcii, alebo
priamo ku vzniku n·dorovÈho ochorenia. Je zjavnÈ, ûe feno-
typick· variabilita expresie opravy DNA determinuje citlivosù
norm·lnych a n·dorov˝ch buniek ku xenobiotick˝m/geneto-
xick˝m agens, ako s˙ environment·lne mutagÈny a proti-
n·dorovÈ lieky. Dostupn· ök·la protin·dorov˝ch terapeutic-
k˝ch agens je efektÌvna iba pre relatÌvne ˙zke spektrum n·-
dorov a dokonalÈ objasnenie molekul·rnych a bunkov˝ch
procesov determinuj˙cich citlivosù, alebo rezistenciu na cytos-
tatikum je predpokladom ˙speönej terapie. Kritick˝m momen-
tom pri v˝bere vhodnÈho a ˙ËinnÈho chemoteraputika je
schopnosù rakovinov˝ch buniek opravovaù poökodenie DNA
a je zrejmÈ, ûe hladina reparaËn˝ch enz˝mov je v korel·cii
s rezistenciou cieæov˝ch buniek. NevnÌmavosù tumorov k che-
moterapii mÙûe byù v˝sledkom koexpresie viacer˝ch enzyma-
tick˝ch aktivÌt a ako potenci·lne faktory elimin·cie kura-
tÌvneho ˙Ëinku danÈho cytostatika sa uv·dzaj˙: produkt gÈnu
mdr (multidrug resistance) P-glykoproteÌn, detoxifikaËnÈ en-
z˝my a enz˝my opravuj˙ce poökodenia v DNA (cit.1).

AlkylaËnÈ l·tky s˙ ˙Ëinnou zloûkou mnoh˝ch protin·-
dorov˝ch liekov, ktorÈ pri pred·vkovanÌ maj˙ Ëasto v·ûne
vedæajöie efekty (ak˙tna alebo chronick· toxicita, myelosup-
resÌvny efekt). Podstatou ich let·lneho a mutagÈnneho ˙Ëinku
je alkyl·cia b·z molek˙l DNA. Ak takÈto poökodenie nebr·ni
komplement·rnemu p·rovaniu b·z a neblokuje replik·ciu
DNA, nie je pre bunku nebezpeËnÈ. Tri z t˝chto poökodenÌ s˙
pre bunku fat·lne: 3-metyladenÌn a formamido-pyrimidÌn za-
braÚuj˙ replik·cii DNA a s˙ z DNA odstraÚovanÈ öpecifick˝-
mi enz˝mami (DNA-glykozyl·zami), kdeûto mutagÈnny a
toxick˝ O6-alkylguanÌn je opravovan˝ alkyltransfer·zou (AT-
·zou)2. Toto sa spoæahlivo potvrdilo v experimentoch s kult˙ra-
mi cicavËÌch buniek a na zvieracich modeloch po ich ovplyv-
nenÌ alkylaËn˝mi l·tkami3 rutinne pouûÌvan˝mi v chemotera-
pii n·dorov ako s˙: nitrÛzomoËoviny (Carmustine, Lomustine,
Fotemustine), metyluj˙ce l·tky (Dacarbasine, Procarbasine,

Streptozotocin), cyklofosfamid, cis-platina, alebo radiomime-
tickÈ l·tky (Mitomycin C)4.

Z tohto dÙvodu je potrebnÈ zaviesù r˝chle, citlivÈ a repro-
dukovateænÈ metÛdy stanovenia aktivÌt t˝ch enz˝mov, ktorÈ
sa z˙ËastÚuj˙ opravy poökodenÌ DNA vyvolan˝ch cytostati-
kami pouûÌvan˝mi v klinickej praxi, Ëo by umoûnilo predpo-
kladaù reakciu pacienta a n·sledne optimalizovaù individu·lnu
lieËbu a sledovaù jej priebeh. To by v Ôalöom malo smerovaù
k minimalizovaniu negatÌvnych boËn˝ch vplyvov klinicky
neefektÌvnych vysoko˙Ëinn˝ch mutagÈnov, ktorÈ vûdy zna-
menaj˙ pre pacienta dlhodob˙ genetick˙ z·ùaû. Na druhej
strane by to umoûnilo cielene potl·Ëaù prirodzen˙ rezistenciu
n·dorovÈho tkaniva öpecifick˝mi inhibÌtormi ich reparaËnej
kapacity, ako sa to uû deje v klinickom pouûitÌ nitrozozl˙-
ËenÌn.

V s˙Ëasnosti existuj˙ viacerÈ experiment·lne prÌstupy me-
rania aktivÌt reparaËn˝ch enz˝mov alkylaËn˝ch poökodenÌ
DNA, z ktor˝ch s˙ najprepracovanejöie metÛdy stanovenia
AT-·zy. Ide o konvenËn˙ biochemick˙ sk˙öku in vitro5, sta-
novenie expresie AT-·zy v extraktoch tkanÌv imunologicky6,
imunohistochemick˙ metÛdu7, alebo vyuûitie oligonukleoti-
dov v kombin·cii s restrikËn˝mi enz˝mami8.

T·to pr·ca bola podporen· grantom VEGA 5033/20.
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26 BASIC BIOCHEMICAL CHARACTERIZATION
OF A NEW MELANOMA MODEL ñ
MINIPIG MeLiM STRAIN
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Due to many histopathologic similarities with human me-
lanoma (including spontaneous regression and the occurrence
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of cryptogenic forms) hereditary minipig melanomas have
become preferred melanoma models. Using a partial inbree-
ding the MeLiM (Melanoma-bearing LibÏchov Minipig) stra-
in has been selected in the Institute of Animal Physiology and
Genetics in LibÏchov1. Higher tumour incidence and malig-
nant behaviour make the MeLiM strain better melanoma mo-
del compared to other hereditary melanomas in Sinclair minia-
ture swines2 or in Munich Troll minipigs3.

Biochemical uniqueness of melanoma cells is manifested
by the expression of tyrosinase and by production of a specific
metabolic product ñ melanin deposited in characteristic sub-
cellular organelles ñ melanosomes.

Histochemical analysis demonstrated high tyrosinase acti-
vities in melanoma cells. Biochemical assays4 showed α-
-mannosidase of lysosomal type and γ-glutamyltransferase
(GGT) activities in the MeLiM tissue.

Melanin level (determined as described in Ref.5) reached
17.0±0.2 weight % in the freeze-dried samples. The oxidation
of the MeLiM tissue by means of KMnO4 and HI with subse-
quent HPLC determination of pyrroltricarboxylic acid (PTCA)
and 4-amino-3-hydroxyphenylalanine (AHP)6 revealed that
the MeLiM strain is mostly eumelanogenic (AHP/PTCA in-
dex7 = 0.0128). Melanosomes isolated by a sucrose gradient
procedure8 contained 38.8±0.3 % of melanin. Electron micro-
scopy ranked melanosomes to the lamellar group.

The monitoring of tyrosinase9 and GGT4 levels in melano-
ma-bearing minipigs has not so far confirmed a marker value
of these enzyme activities.

Conclusions: 1) The MeLiM strain belongs to melanomas
with a very high degree of differentiation. 2) The MeLiM
melanoma exhibits all the feature enzymes typical of human
melanomas; in analogy with the human disease and unlike
murine models the marker value of tyrosinase and GGT in sera
was not convincing. 3) Melanosomes represent almost half of
melanoma dry weight. Hence the processes associated with
them may significantly influence behaviour of MeLiM cells.
4) Low concentration of pheomelanin makes the probability
of photochemical regression of MeLiM melanoma negligible.

Supported by GA »R grant 523/98/0229.
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27 SENZITIVITA A SPECIFICITA BTA stat,
BTA TRAK, UBC Rapid, UBC IRMA
A CYTOLOGIE PÿI NEINVAZIVNÕ DETEKCI
N¡DORŸ MO»OV…HO MÃCH›ÿE

MILADA KOäTÕÿOV¡a, MIRKO BABJUKb,
KAREL MUDRAc, HELENA SMOLOV¡b,
EVA SLAVKOVSK¡b, JAROSLAVA CEJNAROV¡b,
LADISLAV PECENa, ZIAD IBRAHIMb,
JAN DVOÿ¡»EKb a TOM¡ä ZIMAa

a⁄stav klinickÈ biochemie a bUrologick· klinika VöeobecnÈ
fakultnÌ nemocnice a 1. LÈka¯skÈ fakulty UK, Praha, Katedra
urologie IPVZ, Praha, cOddÏlenÌ nukle·rnÌ medicÌny, ⁄st¯ed-
nÌ vojensk· nemocnice, Praha

Z·kladnÌm ˙kolem p¯i zav·dÏnÌ a n·slednÈm hodnocenÌ
nov˝ch metod pouûÌvan˝ch k neinvazivnÌ detekci n·dor˘ mo-
ËovÈho mÏch˝¯e je stanovenÌ jejich sensitivity v z·vislosti na
diferenciaci a rozsahu tumoru, p¯ÌpadnÏ specificity v r˘zn˝ch
klinick˝ch podmÌnk·ch. V naöÌ prospektivnÌ studii byly u dvou
marker˘ ñ BTA a UBC provedeny a hodnoceny kvalitativnÌ
a kvantitativnÌ testy a v˝sledky srovn·ny s cytologick˝m vy-
öet¯enÌm moËovÈho mÏch˝¯e.

Do studie bylo za¯azeno 78 pacient˘ s histologicky ovÏ-
¯en˝m n·dorem moËovÈho mÏch˝¯e (skupina A), 30 pacient˘
s anamnÈzou n·doru moËovÈho mÏch˝¯e bez souËasnÈ reci-
divy (B), 20 pacient˘ s jinou urologickou malignitou (C), 38
pacient˘ s benignÌm urologick˝m onemocnÏnÌm (D), 10 pa-

Tabulka I
Specificita ve skupinÏ B a senzitivita v z·vislosti na klasifikaci a diferenciaci tumoru

Cut-off Specificita Sensitivita [%]

[%] celkem n·dory GI GII GIII

povrchovÈ infiltrujÌcÌ

BTA stat ñ 93,3 74,4 69,0 90,0 59,3 74,1 91,7
BTA TRAK 32,3 U.ml-1 90,0 67,9 65,5 75,0 48,1 70,4 87,5
UBC Rapid ñ 79,3 48,7 44,8 60,0 33,3 51,9 62,5
UBC IRMA 51 mg.l-1 90,0 44,9 43,1 50,0 29,6 51,9 54,2
UBC IRMA (kreatinin) 43 mg.l-1 90,0 43,6 41,4 50,0 25,9 51,9 54,2
Cytologie ñ 100,0 33,3 29,3 45,0 3,7 40,7 58,3
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cient˘ s prok·zanou uroinfekcÌ (E) a 10 zdrav˝ch dobrovolnÌ-
k˘ (F). K vyöet¯enÌ byla pouûita spont·nnÌ moË. KvalitativnÌ
testy (BTA stat a UBC Rapid) byly provedeny (bezprost¯ednÏ)
pouËenou sestrou a  cytologie moËi zkuöen˝m cytologem.
KvantitativnÌ testy byly provedeny v r˘zn˝ch laborato¯Ìch
metodikou doporuËenou v˝robcem: BTA TRAK enzymoimu-
noanalysou ñ EIA a UBC IRMA ñ analysa imunoradiometric-
k·. HranicÌ urËenÌ pozitivity kvantitativnÌch test˘ byla pouûita
hodnota s 90 % specificitou ve skupinÏ B (kontrolnÌ skupina).
V˝sledky jsou shrnuty v tabulk·ch I a II.

Tabulka II
»etnost nespr·vnÏ pozitivnÌch v˝sledk˘

Skupina »etnost [%]

BTA UBC BTA UBC Cyto-
TRAK IRMA stat Rapid logie

C 15 30 30 35 0
D 18,4 26,3 3,2 23,7 0

V˝sledky BTA stat a BTA TRAK p¯i detekci n·dor˘ mo-
ËovÈho mÏch˝¯e jsou signifikantnÏ lepöÌ neû v˝sledky UBC
Rapid a UBC IRMA. Vöechny testy vykazujÌ vyööÌ senzitivitu,
ale niûöÌ specificitu neû cytologie.
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28 THE ROLE OF VASOACTIVE INTESTINAL
POLYPEPTIDE IN SEXUAL FUNCTION

BENADIK SMAJDAb, PAVOL JALCa,
and PETER KALANINa

aInstitute of Neurobiology, Slovak Academy of Sciences, äol-
tÈsovej 4ñ6, bDepartment of Animal Physiology, P. J. äaf·rik
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Erection is the final common pathway of the integrative
synchronized action of psychological, neuronal, hormonal,
vascular, and cavernous smooth muscle systems.The penile
erectile tissue, specifically the cavernous smooth musculature
and the smooth muscles of the arteriolar and arterial walls,
plays a key role in the erectile process. In the flaccid state,
these muscles are tonically contracted by the sympathetic
discharge, and vasoconstrictors secreted by endothelium allo-
wing only a small amount of arterial flow for nutritional
purposes. Sexual stimulation triggers release of neurotran-
smitters from the cavernous nerve terminals.This results in
relaxation of these smooth muscles and the following events:
1) dilatation of the arterioles and arteries by increased blood
flow in both the diastolic and systolic phases, 2) trapping of

the blood by the expanding sinusoids, 3) compression of the
subtunical venular plexuses between the tunica albuginea and
the peripheral sinusoids, reducing the venous outflow, 4) stret-
ching of the tunica to its capacity, which encloses the emissary
veins between the inner circular and the outher longitudinal
layers and further decreases the venous outflow to a minimum,
5) an increase in intracavernous pressure, which raises the
penis from the dependent position to the erect state, 6) a further
pressure increase with contraction of the ischiocavernosus
muscles.

Three phases of detumescence have been reported in an
animal study. The first entails a transient intracorporeal pres-
sure increase, indicating the beginning of smooth muscle
contraction against a closed venous system. The second phase
shows a slow pressure decrease, suggesting a slow reopening
of the venous channels with resumption of the basal level of
arterial flow. The third phase shows a fast pressure decrease
with fully restored venous outflow capacity. Erection thus
involves sinusoidal relaxation, arterial dilatation and venous
compression.

The principal neurotransmiter involved in penile erection
is vasoactive intestinal polypeptide-VIP. Depletion of the VIP
may play a key role in the development of impotence.

VIP, a 28 amino acid polypeptide, structurally related to
several other vasoactive peptides, is widely distributed in the
male and female urogenital tracts as wel as the central and
peripheral nervous systems. VIP possesses a broad spectrum
of biologic actions including modulation of corporal smooth
muscle contractility and control of arterial blood inflow for
penile erection. VIP induces corporal smooth muscle relaxa-
tion by binding to specific VIP smooth muscle membrane
receptors, stimulating Gs protein, activating the smooth mus-
cle membrane enzyme adenylate cyclase and elevating intra-
cellular cyclic adenosine monophosphate ñ cAMP, thereby
lowering intracellular calcium.

This review will discuss the role VIP of erection and
vasculogenic erectile dysfunction.

This work is supported by the grant of the Ministry of Educa-
tion VEGA No 1/6025/99.

29 PREGNANCY-ASSOCIATED PLASMA PROTEIN
A (PAPP-A) IN THE FIRST TRIMESTER

IVAN MATOUä-MALBOHANa, LENKA FIALOV¡a,
LUDMILA MIKULÕKOV¡b, OLGA BENEäOV¡c,
KROFTA L.c, and ANTONÕN ZWINGERc

aFirst Institute of Medical Chemistry and Biochemistry, bInsti-
tute for Clinical Chemistry and Biochemistry, First Faculty of
Medicine, Charles University, cInstitute for Mother and Child
Care, Prague, Czech Republic

Pregnancy-associated plasma protein A has been reported
to be low in Down syndrome affected pregnancies during the
first trimester of pregnancy1-4. The aim of this study was to
determine preliminary the medians of pregnancy-associated
plasma protein A (PAPP-A) in the first trimester of pregnancy
and to compare PAPP-A with other biochemical markers used
for biochemical prenatal screening.
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Table I
Correlation coefficients between biochemical markers (n = 141)

Correlation between Pearson correlation p
coefficient

PAPP-A and MS AFP 0.420 <0.001
PAPP-A and MS HCG 0.019 0.82
PAPP-A and MS SP1 0.541 <0.001

One hundred forty one pregnant women, who undergo
biochemical prenatal screening for chromosomal disorders
between 7 and 13 week were studied. In addition six women
in the second trimester and five women with twin pregnancies,
two cases of trisomy 21 and one case of trisomy 18 in second
trimester were tested in this study. Maternal serum levels of
PAPP-A, human chorionic gonadotrophin (HCG) and alfa-1-
-fetoprotein (AFP) were measured using ELISA methods.
A single radial immunodiffusion was used to determine trop-
hoblast-specific-beta-1-glycoprotein (SP1).

PAPP-A levels increased throughout the first trimester
with median 1.6 mg.l-1 in the 7th week to 23.0 mg.l-1 in the 13th

week of pregnancy (Fig. 1). The serum levels of 3 women with
twin pregnancies were higher than in women with singleton
pregnancies. Serum levels of PAPP A in two women with fetus
affected by chromosomal disorders did not differ from normal
pregnancies. Correlation coefficients between PAPP-A and
AFP and between PAPP-A and SP1 were statistically signifi-
cant (r = 0.42, p<0.001, respectively r = 0.54, p<0.001). The
levels of PAPP-A and HCG did not correlate significantly
(r = 0.019, p = 0.82) (Table I).

We established first trimester medians for PAPP-A, which
are necessary for evaluation of the pathological values. We
found statistically significant correlation between PAPP-A
and SP1 and PAPP-A and AFP.

Supported by grants of MZd CR NH/6220-3.
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30 DEFECTS OF GLYCOSPHINGOLIPID
DEGRADATION STUDIED BY LOADING
EXPERIMENTS IN CULTURED SKIN
FIBROBLASTS FROM DIFFERENT LIPIDOSES ñ
EXPERIMENTAL APPROACH

BEFEKADU ASFAWa, ROBERT DOBROVOLN›a,
LINDA BERN¡a, DETLEV SCHINDLERa,
ERNST CONZELMANNb, and JANA LEDVINOV¡a

aInstitute of Inherited Metabolic Diseases, 1st Faculty of Me-
dicine, Charles University, 128 08 Prague 2, Czech Republic,
bBiozentrum, University of W¸rzburg, W¸rzburg, Germany

The degradation of glycosphingolipid substrates with dif-
ferent length and composition of oligosaccharide chains was
studied in skin fibroblast cultures from normal controls and
patients with inherited defects of lysosomal hydrolases, i.e.
α-galactosidase A (Fabry disease), α-N-acetylgalactosami-
nidase (Schindler disease), β-N-acetylglucosaminidase (β-he-
xosaminidase, GM2-gangliosidosis), β-glucocerebrosidase
(Gaucher disease), ceramidase (Farber disease), sulphatidase
(arylsulphatase A, sulphatidosis). Glycolipids A-6-2 (VI2-α-
-fucosyl-VI3-α-N-acetyl-galactosaminylneolacto-tetraosylcer-
amide) B-6-2 (VI2-α-fucosyl-VI3-α-galactosyl-neolacto-te-
traosylceramide), globoside (globotetraglycosylceramide)
were isolated from erythrocyte membrane, sulphatides (galac-
tosylceramide I3-sulphate) from human brain and labeled with
tritium in the ceramide moiety1,2.

Three different ways of application of substrates and their
internalization into cell were compared: 1) in the form of
micelles; 2) in the form of unilamellar liposomes (composed
from dioleoyl-phosphatidylcholine, phosphatidic acid Na salt
and α-tocoferol in the ratio 288:6:6 w/w/w); 3) in the form of
unilamellar liposomes as above coated with apolipoprotein E3
(recombinant ñ human).

The first two ways represent incorporation of lipid subs-
trate into plasma membrane (by fusion or endocytosis) and its
subsequent intracellular transport to the digestive compar-
tment. Apolipoprotein E (ApoE) coating, enables targeted
transport of substrates to lysosomes via ApoE receptors on the
cell surface. For application of more complex glycosphingo-
lipids, B-6-2, A-6-2 and globoside, ApoE coated liposomes
were found vehicles of choice (uptake >15 % of substrate) in
comparison with micelle form (3ñ5 %). Application without
ApoE coating gave much lower uptake (<8 %).

Surprisingly, we didnít find any significant difference
between application of sulphatides in liposomes with and
without ApoE (uptake about 25 % in both cases) and increa-
sing concentration of ApoE had no effect. However in micelle
form, uptake was relatively low (5ñ7 %). Thus, application of

Fig. 1. Serum levels of PAPP-A in the 7thñ13th week of pregnancy,
(G1 ñ G5 ñ twin pregnancy, MoM ñ multiple of the median);u 0.5
MoM, ∆ 1 MoM, l 2 MoM,¡ G1, G3, ◊ G4,o G5
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substrate in the liposome enables sufficient saturation of the
lysosomal system with substrate which is always crucial point
when control and mutant cell turnover rates are to be compa-
red. Uptake of sulphatides can be mediated in both ways: via
ApoE receptor (which is better characterized) and via plasma
membrane incorporation and endocytosis.

ApoE including experiments were used to investigate de-
gradation of A-6-2 glycolipid in α-NAGA deficient cells1,3. It
proved that enzyme defect in Schindler disease is also invol-
ved in the catabolism of lipids. Similarly, suspected defect in
degradation of blood B glycolipids4 was demonstrated by
B-6-2 loading in Fabry cells. The degree of degradation of
B-6-2 glycolipid and globotriaosylceramide produced from
globoside in situ was higher in comparison with degradation
of A-6-2 in α-NAGA deficient cells. Participation of another
enzyme (e.g. α-NAGA) might be the case.

Degradation of A-6-2 in cells of different sphingolipido-
ses (see above) clearly demonstrated corresponding enzyme
blocks. In sulphatidosis, defect of degradation was established
by sulphatide loading and differences in residual activities
between our infantile and  juvenile patients were detected
(5ñ25 % of controls). The same loading test can be used in
Krabbe disease (β-galactosylceramidase deficiency).

This study clearly show the importance of loading experi-
ments for study of catabolic pathways of glycosphingolipids.
Quantitative interpretation of obtained data requires that num-
ber of relevant parameters (uptake rate, intracellular transport,
precise experimental conditions, etc.) are taking into account
and carefully monitored.

This work was supported by the grants FRVS No. 1899/2000
and GAUK No. 37/2000/C.
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31 NAäE ZKUäENOSTI S VYäÃTÿOV¡NÕM
PROFILU OLIGOSACHARIDŸ V MO»I

KAROLÕNA PEäKOV¡, JANA LEDVINOV¡,
HELENA POUPÃTOV¡, KVÃTUäE VODI»KOV¡,
JANA SOVOV¡ a MILAN ELLEDER

⁄stav dÏdiËn˝ch metabolick˝ch poruch VFN 1. LF UK v Praze

Oligosacharidy jsou sacharidy sloûenÈ nejmÈnÏ ze 3 mo-
nosacharidov˝ch jednotek spojen˝ch glykosidickou vazbou
a nav·zan˝ch na protein (glykoprotein) nebo lipid (glyko-
lipid). K postupnÈmu odbour·v·nÌ oligosacharidovÈ Ë·sti tÏch-
to komplexnÌch slouËenin doch·zÌ p¯edevöÌm v lysosomech
bunÏk, kde je lokalizovan· cel· ¯ada hydrolytick˝ch enzym˘
vËetnÏ glykosidas. P¯i deficitu aktivity nÏkterÈ z glykosidas

doch·zÌ k hromadÏnÌ  oligosacharid˘ v lysosomech buÚky
a n·slednÏ k vyluËov·nÌ charakteristick˝ch oligosacharido-
v˝ch struktur moËÌ. Diferenci·lnÌ diagnostika lysosom·lnÌch
poruch spojen˝ch s akumulacÌ oligosacharid˘ je problema-
tick·. KlinickÈ p¯Ìznaky pacient˘ s deficitem aktivity nÏkterÈ
z glykosidas vÏtöinou zahrnujÌ ñ org·novÈ st¯·d·nÌ (kostnÌ
dysplasie, hepatosplenomegalie), faci·lnÌ dysmorfii, progre-
dujÌcÌ psychomotorickou retardaci. Morfologick˝m projevem
lysosom·lnÌho st¯·d·nÌ oligosacharid˘ a glykopeptid˘ jsou
vakuoly v lymfocytech. LaboratornÌ anal˝zou lze prok·zat
zv˝öenÈ vyluËov·nÌ oligosacharid˘ moËÌ. Na z·kladÏ pato-
logickÈho n·lezu v profilu oligosacharid˘ se n·slednÏ u sus-
pektnÌch pacient˘ stanovÌ aktivita p¯ÌsluönÈho lysosom·lnÌho
enzymu.

Vyöet¯enÌ profilu oligosacharid˘ v moËi je screeningov·,
principielnÏ jednoduch· metoda. Oligosacharidy jsou separo-
v·ny pomocÌ tenkovrstevnÈ chromatografie a detekov·ny or-
cinolem (p¯ÌpadnÏ resorcinolem nebo ninhydrinem). VyluËo-
v·nÌ oligosacharid˘ moËÌ kles· s vÏkem pacienta, jejich detek-
ce u staröÌch dÏtÌ je proto obtÌûnÏjöÌ. U nÏkter˝ch jednotliv˝ch
glykoproteinos nach·zÌme zcela charakteristick˝ profil oligo-
sacharid˘ v moËi. T˝k· se to p¯edevöÌm tÏchto onemocnÏnÌ:
α-mannosidosa, β-mannosidosa, α-fukosidosa, GM1 ganglio-
sidosa, m. Schindler, sialidosa, aspartylglukosaminurie.

V roce 1999 byl v ⁄stavu dÏdiËn˝ch metabolick˝ch po-
ruch vyöet¯en profil oligosacharid˘ v moËi u 679 pacient˘,
z toho u 34 pacient˘ byl detekov·n patologick˝ n·lez v profilu
oligosacharid˘, u 1 pacienta byla enzymaticky potvrzena dia-
gnosa ñ α-mannosidosa. Za uplynul˝ch 10 let bylo diagnosti-
kov·no 15 pacient˘ postiûen˝ch lysosom·lnÌ poruchou spoje-
nou s akumulacÌ oligosacharid˘.
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32 STANOVENÕ PANKREATICK… ELASTASY 1
V S…RU, STOLICI A MO»I

ZDISLAVA VANÕ»KOV¡a, PETR KOCNAa,
TEREZA JEDIN¡KOV¡b a FRANTIäEK SAUDEKb

a⁄stav klinickÈ biochemie VöeobecnÈ fakultnÌ nemocnice a 1. lÈ-
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Lidsk· pankreatick· elastasa 1 [E.C.3.4.21.36] je synteti-
zov·na acin·rnÌmi buÚkami pankreatu. Enzym je secernov·n
pankreatickou öù·vou do duodena a proteinov· sekvence po-
uûit· pro imunochemickou detekci je pankreas-specifick·
a bÏhem st¯evnÌ pas·ûe nenÌ degradov·na. Vzhledem k tÏmto
parametr˘m je stanovenÌ pankreatickÈ elastasy (E1) v˝hodnÏj-
öÌ oproti d¯Ìve pouûÌvanÈ chromogennÌ metodice stanovenÌ
chymotrypsinu ve stolici. StanovenÌ E1 je proto vhodn˝m
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funkËnÌm testem pankreatu1, jehoû v˝sledek nenÌ ovlivnÏn ani
medikamentÛznÌ substituËnÌ terapiÌ. Aktivita lidskÈ pankrea-
tickÈ elastasy 1 ve vzorcÌch stolice odr·ûÌ mÌru exokrinnÌ
pankreatickÈ funkce. P¯i z·nÏtliv˝ch procesech doch·zÌ takÈ
k retrogr·dnÌmu uvolnÏnÌ E1 do krevnÌho obÏhu a kvantifikace
sÈrovÈ hladiny lidskÈ pankreatickÈ elastasy je vhodn˝m mar-
kerem akutnÌ pankreatitidy a karcinomu pankreatu2. Je rovnÏû
pops·no stanovenÌ E1 v pankreatickÈ a duoden·lnÌ öù·vÏ.
V tomto sdÏlenÌ informujeme o novÈ metodice ñ stanovenÌ E1
v moËi pacient˘ s transplantacÌ pankreatu.

Pro stanovenÌ byly pouûity soupravy firmy ScheBoTech.
Jedn· se o ELISA techniku na mikrotitraËnÌch destiËk·ch pro
96 vzork˘ ve stripovÈm uspo¯·d·nÌ. Specificita soupravy je de-
terminov·na monoklon·lnÌ protil·tkou k lidskÈ pankreatickÈ
elastase 1, detekËnÌ systÈm je zaloûen na POD-streptavidinem
znaËenÈ protil·tce a reakci s ABTS (2,2í-azino-bis-(3-ethyl-
benzothiazolin-6-sulfonic acid) diammonium salt) jako subs-
tr·tem. Koncentrace chromogennÌho markeru je stanovena
fotometricky, v˝sledky jsou vyhodnoceny podle pÏtibodovÈ
kalibraËnÌ k¯ivky. Citlivost metodiky je 0,5 ng.ml-1 sÈra. Refe-
renËnÌ hodnoty v sÈru jsou <3.5 ng.ml-1, ve stolici pak norm·lnÌ
hodnoty >200 µg E1/g stolice, hodnoty svÏdËÌcÌ pro lehkou
a st¯ednÌ insuficienci pankreatu 100ñ200 µg E1/g stolice, pro
tÏûkou insuficienci pankreatu <100 µg E1/g stolice. StanovenÌ
E1 v moËi bylo provedeno pomocÌ soupravy pro stanovenÌ E1
v sÈru s vlastnÌ modifikacÌ protokolu. Celkem bylo vyöet¯eno
35 vzork˘ sÈra, 49 vzork˘ stolice, 1 hrudnÌ punkt·t a 123
vzork˘ moËi.

CÌlem tÈto studie bylo analyzovat vzorky moËi 15 pacien-
t˘, kte¯Ì podstoupili transplantaci pankreatu nebo ledvin a pan-
kreatu v souvislosti s diabetickou nefropatiÌ. ExokrinnÌ se-
krece transplantovanÈho pankreatu je u tÏchto osob drÈnov·na
do moËovÈho mÏch˝¯e. Hodnotili jsme 7 aû 10 vzork˘ zÌska-
n˝ch od kaûdÈho pacienta v pr˘bÏhu 5 hodin za baz·lnÌch
podmÌnek a po peror·lnÌm pod·nÌ standardizovanÈho mnoû-
stvÌ chemicky definovanÈ stravy. Ve vzorcÌch moËi byly rov-
nÏû stanoveny hladiny lipasy a pankreatickÈ amylasy.

Detekovateln· mnoûstvÌ pankreatickÈ elastasy 1 byla zjiö-
tÏna u 14 z 15 pacient˘ za baz·lnÌch podmÌnek (0ñ65 mg.l-1)
a u vöech patn·cti po stimulaci (0ñ73 mg.l-1). RozmezÌ hodnot
dalöÌch stanoven˝ch enzym˘ bylan·sledujÌcÌ: pankreatick· amy-
lasa 23ñ2135 µkat.l-1, lipasa 0ñ3232 mkat.l-1. Vöechny t¯i sta-
novenÈ markery vykazovalypo stimulaci obdobnou dynamiku.

V pr˘bÏhu rejekce transplantovanÈho pankreatu je poru-
öena takÈ jeho exokrinnÌ funkce. Proto doporuËujeme monito-
rovat hladiny pankreatickÈ elastasy 1 v moËi pacient˘, kte¯Ì
podstoupili tento druh transplantace, spolu s dalöÌmi markery
rejekce transplant·tu.

Projekt byl Ë·steËnÏ podpo¯en grantem ND 5295-3 IGA
MZ»R.
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33 PHOSPHORYLATION OF HUMAN
PEPSINOGENS DETECTED BY ANTIBODIES
AGAINST PHOSPHOPROTEINS

PETRA MAJER»¡KOV¡ and ZDENKA KU»EROV¡
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The human gastric mucosa contains two biochemically
and immunochemically distinct types of secretory zymogens,
pepsinogen A (PGA) and pepsinogen C (PGC)1. Both PGA
and PGC consist of molecular variants PGA-1-5 and PGC-6,7
isozymogens that differ in net charge and can therefore be
separated by electrophoresis2.

Human pepsinogens contain at least one phosphate group
but there is not general agreement on the total number of such
groups. Jensen et Foltmann3 determined only one phosphose-
rine in PGA molecule. Hynek et al.4 found one phosphate
group in PGA molecule and two phosphate groups in PGC
molecule (both were isolated from stomach mucosa of gastric
cancer patients). The degree of phosphorylation of human
pepsinogens seems to be associated with gastric diseases5.

We have studied human pepsinogens from gastric mucosa
of patients with gastric cancer and gastric ulcer. Purified
pepsinogens were separated by FPLC on UNO-Q1 ion/ex-

Fig. 1. FPLC of human pepsinogens followed by immunodetection using PoAb against phosphoproteins. Peak 1 corresponds to PGC, peak
2 to PGA-5, peak 3 to PGA-3, peak 4 to PGA-4 and peak 5 to PGA-2
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change column and eluted by increasing gradient of NaCl.
Proteolytic activity after activation with 1M-HCl was determi-
ned in fractions by the method of Anson and Mirsky6 using
hemoglobin as a substrate. Proteolytic active fractions were
further analyzed using monoclonal antibodies (MoAb) to PGA
or PGC and polyclonal antibodies (PoAb) to phospho-ser/tyr/
thr in ELISA. Human pepsinogens were also separated by IEF
in a polyacrylamide gel containing 2 % of carrier ampholytes
which form narrow acidic pH range from 2.5 to 5 with sub-
sequent western blotting on nitrocellulose. PGA and PGC
isozymogens were recognised by the MoAb to PGA or PGC
and some of them were detected by the PoAb to phosphopro-
teins.

One PGC and four PGA isozymogens were separated by
FPLC on ion-exchange column. PGC corresponds to peak 1,
PGA-5 to peak 2, PGA-3 to peak 4, PGA-4 (deamidated
PGA-5) to peak 3 and PGA-2 (deamidated PGA-3) to peak 5.
As it was previously described7, PGA-3 is eluted earlier than
PGA-4 because of less negative charge. Peak 0 did not possess
any proteolytic activity and was not recognised by the MoAb
to PGA or PGC. Fractions with proteolytic activity were
recognised either by PGA or PGC MoAbs and most of them
were also stained by the PoAb to phosphoproteins (Fig. 1). The
result was confirmed by IEF western blotting of human pep-
sinogens obtained from patients with gastric diseases. We
detected one band corresponding to PGC and one, two or three
corresponding to PGA isozymogens. As a positive control we
used a phosphoprotein-ovalbumin according to his analogous
isoelectric point. These results indicate that human pepsino-
gens contain one phosphate group in PGC molecule and at
least one in PGA molecule.

The Grant Agency of the Czech Republic, grant No. 303/98/
1121, supported the work.
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34 DETEKCE HOMOCITRULINU V MO»I

OLGA MARTINCOV¡, EVéENIE POSPÕäILOV¡,
EVA HRUB¡ a MILAN ELLEDER

⁄stav dÏdiËn˝ch metabolick˝ch poruch VFN, Praha

Homocitrulin je dibazick· aminokyselina p¯Ìtomn· tÈmÏ¯
v kaûdÈ moËi kojenc˘ a dÏtÌ p¯edökolnÌho vÏku. VyluËov·-
nÌ homocitrulinu je pravdÏpodobnÏ z·vislÈ na p¯Ìjmu bÌlko-
vin a postupnÏ kles· s vÏkem. V moËi staröÌch dÏtÌ a dospÏl˝ch
se homocitrulin nach·zÌ pouze ve stopov˝ch mnoûstvÌch.

V plazmÏ nenÌ homocitrulin detekov·n v˘bec. Zv˝öenÈ vylu-
Ëov·nÌ homocitrulinu v moËi nach·zÌme u nÏkter˝ch pacient˘
s hyperornithinemiÌ, u pacient˘ s Ë·steËn˝m deficitem argi-
ninosukcin·tsynthasy a Ëasto u pacient˘ s hyperlysinemiÌ,
hyperargininemiÌ a sacharopinuriÌ. Hyperornithinemie s hy-
peramonemiÌ a homocitrulinuriÌ ñ tzv. HHH syndrom ñ je
pravdÏpodobnÏ zp˘sobena defektem mitochondri·lnÌho ornit-
hinovÈho transportu. DÏdiËnost HHH syndromu je autoso-
m·lnÏ recesivnÌ.

Ke klinick˝m p¯Ìznak˘m pat¯Ì zv˝öen· dr·ûdivost a poru-
chy spojenÈ s p¯Ìjmem potravy v kojeneckÈm vÏku, poruchy
vÏdomÌ, myoklonickÈ k¯eËe, t¯es, intermitentnÌ ataxie, poru-
chy koordinace, opoûdÏn˝ r˘st, psychomotorick· retardace.
Na vËasnÏ zah·jenÈ nÌzkobÌlkovinnÈ dietÏ z·chvaty ust·vajÌ,
r˘st a intelektu·lnÌ v˝voj pokraËuje.

LaboratornÌ n·lezy vykazujÌ zv˝öenÈ koncentrace orni-
thinu v plazmÏ, amoniaku v krvi, kyseliny orotovÈ a homoci-
trulinu v moËi. Ornithin v plazmÏ se stanovÌ p¯i bÏûnÈm
profilovÈm vyöet¯enÌ aminokyselin. Amoniak v plazmÏ a ky-
selina orotov· v moËi se stanovÌ fotometricky. Pro potvrzenÌ
diagnÛzy HHH syndromu je nezbytnÈ stanovit hladinu homo-
citrulinu v moËi. P¯i bÏûnÈm profilovÈm vyöet¯enÌ na automa-
tickÈm analyz·toru aminokyselin metodou IEC s ninhydrino-
vou detekcÌ vöak homocitrulin koeluuje s methioninem a nelze
jej tedy specificky detekovat.

V naöÌ laborato¯i byla zavedena metoda na stanovenÌ ho-
mocitrulinu v moËi. Homocitrulin je v prvnÌm kroku separo-
v·n od methioninu a ostatnÌch aminokyselin pomocÌ tenkovrs-
tevnÈ chromatografie, n·slednÏ eluov·n do vodnÈho roztoku
a kvantifikov·n na aminoanalyz·toru.

Touto metodou byla vyöet¯ena moË pacienta se suspekt-
nÌm HHH syndromem a potvrzeno zv˝öenÈ vyluËov·nÌ homo-
citrulinu ñ 28 mmol.mol-1 kreatininu. Exkrece homocitrulinu
uv·dÏn· v literatu¯e u pacient˘ s HHH syndromem se pohy-
buje v rozmezÌ 17ñ134 mmol.mol-1 kreatininu, u zdrav˝ch
kontrol 0ñ5 mmol.mol-1 kreatininu.
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35 VITAMIN A, VITAMIN E U DÃTÕ
S HYPERCHOLESTEROLEMIÕ

MARIE TOMANDLOV¡a a LENKA KOPE»N¡b

aBiochemick˝ ˙stav, LÈka¯sk· fakulta MU, KomenskÈho n. 2,
662 63 Brno, bI. DÏtsk· internÌ a onkologick· klinika, DN
JGM, »ernopolnÌ 9, 662 63 Brno

Vitamin A, kter˝ je nezbytn˝ nap¯. v procesu vidÏnÌ, m·
pouze mÌrnÈ antioxidaËnÌ vlastnosti. Mnohem v˝znamnÏjöÌm
p¯irozen˝m lipofilnÌm antioxidantem je vitamin E. Vitamin E
se uplatÚuje p¯edevöÌm v bunÏËn˝ch membr·n·ch. P¯i jeho
p¯etrv·vajÌcÌm deficitu doch·zÌ ke zv˝öenÈ peroxidaci lipid˘.
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EpidemiologickÈ studie dokl·dajÌ i jeho v˝znam (spolu s karote-
noidy a kyselinou askorbovou) u onkologick˝ch onemocnÏnÌ.

K souËasnÈmu stanovenÌ vitamin˘ A a E byla pouûita
modifikovan· HPLC metoda1. Vzorek po deproteinaci etha-
nolem byl extrahov·n do hexanu, odpa¯en v proudu dusÌku
a potÈ rozpuötÏn v ethanolu. Jako vnit¯nÌ standard byl pouûit
retinylacet·t. Separace vzork˘ po extrakci byla prov·dÏna na
kolonÏ C-18 (Hypersil ODS). Jako mobilnÌ f·ze byl pouûit
100 % methanol. Detekce vitamÌn˘ byla prov·dÏna p¯i vlno-
vÈ dÈlce 290 nm. Mez detekce je 15 µg.l-1 pro vitamin A
a 300 µg.l-1 pro vitamin E (S/N = 5). Metoda je dostateËnÏ
citliv· a reprodukovateln·, lze ji pouûÌt k mÏ¯enÌ fyziologic-
k˝ch koncentracÌ vitamin˘ v sÈru.

Koncentrace vitamin˘ A a E byla sledov·na u skupiny dÏtÌ
(n = 19) s hypercholesterolemiÌ. U 78 % pacient˘ byla zjiötÏna
snÌûen· koncentrace vitaminu A. Hodnota koncentrace vita-
minu E byla u vöech pacient˘ v referenËnÌm rozmezÌ. Byla
nalezena statisticky v˝znamn· z·vislost mezi vitaminem E
a celkov˝m cholesterolem (Rs = 0,78, P = 0,0001), vitaminem
E a apo B (Rs = 0,63, p = 0,003) a vitaminem E a LDL
(Rs = 0,72, p = 0,0005). Vitamin A se û·dn˝m ze zmÏ¯en˝ch
parametr˘ nekoreloval. ZjiötÏnÈ v˝sledky nejsou v rozporu
s pozorov·nÌmi prov·dÏn˝mi na dospÏlÈ populaci2.
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36 LESK A BÕDA LINE¡RNÕ REGRESE

LUDÃK DOHNAL

ReferenËnÌ laborato¯ pro klinickou biochemii MZ »R, ⁄stav
klinickÈ biochemie, Vöeobecn· fakultnÌ nemocnice, Karlovo
n. 32, 121 11 Praha 2

Motto: ExistujÌ t¯i druhy lûi; 1. obyËejn· leû, 2. diplomacie, 3.
statistika (nezn·m˝ statistik?)

V publikaËnÌ praxi je st·le vÌc akcentov·n v˝znam ma-
tematicko-statistick˝ch postup˘ pro zpracov·nÌ dat. Bohuûel
se v d˘sledku toho ËastÏji opakujÌ nedostatky a tradujÌ m˝ty,
bez kter˝ch bychom se r·di obeöli. Na nÏkter· nedocenÏn·
˙skalÌ line·rnÌ regrese chce pouk·zat toto sdÏlenÌ.

V pr·ci1 jsou uvedeny Ëty¯i testaËnÌ sady dat, jejichû hodnoty
uv·dÌ tabulka I. Ze samotn˝ch regresnÌch statistik tÏchto dat
uveden˝ch v tabulce II by se zd·lo, ûe pro vöechny Ëty¯i sady
vyhovuje model regresnÌ p¯Ìmky p¯ibliûnÏ stejnÏ dob¯e. P¯i
pohledu na obr. 1 je vidÏt, ûe tomu tak nenÌ.

Ve skuteËnosti modelu p¯Ìmky vyhovuje pouze prvnÌ sada.
Pro druhou sadu vyhovuje spÌöe model paraboly. T¯etÌ sada
obsahuje silnÏ vyboËujÌcÌ hodnotu, kter· zcela zkresluje v˝-
sledek regrese. Ve ËtvrtÈ sadÏ se v˘bec nejedn· o z·vislost
a navÌc i tady je p¯Ìtomna silnÏ vyboËujÌcÌ hodnota. Z toho
plyne mj. pouËenÌ, ûe samotnÈ regresnÌ statistiky nemusÌ v˘-
bec nic vypovÌdat o vhodnosti modelu, tedy o tom, zda se jedn·

o z·vislost nap¯. p¯Ìmkovou, kvadratickou Ëi jinou. D·l nap¯.
to, ûe jedin˝ odlehl˝ bod m˘ûe ovlivnit regresnÌ statistiky
natolik, ûe hrozÌ nebezpeËÌ ˙plnÏ mylnÈho z·vÏru. A koneËnÏ,

Obr. 1. RegresnÌ z·vislosti a data, z nichû vznikly
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Tabulka I
Data z pr·ce1; X = nez·visle promÏnn·, Y = z·visle promÏnn·,
n = 11

Po¯. Ë. Sada

mÏ¯enÌ 1. 2. 3. 4.

X Y X Y X Y X Y

1 10 8,04 10 9,14 10 7,46 8 6,58
2 8 6,95 8 8,14 8 6,77 8 5,76
3 13 7,58 13 8,74 13 12,74 8 7,74
4 9 8,81 9 8,77 9 7,11 8 8,84
5 11 8,33 11 9,26 11 7,81 8 8,47
6 14 9,96 14 8,10 14 8,84 8 7,04
7 6 7,24 6 6,13 6 6,08 8 5,25
8 4 4,26 4 3,10 4 5,39 8 2,50
9 12 10,84 12 9,13 12 8,15 8 5,56

10 7 4,82 7 7,26 7 6,42 8 7,91
11 5 5,68 5 4,74 5 5,73 8 6,89

o jak tÏsnou z·vislost se jedn· je z¯ejmÈ p¯edevöÌm z grafu z·-
vislosti veliËin, regresnÌ statistiky mohou zcela zklamat. Na z·-
kladÏ v˝öe uvedenÈho lze doporuËit, aby se line·rnÌ regrese
(nejËastÏji metodou nejmenöÌch Ëtverc˘) pouûÌvala obez¯etnÏ
a to i z d˘vod˘ jin˝ch, neû kterÈ jsou ilustrov·ny v tomto sdÏ-
lenÌ. Nejprve je vhodnÈ sestrojit graf z·vislosti vysvÏtlovanÈ
promÏnnÈ (typicky na ose y) na vysvÏtlujÌcÌ promÏnnÈ (typic-
ky na ose x). Pak vizu·lnÏ posoudit, zda se v˘bec jedn· o Ñro-
zumnou z·vislostì. Pokud ano, pak posoudit, zda je tato z·-
vislost dostateËnÏ tÏsn·, aby mÏlo smysl poËÌtat jejÌ regresi. Po-
kud je i toto splnÏno, potom je t¯eba odhadnout model regrese.
Zdaleka to nemusÌ b˝t pouze line·rnÌ model, Ëasto je vhodnÏjöÌ
kvadratick˝, kubick˝ Ëi jin˝. Pak teprve poËÌtat regresnÌ para-
metry a dalöÌ statistiky pro zvolen˝ model (modely). V p¯ÌpadÏ
rozpak˘ n·m regresnÌ statistiky, kterÈ jakoby kvantifikujÌ kva-
litu regrese, mohou pomoci zvolit vhodnÏjöÌ z model˘.
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Tabulka II
RegresnÌ statistiky; regresnÌ p¯Ìmka: Y = A + B * X

Sada

1. 2. 3. 4.

A 3,00 3,00 3,00 3,00
B 0,500 0,500 0,500 0,500
VÌcen·sobn˝ korelaËnÌ koeficient: 0,816 0,816 0,816 0,817
St¯ednÌ kvadratick· chyba predikce: 1,87 2,20 2,15 1,54
Rezidu·lnÌ souËet Ëtverc˘: 13,76 13,78 13,76 13,74
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01 OXIDA»N› STRES A JEHO ROZPOZNANIE

ZDENA œURA»KOV¡, LUCIA HLIN»ÕKOV¡,
PETER KORYT¡R, ANNA LIPT¡KOV¡
a INGRID éIT“ANOV¡

⁄stav lek·rskej chÈmie, biochÈmie a klinickej biochÈmie, Le-
k·rska fakulta UK, Sasinkova 2, 813 72 Bratislava, Slovensk·
republika

V niektor˝ch systÈmoch alebo pochodoch v organizme
maj˙ voænÈ radik·ly (VR) nezastupiteæn˙ ˙lohu v spr·vnej
funkcii mnoh˝ch biologick˝ch fenomÈnov. Na druhej strane,
VR s˙ vysoko reaktÌvne l·tky, ktorÈ mÙûu reagovaù s biolo-
gicky v˝znamn˝mi molekulami a t˝m ich poökodzovaù. Tvor-
ba a ˙Ëinok VR vo fyziologick˝ch procesoch sa musÌ kontro-
lovaù a str·ûiù pomocou antioxidaËn˝ch systÈmov, aby sa
aktivita VR neobr·tila proti vlastn˝m biomolekul·m. Ak ni-
ektor˝ z ochrann˝ch Ël·nkov organizmu proti toxickosti VR
zlyh·, ich ˙Ëinkovanie sa st·va nekontrolovanÈ a doch·dza
k poökodeniu molek˙l, buniek, org·nov a napokon celÈho
organizmu1.

DÙsledok  negatÌvneho  pÙsobenia VR sa oznaËuje ako
oxidaËn˝ stres a mÙûe sa definovaù ako nerovnov·ha medzi
tvorbou a odstraÚovanÌm VR v prospech ich tvorby, z ktorej
vypl˝va potenci·lne poökodenie2.

HÂbka poökodenia oxidaËn˝m stresom z·visÌ i) od druhu
poökodzovanej molekuly (proteÌny, lipidy, nukleovÈ kyse-
liny), ii) od mechanizmu, ak˝m sa poökodenie uskutoËÚuje
(chÈmia fentonovÈho typu, indukcia urËit˝m liekom, aktiv·cia
enz˝mov, napr. NO-synt·zy, xantÌnoxid·zy, atÔ.) a iii) od typu
oxidaËnÈho stresu (napr. UV ûiarenie, fajËenie, ischemicko-
-reperf˙zne stavy, ozÛn, z·pal). OxidaËn˝ stres vyvolan˝ v or-
ganizme mÙûe hraù ˙lohu pri vzniku alebo rozvoji mnoh˝ch
æudsk˝ch ochorenÌ3.

Je relatÌvne ùaûkÈ urobiù zodpovedaj˙ci odhad nadmernÈ-
ho v˝skytu a aktivity VR v biologickom prostredÌ. äiroko
pouûÌvanÈ stanovenia malondialdehydu (MDA), alebo pro-
duktov reakcie  s kyselinou  tiobarbiturovou  (TBARP) ako
diagnostick˝ch markerov peroxidaËnÈho poökodenia tkanÌv
vyûaduje urËitÈ ˙pravy. Nie je spr·vne d·vaù do priameho
s˙visu n·jdenÈ zv˝öenÈ hodnoty MDA alebo TBARP v bio-
logickom materi·ly s v˝skytom t.zv. voænoradik·lov˝ch ocho-
renÌ. Podobne zistenÈ znÌûenÈ hladiny rÙznych antioxidantov
nemusia vûdy ukazovaù na oxidaËn˝ stres. Pri charakteriz·cii
oxidaËnÈho stresu je preto dÙleûitÈ poznaù okrem ˙rovne an-
tioxidaËnÈho stavu a hladÌn jednotliv˝ch antioxidantov tieû
v˝skyt a koncentr·ciu produktov oxidaËnÈho poökodenia jed-
notliv˝ch biomolek˙l. V s˙Ëasnosti sa pozn· viacero analy-
tick˝ch metÛd na stanovenie produktov oxidaËnÈho poökode-
nia (tab. I) lipidov, proteÌnov a nukleov˝ch kyselÌn a aktivity
alebo hladiny antioxidaËn˝ch systÈmov4.V˝hody, nev˝hody
a ˙skalia jednotliv˝ch stanovenÌ bud˙ diskutovanÈ.

Pomocou stanovenia produktov oxidaËnÈho poökodenia
a ich koncentr·ciÌ a stanovenia hladÌn jednotliv˝ch antioxi-
dantov sa mÙûe presnejöie vyhodnotiù ˙Ëinkovanie VR v pa-
tolÛgii chorÙb a vyvodiù logickÈ z·very pre terapeutickÈ po-
d·vanie antioxidantov.

Pr·cu ËiastoËne finanËne podporila grantov· agent˙ra VEGA
Mä SR, grant 1/6145/99.

Tabuæka I
Najv˝znamnejöie analytickÈ metÛdy na vyhodnotenie oxidaË-
nÈho stresu2

OxidaËnÈ poökodenie DNA

ñ Plynov· chromatografia (GC) a hmotnostn· spektrometria
(MS) (oxidaËne poökodenÈ dusÌkovÈ z·sady)

ñ Vysoko˙Ëinn· kvapalinov· chromatografia (HPLC) (pro-
dukty oxidaËne poökoden˝ch nukleov˝ch kyselÌn)

ñ ElektroforetickÈ metÛdy (komÈtov· metÛda)

OxidaËnÈ poökodenie lipidov

ñ Stanovenie konjugovan˝ch diÈnov (HPLC)
ñ Stanovenie izoprost·nov (GC-MS)
ñ Stanovenie hydroperoxidov (HPLC)
ñ Stanovenie TBARP produktov (HPLC)

OxidaËnÈ poökodenie proteÌnov

ñ Stanovenie karbonylov˝ch skupÌn proteÌnov (HPLC)
ñ Stanovenie modifikovan˝ch tyrozÌnov˝ch jednotiek (HPLC)
ñ Stanovenie bityrozÌnov v moËi (HPLC)

Aktivity antioxidaËn˝ch enz˝mov
ñ Stanovenie aktivity superoxiddismut·zy, katal·zy a gluta-

tiÛnperoxid·zy

Hladiny nÌzkomolekulov˝ch antioxidantov a vitamÌmov

ñ Stanovenie koncentr·cie vitamÌnov C a E, β-karotÈnu
ñ Stanovenie koncentr·cie glutatiÛnov (GSH a GSSG)
ñ Stanovenie koncentr·cie kyseliny moËovej a alantoÌnu
ñ Stanovenie celkovÈho antioxidaËnÈho stavu
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02 VOLN… RADIK¡LY A ANTIOXIDANTY
U NÃKTER›CH DOSUD M¡LO SLEDOVAN›CH
NEMOCÕ A STAVŸ

V¡CLAV HOLE»EKa a JAROSLAV RACEKb

aOddÏlenÌ klinickÈ biochemie MulaËovy nemocnice, PlzeÚ,
b⁄stav klinickÈ biochemie a laboratornÌ diagnostiky LÈka¯skÈ
fakulty UK a FakultnÌ nemocnice, PlzeÚ

VolnÈ radik·ly (VR) a antioxidanty (AO) jsou v˝znamnÈ
u tzv. Ñnemoci z voln˝ch radik·l˘ì. Sem pat¯Ì diabetes, n·do-
ry, st·rnutÌ, revmatickÈ z·nÏty kloub˘, katarakta, r˘znÈ z·nÏty
atd. Chceme upozornit na ¯adu dalöÌch nemocÌ a stav˘, kter˝m
nenÌ vÏnov·na dostateËn· pozornost a lÈka¯sk· ve¯ejnost si
Ëasto podÌl voln˝ch radik·l˘ u nich ani neuvÏdomuje.
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Nemoci gastrointestin·lnÌho traktu. ProgresivnÌ periodon-
titida je podporov·na VR (leukocyty, plomby obsahujÌcÌ kovy,
vyööÌ hladina glukÛzy, potrava obsahujÌcÌ VR, kou¯enÌ aj.).
Colitis ulcerosa ñ nadbytek voln˝ch radik·l˘ (VR) oxiduje
redukovan˝ glutathion (GSH), vznikl˝ GSSG proch·zÌ mem-
br·nami a tak kles· nejd˘leûitÏjöÌ intracelul·rnÌ antioxidant
GSH. Crohnova choroba ñ zde jde spÌöe o poruchu syntÈzy
GSH. N·sledkem krv·cenÌ ze stÏny st¯evnÌ se uvolÚuje ûelezo,
Fentonovou reakcÌ vznik· voln˝ hydroxylov˝ radik·l, rovnÏû
spolup˘sobÌ ûelezo pod·vanÈ pro anÈmii. VR a kyselina chlor-
n· podporujÌ vznik karcinom˘. U cystickÈ fibrÛzy pankreatu
je snÌûen· hladina antioxidantu selenu.

Chirurgick·  onemocnÏnÌ. P¯i operacÌch  vznikajÌ volnÈ
radik·ly z leukocyt˘ a n·sledkem reperfuze po p¯edchozÌ
ischemii. Nezv˝öÌ-li se lipoperoxidace nap¯. po okluzi a. femo-
ralis do hodiny, rekanalizace pravdÏpodobnÏ nebude ˙spÏön·.
RovnÏû pop·leniny p˘sobÌ oxidaËnÌ stres.

Ortopedick· onemocnÏnÌ. VR a AGE (advanced glycation
end-products) usnadÚujÌ osteoklast˘m resorpci kosti p¯i os-
teoporÛze. U ûen po menopauze nedostatek estrogen˘, kterÈ
p˘sobÌ jako AO, a ztr·ty zinku moËÌ vedou ke snÌûenÈ hustotÏ
kostÌ. Polytraumata a velkÈ operace jsou prov·zeny vzestupem
VR n·sledkem reperfuze po ischemii, d·le zv˝öen˝m odbou-
r·v·nÌm purin˘, zv˝öenou produkcÌ VR v leukocytech a p¯i
polymeraci ortopedick˝ch cement˘ atd. VR poökozujÌ fibro-
nektin, kter˝ norm·lnÏ zvyöuje aktivitu osteoblast˘. U Sudekovy
atrofie doch·zÌ k poökozenÈ extrakci kyslÌku v postiûenÈ kon-
ËetinÏ, z·nÏtu a vzestupu VR.

Imunita a infekce. Fagocyty, zvl·ötÏ makrof·gy, obsahujÌ
velkÈ mnoûstvÌ VR. Superoxid sniûuje protil·tkovou odpovÏÔ
p¯i imunizaci. Nelze vöak prostÏ ¯Ìci, ûe oxidaËnÌ stres p˘sobÌ
imunodepresi a antioxidaËnÌ terapie naopak imunostimulaci.
Septick˝ öok zvyöuje tvorbuVR a proz·nÏtliv˝ch cytokin˘.
NÏkterÈ kovy svou toxicitou nebo alergick˝m mechanismem
podporujÌ vznik autoimunitnÌch stav˘, nap¯. sclerosis multi-
plex, amyotrofickÈ later·lnÌ sklerÛzy, chronickÈho ˙navovÈho
syndromu, deprese aj. Ch¯ipkov˝ virus i jinÈ viry aktivujÌ ve
fagocytech tvorbu superoxidu, proto mohou virovÈ infekce
p¯ispÌvat k tvorbÏ karcinom˘. Virus vöak umÌ potenci·lnÏ
virocidnÌ VR pouûÌt i ve sv˘j prospÏch. Nedostatek selenu
zvyöuje mnoûstvÌ virov˝ch mutacÌ a podporuje vznik nov˝ch
virulentnÌch forem, proti kter˝m lidÈ jeötÏ nemajÌ imunitu.
PozdnÌ stadia virov˝ch replikacÌ inhibujÌ GSH. I infekce HIV
zvyöuje lipoperoxidaci a s tÌm ¯adu klinick˝ch p¯Ìznak˘. VR
poökozujÌ parazity p˘sobÌcÌ mal·rii. P¯etrÈnov·nÌ sportovc˘
sniûuje jejich antioxidaËnÌ obranu a tÌm i imunitu. Svalov· hy-
poxie u intenzivnÌ sportovnÌ n·mahy a infiltrace sval˘ leuko-
cyty, mechanick· hemol˝za a zv˝öen· teplota sval˘ (aû 45 ∞C)
p˘sobÌ vznikl˝mi VR svalovou ˙navu.

PlicnÌ choroby. ARDS p˘sobÌ zv˝öenÈ vyluËov·nÌ peroxi-
du vodÌku dechem, VR inhibujÌ ˙Ëinek α1-antitrypsinu a zvy-
öujÌ aktivitu myeloperoxidasy. Vznikl· kyselina chlorn· i VR
z neutrofil˘ tÏûce poökozujÌ plicnÌ tk·Ú. PodobnÏ vznik· i
fibrotizujÌcÌ alveolitida a plicnÌ emfyzÈm. U bronchi·lnÌho
astmatu stoup· mnoûstvÌ VR a kles· aktivita superoxiddismu-
tasy. U cystickÈ fibrÛzy se uplatÚuje tento mechanizmus:
chronick· bakteri·lnÌ infekce → tvorba VR → aktivace prote-
as → plicnÌ fibrÛza a bronchiektazie → hypoxie a plicnÌ
hypertenze → respiraËnÌ poökozenÌ a smrt. Inhalace toxick˝ch
plyn˘ Ëi prachov˝ch Ë·stic se vlivem z·nÏtu podÌlÌ na vzestupu
VR a poökozenÌ plic. P¯Ìkladem je silikÛza, azbestÛza aj.

Gynekologie a porodnictvÌ. BÏhem menstruaËnÌho cyklu
se znaËnÏ mÏnÌ ovari·lnÌ hladiny antioxidaËnÌch enzym˘ a GSH.
Spermatozoa produkujÌ VR, proto m· semin·lnÌ plazma vy-
sokou antioxidaËnÌ kapacitu. VR naruöujÌ povrch vajÌËka, aby
sn·ze doölo k oplodnÏnÌ. Lipoperoxidace vöak rychle sniûuje
motilitu spermiÌ. U eklampsie zv˝öen· hladina superoxidu
inhibuje glutathionperoxidasu, zv˝öen· hladina peroxid˘ pak
podporuje vznik tromboxan˘. P¯i porodu n·sledkem hypoxie
a reperfuze stoup· v umbilik·lnÌ krvi lipoperoxidace. Nedo-
noöenÈ dÏti majÌ nÌzkou antioxidaËnÌ obranu. Zv˝öen· hladina
bilirubinu a kyseliny moËovÈ ˙ËinkujÌ antioxidaËnÏ. Velkou
roli ve v˝voji kojence asi hraje mlÈko, jehoû lipoperoxidace
dÌtÏ  ohroûuje. Syndrom n·hlÈho ˙mrtÌ kojenc˘  (SIDS) je
spolup˘soben nedostateËnou antioxidaËnÌ schopnostÌ.

OËnÌ choroby. SnÌûen· antioxidaËnÌ kapacita a UV paprs-
ky poökozujÌ oko. U nedonoöenc˘ p˘sobÌ vysok˝ pO2 retino-
patii. U vysokÈho nitrooËnÌho tlaku (ischemie) p˘sobÌ VR
funkËnÌ alteraci retiny. Antioxidant melatonin zprost¯edkuje
adaptaci fotoreceptor˘ na klesajÌcÌ intenzitu svÏtla ñ ËÌpky se
zano¯ujÌ a tyËinky vyno¯ujÌ. Makul·rnÌ degenerace m· nedo-
statek zeaxantinu a luteinu, kyseliny askorbovÈ a pokles pig-
mentu v retinÏ, kou¯enÌ a/nebo modrÈ svÏtlo zvyöujÌ VR, coû
m˘ûe vÈst aû k slepotÏ.

NervovÈ choroby. CNS je m·lo chr·nÏn antioxidanty a snad-
no podlÈh· lipoperoxidaci, VR mohou poökozovat myelin.
Mezi onemocnÏnÌ, u kter˝ch hrajÌ VR d˘leûitou roli, pat¯Ì
nap¯. Alzheimerova Ëi Parkinsonova choroba, epilepsie, tar-
divnÌ dyskineza aj.

KoûnÌ choroby. UV paprsky urychlujÌ st·rnutÌ k˘ûe. U skle-
rodermie doch·zÌ k masivnÌ lipoperoxidaci; ta poökozuje i vla-
sovÈ folikly u seborrhoickÈ dermatitidy. Vitiligo m· snÌûenÈ
epiderm·lnÌ hladiny nÏkter˝ch AO. V˝znam VR a AO je
popisov·n i u psoriasy, akne, rozacey, koûnÌch transplant·t˘
aj.

03 ISCHEMICKO-REPERF⁄ZNE POäKODENIE CNS
A OXIDA»N› STRES

ANNA DRGOV¡, DUäAN DOBROTA,
J¡N LEHOTSK›, VIERA M…ZEäOV¡
a MILENA MATEJOVI»OV¡

⁄stav lek·rskej chÈmie, Jesseniova lek·rska fakulta UK, Mal·
Hora 4, 036 01 Martin, Slovensk· republika

Ischemicko-reperf˙zne poökodenie CNS vedie k naruöe-
niu membr·novej integrity neurÛnov a gliov˝ch buniek. Fos-
folipidy, okrem toho, ûe s˙ z·kladnou ötrukt˙rou membr·n,
hraj˙ dÙleûit˙ ˙lohu pri prenose nervov˝ch vzruchov. Poru-
öenie ich metabolizmu poËas ischÈmie mÙûe nepriaznivo ov-
plyvniù funkËn˙ aktivitu nervov˝ch buniek.

V r·mci rieöenia biochemick˝ch zmien v mozgovom tka-
nive poËas glob·lnej ischÈmie a n·slednej reperf˙zie sme sa
zamerali na sledovanie zmien v cytosÛlovej frakcii neurÛnov
z prednÈho mozgu. Experimenty sme robili na potkanoch
Wistar (300ñ350 g), ktor˝m glob·lnu ischÈmiu sme navodili
metÛdou Pullsineli a spol. CytosÛlov˙ frakciu sme zÌskali
metÛdou Dodda a spol.1, kde sme stanovovali aktivitu Cu, Zn
superoxiddismut·zy (SOD) pouûitÌm xantÌn ñ xantÌnoxid·zo-
vÈho systÈmu pre produkciu superoxidu a INT (iodphenyl-nit-
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rophenyl-phenyltetrazoliumchlorid) pre jeho detekciu. V lipi-
dick˝ch extraktoch sme Ôalej sledovali zast˙penie jednotli-
v˝ch fosfolipidov rozdelen˝ch HPTLC.

Aktivita Cu, Zn superoxiddismut·zy (SOD) udan· v U.mg-1

proteÌnu sa po 15 min. ischÈmii znÌûila o 20 % v porovnanÌ
s kontrolou. Po obnovenÌ prÌvodu kyslÌka sa aktivita SOD
upravuje k norm·lnym hodnot·m ako sme pozorovali v rÙz-
nych Ëasov˝ch intervaloch reperf˙zie (obr. 1). Pretoûe k nadpro-
dukcii voln˝ch radik·lov doch·dza v poËiatoËn˝ch öt·di·ch
reperf˙zie, zv˝öen· aktivita SOD poukazuje na urËit˝ neuro-
protektÌvny ˙Ëinok pri ischemicko ñ reperf˙znom poökodenÌ
mozgu.

Z literat˙ry je zn·me, ûe ischÈmia vedie k v˝raznej lipo-
l˝ze membr·nov˝ch fosfolipidov v dÙsledku stimul·cie fos-
folip·z2. V cytosÛle nervov˝ch buniek sme zistili po ischÈmii
pokles fosfatidylinozitolov (PI) o 40 % v porovnanÌ s kontro-
lou, podobne signifikantnÈ znÌûenie fosfatidylcholÌnov (PCH)
a fosfatidyletanolamÌnov (PE). PI uû po 2 hodin·ch reperf˙zie
sa upravuj˙ na norm·lne hodnoty, Ëo odpoved· ich r˝chlemu
metabolickÈmu obratu. Po 48 hodinovej reperf˙zii pretrv·va
signifikantn˝ pokles iba PE. PoËas ischÈmie je blokovan·

resyntÈza fosfolipidov z nedostatku energie vo forme ATP
(cit.3), Ëo vysvetæuje pokles fosfolipidov po 15 min˙tovej
ischÈmii.

T·to pr·ca bola podporen· grantom VEGA 7417/20.

LITERAT⁄RA

1. Dodd P. R.et al: Brain Res. 226, 107 (1981).
2. Kogure K., Nakano S., v: Neuchemical Correlates of

Cerebral Ischemia (Bazan N. G., Braquet P., Ginsberg
M. D., ed.), str. 103. Plenum Press, New York 1992.

3. Agranoff B. W., Hajra A. K., v: Basic Neurochemistry:
Molecular, Celular and Medical Aspects (Siegel G. J.,
Agranoff B. W., et al., ed.), str. 97. Raven Press, New
York 1994.

04 FREE RADICALS AS DAMAGING FACTORS
IN ION HOMEOSTASIS IN VITRO AND DURING
ISCHEMIA-REPERFUSION INJURY

J¡N LEHOTSK›a, PETER KAPL¡Na,
RADOVAN MURÕNa, PETER RA»AYa,
and LUC RAEYMAEKERSb

aDepartment of Medical Biochemistry, Jessenius Faculty of
Medicine, Comenius University, Mal· Hora 4, 03601 Martin,
Slovakia, bCatholic University of Leuven,Campus Gasthuis-
berg B-3000 Leuven, Belgium

Oxidative stress, initiated by reactive  oxygen/nitrogen
species (RONS) is recognized pathogenic factor in ische-
mia/reperfusion injury (IRI). The present study summarizes
our results studying effect of both ROS in vitro and IRI
condition in vivo on the physical state of membranes, activities
and levels of ion transport proteins in rodent brain. Oxygen

Obr. 1. Aktivita  Cu, Zn-SOD v cytoplazme buniek prednÈho
mozgu po 15 min ischÈmii a n·sledn˝ch reperf˙ziach v porovnanÌ
s kontrolou
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Table I
Effect of oxidant systems on biophysical properties of rodent ER membranes

Sample Anisotropy rs A233/A215 Tryptophan Fluorescence
fluorescence Ex350/Em440

Control 0.217±0.001 0.274±0.009 79±5.3 20.4±1.3/19.3±1.2
Fe2+ 0.227±0.002a 0.311±0.026a 31.2±1.4a 54.5±0.6/52.4±3.0a

Fenton 0.228±0.003a 0.324±0.017a n.d. n.d.

Values are expressed as means ±SEM of 4ñ6 experiments, a statistically significant, p<0.05

Table II
ATP dependent Ca2+ uptake after two models of forebrain ischemia in gerbil

Sham Ischemia Reperfusion

Ca2+ uptake Occlusion Pentobarbital 5.04±0.3 1.9±0.2a 3.4±0.3
[nmol. mg-1] Decapitation Pentobarbital 6.1±1.2 3.0±0.3a n.d.

Values are expressed as means ±SEM of 4ñ6 experiments, a statistically significant p<0.05
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derived radicals in vitro reduced both the Na+, K+-ATPase
activity and Na+, Ca2+ exchanger of synaptosomal membranes.
Physical state of membrane is also altered as detected by
reduction of membrane fluidity1. Oxidative insult also lead to
the loss of ability of neuronal endoplasmic reticular (ER) to
sequester Ca2+ as well as to the increase of Ca2+ permeability
and to the decrease of Ca2+-ATPase activity2. Furthermore,
ROS induced both lipid peroxidation2 and lipids-independent
modifications of the ER membrane proteins as detected by
fluorescence analysis of amino acyl residues (Table I).

Cerebral ischemia is known to alter ionic homeostasis,
synthesis and lysis of proteins with activation of protease such
as caspases and calpains. Acute in vivo ischemia alters kinetic
parameters of Na+, K+-ATPase affecting mainly dephospho-
rylation step with parallel changes of Na+, Ca2+ exchanger and
alterations of physical membrane environment3. Ca2+-ATPase
of plasma membrane (PMCA) was shown to have a distinct
distribution pattern of isoforms in brain areas. Reperfusion
after ischemia is associated with remarkable decrease of im-
muno signal for PMCA1 only in affected hippocampal area4.
In addition, incubation of non-ischemic membranes with cy-
tosol from ischemic hippocampus decreases level of PMCA
1∞ in non-ischemic tissues which suggests possible activation
of calpains and/or caspases-like proteases. On the other hand,
ischemia/reperfusion did not affect the level of Ca2+pump
(SERCA 2b) and calreticulin of intracellular Ca2+ stores. How-
ever, likely its cytoarchitectual location IRI resulted in de-
crease of IP3 receptor type I and ischemic insult alters even
active Ca2+ accumulation which is not due to the inhibition of
Ca2+-ATPase activity (Table II).

In parallel, ischemic insult induces in reperfusion period
non specific alteration of physical properties of total membra-
ne preparation such as modifications of proteins as well as
content of lipoperoxidation products. In summary, we proved
that free radicals are factors which can alter physical and
functional properties of neuronal membranes. We discuss our
results with idea that ischemia-induced disturbation of ion
transport systems may participate or follow delayed death of
neurons after ischemia.

Supported by the VEGA grant No. 7417/20.
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05 ISCHEMIA/REPERFUSION-INDUCED CHANGES
IN PROTEINS AND LIPIDS OF RAT BRAIN
HOMOGENATE

RADOVAN MURÕN, PETER KAPL¡N,
DUäAN DOBROTA, and J¡N LEHOTSK›

Department of Medical Biochemistry, Jessenius Faculty of
Medicine, Comenius University, 037 54 Martin, Slovak Re-
public

Oxygen free radicals may be implicated in the pathogene-
sis of ischemia-reperfusion damage. It is well known that brain
cells are prone to oxidative damage because of their relatively
low content of antioxidants, especially enzymatic ones, and of
the high levels of both membrane polyunsaturated fatty acids
(PUFA) and iron easily released from injured cells. Oxidative
stress is postulated  to  share damage  of lipids (LPO) and
proteins (PPO) and consequently causes molecular changes
leading to cell dysfuntion and cell death1. Properties and
alterations of oxidized proteins have been analyzed by several
authors. Davies et al2 recognized oxidizing free radicals ca-
pable of provoking aggregation or fragmentation, change in
electric charge, loss of tryptophan and dityrosine formation in
the exposed proteins; oxidized proteins showed an increased
susceptibility to proteolitic enzymes.

We have investigated the influence of ischemia/reperfusi-
on-induced oxidative stress on brain lipids and proteins. We
used Wistar rats of both sexes with experimental 15-min four-

Table I
Levels of CD, carbonyl and free SH groups in rat forebrain homogenate after ischemia and reperfusion injurya

Conjugated diene Carbonyl groups Free SH groups
A233/A215 nmol.mg-1 protein µmol.mg-1 protein

Control 0.2534±0.0025 3.247±0.038 0.347±0.109
15í ischemia 0.2645±0.0027b 3.288±0.068 0.345±0.065
15í ischemia/ 0.2712±0.0033d 3.498±0.061b 0.227±0.028b

2 h reperfusion
15í ischemia/ 0.2837±0.0022d 3.696±0.055d 0.170±0.047d

24 h reperfusion
15í ischemia/ 0.2769±0.0059d 3.801±0.089d 0.201±0.028c

48 h reperfusion

a Values are expressed as maens ±SEM of 7ñ12 experiments; b p<0.05, c p<0.01, d p<0.001; significantly different as compared
to control
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Table II
Effect of ischemia/reperfusion injury on flourescence para-
metres in rat forebrain homogenatea

Sample Fluorescence intensity

Tryptophan Dityrosine

Control 75.635±2.297 51.860±1.676
15í ischemia 71.146±3.028b 52.943±2.536
15í ischemia/ 70.397±1.329b 55.461±2.078b

2 h reperfusion
15í ischemia/ 67.978±2.680c 56.595±2.425c

24 h reperfusion
15í ischemia/ 61.853±6.203c 55.696±2.736b

48 h reperfusion

a Values are expressed as maens ±SEM of 7ñ12 experiments;
b p<0.01, c p<0.001; significantly different as compared to
control

-vessel global ischemia3 followed by 2, 24 and 48 hours
reperfusion, respectively. After decapitation, in forebrain ho-
mogenates were analyzed levels of conjugated dienes4 (CD)
to extent the lipid peroxidation. Concentrations of carbonyl5

and free SH6 groups, emission of tryptophane4 and dityrosine7

were measured to quantify PPO.
There are significant changes after 15-min ischemia in

increasing level of CD. After ischemia in 15-min duration
followed by 2, 24 and 48 hours reperfusions significant incre-
ase of levels of CD and carbonyl groups and decreas in free
SH groups against control were revealed (Table I).

Protein fluorescence was analysed as an index of alteration
in protein structure or conformation. Ischemia caused signifi-
cant reduction of tryptophne fluorescence with a futher reduc-
tion during the reperfusion periods (Table II). Significant
increase in dityrosine fluorescence against control was obser-
ved after the reperfusion (Table II).

Our results indicate that peroxidation damage of lipids and
proteins occurs mainly during period of recirculation when
there where increased levels of LPO and PPO products as early
as 2 hours after onset of reperfusion.

Supported by the VEGA Grant No. 7417/20.
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06 POS⁄DENIE INTENZITY LIPOPEROXID¡CIE
(LPX) V TKANIVE CNS POTKANOV
STANOVENÕM PRODUKTOV REAGUJ⁄CICH
S TBA (TBARP) SPEKTROFOTOMETRICKY
A MALONDIALDEHYDU (MDA) MET”DOU
HPLC

MONIKA KOZINKOV¡, MARTA BRECHTLOV¡
a BRANISLAV LÕäKA

⁄stav lek·rskej chÈmie, biochÈmie a klinickej biochÈmie LF
UK, Sasinkova 2, 811 08 Bratislava, Slovensk· republika

Procesy LPX v CNS patria k dÙleûit˝m mechanizmom
poökodzuj˙cim nervovÈ tkanivo pri ischemicko-reperf˙znych
stavoch1 s naruöenÌm ötrukt˙r a funkËn˝ch procesov2,3. DÙle-
ûitou ot·zkou pri pos˙denÌ intenzity LPX je, Ëi sa stanovuje
MDA (koncov˝ produkt  LPX), alebo sa stanovuj˙ aj inÈ
medziprodukty LPX, ale uv·dzaj˙ sa ako mnoûstvo MDA.
Tento spÙsob stanovenia sa potom uv·dza ako neöpecifick˝
a aj metodickÈ ot·zky mÙûu zaprÌËiniù rozliËn˙ interpret·ciu
v˝sledkov. Pre bliûöie charakterizovanie intenzity a mecha-
nizmov LPX sa pouûÌvaj˙ öpecifickÈ stanovenia medzipro-
duktov LPX. Na stanovenie MDA sa pouûÌva hlavne HPLC
(cit.4,5) a plynov· chromatografia6. Cieæom pr·ce bolo v tkani-
ve CNS porovnaù intenzitu LPX stanovenÌm TBARP a MDA.

Intenzita LPX bola sledovan· stanovenÌm produktov LPX
v podmienkach neaktivovanej a aktivovanej LPX (aktiv·tor
LPX = 125 µmol.l-1askorb·t + 5 µmol.l-1 Fe2+ 1:1). Po pridanÌ
0,6 % TBA bol farebn˝ produkt, vytvoren˝ inkub·ciou v pro-
stredÌ 2 % H3PO4, extrahovan˝ do n-butanolu. Produkty LPX
boli po centrifug·cii vzoriek stanovenÈ spektrofotometricky ñ
ud·vanÈ ako mnoûstvo TBARP, a komplex MDA-TBA po-
uûitÌm HPLC ñ delenie na kolÛne RP-18 (5 µm), ñ prietok
kolÛnou 0,9 ml.min-1, ñ mobiln· f·za: fosf·tov˝ tlmiv˝ roztok
(pH 6,3):metanol (1:1) ñ UV detektor.

Intenzita LPX bola sledovan· stanovenÌm produktov LPX
spektrofotometricky (TBARP) a öpecifick˝m stanovenÌm MDA
metÛdou HPLC. Oboma metÛdami sa zÌskalo rovnakÈ mnoû-
stvo produktov LPX (obr. 1), Ëo poukazuje na to, ûe vytvorenÈ
prekurzory MDA sa zrejme za t˝chto experiment·lnych pod-
mienok varom vzoriek v kyslom prostredÌ premenia na MDA.
To, ûe bez efektora (aktiv·tora LPX) sa mnoûstvo TBARP ani
MDA po inkub·cii prakticky nemenÌ, ale po pridanÌ aktiv·tora
LPX v˝razne st˙pa, poukazuje na to, ûe tento experiment·lny

Obr. 1. Porovnanie stanovenia produktov LPX v homogen·toch
mozgu potkana spektrofotometricky (TBARP) a HPLC (MDA-
-TBA) v nmol.mg-1 bielkovÌn,o spektrofotometricky, n HPLC
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prÌstup umoûÚuje charakterizovaù LPX aj z hæadiska aktivaË-
n˝ch mechanizmov.

V literat˙re popisovanÈ rozdielne v˝sledky obsahu pro-
duktov LPX meranÈ spektrofotometricky a HPLC mÙûu po-
tom poch·dzaù z rÙznej kombin·cie podmienok vo f·ze prÌ-
pravy vzoriek (roztok pouûit˝ na homogeniz·ciu tkaniva, jeho
pH), v materi·li pouûitom na stanovenie (cel˝ homogen·t, Ëi
supernatant), resp. podmienok analytickej f·zy experimentu
(koncentr·cia a druh kyseliny vo f·ze tvorby farebnÈho kom-
plexu). RÙzne kombin·cie podmienok prÌpravy vzoriek pred
stanovenÌm ako i podmienok stanovenia uk·zali kedy s˙ roz-
diely v mnoûstve stanoven˝ch produktov LPX (cit.7).

Autori Ôakuj˙ za finanËn˙ podporu grantu Mä SR Ë. 1/6145/99.

LITERAT⁄RA

1. HalË·k L., Pech·Ú I., v: VoænÈ radik·ly a antioxidanty
v medicÌne (II) (œuraËkov· Z., Bergendi º., »·rsky J.,
ed.), str. 113. SAP, Bratislava (1999).

2. Luk·Ëov· N., Hal·t G., Chavko M., Maröala J.: Neuro-
chem. Res. 21, 869 (1996).

3. Burda J., Gottlieb M., Vanicky I., Chavko M., Maröala J.:
Mol. Chem. Neuropathol. 25, 189 (1995).

4. Csallany A. S., Ming der Guan, Manwaring J. D., Addis
P. B.: Anal. Biochem. 142, 277 (1984).

5. Tatum V. L., Changchif Ch., Chow Ch. K.: Lipids 25,226
(1990).

6. Ichinose T., Miller M. G., Shibamoto T.: Lipids 24,895(1989).
7. Kozinkov· M., Brechtlov· M., LÌöka B., v: Neurobiolo-

gie duöevnÌch por˙ch (Houdek L., ed.), str. 100. GalÈn,
Praha 1999.

07 VPLYV LIPOPEROXID¡CIE NA DEGRAD¡CIU
PURÕNOV›CH NUKLEOTIDOV V MOZGU
POTKANA

ºUBOMÕR KURA»KA, MONIKA KOZINKOV¡,
MARTA BRECHTLOV¡ a BRANISLAV LÕäKA

⁄stav lek·rskej chÈmie, biochÈmie a klinickej biochÈmie LF
UK, Sasinkova 2, 811 08 Bratislava, Slovensk· republika

Tkanivo CNS je citlivÈ na ischemicko-reperf˙zne poöko-
denie kyslÌkov˝mi radik·lmi najm‰ pre vysok˝ obsah lipido-
v˝ch ötrukt˙r a nenas˝ten˝ch vyööÌch karboxylov˝ch kyselÌn.

V t˝chto podmienkach doch·dza k aktiv·cii lipoperoxid·cie
(LPX) a z·sahu do metabolizmu lipidov s n·sledn˝m po-
ruöenÌm integrity bunky1,2, ako aj ovplyvneniu membr·no-
v˝ch enz˝mov iÛnovÈho transportu3,4. Degrad·cia purÌnov˝ch
nukleotidov (PN) je dÙleûit˝ proces, ktor˝ sa aktivuje pri nedo-
statku kyslÌka. V literat˙re s˙ ˙daje o antioxidaËnom pÙsobenÌ
kyseliny moËovej5, priËom pre moûnosù jej vzniku v tkanive
CNS svedËÌ lokaliz·cia xantÌnoxid·zy v mozgov˝ch kapil·rach6,
no s˙Ëasne vöak aktivita xantÌnoxid·zy mÙûe byù zdrojom
radik·lov7. Cieæom pr·ce bolo zistiù, Ëi v homogen·te mozgu
potkana podmienky aktivovanej LPX ovplyvÚuj˙ degrad·ciu PN.

Produkty degrad·cie PN boli sledovanÈ v homogen·toch
mozgov potkanov Wistar v podmienkach neaktivovanej LPX
(kontrola)  a aktivovanej LPX  v prÌtomnosti iÛnov ûeleza
(5 µmol.l-1) po ich extrakcii do kyseliny chloristej (6,5 mol.l-1)
metÛdou HPLC po delenÌ na kolÛne C18 s reverznou f·zou
s UV detektorom pri vlnovej dÂûke 254 nm. Mobiln· f·za bola
zmes 2 % metanolu, 60 mmol.l-1 KH2PO4 (pH 2,95), prietok
1 ml.min-1. Mnoûstvo IMP a AMP sa stanovovalo spoloËne
a je oznaËenÈ ako nukleozidmonofosf·ty (NMP). Intenzita
LPX bola sledovan· stanovenÌm malondialdehydu (MDA)
metÛdou HPLC na rovnakej kolÛne pri vlnovej dÂûke 532 nm.
Mobiln· f·za bola zmes metanol/fosf·tov˝ tlmiv˝ roztok
(pH 6,3) v pomere 2:1, prietok 0,9 ml.min-1, retenËn˝ Ëas bol
2,76 min (cit.8). ätatistick· v˝znamnosù je hodnoten· Man
Whitneyov˝m U testom, poËet Ëlenov v s˙boroch je 6.

V prÌtomnosti Fe2+ po 30 min˙tovej inkub·cii homoge-
n·tov mozgu potkanov pri 37 ∞C doch·dza k aktiv·cii LPX,
o Ëom svedËÌ v˝razn˝ vzostup MDA. Rovnak˝ Ëas inkub·cie
vedie k vzostupu degrad·cie PN, priËom aktiv·cia LPX neov-
plyvÚuje tvorbu degradaËn˝ch produktov PN (tab. I). Z t˝chto
v˝sledkov sa d· usudzovaù, ûe ak aj je v uveden˝ch podmien-
kach n·sledkom procesov LPX potlaËen· aktivita ATP-·z,
o Ëom by mohli svedËiù liter·rne ˙daje3,4 tento z·sah sa nepre-
javÌ v zmenenom mnoûstve tvorby degradaËn˝ch produktov
PN.

Bezprostredne po dekapit·cii sa v pripraven˝ch homogen·-
toch touto metÛdou nezistila kyselina moËov·, k˝m po 30 mi-
n˙tovej inkub·cii sa dalo jej mnoûstvo stanoviù (20ñ30 nmol.g-1

tkaniva).

T·to pr·ca bola podporen· grantom Mä SR Ë. 1/6145/99
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Tabuæka I
Mnoûstv· degradaËn˝ch produktov purÌnov˝ch nukleotidov v homogen·toch mozgu potkana a mnoûstvo MDA v podmienkach
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Aktiv·tor MDA DegradaËnÈ produkty PN tkaniva (µmol.g-1 tkaniva)

(nmol.g-1 tkaniva) NMP adenozÌn inozÌn hypoxantÌn xantÌn kys. moËov·

0 min kontrola 96±10 1,40±0,04 0,41±0,08 0,09±0,01 0,09±0,02 0,03±0,01 ñ
Fe2+ 105±2,4 1,36±0,05 0,44±0,10 0,11±0,02 0,09±0,01 0,04±0,01 ñ

30 min inku- kontrola 135±8a 0,18±0,01 0,24±0,05 0,70±0,04 1,17±0,10 0,42±0,04 0,02±0,006
b·cia pri 37 ∞C Fe2+ 366±47b 0,16±0,01 0,23±0,05 0,73±0,04 1,23±0,11 0,43±0,03 0,03±0,004
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08 REZY MOZGOVEJ K‘RY A OBLI»KY
AKO MODEL PRE äT⁄DIUM LIPOPEROXID¡CIE

LUK¡» HAL»¡K, VIERA RENDEKOV¡,
PETER BOOR a M¡RIA SILVAäIOV¡

⁄stav lek·rskej chÈmie, biochÈmie a klinickej biochÈmie, Le-
k·rska fakulta UK, Sasinkova 4, 811 08 Bratislava, Slovensk·
republika

Proces lipoperoxid·cie v rÙznych tkaniv·ch sa sleduje
pouûitÌm rÙznych lipoperoxidaËn˝ch agens, ktorÈ s˙ schopnÈ
produkovaù reaktÌvne formy kyslÌka (RFK). Tieto l·tky, pre-
dovöetk˝m hydroxylov˝ radik·l, sp˙öùaj˙ kask·du pochodov
lipoperoxid·cie hlavne membr·nov˝ch ötrukt˙r, na konci kto-
rej je vznik malondialdehydu (MDA). TakÈto öt˙die sa v pod-
mienkach in vitro Ëasto uskutoËÚuj˙ v homogen·toch tkanÌv,
kde s˙ ötrukt˙ry buniek rozruöenÈ a tak s˙ podmienky experi-
mentu v˝razne odliönÈ od podmienok in vivo1. Pok˙sili sme
sa vypracovaù experiment·lny model pre öt˙dium tvorby
a ˙Ëinku RFK v podmienkach, ktorÈ by viac simulovali stav
in vivo. Vhodnou cestou sa n·m javÌ pouûitie tkanivov˝ch
rezov mozgovej kÙry a rezov obliËky. KeÔ je pripraven˝ rez
inkubovan˝ vo vhodnom mÈdiu, kde s˙ prÌtomnÈ potrebnÈ
iÛny a glukÛza, tak s˙ bunky rezu schopnÈ metabolizmu, ktor˝
je dosù blÌzky podmienkam v neporuöenom tkanive so schop-
nosùou regenerovaù ako energeticky dÙleûitÈ l·tky, tak i redu-
kovanÈ ekvivalenty.

V naöich pokusoch sme v pripraven˝ch rezoch mozgovej
kÙry a obliËky potkanov stimulovali lipoperoxid·ciu pouûitÌm
dvoch druhov zmesÌ a to Fe2+ a H2O2 alebo Fe2+ a kyselina
askorbov·. Lipoperoxid·ciu sme urËovali stanovenÌm MDA
pomocou kyseliny tiobarbiturovej. Ako mÈdium pre inkub·-
ciu rezov mozgovej kÙry alebo obliËky sme pouûili Krebsov-
-Ringerov tlmiv˝ roztok, pH 7,4, obohaten˝ o glukÛzu v kon-
centr·cii 10 mM. Po 10-min˙tovej predinkub·cii v z·kladnom
inkubaËnom mÈdiu sme rezy preniesli do inkubaËnÈho mÈdia,
ktorÈ naviac obashovalo 1 mM-Fe2+, 1 µM-EDTA a 3 mM-H2O2
a inkubovali 30 min˙t. V druhej skupine experimentov in-
kubaËnÈ  mÈdium  obsahovalo 250 mM kyselinu askorbov˙
a 10 µM-Fe2+. Po inkub·cii sme v inkubaËnom mÈdiu stanovili
z rezov do mÈdia uvoænen˝ MDA. Z rezov sme pripravili
homogen·ty a v nich stanovili MDA. Stanovenie MDA sme
robili po reakcii s kyselinou tiobarbiturovou jednak fotomet-
ricky po extrakcii farebnÈho produktu do n-butanolu a tieû po
izokratickej separ·cii na reverznej f·ze pomocou HPLC. Ako
eluËn˝ roztok sme pouûili zmes fosf·tov˝ tlmiv˝ roztok ñ
metanol. Z mozgovej kÙry a obliËky sme s˙Ëasne pripravili
homogen·ty, pridali zmes Fe2+ a H2O2 alebo Fe2+ a kyselina
askorbov· v rovnak˝ch koncentr·ci·ch akÈ sa nach·dzali v mÈ-
di·ch pri inkub·cii rezov a inkubovali 10 min˙t. Po inkub·cii
sme v homogen·toch stanovili MDA.

Lipoperoxid·cia v rezoch i homogen·toch mozgovej kÙry
a obliËky potkanov ˙Ëinkom zmesi Fe2+ a H2O2 je zn·zornen·
na obr·zku 1. V rezoch obidvoch tkanÌv bola tvorba MDA
pribliûne rovnako intenzÌvna, priËom sa z rezov do mÈdia
vyplavilo znaËnÈ mnoûstvo MDA v porovnanÌ s kontroln˝mi
rezmi. V homogen·toch mozgovej kÙry a obliËky nastala uû
poËas 10-min˙tovej inkub·cie oveæa intenzÌvnejöia tvorba MDA
ako v rezoch tkanÌv. Prejavilo sa to hlavne v homogen·te
mozgovej kÙry, kde sme zistili skoro trojn·sobnÈ mnoûstvo
MDA ako to bolo v homogen·toch obliËky.

Pri pouûitÌ lipoperoxidaËnej zmesi Fe2+ a kyselina askor-
bov· sme zistili urËit˝ n·znak lipoperoxid·cie len v rezoch
obliËky (obr. 2). V homogen·toch, pri pouûitÌ tejto zmesi,
nastala v˝razne miernejöia lipoperoxid·cia ako pri pouûitÌ
zmesi Fe2+ a H2O2, priËom intenzÌvnejöie prebehla lipoperoxi-
d·cia v homogen·te obliËky.

Z·verom moûno konötatovaù, ûe pouûitie modelu tkani-
vov˝ch rezov by mohlo n·jsù uplatnenie pri testovanÌ lipope-
roxidaËnÈho ˙Ëinku l·tok, prÌpadne pri öt˙diu antioxidaËnÈho
pÙsobenia antioxidantov. V˝sledky naöich pokusov tieû po-

Obr. 1. Tvorba MDA v rezoch a homogen·toch mozgovej kÙry a
obliËky ˙Ëinkom zmesi Fe2+ a H2O2, biely stÂpec ñ kontrola, tmav˝
stÂpec ñ vzorka

Obr. 2. Tvorba MDA v rezoch a homogen·toch mozgovej kÙry
a obliËky ˙Ëinkom zmesi Fe2+ a kyselina askorbov·, biely stÂpec ñ
kontrola, tmav˝ stÂpec ñ vzorka
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uk·zali na to, ûe tkanivov˝ rez vykazuje podstatne vyööiu
antioxidaËn˙ aktivitu v porovnanÌ s homogen·tom toho istÈho
tkaniva.

T·to pr·ca bola podporen· grantom Mä SR 1/6145/99.
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09 MOBILIZACE PÿIROZEN›CH
ANTIOXIDA»NÕCH MECHANISMŸ NA MODELU
ISCHEMICKO REPERFUZNÕHO POäKOZENÕ
TENK…HO STÿEVA POTKANA

HANA »ÕéOV¡, ANTONÕN LOJEK,
LUK¡ä KUBALA a MILAN »Õé

Biofyzik·lnÌ ˙stav AV »R, Kr·lovopolsk· 135, 612 65 Brno

CÌlem tÈto pr·ce bylo p¯ispÏt k objasnÏnÌ ˙lohy antioxi-
daËnÌch adaptaËnÌch mechanism˘ v patogenezi ischemicko-
-reperfuznÌho (I/R) poökozenÌ vyvolanÈho reaktivnÌmi kyslÌ-
kov˝mi metabolity (RKM).

Ischemie byla navozena u potkan˘ kmene Wistar v celko-
vÈ anestezii zaökrcenÌm arteria mesenterica na 45 minut. Uvol-
nÏnÌm okluze byla n·slednÏ vyvol·na reperfuze. Vzorky krve
byly odebÌr·ny po uplynutÌ ischemie a d·le v hodinov˝ch
intervalech bÏhem 4 hodin postischemickÈ f·ze. Pro studium
zmÏn v extracelul·rnÌ antioxidaËnÌ kapacitÏ sÈra na tomto mo-
delu byla zavedena chemiluminiscenËnÌ (CL) metoda mÏ¯enÌ
parametru ˙plnÈho vychyt·nÌ peroxylov˝ch radik·l˘ (TRAP).
Metoda luminolem zesÌlenÈ chemiluminiscence byla takÈ po-
uûita pro sledov·nÌ oxidativnÌho vzplanutÌ neutrofil˘ jako
ukazatele produkce RKM. Aktivita myeloperoxidasy (MPO)
v sÈru a st¯evnÌ tk·ni byla sledov·na spektrofotometricky.

V odpovÏdi na oxidaËnÌ stres se v˝znamnÏ zv˝öil poËet
polymorfonukle·rnÌch leukocyt˘ (PMNL) a CL plnÈ krve od
druhÈ hodiny reperfuze. Zv˝öenÌ oxidativnÌho vzplanutÌ tedy
bylo zp˘sobeno p¯edevöÌm zv˝öenÌm poËtu cirkulujÌcÌch po-
lymorfonukle·r˘. ZmÏny v poËtu leukocyt˘ a lymfocyt˘ ne-
byly statisticky v˝znamnÈ. Aktivita MPO byla v˝znamÏ zv˝-
öena na konci ischemie a toto zv˝öenÌ p¯etrv·valo po celou
dobu postischemickÈ periody1.

V dalöÌ studii byla vÏnov·na zvl·ötnÌ pozornost porovn·nÌ
ËasovÈho rozvoje zmÏn v antioxidaËnÌ kapacitÏ sÈra bÏhem
ËasnÈ (od jednÈ do Ëty¯ hodin) a pozdnÌ postischemickÈ perio-
dy (od jednoho do Ëty¯ dn˘) za vyuûitÌ stejnÈho experiment·l-
nÌho modelu ischemie a reperfuze tenkÈho st¯eva potkana.

Byla potvrzena jednak zv˝öen· mobilizace fagocyt˘ i uvol-
Úov·nÌ RKM do cirkulace v prvnÌ a druhÈ hodinÏ po ischemii.
TRAP sÈra byl zv˝öen jiû na konci ischemickÈ periody a v˝-
znamnÈ zv˝öenÌ trvalo bÏhem celÈ ËasnÈ postischemickÈ pe-
riody. Zv˝öenÌ antioxidaËnÌ kapacity sÈra bylo dostateËnÈ
k prevenci lipidovÈ peroxidace (me¯enÈ testem kyseliny thio-
barbiturovÈ ñ TBARS) jak v sÈru tak i ve st¯evnÌ tk·ni. Co se
t˝Ëe pozdnÌ postischemickÈ f·ze, hodnota antioxidaËnÌ kapa-
city pouze oscilovala kolem kontrolnÌ hladiny.

V dalöÌ Ë·sti pr·ce byl u kontrolnÌch i pokusn˝ch potkan˘
zkoum·n p¯ÌspÏvek individu·lnÌch sÈrov˝ch antioxidant˘ (ky-
seliny askorbovÈ, kyseliny moËovÈ, alfa-tokoferolu a albumi-
nu) k celkovÈ antioxidaËnÌ kapacitÏ. Koncentrace jednotliv˝ch
antioxidant˘ v sÈru byly urËeny spektrofotometricky a d·le
zn·sobeny p¯Ìsluön˝mi stechiometrick˝mi faktory, ËÌmû byl
vypoËÌt·n TRAP. Bylo zjiötÏno, ûe experiment·lnÏ namÏ¯enÈ
zv˝öenÌ hodnoty TRAP na konci ischemie a bÏhem prvnÌch
dvou hodin po ischemii je doprov·zeno zv˝öenÌm koncentrace
kyseliny askorbovÈ a kyseliny moËovÈ v sÈru. Na druhÈ stranÏ
koncentrace alfa-tokoferolu a albuminu z˘staly beze zmÏn.
Hodnota TRAP vybran˝ch antioxidant˘ vypoËÌtan· z jejich
sÈrov˝ch koncentracÌ a stochiometrick˝ch faktor˘ byla vöak
mnohem niûöÌ neû TRAP mÏ¯en˝ experiment·lnÏ2.

Origin·lnÌm  a nejd˘leûitÏjöÌm v˝sledkem tÏchto  studiÌ
bylo zjiötÏnÌ, ûe p¯irozenÈ antioxidaËnÌ mechanismy v orga-
nismu jsou mobilizov·ny jiû na konci 45-minutovÈ ischemie
tenkÈho st¯eva potkana v d˘sledku oxidaËnÌho stresu a jejich
mobilizace trv· jeötÏ 4 hodiny po reperfuzi. Tyto ochrannÈ
mechanismy jsou vöak vyËerp·ny bÏhem prvnÌho dne postis-
chemickÈ periody. SÈrum zvÌ¯at s experiment·lnÏ navozenou
I/R tenkÈho st¯eva obsahuje jeötÏ dalöÌ d˘leûitÈ antioxidant(y)
kter˝(È) jsou teprve pot¯eba identifikovat.

Tato pr·ce byla podpo¯ena granty GA»R 524/98/0190, GA
»R 524/99/DO22.
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10 TVORBA RADIK¡LŸ MITOCHONDRI¡LNÕHO
D›CHACÕHO ÿETÃZCE V MYOKARDU
POTKANA. VLIV CAPTOPRILU A L-ARGININU
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a ZDENÃK DRAHOTAc

aMetabolickÈ pracoviötÏ, Institut klinickÈ a experiment·lnÌ
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ToxickÈ radik·ly kyslÌku se mohou podÌlet na ischemicko-
-reperfuznÌm poökozenÌ myokardu. JednÌm z hlavnÌch poten-
ci·lnÌch zdroj˘ elektron˘ pro jejich vznik jsou mitochondrie.
V pr˘bÏhu p¯enosu elektron˘ d˝chacÌm ¯etÏzcem mitochon-
driÌ (MDÿ) p¯ech·zejÌ jeho slouËeniny Ë·steËnÏ do radik·lovÈ
formy. Za ischemie je tok elektron˘ zastaven, protoûe nenÌ
umoûnÏn jejich p¯enos na kyslÌk. V MDÿ se tak hromadÌ
elektrony, kterÈ p¯ev·dÏjÌ slouËeniny MDÿ do radik·lovÈ for-
my. Tyto radik·lovÈ formy lze p¯Ìmo stanovit pomocÌ elektro-
novÈ paramagnetickÈ rezonance (EPR) p¯i teplotÏ 77 K. V tÈto
studii byl na mitochondriÌch izolovan˝ch ze srdce potkana
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sledov·n vliv ischemie a reoxygenace na 3 typy tÏchto slou-
Ëenin (g faktor charakterizuje druh radik·lu):
ïFeS1 ñ radik·l NADH dehydrogenasy (g = 1,935)
ïQH ñ radik·l ubisemiquinonu (g = 1,967) ñ kritickÈ mÌsto

pro uvolnÏnÌ elektron˘ a vznik voln˝ch kyslÌkov˝ch
radik·l˘

ïFeS2 ñ radik·l sukcin·t dehydrogenasy (g = 2,018)
V˝sledky pokus˘ uk·zaly, ûe mnoûstvÌ ïFeS2 a ïQH v izo-

lovan˝ch mitochondriÌch se bÏhem 10 min. inkubace bez
p¯Ìstupu kyslÌku zv˝öilo u ïFeS2 z 10,8 na 14,9 a u ïQH z 13,7
na 24,5 arb. j. Po 5 min. reoxygenace se obsah ïFeS2 a ïQH
vr·til na ˙roveÚ normoxie (9,7 a 15,2 arb. j.). U ïFeS1 nedo-
ch·zelo k û·dn˝m zmÏn·m, protoûe enzym NADH dehydro-
genasa nemÏl za naöich experiment·lnÌch podmÌnek p¯Ìsun
substr·tu.

ObdobnÈ n·lezy jsme zÌskali p¯Ìmo v izolovanÈm perfun-
dovanÈm  myokardu potkana zmrazenÈm  za normoxie, na
konci 25 minutovÈ ischemie a po 5 minut·ch reperfuze. Obsah
radik·lov˝ch forem slouËenin MDÿ se v myokardu zv˝öil za
ischemie (ïQH: z 1,51 na 3,08; ïFeS1: z 1,14 na 2,65 arb. j.)
a na konci 5ti minutovÈ reperfuze se vr·til k normoxick˝m
hodnot·m (1,09 a 1,13 arb. j.). NarozdÌl od izolovan˝ch mito-
chondriÌ, ve vzorcÌch srdce se nemÏnily sign·ly ïFeS2, protoûe
substr·t pro tento enzym ñ sukcin·t ñ se v srdci prakticky
nevyskytuje.

DalöÌ pokusy byly provedeny u potkan˘, kter˝m byl 4
t˝dny pod·v·n inhibitor angiotensin-konvertujÌcÌho enzymu
(ACE-I) captopril (v pitnÈ vodÏ 50 mg.l-1) a kde byl p¯i perfuzi
izolovanÈho myokardu p¯id·v·n do perfuznÌho mÈdia L-argi-
nin, substr·t pro syntÈzu oxidu dusnatÈho NO (1 mmol.l-1, 10
min p¯ed ischemiÌ). Aplikace captoprilu a L-argininu vedla ke
zv˝öenÌ tvorby NO (mÏ¯eno jednak uvolÚov·nÌ do perfuz·tu
jako koncentrace jeho stabilnÌch metabolit˘ N /N Gries-
sovou reakcÌ, jednak obsah v srdci pomocÌ EPR jako sign·l
Ñdinitrosyl iron complexuì (DNIC, g = 2.03) (cit.1). Vedle
zv˝öenÌ produkce NO byl nalezen v˝raznÏ niûöÌ obsah radik·-
lov˝ch forem slouËenin MDÿ, zvl·ötÏ za ischemie. UvedenÈ
v˝sledky ukazujÌ, ûe captopril v kombinaci s L-argininem
snÌûil nebezpeËÌ vzniku kyslÌkov˝ch radik·l˘ bÏhem reperfu-
ze. Tyto v˝sledky poskytujÌ nov˝ pohled na kardioprotektivnÌ
˙Ëinky ACE-I.

Tato pr·ce byla podpo¯ena grantem IGA 6367-3 a VZ/CEZ:
L17/98:00023001.
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11 CELKOV¡ ANTIOXIDA»NÕ KAPACITA S…RA
V PODMÕNK¡CH ISCHEMIE A REPERFUZE
TENK…HO STÿEVA POTKANA A MOéNOSTI
JEJÕHO OVLIVNÃNÕ

MILAN »Õé, IVANA PAPEéÕKOV¡, HANA »ÕéOV¡,
LUK¡ä KUBALA a ANTONÕN LOJEK

Biofyzik·lnÌ ˙stav AV »R, Kr·lovopolsk· 135, 612 65 Brno

V naöich d¯ÌvÏjöÌch studiÌch jsme zjistili zv˝öenÌ celkovÈ
antioxidaËnÌ kapacity sÈra u laboratornÌho potkana po indukci

ischemie/reperfuze tenkÈho st¯eva. Po zhodnocenÌ p¯ÌspÏvku
jednotliv˝ch z·kladnÌch sÈrov˝ch nÌzkomolekul·rnÌch anti-
oxidant˘ (kyselina moËov·, kyselina askorbov·, a-tokoferol)
k tomuto fenomÈnu bylo zjiötÏno, ûe asi za 35 % antioxidaËnÌ
aktivity sÈra jsou zodpovÏdny jeho dalöÌ, dosud neidentifiko-
vanÈ sloûky. CÌlem p¯edkl·danÈ pr·ce bylo ohodnotit p¯ÌspÏ-
vek dalöÌch potenci·lnÌch antioxidant˘ v krevnÌm sÈru k jeho
celkovÈ antioxidaËnÌ kapacitÏ a moûnost jejÌho p¯ÌpadnÈho
ovlivnÏnÌ exogennÌmi antioxidanty.

Ischemie tenkÈho st¯eva laboratornÌho potkana kmene Wi-
star (250ñ3000 g) byla navozena v celkovÈ anestezii (ketamin,
xylazin)  zaökrcenÌm arteria mesenterica superior po dobu
45 minut. Po uvolnÏnÌ svorky byla navozena reperfuze. Vzor-
ky krve byly odebÌr·ny srdeËnÌ punkcÌ 2 a 4 hodiny po reper-
fuzi. Do pokusu byla d·le zahrnuta intaktnÌ kontrolnÌ skupina
a skupina s provedenou laparotomiÌ bez navozenÌ ischemie/re-
perfuze. Celkov· antioxidaËnÌ kapacita krevnÌho sÈra byla sle-
dov·na luminolem zesÌlenou chemiluminiscencÌ jako schop-
nost vychyt·vat peroxylovÈ radik·ly. Ve vzorcÌch sÈra byly
d·le spektrofotometricky mÏ¯eny jednotlivÈ nÌzkomolekul·rnÌ
antioxidanty: kyselina moËov· (komerËnÌ souprava, 520 nm),
albumin (reakce s 5,5-dibrom-o-kresolsulfonftaleinem, 600 nm),
ceruloplazmin (reakce s o-dianizidinem, 540 nm) a celkovÈ
SH skupiny (reakce s kyselinou dithionitrobenzoovou, 412 nm).
Aktivita superoxiddismutasy byla stanovov·na spektrofoto-
metricky (470 nm) jako schopnost inhibovat tvorbu formazanu
v reakci superoxidovÈho anionu s tetrazoliovou solÌ XTT.
Peroxidace lipid˘ v sÈru a ve st¯evnÌ mukÛze byla stanovov·na
spektrofotometricky jako reaktivnÌ substance kyseliny thio-
barbiturovÈ.

Ze sledovan˝ch jednotliv˝ch nÌzkomolekul·rnÌch antioxi-
dant˘ vykazovala podobnÈ zmÏny jako celkov· antioxidaËnÌ
kapacita sÈra pouze kyselina moËov· (r = 0,93). CelkovÈ
SH-skupiny se po mÌrnÈm poklesu (2 hodiny po reperfuzi)
vracely na kontrolnÌ hodnoty (4 hodiny po reperfuzi). Tyto
zmÏny byly tÈmÏ¯ v˝hradnÏ zp˘sobeny zmÏnami v protei-
nov˝ch SH-skupin·ch,  zatÌmco podÌl neproteinov˝ch  SH-
-skupin byl zanedbateln˝. Po ischemii/reperfuzi tenkÈho st¯e-
va doölo tÈû k poklesu sÈrovÈho albuminu a ceruloplazminu.
S v˝jimkou kyseliny moËovÈ vykazovaly vöechny studovanÈ
nÌzkomolekul·rnÌ antioxidanty slabou, statisticky nev˝znam-
nou, z·pornou korelaci s celkovou antioxidaËnÌ kapacitou
sÈra. Z enzymatick˝ch antioxidant˘ byla mÏ¯ena pouze akti-
vita superoxiddismutasy ñ byl zjiötÏn n·r˘st 2 i 4 hodiny po
reperfuzi. Zv˝öen· celkov· antioxidaËnÌ kapacita sÈra neza-
br·nila peroxidaci lipid˘ v sÈru a ve st¯evnÌ mukÛze.

V dalöÌ sÈrii pokus˘ byly potkan˘m intraperitone·lnÏ ap-
likov·ny deferroxamin (chel·tor ûeleza) a dimethylthio-
urea (vychyt·vaË hydroxylovÈho radik·lu) v d·vce 10 mg.kg-1

ûivÈ v·hy tÏsnÏ p¯ed navozenÌm ischemie. ObÏ l·tky nemÏ-
ly û·dn˝ ˙Ëinek na metabolickou aktivitu fagocyt˘ v plnÈ krvi
(tvorbu reaktivnÌch kyslÌkov˝ch metabolit˘ mÏ¯enou chemi-
luminiscenËnÏ) a vyvolaly pouze mÌrnÈ zv˝öenÌ celkovÈ anti-
oxidaËnÌ kapacity v sÈru. Jejich protektivnÌ ˙Ëinek se pro-
jevil p¯edevöÌm ve snÌûenÈ peroxidaci lipid˘ ve st¯evnÌ mu-
kÛze.

Tato pr·ce byla podpo¯ena grantem GA »R 524/98/0190.
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Tabulka I
Vliv allopurinolu na parametry I/R poökozenÌ tk·nÌ; data p¯edstavujÌ pr˘mÏrnÈ hodnoty ± st¯ednÌ chybu pr˘mÏru, n = 6. PomocÌ
symbol˘ je vyj·d¯en statisticky v˝znamn˝ rozdÌl (p<0,05) od intaktnÌ kontroly (a) a od skupiny s indukovanou I/R bez aplikace
allopurinolu (b)

Kontrola Sham I/R
bez allopurinolu allopurinol allopurinol i.p.

v pitnÈ vodÏ

CL (OZP) [mV.s] 1439±141 23946±2913a 38212±6874a 22699±6504a 30056±4956a

CL (PMA) [mV.s] 352±40 1190±114a 1796±184a 1766±312a 1387±170a

TRAP [µmol.l-1] 588±10 528±24 791±49a 1369±203a,b 384±25b

Kys. moËov· [mmol.l-1] 70±11 88±9 123±11a 174±43a 27±7a,b

12 VLIV ALLOPURINOLU NA I/R POäKOZENÕ
TENK…HO STÿEVA POTKANA A JEHO
ANTIOXIDA»NÕ VLASTNOSTI IN VITRO

KATEÿINA MEJSTÿÕKOV¡a, HANA »ÕéOV¡b,
ANTONÕN LOJEKb a MILAN »Õéb

aKatedra srovn·vacÌ fyziologie a obecnÈ zoologie, P¯Ìrodo-
vÏdeck· fakulta MU, Kotl·¯sk· 2, 611 37 Brno, bBiofyzik·lnÌ
˙stav AV »R, Kr·lovopolsk· 135, 612 65 Brno

BÏhem ischemie a reperfuse (I/R) doch·zÌ ke konverzi
enzymu xantin dehydrogenasy (XD) na xantin oxidasu (XO),
kter· je vedle neutrofil˘ hlavnÌm zdrojem reaktivnÌch kyslÌ-
kov˝ch metabolit˘ (RKM) ve tk·nÌch. CÌlem pr·ce bylo ob-
jasnit ˙Ëast XO v I/R poökozenÌ tk·nÌ a ˙Ëinek allopurinolu
(analog hypoxantinu) jako inhibitoru XO, eventu·lnÏ jako
p¯ÌmÈho vychyt·vaËe radik·l˘.

Vliv allopurinolu na produkci RKM byl sledov·n na mo-
delu I/R tenkÈho st¯eva. Ischemie byla navozena u laborator-
nÌch potkan˘ kmene Wistar (250ñ300 g) v celkovÈ anestezii
zaökrcenÌm arteria mesenterica superior po dobu 45 minut.
Skupina s indukovanou I/R byla rozdÏlena do 3 podskupin:
a) bez aplikace allopurinolu, b) allopurinol pod·n intraperito-
ne·lnÏ, v jednÈ d·vce 30 minut p¯ed z·krokem (50 mg.kg-1

tÏlesnÈ hmotnosti) nebo c) allopurinol pod·v·n v pitnÈ vodÏ
po dobu 1 t˝dne p¯ed z·krokem (8 mg/den). Vzorky krve
a st¯evnÌ mukÛzy byly odebr·ny po 2 hodin·ch reperfuse.
V pokusu byly d·le zahrnuty skupina intaktnÌch kontrol a sku-
pina s provedenou laparotomiÌ bez indukce I/R (sham). Pro-
dukce RKM fagocyty v plnÈ krvi (aktivovan· opsonizovan˝m
zymosanem ñ OZP nebo forbol-myrist·t-acet·tem ñ PMA)
a celkov· antioxidaËnÌ kapacita plazmy (TRAP) byla mÏ¯ena
luminolem zesÌlenou chemiluminiscencÌ. Koncentrace kyseli-
ny moËovÈ v sÈru byla stanovena spektrofotometricky. V˝-
sledky jsou shrnuty v tabulce I. TRAP plazmy vysoce korelo-
val s koncentracÌ kyseliny moËovÈ (R = 0,78).

V pokusech in vitro byla studov·na inhibice produkce su-
peroxidovÈho radik·lu allopurinolem (0,1ñ50 mmol.l-1) v sys-
tÈmech XO (0,1 U.ml-1)/xantin (1,74 mg.ml-1) a XO/hypoxan-
tin (1 mg.ml-1) a d·le jeho schopnost p¯ÌmÈho vychyt·v·nÌ
peroxylov˝ch radik·l˘ uvolÚovan˝ch pyrol˝zou 2,2-azo-bis-
(2-amidinopropane)hydrochloridu (400 mmol.l-1). UvolÚova-
nÈ RKM byly detekov·ny chemiluminiscenËnÏ. ⁄Ëinky allo-

Tabulka II
Inhibice produkce superoxidovÈho radik·lu allopurinolem;
data p¯edstavujÌ pr˘mÏrnÈ hodnoty ± st¯ednÌ chybu pr˘mÏru

Koncentrace CL (% kontroly bez allopurinolu)
allopurinolu hypoxantin xantin

0,1 mmol.l-1 76,7±5,7 58,62±1,8
1 mmol.l-1 55,83±2,9 50,74±1,4
10 mmol.l-1 14,43±1,1 25,12±2
25 mmol.l-1 9,17±1,5 17,74±0,7
50 mmol.l-1 5,55±1 14,78±0,4

purinolu na chemiluminiscenËnÌ sign·l generovan˝ systÈmem
XO/xantin nebo XO/hypoxantin jsou uvedeny v tab. II. Allo-
purinol nevychyt·val peroxylov˝ radik·l.

Tato pr·ce byla podpo¯ena grantem GA »R 524/98/0190

13 OXIDATIVNÕ STRES U PACIENTŸ
S PRAVIDELNOU HEMODIAL›ZOU

LUK¡ä KUBALAa,d, MILAN »Õéa,
VLADIMÕR SOäKAc, PAVEL STUDENÕKb,
JAN »ERN›b a ANTONÕN LOJEKa

aBiofyzik·lnÌ ˙stav AV »R, Kr·lovopolsk· 135, 612 65 Brno,
bCentrum kardiovaskul·rnÌ a transplantaËnÌ chirurgie, Pe-
ka¯sk· 53, 656 91 Brno, cFakultnÌ nemocnice U SvatÈ Anny,
Peka¯sk· 53, 656 91 Brno, dKatedra srovn·vacÌ fyziologie
ûivoËich˘ a obecnÈ zoologie, P¯ÌrodovÏdeck· Fakulta, Ma-
sarykova Univerzita, Kotl·¯sk· 2, 611 37 Brno

V naöÌ d¯ÌvÏjöÌ studii bylo zjiötÏno, ûe pacienti s chro-
nick˝m selh·nÌm ledvin jsou vystaveni zv˝öenÈmu oxidativ-
nÌmu stresu vyvolanÈmu hemodialyzaËnÌ (HD) procedurou1.
CÌlem tÈto studie bylo dlouhodobÏ sledovat vliv HD na funk-
ËnÌ vlastnosti a expresi povrchov˝ch molekul fagocyt˘, kterÈ
pat¯Ì k nejd˘leûitÏjöÌm zdroj˘m reaktivnÌch kyslÌkov˝ch me-
tabolit˘ (RKM), a na celkovou antioxidaËnÌ kapacitu plazmy,
kter· vypovÌd· o schopnosti organismu br·nit se oxidativnÌmu
poökozenÌ bunÏk a tk·nÌ.
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Do studie bylo zahrnuto 43 pacient˘, kte¯Ì byli sledov·nÌ
po dobu dvou let. Pacient˘m byly odebÌr·ny vzorky krve p¯ed
a po HD procedu¯e vûdy jednou za 3 mÏsÌce. Celkov· spon-
t·nnÌ a aktivovan· tvorba RKM v plnÈ krvi byla mÏ¯ena
luminolem zesÌlenou chemiluminiscencÌ. Jako aktiv·tory byly
pouûity ökrobov· zrna, FMLP a opsonizovan˝ zymosan. In-
tracelul·rnÌ produkce RKM byla detekov·na fluorescenËnÏ
dichlorofluoresceinem a hydroethidinem na flowcytometru.
Celkov· antioxidaËnÌ kapacita plazmy (TRAP) byla stanovo-
v·na chemiluminiscenËnÌ metodou2. ImmunofluorescenËnÏ by-
la sledov·na zmÏna exprese CD11b/CD18 (MAC-1) a CD62L
(L-selektinu) na flowcytometru.

Spont·nÌ i aktivovan· celkov· tvorba RMK detekovan·
chemiluminiscenËnÏ byla u pacient˘ po HD procedu¯e v˝-
znamnÏ snÌûena. Tento pokles byl potvrzen snÌûenÌm intra-
celul·rnÌ produkce RKM detekovanÈ fluorescenËnÏ.

Hodnoty TRAP byly u pacient˘ p¯ed HD v˝znamnÏ zv˝-
öeny oproti kontrolnÌm hodnot·m zÌskan˝m od zdrav˝ch je-
dinc˘. Po HD procedu¯e se hodnoty TRAP v˝znamnÏ snÌûily,
dokonce pod ˙roveÚ kontrolnÌch hodnot.

Exprese CD11b/CD18 se po HD procedu¯e zv˝öila jak na
neutrofilnÌch granulocytech tak na monocytech. Exprese CD62L
se v˝znamnÏ nemÏnila.

Studie prok·zala zv˝öen˝ oxidativnÌ stres u pacient˘ s pra-
videlnou HD. ZatÌmco v˝sledky monitorujÌcÌ ˙lohu krevnÌch
fagocyt˘ jsou kontroverznÌ (zv˝öenÌ exprese CD11b/CD18
oproti snÌûenÌ chemiluminiscenËnÌ aktivity), v˝znamnÈ snÌ-
ûenÌ celkovÈ antioxidaËnÌ kapacity plazmy po HD aû pod
˙roveÚ kontrolnÌch hodnot svÏdËÌ o nedostateËnosti vlastnÌch
antioxidaËnÌch mechanism˘ a nutnosti jejich podpory vhod-
n˝m terapeutick˝m z·sahem.

Tato pr·ce byla podpo¯ena grantem IGA MZ 4796-3.
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14 PODÕL GLYKOXIDACE NA PROGRESI
DIABETICK›CH KOMPLIKACÕ

IVANA M¡ROV¡a, KATEÿINA KA“KOV¡b,
JIÿÕ Z¡HEJSK›c a KATEÿINA PÃN»ÕKOV¡c

a⁄stav chemie potravin a biotechnologiÌ, Chemick· fakul-
ta VUT, PurkyÚova 118, 612 00 Brno, b⁄stav patologickÈ
fyziologie, LÈka¯sk· fakulta MU, Kamenice 3, 628 00 Brno,
cDermatovenerologick· klinika FN U sv. Anny, Peka¯sk· 53,
656 91 Brno

Diabetes mellitus je spojen s v˝skytem specifick˝ch pozd-
nÌch komplikacÌ (mikro- a makroangiopatie, retinopatie, ne-
uropatie, nefropatie), na jejichû rozvoji se vÌce Ëi mÈnÏ podÌlÌ
poruchy vaskul·rnÌho systÈmu. Za prim·rnÌ p¯ÌËinu progrese

komplikacÌ je povaûov·na dlouhodob· hyperglykÈmie. Mole-
kul·rnÌ z·klad uveden˝ch zmÏn spoËÌv· mimo jinÈ v kovalent-
nÌ modifikaci extracelul·rnÌch i intracelul·rnÌch protein˘ ne-
enzymovou glykacÌ za vzniku AGE a s tÌm spojen˝m zv˝-
öen˝m oxidaËnÌm stresem1.

Neenzymov· glykace, jeû se podÌlÌ i na chemismu bio-
logickÈho st·rnutÌ, probÌh· nespecificky ve vöech tk·nÌch
organismu a jejÌ podstatou je spont·nnÌ vazba glukÛzy na
proteiny. V pr˘bÏhu ËasnÈ a reverzibilnÌ f·ze doch·zÌ ke
vzniku Amadoriho produkt˘, kterÈ v n·sledujÌcÌ pozdnÌ f·zi
podlÈhajÌ pomalÈmu sledu chemick˝ch p¯emÏn za vzniku
ireverzibilnÌch pozdnÌch produkt˘ glykace (AGE). Patogene-
tick˝ v˝znam AGE spoËÌv· v jejich znaËnÈ reaktivitÏ a schop-
nosti vytv·¯et p¯ÌËnÈ vazby mezi proteiny, coû vede k jejich
zv˝öenÈ rezistenci k proteol˝ze a n·slednÈ akumulaci ve tk·-
nÌch2. V pr˘bÏhu glykaËnÌch reakcÌ doch·zÌ i k tvorbÏ reaktiv-
nÌch kyslÌkov˝ch intermedi·t˘ (ROI), jeû mohou p˘sobit jako
sign·lnÌ molekuly a indukovat alterace bunÏËn˝ch funkcÌ.
⁄Ëinky AGE i ROI mohou interferovat s genovou expresÌ
peptid˘ a cytokin˘ regulujÌcÌch bunÏËnou proliferaci a vasku-
l·rnÌ funkce2.

RozhodujÌcÌm procesem p¯i udrûenÌ norm·lnÌ homeostasy
ve st·rnoucÌch a lok·lnÏ poökozen˝ch tk·nÌch je regulace
p¯emÏny bunÏk a protein˘ extracelul·rnÌ matrix. Zde hraje
v˝znamnou ˙lohu specifick˝ AGE-receptor (RAGE) objeve-
n˝ na povrchu monocyt˘/makrof·g˘, endotheli·lnÌch bunÏk
a bunÏk hladkÈho svalstva3. Vazba AGE-RAGE je n·sledo-
v·na sÈriÌ intracelul·rnÌch modifikacÌ, kterÈ mohou slouûit
k mnoha ˙Ëel˘m, nap¯. k odstranÏnÌ star˝ch a poökozen˝ch
molekul, k iniciaci opravy tk·nÌ a k regulaci obratu protein˘.
NegativnÌm dopadem interakce AGE-RAGE je zv˝öen˝ oxi-
daËnÌ stres n·sledovan˝ vaskul·rnÌ dysfunkcÌ, zv˝öen· vas-
kul·rnÌ permeabilita, exprese adhezivnÌch molekul, cytokin˘
a r˘stov˝ch faktor˘, chemotaxe, zv˝öenÌ syntÈzy extracelul·r-
nÌ matrix a trombogenity. Vychyt·v·nÌ AGE-modifikovan˝ch
protein˘ a bunÏk makrof·gy vede ke vzniku mal˝ch reaktiv-
nÌch AGE-peptid˘, kterÈ slouûÌ jako Ñdruh· generaceì schop-
na dalöÌ vazby na proteiny a modifikace tk·nÌ4. Tvorba AGE
a oxidaËnÌ stres jsou vz·jemnÏ souvisejÌcÌ procesy a jejich
kombinace se z¯ejmÏ z·sadnÏ podÌlÌ na rozvoji diabetick˝ch
pozdnÌch komplikacÌ. DalöÌm d˘leûit˝m faktorem je genetick·
predispozice, p¯iËemû jednÌm z kandid·tnÌch gen˘ zapojen˝ch
v regulaci progrese komplikacÌ je gen pro RAGE (cit.5).

AGE-struktury byly nalezeny rovnÏû v hornÌch vrstv·ch
epidermis, ve zv˝öenÈ mÌ¯e u diabetik˘ a staröÌch jedinc˘6.
KoûnÌ projevy se vyskytujÌ u p¯ev·ûnÈ vÏtöiny diabetik˘ a je
pravdÏpodobnÈ, ûe jsou z velkÈ Ë·sti zaloûeny na glykooxi-
daËnÌch zmÏn·ch strukturnÌch protein˘ koûnÌho povrchu (ko-
lagen, keratin). K˘ûe je vhodn˝ modelov˝ org·n ke studiu
diabetick˝ch komplikacÌ, ponÏvadû jde o org·n dostateËnÏ
velk˝, velmi dob¯e vyöet¯iteln˝, dostateËnÏ vaskularizovan˝,
s  moûnostÌ  neinvazivnÌho odbÏru vzork˘.  V p¯edloûenÈm
p¯ÌspÏvku budou diskutov·ny dÌlËÌ v˝sledky zÌskanÈ v r·mci
asociaËnÌ studie zamÏ¯enÈ na souvislost rozvoje diabetick˝ch
koûnÌch komplikacÌ s v˝skytem polymorfism˘ u vybran˝ch
kandid·tnÌch gen˘.

V r·mci studie bylo provedeno kompletnÌ klinickÈ labora-
tornÌ a genetickÈ vyöet¯enÌ souboru 422 pacient˘ rozdÏlen˝ch
do skupin podle v˝skytu diabetu II. typu, resp. diabetick˝ch
koûnÌch komplikacÌ. Klinicky diagnostikovanÈ projevy pozd-
nÌch komplikacÌ byly vyj·d¯eny pomocÌ semikvantitativnÌho
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indexu. Jako parametry glykace byly sledov·ny hladiny Ama-
doriho produkt˘ v sÈru (HbA1c) a v k˘ûi a hladiny AGE v k˘ûi
a jako parametry monitorujÌcÌ antioxidaËnÌ stav hladiny α-to-
koferolu, γ-tokoferolu a karotenoid˘ (lutein, lykopen, α-karo-
ten, β-karoten) v sÈru. SoubÏûnÏ byla prov·dÏna anal˝za RAGE
genu a sledov·na souvislost nalezen˝ch polymorfism˘ s kli-
nick˝mi i laboratornÌmi parametry.

Pr˘mÏrnÈ hladiny AGE nalezenÈ v k˘ûi diabetik˘ se sig-
nifikantnÏ neliöily od hladiny AGE v k˘ûi nediabetik˘ s mikro-
angiopatiÌ. Nebyla rovnÏû zjiötÏna korelace klinickÈho indexu
s AGE, na rozdÌl od jeho signifikantnÌ korelace s hladinami
vöech stanovovan˝ch antioxidant˘. ZjiötÏnÈ polymorfismy
RAGE genu nesouvisely s hladinou glykaËnÌch produkt˘ ale
opÏt byla prok·z·na asociace genotypu RAGE (intronovÈ
polymorfismy) s hladinami antioxidant˘ v plazmÏ. Na rozvoji
vaskul·rnÌch komplikacÌ se podÌlÌ vÌce mechanism˘, z nichû
z·sadnÌ v˝znam m· z¯ejmÏ schopnost organismu udrûovat
rovnov·hu oxidaËnÌch a antioxidaËnÌch proces˘ ve tk·nÌch.

Tato pr·ce byla podpo¯ena grantem Vä 96-097 MäMT.
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15 VLIV AKUTNÕ METHIONINOV… Z¡TÃéE
NA OXIDOVATELNOST LIPOPROTEINŸ
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SEVERYN ROMANIVa, ALEXANDRA PÕSAÿÕKOV¡a,
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Zv˝öen· koncentrace celkovÈho homocysteinu (tHcy) v plaz-
mÏ se povaûuje za nez·visl˝ rizikov˝ faktor ischemickÈ cho-
roby srdeËnÌ (ICHS) a dalöÌch klinick˝ch projev˘ ateroskle-
rÛzy1. P¯edpokl·d· se, ûe vzestup tHcy o 5,0 µmol.l-1 zvyöuje
riziko ICHS stejnou mÏrou jako vzestup celkovÈho choleste-
rolu o 0,5 mmol.l-1 (cit.2). UrychlenÌ aterotrombÛzy v d˘sledku
zv˝öenÌ koncentrace tHcy je z¯ejmÏ multifaktori·lnÌ a jednot-
livÈ mechanismy tohoto procesu nejsou dosud p¯esnÏ zn·mÈ.
Homocystein (Hcy), jako dalöÌ thioly, je schopen p¯i autooxi-
daci generovat ¯adu reaktivnÌch kyslÌkov˝ch substancÌ (H2O2,

), kterÈ mohou iniciovat peroxidaci lipid˘3. P¯edpokl·d·
se, ûe  oxidativnÌ  modifikace lipoprotein˘ o nÌzkÈ hustotÏ
(LDL), ke kterÈ doch·zÌ bÏhem lipoperoxidace, hraje v˝znam-
nou roli v Ëasn˝ch st·diÌch aterogeneze4. V˝sledky ¯ady studiÌ,
zab˝vajÌcÌch se vlivem Hcy na peroxidaci lipoprotein˘ in vitro
vöak nejsou jednotnÈ5. CÌlem tÈto studie bylo zjistit vliv hy-
perhomocysteinÈmie (hHcy), indukovanÈ z·tÏûÌ methioninem
(Met) per os na nÏkterÈ parametry lipoperoxidace.

Vyöet¯en· skupina (15 muû˘/8 ûen) sest·vala z 8 zdrav˝ch
osob, 9 pacient˘ s aterotrombotick˝mi komplikacemi a 6
nemocn˝ch se smÌöenou hyperlipidÈmiÌ. Pr˘mÏrn˝ vÏk sku-
piny byl 53,7±16,0 rok˘ (pr˘mÏr ±SD) a hmotnostnÌ index
26,6±3,7 (kg.m-2). P¯ed a bÏhem studie neuûÌvali pacienti
û·dnÈ lÈky, kterÈ ovlivÚuji metabolismus Hcy a oxidaËnÌ
stres3. Krev byla odebr·na do EDTA (1 mg.ml-1), do 60 min
po odbÏru byla separov·na plazma (3000◊ g, 15 min, 4 ∞C).
Baz·lnÌ (0 hod) i poz·tÏûovÈ koncentrace tHcy (6 hod; 0,1 g

O2
ïñ

Tabulka I
Baz·lnÌ a poz·tÏûovÈ koncentrace celkovÈho plazmatickÈho homocysteinu a parametr˘ lipoperoxidace

P¯ed z·tÏûÌ (0 hod) Po z·tÏûi (6 hod)a

Celkov˝ homocystein [µmol.l-1] 15,4±7,7b 39,6±15,8c,g

LDL ñ konjugovanÈ dieny [µmol.l-1] 280,4±92,3 299,4±120,4e

VLDL ñ konjugovanÈ dieny [µmol.l-1] 220,3±103,2 249,8±97,8
LDL ñ baz·lnÌ absorbance [A234nm]h 0,281±0,113 0,303±0,123
LDL ñ lag f·ze [min]h 62,8±11,9 57,3±12,5e

LDL ñ f·ze propagace [δ A234nm.min-1]h 0,0267±0,005 0,0280±0.006d

VLDL ñ baz·lnÌ absorbance [A234nm]i 0,265±0,082 0,378±0,106
VLDL ñ lag f·ze [min]i 207,4±39,5 192,7±25,3
VLDL ñ f·ze propagace [δ A234nm.min-1]i 0,007±0,002 0,010±0,003d

RelativnÌ pohyblivost LDLj 5,83±1,45 6,91±1,55f

a Methionin 0,1 g/kg tÏl. hmotnosti; b hodnoty p¯edstavujÌ pr˘mÏr ±SD; c p·rov˝ t-test (resp. Mann˘v-Whitney˘v test): d p<0,10;
e p<0,05; f p<0,01; g p<0,001; h LDL (i VLDL) adjustov·ny na koncentrace proteinu 0,50 (resp. 0,25) g.l-1; j pomÏr pohyblivosti
LDL po 6 hodinovÈ inkubaci in vitro ku pohyblivosti LDL p¯ed inkubacÌ
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Met/kg tÏl. hm.) byly stanoveny HPLC s fluorescenËnÌ detek-
cÌ6. Lipoproteiny o velmi nÌzkÈ hustotÏ (VLDL, 16 hod,
112 000◊ g, d = 1,006 g.ml-1) a LDL (20 hod, 112 000◊ g, d =
1,063 g.ml-1) byly separov·ny sekvenËnÌ ultracentrifugacÌ (Be-
ckman L-55 M, Al rotor 40.3)7. Koncentrace konjugovan˝ch
dien˘ (KD) v LDL, kterÈ odr·ûejÌ koncentraci minim·lnÏ
modifikovan˝ch (mm)LDL byly stanoveny spektrofotomet-
ricky (A234nm) v nedialyzovan˝ch LDL. Koncentrace proteinu
ve VLDL a LDL byla stanovena modifikacÌ Lowryho meto-
dy8. Lipoperoxidace LDL a VLDL byla zjiöùov·na stanovenÌm
kinetiky KD po iniciaci ionty Cu2+ metodou podle Esterbaue-
ra9. Elektroforesa lipoprotein˘ byla provedena p¯ed inkubacÌ
frakce LDL (Ëas 0) a po inkubaci in vitro (37,0 ∞C; Cu2+ 50
µM; pH 7,4) na agarÛze [Hydragel Lipoproten + Lp(a), (Se-
bia)]. StatistickÈ hodnocenÌ bylo provedeno pomocÌ BMDP Sta-
tistical Software. Bas·lnÌ a poz·tÏûovÈ koncentrace tHcy a nÏ-
kterÈ markery lipoperoxidace jsou uvedeny v tabulce I.

MÌrn· hHcy, indukovan· akutnÌ Met z·tÏûÌ, zvyöuje kon-
centrace KD v LDL, kterÈ implikujÌ zv˝öenou koncentraci
mm-LDL. Zkr·cenÌ lag f·ze LDL a zv˝öenÌ relativnÌ pohybli-
vosti LDL po inkubaci s ionty Cu2+, ke kter˝m doölo po Met
z·tÏûi, svÏdËÌ pro zv˝öenÌ oxidability Ë·stic LDL v d˘sledku
mÌrnÈ hHcy, kter· takÈ hraniËnÏ urychlÌ rychlost oxidace LDL
a VLDL. Tyto n·lezy jsou v souladu s prooxidaËnÌ ˙Ëinky
akutnÌ hHcy in vivo, zjiötÏn˝mi nÏkter˝mi autory10.
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16 VPLYV REZORCYLID…NAMINOGUANIDÕNU
NA ANTIOXIDA»N› STAV POTKANOV
S DIABETES MELLITUS

ANNA LIPT¡KOV¡a, OºGA ULI»N¡b,
ZDENA œURA»KOV¡a a JOZEF »¡RSKYa

a⁄stav lek·rskej chÈmie, biochÈmie a klinickej biochÈmie,
bFarmakobiochem. lab. III. internej kliniky, LF UK Bratislava,
Sasinkova 2, 813 72 Bratislava, Slovensk· republika

Diabetes mellitus (DM) je chronickÈ metabolickÈ ocho-
renie, charakterizovanÈ stratou homeost·zy glukÛzy. GlukÛza
mÙûe priamo alebo nepriamo prispievaù ku generovaniu voæ-

n˝ch radik·lov (VR) a n·sledne viesù ku vzniku oxidaËnÈho
stresu. Zv˝öen· tvorba VR pri DM mÙûe byù rizikov˝m fak-
torom tohoto ochorenia. Nast·va v dÙsledku: i) znÌûenej akti-
vity antioxidaËn˝ch systÈmov v organizme1, ii) autooxid·cie
redukuj˙cich sacharidov a tvorby aduktov s proteÌnmi. V t˝ch-
to reakci·ch maj˙ v˝znam procesy glyk·cie, glykooxid·cie
a tvorby produktov pokroËilej glyk·cie (AGE produkty)2. Zn·-
mym inhibÌtorom t˝chto procesov je aminoguanidÌn (AG).
Predpoklad· sa, ûe pÙsobÌ mechanizmom jednak antioxidaË-
n˝m a jednak blokovania reaktÌvnych oxo-skupÌn a vychyt·-
vania dikarbonylov˝ch intermadi·tov, ktorÈ vznikaj˙ v glyko-
oxidaËn˝ch procesoch. T˝m br·ni pokraËovaniu n·sledn˝ch
dejov, v˝sledkom ktor˝ch je tvorba AGE produktov. Nev˝ho-
dou AG s˙ jeho toxickÈ prejavy a prooxidaËn˝ efekt. Preto sa
sk˙mal biologick˝ ˙Ëinok jeho Schiffovej z·sady ñ rezorcyl-
idÈnaminoguanidÌnu (RAG)3. S˙ zn·me jeho antimutagÈnne
a bakteriostatickÈ aktivity. Chel·totvornÈ vlastnosti RAGu sa
mÙûu uplatniù pri v‰zbe iÛnov prechodn˝ch kovov, katalyzu-
j˙cich glykooxidaËnÈ deje a tvorbu VR. Mechanizmus ˙Ëinku
RAGu nie je presne zn·my. Vie sa, ûe zniûuje tvorbu AGE,
o ktor˝ch sa predpoklad·, ûe by sa mohli z˙ËastÚovaù postdia-
betick˝ch komplik·ciÌ. V experimentoch in vitro sa potvrdila
aj antioxidaËn· schopnosù RAGu.

Cieæom pr·ce boæo zistiù vplyv pod·vania RAGu potka-
nom s experiment·lne vyvolan˝m inzulÌndependentn˝m DM
na hladiny antioxidantov v plazme a v homogen·te peËene.

Na pokusy sme pouûili potkany kmeÚa Wistar. Potkany
sme rozdelili do ötyroch skupÌn. 1) Kontroln· skupina (K) ñ
zdravÈ zvierat·. 2) Zvierat·, ktor˝m sme pod·vali sondou do
ûal˙dka RAG (10 mg.kg-1 1◊ denne) (RAG). 3) Zvierat·
s vyvolan˝m DM (streptozotocÌn 45 mg.kg-1) (DM). 4) Zvie-
rat· s vyvolan˝m DM, ktor˝m sme pod·vali RAG 10 mg.kg-1

(DM-RAG). Obom skupin·m s DM sme pod·vali inzulÌn
MONO ID v d·vke 12 U.kg-1 poËas 8 t˝ûdÚov.

V krvi sme stanovili koncentr·ciu glukÛzy, cholesterolu
a triacylglycerolov ötandardn˝mi metÛdami. V peËeni sme
stanovili cholesterol a triacylglyceroly. V plazme a homoge-
n·te peËene sme stanovili chemiluminiscenËnou metÛdou an-
tioxidanty rozpustnÈ vo vode (ACW) a v lipidoch (ACL)
(cit.4). Koncentr·cie antioxidantov rozpustn˝ch vo vode a v li-
pidoch s˙ uvedenÈ v tabuæke I.

Tabuæka I
Antioxidanty rozpustnÈ vo vode a v lipidoch

Parameter K RAG DM DM-RAG

Plazma-ACW 29,93 22,47 22,79 23,16
[µmol troloxu/l]
Plazma-ACL 47,21 47,48 52,75 49,67
[µmol troloxu/l]
PeËeÚ-ACW 40,35 40,41 29,56 29,34
[µmol troloxu/g P]
PeËeÚ-ACL 10,54 10,72 10,21 10,68
[µmol troloxu/g P]

V˝sledky ukazuj˙, ûe v krvi potkanov s DM je v˝razne
zv˝öen· hladina glukÛzy, cholesterolu a v krvi a peËeni triacyl-
glycerolov. Hladina ACL v plazme diabetick˝ch potkanov je
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hraniËne zv˝öen·, Ëo mÙûe s˙visieù s indukciou t˝chto antio-
xidantov vzhæadom na zv˝öen˝ antioxidaËn˝ stres. Hladiny
ACW u diabetick˝ch potkanov s˙ znÌûenÈ, Ëo poukazuje na
ich vyËerpanie v plazme aj v peËeni. Z v˝sledkov vypl˝va, ûe
jednotlivÈ antioxidanty nereaguj˙ rovnako na oxidaËn˙ z·ùaû,
Ëo je pravdepodobne danÈ charakterom tvoren˝ch oxidantov.

RAG pod·van˝ diabetick˝m potkanom v˝znamne neov-
plyvnil hladiny ACL v plazme a v peËeni a ani ACW v plazme.
Zo zÌskan˝ch v˝sledkov vypl˝va, ûe RAG pod·van˝ in vivo
v˝znamne neuplatÚuje antioxidaËnÈ vlastnosti.

T·to pr·ca bola podporen· grantami Mä SR Ë. 1/5158/98
a Ë. 1/6145/99.
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17 VPLYV DERIV¡TU AMINOGUANIDÕNU
NA OXIDOVATELNOSç LIPOPROTEÕNOV
U MODELOV…HO DIABETES MELLITUS
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MeÔou vyvolan· oxid·cia lipoproteÌnov v nefrakciovanej
plazme sa pouûÌva ako in vitro model pre öt˙dium schopnosti
lipoproteÌnov odol·vaù oxid·cii. PÙsobenÌm voæn˝ch radik·-
lov na vyööie nenas˝tenÈ karboxylovÈ kyseliny lipoproteÌnov
doch·dza k ich oxid·cii za tvorby konjugovan˝ch diÈnov1,3,
ktorÈ absorbuj˙ UV svetlo pri 245 nm.

Na sledovanie odolnosti lipoproteÌnov voËi oxid·cii indu-
kovanej iÛnmi Cu2+ sa pouûili plazmy zdrav˝ch kr˝s, diabe-
tick˝ch kr˝s, u ktor˝ch sa diabetes vyvolal streptozotocÌnom,
plazmy diabetick˝ch kr˝s s aplikovan˝m 2,5-dihydroxyben-
zylidÈn-aminoguanidÌnom (BAG) a plazmy zdrav˝ch kr˝s a
diabetick˝ch kr˝s, ktor˝m sa pod·val BAG. BAG je deriv·t
aminoguanidÌnu. Pre niektorÈ svoje toxickÈ prejavy a moûn˝
prooxidaËn˝ efekt je aminoguanidÌn z hæadiska terapeutickÈho
vyuûitia nevhodn˝. Preto sa sk˙maj˙ moûnosti uplatnenia jeho
deriv·tov, medzi ktorÈ patrÌ aj BAG, u ktorÈho sa predpokla-
daj˙ antioxidaËnÈ ˙Ëinky. M· tieû veæk˙ afinitu k dikarbony-
lov˝m intermedi·tom, ktorÈ vznikaj˙ v glykooxidaËn˝ch pro-
cesoch. T˝m br·ni pokraËovaniu n·slednych dejov, ktor˝ch
v˝sledkom s˙ produkty pokroËilej glyk·cie. T˝mto pÙsobÌ
preventÌvne vo v˝voji chronick˝ch diabetick˝ch komplik·ciÌ.

Okrem t˝chto efektov inhibuje aktivitu aminooxid·zy a NO-
-synt·zy, ktorÈ mÙûu aktivovaù vaskul·rne a neur·lne procesy2.

Kinetiku oxid·cie lipidov vyjadruje krivka, ktor˙ moû-
no charakterizovaù rÙznymi parametrami: smernica dotyËnice
krivky vystihuje kinetick˙ z·vislosù oxid·cie lipidov a r˝ch-
losù tvorby konjugovan˝ch diÈnov. œalöÌm parametrom je Ëas
zaËiatku oxid·cie.V˝sledky sme vyhodnotili ötatisticky po-
mocou Studentovho t-testu.

Zistili sme, ûe BAG signifikantne inhibuje oxid·ciu lipop-
roteÌnov u skupiny diabetick˝ch kr˝s (tab. I). Na druhej strane
sa vöak prejavil aj jeho toxick˝ efekt na kontroln˙ skupinu, u
ktorej ËiastoËne oxidovateænosù lipidov potencoval. Z toho
dÙvodu je potrebnÈ v bud˙cnosti pripraviù Ôalöie deriv·ty
aminoguanidÌnu, s cieæom zv˝öiù ich antidiabetick˙ aktivitu a
s˙Ëasne zmenöiù toxicitu voËi zdrav˝m jedincom.

Tabuæka I
PriemernÈ hodnoty parametrov, ktorÈ charakterizuj˙ oxid·ciu
lipoproteÌnov v plazme kr˝s jednotliv˝ch skupÌn

Priemer ±SEM

smernica dotyËnice Ëas [s]
[10-6 A.s-1] t to

K 8,30±0,958 1710±97,80 2040±87
DIA 13,85±1,350 1236±82,20 1602±82,8
K+BAG 11,20±0,685 1434±143,4 1746±175,8
DIA+BAG 10,37±0,683 1716±135,0 2172±89,4

Pr·cu ËiastoËne finanËne podporila grantov· agent˙ra VEGA
Mä SR, granty 1/5158/98 a 1/6145/99.
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18 SLEDOV¡NÕ CELKOV… ANTIOXIDA»NÕ
KAPACITY U STUDENTŸ KUÿ¡KŸ
A U PACIENTŸ S HYPERLIPOPROTEINEMIÕ
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V ⁄valu 84, 150 00 Praha 5

VolnÈ kyslÌkovÈ radik·ly iniciujÌ ËetnÈ biochemickÈ reak-
ce a ovlivÚujÌ jejich rychlost a smÏr. Vedle fyziologickÈho
˙Ëinku se volnÈ radik·ly podÌlejÌ takÈ na patogenezi celÈ
skupiny onemocnÏnÌ, p¯edevöÌm interakcÌ s molekulami pro-
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tein˘ a mastn˝ch kyselin biologick˝ch membr·n. Vzhledem
ke kr·tkÈmu poloËasu voln˝ch radik·l˘ v organismu, je jejich
detekce v klinickÈ praxi velmi obtÌûn·. Jejich ökodliv˝ ˙Ëinek
na tk·nÏ je v organismu eliminov·n antioxidaËnÌmi systÈmy.
Proto je moûno poruchu navozenou ˙Ëinkem voln˝ch radik·l˘
diagnostikovat a monitorovat na z·kladÏ kvantifikace kompo-
nent tohoto systÈmu. Jednou z metod je stanovenÌ celkovÈ
antioxidaËnÌ kapacity (AOC), kter· slouûÌ k posouzenÌ schop-
nosti organismu br·nit se oxidaËnÌmu stresu, jehoû d˘sledkem
je poökozenÌ biomolekul a tk·nÌ. Monitorov·nÌ AOC u kon-
krÈtnÌch pacient˘ umoûÚuje vhodnÏ terapeuticky zas·hnout,
nap¯. podat adekv·tnÌ suplementaci antioxidaËnÌmi p¯Ìpravky.
CÌlem studie bylo posoudit celkovou antioxidaËnÌ kapacitu
u skupin osob s p¯edpokl·dan˝m vyööÌm stupnÏm z·tÏûe vol-
n˝mi kyslÌkov˝mi radik·ly.

PrvnÌ skupinu tvo¯ili studenti 2. lÈka¯skÈ fakulty v Praze
(n = 48, vÏk 19 aû 27 let). Vöichni byli ku¯·ci ˙ËastnÌcÌ se
mezin·rodnÌ soutÏûe pro ku¯·ky P¯estaÚ a vyhraj 2000 (St·tnÌ
zdravotnÌ ˙stav). Po jednomÏsÌËnÌ dobrovolnÈ abstinenci ci-
garet bylo AOC mÏ¯eno znovu a hodnoty porovn·ny s obdo-
bÌm p¯ed abstinencÌ. KromÏ vlivu kou¯enÌ na AOC byla po-
souzena i jejÌ hladina ve vztahu k chronickÈmu intermitentnÌ-
mu stresu, kterÈmu je tato skupina vystavov·na bÏhem studia.
Druh˝ soubor tvo¯ili pacienti ambulantnÏ leËenÌ pro hyperli-
poproteinemie v lipidovÈ poradnÏ (n = 28, 14ñ72 let).

K mÏ¯enÌ byl pouûit komerËnÌ set Total antioxidant status
(Randox, Velk· Brit·nie). Princip metody: ABTS (2,2í-azino-
di-[3-ethylbenzthiazolin sulf·t]) je inkubov·n s peroxidasou
(metmyoglobin) a peroxidem vodÌku. V˝sledkem tÈto reakce
je radik·l ABTS modrozelenÈ barvy. P¯idanÈ antioxidanty ve
sledovanÈm vzorku sniûujÌ jeho koncentraci a pokles intenzity
zabarvenÌ odpovÌd· hladinÏ AOC vyöet¯ovanÈho vzorku, mÏ-
¯enÌ absorbance p¯i vlnovÈ dÈlce 600 nm. ReferenËnÌ rozmezÌ
AOC pro sÈrum ud·vanÈ v˝robcem je 1,30ñ1,77 mmol.l-1.
Vzorky byly mÏ¯eny na analyz·toru ADVIA 1650(Bayer,USA).

Pr˘mÏrn· hodnota AOC byla u sledovanÈ skupiny stu-
dent˘ 1,49 mmol.l-1, SD 0,17 mmol.l-1. 17 % student˘ mÏlo na-
mÏ¯enu hodnotu AOC pod dolnÌ referenËnÌ mezÌ. Pr˘mÏr-
n· hodnota AOC pacient˘ s hyperlipoproteinemiÌ byla
1,50 mmol.l-1, SD 0,12 mmol.l-1 a 7 % tÏchto pacient˘ mÏlo
namÏ¯enou hodnotu AOC pod dolnÌ referenËnÌ mezÌ.

Tato pr·ce byla podpo¯ena grantem V˝zkumn˝ z·mÏr ËÌslo
111300003.
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The current state of free radical (FR) assesment from blood
can be characterized by series of indirect methods detecting
alterations as a result of pathological FR activity. In this study

we have adopted the method based on the ability of chloro-
phyllin to play a role of electron donor or acceptor. This
property of chlorophyllin has been exploited in the past in
other areas of chemistry too. We have used this method for
studies of various types of lipid changes connected with athe-
rosclerosis or diabetes with atherosclerotic symptomes.

The results of our FR assay in different types of lipid
metabolism disorders are summarized in Table I. In the group
(G1) of probands with high cholesterol values and especially
in those, having the high level of LDL-CH, we found relatively
high levels of FR. After treatment by high doses of antioxi-
dants in the form of special types of nutritional supplements
we observed a decrease inf both total-CH and LDL-CH con-
centrations.These changes occured within a short time (4ñ6
weeks). No statistically significant changes in HDL-CH frac-
tion were found during the time of antioxidant treatment. In
the group of patients, characterized by middle elevated tria-
cylglycerols and high cholesterol values the results were simi-
lar to group G 1, but the values of FR were on average lower.

The group of persons, mostly diabetics, having a high
concentration of triacylglycerols but physiological or middle
elevated values of cholesterol, differs from both above menti-
oned groups by a large variability in FR concentrations. Prac-
tically no relationship of FR levels to lipid values was observed
and the high or low values of FR were found both in patients
with very high or only middle elevated triacylglycerol concen-
trations. Additionally we found that FR values correspond to
the degree of glycation, expressed as glucose levels, or/and
glycated haemoglobin values.

The physiological concentration of free radicals is indis-
pensable for the first-step protection by reactions such as
activation of neutrophils, respiratory chain, phagocytosis,
prostaglandin synthesis, nonenzymatic reaction of oxygen,
cytochrome P-450 system etc. Apart from this positive role FR
unfortunately play a the very negative role too, especially if
the equilibrium between FR concentration and total capacity
of antioxidants in living system is damaged and the FR- level
becomes significantly higher than the concentration of all
antioxidants present in the system. The increase of FR in these
cases we express by the form of per cent of elevation from the
level of 100 %.

Table I
Free radical levels in probands with different type of lipid
metabolism disorders

Group Prameters Values Statistical
significance

G 1 total cholesterol 8,40±1,22 mmo.l-1

triacylglycerols 1,88±0,44 mmol.l-1 p<0,005
free radicals 134±18 per cent

G 2 total cholesterol 7,02±1,77 mmol.l-1

triacylglycerols 2,35±0,88 mmol.l-1 p<0,01
free radicals 122±8 per cent

G 3 total cholesterol 5,54±1,38 mmol.l-1

triacylglycerols 3,65±1,44 mmol.l-1 N.S.
free radicals 121±38 per cent r = 0,922
glucose 7,66±1,21 mmol.l-1 p<0,001
glyc. haemoglob. 4,06±0,95 per cent r = 0,941
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In conclusion, increased values of FR were found in all
cases of lipid metabolism disturbances. The elevated values of
FR are statistically significant in those probands showing high
cholesterol, glucose and glycated haemoglobin levels. FR
levels correlate with glucose and glycated haemoglobin values.

20 TOTAL ANTIOXIDANT STATUS OF HUMAN
PLASMA CORRELATES WITH
CONCENTRATION OF URIC ACID ANALYZED
BY ION-PAIRED HPLC

TOM¡ä SCHEINER, JIÿÕ SUTTNAR,
VÃRA äORELOV¡, LEONA M¡äOV¡,
and JAN EVANGELISTA DYR

Institute of Hematology and Blood Transfusion, U nemocni-
ce 1, 128 20 Prague 2, Czech Republic

Reactive oxygen species (ROS) play an important role in
a variety of normal biological reactions. Biology and medicine
reflect evidence of the importance of ROS in the aging process
and the pathogenesis of many diseases, e.g., cancer, athe-
rosclerosis, immune-system decline1. To counteract ROS and
to prevent their possible damage to biological molecules, all
oxygen-consuming organisms are endowed with well-integra-
ted antioxidant systems. The number of different antioxidant
components in blood plasma/serum makes it rather difficult to
measure each antioxidant component separately. Therefore,
several methods have been developed to evaluate the total
antioxidant capacity of biological samples.

We adopted two methods for total antioxidant status (TAS)
of human plasma based on a) absorbance of 2,2í-azinobis-(3-
-ethylbenzothiazoline-6-sulphonic acid) radical cation (ABTSïñ)
quenched by antioxidants in a system2, b) bleaching of caro-
tenoid crocin by peroxyl radicals3 generated during thermal
decomposition (37 ∞C) of 2,2í-azobis-(2-amidinopropane) di-
hydrochloride (ABAP). Both methods were adopted to 96 well
microplates. For uric acid and vitamin C analysis we adopted
the method of Ross4. The column was Lichrosorb C18, 250◊
4 mm, 5 µm (LKB, Bromma, Sweden), operated isocratically
at 35 ∞C with flow-rate of 0.6 ml.min-1 and with UV detection
at 262 nm. The mobile phase was 60 mM acetic acid, 30 mM

myristyltrimethyl-ammonium bromide, pH 5.5 (with NaOH),
5 % (v/v) acetonitrile. Homocysteine at 100 mg.l-1 and EDTA
at 200 mg.l-1 were added immediately before use. The proteins
in plasma samples were precipitated using metaphosphoric
acid, and after centrifugation, 10 µl of supernatant was injected
onto column. We observed unstable baseline at uric acid po-
sition and unreproducible retention times and distorted peaks
for vitamin C. The results were improved using perchloric acid
deproteinization with subsequent neutralization with potassi-
um carbonate by adjustment of pH to around 5.0. Both with
the method a), evaluated by ìlag-phaseî estimation, and with
the method b) we found fairly good correlation of uric acid
concentration with TAS. Even better was the correlation of
TAS with the sum of Trolox equivalents of individual blood
plasma antioxidants (uric acid, ascorbic acid, α-tocoferol, and
retinol).

This work was supported by grants from IGA MZ »R: 4809-3
and NK/4956-3.
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AND THROMBOXANE A2 IN BLOOD
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It is known that malondialdehyd (MDA) and thrombo-
xane  A2 (TXA2) are produced  after stimulation of blood
platelets by thrombin. In human blood platelets, arachidonic
acid (AA) is transformed into prostaglandin endoperoxides
PGG2 and PGH2, which are then converted into TXA2 that
rapidly hydrolyzes into TXB2. Several authors have demon-
strated the enzymatic conversion of PGH2 into approximately
equimolar amounts of TXB2 and MDA (Ref.1). MDA is also
non-enzymatically generated from hydroperoxy fatty acids.
MDA concentration was measured by the common photome-
trical thiobarbituric acid (TBA) method under reductive con-
ditions1. Known unspecificity of TBA reaction was solved by
using high performance liquid chromatography (HPLC) of the
MDA-TBA adduct. Kikugawa et al.2 demonstrated that in
addition to malondialdehyde, alkadienals and alkenals produ-
ce MDA-TBA via an intermediate colourless compound. Ion-
pairing liquid chromatography (IPLC) of MDA with post-
-column TBA reaction most likely excluded the interference
of alkadienals and alkenals3.

In our approach we activated washed platelets by thrombin
and thrombin receptor activating peptide (TRAP). MDA was
determinated by two methods. First, acetonitrile deproteinized
samples were diluted by ion-pairing buffer and analyzed by
IPLC with post column derivatization with TBA (Ref.3). In the
second method, the deproteinized samples were derivatized
with 25 mM-TBA in 2 M sodium acetate buffer, pH 3. 25 µl of
the sample was injected onto the column Merck Purospher
RP-18e, 125◊4 mm, 5 µm. Elution of MDA was performed
isocratically with a mixture of methanol and 100 mM phospho-
ric acid pH 6.5 (40:60, v/v) at flow-rate of 0.5 ml.min-1 at room
temperature. The coloured compounds were monitored by UV
detector at 532 nm. Thromboxane B2 Enzyme Immunoassay
Kit (Cayman Chemical, Ann Arbor, USA) was used for analy-
sis of TXB2.

Preliminary results confirmed correlation of MDA (de-
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terminated by both chromatographic methods)  and TXA2
amounts after stimulation of the platelets by thrombin and
TRAP. We found a good agreement of literary results assessed
by unspecific TBA method with our results obtained by HPLC
methods. It could be most likely attributed to reductive condi-
tions (stannous chloride treatment) used in direct TBA method
for elimination of unspecific colored products. Similarly, both
HPLC methods separate interfering substances from the MDA-
-TBA adduct.

This work was supported by grants from IGA MZ (Prague,
Czech Republic): 4809-3 and NK/4956-3.
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22 VLIV N-NITRO-L-ARGININ METHYL ESTERU
(L-NAME) NA CHEMILUMINISCEN»NÕ
AKTIVITU NEUTROFILŸ
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Fagocyty p¯edstavujÌ klÌËov˝ obrann˝ mechanismus proti
invadujÌcÌm mikrobi·lnÌm patogen˘m. Mezi vysoce toxickÈ
a nej˙ËinnÏjöÌ zabÌjeËskÈ Ëinitele fagocyt˘ pat¯Ì reaktivnÌ me-
tabolity kyslÌku. P¯i jejich uvolÚov·nÌ vznikajÌ elektronovÏ
excitovanÈ stavy, kterÈ p¯i relaxaci emitujÌ fotony. Tuto emisi
lze monitorovat luminometricky. V poslednÌ dobÏ jsou ovÏ¯o-
v·ny moûnosti vyuûitÌ chemilumniscenËnÌ (CL) anal˝zy rov-
nÏû pro sledov·nÌ tvorby reaktivnÌch metabolit˘ dusÌku1, vzni-
kajÌcÌch ËinnostÌ syntasy oxidu dusnatÈho (NOS). CÌlem naöÌ
studie bylo popsat vliv N-nitro-L-arginin methyl esteru (L-
-NAME), inhibitoru NOS, na CL aktivitu neutrofil˘ v plnÈ krvi.

K pokus˘m byla pouûita heparinizovan· krev (50 U.ml-1)
laboratornÌho potkana (podrobnÏji viz cit.2). Luminolem zesÌ-
len· CL byla analyzov·na v bÌl˝ch mikrotitraËnÌch destiËk·ch
na luminometru LM-01T (Immunotech, Praha). ReakËnÌ smÏs
sest·vala z 1 µl plnÈ krve, z 1 mM luminolu (Sigma) a HBSS,
kter˝m byl celkov˝ objem reakËnÌ smÏsi nastaven na 250 µl.
K indukci oxidativnÌho vzplanutÌ neutrofil˘ bylo pouûito 2,5 µg
opsonizovanÈho zymosanu. Vöechny vzorky byly mÏ¯eny v du-
plik·tech. Kinetika CL odpovÏdi kaûdÈho vzorku byla sledo-
v·na po dobu 60 minut. Bylo ovÏ¯eno, ûe stimulovanÈ neutro-
fily vykazujÌ vysokou CL aktivitu. PotÈ bylo p¯istoupeno
k dalöÌ serii experiment˘, kdy do reakËnÌ smÏsi byl p¯i startu
mÏ¯enÌ navÌc p¯id·v·n L-NAME. Bylo zjiötÏno, ûe tato l·tka
v˝znamnÏ sniûovala CL aktivitu plnÈ krve v z·vislosti na jejÌ
koncentraci. V koncentracÌch vyööÌch neû 10 mM-L-NAME
snÌûil CL aktivitu na ˙roveÚ pozadÌ. CL odpovÏÔ vzork˘ byla
obnovena po p¯id·nÌ L-argininu (substr·t NOS) v koncentra-
cÌch odpovÌdajÌcÌch koncentracÌm L-NAME.

V dalöÌ serii experiment˘ bylo p¯istoupeno k testov·nÌ
antioxidaËnÌch vlastnostÌ L-NAME. Ty byly mÏ¯eny v che-
mickÈm systÈmu porovn·nÌm CL sign·lu namÏ¯enÈho v p¯Ì-
tomnosti L-NAME s kontrolnÌm CL sign·lem zÌskan˝m reakcÌ
luminolu s nÏkolika typy reaktivnÌch kyslÌkov˝ch metabolit˘,
a to 1) superoxidov˝m radik·lem generovan˝m systÈmem
xantin-oxidasa (0,1 U.ml-1)/hypoxantin (1 mg.ml-1), 2) peroxi-
dem vodÌku (2 mmol.l-1), 3) hydroxylov˝m radik·lem genero-
van˝m reakcÌ peroxidu vodÌku (2 mmol.l-1) se sÌranem ûelez-
nat˝m (1 mmol.l-1) a 4) peroxylov˝m radik·lem tvo¯en˝m ter-
m·lnÌ dekompozicÌ 2,2-azo-bis-2-amidinopropan hydrochloridu.

ZatÌmco L-NAME nemÏl v û·dnÈ ze sledovan˝ch koncen-
tracÌ vliv na CL aktivitu vyvolanou peroxylov˝m radik·lem,
CL indukovan· superoxidem, peroxidem vodÌku a hydroxylo-
v˝m radik·lem byla inhibov·na v z·vislosti na koncentraci
L-NAME. To dokazuje antioxidaËnÌ vlastnosti L-NAME v˘Ëi
tÏmto reaktivnÌm form·m kyslÌku.

Z·vÏry naöÌ studie dokumentujÌ, ûe pokles CL aktivity
stimulovan˝ch neutrofil˘ po aplikaci L-NAME zahrnuje ne-
jenom inhibici NOS, ale i antioxidaËnÌ vlastnosti L-NAME.

Tato pr·ce byla podpo¯ena granty GA »R 524/00/1223 a AV
»R S5004009.
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PHYSIOLOGICAL DELIVERY

DENISA MACEKOV¡a, GUST¡V KOV¡»b,
JAROSLAV HINäTc, JANA PERE»KOV¡b,
M¡RIA REGENDOV¡a, BRANISLAV ILLEKb,
ºUBOMÕR äPA»EKb, and BRANISLAV LÕäKAa

aDepartment of Medical Chemistry, Biochemistry and Clinical
Biochemistry, Medical Faculty, Comenius University, Sasin-
kova 2, 811 08 Bratislava, bBiochemical Clinic, DÈrer Hospi-
tal, cDepartment of Gynecology and Obstetrics, SPAM, 831 03
Bratislava, Slovak Republic

Lipid peroxidation (LPX) is one of the processes which
can play an important role in the development of pathological
and functional changes of foetal, maternal and newborn tissues
during pregnancy and delivery. The placenta, endothelial cells
of the umbilical cord, maternal or foetal vessels are potentional
sources of LPX products1. The aim of study was to determine
LPX products and biochemical parameters in maternal pre-de-
livery and post-delivery plasma, to estimate the relationship
between amounts of LPX products and biochemical parame-
ters indicating functional and pathological changes of organs.

Maternal venous blood samples were collected in the first
and third period of physiological delivery. LPX products were
detected as thiobarbituric acid reacting substances (TBARS)
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Table I
Biochemical parameters determined in maternal plasma du-
ring delivery; proteins-total proteins, Fe ñ iron, TBC Fe ñ total
iron binding capacity, Ca ñ calcium, P ñ inorganic phosphate,
UA ñ uric acid, ALP ñ alkaline phosphatase, CK ñcreatine
kinase, LD ñ lactate dehydrogenase, (n = 6ñ15)

Pre-delivery Post-delivery
average ±SEM average ±SEM

Proteins [g.l-1] 65.49±1.71 66.11±1.52
Fe [µmol.l-1] 11.03±2.22 8.29±1.43
TBC Fe [µmol.l-1] 81.41±4.47 86.71±4.34
Ca [mmol.l-1] 2.5±0.06 2.27±0.07
Pñ [mmol.l-1] 1.29±0.09 1.45±0.14
UA [mmol.l-1] 187.00±19.70 198.60±20.80
ALP [mkat.l-1] 4.33±0.5 4.26±0.54
CK [µkat.l-1] 1.54±0.28 2.67±0.50
LD [µkat.l-1] 5.7±0.26 5.81±0.23

(Ref.2) in 4 experimental situations (Fig.1). Biochemical para-
meters were assayed in plasma bystandard biochemical methods.

No significant differences were shown in TBARS levels
between pre-delivery and post-delivery plasma in any experi-
mental situation (Fig. 1). All biochemical parameters in pre-
delivery and post-delivery maternal plasma were in the range
of physiological values. Experimental data suggest that the
intensity of LPX is probably not increased during physiologi-
cal delivery. The increase of total iron binding capacity (TBC
Fe) and ALP (tab. I) (increased production of ALP isoenzymes
in the placenta) is physiological for pregnancy3. No effect of
LPX activator on  TBARS levels in  maternal plasma and
increased TBC Fe, suggest presence of some operative antio-
xidant systems decreasing the effect of LPX activator. Incre-
ased TBARS levels in post-delivery plasma after incubation
without the LPX activator, suggest that in maternal plasma
there are some changes which can activate LPX.

This work was supported by the Grant 1/6145/99 Mä SR.
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Biochemistry, Medical Faculty, Comenius University, Sasin-
kova 2, 811 08 Bratislava, Slovakia, bBiochemical Clinic,
DÈrer Hospital, cDepartment of Gynecology and Obstetrics,
SPAM, 831 01 Bratislava, Slovak Republic

It is possible that lipid peroxidation measurements may
provide a sensitive indicator of intrapartum fetal stress1,2.
There was found a positive association between levels of LPX
products and acid-base balance (ABB) during delivery2. The
aim of study was to determine LPX products, biochemical
parameters in umbilical cord plasma after physiological delivery.

LPX products were detected as thiobarbituric acid reacting
substances (TBARS) (Ref.3) in 4 experimental situations (Fig. 2).
Biochemical and acid-base balance (ABB) parameters were
assayed in plasma and blood by standard biochemical me-
thods.

All determined biochemical (Table I) and ABB parameters
(Fig. 1) in umbilical cord plasma were in the range of physio-
logical values after birth. None of the ten newborns showed
any defect of adaptation after birth measured by Apgar scale.
We suppose that TBARS amounts determined in umbilical

Fig. 1. TBARS amounts determined in maternal plasma during
delivery; (0-A) plasma without any added effector, (0+A) plasma with
LPX activator (125 µmol.l-1 ascorbic acid and 5 µmol.l-1 FeSO4),
(30-A) plasma after incubation (30 min., 37 ∞C), (30+A) plasma after
incubation with LPX activator, difference (0-A) and (30-A) is margi-
nally significant, n = 8,o pre-delivery and n post-delivery plasma
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cord plasma in this study could be physiological amounts
of LPX products after physiological delivery. The increased
TBARS production in umbilical cord plasma (Fig. 2) can
be connected with imbalance in pro-oxidant and antioxidant
equilibrium in favour of pro-oxidants. ABB parameters of one
newborn were on the boundary of physiological values (Fig. 1)
but TBARS levels of him were found to be three times higher
in all experimental situations in comparison with average
TBARS amounts of the total group studied (Fig. 2).

Table I
Biochemical parameters determined in umbilical cord plasma,
proteins ñ total proteins, Fe ñ iron,TBC Fe ñ total iron binding
capacity, Ca ñ calcium, P ñ inorganic phosphate, UA ñ uric
acid, ALP ñ alkaline phosphatase, CK ñ creatine kinase, LD ñ
lactate dehydrogenase, (n = 7ñ14)

Parameters Average ±SEM

Proteins [g.l-1] 52.23±2.03
Fe [µmol.l-1] 21.27±2.00
TBC Fe [µmol.l-1] 42.08±6.38
Ca [µmol.l-1] 2.44±0.1
Pñ [mmol.l-1] 1.80±0.29
UA [µmol.l-1] 151.5±20.8
ALP [µkat.l-1] 2.31±0.24
CK [µkat.l-1] 3.29±0.39
LD [µkat.l-1] 9.24±0.46

This work was supported by the Grant 1/6145/99 Mä SR.
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25 DOXORUBICIN INDUCED CARDIOTOXICITY
AND NEPHROTOXICITY IN RATS

ä¡RKA CHLOP»ÕKOV¡a, PETRA MIKETOV¡a,
JAROSLAV JEZDINSK›b, V¡CLAV LICHNOVSK›c,
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The effect of anthracycline cytostatics is related to DNA
intercalation1 and inhibition of topoisomerase II (Ref.2). The
side effects of these drugs include cardiotoxicity and nephro-
toxicity caused by oxidative stress3. The target of this study
was to determine the dose of cytostatic which results in chronic
cardiotoxicity and to choose optimal parameters for monito-
ring doxorubicin toxicity.

In this experiment doxorubicin (DOX, AdriablastinaÆ)
was intravenously administered to Wistar rats in a total cumu-
lative dose of 4.0, 8.0, 12.0 and 16.0 mg.kg-1 at weekly
intervals for 8 weeks. Control animals received physiological
saline. Rats were under anesthesia at the time of ECG measu-
rement and blood and organs (heart, liver, kidneys, spleen
and thymus) removal. The following plasma parameters were
measured as indices of the doxorubicin induced toxicity: total
antioxidative capacity, level of reduced glutathione (GSH),
lipoperoxidative damage product concentration (TBARS),
creatine, triacylglycerides, cholesterol, total protein, activity
of alaninaminotransferase and cholinesterasese. Organs were
weighed. In kidney and liver homogenates the level of GSH
and parameters of lipoperoxidative stress were assessed. Hi-
stological evaluation was carried out in kidneys and heart.

We found a heartbeat reduction at higher total cumulative
DOX doses (dose  12 mg.kg-1 ñ 351 beats per min, dose
16 mg.kg-1 ñ 259 beats per min and control 400 beats per min)
due to a prolonged QT interval. Changes of cardiac function
were accompanied by macroscopic enlargement of kidneys,
dilation of veins with subsequent venostasis. Liver and kidney
weights were  greater than control whereas  the weight  of
thymus decreased. We found myocardial damage at a cumu-
lative dose of 12 mg.kg-1 and kidney damage even at 8 mg.kg-1.
This was accomplished by immunohistological staining of
actin fibres. Using cyclic voltammetry we were unable to
detect changes in total low molecular weight antioxidants.
There was a fall in GSH levels and a rise of TBARS in plasma
and liver homogenates. These changes were not detected in
kidneys. There was a statistically significant increase in plas-
ma cholesterol and triacylglycerols and decrease in total plas-
ma proteins. This correlates with increasing cumulative doses
of doxorubicin. Changes in other parameters were statistically
insignificant.

A DOX dose of 12 mg.kg-1 provoked chronic cardiotoxici-
ty; there was fall in heart rate and decline in contractile protein.
Nephrotoxicity was induced by a dose of 8 mg.kg-1. Hyper-

Fig. 2. TBARS amounts deternimed in umbilical cord plasma;
(0-A) plasma without any added effector, (0+A) plasma with LPX
activator (125 µmol.l-1 ascorbic acid and 5 µmol.l-1 FeSO4), (30-A)
plasma after incubation (30 min, 37 ∞C), (30+A) plasma after incuba-
tion with LPX activator, difference (0-A) and (0+A) is marginally
significant, n = 8,o average, n newborn
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lipidemia contributed to the tissue damage as well as oxidative
stress4,5. This model of doxorubicin induced chronic cardioto-
xicity will be exploited in a study of protective effect of natural
compounds.

This work was supported by The Grant Agency (Project No.
303/97/P081)  and The Ministry of Education,  Youth and
Sports of The Czech Republic (Project No. MSM:151100003).
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26 DISTURBANCES IN HEART AND SKELETAL
MUSCLE COENZYME Q AND ALPHA-
-TOCOPHEROL LEVELS IN STREPTOZOTOCIN ñ
DIABETIC RATS. EFFECT OF ANTIOXIDANT
STOBADINE

JARMILA KUCHARSK¡a, MILAN äTEFEKb,
RUéENA SOTNÕKOV¡b, ZUZANA BRAUNOV¡a,
and ANNA GVOZDJ¡KOV¡a

aPharmacobiochemical Laboratory, Faculty of Medicine, Co-
menius University, Hlbok· 7, 811 05 Bratislava, bInstitute of
Experimental Pharmacology, Slovak Academy of Sciences,
D˙bravsk· cesta 9, 842 16 Bratislava, Slovak Republic

Diabetes mellitus (DM) belongs to the chronic diseases
associated with increased production of free oxygen radicals.
Oxidative stress is involved in pathogenesis of various diabetic
complications. Antioxidants are important to maintain the

balance between oxidant and antioxidant processes. Coenzy-
me Q (CoQ) and alpha-tocopherol (a-toc.) as the parts of the
endogenous antioxidant system may play significant role in
the development of diabetic complications. Aim of this study
was to investigate the effect of eight ñ months experimental
DM on the CoQ and a-toc. concentrations in heart and skeletal
muscle of rats. Effect of dietary supplementation with the
synthetic pyridoindole antioxidant stobadine in various con-
centrations was studied.

Male Wistar rats 8ñ9 weeks old, weighing 200ñ230 g were
used. DM was induced by a single i.v. dose of streptozotocin
(STZ, 55 mg.kg-1). Ten days after STZ administration, animals
with plasma glucose level >20 mmol.l-1 were considered dia-
betic and were included in the study. The a-toc. and CoQ9
levels in the heart and skeletal muscle tissue were determined
by HPLC method after extraction1.

Myocardial a-toc. and CoQ9 levels significantly increased
after eight months of diabetes. Stobadine reversed the levels
to control values in all used concentrations (Table I). In the
skeletal muscle only CoQ9 was increased in diabetic rats.
Stobadine did not prevent this increase (Table II). Increased
myocardial concentrations of a-toc. and CoQ in DM may be
due to alterations in metabolism or storage of these lipophilic
substances. Oxidative stress in diabetes can also induce bio-
synthesis of CoQ as defense mechanism of diseased heart and
skeletal muscle. However in this study we have no information
about mitochondrial concentrations of antioxidants. As we
showed in our previous study1 CoQ was found decreased in
the rat heart mitochondria after 8 weeks of DM and can
participate in mitochondrial dysfunction. In previous studies2,3

antioxidant properties of stobadine were proved. Normalisati-
on of a-toc. a CoQ9 levels by chronic treatment of diabetic rats
with antioxidant stobadine may be a manifestation of norma-
lised oxidative status of the heart.

This work was supported by VEGA grants 1/4112/97 and
2/6026/99.
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Table I
Alpha-tocopherol and coenzyme Q9 levels in control and diabetic rats. Effect of stobadine

C S D D + S1 D + S2 D + S3

Heart

a-toc. [nmol.g-1 w.w.] 80.9±10.6 74.5±10.5 193.3±32.5 68.7±10.3b 83.4±10.2b 88.8±19.5c

CoQ9 [nmol.g-1 w.w.] 296.8±24.9 355.9±24.2 478.3±36.5a 366.7±27.3c 352.4±34.7c 377.4±24.1c

Muscle

a-toc. [nmol.g-1 w.w.] 24.6±2.84 17.8±3.35 22.9±2.46 18.2±1.92 21.2±3.40 20.1±2.62
CoQ9 [nmol.g-1 w.w.] 15.6±2.65 21.3±2.16 28.3±3.52b 27.1±6.58 26.4±4.47 30.9±3.35

C-control rats (n = 6), S-control rats supplemented with 0.16 % stobadine (n = 7), D-32 weeks diabetic rats (n = 11), D+S1, S2,
S3 ñ 32 weeks diabetic rats supplemented with stobadine 0.02, 0.05 and 0.16 % w/w (n = 6, 8, 6). Results are mean values ±SEM.
Studentís t-test C vs D, D vs D+S1, S2, S3,

a p<0.005, b p<0.02, c p<0.05
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27 ⁄»INOK KOENZ›MU Q10 U PACIENTOV
S NEFROPATIAMI

ANNA GVOZDJ¡KOV¡a, K. GAZDÕKOV¡b,
JARMILA KUCHARSK¡a, VIERA SPUSTOV¡b,
ZUZANA BRAUNOV¡a a ROMAN DZ⁄RIKb

aFarmakobiochemickÈ laboratÛrium III. internej kliniky LF
UK, Bratislava, b⁄stav preventÌvnej a klinickej medicÌny, Kli-
nika imunolÛgie a farmakoterapie, Bratislava, Slovensk· re-
publika

OxidaËn˝ stres a znÌûen· funkcia antioxidaËn˝ch obra-
nn˝ch systÈmov organizmu sa podieæaj˙ na vzniku a v˝voji
nefropatiÌ a ich komplik·ciÌ, hlavne s poökodenÌm mitochon-
driÌ rÙznych tkanÌv. K najËastejöÌm komplik·ci·m patria kar-
diovaskul·rne choroby, diabetes mellitus, dyslipidÈmia. Po-
merne vz·cne s˙ inform·cie o mitochondri·lnych nefropati-
·ch1. Ich sprievodn˝m znakom je znÌûen· hladina koenz˝mu
Q10 (CoQ10) ñ kæ˙Ëov˝ zdroj energie v organizme so siln˝mi
antioxidaËn˝mi vlastnosùami2. Nedostatok CoQ10 bol dok·-
zan˝ aj u dialyzovan˝ch pacientov3.

Cieæom öt˙die bolo a) zistiù baz·lne hladiny antioxidantov
(CoQ10, alfa-tokoferol,beta-karotÈn),peroxid·ciu lipidov (MDA)
u pacientov s nefropatiami, b) v prÌpade nedostatku CoQ10
porovnaù efekt  doplnkovej antioxidaËnej  terapie s vitamÌ-
nom E, vitamÌnom C, riboflavÌnom oproti terapii s vitamÌnom E,
vitamÌnom C, riboflavÌnom a CoQ10 na funkciu obliËiek, oxi-
daËnÈho stavu a antioxidaËnÈho systÈmu u pacientov s nefro-
patiami. Do öt˙die sme zaradili 15 pacientov s prim·rnymi
nefropatiami (10 s chronickou tubulointerstici·lnou nefritÌ-
dou, 5 s ren·lnou tubul·rnou acidÛzou), s priemern˝m vekom
61 rokov (19ñ82 rokov). Priemern· hodnota sÈrovÈho krea-
tinÌnu zaraden˝ch pacientov bola 189,3±44,7 µmol.l-1, kreati-
nÌn klÌrensu 0,79±0,12 ml.s-1. Deviati pacienti boli lieËenÌ aj
pre ochorenia kardiovaskul·rneho systÈmu a 3 uûÌvali statÌny.
U vöetk˝ch pacientov sme vyöetrili funkcie obliËiek, lipidovÈ
spektrum, peroxid·ciu lipidov, antioxidaËn˝ stav (CoQ10, al-
fa-tokoferol, beta-karotÈn) v ötyroch Ëasov˝ch intervaloch:
1) pred zaËatÌm lieËby; 2) 4ñt˝ûdne po doplnkovej antioxidaË-
nej lieËbe s dennou d·vkou 100 mg vitamÌnu E, 100 mg vi-
tamÌnuC,30mgriboflavÌnu;3)8-t˝ûdÚovako vbode2) + 240 mg
CoQ10; 4) 12-t˝ûdÚov ako v bode 3).

Po 12-t˝ûdÚoch doplnkovej antioxidaËnej terapie aj s CoQ10
sme zaznamenali znÌûenie frakËnej exkrÈcie α-amino dusÌka
a zv˝öenie vyluËovania amoniaku moËom. Parametre obliËko-
v˝ch funkciÌ a lipidovÈho spektra poËas sledovania pacientov
neboli ötatisticky v˝znamne zmenenÈ. VstupnÈ hodnoty CoQ10
v krvi a v plazme u jednotliv˝ch pacientov s nefropatiami boli
v rozmedzÌ 0ñ25 % dolnej fyziologickej hladiny. Po 4-t˝ûdÚo-
vom ˙Ëinku CoQ10 sa hladiny v krvi aj v plazme zv˝öili
14-n·sobne, po 8-t˝ûdÚovom ˙Ëinku CoQ10 v krvi 16-n·sobne
a v plazme 18-n·sobne. VstupnÈ hodnoty MDA s˙ ötatisticky
v˝znamne zv˝öenÈ u pacientov s nefropatiami oproti kontrol-

n˝m hodnot·m, poËas doplnkovej antioxidaËnej terapie hod-
noty MDA sa ötatisticky v˝znamne nemenili.

Naöe v˝sledky potvrdzuj˙ ˙daje o nedostatku CoQ10 a zv˝-
öenÌ peroxid·cie lipidov u pacientov s nefropatiami. V˝sled-
ky o ˙Ëinku CoQ10 u pacientov s nefropatiami patria k prv˝m
inform·ci·m. Peror·lna substit˙cia CoQ10 mÙûe predstavo-
vaù doplnkov˙ antioxidaËn˙ lieËbu popri lieËbe z·kladn˝ch
faktorov progresie nefropatie. SubjektÌvne pacienti zn·öali
lieËbu dobre, neûiad˙ce ˙Ëinky sa nevyskytli poËas lieËby.
StrohÈ inform·cie o mitochondri·lnych nefropati·ch, hladi-
n·ch koenz˝mu Q10 a jeho terapeutickom ˙Ëinku poskytuje
perspektÌvu öt˙diÌ so zameranÌm nielen u pacientov s nefro-
patiami, u dialyzovan˝ch pacientov, ale aj u pacientov po
transplant·cii obliËiek. K t˝mto ˙vah·m n·s ved˙ v˝sledky
predch·dzaj˙cich naöich öt˙diÌ u pacientov po transplant·cii
srdca4.

V˝sledky s˙ parci·lnym rieöenÌm grantu Mä SR: 1/4112/97-
-99.
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28 OXIDATIVE STRESS, COENZYME Q10
AND -TOCOPHEROL IN HUMAN PLACENTA

ZUZANA BRAUNOV¡a, JARMILA KUCHARSK¡a, A.
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and ANNA GVOZDJ¡KOV¡a

aPharmacobiochemical Laboratory of Medical Faculty, Co-
menius University, Bratislava, bInstitute of Preventive and
Clinical Medicine, Bratislava, Slovak Republic

Human placenta is responsible for oxygen and energy
supply to the fetus. The physiological function of placenta is
dependent on mitochondrial respiratory chain and energy pro-
duction1. Genetic and metabolic disturbances of mitochondria
could be a cause of mitochondrial diseases2. Coenzyme Q10 is
a key part of the mitochondrial respiratory chain, occurs in all
cellular and intracellular membranes. In previous works Rei-
chrtov· et al.3,4proved accumulation of heavy metals in human
placenta in industry regions.

In our study we focused on the placenta CoQ10 and α-to-
copherol levels in placenta of two regions of Slovak Republic:
Bratislava  (BA ñ toxic chemical environmental exposure,
number of placentas 43) and Star· ºubovÚa (SL ñ without
chemical exposure region, number of placentas 40). Human
placenta were divided into two groups: nonsmokers (BAN,

α
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SLN) and smokers (BAS, SLS). In this pilot study we proved
significantly lower concentration of CoQ10 in human plasma
in BA region in comparison with SL region. The mean con-
centration of α-tocopherol in human placenta did not differ
significantly between BA and SL regions. However, in SL
region we proved significantly decreased level of α-tocophe-
rol in placenta of smoking mothers. No differences were found
in cytochrome oxidase activities (marker of mitochondria)
between environmental regions. In our previous studies we
proved early mitochondrial respiratory chain disturbances and
decreased CoQ10 levels in correlation with incipient rejection
of transplanted human heart5,6.

We suppose, that oxidative stress, decreased level of CoQ10
and dysfunction of mitochondria in human placenta can con-
tribute to the genesis and rejection of fetus development during
pregnancy as well as in allergy development in childhood.
Exact knowledge of pathobiochemical mechanism participa-
ting in these diseases requires further studies.
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29 INFLUENCE OF SUPPLEMENTATION
WITH FOLATE, ANTIOXIDANTS AND
THEIR COMBINATION ON HOMOCYSTEINE
LEVEL AND MARKERS OF OXIDATIVE STRESS
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LADISLAV TREFIL, and HANA PITTROV¡
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Pilsen, Czech Republic

Homocysteine (Hcy) belongs to risk factors of atheroge-
nesis1-3; it is supposed that its effect is linked with increa-
sed production of free radicals (FR)4,5, the overproduction of
which represents another risk factor6,7. Hcy level is known to
be influenced by folate administration2,3, FR effect is control-
led by antioxidants.

The aim of the study was: i) to confirm the decrease of Hcy
level due to folate administration, ii) to evaluate whether Hcy
decrease is followed by improvement of oxidative stress ñ
decrease of lipid peroxidation and maintenance of antioxidant
status, iii) to evaluate whether AO potentiate the effect of
folate on Hcy levels and oxidative stress.

75 patients with lipid metabolism disorders (52 men and
23 women, average age of 57.3 years, variation 36ñ66 years)
with increased level of Hcy (>15 µmol.l-1) were divided in

Fig. 1. Effect of chemical exposure and smoke on the CoQ10 level
in human placenta
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three sex- and age-matched groups. These patient were sup-
plemented for two months with:
Group I ñ folate 5 mg daily;
Group II ñ antioxidants: vitamin E 300 mg, β-carotene 24

mg, vitamin C 200 mg, troxerutine 600 mg and
selenium 50 µg daily;

Group III ñ combination of folate and antioxidants in above
mentioned daily doses.

During study neither diet nor drug treatment were changed.
Concentrations of serum Hcy, folate in erythrocytes, para-

meters of lipid metabolism (total, HDL- and LDL-cholesterol,
triglycerides, apolipoproteins (AI and B), plasma malondial-
dehyde (MDA), reduced glutathione (GSH) and superoxide
dismutase (SOD) in erythrocytes, glutathione peroxidase
(GSHPx) in whole blood and plasma antioxidant capacity
(AOC) were measured before and after the supplementation;
these data were controlled 3 months after end of supplemen-
tation. The values of above given laboratory tests before the
study, at the end of a 2-month supplementation and 3 months
after its interruption (i.e. month 2 vs 0, month 5 vs 2 and month
5 vs 0 were compared separately in each group. Friedmanís
paired test was used for statistical evaluation. Changes during
given periods (i.e. month 2ñ0, further 5ñ2 and 5ñ0) were
compared between groups I, II and III. We used and unpaired
Wilcoxonís test for this purpose.

Folate caused a significant decrease of Hcy concentration
(p<0.001). Antitoxidants did not influence its level; when
combined with folate, Hcy decrease was rather more pronoun-
ced and folate level remained increased even 3 months after
end of its administration. MDA decreased during supplemen-
tation in all groups, but the decrease was significant only in
group I (p<0.05). All supplementation types caused increase
of GSH level (p<0.001) while AOC increased only in groups
II and III (p<0.05). All parameters returned to their original
value when the supplementation finished, only GSH remained
slightly elevated. Lipid metabolism was not influenced in any
of the groups.

Decrease of Hcy concentration is a well-known effect of
folate administration2,3; our results confirmed this observation.
Improved antioxidant status (namely increase of intracellular
GSH and extracellular AOC) and decreased lipid peroxidation
(decreased MDA concentration) also represent a typical effect
of supplementation with antioxidants8. Nevertheless, some of
our results support the idea of link between hyperhomocystei-
nemia and increased FR production. It is above all: more
pronounced decrease of Hcy after co-administration of folate
and antioxidants, the most significant decrease of MDA con-
centration due to folate supplementation and especially a sig-
nificant rise of GSH concentration in all groups of patients. It
can be supposed that folate causes decrease of FR production
by improvement of hyperhomocysteinemia; this effect of fo-
late was accompanied with saving of antioxidants and thus
maintenance of their higher levels. As a consequence, dimi-
nished lipid peroxidation and reduced tendency to atheroge-
nesis can be expected5.

While antioxidant mixture influenced only parameters of
oxidative stress, folate administration led not only to Hcy
decrease but also to GSH increase, perhaps due to lower FR
production. Combination of folate with antioxidants caused
a prolonged increase of folate level and probably also its
positive effect. This treatment has no lipid-lowering effect.
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30 ⁄LOHA REAKTIVNÕCH FOREM KYSLÕKU
PÿI DEGRADACI MELANINŸ

JAN BOROVANSK›a a MILAN ELLEDER b

a2. ˙stav lÈka¯skÈ chemie a biochemie, b⁄stav vrozen˝ch me-
tabolick˝ch poruch, 1. lÈka¯sk· fakulta UK, U nemocnice 5,
123 58 Praha 2

Biodegradace melanosom˘ a v nich obsaûen˝ch melanin˘
z˘st·v· z·hadou. Existuje z·plava histochemick˝ch pracÌ po-
pisujÌcÌch biodegradaci melanosom˘ v sekund·rnÌch lysoso-
mech se zd˘razÚov·nÌm role lysosom·lnÌch hydrolas, avöak
veökerÈ biochemickÈ pokusy o degradaci melanosom˘ siln˝-
mi hydrolytick˝mi Ëinidly in vitro selhaly (cit.1). S ohledem
na strukturu melanin˘ a v souladu s moûnostÌ bÏlenÌ melanin˘
oxidaËnÌmi Ëinidly (cit.2) jevÌ se jako daleko pravdÏpodobnÏjöÌ
mechanismus (bio)degradace melanin˘ cesta redoxnÌ. BÏhem
studia lipopigment˘ ve vzorcÌch k˘ûe pozorovali jsme indukci
autofluorescence epiderm·lnÌho melaninu doprov·zenou jeho
postupn˝m mizenÌm.

V ˙silÌ o pochopenÌ mechanismu tohoto jevu sledovali
jsme podmÌnky indukce autofluorescence melanin˘ navozo-
vanÈ 100 W UV lampou s excitaËnÌm filtrem 400ñ430 nm.

Autofluorescence eumelaninu byla studov·na v lidskÈ epi-
dermis, v pigmentov˝ch nÈvech, v Ëern˝ch vlasech, v lidsk˝ch
choriod·lnÌch melanocytech a v retin·lnÌm pigmentovÈm epit-
helu, v izolovan˝ch psÌch pil·rnÌch melanosomech3 a v me-
lanosomech p¯ipraven˝ch z praseËÌho melanomu4 a s eumela-
ninem p¯ipraven˝m synteticky5. Fluorescence feomelaninu
byla vyvol·v·na ve vzorcÌch zrzav˝ch lidsk˝ch vlas˘ a chlup˘
koËek i v syntetickÈm feomelaninu6. Fluorescenci melaninu
bylo moûno vyvolat do 30 min; p¯i p¯eruöenÌ fotoexcitace
z˘stala fluorescence stabilnÌ ¯·dovÏ t˝dny, p¯i pokraËujÌcÌm
oza¯ov·nÌ vznikaly nefluoreskujÌcÌ degradaËnÌ produkty a me-
lanin se  vybÏlil.  Feomelaniny majÌcÌ  oproti eumelanin˘m
o 2 ¯·dy vyööÌ obsah voln˝ch radik·l˘ vykazovaly prim·rnÌ
fluorescenci. Indukce fluorescence v synteticky p¯ipraven˝ch
melaninech je d˘kazem, ûe nositelem aktivity jsou melaniny
a nikoli pteridiny, jeû mohou s nimi asociovat.

Studium podmÌnek indukce fluorescence uk·zalo: 1) pod-
mÌnkou indukce byla p¯Ìtomnost vody; 2) pouûitÌ svÏtla kratöÌ
vlnovÈ dÈlky (340ñ380 nm) urychlilo rozvoj fluorescence;
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3) p¯id·nÌ peroxidu vodÌku enormnÏ urychlilo vznik fluores-
cence a destrukci pigmentu; 4) odstranÏnÌ peroxidu vodÌku
p¯id·nÌm katalasy k oza¯ovan˝m vzork˘m inhibovalo rozvoj
fluorescence; 5) p¯id·nÌ azidu sodnÈho, zh·öeËe voln˝ch radi-
k·l˘7, tlumilo rozvoj fluorescence.

PravdÏpodobn˝m mechanismem indukce fluorescence
melanin˘ je oxidaËnÌ ötÏpenÌ  peroxidem vodÌku za ˙Ëasti
voln˝ch radik·l˘:

M(ï)n + hν → (ï → M(ï)n+x

M(ï + O2 → M(ï +

M(ï)n+x+ O2 → M(ï +

2 + 2 H+ O2 + H2O2

Fluorescence melanin˘ po oz·¯enÌ za norm·lnÌ teploty je
origin·lnÌm n·lezem, neboù aû dosud byla fluorescence mela-
ninu zaznamen·na jen po varu tk·nÌ s peroxidem vodÌku8.
V˝sledky naznaËujÌ ˙Ëast reaktivnÌch forem kyslÌku p¯i foto-
degradaci melanin˘. Z˘st·v· ot·zkou, zda volnÈ radik·ly se
mohou podÌlet na degradaci melaninu i za jin˝ch podmÌnek.

Tato pr·ce byla podpo¯ena grantem GA UK 47/99.
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31 INHIBITION OF MITOCHONDRIAL ENZYMES
BY TERT-BUTYLHYDROPEROXIDE (TBHP)
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aInstitute of Physiology, Academy of Sciences of the Czech
Republic, VÌdeÚsk· 1083, 142 20 Prague 4, bDepartment of
Physiology, Medical Faculty of Charles University, äimkova
870, 500 01 Hradec Kr·lovÈ, Czech Republic

Tert-butylhydroperoxide (TBHP) is used as a model subs-
tance for elucidation of mechanisms through which reactive
oxygen species (ROS) participate in induction of necrotic and
apoptotic processes and in degenerative process of ageing.

There are known many effects of TBHP on cell metabo-
lism1,2, however, it is not yet quite clear which toxic effects
are due to direct interaction of TBHP with cell enzymes or
other cell compounds and which effects are induced by TBHP
metabolites or due to desintegration of cell membrane struc-
tures induced by lipoperoxidation process.

In our experiments we used isolated rat hepatocytes and
isolated liver mitochondria3,4 and we tested the inhibitory
effect of 3 mM-TBHP on activity of various mitochondrial
enzymes and on lipoperoxide formation. Respiration was mea-
sured by High resolution polarograph (Orobos, Austria) and
level of lipoperoxides was detected as thiobarbituric acid-re-
active substances5.

During incubation of isolated hepatocytes with 3 mM-
-TBHP after 10ñ15 min incubation formation of lipoperoxides
can be detected. When respiration of hepatocytes was tested
under similar experimental conditions we found in the pre-
sence of 3 mM-TBHP: a) increase of succinate oxidation in the
absence of ADP (state 4 respiration), b) lower activity of ADP
and FCCP stimulated respiration (state 3 respiration), c) lower
inhibition of respiration by oligomycine (Table I). Neverthe-
less, when isolated mitochondria were incubated with 3 mM-
-TBHP in the presence of succinate we did not find any effect
on ADP activated  respiration. All NADH-dependent sub-
strates tested (pyruvate and malate, glutamate and malate,
palmitylcarnitine and malate) were, however, completely in-
hibited at 3 mM-TBHP as well as at 0.03 mmol.l-1 concentra-
tion.

Table I
The effect of TBHP on respiration of isolated hepatocytes
permeabilized by digitonin

nmol oxygen/min/106 cells

Control + tBHP B/A

+SUCCINATE 13.4 22.8 1.7
+ADP 50.5 39.0 0.8
+OLIGO 10.3 19.1 1.9
+FCCP 66.3 35.5 0.5
+AA 0.9 1.8 ñ
+ADP/-ADP 3.8 1.7 0.4

Our data show that in hepatocytes the inhibitory effect of
TBHP is more pronounced due to the inhibitory activity of its
metabolites. Its action on isolated mitochondria is mainly due
to direct effect of TBHP on mitochondrial enzymes.

This work was supported in part by grants No. 303/98/0473
from the Grant Agency of the Czech Republic and 67/96 from
Charles University.
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32 äT⁄DIUM HLADÕN VITAMÕNU E
A MALONDIALDEHYDU U DOJNÕC
S HEPAT¡LNOU INSUFICIENCIOU

PAVOL MUDRO“ a GABRIEL KOV¡»

Katedra vn˙torn˝ch chorÙb preû˙vavcov a oöÌpan˝ch, Univer-
zita veterin·rskeho lek·rstva, KomenskÈho 73, 041 81 Koöice,
Slovensk· republika

U dojnÌc v puerpÈriu je syndrÛm stukovatenia peËene
Ëast˝m javom a b˝va sprev·dzan˝ naruöen˝m zdravotn˝m
stavom, znÌûenou fertilitou a produkciou1. Pomerne Ëastou
komplik·ciou tohto syndrÛmu b˝va zlyhanie peËene, nezried-
ka konËiace ˙hynom. Bolo vöak zistenÈ, ûe samotn· akumu-
l·cia tuku v peËeni nie je jedinou prÌËinou tohto stavu2. KeÔûe
lipoperoxidatÌvne procesy s˙ v literat˙re uv·dzanÈ ako jedny
z najËastejöÌch prÌËin ùaûkÈho tkanivovÈho poökodenia, roz-
hodli sme sa pos˙diù ich intenzitu a z·roveÚ zistiù aj stav
vitamÌnu E u dojnÌc s klinicky manifestnou hepat·lnou insu-
ficienciou.

Do sledovania bolo zaraden˝ch 16 dojnÌc (7 s hepat·lnou
insuficienciou). Diagnostika hepat·lnej insuficiencie2 sa opie-
rala o klinickÈ symptÛmy hepat·lnej encefalop·tie (klinick˝
prejav peËeÚovÈho zlyhania) a v˝sledky anal˝z aktivÌt enz˝-

Tabuæka I
Plazmatick˝ a hepat·lny α-tokoferol, triglyceridy a malondi-
aldehyd (MDA) v peËeni (ËerstvÈ tkanivo), krvnÈ hladiny
AST, GLDH, GGT, celkovÈho bilirubÌnu, amoniaku, VMK,
BHB a cholesterolu u dojnÌc s hepat·lnou insuficienciou (n =
7) a u kontroln˝ch zvierat (n = 9)

Parameter Hepat·lna Kontrola
insuficiencia

MDA [nmol.g-1] 105,9±59,1a 55,1±7,30
Triglyceridy [mg.g-1] 120,7±43,2a 58,3±41,6
Hepat·lny α-tokoferol [mg.kg-1] 2,39±1,56 3,62±1,00
Plazmatick˝ α-tokoferol [mg.l-1] 0,42±0,38b 2,2±0,82
Amoniak [µmol.l-1] 65,2±27,0b 20,6±8,8
AST [U.l-1] 243±146b 44,1±13,8
GLDH [U.l-1] 141±123a 17,4±22,5
GGT [U.l-1] 120±101a 20,8±20,5
Celkov˝ bilirubÌn [µmol.l-1] 48,7±42,8b 7,5±5,5
VMK [mmol.l-1] 1,17±0,40a 0,54±0,37
BHB [mmol.l-1] 1,99±3,49 1,54±1,85
GlukÛza [mmol.l-1] 4,11±1,76 3,27±0,79
AlbumÌn [g.l-1] 26,2±3,4a 31,6±3,70
Cholesterol [mmol.l-1] 0,90±0,56b 2,81±1,08

a p<0,05; b p<0,01

mov (AST > 80 U.l-1 a GLDH > 15 U.l-1). KontrolnÈ zvierat·
boli klinicky zdravÈ dojnice v puerpÈriu. V biopt·toch peËe-
ne bol meran˝ malondialdehyd, triglyceridy a α-tokoferol.
V plazme boli stanovenÈ: α-tokoferol a amoniak; v sÈre: AST,
GLDH, GGT, celkov˝ bilirubÌn, voænÈ mastnÈ kyseliny, ky-
selina β-hydroxymaslov· (BHB), glukÛza, albumÌn a chole-
sterol. Pre stanovenie amoniaku  v arteri·lnej krvi  sa t·to
odoberala z a. axillaris3. Skupiny boli porovnanÈ Wilcoxo-
nov˝m t-testom.

Na z·klade zÌskan˝ch v˝sledkov (tab. I) moûno konötato-
vaù, ûe dojnice postihnutÈ klinicky manifestn˝m zlyhanÌm
peËene mali v˝razn˝ nedostatok vitamÌnu E, o Ëom svedËili
najm‰ extrÈmne nÌzke hladiny v plazme ako aj jeho nÌzky
obsah v peËeni. çaûkÈ naruöenie peËeÚov˝ch funkciÌ bolo
sprev·dzanÈ aj vysokou intenzitou lipoperoxidaËn˝ch pro-
cesov v peËeÚovom tkanive, ktorÈ sa prejavili vysok˝mi hladi-
nami malondialdehydu. Naöe v˝sledky odkr˝vaj˙ novÈ cesty
k lepöiemu poznaniu patogenÈzy tohto ochorenia a poskytuj˙
podklad pre odsk˙öanie nov˝ch terapeutick˝ch postupov.

LITERAT⁄RA

1. Reid I. M.: Vet. Rec. 107, 281 (1980).
2. Rehage J.: Habilitationsschrift, Hannover 1996.
3. Nagy O., äedoviË M., Slanina º.: Vet. Med. Czech 39, 1

(1994).

33 POROVN¡NÕ OXIDA»NÕCH PRODUKTŸ
VZNIKL›CH PÿI UV OZ¡ÿENÕ FAZOLU
S PRODUKTY VZNIKL›MI PÿI ST¡RNUTÕ
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Teorie st·rnutÌ zaloûen· na p˘sobenÌ voln˝ch radik·l˘
vysvÏtluje z·kladnÌ mechanismy st·rnutÌ na molekul·rnÌ ˙rov-
ni. Charakteristick˝m produktem radik·lov˝ch reakcÌ jsou
lipofuscinoidnÌ pigmenty (LFP), kterÈ se u ûivoËich˘ akumu-
lujÌ line·rnÏ s p¯ib˝vajÌcÌm vÏkem. LFP byly prok·z·ny a ana-
lyzov·ny takÈ u rostlin1,2, ale jejich ˙loha p¯i st·rnutÌ nenÌ
zcela prozkoum·na. Pro objasnÏnÌ tÈto ˙lohy jsme analyzovali
vlastnosti a sloûenÌ LFP vznikl˝ch v dÏloûnÌch listech fazolu
p¯i senescenci (termin·lnÌ f·zi st·rnutÌ) a po oxidaËnÌm stresu
navozenÈm UV oz·¯enÌm rostlin. K anal˝ze LFP jsme vyuûili
jejich charakteristickou fluorescenci jak pro kvalitativnÌ, tak
pro kvantitativnÌ vyhodnocenÌ. DetailnÌ popis fluorescenËnÌch
charakteristik jsme zÌskali metodou trojrozmÏrn˝ch spektr·l-
nÌch soubor˘. LipofilnÌ extrakty byly d·le rozdÏleny na jed-
notlivÈ frakce pomocÌ HPLC.

Doba ûivota dÏloûnÌch list˘ Ëinila u pouûitÈho kultivaru
fazolu 16 dnÌ. Pro UV oz·¯enÌ byly proto vybr·ny mladÈ
8 dennÌ rostliny. UV z·¯enÌ byly vystaveny po 2 hodiny a vzor-
ky byly odebÌr·ny po 4, 7, 24, 48 a 72 hodin·ch. Tyto vzorky
byly porovn·ny s materi·lem z neoz·¯en˝ch rostlin star˝ch 8,
11, 14 a 16  dnÌ. DÏloûnÌ  listy  byly po odbÏru zmraûeny
a lyofilizov·ny. Pro anal˝zu LFP byly p¯ipraveny lipofilnÌ
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extrakty ve smÏsi chloroform-metanol (2:1, v/v). Chlorofor-
mov· vrstva byla  po  extenzivnÌm  promytÌ vodou  pouûita
k dalöÌm mÏ¯enÌm. Ze soubor˘ trojrozmÏrn˝ch spekter jsme
zÌskali hlavnÌ excitaËnÌ maximum (355 nm) a emisnÌ maxi-
mum (415 nm), kter· jsme pouûili pro kvantitativnÌ stanovenÌ
tÏchto fluorofor˘. PrvnÌ signifikantnÌ zv˝öenÌ hladiny fluoro-
for˘ bylo pozorov·no aû po 7 hodin·ch po UV oz·¯enÌ (150 %
kontrol) a jejich koncentrace d·le rostla aû dos·hla maxima
48 h po oz·¯enÌ (desÌtin·sobek kontrolnÌ hodnoty). V˝sledn·
hladina LFP po UV oz·¯enÌ byla vyööÌ neû u neoz·¯en˝ch
senescentnÌch rostlin, u kter˝ch Ëinila 160 % kontrol. P¯es
velkÈ kvantitativnÌ rozdÌly se tvar spekter jednotliv˝ch vzork˘
navz·jem neliöil, a to ani mezi oz·¯en˝mi a neoz·¯en˝mi
rostlinami. Tato mÏ¯enÌ podporujÌ p¯edstavu, ûe oxidaËnÌ stres
navozen˝ UV oz·¯enÌm d·v· vzniknout podobn˝m produk-
t˘m vznikajÌcÌm v pr˘bÏhu st·rnutÌ. V˝znamn· je skuteËnost,
ûe LFP nevznikly bezprost¯ednÏ po UV oz·¯enÌ z radik·l˘
vznikl˝ch ve vodnÈ f·zi, kterÈ majÌ kr·tkou dobu ûivota.
Kinetika produkce LFP v ¯·du dnÌ naznaËuje ˙Ëast enzymo-
v˝ch mechanism˘. D·le jsme zkoumali sloûenÌ LFP pomocÌ
HPLC na reverznÌ f·zi s fluorescenËnÌ detekcÌ. Poda¯ilo se
n·m rozdÏlit smÏs fluorofor˘ na ¯adu frakcÌ. Zjistili jsme, ûe
ve sloûenÌ LFP po UV oz·¯enÌ probÌhajÌ zmÏny uû od Ëasn˝ch
postiradiaËnÌch period. Byly nalezeny rozdÌly ve sloûenÌ vzor-
k˘ po oz·¯enÌ a v pr˘bÏhu st·rnutÌ.

V˝sledky mÏ¯enÌ v tÈto studii naznaËujÌ, ûe lipofilnÌ oxi-
daËnÌ produkty zÌskanÈ po UV oz·¯enÌ a bÏhem st·rnutÌ majÌ
podobnÈ charakteristiky a tudÌû podporujÌ p¯edstavu o st·rnutÌ
jako procesu doprov·zenÈm oxidaËnÌm stresem. KvantitativnÌ
aspekty tohoto procesu vyûadujÌ dalöÌ studie.
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OF EXTRACTS AND MAIN FLAVONOIDS
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There are many reports relating to antioxidant activities of
plant flavonoids in the last years. Interest has been focused
especially on flavonoids contained in vegetables, fruits and
beverages. Some of them e.g. quercetin, luteolin or catechins
are more effective than known antioxidants such as ascorbic
acid or tocopherol. Flavonoids are also present in many folk
medicines.

We examined the flavonoids from the root of traditional
Chinese herbal medicine Scutellaria baicalensis Georgi. (SB).
It has been described a large number of interesting pharmaco-
logical effects of the extracts of this species including anti-in-
flammatory and antialergic1,2. Even though the natural locali-

ties of the plant are eastern areas of Asia, it can be easily
cultivated under European climate conditions.

The main components isolated form the root are flavonoids
baicalein, wogonin, oroxylin and their glucuronides. Baica-
lein-glucuronide is known under the name baicalin. About 15
other minor flavonoids were isolated or detected in the root in
addition to the above mentioned. The antioxidant properties
of baicalin and baicalein have been described3, but there is no
knowledge about the antioxidant properties of other flavo-
noids present in plant. Except of baicalein all other flavonoids
from SB are not commercially available.

We isolated 5 main flavonoids (baicalin I, wogonin II and
oroxylin III, wogoninn-glucuronide IV and baicalein V) from
the root of plant cultivated in the Centre for cultivation of
medicinal plants in Brno, Czech Rep. with the aim to study
and compare their antiradical properties. Their structures are
in Fig. 1. At the same time the fractions obtained by the
fractionation of the crude methanolic extract were tested to
prove the possible presence of other components with antira-
dical activity. The radical scavenging ability was evaluated
using the reaction with the stable 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) radical4. Quercetin VI, the compound with well-
known antiradical activity was also evaluated for comparison.
IC50 values were expressed as the concentration of a flavonoid
(µmol.l-1) or fraction (µg.ml-1) which caused 50 % DPPH
decoloration. The main components of the fractions were
determined with using HPLC.

Among the Scutellaria flavonoids only baicalin and bai-
calein showed the significant scavenging effect with the value
IC50 7.9 and 6.6 µM, respectively. The values of IC50 were
moderately higher comparing that for quercetin (3.1 µM). IC50
for wogonin and wogonin glucuronide were > 200 µM indica-
ting their very low scavenging activity, while oroxylin was
inactive (IC50 >1000 µM). These results are in agreement with
the assumption that for the antiradical activity of flavonoids
the ortho-arrangement of hydroxyl groups on the aromatic ring
is essential. The antiradical activity of the crude extract and
fractions obtained by extraction with diethylether, ethylacetate

I R1 = H, R2 = O-glucuronyl, R3 = OH
II R1 = OCH3, R2 = OH, R3 = H
III R1 = H, R2 = OH, R3 = OCH3
IV R1 = OCH3, R2 = O-glucuronyl, R3 = H
V R1 = H, R2 = OH, R3 = OH

VI

Fig. 1. The structural formulae of flavonoids used in this study
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and butanol were comparable and correlated with the content
of baicalin in these fractions.

These results indicate that mainly flavonoids baicalin and
baicalein are responsible for antiradical activity of extracts
from SB. Among the flavonoids of this plant only those two
have an ortho-substitution on the aromatic ring. Baicalin was
the main flavonoid of the root (8.12 % of the dried root) in the
plant cultivated in the Czech republic while baicalein was
a minor component. According to literature data5 the ratio
baicalein/baicalin in plants from natural localities varies in
range 1:20ñ1:1 and their total content amounts 15ñ30 %. Then
it can be concluded that the antiradical properties of prepara-
tions based on the row extracts from SB are due to high content
of baicalin and baicalein comparable with the effect of purified
compounds.

The investigation was supported by the grant FRVS 886/2000.
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35 STRONG ANTIRADICAL ACTIVITY
OF DICAFFEOYLQUINIC ACIDS

HANA PAULOV¡, JIÿÕ SLANINA,
HANA BOCHOÿ¡KOV¡, and EVA T¡BORSK¡

Department of Biochemistry, Faculty of Medicine, Masaryk
University, KomenskÈho n. 2, 662 43 Brno, Czech Republic

Recent epidemiological data support a protective effect of
vegetables, fruits, tea and wine intake against cancer or cardi-
ovascular diseases. The protective effect can be also attributed
to antioxidant polyphenolic compounds, such as flavonoids or
phenolic acids, found in the plants in the high amounts. The
flavonoids show a strong antioxidant activity in vitro and
intake of flavonoids was inversely correlated to coronary heart
disease mortality in 3 out of 5 epidemiological prospective
cohort studies1. However, little is known about the antioxida-
tive activity, bioavaibility and health effect of dietary phenolic
acids, such as hydroxycinnamates (e.g. caffeic and chloroge-
nic acid), components of many plant-derived foods2.

In this work, we determined an antiradical activity of
dietary caffeoylquinic acids, 5-caffeoylquinic acid (5-CQA,
trivial name chlorogenic acid, Fluka), 1,3-dicaffeoylquinic
acid (1,3-DiCQA, trivial name cynarin), 1,5-dicaffeoylquinic
acid (1,5-DiCQA) and caffeic acid (Sigma). The antiradical
activity of caffeic acid derivatives was compared with that of
L-ascorbic acid and flavonoids luteolin and luteolin-7-O-glu-

coside that contain like caffeic acid the catechol group. Chlo-
rogenic acid is only one commercially available caffeoylqui-
nic acid, 1,3-DiCQA  and 1,5-DiCQA were together with
flavonoids luteolin and luteolin-7-O-glucoside isolated from
the leaves of Cynara cardunculus (Asteraceae)3,4. The radical
scavenging activity was measured using free stable 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) radical.

The antiradical effects of all phenolic acids and flavonoids
were stronger than that of L-ascorbic acid (EC50 = 10.3 µmol.l-1).
The ability to scavenge the free stable DPPH radical increased
with the number of the catechol groups in the order: caffeic
acid (EC50 = 5.8 µmol.l-1) < chlorogenic acid (5.0 µmol.l-1) <
luteolin (4.8 µmol.l-1) < luteolin-7-glucoside (4.3 µmol.l-1) <
1,3-DiCQA (3.9 µmol.l-1) < 1,5-DiCQA (2.8 µmol.l-1). The
stronger antiradical activity of 1,5-DiCQA than that of 1,3-
-DiCQA may be rationalized by the presence of one equatorial
caffeoyl group in 1,5-DiCQA, whereas 1,3-DiCQA has both
axial caffeoyl groups. Comparing the scavenging activities,
1 mole of ascorbic acid reacted with approximately 2 moles
of DPPH radical and 1 mole of 1,5-DiCQA scavenged about
6 moles of the radical. This is in good accordance to results
obtained with 3,5-DiCQA (Ref.5). Our findings show that
DiCQAs have the strong radical scavenging activity in vitro.

The interest in research of caffeoylquinic acids has incre-
ased greatly in the last years not only for their presence in the
diet, but also for their significant biological activity, e.g.
DiCQAs has been recently found as potent and selective
inhibitors of HIV-1 integrase and HIV-1 replication6. How-
ever, very limited data are known about their bioavaibility and
metabolism in humans7.
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36 METAL-CATALYSED OXIDATIVE DAMAGE
OF THE YEAST PLASMA MEMBRANE
H+-ATPase: THE ROLE OF STRATEGIC
CYSTEINE RESIDUES

NADINA STADLERa, KAREL SIGLERb,
and LIBUäE V¡CHOV¡b

aInstitute of Botany, University of Bonn, Kirschallee 1, 53115
Bonn, bInstitute of Microbiology, Academy of Sciences CR,
VÌdeÚsk· 1083, 142 20 Prague 4

The first target of exogenous reactive oxygen species
(ROS) in cells is the plasma membrane. We studied the ROS-
induced inactivation of the main plasma membrane protein,
the P-type PMA1 H+-ATPase. Although much more oxidation-
-resistant than animal P-type ATPases, the yeast H+-ATPase
is also inactivated by Fenton reagent (Fe2+/H2O2) via metal-
-catalyzed oxidation at  specific metal binding  sites, most
probably Cys residues. Three Cys residues (Cys221, Cys409
and Cys532) were found to play important roles in H+-ATPase
sensitivity towards oxidants, and to interact with each other.
The H+-ATPase is protected against oxidants by ATP binding,
which was therefore used for defining the possible relation-
ships between the strategic Cys residues. Another tool was the
protection by the iron chelator deferrioxamine and by the
SH-group protecting dithiothreitol (DTT).

Cys221 situated far from the ATP-binding site plays a role
in ATPase sensitivity to oxidants since its replacement with
Ala increases the resistance of the enzyme against the Fenton
reagent. It also leads to the loss of the protection of the enzyme
by ATP and ADP, i.e. ATP binding no longer brings about the
conformational change necessary for the protection. A loss of
protection was found with also with DTT and deferrioxamine.
The lack of protection by DTT shows that Cys409 and Cys532
become freely oxidisable by ïOH but inaccessible to the SH-
-protecting agent. Lack of protection by deferrioxamine indi-
cates that the two Cys residues are located in a ìpocketî
accessible to Fe2+ but not to the larger chelator molecule. If
Cys221 is replaced by Ala together with Cys409 or together
with Cys532, the loss of protection due to replacing Cys221
alone is abolished.

Cys409 situated near the ATP-binding site aids in the
resistance of the enzyme to oxidants, since its replacement
with Ala increases the extent of oxidative H+-ATPase inacti-
vation. However, when replaced together with Cys221, it
abolishes the lack of protection behaviour found on replace-
ment of Cys221 alone and the enzyme becomes amenable to
protection by nucleotides, DTT and Desferal.

Cys532 is situated in the ATP-binding site. When replaced
by Ala, the resulting mutant does not change its response to
oxidant damage relative to the wild type. However, this re-
placement of Cys532 by Ala alters the ATP/ADP protection
efficiency ratio from about 1 to some 1.6, i.e. Cys532 affects

the conformational change brought about by ATP binding.
This change is abolished by simultaneous replacement of
Cys221, but is not altered by simultaneous replacement of
Cys409 so that the double mutant C409,532A shows an ATP/
ADP protection ratio typical of C532A.

The data obtained with the double mutants indicate the
existence of conspicuous regulatory actions and mutual inte-
ractions between the ATPase molecule segments where Cys221,
409 and 532 are located.

The work was supported by CR Grant Agency (grant 204/
99/0488), CR Ministry of Education (grant ME 315), NATO
grant SA (CRG.CRGP 973150) and BMBF grant TSR-113-97.

37 PROTECTIVE ROLE OF ANTIOXIDANT
ENZYMES AGAINST HEAVY METALS
IN RUMEN BACTERIUM
STREPTOCOCCUS BOVIS

VIERA LEN¡RTOV¡a, KATARÕNA HOLOVSK¡a,
KATARÕNA HOLOVSK¡b, and PETER JAVORSK›b

aDepartment of Chemistry, Biochemistry and Biophysics, Uni-
versity of Veterinary Medicine, KomenskÈho 71, 041 81 Ko-
öice, bInstituteof Animal Physiology,Slovak AcademyofScience,
äoltÈsovej 4, 040 01 Koöice, Slovak Republic

Heavy metals can be inhibitory to both the fermentative
activity and growth of the rumen bacteria, thereby decreasing
the productivity of animals. Streptococcus bovis is an impor-
tant amylolytic, Gram positive bacterium present in relatively
high amounts in the rumen contents as well as on the epithelial
cells of the rumen wall of ruminants. A variety of bacteria, all
facultative anaerobes, have developed efficient enzymatic and
nonenzymatic mechanisms to eliminate the oxygen reactive
species generated by heavy metals. In this study, we investi-
gated changes brought about by mercury and copper in activi-
ty levels of antioxidant defence enzymes including super-
oxide dismutase (SOD, EC 1.15.1.1), glutathione peroxidase
(GSHPx, EC 1.11.1.9) and glutathione reductase (GR, EC
1.6.4.2).

S. bovis 4/1 used in this study was isolated from the rumen
sheep and was grown in aerobic conditions in the medium
containing 0, 5, 50 µg.ml-1 Hg2+or Cu2+, respectively. S. bovis
was tolerant to 10 times higher concentration of Cu2+ than
Hg2+. SOD activity was determined according to method of
FlohÈ and ÷tting1. GSHPx was measured as described FlohÈ
and G¸nzler2 and GR according to Pinto et al.3 Lipid per-
oxidation products as thiobarbituric acid reactive substances
(TBARS) were determined4.

The first line of defence against the generation of toxic
oxygen species is the induction of SOD. SODs are metaloen-
zymes which can be cofactored by with either iron, manganese
or copper and zinc5. Our previous experiments have indicated
that SOD activity of S. bovis was Mn-SOD and this activity
decreased when Fe2+was added to the growth medium. In the
present study we also observed decreasing of activity evoked
by Cu2+ but increasing of this activity at the presence of Hg2+

(Fig. 1). It is possible that iron and copper when added to the
growth medium can compete with manganese in the active site
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of enzyme and decrease its activity. On the other hand MnSOD
is encoded by the sodA gene which is induced by environmen-
tal factors such as heavy metals through its metal respond
element. There is also possibility that this element could be
differently regulated by mercury and copper.

The GSHPx activity determined was only Se independed
which acts mainly on organic hydroperoxides. Mercury evo-
ked increasing of both GSHPx and GR activities. Cooperation
of these enzymes was able sufficiently prevent the oxidative
damage which is supported by unchanged values of TBARS.
Copper increased GSHPx activity and GR activity was redu-
ced at 5 µg.ml-1 Cu2+, but TBARS values were still unchanged.
50 µg.ml-1 Cu2+ resulted in decreasing of GSHPx and GR
activities and increasing of TBARS. This points that higher
concentration of copper evoked the oxidative damage of bac-
teria.

This investigation was supported by Grant Agency VEGA
2/7026/20.
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38 PROTECTIVE ROLE OF ANTIOXIDANT
ENZYMES AGAINST HEAVY METALS
IN RUMEN BACTERIUM SELENOMONAS
RUMINANTIUM

KATARÕNA HOLOVSK¡a, VIERA LEN¡RTOV¡a,
KATARÕNA HOLOVSK¡b, and PETER JAVORSK›b

aDepartment of Chemistry, Biochemistry and Biophysics, Uni-
versity of Veterinary Medicine, KomenskÈho 71, 041 81 Ko-
öice, bInstitute of Animal Physiology, Slovak Academy of Scien-
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The heavy metals evoke the forming of reactive oxygen
species, which can cause DNA mutations, enzyme inactivation
and membrane damage. The Fenton-like production of supe-
roxide anion and hydroxyl radical appear to be involved for
metals such as Fe, Cu, Cr, while Cd, Hg, Pb exerts oxidative
stress via H2O2 generation, GSH depletion and reactivity with
membrane bound protein thiols1.

All bacteria, even strict anaerobes, appear to have mecha-
nisms to detoxify these deleterious oxidants2. The primary
antioxidant protection is provided by the enzymes superoxide
dismutase, catalase, glutathione peroxidase, glutathione re-
ductase. These enzymes have been extensively studied in
aerobic bacteria, but much less is known about the enzymes
in anaerobic  organism. In our work we have studied  the
respond of the rumen strickly anaerobic bacterium Selenomo-
nas ruminantium that represent up to 16 % of the total bacterial
flora in the rumen, to environmental stress evoked by the
mercury and copper.

S. ruminantium E-32 used in this study was isolated from
the rumen of sheep. The influence of HgCl2 and CuCl2 was
examined in the presence of 0, 5 and 50 µg.ml-1 Hg2+ or Cu2+,
respectively. Superoxide dismutase activity (SOD, EC 1.15.
1.1.) was determined by the method of FlohÈ and ÷tting3,
catalase (CAT, EC 1.1.1.6) by the method of Sizer and Beers4,
glutathione peroxidase (GSHPx, EC 1.11.1.9) was measured
according to FlohÈ and G¸nzler5 and glutathione reductase
(GR, EC 1.6.4.2) according to Pinto et al.6 Lipid peroxidation
products measured as thiobarbituric acid reactive substances
(TBARS) were determined according to Gutteridge7.

Recent evidence from several laboratories has indicated
that SOD and CAT are present in various anaerobes, grown
without oxygen exposure8. Our results showed no activity of
these enzymes and they were not induced in the presence of
Hg2+ or Cu2+ respectively. S. ruminantium exhibited only the
selenium independent form of GSHPx, which acts mainly on
organic hydroperoxides and NADPH specific GR activity

Fig. 1. Levels of SOD, GSHPx and GR enzymes activity in S. bovis
4/1. The results are expressed in mU.mg-1 protein (* p<0.05); asterisks
represent significant differences between the control groups (0) and
bacteria grown in the presence of Hg2+(A) or Cu2+(B), respectively
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(Fig. 1). In the presence of Hg2+, the GSHPx was decreased
3.00 fold and GR activity was the same as in control group. It
is interesting that in despite the inhibition of GSHPx activity,
an increase in TBARS content was observed only in the
presence of 50 µg.ml-1 Hg2+. This low sensitivity to Hg2+ is
probably a result of sulfide production, which was evident
from the black precipitates formed during the growth of this
bacterium. Enzyme activities were influenced by the different
way with copper. The GSHPx activity was increased (1.7
fold), GR activity was decreased (1.40 fold) and TBARS
content was significantly increased in the presence of 5 and
50 µg.ml-1 Cu2+. As our results show, the antioxidant defense
mechanisms in S. ruminantium differently respond to environ-
mental stress evoked by Hg2+ or Cu2+.

This investigation was supported by Grant Agency VEGA
2/7026/20.
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39 EFFECT OF OXIDATIVE STRESS
ON THE MOLECULAR STRUCTURE
AND PROTEOLYTIC SUSCEPTIBILITY
OF S. CEREVISIAE MEMBRANE
H+-ATPase IN VITRO

HELENA KU»EROV¡, LIBUäE V¡CHOV¡,
and KAREL SIGLER
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VÌdeÚsk· 1083, 142 20 Prague 4, Czech Republic

Proteins are an important target of reactive oxygen species
(ROS) in living cells. Damage brought about by ROS was
studied on the H+-ATPase, the key yeast plasma membrane
enzyme. OHï radicals were generated by the Fenton reaction
Fe2+(Cu2+)/H2O2. This treatment inactivated the enzyme in
isolated plasma membranes of S. cerevisiae1. The total content
of SH-groups in membrane proteins (measured by using DTNB
(Ref.2)) dropped by only 10 % after the treatment with Fe2+/
H2O2. The extent of SH-group oxidation of the ATPase alone
could not be determined by this method. 1-D SDS PAGE and
immunoblotting showed that, if it occurs, the oxidation of
SH-groups gives rise to intramolecular S-S bonds in ATPase
molecules. Intermolecular S-S bonds leading to aggregation
were rare. A small portion of membrane proteins created
aggregates, more expressed when DTT was omitted during
sample preparation for PAGE, indicating that some of them
can be caused by S-S bonding. These aggregates of high Mr
were hard to examine by immunoblotting since their properties
prevent their transfer to the PVDF membrane. A conspicuous
aggregation (the fraction remaining in the well) occurred only
after OHï-treatment of membrane proteins denatured by TCA.
No significant fragments of H+-ATPase were observed after
the Fe2+/H2O2 treatment.

The proteinase subtilisin added exogenously to isolated
nontreated membranes slightly shortened some ATPase mo-
lecules (Mr 105 kDa) and created two additional bands, pro-
bably by hydrolyzing their N- and/or C-terminal part. After
the Fenton  treatment, the concentration of all these three
molecular forms of ATPase dropped and several new bands of
lower Mr were found; this effect was more marked with Cu
Fenton. A similar effect was caused also by Cu alone, but the
hydrolysis by subtilisin was lower than in ATPase exposed to
Cu Fenton. This effect was suppressed to some extent by the
addition of DTT, or when the reaction with Cu was carried out
in anaerobic conditions. Hence even the ATPase embedded in
the membrane after oxidation by ROS is more sensitive to
proteolytic attack.

Plasma membrane isolation was done according to Ref.3

1-D SDS PAGE: Membrane proteins were denatured in the
presence of SDS and DTT 10 min at 30 ∞C. 9 % acrylamide
gel was used for separation of proteins. These were blotted to
the PVDF membrane and ATPase was visualised using speci-
fic polyclonal antibodies against H+-ATPase. Secondary anti-
bodies labelled with peroxidase followed by DAB+H2O2+
NiCl2 were used for visualization of H+-ATPase and its frag-
ments. The treatment with ROS and subtilisin was accomplis-
hed on ATPase molecules in situ in isolated plasma membra-
nes. Before subtilisin treatment and denaturation for SDS

Fig. 1. Levels of GSHPx and GR enzymes activity in S. ruminan-
tium E-32. The results are expressed in mU.mg-1 protein (* p<0.05);
asterisks represent significant differences between the control groups
(0) and bacteria grown in the presence of Hg2+ (A) or Cu2+ (B),
respectively
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PAGE, Cu was eliminated by its chelating with EDTA while
H2O2 was removed by catalase.

This work was supported by CR Grant Agency (204/00/0488)
and Czech Ministry of Education (ME 315).
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40 EFFECT OF OXIDATIVE STRESS
ON SPORULATING CULTURES
OF BACILLUS MEGATERIUM
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VÌdeÚsk· 1083, 142 20 Prague 4, Czech Republic

Sporulating B. megaterium was used to study the effecti-
veness of its defence system against reactive oxygen species
(ROS) not only in connection with growth arrest but also with
cytodifferentiation. We followed the effect of H2O2 (0ñ5 mM)

Fig. 1. Effect of H2O2 on sporulating B. megaterium; experimental timetable (A). Growing culture before the end of the exponential phase
was transferred to a sporulation medium (SM). H2O2 was added at T0,5; the viability was determined as population growth rate µ after 5-fold
dilution of culture portions with growth medium at T1; at T2 and T4, the proteolytic activity (PA) against 14C denatured proteins was assayed3 and
the concentration of intracellular proteinase ISP1 (as absorbance) was determined by image analysis of immunoblots. The sporulation efficiency
(%) was determined at T6 by counting the proportion of spore-containing cells. Effect of H2O2 on viability µ (open-) and per cent sporulation
(closed circles) (B); on proteolytic activity PA (closed-) and ISP1 concentration c (open circles) at T2 (C) and at T4 (D)
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on cell viability, sporulation effectiveness as well as the activi-
ty  and concentration of intracellular serine protease ISP1
during incubation in sporulation medium (SM). The arrange-
ment of H2O2 treatment is schematically presented in Fig. 1A.
At 0.5 mM, H2O2 lowers cell viability as well as sporulation
efficiency similarly as does 5 mM-H2O2 (Fig. 1B). Both pro-
cesses were, however, only slightly impaired when the OD650
of the culture transfered to SM was >1.0 (end of the exponen-
tial growth phase). This is probably due to the induction of
catalase by starvation1. Among the targets of ROS in cells are
cellular proteins. Hence proteinases belong usually to general
stress proteins2. Their role is to hydrolyze harmful protein
molecules damaged by stress. In contrast to B. subtilis, ISP1
ñ the major intracellular proteinase in bacilli ñ behaves in
sporulating B. megaterium as a heat stress protein3. The rise in
proteolytic activity during sporulation in the presence of H2O2
is paralleled by increased ISP1 concentration (Fig. 1C, D).
This indicates that ISP1 belongs to general stress proteins in
B. megaterium.

This work was supported by CR Grant Agency (204/00/0488)
and Czech Ministry of Education (ME 315).
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41 THE REGIONAL DISTRIBUTION OF CYCLIC
GMP IN THE RABBITíS SPINAL CORD UNDER
PHYSIOLOGICAL CONDITIONS

JAROSLAV PAVEL, NADEéDA LUK¡»OV¡,
and JOZEF MARäALA

Institute of Neurobiology, Slovak Academy of Sciences, äol-
tÈsovej 4, 040 01 Koöice, Slovak Republic

The physiological significance of comparing the topo-
graphical distribution of NADPHd-exhibiting and/or NOS-
-immunoreactive and NO-synthesizing neurons and cGMP-
-immunoreactive neurons was strongly enhanced by the fin-
ding that the activation of the soluble guanylate cyclase, acting
as a cytoplasmic receptor for NO, can stimulate the production
of cGMP.

In search for a causal explanation of the spinal afferent
processing, the regional distribution of cGMP in different
spinal cord gray and white matter compartments, thought to
be the final branch of NOergic-cGMP pathway, appeared to
be significant1. Therefore, the present study was carried out
using radioimmunoassay detection for cGMP in the gray and
white matter compartments of lumbosacral segments in the
spinal cord of rabbit.

The results indicated considerable regional differences in
the levels of cGMP in the lumbosacral spinal cord regions
under physiological neuronal activity. Comparing the levels

of cyclic GMP in the gray matter compartments, the highest
level was detected in the dorsal horns and the lowest in the
ventral horns (Table I). This finding supports the view expres-
sed in several studies that the presence of cGMP in the dorsal
horn neurons and, perhaps glia, is required for nociceptive
signalling at specific loci in the dorsal horn and is a basic
prerequisite for normal functioning of the nitric oxide-cGMP
pathway2,3. An intriguing findings is that a close correlation
can be seen between a high level of cGMP in the dorsal horn
and a high level of catalytic NOS activity in the laminae IñVI
of the dorsal horns assessed in the lower lumbosacral seg-
ments4. Thus, this new quantitative data support the existence
of the NOS (NO)-cGMP transduction system in the gray
matter of the dorsal horns.

Table I
Distribution of cGMP in the lumbosacral spinal cord regions.
Data are means of 4 experiments ±SEM. The results are
expressed as nmol cGMP/mg wet. wt. and statistically evalua-
ted by ANOVA test as well as by the Tukey-Kramer test;
a p<0.001 compared with dorsal horns, b p<0.01, c p<0.001
compared with dorsal columns

nmol of cGMP/mg wet. wt.

Dorsal horns 0.185±0.003
Intermediate zone 0.104±0.002a

Ventral horns 0.078±0.002a

Dorsal columns 0.053±0.002
Lateral columns 0.073±0.003c

Ventral columns 0.041±0.003b

Levels of cyclic GMP in control white matter regions were
found in descending order: lateral columns > dorsal columns >
ventral columns (Table I). The non-synaptic nature of the
white matter excludes the possibility of a direct glutamate-in-
duced neuronal membrane-bound NMDA receptor stimulati-
on. Therefore, the perinodal astrocytes in the white matter may
be a specific non-neuronal element possessing both NOS and
an isoform of guanylyl cyclase that can be activated with NO
(Ref.5). This explanation is supported by the finding that
cultured astrocytes can express a constitutive nitric oxide
synthase6.

This research  was supported by the VEGA Grant No. 2/
7222/20 from the SAS.
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42 REGIONAL DISTRIBUTION OF CATALYTIC
NITRIC OXIDE SYNTHASE ACTIVITY
IN THE RABBITíS SPINAL CORD AFTER
PERIPHERAL AXOTOMY

NADEéDA LUK¡»OV¡ and PAVOL JAL»
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tÈsovej 4, 040 01 Koöice, Slovak Republic

Nitric oxide (NO), simple but highly reactive molecule,
has been implicated as a neurotransmitter or modulator in the
central and peripheral nervous system, and, a mediator of
neurotoxicity in neurodegenerative disorders1,2. It has been
suggested by numerous studies that calcium influx via NMDA
receptors is the principal inducer of free radical production3,4,
including nitric oxide synthase (NOS) enzymatic activity.
Sciatic nerve transection may upregulate activity of NOS in
cell bodies located in spinal ganglion and to evoke major
reorganization of dorsal horn function5,6. Therefore, we inves-
tigated  the effect of transection of sciatic nerve on NOS
activity, measured by radioactive detection, in the spinal cord
devided into three gray matter regions.

Table I
Percentage distribution of catalytic nitric oxide synthase (cNOS)
activity in the L5ñL6 segments of the rabbitís spinal cord after
unilateral sciatic nerve transection

Spinal cord regions cNOS activity
[% of control]

Dorsal horns 125.454a

Intermediate zone 103.698
Ventral horns 112.554
Undevided spinal cord 115.011

Data are means of five experiments (n = 5); a p<0.05 with
respect to nonligated spinal cord regions

The peripheral axotomy was induced by the right sciatic
nerve transection in five male rabbits. Two weeks following
injury, experimental animals were anesthetized, spinal cord
was frozen, cut in cryostat at ñ12 ∞C and devided into dorsal
horns, intermediate zone, ventral horns and undevided spinal
cord, respectively. Catalytic NOS activity was determined by
the conversion of [3H]-arginine to [3H]-citrulline7 and expres-
sed as dpm.µg-1 protein.

It was shown that after unilateral transection of sciatic

nerve, there was significant increase in enzyme activity in the
dorsal  horns on the ipsilateral  side of the spinal  cord in
comparison to the contralateral side, while that found in the
intermediate zone and ventral horns remained non significant-
ly changed. There was no statistical difference in cNOS acti-
vity on control and injured side, when spinal cord was exami-
ned as a whole (Table I). The results of earlier studies have
shown that whereas synthesis of NOS in lower lumbar neurons
of dorsal root ganglion is strongly upregulated in response to
peripheral nerve injury8, peripheral axotomy induced a decre-
ase in NOS-LI in the dorsal horn, a region rich in NADPHd-
exhibiting and/or NOS-IR neurons9-11. Our results suggest that
an increase (125 %) of citrulline production in dorsal horns
may reflect a higher density of NOS-immunoreactive fibers
seen in the dorsal horns as a response to peripheral nerve
lesion12.

This work was supported by the VEGA grant No. 2/7222/20.

REFERENCES

1. Garthwaite J., Southam E., Boulton C. L., Nielson E. B.,
Schmidt K., Mayer B.: Molec. Pharmac. 48, 184 (1995).

2. Dawson V. L., Dawson T. M., London E. D., Bredt D. S.,
Snyder S. H.: Proc. Natl. Acad. Sci. U.S.A. 88, 6368 (1991).

3. Liöka B., Brechtlov· M., Baroökov· é., Podhradsk˝ J.,
Kozinkov· M., KuraËka º., in: BiologickÈ podklady psy-
chick˝ch por˙ch (Sikora J., Fiöar Z., Petrovick˝ P., Jir·k
R., ed.), p. 142. GalÈn, Praha 1997.

4. Baroökov· é., Liöka B., Brechtlov· M., in: BiologickÈ
podklady psychick˝ch por˙ch (Sikora J., Fiöar Z., Petro-
vick˝ P., Jir·k R., ed.), p. 19. GalÈn, Praha 1997.

5. Verge V. M., Xu Z., Xu X. J., Wiesenfeld H. Z., Hokfelt
T.: Proc. Natl. Acad. Sci. U.S.A. 89, 11617 (1992).

6. Fiallos-Estrada C. E., Kummer W., Mayer B., Bravo R.,
Zimmermann M., Herdegen, T.: Neurosci. Lett. 150, 169
(1993).

7. Bredt D. S., Snyder S. H.: Proc. Natl. Acad. Sci. U.S.A.
87, 682 (1990).

8. Luo Z. D., Chaplan S. R., Scott B. P., Cizkova D., Calcutt
N. A., Yaksh T. L.: J. Neurosci. 19, 9201 (1999).

9. Maröala J., Kluchov·, D., Maröala M.: Expl. Neurol. 145,
165 (1997).

10. Maröala J., Vanick˝ I., Maröala M., JalË P., Orend·Ëov·
J., Taira Y.: Neuroscience 85, 847 (1998).

11. Maröala J., Maröala M., Vanick˝ I., Taira Y.: J. Comp.
Neurol. 406, 263 (1999).

12. Zhang X., Verge V., Wiesenfeld-Hallin Z., Ju G., Bredt
D., Snyder S. H., Hokfelt T.: J. Comp. Neurol. 335, 563
(1993).

Chem. Listy 94, 659 ñ 691 (2000) Sekce 8

691



01 VLIV VYBRAN›CH METABOLICK›CH
AKTIV¡TORŸ A INHIBITORŸ NA PRODUKCI
KAROTENOIDŸ KVASINKOU RHODOTORULA
GLUTINIS

BRONISLAV SLOV¡K, IVANA M¡ROV¡
a MILAN DRD¡K

⁄stav potravin·¯skÈ chemie a biotechnologie, Fakulta che-
mick·, VUT Brno, PurkyÚova 118, 612 00 Brno

Karotenoidy jsou skupina sekund·rnÌch metabolit˘ s v˝-
znamn˝mi biologick˝mi ˙Ëinky a ¯adou pr˘myslov˝ch apli-
kacÌ. Jsou produkov·ny fotosyntetizujÌcÌmi bakteriemi, sini-
cemi, houbami a vyööÌmi rostlinami a rovnÏû ¯adou nefotosyn-
tetizujÌcÌch bakteriÌ, kvasinek a plÌsnÌ. U fotosyntetizujÌcÌch
organism˘ slouûÌ prim·rnÏ jako ochrana p¯ed fotooxidativnÌm
p˘sobenÌm singletovÈho kyslÌku a radik·l˘ vznikajÌcÌch za
svÏtla v p¯Ìtomnosti endogennÌch fotosenzitivnÌch l·tek. Rov-
nÏû p˘sobÌ i jako aktivnÌ sloûky antÈnnÌch fotosystÈm˘1. V sav-
ËÌm organismu vykazujÌ karotenoidy sÈrii pozitivnÌch fyzio-
logick˝ch aktivit zaloûen˝ch zejmÈna na jejich antioxidaËnÌm,
antimutagennÌm a fotoprotektivnÌm ˙Ëinku, aktivnÏ ovlivÚujÌ
imunitnÌ systÈm a ˙ËastnÌ se v procesu vidÏnÌ2.

Dosud bylo objeveno vÌce neû 600 deriv·t˘ karotenoid˘,
vÏtöina z nich obsahuje line·rnÌ uhlovodÌkov˝ ¯etÏzec se 40
atomy uhlÌku a 3ñ15 konjugovan˝mi dvojn˝mi vazbami. KlÌ-
Ëov˝m bodem tvorby prvnÌho acyklickÈho C40 ¯etÏzce fytoenu
je kondenzace dvou molekul C20-intermedi·tu: geranylgera-
nyl-pyrofosf·tu (GGPP). GGPP vznik· p¯edchozÌ kondenzacÌ
Ëty¯ C5-izoprenoidnÌch jednotek vznikajÌcÌch v univerz·lnÌ
biosyntetickÈ dr·ze izoprenoid˘ p¯ÌtomnÈ ve vöech organis-
mech. Konverze  dvou  molekul  GGPP  na fytoen je prvnÌ
specifickou reakcÌ biosyntÈzy karotenoid˘. N·sledn· sÈrie
desaturaËnÌch a cyklizaËnÌch reakcÌ vede ke konverzi fytoenu
na cyklickÈ karotenoidy, jako je α- a β-karoten. V prvnÌm
kroku probÌh· neenzymov· izomerizace 15,15í-cis-fytoenu,
n·sledovan· desaturacÌ za vzniku lykopenu katalyzovanou
fytoendesaturasou. Lykopen je typick˝ acyklick˝ karoten vy-
uûÌvan˝ jako v˝chozÌ metabolit pro biosyntÈzu ostatnÌch karo-
tenoid˘. PoË·teËnÌ reakce biosyntÈzy karotenoid˘ jsou spoleË-
nÈ pro vöechny karotenogennÌ organismy a vych·zejÌ z obecnÈ
dr·hy biosyntÈzy izoprenoid˘. V dalöÌch f·zÌch probÌhajÌ r˘z-
norodÈ druhovÏ specifickÈ dr·hy vzniku cyklick˝ch a acyklic-
k˝ch karoten˘ a xantofyl˘1,3.

Pr˘myslov· kvasinka Rhodotorula glutinis pouûÌvan· ze-
jmÈna k obohacenÌ krmn˝ch smÏsÌ je producentem α- a β-
-karotenu a oxidovan˝ch deriv·t˘ torulenu a torularhodinu4.
K maxim·lnÌ produkci pigment˘ doch·zÌ ve stacion·rnÌ f·zi5.
BiosyntÈza karotenoid˘ u R. glutinis dosud nebyla detailnÏ
objasnÏna, i kdyû lze p¯edpokl·dat ¯adu analogiÌ s jin˝mi
oxygennÌmi karotenogennÌmi organismy. Biochemick˝ popis
jednotliv˝ch biosyntetick˝ch krok˘ je znaËnÏ komplikov·n
hydrofobnÌ povahou membr·novÏ v·zan˝ch enzym˘ ˙ËastnÌ-
cÌch se konverze fytoenu na barevnÈ karotenoidy. CÌlem p¯ed-
loûenÈ pr·ce je p¯ispÏt k objasnÏnÌ klÌËov˝ch enzymov˝ch
reakcÌ a jejich regulace prost¯ednictvÌm studia vlivu p¯Ìdavku
vybran˝ch metabolick˝ch aktiv·tor˘ (NADP, NADPH, NADH,
ATP, methionin) a inhibitor˘ (difenylamin, kyselina nikotino-

v·) do kultivaËnÌho mÈdia na mnoûstvÌ a sloûenÌ produkova-
n˝ch karotenoid˘, jejich prekurzor˘ a souvisejÌcÌch metabolit˘
(ergosterol). LipofilnÌ pigmenty a steroidy byly extrahov·ny
z bunÏËn˝ch membr·n kvasinek, identifikov·ny a kvantifiko-
v·ny za pouûitÌ vysoko˙ËinnÈ kapalinovÈ chromatografie na
reversnÌ f·zi6.

VÏtöina specifick˝ch enzym˘ biosyntÈzy karotenoid˘ (fy-
toendesaturasa, hydroxylasy, epoxidasy) vyûaduje pro svou
aktivitu p¯Ìtomnost kyslÌku, kter˝ je nejd˘leûitÏjöÌm esenci·l-
nÌm faktorem pro produkci pigment˘ u kvasinky R. glutinis.
Z testovan˝ch aktiv·tor˘ nejv˝raznÏjöÌ aktivaËnÌ ˙Ëinek na
produkci vöech sledovan˝ch karotenoid˘ (2,8◊ vÌce β-karote-
nu neû v kontrolnÌ kultu¯e), smÏsi jejich prekurzor˘ i ergoste-
rolu (aû 2000◊ vyööÌ produkce) vykazoval NADPH (0,1ñ
0,5 mM). D˘vodem je jeho esenci·lnÌ ˙Ëast p¯i katal˝ze nÏkoli-
ka klÌËov˝ch enzymov˝ch reakcÌ: jednak je kofaktorem HMG-
-CoA-reduktasy, enzymu katalyzujÌcÌho rychlost limitujÌcÌcÌ
krok biosyntÈzy izoprenoid˘, jeho p¯Ìtomnost je d·le nezbytn·
pro Ëinnost nÏkter˝ch fytoendesaturas a hydroxylas. MÈnÏ
v˝razn˝ aktivaËnÌ ˙Ëinek vykazoval i ATP (0,1 mM), p¯ede-
vöÌm jako kofaktor enzym˘ zapojen˝ch v poË·teËnÌch f·zÌch
biosyntÈzy ñ konverze mevalon·tu na izopentenyldifosf·t.
VyööÌ koncentrace ATP v mÈdiu (0,5 mM) mÏla za n·sledek
paradoxnÏ snÌûenou produkci β-karotenu, coû m˘ûe b˝t zp˘-
sobeno buÔ soutÏûÌ o Mg2+ mezi kinasami a fytoensyntasou
(obÏ vyûadujÌ ˙Ëast Mg2+ p¯i katalytickÈ aktivitÏ), nebo kom-
petitivnÌ inhibicÌ nÏkter˝ch enzym˘. Jist˝ aktivaËnÌ ˙Ëinek
vykazoval i NADP, kter˝ se podÌlÌ na katalytickÈm p˘sobenÌ
fytoendesaturasy a lykopencyklasy.

Z testovan˝ch inhibitor˘ pouze difenylamin (30ñ150 µM)
vykazoval reversibilnÌ inhibici biosyntÈzy karotenoid˘, do-
prov·zenou snÌûenou produkcÌ biomasy, akumulacÌ fytoenu
a asi 10◊ vyööÌ produkcÌ ergosterolu ve srovn·nÌ s kontrolou.
Difenylamin tedy pravdÏpodobnÏ p˘sobÌ jako nekompetitivnÌ
inhibitor fytoendesaturasy a souËasnÏ ovlivÚuje genovou ex-
presi. Kyselina nikotinov· nevykazovala v˝razn˝ inhibiËnÌ
efekt na mnoûstvÌ produkovan˝ch karotenoid˘, jejÌ inhibiËnÌ
˙Ëinek na lykopencyklasu mÏl vöak za n·sledek akumulaci
lykopenu v membr·n·ch

Karotenoidy jsou komerËnÏ velmi zajÌmavÈprodukty a proto
rostou snahy dos·hnout u produkujÌcÌch organism˘ maxim·lnÌ
v˝tÏûky. KromÏ optimalizace kultivaËnÌch podmÌnek, sloûenÌ
mÈdia vËetnÏ p¯Ìdavku vhodn˝ch aktiv·tor˘ jsou vyvÌjeny
novÈ strategie zaloûenÈ na pouûitÌ metod genovÈho inûen˝r-
stvÌ, kterÈ mohou vÈst k nÏkolikan·sobnÈmu zv˝öenÌ mnoûstvÌ
p¯irozenÏ produkovan˝ch karotenoid˘.
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02 DETEKCE PRODUKCE ANTIFUNG¡LNÕCH
L¡TEK BAKTERIEMI RODU LACTOBACILLUS
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Bakterie mlÈËnÈho kvaöenÌ jsou intenzivnÏ pouûÌv·ny pro
v˝robu fermentovan˝ch mlÈËn˝ch v˝robk˘. BÏhem fermenta-
ce doch·zÌ v substr·tu k snÌûenÌ obsahu dostupn˝ch sacharid˘
a vznik· ¯ada nÌzkomolekul·rnÌch organick˝ch l·tek (nap¯.
kyselina mlÈËn· a octov·), kterÈ vykazujÌ antimikrobi·lnÌ
aktivitu1. AËkoliv vÏtöina kontaminujÌcÌch bakteriÌ je inhibo-
v·na z d˘vodu jejich citlivosti k nÌzkÈmu pH, mohou v tÏch-
to v˝robcÌch r˘st kvasinky a zp˘sobovat neû·doucÌ zmÏny2.
äkodlivÈ p˘sobenÌ kvasinek v mlÈk·renskÈm pr˘myslu se
projevuje p¯edevöÌm v s˝rech a fermentovan˝ch mlÈËn˝ch
v˝robcÌch, kterÈ jsou obohaceny ovocem, cukrem nebo o¯e-
chov˝mi j·dry. Tyto sloûky b˝vajÌ zdrojem kontaminace kva-
sinek a z·roveÚ poskytujÌ v˝ûivnÈ l·tky pro jejich r˘st. Kva-
sinky zp˘sobujÌ tvorbu plyn˘, neû·doucÌ chuù a v˘ni, zmÏnu
barvy nebo konzistence3. Antibakteri·lnÌ vlastnosti bakteriÌ
mlÈËnÈho kvaöenÌ spojovanÈ s produkcÌ organick˝ch kyselin,
peroxidu vodÌku a bakteriocin˘ jsou v literatu¯e dob¯e zdoku-
mentov·ny4. Naopak antifung·lnÌ potenci·l bakteriÌ mlÈËnÈho
kvaöenÌ je publikov·n mÈnÏ.

CÌlem pr·ce bylo zjistit, zda bakterie rodu Lactobacillus
vykazujÌ inhibiËnÌ ˙Ëinky na kvasinky Kluyveromyces mar-
xianus var. lactis LCC 255 a K. marxianus var. marxianus
LCC 269. V druhÈ Ë·sti pr·ce byly testov·ny podmÌnky sta-
novenÌ a produkce antifung·lnÌch l·tek. Ke studiu byla pouûita
metoda detekce antifung·lnÌ aktivity na mlÈËnÈm agarovÈm
mediu podle Suzukiho5 s aplikacÌ ûiv˝ch bunÏk bakteriÌ vy-
kultivovan˝ch v MRS bujonu.

Bylo zjiötÏno, ûe 9 z 10 kmen˘ laktobacil˘ vykazovalo an-
tifungalnÌ aktivitu na obÏ kvasinky. NejintenzivnÏji inhibova-
ly r˘st obou kvasinek Lactobacillus rhamnosus VT1 a L. aci-
dophilus D10. Jako citlivÏjöÌ se projevila kvasinka K. marxia-
nus var. marxianus LCC 269 (po 48 h kultivace na öikmÈm
agaru), kter· byla pouûita k dalöÌmu studiu. Jako modelov˝
produkËnÌ kmen byl vybr·n L. rhamnosus VT1. Testov·nÌ
probÌhalo p¯i kultivaËnÌ teplotÏ 30 ∞C, kdy doch·zelo k pro-
dukci antifung·lnÌch l·tek. P¯i teplotÏ 25 ∞C a 37 ∞C inhibice
nebyla zaznamen·na.

V dalöÌ Ë·sti pr·ce byl sledov·n vliv p¯Ìdavku dusÌkat˝ch
l·tek (kvasniËn˝ autolyz·t, trypton, pepton a masov˝ v˝taûek
o koncentraci 0,5 hm.%) na produkci antifung·lnÌch metabo-
lit˘. Bylo zjiötÏno, ûe k maxim·lnÌ stimulaci produkce l·tek
doch·zelo p¯i p¯Ìdavku peptonu a masovÈho v˝taûku. P¯i
p¯Ìdavku peptonu do mlÈka o koncentraci vyööÌ neû 1 hm.%
byla produkce ve srovn·nÌ stejn· s kontrolnÌm vzorkem, a p¯i
koncentraci 3 hm.% peptonu doch·zelo k potlaËenÌ produkce
inhibitor˘. V p¯ÌpadÏ masovÈho v˝taûku byla zaznamen·na
maxim·lnÌ produkce za pouûitÌ koncentrace 1 hm.%, a opÏt
p¯i pouûitÌ vyööÌ koncentrace byla produkce stejn· s kontrol-
nÌm vzorkem.

Z·vÏrem je moûnÈ konstatovat, ûe byly nalezeny bakte-

ri·lnÌ kmeny vykazujÌcÌ antifung·lnÌ aktivitu, jejichû produk-
ce m˘ûe b˝t zv˝öena p¯Ìdavkem dusÌkat˝ch l·tek.

Auto¯i dÏkujÌ za finanËnÌ podporu grantu GA »R 104/98/
P058.
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Undirect competitive enzyme immunoassay of DDT and
α-endosulfan, based on polyclonal antibodies has been deve-

Table I
The cross-reactivity of polyclonal rabbit antibodies

Antigen Cross-reactivity [%]

anti-DDT IgG anti-α-endosulfan IgG

4,4í-DDT 100 >1
2,4í-DDT 12 >1
4,4í-DDE 186 >1
2,4í-DDE 1 >1
Methoxychlor 36 >1
Lindan >1 >1
Eldrin >1 >1
Aldrin >1 >1
Mirex >1 >1
Chlordecon >1 >1
Alodan >1 >1
Telodrin >1 >1
Perthan >1 >1
Heptachlor >1 >1
α-Endosulfan >1 100
β-Endosulfan >1 138
Endosulfansulfat >1 300
Endosulfanalcohol >1 86
Endosulfanether >1 208

α
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loped. The detection limit 1.0 nmol.l-1 (ELISA of DDT) and
2.3 nmol.l-1 (ELISA of α-endosulfan) was found after optimi-
zation of both immunochemical methods. Non-specific in-
teractions were eliminated by saturation of solid phase with
2 % human serum albumin.The cross-reactivity of antibody
against DDT with 2,4í-DDE, 2,4í-DDT, Methoxychlor and
4,4í-DDE was 1 %, 12 %, 36 % and 186 % respectively. Very
high affinity of anti-α-endosulfan antibody to β-endosulfan,
endosulfanether, endosulfansulfat and endosulfanalcohol was
observed (Tab. I). Shared cross-reactivity of tested antibody
with endosulfanlacton was observed. With respect to limited
solubility of analytes in water the influence of different organic
solvents on the sensitivity of the assay was tested. The enzyme
immunoassay has been optimized for the chemiluminescent
detection of the antigen-antibody complex.

The project Development of Enzyme Immunoassay for the
Determination of Organochlorine Pesticides No. 525/99/0271
is supported by Grant Agency of the Czech Republic.

04 DEVELOPMENT OF ELISA AND PCR METHODS
FOR DETECTION OF SALMONELLA ENTERITIDIS

IGOR HOCHEL, GABRIELA JENÕKOV¡,
KATEÿINA DEMNEROV¡,
and JARMILA PAZLAROV¡

Department of Biochemistry and Microbiology, Institute of
Chemical Technology, Technick· 5, 166 28 Prague 6, Czech
Republic

Competitive ELISA estimation based on application of
polyclonal mice antibodies to somatic antigen O:9,12 was
developed. The optimalization of this protocol is reported. The
optimal concentration of immobilized somatic antigen O:9,12
was found to be 4.9◊104 cells.ml-1, optimal concentration of
mice IgG was 6.25 mg.ml-1 and the optimal concentration of
peroxidase labelled antibody to mice IgG was 8 mg.ml-1. The
tested antibody exhibited neither cross reactions with chosen

strains (serotypes) of salmonellas group 04 (B), 07 (C1), 08
(C2ñC3), nor with members of Enterobacteriaceae: Esche-
richia coli, Klebsiella pneumonia, Citrobacter freundii and
non-fermenting bacterium Pseudomonas fluorescens. Diffe-
rent colorimetric substrates were tested. The detection limit
obtained was 4.8◊105 cells.ml-1, 5.8◊105 cells.ml-1, 2.1◊105

cells. ml-1 for ABTS, OPD and TMB respectively.The method
has been adapted for chemiluminescent detection of the anti-
gen-antibody complex. The application of commercial chemi-
luminiscent substrates increased the sensitivity of S. enteritidis
detection up to 3 times. Competitive ELISA tested on mo-
del samples led to results comparable with standard cultiva-
tion techniques for Salmonella spp. and with commercial kit
TECRAÆ UNIQUEô SALMONELLA (Table I).

The PCR method for S. enteritidis, based on the oligonuc-
leotide primers invA and spvC has been tested. The sensitivity
of this method was 1◊107 cells.ml-1.

05 ZR›CHLENIE D‘KAZU SALMONEL
V POTRAVIN¡CH POMOCOU
POLYMER¡ZOVEJ REçAZOVEJ REAKCIE

HANA DRAHOVSK¡a, J¡N TUR“Aa,
ºUBICA PIKNOV¡b a TOM¡ä KUCHTAb

aKatedra molekul·rnej biolÛgie, PrÌrodovedeck· fakulta Uni-
verzity KomenskÈho, Bratislava, bV˝skumn˝ ˙stav potravin·r-
sky, Bratislava, Slovensk· republika

Salmonely s˙ fakultatÌvne anaerÛbne baktÈrie patriace do
Ëeæade Enterobacteriaceae. Vöetky druhy a sÈrotypy patriace
do rodu Salmonella s˙ povaûovanÈ za patogÈnne pre Ëloveka.
Zdrojom n·kazy b˝va kontaminovan· voda a potraviny. Na
zabezpeËenie zdravotnej nez·vadnosti je potrebnÈ maù spo-
æahliv˙ metÛdu na dÙkaz salmonel v potravin·ch. KlasickÈ
metÛdy detekcie zaloûenÈ na kultiv·cii baktÈriÌ maj˙ veæmi
dobr˝ detekËn˝ limit a selektivitu, ale definitÌvne v˝sledky s˙
zn·me aû za 5ñ6 dnÌ. Spomedzi v s˙Ëasnosti dostupn˝ch

Table I
The determination of Salmonella enteritidis in food samples

Sample Quantitative analysis

(n = 6) ELISA TECRA IMS-PCR

ELISA cultivation
[cells.ml-1± s.o.] [cells.ml-1]

Egg melange 6.6◊107±1.5◊107 5◊107 + ++ +
Egg melange 0 0 ñ ñ ñ
Mackerel 6.5◊107±1.9◊107 5◊107 + ++ +
Mackerel 0 0 ñ ñ ñ
Pork mince meat 3.3◊106±5.2◊105 5◊107 + + +
Pork mince meat 0 0 ñ ñ ñ
Potato salad 0 0 ñ ñ ñ
Potato salad 0 0 ñ ñ ñ
Pepton water 1.3◊107±5.7◊106 5◊107 ++ +++ +
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alternatÌvnych r˝chlych metÛd patria k najperspektÌvnejöÌm
metÛdy zaloûenÈ na polymer·zovej reùazovej reakcii (PCR).
Podmienkou ich pouûiteænosti je vöak splnenie poûiadavky
100%-nej z·chytnosti (0%-nej faloönej negativity), 100%-nej
selektivity (0%-nej faloönej pozitivity) a detekËnÈho limitu
100 KTJ/25 g potraviny.

V naöej pr·ci sme navrhli primery na PCR detekciu salmo-
nel orientovanÈ na gÈn fimC, kÛduj˙ci chaperone, ktor˝ sa
z˙ËastÚuje syntÈzy bakteri·lneho fimbria typu 1. Na z·klade
sekvenciÌ prÌstupn˝ch v DNA datab·zach sme navrhli 4 pri-
mery (2 konzervatÌvnejöie, ktorÈ amplifikovali DNA z rodov
Salmonella a Citrobacter a 2 öpecifickÈ pre Salmonella spp.).

äpecifickÈ primery na detekciu salmonel, oznaËenÈ 212/
500, sme testovali na öirokom spektre kmeÚov. Bolo pouûit˝ch
40 sÈrotypov rodu Salmonella (celkovo 90 kmeÚov) a 25
druhov in˝ch baktÈriÌ (35 kmeÚov). V˝sledkom bola öpecific-
k· amplifik·cia produktu u vöetk˝ch salmonelov˝ch vzoriek,
ûiadny produkt nevznikal v PCR s in˝mi bakteri·lnymi DNA,
vr·tane rodov Citrobacter a Enterobacter. PozitÌvnu reakciu
d·vali aj 2 kmene S. gallinarium-pullorum, aj keÔ tento sÈro-
typ neexprimuje fimbrium typu 1.

DetekËn˝ limit PCR, ktor˝ sme stanovili anal˝zou desiatko-
v˝ch riedenÌ kult˙ry Salmonella typhimurium, bol 104 KTJ/ml.
Na vyl˙Ëenie faloöne negatÌvnych v˝sledkov v prÌpade inhi-
bÌcie PCR sme pouûili vn˙tor˝ ötandard, ktor˝ pri amplifik·cii
s primermi 212/500 poskytoval v‰ËöÌ DNA produkt1. DetekË-
n˝ limit a relatÌvnu spr·vnosù celej metÛdy sme stanovili
anal˝zou potravÌn umelo kontaminovan˝ch desiatkov˝mi rie-
deniami kult˙ry S. enteritidis. Na rozmnoûenie salmonel pred
PCR sme pouûili trojstupÚov˙ kultiv·ciu v selektÌvnych a ne-
selektÌvnych mÈdi·ch2. Tento detekËn˝ systÈm umoûÚuje dÙ-
kaz salmonel v potravin·ch za 52 hodÌn. Na z·klade zÌskan˝ch
v˝sledkov bola navrhnut· detekËn· s˙prava pre potravin·rske
mikrobiologickÈ laboratÛri·.
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06 CHARACTERISATION OF ANTIBODIES
TO PEPTIDES REPRESENTING VIRULENCE
PROTEINS OF LISTERIA MONOCYTOGENES

LUDMILA KARASOV¡a, JAKUB DOLEéALa,
GARY BRETTb, PAVEL RAUCHa, and GARY WYATTb

aDepartment of Biochemistry and Microbiology, Institute of
Chemical Technology, Technick· 5, 166 28 Prague 6, Czech
Republic, bInstitute of Food Research, Norwich NR4 7UA,
U.K.

The overall objective is to develop rapid, specific test
methods for the immunochemical detection of Listeria in
foods, with the aim of introducing appropriate quality control
into food production processes.

Listeria monocytogenes has a multi-level mechanism of
pathogenesis involving a number of proteins. The target pro-
teins in this study are the internalins and the actin-assem-
bly protein. We considered several criteria when selecting
peptides to represent the virulence of these proteins: i) uni-
queness of primary sequence of the peptide ñ must be present
only in L. monocytogenes, and not in other bacteria, in par-
ticular other Listeria species; ii) surface exposure of the pep-
tide ñ if the sequence is not on the protein surface, then it is
unlikely that antibodies will bind to the whole protein; iii) se-
condary structure of the peptide ñ peptides containing, for
example, turns or coils, are more likely to stimulate an immune
response than straight chain structures (provided, of course,
that the synthetic peptide in isolation adopts the same confor-
mation as in the parent protein); iv) antigenicity of the peptide
ñ this is linked to iii), but must include consideration of other
factors like the hydrophilicity of the constituent amino acids.

As the chosen peptides are not immunogenic themselves,
multiple antigenic peptides (MAPs) based on a lysine core
were prepared. Eight-branch MAPs with the chosen oligopep-
tides have molecular weights in excess of 10,000 Daltons and
are thus immunogenic without further coupling. For single
peptides, as well as for MAPs, solid phase peptide synthesis
was used. After synthesis, the MAPs (No. 1ñ10) were lyophi-

Table I
Characterisation of antiMAPs antibodies (Experimental conditions: indirect enzyme immunoassay, microplate coated by MAP;
in incubation mixture: as competitor the same MAP and corresponding antiMAP antibody.)

Antigen-antibody Concentration Dilution Upper Low I50 Note
competition of coating MAP of antiMAP asymptote asymptote [ng.ml-1]

[µg.ml-1] antibody

MAP1-antiMAP1 10 1:1,000 0.50 ñ high poor competition
MAP2-antiMAP2 0.5 1:1,000 1.35 0.20 265 good competition
MAP3-antiMAP3 ñ 1:1,000 ñ ñ ñ no interaction
MAP4-antiMAP4 0.1 1:2,000 1.70 0.05 105 good competition
MAP5-antiMAP5 5 1:1,000 0.65 ñ high poor competition
MAP6-antiMAP6 0.33 1:1,500 1.50 0.15 160 good competition
MAP7-antiMAP7 0.8 1:2,000 1.80 ñ ñ no interaction
MAP8-antiMAP8 ñ 1:1,000 ñ ñ ñ no interaction
MAP9-antiMAP9 0.8 1:1,500 1.70 ñ ñ poor competition
MAP10-antiMAP10 ñ 1:1,000 ñ ñ ñ no interaction
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lised (yields were in the region of 5ñ15 mg) and used for rabbit
polyclonal antibody production.

Novel antibodies to peptide sequences representing L. mo-
nocytogenes pathogenicity proteins were raised. Antisera ob-
tained were purified by affinity chromatography. Resulting
immunoglobulin (IgG) fractions were lyophilised with lactose
in ratio 1:1 (w:w) and used in all experiments.

IgG fractions against MAP 1, 2, 4, 5, 6, and 9 specifically
bound these peptides in indirect competitive enzyme immu-
noassay (ELISA). Antibodies against MAP 2, 4 and 6 have
showed the best affinities to their corresponding antigens
(Table I).

Cross reactivities of all animals antibodies with MAPs
were tested. The lowest cross reactivity was found for anti-
MAP 4, only 7 % with MAP 7. antiMAP 2 cross reactes with
MAP 4 (19 %) and antiMAP 6 with MAP 2 (87 %) and MAP
7 (18 %). The highest cross reactivity possesses antiMAP 1,
which interacts very well with MAP 9 (154 %) and MAP 2
(114 %).

The interactions of prepared antibodies with different lis-
teria species were followed in indirect competitive enzyme
immunoassay (ELISA) format. Surprisingly, only antiMAP 1
and MAP  9 recognize L. monocytogenes, while all  other
antibodies do not bind microbial cells.

This work is supported by the European Community grant:
ERBIC No. 15CT98-0902.

07 13C AND 1H NMR STUDY OF CELLULOSE
DEGRADATION BY FIBROBACTER
SUCCINOGENES S85

M¡RIA MATULOV¡a,c, GENEVI…VE GAUDETb,
EVELYN FORANOb, and ANNE-MARIE DELORTa

aSEESIB, UMR 6504 UniversitÈ Blaise Pascal ñ CNRS, 63177
Aubière, France, bLaboratoire Microbiologie, INRA, Theix,
63122 Saint-Genès-Champanelle, France, cInstitute of Che-
mistry, Slovak Academy of Science, 842 08 Bratislava, Slovak
Republik

Microbial cellulases and hemicellulases are widely used
in different industries, but also in the treatment of fibrous feeds
in the non-ruminant livestock industry1. Fibrobacter succino-
genes S85, a strictly anaerobic cellulolytic rumen bacterium,
is very efficient in degrading lignocellulosic substrates and
could be used to develop a biotechnological process for the
treatment of wastes. The enzymatic equipment of F. succino-
genes includes a very efficient cellulolytic system, ferulic acid
and acetylxylane esterases, arabinofuranosidases, xylanases
and glucuronidases2-5. An estimation of metabolic fluxes in
F. succinogenes is necessary to direct bacterium metabolism
towards the production of biomass and enzymes of interest to
create a bioreactor of a high performance. In this context it is
of special interest to study F. succinogenes metabolism in
detail.

The degradation of unlabelled cellulose synthesised by
Acetobacter xylinum was studied indirectly, in the presence of

[1-13C] glucose, by estimation of isotopic dilution of final
bacterial metabolites (glycogen, succinate, acetate). Two ex-
perimental approaches were used to quantify this isotopic
dilution: In vivo 13C NMR experiments connected to enzyma-
tic assays of total metabolites and 13C-filtered spin echo diffe-
rence 1H NMR  experiments  performed  on the incubation
medium6,7. Thus the contribution of endogenous glycogen, the
reversal of the succinate pathway and the utilisation of exoge-
nous substrates (glucose, cellulose) to the synthesis of final
metabolites could be evaluated8.

During the pre-incubation period of F. succinogenes cells
with cellulose fibres, some cells (ìnon-adherentî) did not
attach to the solid material. Results for ìadherentî cells sho-
wed that about one fourth of the glucose units entering F. suc-
cinogenes metabolism originated from cellulose degradation.
A huge reversal of succinate metabolism pathway and produc-
tion of large amounts of unlabelled acetate, which was obser-
ved during incubation with glucose only, was found to be
much decreased in the presence of solid substrate. The synthe-
sis of glucose-6-phosphate was slightly increased in the pre-
sence of cellulose. Results clearly showed that ìnon-adherentî
cells were able to metabolise glucose very efficiently. Conse-
quently their metabolic state was not responsible for their ìnon
adherenceî to cellulose fibre.
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08 STANOVENÕ MO»OVINY V ML…CE POMOCÕ
IMOBILIZOVAN… UREASY
KONDUKTOMETRICKY

MILAN JÕLEKa, LUDMILA ZAJONCOV¡b

a PAVEL PE»b

aSluûba laborato¯Ìm, V kopci 132, 789 69 Post¯elmov, bKated-
ra  biochemie, P¯ÌrodovÏdeck· fakulta UP, älechtitel˘ 11,
783 71 Olomouc

Koncentrace moËoviny v mlÈce je v˝znamn˝m ukaza-
telem v˝ûivovÈho stavu krav z hlediska dusÌkato-energetic-
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kÈ vyv·ûenosti krmenÌ. P¯i nedostateËnÈm p¯Ìjmu sacharid˘
nejsou dusÌkatÈ l·tky v p¯edûaludku krav dostateËnÏ vyuûÌ-
v·ny, j·tra syntetizujÌ z resorbovanÈho amoniaku vÌce mo-
Ëoviny. Ta se vyluËuje mlÈkem a moËÌ. RovnÏû p¯i zkrmov·nÌ
velkÈho mnoûstvÌ dusÌkat˝ch l·tek se koncentrace moËoviny
zvyöuje. Z ˙daj˘ o koncentraci moËoviny a obsahu bÌlkovin
v mlÈce lze vyvodit z·vÏry t˝kajÌcÌ stanovenÌ optim·lnÌ krmnÈ
d·vky.

Metody pro stanovenÌ moËoviny1,2 lze rozdÏlit do dvou
skupin, a to na metody enzymatickÈ vyuûÌvajÌcÌ ureasu a ostat-
nÌ analytickÈ metody. V laboratornÌ praxi se jeötÏ st·le uûÌvajÌ
m·lo specifickÈ fotometrickÈ metody zaloûenÈ na reakci mo-
Ëoviny s diacetylmonoxinem v p¯Ìtomnosti thiosemikarbazidu
a ûelezit˝ch iont˘ nebo na reakci moËoviny s Ehrlichov˝m
Ëinidlem. V ¯adÏ laborato¯Ì pracujÌ automatickÈ analyz·tory
na principu konvenËnÌ infraËervenÈ spektroskopie, kterÈ re-
gistrujÌ z·¯enÌ specifick˝ch vlnov˝ch dÈlek, mÏ¯ÌcÌch absorpci
moËovinov˝ch molekul. V tÈto souvislosti Herre3 uv·dÌ, ûe
pouze kaûd˝ druh˝ v˝sledek je Ñspr·vn˝ì. LepöÌ shody bylo
dosaûeno promÏ¯enÌm celÈho infraËervenÈho spektra s n·sled-
n˝m vyuûitÌm Fourierov˝ch transformacÌ4.

EnzymatickÈ metody stanovenÌ moËoviny jsou zaloûeny
na ureolytickÈ reakci, kterou katalyzuje ureasa:

CO(NH2)2 + H2O → CO2 + 2 NH3

a vy˙sùujÌ do nejr˘znÏjöÌch koncovek ñ nap¯. fotometrie, fluo-
rometrie, diferenËnÌ pH-metrie nebo diferenËnÌ konduktome-
trie.

Prezentovan· plnÏ automatick· metoda zvan· UREA-
KVANT vyuûÌv· novou konstrukci reaktoru s fixovanou ure-
asou pro pr˘toËnou anal˝zu moËoviny v mlÈce uzp˘sobenou
pro diferenËnÌ konduktometrii na v˝sledkovÈm v˝stupu. Urea-
sa (EC 3.5.1.5) byla imobilizov·na na vnit¯nÌ povrch polyami-
dovÈ hadice podle Surdarama5.

Anal˝za probÌh· tak, ûe vzorek po na¯edÏnÌ a vytempero-
v·nÌ je nas·t do enzymovÈho reaktoru. Po ust·lenÌ chemick˝ch
a elektrick˝ch dÏj˘ je nas·v·nÌ vzorku zastaveno. V tÈto f·zi
se v enzymovÈm reaktoru zaËÌnajÌ hromadit produkty enzy-
movÈ hydrol˝zy moËoviny, kterou katalyzuje ureasa, p¯Ìtom-
n· na vnit¯nÌ vrstvÏ reaktoru. Rychlost vzr˘stu vodivosti je
v p¯ÌmÈm vztahu ke koncentraci moËoviny ve vzorku. Jako
uûiteËn˝ sign·l byly vyhodnocov·ny plochy pod p¯Ìmkou
n·r˘stu vodivosti v Ëase 45ñ60 s od nas·v·nÌ vzorku. Ke
kalibraci jsou pouûity umÏlÈ moËovinovÈ standardy (v poË-
tu 5). TÌmto postupem lze analyzovat 80 aû 350 vzork˘ (dle
konstrukce) za hodinu. Metoda splÚuje z·kladnÌ poûadavek
kladen˝ na referenËnÌ metody, a to specifiËnost. Opakovatel-
nost anal˝z na sÈrii 20 stejn˝ch vzork˘ je garantov·na va-
riaËnÌm koeficientem menöÌm jak 1,5 % a variaËnÌm rozpÏtÌm
pod 2,5 mg/100 ml p¯i hodnot·ch 15ñ60 mg/100 ml.

Nov˝ postup UREAKVANT vyk·zal v˝bornou vÏrohod-
nost v˝sledk˘ a vzhledem k pouûitÈmu principu lze tuto me-
todu povaûovat potenci·lnÏ za referenËnÌ.
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09 EFFECT OF VERY HIGH BROMIDE INTAKE
ON IODINE METABOLISM IN THE RAT
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In the scope of our previous experiments in which we
studied mutual bromine and iodine interaction in tissues of
rats, no influence of a moderately increased bromide concen-
tration in the diet on the biological half-life of iodine was
observed1. However, in our further experiments2, an extremely
high bromide intake accelerated the elimination of iodine from
the thyroid. In the present study we intended, therefore, to
follow the influence of an enhanced bromide intake on the
uptake of 131I by the thyroid and various organs and tissues of
rats, on the magnitude of the whole-body biological half-life
of iodine and on the body weight and prosperity of rats with
the help of radionuclide tracer techniques. Because the bio-
logical behaviour of bromide, above all its toxicity, depends
on the state of iodine supply in the organism3,4, we decided to
perform this study both under the conditions of sufficient
iodine supply, and iodine deficiency.

The animals were fed a standard laboratory diet or a special
low-iodine diet (Altromin C 1042) in combination with 0, 50,
500, and 5 000 mg Brñ per litre of drinking water. The effects
of the highest dose of bromide manifested themselves above
all in the thyroid, stomach, and skin while the effects of lower
doses were only marginal. Besides the well-known signs of
hypothyroidism, caused by high amounts of bromide, we have
also confirmed the observation that bromide toxicity is de-
pendent upon the state of iodine supply (i.e., it is much more
pronounced with iodine deficiency).

The most pronounced effects of a high bromide level in
the organism of the experimental animals on the iodine meta-
bolism were observed in their thyroids. Very high bromide
intake: i) decreased the amount of radioiodide accumulated in
the thyroid; ii) changed the proportion between the amount of
iodine retained in the thyroid and the total amount of absorbed
iodine; iii) significantly shortened the biological half-life of
iodine in the thyroid ñ from approximately 101 h and 92 h
in control animals on the iodine sufficient and iodine defi-
cient diet, respectively, to about 33 h and 30 h, respectively;
iv) changed the time-course (added a further phase) of iodine
elimination from the body.

The observed reduction of the food intake and consequent-
ly of the body weight and development in rats fed a diet with
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the addition of the highest bromide concentration could be
explained by the assumption that higher concentrations of
bromide in stomach, and hydrobromic acid there possibly
produced, could interfere with digestive processes or do harm
to stomach. Bromide also inhibited transport of iodide to skin,
which represented an important iodide depot due to its large
mass (about 20 % of rat body weight).

We conclude that a high level of bromide in the organism
can obviously influence the iodine metabolism in two parallel
ways: by a competitive inhibition of iodide accumulation in
the thyroid, and by accelerating the iodine excretion by kidne-
ys.

This work was supported by the grants from the Grant Agen-
cy of the Academy of Sciences of the Czech Republic (No.

A7011813) and the Grant Agency of the Ministry of Health of
the Czech Republic (No. NJ6109-3).
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01 STEREOCHEMICK… ASPEKTY METABOLISMU
L…»IV
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LENKA SK¡LOV¡, RADIM KR¡L
a LUCIE BIMKOV¡

Katedra biochemick˝ch vÏd, Univerzita Karlova, Farmaceu-
tick· fakulta, HeyrovskÈho 1203, 500 05 Hradec Kr·lovÈ

V poslednÌch letech je kladen st·le vÏtöÌ d˘raz na Ëistotu
farmaceutick˝ch prepar·t˘. CÌlem je vytv·¯et farmaceutickÈ
prepar·ty nejen ˙ËinnÏjöÌ, ale z·roveÚ i bezpeËnÏjöÌ. Proto se
setk·v·me s p¯ÌsnÏjöÌmi kritÈrii p¯i registraci farmaceutick˝ch
p¯Ìpravk˘. K novÈmu posouzenÌ Ëistoty prepar·t˘ velkou mÏ-
rou p¯ispÏl nov˝ pohled na stereoizomernÌ sloûenÌ farmak,
takûe na racemick˝ p¯Ìpravek nynÌ pohlÌûÌme jako na prepar·t
obsahujÌcÌ dvÏ nebo vÌce substancÌ (v z·vislosti na poËtu
stereogennÌch center).

SkuteËnost, ûe jednotlivÈ enantiomery lÈËiva nebo jinÈho
xenobiotika majÌ odliönÈ osudy v organismu, pop¯ÌpadÏ roz-
dÌlnÈ ˙Ëinky, nenÌ p¯ekvapiv·, protoûe ûiv˝ organismus obsa-
huje mnoûstvÌ chir·lnÌch biopolymer˘ jako  jsou proteiny,
bunÏËnÈ povrchy, receptory, enzymy aj., kterÈ s p¯Ìsluön˝mi
enantiomery vytv·¯Ì rozdÌlnÈ interakce. Lze ¯Ìci, ûe jak˝koliv
aktivnÌ farmakologick˝ proces m· pravdÏpodobnÏ enantiose-
lektivnÌ nebo enantiospecifickÈ rysy. OdliönÈmu farmakody-
namickÈmu ˙Ëinku enantiomer˘ chir·lnÌho lÈËiva jiû byla
vÏnov·na znaËn· pozornost a v literatu¯e existuje vÌce p¯ehled-
n˝ch Ël·nk˘, ve kter˝ch se auto¯i snaûÌ zmapovat ˙Ëinky
eutomeru a jeho stereoizomeru ñ distomeru1,2. NovÏjöÌ poznat-
ky svÏdËÌ o rozdÌlech nejen ve farmakodynamickÈm ˙Ëinku
stereoizomer˘, ale takÈ o v˝znamn˝ch diferencÌch ve farmako-
kinetickÈm profilu jednotliv˝ch forem3. Tyto rozdÌly mohou
b˝t jak kvantitativnÌho, tak kvalitativnÌho charakteru a nÏkdy
b˝vajÌ nepr·vem opomÌjenÈ. Mohou b˝t zp˘sobeny odliön˝m
chov·nÌm eutomeru a distomeru ve vöech f·zÌch farmako-
kinetickÈho procesu (absorpce, distribuce, exkrece). Z¯ejmÏ
nejvÌce popsanou Ë·stÌ farmakokinetickÈ f·ze je metabolick·
p¯emÏna chir·lnÌch l·tek. Ze stereochemickÈho pohledu lze na
metabolickÈ p¯emÏny  xenobiotik  pohlÌûet  z hlediska typu
p¯emÏn n·sledovnÏ:
1. P¯emÏny l·tek prochir·lnÌch na chir·lnÌ, u kter˝ch je pro-

chir·lnÌ centrum symetrickÈ molekuly p¯ednostnÏ metabo-
lizov·no za vytvo¯enÌ jednoho ze dvou moûn˝ch enantio-
mer˘.

2. Transformace l·tek chir·lnÌch na chir·lnÌ, ve kter˝ch jsou
dva enantiomery xenobiotika rozdÌlnÏ metabolizov·ny na
jinÈm mÌstÏ molekuly, neû se nach·zÌ jejich centrum chi-
rality.

3. P¯emÏny l·tek chir·lnÌch na diastereoizomernÌ, u kter˝ch
je do molekuly xenobiotika vneseno druhÈ chir·lnÌ cen-
trum, buÔ p¯emÏnou prochir·lnÌho centra v prvnÌ f·zi
biotransformace, nebo konjugacÌ s chir·lnÌm konjugaËnÌm
substr·tem.

4. Transformace l·tek chir·lnÌch na nechir·lnÌ, kde substr·t
podlÈh· p¯emÏnÏ v mÌstÏ chir·lnÌho centra a tato modifi-
kace vede ke ztr·tÏ asymetrie.

5. Chir·lnÌ inverze l·tek, u kter˝ch jeden enantiomer xeno-
biotika podlÈh· biochemickÈ konverzi na sv˘j antipod,
aniû by doölo k jakÈkoliv dalöÌ zmÏnÏ p˘vodnÌ molekuly.

Z historickÈho hlediska mohou b˝t reakce biotransforma-
ce l·tek rozdÏleny do dvou skupin. Do prvnÌ skupiny n·leûÌ
reakce 1. f·ze metabolismu a druhou skupinu tvo¯Ì reakce 2.
f·ze metabolismu. Je t¯eba si uvÏdomit, ûe k selektivnÌmu
v˝bÏru urËitÈho substr·tu, nebo k stereospecifickÈ tvorbÏ kon-
krÈtnÌho stereoizomeru doch·zÌ v obou f·zÌch metabolismu.

JednÌm z nejv˝znamnÏjöÌch aspekt˘ metabolismu xeno-
biotik je rozdÌln˝ metabolismus substr·t˘ u r˘zn˝ch species.
MezidruhovÈ rozdÌly v metabolismu chir·lnÌch xenobiotik
mohou b˝t obdobnÏ jako v metabolismu nechir·lnÌch substr·-
t˘ kvantitativnÌ nebo kvalitativnÌ. V p¯Ìpadech kvantitativnÌho
rozdÌlu je k p¯emÏnÏ l·tek vyuûÌv·na stejn· metabolick· cesta,
pouze se liöÌ rozsah p¯ÌsluönÈ p¯emÏny. KvalitativnÌ rozdÌly
pak p¯edstavujÌ odliönÈ metabolickÈ dr·hy, kter˝mi jsou p˘-
vodnÌ l·tky p¯emÏÚov·ny. ObdobnÏ jako rozdÌly mezidruho-
vÈ, mohou takÈ dalöÌ faktory v˝znamnÏ ovlivnit metabolickou
dr·hu xenobiotika. Mezi nÏ je p¯edevöÌm ¯azen vliv pohlavÌ,
vÏku a rasy.

Tato pr·ce byla podpo¯ena grantem GA »R 303/99/1167
a v˝zkumn˝m projektem MäMT »R Ë. J13/98:111600002.
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02 CYTOCHROMY P-450: PODOBNOSTI A ROZDÕLY

PAVEL ANZENBACHERa,
EVA ANZENBACHEROV¡a, JIÿÕ HUDE»EKb,
REINHARD LANGEc a PETER HILDEBRANDTd

a⁄stav experiment·lnÌ biofarmacie, spol. prac. AV »R a PRO.
MED.CS Praha,  a.s., HeyrovskÈho 1207, 500  02 Hradec
Kr·lovÈ 2, bKatedra biochemie, P¯ÌrodovÏdeck· fakulta UK,
Albertov 2030, 128 40 Praha 2, cINSERM UnitÈ 128, 1919
Route de Mende, Montpellier, France, dMax-Planck-Institut
f¸r Strahlenchemie, Stiftstrasse 4, M¸lheim, Germany

Cytochromy P-450 tvo¯Ì rozs·hlou skupinu enzym˘, za¯a-
zen˝ch pod monooxygenasy (i kdyû spektrum jejich aktivit
sah· od peroxidasovÈ aktivity po reduktasovou). SystematickÈ
t¯ÌdÏnÌ vÌce neû 600 zn·m˝ch cytochrom˘ P-450 se opÌr·
o podobnost prim·rnÌ struktury; podle jejÌ podobnosti je tato
Ñsuperrodinaì enzym˘ rozdÏlena d·le do rodin, podrodin aû
na ˙roveÚ jednotliv˝ch forem (d¯Ìve naz˝van˝ch izoformy).
P˘vodnÌ oznaËenÌ pro r˘znÈ cytochromy P-450 jako izoformy
nebo dokonce izoenzymy se opouötÌ, ponÏvadû diverzita dÏj˘
a substr·t˘ cytochrom˘ P-450 toto oznaËenÌ nep¯ipouötÌ.

UrËit˝ d˘vod vöak pro toto oznaËenÌ byl: Vöechny cyto-
chromy P-450 jsou si podobnÈ mechanismem svÈ hlavnÌ ka-
talytickÈ funkce, tj. tÌm, ûe v·ûÌ (na centr·lnÌ atom ûeleza
v hemu b molekulu kyslÌku, kterou aktivujÌ (po p¯ijetÌ dvou
elektron˘) do tÈ mÌry, ûe d·v·jÌ vznik molekule vody a mole-
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kule oxygenovanÈho substr·tu. Monoooxygenace nepol·rnÌch
substr·t˘ za vzniku hydroxyderiv·t˘ je nejËastÏjöÌ reakcÌ, zpro-
st¯edkovanou tÏmito enzymy.

Cytochromy P-450 jsou si podobnÈ d·le celkovou struk-
turou svÈ makromolekuly. U enzym˘, kterÈ jsou membr·no-
v˝mi proteiny (coû je vÏtöina jaternÌch mikrosom·lnÌch cyto-
chrom˘ P-450, d˘leûit˝ch pro metabolismus cizorod˝ch l·tek)
je Ë·st molekuly na N-konci zano¯ena do membr·ny. OstatnÌ
Ë·st  makromolekuly  z¯ejmÏ dodrûuje celkovou podobnost
s cytochromy P-450 bakteri·lnÌho p˘vodu, kterÈ jsou krysta-
lovatelnÈ a jejichû prostorov· struktura je v ¯adÏ p¯Ìpad˘
zn·ma: Celkov˝ tvar makromolekuly je podobn˝ tvaru srdce,
hemov· skupina se nach·zÌ ve st¯edu molekuly a substr·ty se
v·ûÌ do vÌce Ëi mÈnÏ otev¯enÈho (p¯ÌstupnÈho) aktivnÌho mÌsta.

Na tÈto ˙rovni vöak konËÌ ˙vahy o podobnosti cytochrom˘
P-450: OspravedlnÏnÌm existence obrovskÈho mnoûstvÌ tÏch-
to enzym˘ je r˘znost jejich substr·t˘, kter· se odr·ûÌ i v r˘z-
nosti struktur aktivnÌch mÌst.

RozdÌly mezi cytochromy P-450 lze velmi zhruba rozdÏlit
na z·sadnÏjöÌ a na dÌlËÌ, souvisejÌcÌ p¯edevöÌm s vlastnostmi
aktivnÌch mÌst. Z·sadnÏjöÌmi rozdÌly je moûnÈ rozumÏt odliö-
nosti v reakËnÌm mechanismu a v regulaci enzymovÈ aktivity.
K prvnÌmu tÈmatu je t¯eba uvÈst, ûe se t˝k· zejmÈna cyto-
chromu P-450 2E1, u kterÈho se projevuje schopnost tvorby
reaktivnÌch slouËenin radik·lovÈho charakteru a jehoû funkce
m˘ûe souviset s p¯emÏnami ketol·tek p¯i hladovÏnÌ a diabetu.
RovnÏû regulace enzymovÈ aktivity prost¯ednictvÌm alloste-
rick˝ch mechanism˘ ze zd· b˝t charakteristick˝m rysem nÏ-
kter˝ch cytochrom˘ P-450, p¯edevöÌm CYP3A4.

Definujeme-li aktivnÌ mÌsto jako hem a jeho okolÌ vËetnÏ
vazebnÈho mÌsta pro substr·ty, lze ¯Ìci, ûe se aktivnÌ mÌsta
cytochrom˘ P-450 liöÌ velmi podstatnÏ. P¯Ìkladem enzymu
s aktivnÌm mÌstem dob¯e definovan˝m, kde se nach·zÌ struk-
turnÌ ˙tvar oznaËovan˝ jako Ñsubstrate access channelì je
P-450 BM-3 jehoû substr·ty jsou mastnÈ kyseliny. Naproti
tomu jaternÌ mikrosom·lnÌ cytochromy majÌ aktivnÌ mÌsta
pomÏrnÏ otev¯en·, coû jim umoûÚuje p¯emÏÚovat ¯adu sub-
str·t˘, jako jsou lÈËiva nebo l·tky zneËisùujÌcÌ ûivotnÌ prost¯e-
dÌ. Cytochrom P-450 3A4 je tÌm, kter˝ p¯emÏÚuje vÌce neû
polovinu lÈËiv, u kter˝ch byl metabolismus jiû pozn·n. OËe-
k·v· se, ûe jeho aktivnÌ mÌsto bude pomÏrnÏ otev¯enÈ. Podle
naöich studiÌ vede vazba substr·tu k vÏtöÌmu rozvolnÏnÌ jeho
struktury (k vÏtöÌ kompresibilitÏ aktivnÌho mÌsta). UrËit· otev-
¯enost a flexibilita aktivnÌho mÌsta tohoto cytochromu P-450
je doprov·zena snadnou denaturacÌ (pomocÌ hydrostatickÈho
tlaku) na inaktivnÌ formu (u cytochrom˘ P-450 oznaËovanou
jako P-420). DalöÌ z n·mi studovan˝ch jaternÌch mikrosom·l-
nÌch cytochrom˘ P-450, CYP1A2, je naproti tomu jak pomÏr-
nÏ rigidnÌ, tak je i odoln˝ v˘Ëi denaturaci. Vztah mezi flexibi-
litou, kompresibilitou aktivnÌho mÌsta a denaturacÌ nenÌ ale
v˘bec obecn˝: Pr·vÏ v˝öe zmÌnÏn˝ cytochrom P-450 BM-3
m· sice nejvÌce flexibilnÌ aktivnÌ mÌsto, ale je souËasnÏ velmi
odoln˝ v˘Ëi denaturaci.

DalöÌ, jemnÏjöÌ rozdÌly ve struktu¯e aktivnÌho mÌsta byly
zjiötÏny na ˙rovni interakcÌ mezi hemovou prosthetickou sku-
pinou, resp. jejÌmi postrannÌmi ¯etÏzci, a apoproteinem. Indivi-
du·lnÌ cytochromy P-450 se liöÌ v orientaci a konformaci tÏch-
to ¯etÏzc˘. Tyto zd·nlivÏ malÈ rozdÌly mohou ovlivnit konfor-
maci aktivnÌho mÌsta r˘zn˝ch cytochrom˘ P-450 a mohou tak
spolurozhodovat o vlastnostech aktivnÌho mÌsta a o funkci
tÏchto enzym˘.

Auto¯i dÏkujÌ GrantovÈ agentu¯e »R za podporu grantovÈho
projektu Ë. 203/1999/277.

03 STUDIUM METABOLISMU NITROANISOLŸ
JAKO POTENCI¡LNÕCH FOTOAFINITNÕCH
SOND PRO ZNA»ENÕ AKTIVNÕHO CENTRA
CYTOCHROMU P450
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biochemie, Hlavova 2030, 128 40 Praha 2, bSt·tnÌ zdravotnÌ
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P¯edkl·dan· pr·ce je zamÏ¯ena na studium metabolismu 2-
-nitroanisolu (2NA) a jeho fluorovan˝ch deriv·t˘, 2-fluoro-4-
-nitroanisolu (2FNA) a 4-fluoro-2-nitroanisolu (4FNA) mikro-
som·lnÌmi cytochromy P450 (CYP). Studium metabolismu
uveden˝ch slouËenin cytochromy P450 m· z·sadnÌ v˝znam
jak pro pozn·nÌ mechanismu kancerogennÌho ˙Ëinku 2NA
(cit.1), tak vzhledem k poteci·lnÌmu vyuûitÌ studovan˝ch slouËe-
nin jako sond pro fotoafinitnÌ znaËenÌ2 aktivnÌho centra CYP.

Studie byly prov·dÏny na dvou modelov˝ch organismech
ñ kr·lÌka a potkana. Pro metabolickÈ experimenty byly pouûity
mikrosomy izolovanÈ z jater zvÌ¯at premedikovan˝ch β-naf-
toflavonem, β-NF, (induktor CYP1A), acetonem a ethanolem
(induktory CYP2E1), fenobarbitalem, PB, (induktor CYP2B),
rifampicinem, RIF, (induktor CYP3A) a mikrosomy neindu-
kovan˝ch zvÌ¯at (s majoritnÌm podÌlem CYP2C). V tÏchto
systÈmech byl sledov·n O-demethylaËnÌ metabolismus studo-
van˝ch nitroanisol˘. NejefektivnÏji byly metabolizov·ny 2NA
a jeho fluorovanÈ deriv·ty cytochromy P450 obsaûen˝mi v mi-
krosomech neidukovan˝ch zvÌ¯at a zvÌ¯at indukovan˝ch PB.
NavÌc, p¯i metabolismu 2FNA a 4FNA se v˝znamnÏ uplatÚujÌ
i mikrosom·lnÌ CYP2E1. Mikrosom·lnÌ frakce izolovanÈ z ja-
ternÌ tk·nÏ experiment·lnÌch zvÌ¯at indukovan˝ch β-NF a RIF
sledovanÈ slouËeniny neoxidovaly.

ZjiötÏnÈ v˝sledky byly potvrzeny inhibiËnÌmi experi-
menty. SpecifickÈ inhibitory CYP2B (3-isopropenyl-3-me-
thyldiamantan a 2-isopropenyl-2-methyl-adamantan)3 efek-
tivnÏ inhibovaly O-demethylaci testovan˝ch l·tek (IC50 10ñ
100 µM). ObdobnÏ efektivnÏ inhiboval metabolismus sledo-
van˝ch nitroanisol˘ selektivnÌ inhibitor CYP2C, sulfafenazol.
P¯i experimentech, kdy byla naopak testov·na schopnost ni-
troanisol˘ ovlivnit metabolimus specifick˝ch substr·t˘ jed-
notliv˝ch izoforem CYP, byly v˝sledky O-demethylaËnÌch
studiÌ potvrzeny. TestovanÈ slouËeniny inhibovaly dealkylaci
pentoxyresorfinu jako selektivnÌho substr·tu CYP2B, d·le pak
p¯emÏnu specifickÈho substr·tu CYP2E1, chlorzoxazonu. Na-
opak na oxidaci specifick˝ch substr·t˘ CYP1A (ethoxyreso-
rufin) a CYP3A (testosteron) nemÏly vliv. KromÏ toho, ûe se
poda¯ilo identifikovat cytochromy P450, kterÈ nitroanisoly
efektivnÏ oxidujÌ u obou ûivoËiön˝ch druh˘, otevÌr· se moû-
nost pouûÌt fotolabilnÌch nitroanisol˘ jako fotoafinitnÌch sond
pro studium struktury jejich aktivnÌch center.

DalöÌ experiment·lnÌ pr·ce byly proto zamÏ¯eny na testo-
v·nÌ fotochemick˝ch vlastnostÌ uveden˝ch nitroanisol˘. V po-
kusech sledujÌcÌch produkty aromatickÈ nukleofilnÌ fotosub-
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stituce 2FNA, 4FNA a 2NA po expozici UV z·¯enÌm bylo
zjiötÏno, ûe nejvhodnÏjöÌ sondou je 2FNA. P¯i kr·tkodobÈ
expozici (60 s) UV z·¯enÌm je dan· slouËenina (v prost¯edÌ
methanolu) tot·lnÏ  p¯emÏnÏna na fotosubstituËnÌ produkt,
kter˝ byl hmotnostnÌ spektrometriÌ identifikov·n jako 1,2-di-
methoxy-4-nitrobenzen. DvÏ dalöÌ testovanÈ nitroanisoly ne-
vykazovaly v tomto ohledu vhodnÈ vlastnosti.

VyuûitÌ 2FNA jako fotoafinitnÌ sondy pro modifikaci ak-
tivnÌho centra CYP2B, CYP2C a CYP2E, s cÌlem identifikovat
aminokyseliny katalytickÈ domÈny tÏchto enzym˘, bude p¯ed-
mÏtem dalöÌch studiÌ.

Auto¯i dÏkujÌ za podporu grant˘m GA »R 203/99/1003, GA
UK 246/1999 a MäMT »R VS96141.
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2-NITROANISOLU A 2-ANISIDINU
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V komplexnÌ studii hled·me vysvÏtlenÌ mechanismu karci-
nogenity 2-nitroanisolu a 2-anisidinu jako karcinogen˘ s dosud
nevyjasnÏn˝mi principy ˙Ëinku. PrvnÌm krokem k vysvÏtlenÌ
karcinogennÌho ˙Ëinku obou slouËenin je pozn·nÌ enzym˘,
kter˝mi jsou metabolizov·ny (aktivov·ny a detoxikov·ny).
2-Nitroanisol a 2-anisidin jsou siln˝mi karcinogeny, vyvol·-
vajÌcÌmi tvorbu n·dor˘ moËovÈho mÏch˝¯e u krys a myöÌ1.
ParadoxnÏ k tÈto skuteËnosti jsou jen slabÏ genotoxickÈ v tes-
tech in vitro a dokonce tÈmÏ¯ ˙plnÏ postr·dajÌ genotoxicitu ve
vöech bÏûnÏ pouûÌvan˝ch testech in vivo2. Zjistili jsme, ûe
metabolismus studovan˝ch  karcinogen˘ je  zprost¯edkov·n
hydroxylaËnÌmi reakcemi katalysovan˝mi cytochromy P450
a v moËovÈm mÏch˝¯i i jednoelektronov˝mi oxidacemi kata-
lyzovan˝mi peroxidasami, jeû jsou v moËovÈm mÏch˝¯i bo-
hatÏ zastoupeny.

NejefektivnÏji oxidaËnÏ demethylujÌ oba karcinogeny cy-
tochromy P450 p¯ÌtomnÈ v mikrosomech experiment·lnÌch
zvÌ¯at (potkan, kr·lÌk) neindukovan˝ch (p¯edevöÌm CYP2C)
a zvÌ¯at indukovan˝ch fenobarbitalem (CYP2B1/2/4). 2-Ni-
troanisol je oxidov·n prost¯ednictvÌm cytochrom˘ P450 na
produkt shodn˝ s oxidaËnÌm produktem O-demethylaËnÌho
metabolitu 2-nitrofenolu. 2-Anisidin je cytochromy P450 me-
tabolizov·n na t¯i majoritnÌ produkty, jejichû struktura nebyla
dosud urËena.

2-Anisidin je metabolizov·n jednoelektronovou oxidacÌ
radik·lov˝m mechanismem peroxidasami: laktoperoxidasou
(LP), k¯enovou peroxidasou (HRP) a prostaglandin H syntha-
sou (PHS), p¯Ìtomnou v mikrosomech beranÌch semenn˝ch
v·Ëk˘. KinetickÈ studie oxidace uvedenÈho karcinogenu pero-
xidasami prok·zaly, ûe dvousubstr·tov· reakce probÌh· ping-
-pongov˝m mechanismem. Nov˝m v˝sledkem je identifikace
produkt˘ oxidace 2-anisidinu peroxidasami. PomocÌ MS-MS
spektrometrie bylo poprvÈ p¯Ìmo zjiötÏno, ûe prim·rnÏ tvo¯en˝
radik·l 2-anisidinu poskytuje Ëty¯i majoritnÌ barevnÈ produkty
diimin, chinonimin, azodimer a slouËeninu obsahujÌcÌ t¯i ben-
zenovÈ kruhy, jejÌû p¯esn· struktura dosud nebyla urËena.
V˝sledky p¯in·öejÌ i prvnÌ odpovÏdi na ot·zku mechanismu
karcinogennÌho p˘sobenÌ 2-anisidinu. Charakter produkt˘ oxi-
dace sledovanÈho karcinogenu  peroxidasami napovÌd·, ûe
m˘ûe p˘sobit jako karcinogen genotoxick˝. Jak radik·ly, tak
diimin a chinonimin jsou elektrofilnÌmi slouËeninami, jeû jsou
schopnÈ interagovat s makromolekul·rnÌmi nukleofily, kterÈ
jsou p¯ÌtomnÈ v organismu. Pr·vÏ radik·ly a sekund·rnÌ pro-
dukty diimin a chinonimin mohou b˝t zodpovÏdnÈ za iniciaËnÌ
(u radik·l˘ ev. i promoËnÌ) f·zi proces˘ kancerogenese vyvo-
lanÈ 2-anisidinem. PilotnÌ studie vyuûÌvajÌcÌ metody 32P-post-
labellingu signalizujÌ, ûe reaktivnÌ formou tohoto karcinogenu
interagujÌcÌ s nukleofily (DNA, deoxyribonukleotidy) je di-
imin.

Auto¯i dÏkujÌ za podporu MäMT »R (VS96141) a GA »R
(203/99/1003 a 203/99/1628).
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05 -NAFTOFLAVON JAKO AKTIV¡TOR
A REVERZIBILNÕ I IREVERZIBILNÕ INHIBITOR
CYTOCHROMU P450 3A6

LUCIE BOÿEK-DOHALSK¡, PETR HODEK
a MARIE STIBOROV¡

Univerzita Karlova v Praze, P¯ÌrodovÏdeck· fakulta, Katedra
biochemie, Albertov 2030, 128 40 Praha 2

Pozn·nÌ regulace aktivity cytochrom˘ P450 (CYP) che-
mick˝mi slouËeninami je, vzhledem k potenci·lnÌmu vyuûitÌ
pro modulaci ˙Ëinku jak lÈËiv, tak i protoxikant˘ a prokarci-
nogen˘, cÌlem mnoha studiÌ. Mezi lidskÈ cytochromy P450,
kterÈ jsou z tohoto hlediska studov·ny obzvl·öù detailnÏ, pat¯Ì
enzymy podrodiny CYP3A (CYP3A4/5). Je tomu tak proto,
ûe se tyto enzymy podÌlÌ na metabolismu vÏtöiny lÈËiv1. Cha-
rakteristick˝m rysem enzym˘ podrodiny CYP3A je p¯itom
moûnost nejen jejich inhibice selektivnÌmi inhibitory, ale i moû-
nost zv˝öenÌ jejich aktivity specifick˝mi aktiv·tory.

α-Naftoflavon (α-NF) je jednÌm z dob¯e prozkouman˝ch
substr·t˘ CYP, kter˝ je pouûÌv·n i jako inhibitor CYP1A1/2.
Tato slouËenina vöak p˘sobÌ takÈ jako  specifick˝ efektor

α
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lidskÈho CYP3A4 a kr·liËÌho CYP3A6. Oxidaci nÏkter˝ch
substr·t˘ CYP3A potencuje (stimuluje), a naopak metabolis-
mus jin˝ch inhibuje2. Mechanismus modulace aktivit CYP3A
vöak dosud nenÌ osvÏtlen. P¯edpokl·d· se vazba α-NF jak do
aktivnÌho centra enzymu, tak i do mÌsta allosterickÈho, vzd·-
lenÈho od reakËnÌ domÈny enzymu2,3. P¯edkl·dan· pr·ce je
proto zamÏ¯ena na studium mechanismu modulace katal˝zy
oxidace pÏti rozdÌln˝ch substr·t˘ CYP3A6 tÌmto efektorem
(α-NF). Antibiotikum erytromycin a protin·dorovÈ lÈËivo ta-
moxifen byly vybr·ny jako exogennÌ substr·ty CYP3A6 a hor-
mony estradiol, progesteron a testosteron pak jako substr·ty
endogennÌ. JaternÌ mikrosomy kr·lÌka premedikovanÈho ri-
fampicinem (RIF) jako induktorem CYP3A6 byly pouûity
jako subcelul·rnÌ systÈm obsahujÌcÌ CYP3A6.

Oxidace estradiolu CYP3A6 byla studovan˝m efektorem
stimulov·na. Tento v˝sledek je v souladu s poznatky publiko-
van˝mi pro CYP3A4 (cit.3) ukazujÌcÌ aktivaËnÌ vliv α-NF na
metabolismus tohoto hormonu. OstatnÌ sledovanÈ substr·ty
jsou naopak α-NF inhibov·ny. KinetickÈ studie prok·zaly,
ûe α-NF je reverzibilnÌm inhibitorem oxidaËnÌ demethyla-
ce erytromycinu katalyzovanÈ CYP3A6, s hodnotou IC50
107 µmol.l-1. OxidaËnÌ N-demethylace tamoxifenu, zabraÚu-
jÌcÌ jeho hromadÏnÌ v lidskÈm organismu, je α-NF rovnÏû
reverzibilnÏ inhibov·na. Hodnota IC50 pro α-NF je u tohoto
substr·tu rovna koncentraci 8 µmol.l-1. Oproti reverzibilnÌ
inhibici, kterou α-NF vykazuje v˘Ëi obÏma v˝öe uveden˝m
substr·t˘m, p˘sobÌ jako ireverzibilnÌ inhibitor CYP3A6 v p¯Ì-
padÏ katal˝zy oxidace endogennÌch substr·t˘ progesteronu
a testosteronu. Z kinetick˝ch studiÌ je patrnÈ, ûe doch·zÌ k in-
hibici 6β-hydroxylace progesteronu katalyzovanÈ CYP3A6,
kter· je potencov·na ËasovÏ z·vislou preinkubacÌ enzymu
s α-NF za p¯Ìtomnosti koenzymu NADPH. Studovan˝ efektor
tedy v tomto p¯ÌpadÏ CYP3A6 ireverzibilnÏ inaktivuje. Ob-
dobnÈ v˝sledky byly zjiötÏny i pro dalöÌ substr·t testosteron
(jeho 6β-hydroxylaci). Inaktivace CYP3A6 vykazuje kinetiku
reakce prvÈho ¯·du a je z·visl· jak na koncentraci inhibitoru,
α-NF, tak na p¯Ìtomnosti koenzymu, NADPH. Maxim·lnÌ
rychlostnÌ konstanta inaktivace CYP3A6 je rovna 7,7.10-4 s-1

pro progesteron a 5,5.10-4 s-1 pro testosteron jako substr·-
ty. Koncentrace zp˘sobujÌcÌ 50 % maxim·lnÌ inaktivace
(zd·nlivÈ konstanty inaktivace, KI) dosahujÌ ¯·dovÏ hodnot
10-5 mmol.l-1.

ZÌskanÈ v˝sledky signalizujÌ jak reverzibilnÌ vazbu α-NF
na proteinovou molekulu CYP3A6 vedoucÌ ke kompetici to-
hoto efektoru o vazbu s jin˝m substr·tem (erytromycin, tamo-
xifen), tak i ireverzibilnÌ inaktivaci CYP3A6. Inaktivace je
pravdÏpodobnÏ zp˘sobena reaktivnÌmi metabolity α-NF tvo-
¯en˝mi za ˙Ëasti NADPH v·zajÌcÌmi se na mÌsto proteinu
enzymu, kterÈ je esenci·lnÌ pro vazbu progesteronu a testo-
steronu. V dalöÌ f·zi v˝zkumu p¯edpokl·d·me urËenÌ cÌlov˝ch
aminokyselin vazby metabolit˘ α-NF, kter· vede k uvedenÈ
inaktivaci selektivnÌch aktivit CYP3A6.

Auto¯i dÏkujÌ za podporu MäMT »R (grant VS96141) a GA
»R (granty 203/99/1003 a 203/99/1628).
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06 KARCINOGENNÕ
1-FENYLAZO-2-HYDROXYNAFTALEN
(SUDAN I, C.I. SOLVENT YELLOW 14) JE
OXIDOV¡N LIDSK›MI CYTOCHROMY P450
CYP1A1 A CYP1A2 IN VITRO

MARIE STIBOROV¡ a V¡CLAV MARTÕNEK

Univerzita Karlova v Praze, P¯ÌrodovÏdeck· fakulta, Katedra
biochemie, Albertov 2030, 128 40 Praha 2

Sudan I je karcinogenem vyvol·vajÌcÌm n·dory jater a mo-
ËovÈho mÏch˝¯e. Tuto slouËeninu studujeme jako modelovÈ
karcinogennÌ azobarvivo, kterÈ neobsahuje amino skupiny ve
svÈ molekule. Sudan I je metabolizov·n mikrosom·lnÌmi cy-
tochromy P450 (CYP), kterÈ jej oxidujÌ na C-hydroxy a C-di-
hydroxyderiv·ty nebo oxidaËnÏ ötÏpÌ na benzendiazoniov˝
ion  (BDI) (cit.1). Pr·vÏ  BDI je  reaktivnÌm intermedi·tem
studovanÈho karcinogenu, kter˝ se kovalentnÏ v·ûe na nukleo-
vÈ kyseliny. Jiû v naöich p¯edchozÌch pracÌch byla identifi-
kov·na struktura majoritnÌho aduktu tvo¯enÈho v DNA z BDI.
Jedn· se o 8-(fenylazo)guanin2.

V p¯edkl·danÈm  p¯ÌspÏvku  identifikujeme, kterÈ cyto-
chromy P450 Sudan I oxidujÌ. K indukci CYP1A1/2, 2B1/2
a 2E1 v mikrosomech potkana jsme pouûili β-naftoflavon
(β-NF), fenobarbital (PB) a etanol. NejefektivnÏji Sudan I
oxidujÌ CYP1A1/2 β-NF mikrosom˘ (82% oxidovanÈho Su-
danu I), mÈnÏ pak CYP2B1/2 PB mikrosom˘ a enzymy eta-
nolov˝ch mikrosom˘ Ëi mikrosom˘ neindukovan˝ch zvÌ¯at
(vöechny ñ 15 % oxidovanÈho Sudanu I). P¯itom oxidace
Sudanu I β-NF mikrosomy je efektivnÏ inhibov·na inhibito-
rem CYP1A1/2 α-NF, zatÌmco inhibitorem CYP1A2 furafyl-
linem prakticky ovlivnÏna nenÌ. UvedenÈ v˝sledky signalizu-
jÌ, ûe CYP1A1 je nejefektivnÏjöÌm cytochromem P450 oxidu-
jÌcÌm Sudan I v mikrosomech.

Oxidace Sudanu I prost¯ednictvÌm CYP1A1 byla potvrze-
na pouûitÌm potkanÌho rekombinantnÌho enzymu (CYP1A1)
rekonstituovanÈho s NADPH:CYP reduktasou, kter˝ oxiduje
Sudan I velmi efektivnÏ. Studovan˝ karcinogen je rovnÏû
oxidov·n  v rekonstituovanÈm systÈmu obsahujÌcÌm lidsk˝
rekombinantnÌ CYP1A2, ale ˙Ëinnost oxidace je asi dvaceti-
procentnÌ oproti CYP1A1. Lidsk˝ CYP3A4, kr·liËÌ CYP2B4
a CYP3A6 v rekonstituËnÌch experimentech Sudan I neoxi-
dujÌ.

Vzhledem k tomu, ûe cytochromy P450 experiment·lnÌch
zvÌ¯at nemusÌ b˝t vûdy vhodn˝m modelem simulujÌcÌm kata-
lytickÈ vlastnosti lidsk˝ch enzym˘, bylo t¯eba v˝sledky potvr-
dit takÈ experimenty s enzymem lidsk˝m. Proto byly pro
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studium oxidace Sudanu I pouûity mikrosomy obsahujÌcÌ lid-
skÈ rekombinantnÌ cytochromy P450 (CYP1A1, CYP1A2,
CYP1B1, CYP2A6, CYP2C9, CYP2D6, CYP2E1 a CYP3A4),
tzv. SupersomesTM. Sudan I je i v tomto systÈmu nej˙ËinnÏji
p¯emÏÚov·n lidsk˝m CYP1A1. Oproti tomu je oxidace Suda-
nu I lidsk˝mi CYP1B1, CYP1A2, CYP2D6 a CYP3A4 v˝raz-
nÏ slaböÌ. U dalöÌch testovan˝ch cytochrom˘ P450 jiû nebyla
p¯emÏna Sudanu I zjiötÏna. K charakterizaci oxidace Sudanu I
cytochromem CYP1A1 bylo rovnÏû pouûito kinetick˝ch stu-
diÌ.

V p¯edkl·danÈ pr·ci prokazujeme, ûe lidsk˝ CYP1A1 je
nejefektivnÏjöÌm cytochromem P450 oxidujÌcÌm karcinogennÌ
azobarvivo Sudan I. V˝sledky jsou diskutov·ny z hlediska
potenci·lnÌho rizika vystavenÌ lidskÈ populace studovanÈmu
karcinogenu.

Auto¯i dÏkujÌ za podporu MäMT »R (grant VS96141) a GA
»R (granty 203/99/1003 a 203/99/1628).
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07 IDENTIFICATION OF HUMAN ENZYMES
ACTIVATING CARCINOGENIC ARISTOLOCHIC
ACIDS: EVIDENCE FOR REDUCTIVE
ACTIVATION BY CYP1A1 AND CYP1A2
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Aristolochic acid (AA), a naturally occurring nephrotoxin
and carcinogen, is implicated in a unique type of renal fibrosis,
designated Chinese herbs nephropathy (CHN) and urothelial
carcinomas in young Belgian women who had followed a slim-
ming regimen including Chinese herbs. We identified the
AA-DNA adducts in kidneys and in a ureter obtained after
renal transplantation. One major DNA adduct of AA, 7-(de-
oxyadenosin-N6-yl)-aristolactam I and two minor adducts, 7-
-(deoxyguanosin-N2-yl)-aristolactam I and 7-(deoxyadenosin-
-N6-yl)-aristolactam II were detected. According to the struc-
tures of the DNA adducts identified, nitroreduction is the
crucial pathway in the metabolic activation of AA. Interesting-
ly, to date only 2ñ3 % of thousands of patients following the
identical slimming treatment were affected. Taking into ac-
count that AA is a toxic product to the described extent should
it not have involved more persons? Among possible causes of
the different responses of individual patients, a difference in
the pattern and activities of the enzymes catalyzing biotrans-
formation of AA in individual patients can be the reason. Many

of genes for the enzymes metabolizing carcinogens are known
to exist in variant forms or polymorphisms that have differing
activities. These genetic variations appear to be important
determinants of cancer risk. Therefore, determining the capa-
bility of CHN patients to metabolize AA and understanding,
which human enzymes are involved in AA activation and/or
detoxication is crucial in the assessment of individual suscep-
tibility of women following slimming regimen to the develop-
ment of CHN due to this natural carcinogen.

We compared the ability of human, minipig and rat hepatic
microsomal  samples to activate AA. Incubations with rat
hepatic microsomes generated AA-DNA adduct profiles re-
producing profiles in target tissue in rats. Identical patterns of
AA-DNA adducts were also found using human and minipig
hepatic microsomes. NADPH:CYP reductase and even cyto-
chrome P450 (CYP) enzymes present in microsomes are the
major candidates for the AA activation. In order to resolve
which microsomal enzymes are responsible for activation of
AAs (AA-DNA adduct formation), five experimental approa-
ches were employed: i) induction of NADPH:CYP reductase
and specific CYPs, ii) correlation of the AA-activation effi-
ciencies under consideration with known marker activities of
NADPH:CYP reductase and individual CYPs, iii) selective
enzyme inhibition, iv) purification of enzymes (NADPH:CYP
reductase and CYPs) and reconstitution, and v) heterologous
expression systems (utilization of microsomes of Baculovirus
infected insect cells containing recombinantly expressed hu-
man enzymes). The nuclease P1-enhanced version of the 32P-
-postlabelling assay was used for the detection and the quan-
titation of adducts.

Inducer of CYP1A1/2 enzymes, β-naphthoflavone, signi-
ficantly stimulated the production of AA-DNA adducts. On
the other hand, inducers of CYP2B1/2 and CYP2E1 had no
such effect. Likewise, a highly significant correlation was
found between ethoxyresorufin O-deethylation, a marker for
CYP1A1/2 and the formation of AA-DNA adducts. Only
inhibitors of CYP1A (α-naphthoflavone, furafylline) signifi-
cantly decreased the amount of the adducts formed by micro-
somes. The inhibitor of NADPH:CYP450 reductase (α-lipoic
acid) inhibited the adducts formation, too, but in a lower
extent. The results suggest a role of NADPH:CYP reductase
and mainly CYP1A1/2 enzymes in AA-DNA adduct formati-
on in microsomal systems. Using the purified enzymes (re-
combinant CYP1A1/2 and NADPH:CYP450 reductase) and
microsomes of Baculovirus infected insect cells containing
recombinantly expressed human CYP1A1/2 (SupersomesTM),
the participation of these enzymes in the AA-DNA adducts
formation was confirmed.

These  results, the first report on  activation  of natural
carcinogen AA by human enzymes, clearly demonstrate the
role of specific human CYP enzymes (CYP1A1/2) in cataly-
zing AA reductive activation pathways. In the next phase of
our work, CHN patients will be screened for genetic variations
in genes of polymorphic Ah receptor modulating the expres-
sion of both CYP1A1 and CYP1A2 and those of polymorphic
CYP1A1 in order to find possible relationships between geno-
types and nephropathy, the level of AA-DNA adducts and
urothelial cancer risk.

Supported by GA CR (303/99/0893), Ministry of Education of
CR (VS96141) and DKFZ.
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08 SROVN¡NÕ OBSAHU A AKTIVITY
CYTOCHROMU P450 A PEROXIDASY
V MIKROSOM¡LNÕCH A CYTOSOL¡RNÕCH
FRAKCÕCH CIBULEK TULIP¡NU (TULIPA
FOSTERIANA L.), KULTIVARŸ RED EMPEROR
A STRESSA

MIROSLAV äULC, PETR HODEK
a MARIE STIBOROV¡

Univerzita Karlova v Praze, P¯ÌrodovÏdeck· fakulta, Katedra
biochemie, Albertov 2030, 12840, Praha 2

V komplexnÌ studii sledujeme ˙lohu cytochrom˘ P450
a peroxidas v metabolismu cizorod˝ch l·tek v rostlin·ch. V p¯ed-
kl·danÈm p¯ÌspÏvku porovn·v·me z·kladnÌ charakteristiky
subcelul·rnÌch systÈm˘ izolovan˝ch ze dvou kultivar˘ modelovÈ
rostliny Tulipa fosteriana L. Mikrosomy izolovanÈ z cibulek
tulip·n˘ kultivar˘ Red Emperor a Stressa byly testov·ny z hle-
diska obsahu cytochromu P450, proteinu a aktivity NADPH:
cytochrom P450 reduktasy a peroxidas v z·vislosti na induk-
ËnÌch faktorech. Vedle mikrosom˘ byly charakterizov·ny i dal-
öÌ subcelul·rnÌ systÈmy, rostlinnÈ cytosoly. Jako indukËnÌch
faktor˘ bylo pouûito ethanolu (induktor ûivoËiönÈho cyto-
chromu P450 2E1), atrazinu a inkubace ¯ez˘ cibulek tulip·nu
ve vodnÈm prost¯edÌ za aerobnÌch a anaerobnÌch podmÌnek.

Mikrosomy izolovanÈ z cibulÌ tulip·n˘1 obou kultivar˘
obsahujÌ nejen cytochromy P450 (podobnÏ jako mikrosomy
ûivoËiönÈ), ale i peroxidasy oxidujÌcÌ zn·m˝ substr·t tÏchto
enzym˘, guajakol. Koncentrace cytochromu P450 (cit.2) i ak-
tivita NADPH: cytochrom P450 reduktasy3 jsou v mikroso-
mech obou kultivar˘ srovnatelnÈ (0,83 µmol.l-1 a 0,76 µmol.l-1

cytochromu P450 pro Red Emperor a Stressa). Obsah cyto-
chromu P450 je vöak zvyöov·n indukËnÌmi faktory pouze
u kultivaru Red Emperor (inkubacÌ ¯ez˘ cibulek tulip·n˘ za
aerobnÌch podmÌnek doölo k 30 % n·r˘stu specifickÈho obsa-
hu cytochromu P450). Obsah NADPH: cytochrom P450 re-
duktasy na indukËnÌ faktory reaguje takÈ pouze u kultivaru
Red Emperor (indukce specifickÈ aktivity o 25 % inkubacÌ
¯ez˘ cibulek tulip·n˘ za aerobnÌch podmÌnek). Aktivita pe-
roxidasy4 v mikrosomech kultivaru Stressa se prakticky nemÏ-
nÌ, zatÌmco v cytosolu jsou v˝raznÈ zmÏny. U kultivaru Red
Emperor je tomu naopak. ZatÌmco u cytochromu P450 je
zn·mo, ûe je inducibilnÌm enzymem, informace o indukci
peroxidas chybÌ. IndukËnÌ faktory uûitÈ v naöÌ studii rozhodnÏ
nezvyöovaly obsah peroxidas u obou kultivar˘. Naopak se
aktivita tÏchto enzym˘ sniûovala.

Mikrosomy obou kultivar˘ oxidujÌ l·tky, kterÈ jsou pro rost-
liny xenobiotiky. KonkrÈtnÏ karcinogennÌ N-nitrosaminy, N-ni-
troso-N-methylanilin(NMA)a N-nitrosodimethylamin (NDMA),
N-demethylaËnÌ reakcÌ. ZatÌmco mikrosom·lnÌ enzymy kulti-
varu Red Emperor oxidujÌ obÏ slouËeniny, enzymy kultivaru
Stressa jsou aktivnÌ pouze v oxidaci NDMA.

Cytosol·rnÌ frakce obou kultivar˘ takÈ oxidujÌ oba substr·-
ty (NMA, NDMA) v p¯Ìtomnosti peroxidu vodÌku.

Hodnoty Kma Vmaxobou substr·t˘ (NMA, NDMA) nazna-
ËujÌ zmÏny v mikrosom·lnÌ i cytosol·rnÌ frakci bÏhem indukcÌ,
ale i ve srovn·nÌ obou kultivar˘.

Auto¯i dÏkujÌ za podporu MäMT »R (grant VS96141) a GA
»R (grant 203/99/1628).
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09 THE EFFECT OF PENTOXIFYLLINE
ON P-GLYCOPROTEIN MEDIATED MULTIDRUG
RESISTANCE OF L1210/VCR CELLS
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The multidrug resistant (MDR) L1210/VCR cell line was
obtained by long-term adaptation of L1210 mouse leukemic
cell line on vincristine (VCR). This type of MDR was accom-
panied by an overexpression of P-glycoprotein (PGP)1 that is
responsible for the ATP-dependent efflux of drugs through the
plasma membrane. Inhibition of the PGP with reversal agents,
called as chemosensitizers, may ìtrapî the cytotoxic drug
inside the cell; thus cellular drug resistance is reversed. Che-
mosensitizers represent a wide spectrum of the drugs with
different chemical structure and distinct primary pharmacolo-
gical action. The precise mechanism by which these agents
modulate MDR was not resolved yet. They may depress MDR
directly by inactivation of PGP-mediated drug efflux, or by
affecting the membrane fluidity, as well as by primary influen-
ce on cell cation homeostasis, which in turn may regulate the
transport proporties of PGP.

In our previous studies was found that from tested methyl-
xanthine derivatives (pentoxifylline, caffeine, theophylline
and 1-methyl-3-isobuthylxanthine) only pentoxifylline (PTX)
was able to depress the resistance of mouse leukemic cell line
L1210/VCR to vincristine2,3. L1210/VCR cell line exhibited
the higher sensibility to PTX (IC50 for PTX ~ 400 mg.l-1) in
comparison to sensitive cell line (IC50 for PTX ~ 520 mg.l-1).
This phenomena is known as a colateral sensitivity. Resistant
and sensitive cell lines did not exert any ultrastructural chan-
ges or gradual extinction of the cells during 72 hours cultiva-
tion in the medium containing 100 mg.l-1 of PTX. Significant
inhibition of cell proliferation of L1210/VCR cells (IC50 for
PTX ~ 43 mg.l-1), accompanied with massive ultrastructural
damage was observed after cultivation of these cells in the
medium containing both PTX and VCR (0.2 mg.l-1). PTX in
dose dependent manner increased [3H]-vincristine accumula-
tion in L1210/VCR cells. Good correlation between the accu-
mulation of [3H]-vincristine  and the number of surviving
L1210/VCR cells was observed. This indicated that MDR
reversal by PTX is probably caused by a depression of PGP-
-transport activity. To estimate an influence of PTX on PGP-
-transport activity in resistant subline a doxorubicin accumu-
lation study was performed. Resistant L1210/VCR cell line
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was treated 0ñ72 hours in the presence of PTX (100 mg.l-1).
At the particular time (0ñ72 hours) PTX was removed and than
the doxorubicin accumulation by the treated cells was perfor-
med. The maximum intracellular level of doxorubicin was
reached after 24 hour. After this time the intracellular level of
doxorubicin was slowly decreasing and after 72 hour it reached
the level of control cells (cells untreated with PTX).

By RT-PCR also the effect of PTX on the mdr1 mRNA
levels in resistant cells was determined. It has been found that
after exposure of L1210/VCR cells to PTX (100 mg.l-1) for 48
hours the mdr1 mRNA levels decreased 2-fold in comparison
to the control. After exposure of cells to PTX for 72 hours the
level of mdr1 mRNA returned to the control level. The latter
finding indicates, that PTX may control the PGP-mediated
MDR not only on the level of transport activity but also on the
level of mdr1-gene transcription.

This work was supported by Slovak Grant Agency for Science
VEGA SR 2/7190/20.
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10 MULTIDRUG RESISTANCE OF NEOPLASTIC
CELLS ASSOCIATED WITH OVEREXPRESSION
OF P-GLYCOPROTEIN DEPENDS ON MITOGEN
ACTIVATED PROTEIN KINASES

VIERA BOH¡»OV¡a, JANKA KVA»KAJOV¡b,
MIROSLAV BARAN»ÕKb, and ALBERT BREIERa

aInstitute of Molecular Physiology and Genetics, Slovak Aca-
demy of Sciences, Vl·rska 5, 833 34 Bratislava, bInstitute for
Heart  Research, Slovak Academy of  Sciences, D˙bravsk·
cesta 9, 842 33 Bratislava, Slovak Republic

Multidrug resistance (MDR) of neoplastic cells represents
a specific type of resistance when neoplastic cells become
resistant to the diverse groups of chemotherapeutic agents with
unrelated chemical structure and mechanisms of pharmacolo-
gical action (such as vinca alkaloids, anthracyclines, antican-
cer antibiotics). This type of cross-resistance is often associa-
ted with increased transport activity of P-glycoprotein, the
specific integral protein of plasma membrane, (PGP). Increa-
sed expression of PGP at the mRNA and protein level was
observed in MDR mouse leukemic cell line L1210/VCR (in
comparison with parental sensitive cell line), which were used
as an experimental model. PGP is a member of ABC transpor-
ter family (ATP-hydrolyzing efflux pump) and in neoplastic
MDR cells is responsible for elimination of lipophilic cytoto-
xic substances from intracellular space of the cells through the
plasma membrane. PGP molecule contains similar sequences
with phosphorylation sites of some protein kinases. This fact
indicate that phosphorylation of PGP may represent a signifi-
cant mechanism involved in its drug transport activity1.

In the present study we investigated the importance of pro-
tein phosphorylation in regulation of PGP transport activity
and for the development of MDR phenotype. We studied the
relation between the expression and function of PGP and the ex-
pression of several mitogen-activated protein kinases (MAPKs).
MAPKs represent family of at least three subfamilies of pro-
tein kinases (ERKs, SAPK/JNKs, p38-MAPK) that are differ in
the mechanisms of their stimulation and substrate specificities.

The expression of MAPKs by protein level in sensitive and
multidrug resistant cells was investigated by Western blot
assay using specific antibody. The development of MDR in
resistant cell line was associated with increased expression and
activity of p38-MAPK in cytoplasm, and specially its pho-
sphorylated form, and also enhanced phosphorylation of en-
dogenous substrate for p38-MAPK (ATF 2). In experimental
situation when vincristine was present in cultivation medium,
an additional increase in the level of p38-MAPK in cytoplasm
was observed2. We found significant influence of inhibitors
(SB 203508: p38-MAPK; PD 098059, UO126: ERKs) of
some protein kinase on the resistance of L1210/VCR cells. SB
203508 (specific inhibitor of p38-MAPK) reduced degree of
resistance to vincristine and also the effect was accompanied
with lowering of LC50 value to vincristine. Both specific
inhibitors of the ERK cascade (PD098059, UO126) also redu-
ced resistance of L1210/VCR cells to vincristine and induced
increased intracellular accumulation of vincristine.

These results indicate important role of some protein ki-
nases, especially p38-MAPK and partially ERK, in the regu-
lation of PGP-associated multidrug resistance.

This work was supported by Slovak Grant Agency for Science
VEGA SR 2/7190/20.
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11 OVEREXPRESSION OF P-GLYCOPROTEIN IS
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Mouse leukemic L1210/VCR cells were obtained by adap-
tation of parental L1210 cells to vincristine. They exhibit
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multidrug resistance (MDR) predominantly mediated by over-
expression of P-glycoprotein1,2 (PGP). P-glycoprotein is an
ATP-dependent efflux pump (member of the family of ABC
transporters) and drug efflux is recognized as a feature that is
securing this type of MDR (Ref.3). To protect the cell, PGP
has to transport cytotoxic drugs across plasma membrane
against their concentration gradients using the energy from
ATP in the same amounts as they enter the intracellular space
via passive diffusion. Because the process of drug efflux will
consume a large amount of energy, it is reasonable to expect
that in cells under this situation the velocity of several anabolic
pathways will be reduced. The aim of the present study was to
test an assumption that overexpression of PGP is accompanied
with the changes in formation of oligo- and polysaccharides.

31P-NMR measurement of sensitive L1210 and resistant
L1210/VCR cells (the latter in the presence of vincristine)
revealed, that in resistant cells the level of UDP-glucose is
remarkably decreased. Therefore, it is reasonable to expect
that in resistant cells the biosynthesis of oligo- and/or poly-
saccharides be reduced. This assumption could be supported
by histochemical staining of negative charged binding sites
(mostly sialic acid) using polycationic dye ruthenium red4,5.
While sensitive cells are coated by compact layer of sialic acid,
in resistant cells cultivated in the absence or presence of
vincristine and doxorubicine this layer is either reduced or
absent. The glycogen content in resistant cells cultivated in the
absence or presence of vincristine was decreased by about
50 % as compared with sensitive cells. Several alterations in
the spectrum of glycoproteins (interacting with Concanavaline
A activated sorbents) were observed when sensitive and resis-
tant cells were compared.

All the above facts indicate that overexpression of PGP in
L1210/VCR cells is accompanied by considerable depression
of poly- and/or oligo-saccharides biosynthesis.

This work was supported by VEGA SR 2/7190/20.
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12 EPIGENETICK… MECHANISMY PŸSOBENÕ
POLYCYKLICK›CH AROMATICK›CH
UHLOVODÕKŸ
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a JIÿINA HOFMANOV¡c
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PolycycklickÈ aromatickÈ uhlovodÌky (PAH) jsou v˝znam-
nou skupinou karcinogen˘. Jako mechanismus jejich ˙Ëinku
je p¯ev·ûnÏ sledov·na jejich mutagenita event. produkce aduk-
t˘ s DNA. Procesy karcinogeneze ovöem zahrnujÌ ¯adu epige-
netick˝ch (negenotoxick˝ch) mechanism˘. SpoleËn˝m d˘-
sledkem tÏchto mechanism˘ je modulace sign·lnÌ transdukce
a zmÏna exprese klÌËov˝ch gen˘ v buÚce, poruöenÌ bunÏËnÈ
kinetiky (proliferace, diferenciace a apoptÛzy), ztr·ta kontroly
homeostase a klon·lnÌ expanze transformovan˝ch bunÏk. Epi-
genetickÈ dÏje se tedy uplatÚujÌ p¯edevöÌm v promoËnÌ a pro-
gresivnÌ f·zi karcinogeneze1,2.

R˘zn˝mi systÈmy in vitro byly v poslednÌch letech dete-
kov·ny nÏkterÈ epigenetickÈ efekty PAH: oxidativnÌ stres,
negativnÌ nebo pozitivnÌ modulace estrogennÌch odpovÏdÌ,
vazba na Ñdioxinov˝ì Ah receptor a inhibice mezibunÏËnÈ
komunikace (Ñgap junctional intercellular communicationì).
Studie se tÈmÏ¯ v˝hradnÏ omezovaly na nÏkterÈ z 16 PAH,
vybran˝ch jako tzv. prioritnÌ polutanty (pat¯Ì mezi nÏ nap¯.
naftalen, pyren, benzo[a]anthracen, benzo[a]pyren, benzo-
[k]fluoranthen, dibenzo[a,h]anthracen). Z·roveÚ s rozvojem
analytick˝ch technik (GC/MS, HPLC) byly v ûivotnÌm pro-
st¯edÌ identifikov·ny desÌtky dalöÌch PAH, vÏtöinou s pÏti-
nebo öestiËlenn˝mi kruhy3. U ¯ady tÏchto PAH byla nalezena
v˝znamn· mutagennÌ aktivita in vitro; zvl·ötÏ dibenzopyreny,
cyklopenta[c,d]pyren, 5-methylchrysen (viz obr. 1) a nÏkterÈ
dalöÌ jsou velmi siln˝mi mutageny3,4. EpigenetickÈ efekty
mutagennÌch PAH vöak dosud nejsou dostateËnÏ stanoveny.

V naöich laborato¯Ìch je zav·dÏna sada metod in vitro
detekujÌcÌ v modelov˝ch bunÏËn˝ch liniÌch nejv˝znamnÏjöÌ
epigenetickÈ mechanismy xenobiotik. V tÈto studii byly sta-
noveny potenci·ly indukce genovÈ exprese, modulovanÈ Ah
receptorem a estrogennÌm receptorem α, a takÈ parametry
oxidativnÌho stresu (produkce ROS, snÌûenÌ koncentrace glu-
tathionu, zv˝öenÌ koncentrace oxidovan˝ch bazÌ DNA) po
expozici mutagennÌmi PAH in vitro. Modelov˝mi bunÏËn˝mi
systÈmy byly H4IIE. GudLuc (hepatoma bunÏËn· linie trans-
fekov·na reportÈrov˝m genem pro luciferasu kontrolovan˝m
Ah receptorem), bunÏËn· linie MVLN (odvozena od bunÏk

Obr. 1. Struktury nÏkter˝ch mutagennÌch PAH vykazujÌcÌch silnou dioxinovou toxicitu mediovanou p¯es Ah receptor

Dibenzo[a,l]pyren Dibenzo[a,i]pyrenDibenzo[ , ]pyrena l Dibenzo[ , ]pyrena iBenzo[k]fluoranthen

CH3

5-MethylchrysenBenzo[ ]fluoranthenk 5-Methylchrysen

CH3
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lidskÈho karcinomu prsu MCF-7 s luciferasou jako reportÈro-
v˝m genem, jehoû exprese je kontrolov·na estrogennÌm recep-
torem), hepatoma buÚky Hepa-1c1c, kterÈ byly vyuûity pro
stanovenÌ vybran˝ch parametr˘ oxidativnÌho stresu. ToxickÈ
potenci·ly jednotliv˝ch PAH byly kalkulov·ny v˘Ëi efekt˘m
referenËnÌch l·tek (2,3,7,8-tetrachlorodibenzo-p-dioxinu, 17β-
-estradiolu a menadionu).

OxidativnÌ stres v Hepa-1 buÚk·ch po expozici PAH byl
p¯ekvapivÏ v˝znamnÏ niûöÌ neû efekt modelovÈho xenobiotika
menadionu. EstrogennÌ receptor byl signifikantnÏ aktivov·n
in vitro nÏkter˝mi PAH nebo jejich metabolity. Celkov· estro-
genita PAH vöak musÌ b˝t hodnocena komplexnÏ: PAH mo-
hou p˘sobit takÈ jako antiestrogeny zv˝öenÌm metabolismu
estradiolu na mÈnÏ aktivnÌ nebo neaktivnÌ metabolity a AhR
agonisti vykazujÌ antiestrogenitu vz·jemn˝m ovlivnÏnÌm estro-
gennÌho receptoru aktivovan˝m AhR (cit.5). Jako nejv˝znam-
nÏjöÌm mechanismem p˘sobenÌ se uk·zala siln· dioxinov·
(Ah receptor-mediovan·) aktivita ¯ady PAH. AhR-mediovanÈ
odpovÏdi (dioxinov· toxicita), estrogenita event. antiestroge-
nita ve svÈm d˘sledku znamenajÌ endokrinnÌ disrupci, rizikovÈ
zv˝öenÌ bunÏËnÈ proliferace a dalöÌ negenotoxickÈ procesy.
Chronick· z·tÏû PAH tak p¯edstavuje kromÏ ˙Ëink˘ mutagen-
nÌch v˝znamn˝ p¯ÌspÏvek epigenetick˝ch mechanism˘ vedou-
cÌch ke karcinogenezi.

Tato pr·ce byla podporov·na grantem GA »R Ë. 525/98/1266.
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13 DEVELOPMENT OF ENZYME IMMUNOASSAY
FOR ORGANOCHLORINE PESTICIDES
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The main problem of food safety is its contamination with
biologically active compounds like pesticides, hormones and
drugs. Therefore, the monitoring of food samples is of great
importance. Unfortunately, the nowadays methods, most often
chromatography and electrophoresis, are very complicated

and include several cleaning steps before analysis. Simplify-
ing and minimising the analysis are the key problems. The
initial screening test methods should be technically simple,
inexpensive and useful for the routine analysis of a large
number of samples. These requirements should be met by
enzyme immunoassay (ELISA) with photometric and/or che-
miluminescent detection. The aim of this study was to develop
indirect ELISA for pesticides from both DDT (dichlorodiphe-
nyltrichloroethane) and endosulfan families.

The goal of our work was to obtain high-affinity monoclo-
nal antibodies (MAbs) to the main families of chlorinated
insecticides, i.e. the DDT family and the chlorinated cyclodie-
ne family. Since hapten design is a key step in the development
of immunoassays for small molecules, the synthesis of several
haptens with different spacer arms attached through different
molecular sites, and their use to produce MAbs to both chlo-
rinated insecticides families, was undertaken. MAbs were
subsequently used as the primary immunoreagents to develop
ELISAs as alternative to chromatographic techniques for the
screening of large number of food and environmental samples.

Five haptens resembling as much as possible the general
chemical structure of the DDT were synthesised. Similarly,
four haptens resembling cyclodiene family were synthesised.
All the haptens were covalently attached to BSA using modi-
fied active ester method hapten-to-protein molar ratios were
estimated to be between 14 and 21. All the haptens were also
covalently attached to ovalbumin using the mixed-anhydride
method having molar ratios between 5 and 11. Female mice
(BALB/c) were immunised with bovine serum albumin ñ
hapten conjugates using standard procedure. Mouse spleen
lymphocytes were fused with murine myeloma cells (P3-X63-
-Ag 8.653) at a 5:1 ratio using polyethylene glycol 1,500.
Indirect format was used for ELISA. Plate was coated with
ovalbumin-hapten conjugate. Then antibody and standard or
sample were added and incubated for 2 hrs. Next, plate was
incubated for 1 h with peroxidase-labelled rabbit anti-mouse
immunoglobulins. Finally, peroxidase activity was determi-
ned either by standard o-phenylediamine procedure, or by
chemiluminescent assay by using several substrates, among
them SuperSignal substrate (SS, Pierce) was the best.

Enzyme immunoassays (with peroxidase (HRP) and/or
alkaline phosphatase (ALP) as a label) to DDT and endosulfan
with photometric and luminescent detection were developed.
Preferably HRP was used, because of simpler and more rapid
detection. The advantages of luminescent assay in comparison
with photometric detection are a wider working range for
pesticide analysis and a lower consumption of immunorea-
gents. Because the organochlorine pesticides are poorly solu-
bilized in water solutions, the effects of organic solvents and
Tween 20 on immunoglobulins affinity have been also tested.
Limited solubility of organochlorine pesticides resulted in
adsorption effects on plastic materials (like tips, polystyrene
microplates, etc). To avoid adsorption effects several experi-
ments using Tween 20 and organic solvents were carried out.
The best results were obtained with methanol in final concen-
tration 10ñ20 %. These concentrations decrease adsorption to
the minimum and have also minimum effect to nativity of
immunoglobulins (no denaturation effects were observed).
Developed immunoassay format using organochlorine pestici-
de solubilized in methanol is thus recommended for use.

Developed immunoassay formats have been used to analy-
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Table I
Determination of DDT family (mg.kg-1) by both GC-ECD and ELISA

Method Standard Soil (only DDE) Lettuce River fish fat

GC-ECD 3.36±0.14 1.06±0.05 1.17±0.09 4.50±0.22
GC recalculateda 3.96±0.15 1.06±0.05 0.64±0.05 5.54±0.24
ELISA 4.02±0.21 0.97±0.09 0.56±0.12 5.01±0.28

a Results recalculated with respect to cross reactivities of DDE and DDD derivatives

ze real samples. The main problem encountered in this area is
to remove fat from analyzed sample. Organochlorine pestici-
des are solubilized preferable in hydrophobic compounds, i.e.
mainly in fat. Fat is interfering compound for all analytical
techniques, as well as for immunoassays. We tried to use first
of all dilution of sample to be analyzed, as is typically used in
immunoassays. In case of spiked milk samples to high extent
is possible to use this methodology and distinguished milk
samples contaminated over the detection limit. For meat sam-
ples, fat must be removed from analyzed samples, because it
has fatal interfering effect. This was done by using gel chro-
matography.

Developed ELISAs were used to analyze samples of dif-
ferent origin, and the results were compared to those obtained
by GC-ECD as reference method (Table I). Thus developed
indirect ELISA with both photometric and chemiluminescent
detection should be used as screening method for large number
of food and environmental samples, or even alternative to
chromatographic techniques.

This work was supported by the European Commission grant:
INCO Copernicus No. ERBIC15CT961001.

14 DLOUHODOB› VLIV NÕZK›CH D¡VEK
ORGANOFOSFOROV… SLOU»ENINY SARINU
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OrganofosforovÈ slouËeniny pat¯Ì mezi ireverzibilnÌ in-
hibitory acetylcholinesterasy, jejichû toxick˝ ˙Ëinek se proje-
vuje p¯edevöÌm cestou naruöenÌ cholinergnÌho p¯enosu nervo-
vÈho vzruchu1. Vedle cholinergnÌch ˙Ëink˘ vöak byla v p¯Ì-
padÏ akutnÌ intoxikace tÏmito noxami pops·na i cel· ¯ada
nespecifick˝ch, necholinergnÌch ˙Ëink˘, mezi nÏû pat¯Ì i stre-
sogennÌ ˙Ëinek Ëi ovlivnÏnÌ nÏkter˝ch hematologick˝ch uka-
zatel˘2. ZatÌmco pr˘bÏh akutnÌ intoxikace vysok˝mi d·vkami
OF slouËenin byl mnohokr·t pops·n, m·lo se vÌ o moûn˝ch
dlouhodob˝ch ˙ËincÌch nÌzk˝ch d·vek tÏchto nox, jeû samy
o sobÏ nevyvol·vajÌ klinicky zjevnou hyperstimulaci choli-

nergnÌho nervovÈho systÈmu. Tato studie sleduje dlouhodob˝
vliv vysoce toxickÈ OF slouËeniny sarinu na vybranÈ hemato-
logickÈ a biochemickÈ ukazatele vËetnÏ markr˘ stresu a akti-
vity cholinesteras za t¯i mÏsÌce po jednor·zovÈ Ëi opakovanÈ
inhalaËnÌ expozici potkan˘ nÌzk˝m d·vk·m sarinu.

BÌlÌ potkani kmene Wistar byli exponov·ni OF slouËeninÏ
sarinu v inhalaËnÌ komo¯e po dobu 60 minut. Sarin byl pouûit
ve  t¯ech r˘zn˝ch koncentracÌch ñ podprahovÈ (0,8 µg.l-1)
nevyvol·vajÌcÌ ani klinickÈ ani laboratornÌ p¯Ìznaky otravy,
prahovÈ (1,25 µg.l-1) nevyvol·vajÌcÌ klinickÈ zn·mky otravy
p¯i signifikantnÌ inhibici erytrocyt·rnÌ AChE a nadprahovÈ
(2,5 µg.l-1) vyvol·vajÌcÌ vedle statisticky v˝znamnÈ inhibice
erytrocyt·rnÌ AChE i mÌrnÈ klinickÈ zn·mky intoxikace. P¯i-
tom prahov· koncentrace sarinu byla pouûita jednor·zovÏ Ëi
opakovanÏ (t¯ikr·t v pr˘bÏhu jednoho t˝dne). Za t¯i mÏsÌce po
expozici byly potkani usmrceni dekapitacÌ a byla jim odebr·na
krev a vybranÈ org·ny ke stanovenÌ z·kladnÌch hematologic-
k˝ch ukazatel˘ s pouûitÌm automatickÈho analyz·toru krev-
nÌch Ë·stic, biochemick˝ch ukazatel˘ v sÈru s vyuûitÌm komer-
ËnÏ dostupn˝ch set˘, marker˘ stresu ñ hladiny kortikosteronu
(KS) v plazmÏ fluorimetrickou metodou podle Mattingliho3

a aktivity tyrozin aminotransferasy (TAT, EC 2.6.1.5) v j·t-
rech fluorimetrickou metodou podle Diamondstona4. Aktivita
acetylcholinesterasy (AChE, EC 3.1.1.7) byla stanovov·na
v erytrocytech, br·nici a mozku, aktivita butyrylcholinestera-
sy (BuChE, EC 3.1.1.8) v plazmÏ spektrofotometrickou me-
todou podle Ellmana5.

Jak z·kladnÌ hematologickÈ vyöet¯enÌ krve, t˝kajÌcÌ se
p¯edevöÌm krevnÌho obrazu vËetnÏ diferenci·lnÌho rozpoËtu
bÌl˝ch krvinek, tak biochemickÈ vyöet¯enÌ sÈra zahrnujÌcÌ sta-
novenÌ hladin protein˘ a lipid˘, glykÈmie, aktivity jaternÌch
enzym˘, hladiny miner·l˘, kyseliny moËovÈ, kreatininu a mo-
Ëoviny nevyk·zalo statisticky v˝znamnÈ zmÏny u sarinem
exponovan˝ch potkan˘ ve srovn·nÌ s kontrolnÌmi potkany,
kte¯Ì byli v inhalaËnÌ komo¯e exponov·ni t¯i mÏsÌce p¯ed
odbÏry ËistÈmu vzduchu. PodobnÏ hodnoty aktivity AChE
v erytrocytech, br·nici a mozku stejnÏ jako aktivity BuChE
v plazmÏ nebyly u sarinem exponovan˝ch potkan˘ statisticky
v˝znamnÏ odliönÈ od hodnot zÌskan˝ch od kontrolnÌch potka-
n˘  (tab. I). Naproti tomu oba markery stresu vykazovaly
u potkan˘ opakovanÏ exponovan˝ch prahovÈ d·vce Ëi jedno-
r·zovÏ exponovan˝ch nadprahovÈ d·vce sarinu statisticky
v˝znamnÈ zv˝öenÌ sv˝ch hodnot oproti hodnot·m kontrolnÌm
v p¯ÌpadÏ uvedenÌ do celkovÈ ÈterovÈ narkÛzy p¯ed jejich
usmrcenÌm (tab. II).

V˝öe uvedenÈ v˝sledky prok·zaly, ûe v p¯ÌpadÏ expozice
organismu nÌzk˝m d·vk·m OF slouËeniny sarinu nedoch·zÌ
z laboratornÌho hlediska k naruöenÌ homestasy vnit¯nÌho pro-
st¯edÌ stejnÏ jako k naruöenÌ  cholinergnÌho p¯enosu nervovÈ-
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Tabulka I
Aktivita cholinesteras v krvi a tk·nÌch u kontrolnÌch a sarinem exponovan˝ch potkan˘ (3 mÏsÌce po expozici), aktivita
cholinesteras je uv·dÏna v % kontrolnÌch hodnot (pr˘mÏr ± smÏrodatn· odchylka souboru)

Koncentrace sarinu KontrolnÌ Podprahov· Prahov· Nadprahov·
jednor·zovÏ opakovanÏ

AChE v erytrocytech 100±9,8 97,4±9,8 98,9±9,8 103,7±9,8 103,6±9,8
BuChE v plazmÏ 100±12,2 109,6±12,2 110,8±12,2 95,0±12,2 93,1±12,2
AChE v br·nici 100±8,0 112,9±8,0 105,5±8,0 114,0±8,0 108,4±8,0
AChE v mozku 100±7,1 101,0±7,1 103,4±7,1 100,4±7,1 100,8±7,1

Tabulka II
Vliv nÌzk˝ch d·vek sarinu na zvolenÈ markery stresu (3 mÏsÌce po expozici) (pr˘mÏr ± smÏrodatn· odchylka souboru)

Koncentrace sarinu KontrolnÌ Podprahov· Prahov· Nadprahov·
jednor·zovÏ opakovanÏ

KS v plazmÏ [µg.l-1] 52±7 47±7 52±7 51±7 64±7a

TAT v j·trech [µkat.kg-1] 35,1±6,3 42,3±6,3 45,5±6,3 49,6±6,3a 57,8±6,3a

a statistick· v˝znamnost: p<0,05

ho vzruchu. Naproti tomu jeötÏ t¯i mÏsÌce po expozici nÌzk˝m
d·vk·m sarinu vykazujÌ pokusn· zvÌ¯ata zv˝öenou citlivost ke
stresu a to i v p¯ÌpadÏ opakovanÈ expozice klinicky latentnÌ
d·vkou sarinu, coû m˘ûe mÌt sv˘j klinick˝ v˝znam vzhledem
k moûn˝m okolnostem expozice ËlovÏka tÏmto nox·m (pro-
fesion·lnÌ, n·hodnÈ Ëi suicid·lnÌ otravy OF insekticidy, otravy
vysoce toxick˝mi OF ve v·leËn˝ch podmÌnk·ch Ëi v d˘sledku
teroristickÈho Ëinu).

Tato pr·ce byl podpo¯ena grantem MO 66020397202.

LITERATURA

1. Marrs T. C.: Pharmacol. Therap. 58, 51 (1993).
2. Kassa J.: Voj. zdrav. listy ñ Suppl. 67(2), 15 (1998).
3. Mattingly D.: J. Clin. Pathol. 15, 374 (1962).
4. Diamondstone T. I.: Anal. Biochem. 16, 396 (1966).
5. Ellman G. L., Courtney D. K., Andres V. Jr., Featherstone

R. M.: Biochem. Pharmacol. 7, 88 (1961).

15 TOXINY éIVO»IäN›CH JEDŸ ñ M¡LO ZN¡M¡
SKUPINA XENOBIOTIK

JIÿÕ PATO»KA a JOSEF FUSEK

Katedra toxikologie, Vojensk· lÈka¯sk· akademie, äimkova
878, 500 01 Hradec Kr·lovÈ

PraktickÈ zkuöenosti lidÌ s ûivoËiön˝mi jedy sahajÌ do
d·vnÈ historie lidstva, ale teprve modernÌ chemickÈ metody,
umoûÚujÌcÌ separovat ËistÈ l·tky z komplikovan˝ch smÏsÌ
a urËit jejich chemickou strukturu uk·zaly, jak zajÌmavÈ l·tky
dok·ûe p¯Ìroda p¯ipravit. Protoûe toxicita je jednÌm z v˝znam-
n˝ch projev˘ biologickÈ aktivity chemickÈ l·tky, jsou ËetnÈ
toxiny pouûÌv·ny jako vÏdeckÈ n·stroje pro studium fyziolo-

gick˝ch dÏj˘, jako lÈËiva v medicÌnÏ a mohou takÈ slouûit jako
modelovÈ l·tky p¯i navrhov·nÌ syntÈz nov˝ch slouËenin p¯ed-
pokl·dan˝ch farmakologick˝ch vlastnostÌ1. Toxiny p¯edsta-
vujÌ pro xenobiochemii nov˝ a zatÌm m·lo vyuûÌvan˝ zdroj
informacÌ.

SystematickÈ studium ûivoËiön˝ch toxin˘ je ˙zce spjato
s rozvojem chemie a m· zatÌm kr·tkou historii. Aû dosud bylo
prozkoum·no jen nepatrnÈ mnoûstvÌ tÏchto chemicky, bioche-
micky i farmakologicky velmi zajÌmav˝ch l·tek, ale i to co
o nich dosud vÌme, stojÌ za sezn·menÌ.

Toxiny jsou produkov·ny tÈmÏ¯ vöemi ûivoËiön˝mi druhy
a hrajÌ v˝znamnou ˙lohu v jejich ûivotÏ. Produkce jedovat˝ch
l·tek se vyvinula v pr˘bÏhu fylogenetickÈho v˝voje u mnoha
druh˘ pat¯ÌcÌch k mnoha taxon˘m. Nach·zÌme je proto u mi-
kroskopickÈho zooplanktonu (biËÌkovci), u hmyzu (vosy, vËely,
mravenci), Ëlenovc˘ (pavouci, ötÌ¯i), kor·lnatc˘ (mo¯skÈ sasan-
ky), mÏkk˝ö˘ (homolice), plaz˘ (hadi) obojûivelnÌk˘ (û·by,
mloci), ryb  (Ëtyrzubci), i  ptako¯itn˝ch  savc˘ (ptakopysk).
SlouûÌ jÌm buÔ jako prost¯edek pro ochromenÌ a usmrcenÌ
ko¯isti nebo jako ˙Ëinn· ochrana p¯ed pred·tory. Fanerotoxic-
kÈ organismy majÌ zvl·ötnÌ jedov˝ apar·t, kter˝m vpravujÌ jed
do organismu jinÈho ûivoËicha, u organism˘ kryptotoxick˝ch
se tvo¯Ì a ukl·dajÌ jedovatÈ l·tky ve tk·nÌch a ûivoËich se tak
st·v· jedovat˝ pro jinÈho ûivoËicha. Jed ûivoËich˘ je vûdy
tvo¯en komplikovanou smÏsÌ ¯ady l·tek a tato smÏs je mnohem
˙ËinnÏjöÌ neû jednotlivÈ komponenty.

Po chemickÈ str·nce tvo¯Ì toxiny neobyËejnÏ rozmanitou
skupinu struktur. M˘ûeme mezi nimi nalÈzt jednoduchÈ malÈ
molekuly jako je kyselina mravenËÌ u mravenc˘ rodu Formi-
ca, i velkÈ a sloûitÈ molekuly protein˘ jako je nap¯. α-latroto-
xin, hlavnÌ toxick˝ princip pavouka Latrodectus mactans,
zn·mÈho jako ÑËern· vdovaì (cit.2). Nach·zÌme mezi nimi
malÈ i velkÈ peptidy3, line·rnÌ i cyklickÈ, polyaminy a acylpo-
lyaminy, ËetnÈ dusÌkatÈ heterocyklickÈ l·tky typu alkaloid˘4,
makrocyklickÈ a polycyklickÈ ethery a ¯adu dalöÌch pozoru-
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hodn˝ch struktur. TakÈ mechanismy jejich toxickÈho ˙Ëinku
jsou velmi rozdÌlnÈ. NÏkterÈ ûivoËiönÈ toxiny fungujÌ jako
inhibitory enzym˘, jinÈ se v·ûÌ na nÏkterÈ receptory Ëi iontovÈ
kan·ly membr·n nebo artefici·lnÌ iontovÈ kan·ly v bunÏËn˝ch
membr·n·ch samy vytv·¯ejÌ, jinÈ zase naruöujÌ cytoskelet
bunÏk a zasahujÌ do jejich dÏlenÌ. VÏtöina ûivoËiön˝ch toxin˘
vykazuje org·novou selektivitu a mezi nejv˝znamnÏjöÌ ˙Ëinky
pat¯Ì jejich kardiotoxicita, neurotoxicita, hemotoxicita a ne-
frotoxicita. ModernÌ medicÌna objevila v toxinech ¯adu vyni-
kajÌcÌch lÈk˘ a mnohÈ toxiny se staly vzorem pro syntÈzu
nov˝ch lÈËiv, bez nichû by se jiû souËasn· medicÌna neobeöla5.
St·le vöak zn·me jen nepatrn˝ zlomek toho, co n·m p¯Ìroda
v podobÏ toxin˘ nabÌzÌ, p¯estoûe v˝zkum je podporov·n ¯adou
farmaceutick˝ch firem a v poslednÌch letech je velmi inten-
zivnÌ. D˘kazem toho je i tato souhrnn· pr·ce, v nÌû je pod·n
p¯ehled o chemickÈ struktu¯e nejv˝znamnÏjöÌch skupin ûivo-
Ëiön˝ch toxin˘, mechanismech  jejich biologickÈho ˙Ëinku
a novÏ vyvÌjen˝ch lÈËivech, k jejichû syntÈze byl d·n podnÏt
potÈ, co byla zjiötÏna chemick· struktura toxinu a prozkoum·-
ny jeho farmakologickÈ a toxikologickÈ vlastnostÌ.

Tato pr·ce byla podpo¯ena grantem MO »R 66021299116.
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16 PRIAMY MONITORING KVALITY
IZOLOVAN›CH MITOCHONDRIÕ VYUéITÕM
SYNCHR”NNEHO FLUORESCEN»N…HO
FINGERPRINTU

JAROSLAV KUäNÕR, VLADIMÕRA TOME»KOV¡,
KATARÕNA DUBAYOV¡ a JURAJ GUZY

⁄stav lek·rskej chÈmie a biochÈmie, Lek·rska fakulta UPJä,
Tr. SNP 1, 040 66 Koöice, Slovensk· republika

Mitochondrie ako buneËnÈ organely s˙ definovan˝m ûi-
v˝m systÈmom. Tento systÈm m· na jednej strane vlastnosti
podobne vlastnostiam cel˝ch buniek, na strane druhej ide
o ûiv˝ systÈm zjednoduöen˝, s obmedzen˝m poËtom bioche-
mick˝ch pochodov, ale aj s obmedzenou stabilitou. Tieto
ÑobojakÈì vlastnosti mitochondriÌ a ich metodick· dostupnosù
spÙsobuj˙, ûe s˙ dlhodobo predmetom z·ujmu, najm‰ pri
öt˙diu energetickÈho metabolizmu, pri genetick˝ch öt˙di·ch,
pri sk˙manÌ membr·novÈho transportu a in˝ch z·kladn˝ch
pochodov.

IzolovanÈ mitochondrie in vitro z hæadiska biochemickÈho
maj˙ relatÌvne vysok˙ funkËn˙ a ötrukt˙rnu nestabilitu. Zn·-
ma je citlivosù na mechanickÈ vplyvy, na teplotu, prÌtomnosù
l·tok poruöuj˙cich biomembr·ny. Udrûaù funkËnosù mitochon-
driÌ viac ako 24 hodÌn po izol·cii1je aj za ide·lnych podmienok
veæmi n·roËnÈ.

Z uveden˝ch dÙvodov mitochondrie po izol·cii sa podro-
buj˙ funkËnej sk˙öke.T· sa robÌ najËastejöie sledovanÌm spo-
treby kyslÌka kyslÌkovou elektrÛdou Clarkovho typu v stave 4
(bez prÌdavku ADP), v stave 3 (po prÌdavku ADP) za pouûitia
sukcin·tu ako substr·tu. Podiel spotreby kyslÌka v stave 3
a v stave 4 vyjadruje respiraËn˝ kontroln˝ pomer (RKP).

Zmena biologickej funkËnosti je prakticky vûdy spojen·
s morfologick˝mi zmenami. MorfologickÈ öt˙dium mitochon-
driÌ pri kaûdom biochemickom experimente je nepraktickÈ.
Preto sme sa pok˙sili vypracovaù metÛdu na nepriame öt˙dium
celistvosti mitochondriÌ. T·to metÛda je zaloûen· na meranÌ
synchrÛnneho fluorescenËnÈho spektra2 a jeho öpeci·lnom
poËÌtaËovom spracovanÌ do podoby synchrÛnneho fluores-
cenËnÈho fingerprintu (SFF)3.

Unik·tnou vlastnosùou metÛdy je jej pouûitie v öirokom
rozmedzÌ veækosti ËastÌc od mal˝ch molek˙l cez biopolymÈry,
aû po buneËnÈ organely. Jej podstatou je paralelnÈ fluores-
cenËnÈ a nefelometrickÈ meranie a jeho trojrozmernÈ poËÌta-
ËovÈ vyhodnotenie4. MetÛda bola testovan· modelov˝m po-
kusom, pri ktorom sa merali SFF natÌvnych mitochondriÌ,
mitochondriÌ podroben˝ch regulovanÈmu teplotnÈmu pÙsobe-
niu a mitochondriÌ po ˙Ëinku dodecylsulf·tu. V˝sledky t˝chto
meranÌ sa porovn·vali s fluorescenËn˝mi fingerprintami mi-
tochondriÌ poËas prirodzenÈho Ñstarnutiaì, tj. pri uchov·vanÌ
mitochondriÌ po dobu 24ñ72 hodÌn.

Z·znamy synchrÛnnych fluorescenËn˝ch fingerprintov jed-
notliv˝ch vzoriek mitochondriÌ priniesli charakteristickÈ gra-
fickÈ vyjadrenia vlastnostÌ mitochondriÌ po ˙Ëinku opÌsan˝ch
fyzik·lnych a chemick˝ch vplyvov. KeÔûe tieto spektr· odr·-
ûaj˙ najm‰ povrchovÈ vlastnosti ËastÌc ñ prÌtomnosù fluorofo-
rov v biomembr·ne a jej molekulov˙ dynamiku, tento typ
meranÌ mÙûe nahradiù Ëasovo n·roËnÈ morfologickÈ öt˙di·
a v˝znamne doplniù metÛdu RKP. Mitochondrie definovanÈ
charakteristick˝m SFF maj˙ spektr·lny atest kvality a funk-
Ënosti. Nezanedbateænou v˝hodou s˙ aj minim·lne mnoûstv·
mitochondriÌ potrebnÈ na testovanie pomocou SFF ñ 20 µl.
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17 STOBADÕN A MITOCHONDRIE SRDCA
A PE»ENE

JURAJ GUZY, EVA BARNOV¡,
M¡RIA MAREKOV¡, ZEN”BIA CHAVKOV¡
a JAROSLAV KUäNÕR

⁄stav lek·rskej chÈmie a biochÈmie, Lek·rska fakulta UPJä,
Tr. SNP 1, 040 66 Koöice, Slovensk· republika

⁄Ëinok stobadÌnu ((ñ)-cis-2,8-dimetyl-2,3,4,4a,5,9b-hexa-
hydroxo-1H-pyrido[4,3b] indol) bol doteraz sledovan˝ hlavne
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Tabuæka I
Vplyv stobadÌnu na mitochondri·lne parametre

Srdce ñ skupina PeËeÚ ñ skupina
kontroln· pokusn· kontroln· pokusn·

Stav 4 17,6±0,5 13,6±0,6* 17,9±0,4 18,7±0,4
Stav 3 98,0±2,5 66,6±2,1* 33,5±0,7 33,4±0,7
ATP-·za 0,828±0,010 0,948±0,020* 0,154±0,009 0,162±0,005
SOD 2,290±0,083 2,290±0,079 0,271±0,050 0,078±0,030*

na ˙rovni metabolizmu nervovÈho tkaniva1, napriek tomu, ûe
t·to l·tka bola syntetizovan· ako kardioprotektÌvna zl˙Ëenina.
V naöej pr·ci sme kardioprotektÌvny ˙Ëinok potvrdili na mo-
deli pokusu s kr·likmi. Pokusn˝m zvierat·m sme aplikovali
preventÌvne stobadÌn a n·sledne sme vyvolali mikroinfarkty
izoproterenolom. Sledovali sme aktivity enz˝mov krvnÈho
sÈra (AST, LDH, CK) po izoproterenole a po preventÌvnom
podanÌ stobadÌnu. Zaznamenali sme v˝razn˝ protektÌvny ˙Ëi-
nok na ich aktivitu2.

Na z·klade t˝chto v˝sledkov sme sa pok˙sili vysvetliù
mechanizmus protektÌvneho ˙Ëinku stobadÌnu v pokusoch po
in vitro aplik·cii tejto l·tky.

SrdcovÈ mitochondrie sme izolovali z kr·likov podæa Mela
a Seitza3, peËeÚovÈ mitochondrie podæa Johnsona a Lardyho4.
V pr·ci boli sledovanÈ nasledovnÈ parametre: spotreba O2
v stave 4 (bez prÌdavku ADP), v stave 3 (po prÌdavku ADP) za
pouûitia sukcin·tu ako substr·tu. V˝sledky ud·vame v mmol
O2/min.kg mitochondri·lnej bielkoviny. œalej ATP-·zov˙ ak-
tivitu podæa Meissnera a spol.5 v jednotk·ch mol Pi/min.kgp
a aktivitu superoxiddismut·zy (SOD) podæa Shaperovej a spol.6

ako aktivita 104/gp. Bielkoviny sme stanovili podæa Hartree
a spol.7 V˝sledky sme ötatisticky vyhodnotili Studentov˝m
t-testom. HviezdiËkou oznaËujeme signifikantnosù na ˙rovni
p<0,01.

V˝sledky s˙  zhrnutÈ  v  tabuæke I. Z nich vypl˝va, ûe
aplik·cia stobadÌnu v koncentr·cii 0,1 mol.l-1 vztiahnut· na
1 mg mitochondri·lnej bielkoviny odliöne ˙Ëinkuje na mito-
chondrie srdca a peËene. Respir·cia srdcov˝ch mitochondriÌ
je signifikantne inhibovan·, ATP-·zov· aktivita je zv˝öen·,
k˝m aktivita SOD sa nemenÌ. Parametre u peËeÚov˝ch mito-
chondriÌ s˙ nezmenenÈ, aû na aktivitu SOD, ktor· je signifi-
kantne znÌûen·.

PorovnanÌm v˝sledkov je moûnÈ konötatovaù, ûe stobadÌn
v koncentr·cii 0,1 mol.l-1 negatÌvne ovplyvÚuje funkciu srd-
cov˝ch mitochondriÌ, k˝m na peËeÚovÈ mitochondrie v pod-
state nevpl˝va. UvedenÈ skutoËnosti s˙ v s˙lade s pozoro-
vanÌm ˙Ëinku na ˙rovni celÈho organizmu sledovanom v pr·ci
Guzy a spol.8

Autori Ôakuj˙ za finanËn˙ podporu grantu GA Mä SR a SAV
1/6034/99.
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18 VPLYV KONCENTRA»NEJ Z¡VISLOSTI
STOBADÕNU NA VYBRAN… PARAMETRE
PE»E“OV›CH MITOCHONDRIÕ

M¡RIA MAREKOV¡, JURAJ GUZY,
EVA BARNOV¡, ZEN”BIA CHAVKOV¡,
VLADIMÕRA TOME»KOV¡ a JAROSLAV KUäNÕR

⁄stav lek·rskej chÈmie a biochÈmie, Lek·rska fakulta UPJä,
Tr. SNP 1, 040 66 Koöice, Slovensk· republika

StobadÌn, (ñ)-cis-2,8-dimetyl-2,3,4,4a,5,9b-hexahydroxo-
-1H-pyrido[4,3b] indol, moûno charakterizovaù ako l·tku s mul-
tikomponentn˝m ˙Ëinkom, ktor· zasahuje do perifÈrnych aj
centr·lnych ötrukt˙r bunky1. Na z·klade zistenia jeho chemic-
kej reaktivity s voæn˝mi radik·lmi sa zaraÔuje do skupiny tzv.
scavengers ñ vychyt·vaËov voæn˝ch radik·lov2. StobadÌn sa
povaûuje za potenci·lne lieËivo v prevencii a lieËbe tkanÌv
poökoden˝ch oxidaËn˝m stresom3. Vzhæadom na to, ûe st·le
prebiehaj˙ rozsiahle öt˙die stobadÌnu, vr·tane jeho predklinic-
kÈho hodnotenia, rozhodli sme sa sledovaù jeho vplyv na
peËeÚovÈ mitochondrie, ktorÈ mÙûu iniciovaù tvorbu reaktÌv-
nych foriem kyslÌka.

V pr·ci boli pouûitÈ mitochondrie izolovanÈ z peËene
potkanov ötandardnÈho chovu (samiËky) rodu Wistar. Kon-
troln˙ a pokusn˙ skupinu tvoril rovnak˝ poËet vzoriek. Roztok
stobadÌnu bol prid·van˝ tak, aby jeho v˝sledn· koncentr·cia
bola 50, 100 a 200 mmol.l-1. Bola sledovan· spotreba kyslÌka
v stave 3 (s prÌdavkom ADP) a v stave 4 (bez prÌdavku ADP)
elektrÛdou Clarkovho typu, aktivita ATP-·zy, aktivita supe-
roxiddizmut·zy (SOD) a aktivita glutatiÛnredukt·zy (GR).
ZÌskanÈ v˝sledky boli ötatisticky vyhodnotenÈ oproti kontrole.
S˙Ëasne bolo uskutoËnenÈ monitorovanie mitochondri·lnej
dynamiky pomocou metÛdy synchrÛnneho fluorescenËnÈho
fingerprintu.

PrezentovanÈ v˝sledky predstavuj˙ vplyv rÙznych koncen-
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Tabuæka I
Vplyv stobadÌnu na mitochondri·lne parametre

StobadÌn
Kontrola 50 mmol.l-1 100 mmol.l-1 200 mmol.l-1

Stav 4 17,9±0,4 22,3±0,5 8,7±0,4 16,8±0,3
Stav 3 33,5±0,7 37,1±0,8 33,4±0,7 28,0±0,5
ATP-·za 0,154±0,009 0,155±0,007 0,162±0,005 0,151±0,007
SOD 0,271±0,05 0,171±0,07* 0,078±0,03* 0,017±0,07*
GR 86,8±5,6 138,1±5,6* 99,4±8,9 105,8±7,3*

tr·cii stobadÌnu (50ñ200 mmol.l-1) na spotrebu kyslÌka v sta-
ve 3 a stave 4, ako aj sledovanÈ enz˝movÈ aktivity a s˙
zhrnutÈ v tabuæke I. S˙ ud·vanÈ ako spotreba kyslÌka v mmol/
mg bielkoviny/min v oboch stavoch respir·cie, aktivita ATP-
-·zy (E.C.3.6.1.3) v mmol Pi/mg bielkoviny/min, aktivita SOD
(E.C.1.15.1.1) ako aktivita A/kg bielkoviny/min a aktivita GR
(E.C.1.6.4.2) je v kat/mg bielkoviny. ZÌskanÈ absol˙tne hod-
noty boli ötatisticky vyhodnotenÈ Studentov˝m t-testom na
hladine v˝znamnosti p<0,05, Ëo je v tabuæke oznaËenÈ hviez-
diËkou.

Naöe v˝sledky ukazuj˙, ûe prÌdavok stobadÌnu v˝razne
neovplyvÚuje spotrebu kyslÌka v oboch stavoch respir·cie, Ëo
je v dobrej zhode aj so zisten˝mi hodnotami ATP-·zovej ak-
tivity. Tieto v˝sledky koreöponduj˙ s pr·cou Kaplana a spol.4

Aktivita SOD, ktor· je povaûovan· za prv˙ lÌniu antioxidaËnej
obrany sa signifikantne znÌûila pri vyööÌch koncentr·ci·ch,
rovnako ako bolo popÌsanÈ v pr·ci Kuratka5, ktor˝ tento v˝sle-
dok popisuje ako pokroËilÈ öt·dium oxidaËnÈho stresu. Akti-
vita GR sa najprv zv˝öila, pravdepodobne v dÙsledku zv˝öenej
produkcie peroxidu vodÌka a n·slednej zv˝öenej koncentr·cii
oxidovanÈho glutatiÛnu. N·slednÈ znÌûenia aktivÌt oboch sle-
dovan˝ch enz˝mov oproti kontrole bolo pravdepodobne spÙ-
sobenÈ inhibÌciou enz˝mu vysokou koncentr·ciou substr·tu ñ
oxidovanÈho glutatiÛnu. S uveden˝mi v˝sledkami koreöpon-
duje aj monitorovanie vonkajöej mitochondri·lnej membr·ny
pomocou anal˝zy synchrÛnneho fluorescenËnÈho fingerprintu.

StobadÌn je l·tka so siln˝m antioxidaËn˝m pÙsobenÌm,
chr·niaca syntetickÈ aj prÌrodnÈ lipidy pred spont·nnou pero-
xid·ciou indukovanou peroxidom vodÌka. V tomto smere je
˙ËinnejöÌ ako zn·me antioxidanty ñ butylovan˝ hydroxyto-
luÈn, alebo vitamÌn E (cit.6). Z uveden˝ch v˝sledkov vypl˝va,
ûe stobadÌn nevpl˝va rovnako na enz˝my viazanÈ na membr·-
ny mitochondriÌ (respir·cia, ATP-·za) a enz˝my voæne sa
vyskytuj˙ce v matrix mitochondrie (SOD, GR). Mechanizmus
tohoto rozdielu je pravdepodobne v interakcii molekuly stoba-
dÌnu s prirodzen˝mi substr·tmi sledovan˝ch enz˝mov za vzni-
ku radik·lu stobadÌnu a Ôalöieho metabolitu, resp. radik·lu.

Autori Ôakuj˙ za finanËn˙ podporu grantu GA Mä a SAV
1/6034/99.
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19 BIOTRANSFORMATION IN THE LIVER DURING
THE STEATOSIS AS A CONSEQUENCE
OF TOXIC LIVER INJURY

OºGA ULI»N¡a, IGOR B¡TORAb, JURAJ VOLMUTc,
and OºGA VAN»OV¡a

aPharmacobiochemistry Laboratory, 3rd Internal Clinic, School
of Medicine 811 05 Bratislava, bDepartment of Industrial
Medicine and Toxicology, School of Medicine, 831 01 Brati-
slava, cDepartment of Clinical Biochemistry, Slovak Academy
of Postgradual Medicine, 831 01 Bratislava, Slovak Republic

Cytochrome P-450, monooxygenase acting as an oxidase
or peroxidase, is involved in the metabolism and biotransfor-
mation of various endogenous and xenobiotic compounds.
Most of the eucaryotic P-450s, a group of heme proteins, are
located in the endoplasmatic reticulum1, mitochondria2 and
peroxisomes3. Great number of xenobiotics which are elimi-
nated by microsomal system of hepatocytes caused fatty liver.

The aim of our experimental study was to evaluate range
of lipid infiltration (expressed as a concentration of triacylgly-
cerols) in the liver and the biological half-life of antipyrine,
the model substance eliminated by the liver after various types
of toxic liver injury, after influence of two hepatotoxic com-
pounds or after combination of hepatotoxic and hepatoprotec-
tive compounds. Experimental liver toxicity in Wistar rats
(b.w. 160ñ180 g) was induced by 1) carbontetrachloride ñ CCl4
(2.5 mmol.kg-1), 2) organophosphorous pesticide Phosmet
(O,O-ftalimidomethyldithiophosphate, 145 mg.kg-1), 3) etha-
nol (10 g.kg-1) ñ administration by gastric tube and 4) hydra-
zine sulphate (2 mmol.kg-1) ñ administration subcutaneously.
Combination of hydrazine sulphate after 24 hrs and ethanol
after next 2 hrs were administered. Hepatoprotective substan-
ce silymarine (200 mg.kg-1) was applicated 24 hrs after CCl4
or 4 hrs after phosmet. Antipyrine (30 mg.kg-1) was applicated
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24 or 48 hrs after chemical compounds administration. Levels
of plasma antipyrine were evaluated by gas chromatography4.

Single doses of mentioned toxic chemical compounds in-
duced liver steatosis. In the liver tissue was significantly increa-
sed (p<0.001) concentration of triacylglycerols (TG mmol.kg-1)
in comparison to control: 1) after CCl4 /48 hrs (126.79±13.65
vs. 11.23±1.32), 2) after phosmet/24 hrs  (40.60±2.85 vs.
11.87±0.83), 3) after ethanol/24 hrs (44.63±0.42 vs. 10.44±
0.73) and 4) after hydrazine sulphate/24 hrs (71.10±4.65 vs.
8.06±0.81). Biological half-life of antipyrine (in control group
1 hr 30 min) was prolonged after CCl4 on 11 hrs 56 min,
phosmet on 2 hrs 48 min, ethanol on 2 hrs and hydrazine
sulphate on 2 hrs 40 min. Combination of hydrazine sulphate
and ethanol did not result in more expressive steatosis but
half-life of antipyrine was prolonged on 6 hrs and 5 min. Si-
lymarine led to steatosis reduction and shortening of antipyri-
ne half-life after CCl4 (TG: 85.42±8.39 mmol.kg-1, T1/2 8 hrs
31 min) as well as after phosmet (TG: 25.26±1.59 mmol.kg-1,
T1/2 1 hr 47 min).

Antipyrine half-life evaluation and treatment with hepato-
protective substances should be usefull for people who are
exposed to the influence of chemical compounds during the
production, application or long drug administration. Decrea-
sed liver elimination possibility after toxic chemical com-
pounds should be considered in medical practice.

This work was supported by VEGA Grant No. 1/5158/98.
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20 ⁄»INOK ORACÕNU NA AKTIVITU
TOPOIZOMER¡ZY II IZOLOVAN⁄
Z PE»ENE MYäÕ

MILAN MIKOa, J¡N TUR“Ab, STANISLAV
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molekul·rnej biolÛgie, PrÌrodovedeck· fakulta UK, Mlynsk·
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OracÌn (obr. 1) je pÙvodn· syntetick· protin·dorovo ˙Ëin-
n· l·tka zo skupiny indeisoquinolÌnov1 a je ötrukt˙rne a far-
makologicky podobn· klinicky pouûÌvanÈmu cytostatiku mi-
toxantrÛnu (NOVATRONR). OracÌn vyk·zal priamu cytoto-

xicitu voËi  öirokÈmu  spektru  n·dorov˝ch a leukemick˝ch
buniek in vitro a in vivo. Plan·rna z·kladn· ötrukt˙ra zl˙Ëeniny
je typick· pre interkalaËnÈ protin·dorovÈ Ëinidl· (antracyklÌ-
ny, tj. l·tky podobnÈ adriamycÌnu alebo antracÈndionÛnu), tj.
l·tkam podobn˝m mitoxantrÛnu. Rovnako tieû pomer hodnÙt
IC50 pre inkorpor·ciu tymidÌnu a uridÌnu (R = 0,71) je typick˝
pre interkalaËnÈ l·tky1. äirokÈ spektrum citliv˝ch n·dorov je
vöak dÙsledkom nielen interkalaËnÈho ˙Ëinku oracÌnu, ktor˝
sa prejavuje inhibÌciou biosyntÈzy DNA, RNA a n·sledne aj
proteÌnov, ale aj ovplyvnenÌm bioenergetick˝ch procesov2.
OracÌn sa v s˙Ëasnosti nach·dza v I. f·ze klinickÈho hodnote-
nia, kde bolo zahrnut˝ch 28 pacientov3. Je relatÌvne m·lo
toxick˝ v öirokom d·vkovacom rozmedzÌ. Nevykazuje hepa-
totoxickÈ, neurotoxickÈ Ëi kardiotoxickÈ pÙsobenie. KæuË·r
a Al-Rubeai4 ötudovali cytotoxick˝ ˙Ëinok oracÌnu na bunky
Burkittovho lymfÛmu (BL) s nadprodukciou bcl-2 gÈnu a BL
SV2 bunky (obsahuje kontroln˝ vektor). Expresia preûÌvaj˙-
ceho gÈnu ako blc-2 gÈnu v n·dorov˝ch bunk·ch by mohla
poskytn˙ù ochranu proti apoptÛze indukovanej l·tkami, ktorÈ
interferuj˙ s replik·ciou DNA n·dorov˝ch buniek. OracÌn
vyk·zal znaËn˝ cytostatick˝ ˙Ëinok na BL SV2 a BL bcl-2
bunky.

V naöej pr·ci sa ötudoval ˙Ëinok oracÌnu na aktivitu topo-
izomer·zy II, izolovan˙ z peËene myöÌ v koncentraËnej z·vis-
losti. S˙Ëasne sa porovnal ˙Ëinok aj na topoizomer·zu I, tieû
izolovan˙ z peËenÌ myöÌ5. Po relatÌvne n·roËnom hæadanÌ
koncentr·cie, kde sa prejavuje inhibiËn˝ efekt oracÌnu na DNA
topoizomer·zu II sme zistili, ûe 50 % inhibÌcia topoizomer·zy
II nast·va pri konc. cca 1 µmol.l-1 oracÌnu. V prÌpade topoizo-
mer·zy I 30 % inhibÌcia sa zistila pri koncentr·cii 15 µmol.l-1

oracÌnu.

T·to pr·ca bola podporen· grantom VEGA Ë.1/7315/20.
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Obr. 1. Chemick· ötrukt˙ra oracÌnu

Chem. Listy 94, 699 ñ 722 (2000) Sekce 10

713



21 REDUKCE ORACINU STÿEVNÕ MIKROFLOROU
POTKANA
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VLADIMÕR BUCHTAb a PETR JÕLEKb

aKatedra biochemick˝ch vÏd, bKatedra biologick˝ch a lÈka¯-
sk˝ch vÏd, Univerzita Karlova, Farmaceutick· fakulta, Hey-
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HlavnÌm org·nem metabolismu lÈËiv jsou j·tra. K vÏtöinÏ
metabolick˝ch transformacÌ doch·zÌ po absorpci lÈËiva z gas-
trointestin·lnÌho traktu. K nÏkter˝m p¯emÏn·m vöak m˘ûe
dojÌt uû ve st¯evÏ nebo ve st¯evnÌ stÏnÏ, kde se na metabolismu
podÌlÌ bakteri·lnÌ flora, pH st¯evnÌho obsahu a oxidoredukËnÌ
a konjugaËnÌ enzymy bunÏk st¯evnÌho epitelu1. Biotransfor-
mace ve st¯evÏ tak m˘ûe nemalou mÏrou p¯ispÌvat k biotrans-
formaci lÈËiva in vivo a rovnÏû m˘ûe omezovat biologickou
dostupnost peror·lnÏ pod·van˝ch lÈk˘. Bakteri·lnÌ flora gas-
trointestin·lnÌho traktu je velice komplexnÌ2 a jak·koli l·tka
podan· peror·lnÏ nebo vstupujÌcÌ do st¯eva ze ûluËi nebo z krve
se st·v· potenci·lnÌm substr·tem pro st¯evnÌ mikroorganis-
my3,4.

Oracin, deriv·t isochinolinu, {6-[2-(2-hydroxyethyl)ami-
noethy]-5,11-dioxo-5,6-dihydro-11H-indeno[1,2-c]isochino-
lin hydrochlorid}, je ˙Ëinn· syntetick· protin·dorov· l·tka
urËen· pro or·lnÌ pod·nÌ. Mechanismus ˙Ëinku je kombinova-
n˝, Ë·steËnÏ se jedn· o interkalaci do molekuly DNA a RNA,
Ë·steËnÏ o stimulaci aerobnÌ spot¯eby glukosy, inhibici respi-
race, inhibici mitÛzy a indukci apoptÛzy n·dorov˝ch bunÏk5.
JednÌm z hlavnÌch metabolit˘ oracinu je 11-dihydrooracin
(DHO), kter˝ byl nalezen u laboratornÌch zvÌ¯at in vitro6 a in
vivo7 a je takÈ hlavnÌm metabolitem u ËlovÏka8. DHO je po i.v.
aplikaci mÈnÏ toxick˝ neû oracin, ale nem· protin·dorov˝
˙Ëinek5. V podmÌnk·ch in vivo se na redukci oracinu na DHO
mohou podÌlet rovnÏû mikroorganismy ve st¯evÏ, kde je p¯e-
v·ûnÏ anaerobnÌ prost¯edÌ, podporujÌcÌ pr˘bÏh redukËnÌch re-
akcÌ.

Oracin byl peror·lnÏ pod·n v d·vce 150 mg.kg-1 standard-
nÌm laboratornÌm potkan˘m kmene Wistar a Fischer a bezmi-
krobnÌm potkan˘m kmene Fischer. Hladina DHO byla sledo-
v·na v moËi a trusu po 24, 48 a 72 hodin·ch metodou HPLC.
CelkovÏ bylo zÌsk·no vÌce oracinu i DHO z trusu (77 % DHO
v trusu ku  23  % v moËi). U vöech skupin potkan˘ byly
maxim·lnÌ hodnoty DHO v moËi detekov·ny prvnÌ den, druh˝
a t¯etÌ den produkce klesala. U trusu bylo maxim·lnÌ mnoûstvÌ
DHO zÌsk·no druh˝ den. MnoûstvÌ vzniklÈho DHO je u bez-
mikrobnÌch potkan˘ Fischer (F1) a potkan˘ Fischer po kon-
vencionalizaci (osÌdlenÌ GITu st¯evnÌ mikroflÛrou) (F2) roz-
dÌlnÈ, do trusu je vÌce DHO vyluËov·no u potkan˘ F2. Elimi-
nace DHO do moËi je u potkan˘ Wistar (W) strmÏjöÌ (2. a 3.
den prudce kles·), zatÌmco u trusu jsou hladiny 1. a 2. den
pomÏrnÏ vyrovnanÈ oproti potkan˘m F1 a F2. RozdÌly v me-
tabolismu mezi potkany kmen˘ Wistar a Fischer jsou pravdÏ-
podobnÏ zp˘sobeny genetick˝mi rozdÌly a chovem v odliön˝ch
laboratornÌch podmÌnk·ch. TakÈ byla provedena anaerobnÌ
kultivace bakteriÌ st¯evnÌ mikroflory s oracinem v podmÌn-
k·ch in vitro. Ve vzorku, kde bylo pouze kultivaËnÌ medium
a malÈ mnoûstvÌ st¯evnÌho obsahu doölo k v˝raznÈmu pomno-
ûenÌ bakteriÌ, zatÌmco ve zkumavce i s oracinem byla pozoro-

vateln· pouze jemn· opalescence. Oracin tedy pravdÏpodobnÏ
inhibuje r˘st nÏkter˝ch bakteriÌ. DHO vzniklo malÈ mnoûstvÌ
a to p¯ibliûnÏ 3 % z celkovÈho mnoûstvÌ p¯idanÈho oracinu.

NaöÌm dalöÌm cÌlem je urËenÌ, zda se ve st¯evÏ na biotrans-
formaci podÌlÌ pouze intestin·lnÌ mikroflora Ëi zda se na tÏchto
p¯emÏn·ch ˙ËastnÌ i enzymy epiteli·lnÌch bunÏk st¯evnÌ stÏny.

Podporov·no Grantovou agenturou Univerzity Karlovy, grant
Ë. 96/2000/C a v˝zkumn˝m projektem MäMT »R J13/98:
11600002.
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aInstitute of Clinical Chemistry, First Faculty of Medicine,
Charles University, Prague 2, Czech Republic, bDepartment
of Neurochemistry,  Regional Neurosciences Centre, New-
castle General Hospital, Upon-Tyne Newcastle-Upon-Tyne,
UK, cDepartments of Clinical Biochemistry and dCardiology,
Guyís, Kingís and St. Thomasí Medical School, Kingís Colle-
ge, eDepartment of Nutrition and Dietetics, Kingís College
London, UK

Anthracycline antibiotics are effective anti-cancer agents
but their use is limited by unwanted adverse side-effects. The
toxic effects of doxorubicin (adriamycin) include the develop-
ment of defined cardiac lesions leading to cardiomyopathy in
some patients. The structural alterations may result from free
radical formation and /or reduced antioxidant status. Other
processes proposed as contributory to the mechanism of adria-
mycin-induced cardiomyopathy, include inhibition of oxida-
tive phosphorylation and reductions of mitochondrial ATPase
activities and suppression of carnitine palmitoyltransferase
activities. Adriamycin-induced cardiomyopathy has also been
reported to be due to reductions in cardiac protein synthesis.
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Table I
Heart protein synthesis parameters and cardiac lysosomal and cytoplasmatic peptidase activities (nmol hydrolysed substrate/h/mg
protein) in rats treated with adriamycin in vivo

Parameter Units 24 S 24 A 2.5 S 2.5 A

Si heart dpm/nmol 80.6±3.7 72.7±1.0a 77.8±0.7 78.7±0.7
Sb heart dpm/nmol 0.073±0.003 0.063±0.002b 0.08±0.002 0.078±0.001
ks heart %/day 13.1±0.8 12.4±0.4 14.7±0.3 14.2±0.2
kRNA heart mg prot/day/mg RNA 13.0±0.8 12.7±0.7 13.9±0.8 14.1±0.8

Lysosomal enzymes
diaminopeptidase I 693±30 788±47 758±66 634±31a

diaminopeptidase II 89±18 99±12 98±6 101±9
Cathepsin L 248±23 305±29 320±30 272±11
Cathepsin B 65±4 67±8 67±6 64±3
Cathepsin H 92±6 91±6 99±9 94±4
Cathepsin D 4.01±0.72 4.02±0.54 3.46±0.32 4.58±0.45

Cytoplasmatic enzymes
Alanyl aminopeptidase 384±33 394±40 409±22 422±18
Arginyl aminopeptidase 616±37 640±49 623±21 693±20
Leucyl aminopeptidase 53±7 60±7 66±5 63±4
Diaminopeptidase IV 81±4 71±6 86±5 94±4
Triaminopeptidase 56±7 66±8 44±4 54±3
Proline endopeptidase 171±15 127±22a 184±23 162±12

a p<0.05, b p<0.001

However, virtually all of these previous studies on protein
synthesis have failed to consider the specific radioactivity of
the precursor pool in their measurements or have carried out
their studies in vitro1-3.

To further resolve the above we measured fractional rats
of cardiac protein synthesis using the flooding dose method in
rats (8 in group) treated with adriamycin (5 mg.kg-1 body
weight). Controls were identically treated and injected with
saline. At 2.5 or 24 hours after adriamycin injection, rates of
protein synthesis were measure with a flooding dose of L-[4-
-3H]-phenylalanine. Measurements included free (Si) and pro-
tein bound (Sb) phenylalanine specific radioactivities, the pro-
tein synthetic capacity (RNA/protein ration; Cs), the fractional
rates of protein synthesis calculated from the ratio of Sb/Si and
the protein synthetic efficiency calculated from the ratio of
ks/Cs. Complementary analysis included assays of lysosomal
(cathepsins B, D, H and L and dipeptidyl aminopeptidases I-
and -II) and cytoplasmic proteases (alanyl aminopeptidase,
arginyl aminopeptidase,  leucyl aminopeptidase, dipeptidyl
aminopeptidase IV, tripeptidyl aminopeptidase and proline
endopeptidase). These enzymes constitute the most active
proteases in this tissue and represent an index of protein
degradation capacity in cardiac muscle4-6.

The results showed that in 2.5 hour dosed rats, adriamycin
had no effect on Si, Sb, Cs, ks or kRNA. In 2.5 hour dosed rats,
dipeptidyl aminopeptidase I activities were reduced (p<0.05)
whereas the activities of other peptidases were not significant-
ly altered.

In 24 hour dosed rats, adriamycin reduced cardiac Sb
(p<0.001), which would normally be interpreted as a reduction
in protein synthesis. However, Si was also decreased in 24 hour

adriamycin-injected rats (p<0.05) and Cs was not changed.
Consequently, the calculated ks and kRNA values were not
significantly affected in 24 hour adriamycin-dosed rats. There
were also significant reductions in proline endopeptidase ac-
tivities in rats exposed for 24 hours to adriamycin. The activi-
ties of other peptidases were not significantly affected at this
time point (Table I).

In conclusion, there is reduced labelling of myocardial
proteins in rats treated with adriamycin and then injected with
L-[4-3H]-phenylalanine. However, this can not be interpreted
as a reduction in the rate of myocardial protein synthesis in
vivo due to reduction in the enrichment of the precursor pool.
There are, nevertheless, subtle changes in the activities of
selected proteases, which may contribute to the development
of adriamycin-induced toxicity. There was no evidence that
adriamycin-induced cardiomyopathy occurs via generalised
alteration (i.e., activation) of intracellular proteolysis in the
heart.

REFERENCES

1. Ferrans V. J., Clark J. R., et al.: Tsitologiia 39, 928 (1997).
2. DeAtley S. M., Aksenov M. Y., et al.: Cancer Lett. 136,

41 (1999).
3. Mazzanti L., Breschi M. C., et al.: In Vivo 2, 189 (1988).
4. Garlick P. J., McNurlan M. A., Preedy V. R.: Biochem.

J. 192, 719 (1980).
5. Siddiq T., Richardson P. J., Preedy V. R.: Biochem. Med.

Metab. Biol. 49, 149 (1993).
6. Preedy V. R., Why H., et al.: Int. J. Cardiol. 50, 95 (1995).

Chem. Listy 94, 699 ñ 722 (2000) Sekce 10

715



23 MIKROZ”MOV… ESTER¡ZY VO VZçAHU
K BENZOYLCHOLÕNOM IN VITRO

INGRID PAULÕKOV¡a, OTTO HELIAa,
ANNA HRABOVSK¡a a FERDINAND DEVÕNSKYb

aKatedra bunkovej a molekul·rnej biolÛgie lieËiv, bKatedra
chemickej teÛrie lieËiv, Farmaceutick· fakulta UK, Odboj·-
rov 10, 832 32 Bratislava, Slovensk· republika

OrganickÈ amÛniovÈ soli (OAS) typu N-(2-benzoyloxy-
etyl)-alkyldimetylamÛnium bromidov boli syntetizovanÈ na
Katedre chemickej teÛrie lieËiv skupinou prof. DevÌnskeho
a kol. Uveden˝ homologick˝ rad BCHn-1 sa vo vöeobecnosti
vyznaËuje pomerne siln˝mi antimikrÛbnymi ˙Ëinkami, zvl·öù
na grampozitÌvne bakteri·lne kmene. Vzhæadom na ich ötruk-
t˙ru ich radÌme medzi Ñsoftì -antimikrÛbne ˙ËinnÈ l·tky.

PrÌtomnosù esterovej v‰zby naznaËuje miesto prednostnÈ-
ho ataku biotransformaËn˝mi enz˝mami. Z·vislosù r˝chlosti
enz˝movej hydrol˝zy v˝znamne ovplyvÚuje ötrukt˙rna modi-
fik·cia jednotliv˝ch substr·tov na amÛniovom dusÌku. Z·vis-
losù je neline·rna s tromi maximami pre substr·ty BCH2>
BCH4>BCH8. Po prekroËenÌ kritickej micelovej koncentr·cie
(od BCH 10) r˝chlosù enz˝movej hydrol˝zy prudko kles·
a stabilizuje sa u substr·tov BCH14>BCH16>BCH18 na hod-
not·ch blÌzkych nule. Nelin·rne z·vislosti biologick˝ch ˙Ëin-
kov od ötrukt˙ry a fyzik·lno-chemick˝ch vlastnostÌ dlhoreùaz-
cov˝ch amfifiln˝ch molek˙l tzv. cut-off efekt je vöeobecne
zn·mym farmakologick˝m fenomÈnom.

R˝chlosù enz˝movej hydrol˝zy dokumentuje sice vzùah
medzi chemickou ötrukt˙rou a biotransformaËn˝m hydrolytic-
k˝m procesom, ale bliûöie neöpecifikuje enz˝m zodpovedn˝
za t˙to biotransformaËn˙ reakciu a vzùah substr·tu k aktÌvne-
mu miestu enz˝mu. V˝znamn˝ je aj podiel particip·cie rÙz-
nych typov mikrozÛmov˝ch ester·z na enz˝movej hydrol˝ze
OAS a vyselektovanie zodpovednej ester·zy pre danÈ ötruk-
t˙ry. Vzùah jednotliv˝ch substr·tov k aktÌvnemu miestu mi-
krozÛmovej cholinester·zy eöte v˝znamnejöie z·visÌ od che-
mickej ötrukt˙ry ako r˝chlosù a je org·novo öpecifick˝. V pe-
Ëeni potkana najr˝chlejöie hydrolyzovanÈ substr·ty BCH1ñ
BCH4 maj˙ veæmi vysok˙ afinitu k aktÌvnemu centru mikro-
zÛmovej ester·zy, dokumentovanou biochemickou konötan-
tou KM r·dovo 10-4 mol.l-1. Substr·ty so strednou r˝chlosùou
hydrol˝zy maj˙ hodnotu KM = 10-3mol.l-1 ñ hodnota beûn· pre
xenobiotik·, ale substr·ty veæmi pomaly hydrolyzovanÈ v dÙ-
sledku vytvorenia miciel, maj˙ hodnotu KM = 10-2 mol.l-1. T·to
vysok· hodnota koreluje s poznatkom, ûe micely nie s˙ schop-
nÈ vzhæadom na svoju veækosù a tvar vytvoriù komplement·rne
nekovalentnÈ interakcie so zodpovedn˝mi v‰zbov˝mi miesta-
mi aktÌvneho centra enz˝mu.

Korel·cia medzi r˝chlosùou enz˝movej hydrol˝zy a afini-
tou jednotliv˝ch homolÛgov v peËeni potkana (s postupn˝m
poklesom öpecifickej aktivity klesala aj afinita) nadob˙da
inverzn˝ charakter medzi antimikrÛbnou aktivitou a r˝chlos-
ùou hydrol˝zy jednotliv˝ch substr·tov.

Autori Ôakuj˙ za podporu rieöenia projektu Mä SR (grant Ë.
1/7277/20).

24 BUTYRYLCHOLÕNESTER¡ZA ñ ENZ›M
ZODPOVEDN› ZA HYDROL›ZU
BENZOYLCHOLÕNOV

ANNA HRABOVSK¡a, INGRID PAULÕKOV¡a,
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aKatedra bunkovej a molekul·rnej biolÛgie lieËiv, bKatedra
chemickej teÛrie lieËiv, Farmaceutick· fakulta UK, Odboj·-
rov 10, 832 32 Bratislava, Slovensk· republika

Zav‡öenÌm biotransformaËn˝ch öt˙diÌ organick˝ch amÛ-
niov˝ch solÌ (OAS) typu N-(2-benzoyloxyetyl)-alkyldimetyl-
amÛnium bromidov pracovnÈho oznaËenia BCHn-1 s dÂûkou
alifatickÈho reùazca na amÛniovom dusÌku BCH1ñBCH18
bolo vyöpecifikovanie zodpovednej ester·zy za ich esterol˝zu
ako prim·rny enz˝mov˝ atak.

N·ö predpoklad, ûe na hydrolytickom procese OAS na
z·klade chemickej ötrukt˙ry najv˝znamnejöie participuje bu-
tyrylcholÌnester·za sme overovali kinetick˝mi inhibiËn˝mi
öt˙diami za pouûitia fyzostigmÌnu ako reverzibilnÈho inhibÌ-
tora cholÌnester·z. FyzostigmÌn v˝znamne zasiahol do biodeg-
rad·cie esterovej v‰zby uû pri koncentr·ci·ch 1.10-6 mol.l-1.
50 % inhibÌciu sme zaznamenali pri koncentr·cii fyzostigmÌnu
6.10-6 mol.l-1.

äpecifik·cia enz˝mu zodpovednÈho za esterol˝zu OAS
bola doplnen· öt˙diom vplyvu rÙznej dÂûky alifatickÈho reùaz-
ca substr·tov na inhibiËn˝ ˙Ëinok fyzostigmÌnu.

Porovn·vali sme kr·tko- a strednoreùazcovÈ homolÛgy
BCH2 a BCH8. Chemick· ötrukt˙ra substr·tov zmenila typ
kinetiky inhibÌcie z nekompetitÌvnej pre BCH2 na zmesn˙ pre
BCH8. DlhöÌ alkyl znamen· priestorov˙ z·branu nekovalen-
tnej interakcie inhibÌtora s ES komplexom sprev·dzan˙ zv˝-
öenÌm hodnÙt KI.

Autori Ôakuj˙ za podporu rieöenia projektu Mä SR (grant Ë.
1/7277/20).

25 POROVN¡NÕ IN VITRO REDUKCE
KARBONYLOV… SKUPINY BENFLURONU
A DIMEFLURONU

LENKA SK¡LOV¡a, ELIäKA KONDROV¡a,
VENDULA BALIHAROV¡a, BARBORA SZOT¡KOV¡a,
VLADIMÕR WS”La a MILAN NOBILISb

aKatedra biochemick˝ch vÏd, Univerzita Karlova v Praze,
Farmaceutick· fakulta, HeyrovskÈho 1203, 500 05 Hradec
Kr·lovÈ, b⁄stav experiment·lnÌ biofarmacie, AV »R a PRO.
MED.CS. a.s., HeyrovskÈho 1207, 500 02 Hradec Kr·lovÈ

CÌlem v˝voje nov˝ch lÈËiv je objevit lÈËivÈ l·tky s opti-
m·lnÌmi terapeutick˝mi vlastnostmi, tj. s co nejvyööÌ û·doucÌ
aktivitou a co nejmenöÌm v˝skytem neû·doucÌch ˙Ëink˘. To-
hoto cÌle lze dos·hnout pomocÌ studia vztah˘ mezi strukturou
a aktivitou, strukturou a metabolismem a takÈ mezi strukturou
a toxicitou. Metabolismus xenobiotik je stejnÏ jako vöechny
ostatnÌ biologickÈ odpovÏdi z·visl˝ na molekul·rnÌ struktu¯e
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l·tky. Na rozdÌl od pasivnÌch proces˘, kde hraje hlavnÌ roli
rozpustnost a lipofilita, je biotransformace z·visl· na vöech
aspektech molekul·rnÌ struktury, vËetnÏ sterick˝ch a elektro-
nov˝ch vlastnostÌ1.

Benfluron  (5-(2-N,Ní-dimethylaminoethoxy)-7-oxo-7H-
-benzo[c]fluoren hydrochlorid) je potenci·lnÌ cytostatikum
vyvinutÈ ve V⁄FB v Praze2. S cÌlem eliminovat nÏkterÈ neû·-
doucÌ vlastnosti benfluronu p¯i zachov·nÌ event. zv˝öenÌ jeho
˙Ëinku a ostatnÌch vlastnostÌ û·doucÌch bylo p¯ipraveno a te-
stov·no nÏkolik dalöÌch deriv·t˘ benfluronu. Dvakr·t vyööÌ
cytostatickou aktivitu ve srovn·nÌ s benfluronem vykazoval
9-hydroxybenfluron3,4. JeötÏ lepöÌ v˝sledky by bylo moûnÈ
oËek·vat u 9-methoxybenfluronu (snazöÌ pr˘nik p¯es membr·-
ny), avöak oba tyto deriv·ty nelze p¯ipravit chemickou syntÈ-
zou. V souËasnÈ dobÏ je proto testov·n dimefluron (3,9 dime-
thoxybenfluron).

JednÌm z hlavnÌch metabolit˘ benfluronu je 7-dihydroben-
fluron (DHB) vznikl˝ redukcÌ karbonylovÈ skupiny. Touto
redukcÌ dojde k poruöenÌ plan·rnÌho tvaru molekuly a tÌm ke
ztr·tÏ interkalaËnÌ schopnosti. Redukce karbonylovÈ skupiny
tak p¯edstavuje reakci deaktivaËnÌ, tudÌû ve vÏtöÌ mÌ¯e reak-
ci neû·doucÌ. V˝tÏûek 7-dihydrobenfluronu byl porovn·v·n
s v˝tÏûkem 7-dihydrodimefluronu in vitro. Jelikoû redukci
karbonylu xenobiotik m˘ûe katalyzovat ¯ada reduktas1, byly
oba  substr·ty inkubov·ny postupnÏ jak  s mikrosomy, tak
cytosolem, s koenzymy NADPH nebo NADH, v aerobnÌch
i anaerobnÌch podmÌnk·ch. V˝sledky shrnuje tabulka I.

DosaûenÈ v˝sledky naznaËujÌ, ûe methoxy skupiny na
benzo[c]fluorenovÈm skeletu v˝znamnÏ sniûujÌ mÌru redukce
karbonylovÈ skupiny. Dimefluron by tak mohl b˝t v organis-
mu pomaleji deaktivov·n neû benfluron.

Tabulka I
Redukce benfluronu a dimefluronu in vitro, mnoûstvÌ substr·-
tu v reakci = 100 %

7-Dihydro-
benfluron dimefluron

[%] [%]

Mikrosomy, NADPH, kyslÌk 16,2 7,4
Mikrosomy, NADPH, Ar 22,3 8,5
Mikrosomy, NADH, kyslÌk 13,3 ,9
Mikrosomy, NADH,Ar 17,2 3,4
Cytosol, NADPH, kyslÌk 6,9 3,3
Cytosol, NADPH, Ar 9,0 3,9
Cytosol, NADH, kyslÌk 3,3 2,7
Cytosol, NADH, Ar 3,1 2,8

Tato pr·ce byla podpo¯ena grantem UK 247/1998/C a v˝-
zkumn˝m projektem MäMT »R J13/98:111600002.
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26 VYUéITÕ HEPATOCYTŸ PÿI STUDIU
BIOTRANSFORMA»NÕCH ENZYMŸ
U PÿEéV›KAVCŸ

LENKA SK¡LOV¡a, BARBORA SZOT¡KOV¡a,
FRANTIäEK TREJTNARb, ILONA VA“KOV¡a,
VLADIMÕR WS”La, MIROSLAV MACHALAc

a JIÿÕ LAMKAb

aKatedra biochemick˝ch vÏd, bKatedra farmakologie a toxiko-
logie, Univerzita Karlova v Praze, Farmaceutick· fakulta,
HeyrovskÈho 1203, 501 65 Hradec Kr·lovÈ, cV˝zkumn˝ ˙stav
veterin·rnÌho lÈka¯stvÌ, Hudcova 70, 621 32 Brno

V˝znam studia biotransformaËnÌch proces˘ u hospod·¯-
sk˝ch zvÌ¯at a lovnÈ zvÏ¯e nar˘st· nejen st·l˝m nebezpeËÌm
kontaktu s pr˘myslov˝mi Ëi zemÏdÏlsk˝mi kontaminanty, ale
i se st·le öiröÌm vyuûitÌm farmakologicky ˙Ëinn˝ch l·tek. Ve
snaze zajistit dobr˝ zdravotnÌ stav zvÌ¯at a usnadnit manipulaci
se zvÌ¯aty jsou ve vöech souËasn˝ch typech chov˘ uûÌv·ny
l·tky charakteru lÈËiv k terapeutick˝m a profylaktick˝m ˙Ëe-
l˘m,  Ëi  jako souË·st  v˝ûivy nebo  biotechnick˝ch  z·sah˘.
D˘leûitou podmÌnkou ˙ËinnÈho a bezpeËnÈho uûitÌ lÈËiv je
znalost biotransformaËnÌch enzym˘ u jednotliv˝ch ûivoËiö-
n˝ch druh˘, neboù aktivita biotransformaËnÌch enzym˘ z·sad-
nÌm zp˘sobem ovlivÚuje toxikologick˝ i farmakologick˝ ˙Ëi-
nek xenobiotika1. V˝zkum metabolick˝ch p¯emÏn nejen lÈËiv,
ale obecnÏ vöech xenobiotik, je z nejvÏtöÌ Ë·sti zaloûen na
experiment·lnÌ pr·ci s laboratornÌmi zvÌ¯aty. ObrovskÈ mezi-
druhovÈ rozdÌly v zastoupenÌ, aktivitÏ, substr·tovÈ specifitÏ
a indukovatelnosti biotransformaËnÌch enzym˘ znaËnÏ ome-
zujÌ moûnost extrapolace dat zÌskan˝ch u laboratornÌch zvÌ¯at
na  jinÈ  ûivoËiönÈ  druhy2,3. V hum·nnÌ medicÌnÏ jsou  pro
registraci nov˝ch lÈËiv a p¯Ìpravk˘ nezastupitelnÈ experimen-
ty s lidsk˝mi prepar·ty, neboù v toxikologii a farmakologii je
na detailnÌ znalost enzym˘ zodpovÏdn˝ch za biotransformace
kaûdÈho potenci·lnÌho lÈku i ökodliviny u ËlovÏka kladen
obrovsk˝ d˘raz. Podobn˝ p¯Ìstup byl dosud opomÌjen u p¯e-
ûv˝kav˝ch hospod·¯sk˝ch i volnÏ ûijÌcÌch zvÌ¯at4,5.

S cÌlem zÌskat co nejvÌce informacÌ o vlastnostech bio-
transformaËnÌch enzym˘ a metabolismu xenobiotik u hospo-
d·¯sk˝ch i volnÏ ûijÌcÌch  p¯eûv˝kavc˘  je  v  r·mci  naöeho
projektu zav·dÏna metoda izolace a kultivace hepatocyt˘.
IzolovanÈ hepatocyty jsou dnes rozöÌ¯en˝m experiment·lnÌm
modelem, kter˝ je pouûÌv·n ¯adou autor˘ ve fyziologick˝ch,
biochemick˝ch a farmakologick˝ch studiÌch. Na rozdÌl od
metod pracujÌcÌch na subcelul·rnÌ ˙rovni umoûÚuje tento me-
todick˝ p¯Ìstup  zkoum·nÌ jaternÌch  proces˘ p¯i zachov·nÌ
integrity bunÏk. V izolovan˝ch hepatocytech je moûnÈ nejen
sledovat metabolismus urËitÈho xenobiotika, ale hepatocyty
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lze vyuûÌt i k testov·nÌ indukËnÌ odezvy Ëi lÈkovÈ interakce.
JaternÌ buÚky jsou standardnÏ izolov·ny z jater mal˝ch labo-
ratornÌch zvÌ¯at pomocÌ recirkulaËnÌ perf˙ze celÈho org·nu in
situ roztokem kolagenasy6. Pro zÌsk·nÌ hepatocyt˘ z jater
p¯eûv˝kavc˘  je  nezbytnÈ  tento standardnÌ izolaËnÌ  postup
modifikovat. P¯i naöich experimentech jsme vych·zeli z mo-
difikacÌ vyvinut˝ch  pro izolaci  hepatocyt˘ z jater prasete
a ËlovÏka7,8. Jak uk·zaly naöe dosavadnÌ experimenty ˙spÏö-
nost izolaËnÌho postupu nejvÌce z·visÌ na pouûitÈ kolagenase
(lepöÌ v˝sledky byly dosaûeny s kolagenasou ze Sevapharmy
oproti kolagenase ze Sigmy) a jejÌ koncentraci, na dostateË-
nÈm promytÌ kousku jater p¯edm˝vacÌm roztokem a na pr˘to-
ku a dobÏ perf˙ze (tab. I) jater kolagenasou.

OmezujÌcÌm faktorem bÏûnÏ pouûÌvanÈ modifikace, tj.
suspenze bunÏk zÌskan˝ch rozvolnÏnÌm jater kolagenasou, je
rychl· ztr·ta ûivotnosti bunÏk (bÏhem 1ñ2 hod) a rozdÌlnost
jednotliv˝ch vzork˘. Zv˝öenÌ stability hepatocyt·rnÌho pre-
par·tu lze dos·hnout imobilizacÌ jaternÌch bunÏk na vhodnÈm
nosiËi a volbou optim·lnÌho media. Proto naöÌm dalöÌm cÌlem
je zavedenÌ vhodnÈ imobilizaËnÌ a inkubaËnÌ procedury, p¯i
kterÈ budou zachov·ny vöechny nativnÌ vlastnosti biotransfor-
maËnÌch enzym˘ po co nejdelöÌ dobu.

Tabulka I
Vliv doby perf˙ze jater kolagenasou na ûivotnost hepatocyt˘

Vzorek Doba V˝tÏûek PoËet éivotnost
jater prom˝v·nÌ suspenze bunÏk

kolagenasou v 1 ml

Jelen 1 15ñ20 min 20 ml 7.105 2 %
Skot 1 10 min 25 ml 27.105 30 %
Skot 2 10 min 15 ml 18.105 70 %
Jelen 2 8 min 4,5 ml 24.105 85 %
DanÏk 1 8 min 12 ml 20.104 95 %
DanÏk 2 8 min 21 ml 40.104 80 %
DanÏk 3 8 min 4,5 ml 80.104 90 %
Jelen 3 7 min 11,5 ml 12.105 85 %

Tato pr·ce byla podpo¯ena grantem GA »R 524/00/0514.
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27 ⁄»INEK KOLCHICINOIDŸ NA LIDSK›
HEPATOCYT

ZDENÃK DVOÿ¡Ka, PAVEL KOSINAb

a JITKA ULRICHOV¡a
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HnÏvotÌnsk· 3, 775 15 Olomouc, bCentrum analytickÈ chemie
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Kolchicin je hlavnÌm alkaloidem rodu Colchicum (Lilia-
ceae). Extrakty z hlÌz oc˙nu jesennÌho byly pouûÌv·ny jiû v 6.
stoletÌ k lÈËbÏ dny (akutnÌ dnavÈ arthritidy). V souËasnÈ dobÏ
je kolchicin aplikov·n u st¯edozemnÌ vrozenÈ horeËky, nÏkte-
r˝ch typ˘ dermatitid a prim·rnÌ bili·rnÌ cirhosy1. Kolchicin m·
antimitotickou a protiz·nÏtlivou aktivitu. Pro ËlovÏka je toxic-
k˝ p¯i d·vk·ch nad 1 mg/den, proto byla p¯ipravena ¯ada
deriv·t˘, s niûöÌ toxicitou a se zachovan˝m biologick˝m ˙Ëin-
kem. V p¯ÌspÏvku jsou uvedeny ˙Ëinky kolchicinu (I), jeho
hlavnÌch metabolit˘ u ËlovÏka 3-demethylkolchicinu (II) a kol-
chiceinu (V) a nÏkter˝ch deriv·t˘ ñ demekolcinu (III), N-de-
acetylkolchiceinu (VI) a kolchikosidu (IV) na lidsk˝ hepatocyt
(LH). Na modelu LH, s v˝jimkou kolchicinu (I), nebyly dosud
kolchicinoidy studov·ny. J·tra byla zÌsk·na od multiorg·no-
v˝ch d·rc˘ v souladu s platnou Ëeskou legislativou. LH byly
izolov·ny standardnÌ dvoustupÚovou kolagenasovou perfuzÌ2.
Hepatocyty byly suspendov·ny v mediu Williamís E oboha-
cenÈm aditivy a 5 % prekolostr·lnÌho sÈra, vysety v hustotÏ
7,96.105 bunÏk/ml na prekolagenovanÈ kultivaËnÌ desky a in-
kubov·ny 4 hod pro uchycenÌ bunÏk. Po v˝mÏnÏ media za
bezsÈrovÈ byly buÚky vystaveny p˘sobenÌ testovan˝ch slou-
Ëenin v koncentracÌch 1, 10 a 100 µmol.l-1 po dobu 24 a 48 hod.
Kvalita prim·rnÌ kultury byla hodnocena mikroskopicky. Toxi-
cita l·tek byla sledov·na stanovenÌm: aktivity uvolnÏnÈ lak-
t·tdehydrogenasy (LDH) a alkalickÈ fosfatasy (ALP), albumi-
nu sekretovanÈho do media a celkov˝m obsahem bÌlkoviny.

SlouËenina R1 R2 R3

I Kolchicin CH3 COCH3 CH3
II 3-Demethylkolchicin H COCH3 CH3
III Demekolcin CH3 CH3 CH3
IV Kolchikosid glu COCH3 CH3
V Kolchicein CH3 COCH3 H
VI N-Deacetykolchicein CH3 H H

Obr. 1. Struktura kolchicinu a jeho deriv·t˘

Aktivita LDH byla po 24 hod signifikantnÏ zv˝öena v˘Ëi
kontrole p˘sobenÌm alkaloid˘ I (100 µmol.l-1, 29 %) a II (od
10 µmol.l-1, 26 %). Sekrece albuminu byla snÌûena u I (od
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1 µmol.l-1, ñ37 %), II (od 1 µM, ñ25 %), III (od 1 µmol.l-1,
ñ46 %), V (100 µmol.l-1, ñ87 %) a VI (100 µmol.l-1, ñ58 %).
Celkov˝ obsah bÌlkoviny v kultu¯e nebyl û·dnou z testova-
n˝ch slouËenin statisticky v˝znamnÏ ovlivnÏn. Aktivita ALP
v mediu byla zv˝öena p˘sobenÌm I (100 µmol.l-1, 46 %) a V
(100 µmol.l-1, 57 %).

Z testovan˝ch slouËenin membr·nu lidskÈho hepatocytu
poökozuje (parametr LDH) kolchicin (I) a jeho metabolit II
(10◊ vÏtöÌ cytotoxicita). ALP je zv˝öena p˘sobenÌm kolchi-
cinu (I) a kolchiceinu (V). Sekreci albuminu sniûujÌ alka-
loidy v po¯adÌ III>I>II>>>VI>V. é·dn˝ z parametr˘ poöko-
zenÌ LH nebyl ovlivnÏn kolchikosidem (IV). O-Demethylace
na C-10 (V a VI) vede k v˝raznÈmu snÌûenÌ cytotoxicity ve
srovn·nÌ s O-methylderiv·ty. O-Demethylace na C-3 m· efekt
opaËn˝.

Auto¯i dÏkujÌ za finanËnÌ podporu grant˘m MSM 151100003
a VS 96021 MäMT »R a grantu NL 5267-3/1999 IGA MZ »R.
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28 BIOTRANSFORMATION OF SILYBIN
DIASTEREOMER A IN RAT AND PORCINE
HEPATOCYTES

PAVEL KOSINAa, ZDENÃK DVOÿ¡Kb,
JITKA ULRICHOV¡b, and DANIELA WALTEROV¡b

aCentre for Bioanalytical Research, Palack˝ University, HnÏ-
votÌnsk· 3, 775 15 Olomouc, bInstitute of Medical Chemi-
stry, Faculty of Medicine, Palack˝ University, HnÏvotÌnsk· 3,
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Silybin, the main flavonolignan from Silybum marianum
seeds, is well recognised as an antioxidant and free radical
scavenger with the capacity for regenerating liver cells1. Sily-
bin alone is a mixture of two diastereomers A and B in approx.
proportion 1:1. Silybin is biotransformed like most drugs and
xenobiotics to more hydrophilic and removable conjugates. In
experiments carried out on rats and in clinical trials the glucu-
ronides and sulphates have been found to be the main silybin
metabolites2,3. The silybin molecule offers several possible
target hydroxy groups with a different chemical character
(C-3, 5, 7, 20 and 23) for conjugation. Recently several silybin
glucuronides (20-O-β-D-, 7-O-β-D- and 5-O-β-D-) have been
synthetised by chemoenzymatic glucuronidation using ovine
liver glucuronyl transferase4.

The aim of the present contribution was to investigate
silybin conjugate formation in primary cultures of rat and
porcine hepatocytes. Hepatocytes were isolated in a two-step
collagenase perfusion and cultivated on collagen type I coated
dishes in serum free medium (Williamís E and Williamís/Ham

F12 respectively). Following the addition of silybin (dissolved
in DMSO) to the culture medium (final silybin concentration
100 µmol.l-1) the medium was collected at 4, 8, and 24 hour
time intervals, and stored at ñ20 ∞C before conjugate analyses.
For direct determination of silybin and its conjugates, the
HPLC method with SPE was used4 with 20-O-β-D- and 7-O-
-β-D-glucuronides of silybin diastereomer A as standards. Ana-
lyses were carried out on Shimadzu Class ñ LC 10 with DAD
detector (Shimadzu, Japan). Analytes were isolated by a solid
phase extraction from culture medium acidified by 0.1 mol.l-1

acetic buffer to pH 4 using Spe-ed Octadecyl C18/18 %,
200 mg/3 ml (Applied Separations, USA) columns, then elu-
ted with methanol and acetone, evaporated, and dissolved in
a mobile phase A. The analyses were performed on a column
(250◊4 mm) Nucleosil 100-5 C18 AB, guard column (11◊
4 mm) with the same sorbent (Macherey Nagel, Germany)
using a gradient (phase A: MeOHñH2OñCH3COOH 37:63:0.5;
phase B: MeOH, gradient program ñ min/% B: 0/0, 3.75/10,
11.25/35, 15/100, 20/100, 20.1/0, 27/STOP). Flow rate was
0.9 ml.min-1, temperature 30 ∞C, UV detection at 290 nm, and
applied volume 50 µl. The amount of total conjugated sily-
bin was evaluated after enzymatic cleavage of medium sam-
ples by β-glucuronidase/arylsulphatase from Helix pomatia
(Merck, Germany).

We found that both primary cultures of rat and porcine
hepatocytes converted silybin to several hydrophilic metabo-
lites, namely glucuronides and sulphates. Silybin was almost
completely metabolised within 24 h cultivation. The disap-
pearance of silybin from cell medium was more rapid in
porcine hepatocyte cultures. The metabolite profiles as well as
the rate of silybin biotransformation were different in rat and
porcine hepatocytes. Among silybin conjugates we identified
7-O-β-D- and 20-O-β-D-glucuronides of silybin diastereomer
A. The latter appears to be the dominant product of silybin
diastereomer A biotransformation in porcine hepatocytes. This
metabolite was also identified in the plasma of healthy human
volunteers after oral intake of silymarin4. Further metabolites
(including metabolites of silybin diastereomer B) are the sub-
ject of follow-up studies using hepatocyte primary cultures as
a promising model.

This work  was supported by grants VS 96021 and MSM
151100003 from Ministry of Education of the Czech Republic
and grants 303/98/0414 and 311/98/0648 from the Grant
Agency of the Czech Republic.

REFERENCES

1. Morazzoni P., Bombardelli E.: Fitoterapia 66, 3 (1995).
2. Sonnenbichler J., Mattersberger J., Hanser G.: Hoppe

Seylers Z. Physiol. Chem. 361, 1751 (1980).

5

23

20
7

3

CH2OH

O

OH

O

O

O

OH

HO

OH

Silybin

OCH3

Chem. Listy 94, 699 ñ 722 (2000) Sekce 10

719



3. Flory P. J., Krug G., Lorenz D., Mennicke W. H.: Planta
Med. 38, 227 (1980).

4. K¯en V., Ulrichov· J., Kosina P., Stevenson D., Sedmera
P., P¯ikrylov· V., Halada P., äim·nek V.: Drug. Metab.
Dispos., in press.

29 MODULACE APOPT”ZY ZPROSTÿEDKOVAN…
Fas V BUNÃ»N›CH LINIÕCH MYELOIDNÕHO
PŸVODU POMOCÕ DIMETHYLSULFOXIDU

JAN VONDR¡»EKa, MICHAEL A. SHEARDb,
KATEÿINA MINKSOV¡a, JIÿINA HOFMANOV¡a

a ALOIS KOZUBÕKa

aBiofyzik·lnÌ ˙stav AV »R, Kr·lovopolsk· 135, 312 65 Brno,
bMasaryk˘v onkologick˝ ˙stav, élut˝ kopec 7, 656 53 Brno

Programovan· bunÏËn· smrt (apoptÛza) m· z·sadnÌ v˝-
znam jak pro v˝voj organismu, tak pro udrûenÌ homeostasy1.
SpecifickÈ bunÏËnÈ receptory typu receptoru pro TNF, jako je
nap¯Ìklad Fas, hrajÌ v˝znamnou roli v tomto procesu2. Ned·v-
no jsme prok·zali, ûe apoptÛza zprost¯edkovan· tÏmito recep-
tory v buÚk·ch lidskÈ myeloidnÌ leukÈmie HL-60 m˘ûe b˝t
posÌlena aplikacÌ dimethylsulfoxidu (DMSO). Z·roveÚ bylo
zjiötÏno, ûe DMSO zvyöuje expresi Fas na povrchu tÏchto
bunÏk3. DMSO indukuje diferenciaci nÏkter˝ch myeloidnÌch
liniÌ do bunÏk zralejöÌch st·diÌ4. CÌlem tÈto pr·ce bylo zjistit,
zda je moûnÈ prok·zat tento jev takÈ u dalöÌch leukemick˝ch
bunÏËn˝ch liniÌ.

BuÚky HL-60, U937, ML-1 a Jurkat byly pÏstov·ny v mÈ-
diu RPMI1640 s p¯Ìdavkem 10 % fet·lnÌho telecÌho sÈra. Pro
sledov·nÌ apoptÛzy byly buÚky vysety v hustotÏ 2◊105 bu-
nÏk/ml a inkubov·ny s DMSO (1 %, v/v) a myöÌ monoklon·lnÌ
protil·tkou proti Fas (CH-11, 100 ng.ml-1).

ApoptÛza byla detekov·na na z·kladÏ morfologick˝ch
kritÈriÌ a pomocÌ anal˝zy bunÏËnÈho cyklu na pr˘tokovÈm
cytometru. Exprese Fas byla detekov·na pomocÌ pr˘tokovÈho
cytometru po obarvenÌ bunÏk protil·tkou UB2 (Immunotech).

DMSO v˝znamnÏ zvyöoval expresi Fas po 48 h inkubace
u vöech testovan˝ch bunÏËn˝ch liniÌ v porovn·nÌ s kontrolou,
s v˝jimkou linie ML-1. Aplikace DMSO z·roveÚ zv˝öila
mnoûstvÌ apoptick˝ch bunÏk U937 a Jurkat po 16 a zejmÈna
40 h inkubace s protil·tkou CH-11. Bylo potvrzeno, ûe u bunÏk
HL-60 nenÌ apoptÛza po aplikaci CH-11 pozorov·na, pokud
nenÌ pouûito mÈdium bez p¯Ìdavku sÈra.

Bylo prok·z·no, ûe DMSO m˘ûe indukovat zv˝öenou
expresi Fas u nÏkter˝ch bunÏËn˝ch liniÌ. Je pravdÏpodobnÈ,
ûe urËitou roli by zde mohl hr·t protein p53, neboù bunÏËn·
linie ML-1, u nÌû nebyla pozorov·na zv˝öen· exprese Fas, jako
jedin· exprimuje nemutovan˝ wt p53. Z·roveÚ je z¯ejmÈ, ûe
samotn· exprese Fas nemusÌ b˝t zodpovÏdn· za posÌlenÌ apop-
tÛzy po kombinovanÈ aplikaci protil·tky CH-11 a DMSO,
neboù u bunÏk HL-60 sice doölo ke zv˝öenÌ exprese Fas po
aplikaci DMSO, ale apoptÛza nebyla pozorov·na, pokud ne-
bylo pouûito bezsÈrovÈ mÈdium. ObjasnÏnÌ mechanism˘ regu-
lujÌcÌch apoptÛzu jak v norm·lnÌch, tak v malignÌch hemopoie-
tick˝ch populacÌch, m· v˝znam pro v˝voj nov˝ch terapeu-
tick˝ch strategiÌ pro lÈËbu leukÈmiÌ. PouûitÌ diferenciaËnÌch

Ëinidel jako je DMSO nebo retinoid˘, kterÈ jsou jiû dnes
pouûÌv·ny p¯i diferenciaËnÌ terapii m˘ûe z·sadnÌm zp˘sobem
ovlivnit reakci bunÏk na apoptickÈ podnÏty, jak˝mi jsou na-
p¯Ìklad aktivace receptor˘ TNF rodiny.

Auto¯i dÏkujÌ za finanËnÌ podporu grant˘m GA »R 312/98/
P011 a 301/00/0563.
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30 DISTRIBUTION AND KINETICS
OF EXOGENOUS BROMIDE IN THE RAT
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Bromide as the main degradation product of fumigants
excessively used  in horticulture (e.g. methylbromide) and
other bromine compounds applied on a large scale in industry
(e.g. 1,2-dibromoethane, hexabromobenzene, vinylbromide
and other halogenated additives) contribute significantly to the
contamination of the environment. The new role of bromide
as a residue in food and water warranted its thorough toxico-
logical evaluation1. Because of the chemical similarity of
bromine to iodine, goitrogenic effects of bromide cannot be
excluded2. Bromide has been found to be partitioned in the
body similarly to chloride3, so that administration of bromide
results in some displacement of body chloride and vice versa.
However, in our recent article4, we described that at enhanced
intake of bromide, bromine does not replace chlorine in the rat
thyroid gland. In this organ, it replaces iodine. As shown in
our subsequent article5, the biological half-life of bromine in
the rat thyroid is significantly shorter than the whole-body
biological half-life.

In the present study, the distribution of 82Br-bromide in 15
various organs and tissues of rats has been determined by
high-resolution gamma-ray spectrometry and by the scintilla-
tion counting technique at different times after the application
of Na82Br, either by subcutaneous injection or by continuous
administration in the drinking water. The use of a semiconduc-
tor detector allowing more sensitive measurement of samples
of greater volume, including living animals, on the one hand,
and the administration of labelled bromide in the food in
addition to injection, on the other, enabled us to extend mar-
kedly the period of observation, to express the amount of
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bromide retained in individual organs as well as in the whole
body, and to make a total bromide balance. The amount of
82Br-bromide in different tissues reached its largest uptake
within a few hours, and the concentration ratio of 82Br in the
tissues to blood remained practically constant between 8 and
396 h after the application. The whole stomach of rats was the
only organ of those investigated that had a larger uptake of
82Br than blood. Contrary to  some  previous findings, the
concentration of radiobromide in the thyroid was found not to
exceed that in the blood. A remarkably high concentration of
82Br was found in skin, which represented, because of its large
mass, the most abundant depot of bromide in the body of rats.
The demonstrated excretion of bromide was mainly renal, at
a rate of approximately 5 % of the administered dose per 24 h.

Moreover, biological half-lives of bromine in these 15
various organs and tissues of rats, in addition to the whole-
body half-life, were determined by measuring the radioactive
concentration of 82Br-bromide in samples of tissues collected
at the time intervals of 12ñ396 h from animals that continu-
ously (up to 17 d) received 82Br-labelled bromide in their
drinking water. The half-life values, calculated from the expe-
rimental data by the method of gradual estimates of the para-
meters in question with the SPSS statistical program, ranged
from 94.3±14.6 h in the thyroid gland to 235.0±88.9 h in liver.
In most of the studied tissues, the biological half-lives of
bromine were shorter than in the whole body, in which it
equalled 197.8±22.2 h. Significant correlation between the
values of the steady-state concentration of bromide and of the
biological half-life was found for most tissues (except for
liver). The steady-state concentrations of 82Br in tissues are
probably proportional to the magnitude of bromide space, and,
consequently, of chloride space.

In conclusion, our results unambiguously prove that for
the determination of the biological half-life of bromine (and,
maybe, some other elements), one cannot use estimates in just
one type of tissue (e.g., only in the blood plasma). It is not
correct to speak about biological half-life of a  substance
without specifying the relevant organ or tissue.

This work was supported by the grants from the Grant Agen-
cy of the Academy of Sciences of the Czech Republic (No.

A7011813) and the Grant Agency of the Ministry of Health of
the Czech Republic (No. NJ6109-3).
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31 ⁄»INOK DEZINFEK»N›CH L¡TOK NA RAST
A METABOLIZMUS SERRATIA MARCESCENS

VIKTOR MAJT¡N

⁄stav preventÌvnej a klinickej medicÌny, Limbov· 14, 833 01
Bratislava, Slovensk· republika

V s˙Ëasnosti zaznamen·vame zv˝öenie poËtu kmeÚov S. mar-
cescens, ktorÈ sa podieæaj˙ na vzniku a öÌrenÌ nozokomi·lnych
n·kaz, ktorÈ maj˙ st˙paj˙cu tendenciu. Kmene S. marcescens
vyvol·vaj˙ce uvedenÈ n·kazy s˙ Ëasto rezistentnÈ na dezin-
fekËnÈ l·tky a tieû na viacerÈ antibiotik·1. KvartÈrne amÛniovÈ
zl˙Ëeniny (KAZ) patria k z·kladn˝m dezinficienci·m uû veæa
rokov. KAZ predstavuj˙ zl˙Ëeniny s povrchov˝mi, solubili-
zaËn˝mi a antimikrÛbnymi vlastnosùami. S˙ to membr·novo-
aktÌvne zl˙Ëeniny a ich v‰zba na cytoplazmatick˙ membr·nu
predstavuje z·sah do metabolizmu buniek. Pri rutinnom a ex-
tenzÌvnom pouûÌvanÌ t˝chto l·tok sa zaznamen·va rezistencia
viacer˝ch mikroorganizmov.

Cieæom predloûenej pr·ce bolo pos˙diù ˙Ëinok dvan·stich
prevaûne nov˝ch dezinfekËn˝ch l·tok ñ obsahuj˙cich KAZ
(skupina A) a KAZ s inou zloûkou (skupina B) na rast a me-
tabolickÈ procesy klinickÈho izol·tu S. marcescens.

Antimikrobi·lna ˙Ëinnosù bola charakterizovan· ovplyv-
nenÌm rastu a rozmnoûovania baktÈriÌ vyjadren· hodnotami

Tabuæka I
⁄Ëinok dezinfekËn˝ch l·tok na S. marcescens

Skup. L·tka MIC ED50 IC50Ade IC50Leu R
[µg.ml-1] [µg.ml-1]

A Benzalkonium chlorid 0,09ñ0,19 0,03 0,51 0,58 0,88
A Neoquat S 0,19ñ0,39 0,05 2,19 2,82 0,79
A Sokrena 0,39ñ0,78 0,12 2,51 4,47 0,56
A Triquart 0,39ñ0,78 0,3 0,39 1,5 0,62
A Hexaquart S 0,78ñ1,56 0,28 2,75 2,43 1,17
A ADL 007 1,56ñ3,12 0,48 9,77 11,2 0,88
A FD 312 1,56ñ3,12 0,56 7,76 8,71 0,89
B Diesen forte 0,09ñ0,19 0,06 2,07 1,8 1,15
B Divoquat forte 0,39ñ0,78 0,12 1,7 3,31 0,52
B Hexaquart plus 0,39ñ0,78 0,2 0,81 1,17 0,69
B ID 212 0,78ñ1,56 0,51 1,74 2,45 0,71
B Microbac forte 1,56ñ3,12 0,89 5,25 6,31 0,83
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MIC a ED50. Metabolick· aktivita bola hodnoten· ovplyvne-
nÌm biosyntetick˝ch procesov sledovanÌm inhibÌcie inkorpo-
r·cie [14C] adenÌnu a [14C] leucÌnu do prÌsluön˝ch makromo-
lek˙l a sledovanÌm endogÈnnej respir·cie s vyuûitÌm Clarko-
vej elektrÛdy.

V˝sledky v tabuæke I ukazuj˙ na antibakteri·lnu ˙Ëinnosù
testovan˝ch dezinfekËn˝ch l·tok na S. marcescens. Naj˙Ëin-
nejöÌmi l·tkami s˙ Benzalkonium chlorid a Diesen forte. Inhi-
biËn˝ ˙Ëinok ötudovan˝ch dezinficienciÌ je charakterizovan˝
hodnotami IC50 (koncentr·cia l·tky v mg.ml-1 potrebn· pre 50
% znÌûenie r˝chlosti inkorpor·cie [14C] prekurzorov). Oveæa
v˝hodnejöÌm parametrom na vyjadrenie ˙Ëinnosti s˙ hodnoty
R ñ (IC50Ade: IC50Leu). Hodnoty R 1 ötudovan˝ch l·tok ako
s˙ Benzalkonium chlorid, Neoquat S, ADL007, FD312, Mi-
crobac forte, Diesen forte a Hexaquart S s˙ typickÈ pre biolo-

gicky aktÌvne zl˙Ëeniny interferuj˙ce s celul·rnym energetic-
k˝m metabolizmom2. Benzalkonium chlorid a Diesen forte
v˝razne potlaËili endogÈnnu respir·ciu S. marcescens v kon-
centr·cii 0,19 resp. 0,39 mg.ml-1.

DosiahnutÈ v˝sledky ukazuj˙ na vhodn˝ prÌstup bioche-
mickÈho hodnotenia antibakteri·lnej ˙Ëinnosti a naznaËuj˙ aj
mechanizmus ˙Ëinku dezinfekËn˝ch l·tok.
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01 PO»ÕTA»OV› DESIGN DEHALOGENUJÕCÕCH
ENZYMŸ

JIÿÕ DAMBORSK›, JAN KMUNÕ»EK,
MICHAL BOH¡», MARTIN PROKOP
a JAROSLAV KO»A

Laborato¯ struktury a dynamiky biomolekul, P¯ÌrodovÏdeck·
fakulta, Masarykova univerzita, Kotl·¯sk· 2, 611 37 Brno

Dehalogenasy jsou enzymy katalyzujÌcÌ ötÏpenÌ kovalent-
nÌ vazby uhlÌkñhalogen. Mikrobi·lnÌ dehalogenasy se v˝-
znamnÏ podÌlejÌ na odbour·v·nÌ halogenderiv·t˘ zneËiöùujÌ-
cÌch ûivotnÌ prost¯edÌ a nalÈzajÌ vyûitÌ v environment·lnÌch
biotechnologiÌch. St·vajÌcÌ katalytick· aktivita a substr·tov·
specifita nÏkter˝ch dehalogenas je vöak pro praktickÈ aplikace
nevyhovujÌcÌ. Metody rekombinantnÌ DNA umoûÚujÌ experi-
ment·lnÏ modifikovat strukturu protein˘ a tÌm i jejich kataly-
tickÈ vlastnosti. Technicky dnes jiû nenÌ problÈm zkonstruovat
mutantnÌ protein, problematick˝ vöak z˘st·v· n·vrh mutacÌ
vedoucÌch k poûadovan˝m zmÏn·m v aktivitÏ a specifitÏ.
CÌlem projektu je v˝voj poËÌtaËov˝ch metod pro design mu-
tantnÌch protein˘ a pouûitÌ tÏchto metod pro modifikaci kata-
lytick˝ch vlastnostÌ dehalogenas. V souËasnÈ dobÏ vyvÌjÌme
t¯i r˘znÈ metody modelujÌcÌ aktivitu a/nebo specifitu enzym˘:
i) Quantitative Structure-Function Relationships1,2(QSFR), ii)
poËÌtaËov· mÌstnÏ-cÌlen· mutageneze3 a iii) Comparative Bin-
ding Energy Analysis4 (COMBINE).

QSFR anal˝za myölenkovÏ vych·zÌ ze öiroce pouûÌvanÈ
anal˝zy Quantitative Structure-Activity Relationships (QSAR).
QSAR anal˝za se zab˝v· popisem vztah˘ mezi strukturou

a aktivitou mal˝ch molekul, zatÌmco QSFR anal˝za studuje
vliv zmÏn ve struktu¯e proteinu na jeho funkci. StrukturnÌ
a fyzik·lnÏ-chemickÈ vlastnosti aminokyselin jsou statisticky
korelov·ny s biologick˝mi daty. QSFR anal˝za nevyûaduje
znalost 3D struktury studovanÈho proteinu. QSFR anal˝za
byla ˙spÏönÏ pouûita pro studium vztah˘ mezi strukturou
a katalytickou funkcÌ mutantnÌch protein˘ haloalkan dehalo-
genasy DhlA a subtilisinu, a pro studium vztah˘ mezi struk-
turou a stabilitou mutantnÌch protein˘ lysozymu a tryptophan
synthetasy2. V˝sledkem anal˝z jsou regresnÌ rovnice umoûÚu-
jÌcÌ kvantitativnÌ predikci aktivity a stability mutantnÌch pro-
tein˘ z fyzik·lnÏ-chemick˝ch vlastnostÌ substituovan˝ch ami-
nokyselin.

PoËÌtaËov· mÌstnÏ-cÌlen· mutageneze vyuûÌv· poËÌtaËovÈ
modelov·nÌ ke konstrukci 3D struktur mutantnÌch protein˘.
P¯ipravenÈ struktury jsou pouûity pro modelov·nÌ pr˘bÏhu
reakce umoûÚujÌcÌ studium vlivu mutace na katalytickou akti-
vitu enzymu. MutantnÌ proteiny jsou konstruov·ny metodou
homolognÌho modelov·nÌ5 s vyuûitÌm experiment·lnÏ urËenÈ
struktury divokÈho typu jako vzoru. Pr˘bÏh reakce je modelo-
v·n metodami kvantovÈ mechaniky6. Do v˝poËtu je zahrnuto
aktivnÌ mÌsto enzymu a molekula substr·tu. Struktura enzymu
s nav·zan˝m substr·tem je buÔ zn·ma z krystalografickÈ
anal˝zy, nebo je p¯ipravena molekulov˝m dokov·nÌm s n·-
slednou minimalizacÌ molekulovou mechanikou. PoËÌtaËov·
mÌstnÏ-cÌlen· mutageneze byla poprvÈ pouûita k bodovÈ sub-
stituci v pozici 172 haloalkan dehalogenasy DhlA (cit.3). Byl
studov·n vliv substituce aminokyseliny aktivnÌho centra na
stabilizaci tranzitnÌho stavu a produkt˘ dehalogenaËnÌ reakce.
V˝poËty prok·zaly, ûe pouze aminokyseliny s boËnÌm ¯etÏz-
cem umoûÚujÌcÌm stabilizaci jednoho z produkt˘ reakce (ha-

Obr. 1. Grafick˝ interface programu TRITON pro poËÌtaËovou mutagenezi
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logenidovÈho iontu), mohou substituovat Phe172 divokÈho
typu za souËasnÈho zachov·nÌ aktivity enzymu. Porovn·nÌ
s experimentem potvrdilo schopnost poËÌtaËovÈ mutageneze
odliöit aktivnÌ mutanty od mutant˘ neaktivnÌch. Implementace
poËÌtaËovÈ mÌstnÏ-cÌlenÈ mutageneze do grafickÈho programu
TRITON (obr. 1) umoûnilo jejÌ automatizaci, nezbytnou pro
rychlÈ modelov·nÌ mutantnÌch protein˘ a efektivnÌ studium
pr˘bÏh˘ biochemick˝ch reakcÌ7. Program TRITON je posky-
tov·n akademick˝m uûivatel˘m zdarma na adrese http://www.
chemi.muni.cz/lbsd/triton.html.

COMBINE anal˝za kvantitativnÏ hodnotÌ energetickÈ p¯Ì-
spÏvky jednotliv˝ch aminokyselinov˝ch zbytk˘ proteinu k cel-
kovÈ vazebnÈ energii ligandu nav·zanÈm v aktivnÌm centru
proteinu. COMBINE anal˝za byla p˘vodnÏ vyvinuta pro n·-
vrh inhibitor˘ v oblasti designu lÈËiv4. Testov·nÌ moûnosti
pouûitÌ COMBINE anal˝zy k designu protein˘ je p¯edmÏtem
naöeho v˝zkumu. Molekulovou mechanikou bylo zkonstruo-
v·no 16 enzym-substr·t komplex˘ haloalkan dehalogenasy
DhlA. Statistickou anal˝zou interakËnÌch energiÌ byly identi-
fikov·ny aminokyselinovÈ zbytky urËujÌcÌ specifitu enzymu
van der Walsov˝mi interakcemi (Phe172, Trp175 a Pro223)
a elektrostatick˝mi interakcemi (Gly55 a molekula H2O). Mu-
tace tÏchto aminokyselin by mÏly vÈst ke zmÏn·m ve specifitÏ
dehalogenasy DhlA.

Tato pr·ce byla podpo¯ena granty GA »R 203/97/P149 a MäMT
ME276.
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02 PLANTS AS A TOOL FOR REMOVAL
OF ENVIRONMENTAL POLLUTANTS

PETRA KU»EROV¡a MARTINA MACKOV¡a,
TOM¡ä MACEKb, LUDMILA CHROM¡a,
JIÿÕ BURKHARDc, JAN TÿÕSKAd,
and KATEÿINA DEMNEROV¡a

aDepartment of Biochemistry and Microbiology, Faculty of
Food and Biochemical Technology, ICT Prague, Technick· 3,
166 28 Prague, bInstitute of Organic Chemistry and Bioche-
mistry CAS, Flemingovo n. 2, 166 10 Prague, cDepartment of
Environmental Chemistry, Faculty of Chemical Technology,
ICT Prague, Technick· 3, 166 28 Prague, dInstitute of Land-
scape Ecology, Braniöovsk· 31, 370 05 »eskÈ BudÏjovice,
Czech Republic

Recently it was shown that plants have high capacity to
remove organic and inorganic pollutants from the environ-
ment. The ability of cell cultures of various plant species

cultivated in vitro to degrade and detoxify PCBs has been
recently studied in detail1,2. For the evaluation of PCB conver-
sion Delor 103 ñ a PCB mixture formerly commercially pro-
duced in Czechoslovakia containing congeners with a diffe-
rent degree of chlorination was used. PCBs were added in
methanol solution (1 ml) to give an initial PCB concentration
of 2.5ñ5 mg in 100 ml of nutrient medium (25, 50 ppm).
Individual congeners of monochlorobiphenyls were used in
concentrations 30 ppm and 3 ppm. Residual content of PCBs
was measured by GC using the analytical procedure optimised
by Burkhard et al.3 About 40 axenic cell cultures of different
plant species were screened for the ability to transform PCBs.
This ability was evaluated in relation to the origin and mor-
phology of the cultures tested. Results showed a great variabi-
lity in the capability to convert PCBs within different cultures
of the same plant species. The best results were obtained with
Solanum nigrum (black nightshade) hairy root clone SNC-90
obtained after transformation of plant cells by Agrobacterium
rhizogenes. S. nigrum was used for studying of metabolism of
individual congeners of all three monochlorobiphenyls and
selected dichlorobiphenyls with the aim to estimate structure
of formed products. Various monohydroxylated and dihy-
droxylated chlorobiphenyls were detected. As the major pro-
ducts 4-hydroxy chloroderivatives were identified. Removal
of PCBs was tested also at real conditions in contaminated soil.
Significant decrease of PCBs (20ñ30 %) was detected after 7
month in soil vegetated with S. nigrum and N. tabacum.

The project was sponsored by the grant of the Grant Agency
of the Czech Republic No. 203/99/1628 and the Grant Agency
of CAS No. B6127901.
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03 THE ROLE OF PLANT ENZYME SYSTEMS
IN TRANSFORMATION OF POLYCHLORINATED
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Recently plants have shown to be able to transform poly-
chlorinated biphenyls (PCBs)1,2. The knowledge about meta-
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bolism and enzymes involved in this process is limited. Plant
peroxidases (POX) generally play an important role in plant
metabolism. In our work we screened several in vitro cultures
of different plant species for their ability to transform PCBs
and compared it with the level of total extra- and intracellular
peroxidase activity3,4. Cultures with good transformation abili-
ty exhibited in the presence of PCBs the same or higher levels
of POX than controls incubated without PCBs. Cultures with
markedly lower POX activity exhibited in the presence of
PCBs also lower PCB conversion. We attempted to identify
lignin peroxidase and Mn-peroxidase in  plants, originally
described in white rot fungi to be responsible for the degrada-
tion  of  PCBs and  other  environmental pollutants. Except
different types of POX also RBBR oxidase (Remazol Brilliant
Blue R decolourising enzyme) was detected in plants. The
decolourisation of RBBR during the growth on agar plate was
used as a rough screening method for plant cell cultures able
to efficiently metabolise PCBs. The role of POX and cyto-
chrom P450 in PCB transformation was followed using inhi-
bitors and inductors of these enzymes. In all cases of used
inhibitors (propylgallate, benzoate, metyrapon, aminobenz-
triazol) a decrease of PCB conversion was estimated. On the
other hand some inducers of cytochrome P450 positively in-
fluenced PCB transformation. These preliminary results show
the involvement of both enzymatic systems in the detoxifica-
tion reaction of PCBs in plants.

This work was supported by grant No 203/99/1628 of the
Grant Agency of the Czech Republic.
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04 BACTERIAL PCB DEGRADATION INDUCED
BY NATURAL COMPOUNDS OF PLANT ORIGIN
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and KATEÿINA DEMNEROV¡a
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n. 2, 166 10 Prague, Czech Republic

Plants transform organic pollutants to non-phytotoxic com-
pounds which can be deposited in plant body or further relea-

sed into soil. These compounds can be metabolised by diffe-
rent organisms present in the environment. In nature bacteria
co-exist with plants especially in the plant root zone. In
rhizosphere and rhizoplane the total amount of micro-orga-
nisms is much higher than in bulk soil. Compounds present in
root exudates1 may serve as natural substrates for the growth
and for induction of the genes of the biodegradative pathway.
In laboratory experiments biphenyl serves as an inducer of
PCB degradative pathway and as co-substrate.

Analysis of the samples of contaminated soil showed that
in rhizosphere and rhizoplane of vegetated plants the amount
of bacteria is 10ñ100 times higher than in bulk soil. Isola-
ted bacteria were taxonomically characterised (mostly genera
Pseudomonas, Burkholderia, Alcaligenes etc.) and their abili-
ty to transform PCBs was evaluated in the presence of biphe-
nyl. Bacteria with good degradation abilities were screened for
their ability to grow in the presence of some plant compounds
(vanillic, ferulic acids, limonene, quercetin etc.) as the sole car-
bon source. Compounds which have supported good growth
were tested also as natural co-substrates for induction of the
PCB degradative pathway. Good growth and PCB degradation
was achieved in the case of quercetin, ferulic acid and vanillic
acid. To evaluate the role of plants, production of root exudates
by the hairy root culture Solanum nigrum and their composi-
tion was studied. Presence of vanillic and ferulic acids was
proved. Hydrolysed and non-hydrolysed extracts of phenols
isolated from medium and cells after cultivation of S. nigrum
were added to the bacterial cultivation medium as the sole
source of carbon. Compounds present in extracts enhanced
bacterial growth and supported PCB mineralising ability of
bacteria.

The work was supported by the grant No. B6127901 of the
Grant Agency of the CAS and research project of the DFG No.
436TSE113/35/0.
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05 VLIV VYBRAN›CH ORGANICK›CH KYSELIN
NA BIODEGRADACI PCB

MILUäE VOäAHLÕKOV¡a, JARMILA PAZLAROV¡a,
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PolychlorovanÈ bifenyly (PCB) pat¯Ì mezi xenobiotika
ohroûujÌcÌ ûivotnÌ prost¯edÌ. Jejich produkce zapoËala na konci
30-t˝ch let. P¯ipravovaly se p¯Ìmou chloracÌ bifenylovÈho
j·dra za p¯Ìtomnosti ûelezit˝ch iont˘. Pro svÈ vynikajÌcÌ fyzi-
k·lnÌ a chemickÈ vlastnosti naöly uplatnÏnÌ v ¯adÏ pr˘myslo-
v˝ch odvÏtvÌ. Ve svÏtÏ byly prod·v·ny pod r˘zn˝mi n·zvy
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(KANECLOR-Japonsko, DELOR 103-»SSR, atd.). Tyto p¯Ì-
pravky tvo¯ily smÏsi PCB v r˘znÈm stupni chlorace, vÏtöinou
obsahovaly 50ñ60 izomer˘. Po 40-ti letech byl prok·z·n jejich
negativnÌ ˙Ëinek na ûivoËiön˝ organismus a jejich produkce
byla zastavena, p¯esto se za dobu jejich v˝roby p¯ipravilo
tisÌce tun, kterÈ zatÏûujÌ ûivotnÌ prost¯edÌ. Jednou z metod
jejich odstranÏnÌ je vyuûitÌ degradaËnÌ schopnosti nÏkter˝ch
p˘dnÌch mikroorganism˘.

Tato pr·ce navazuje na p¯edch·zejÌcÌ studie a rozöi¯uje je
o p˘sobenÌ aminokyselin, chlorbenzoov˝ch a huminov˝ch
kyselin na r˘st a degradaci PCB-degradujÌcÌho kmene Pseu-
domonas putida/2 (cit.1).

Test PCB-degradaËnÌch schopnostÌ zahrnoval 14-ti dennÌ
kultivaci s Delorem 103 (0,05 g.l-1), bifenylem (BP) (5 g.l-1)
a p¯Ìsluönou testovanou l·tkou, oh¯ev na vodnÌ l·zni p¯i 90 ∞C,
15-ti minutovou sonikaci a extrakci hexanem. K vyhodnocenÌ
degradace PCB byla pouûita metoda plynovÈ chromatografie
s externÌm standardem (plynov˝ chromatograf HP 5890 s in-
tegr·torem HP 3392A), p¯i kterÈ bylo sledov·no 22 vrchol˘2.
P˘sobenÌ jednotliv˝ch kyselin na r˘st bakteri·lnÌho kmene
bylo sledov·no mÏ¯enÌm OD p¯i 650 nm.

Ze smÏsi chlorbenzoov˝ch kyselin byla vybr·na 2,5-dich-
lorbenzoov· kyselina (CBA), kter· byla zjiötÏna ve vysokÈ
koncentraci p¯i anal˝ze produkt˘ po biodegradaci PCB (cit.3).
Z huminov˝ch kyselin (HK) byly pouûity dva typy. P¯i testo-
v·nÌ aminokyselin (AK) byla pouûita komerËnÏ dod·van·
smÏs Vitamin-free casamino acids.

Tabulka I
Vliv r˘znÈ koncentrace 2,5-dichlorbenzoovÈ kyseliny na r˘st
P. putida/2 a biodegradaci Deloru 103

CBA ppm BF 5 50 500 1000 2000

lag [hod] 15 20 20 20 20 25
m [hod-1] 0,042 0,046 0,041 0,009 0,013 0,014
T [hod] 15 15 16,8 21,5 50 50
max OD 5,1 4,8 3,7 3,3 3,1 2,8
degradace [%] 61,44 ñ 58,52 68,32 63,64 54,19

Z dosaûen˝ch v˝sledk˘ vypl˝v·, ûe CBA neinhibuje r˘st
bakteri·lnÌho kmene p¯i koncentraci 5 ppm a biodegradaci
naopak mÌrnÏ stimuluje ve vöech sledovan˝ch koncentracÌch
(50, 500, 1000 a 2000 ppm) (tab. I). Aminokyseliny v koncen-
tracÌch 0,1 % a 0,05 % biodegradaci mÌrnÏ podporujÌ. Humi-
novÈ kyseliny neovlivÚujÌ r˘st sledovanÈho kmene a z·roveÚ
nep˘sobÌ jako zdroj uhlÌku. Biodegradace PCB v p¯Ìtomnosti

AK a HK je p¯i koncentraci 0,4 g.l-1 stimulovan· a p¯i koncen-
traci 1 g.l-1 je mÌrnÏ potlaËen·. K ovÏ¯enÌ ˙Ëinku HK na
biodegradaci PCB byl takÈ uûit kmen Ralstonia eutropha
H850. ⁄Ëinek na oba kmeny byl srovnateln˝.

Tato pr·ce byla prov·dÏna s podporou v˝zkumnÈho projektu:
J19/98:2232500003.
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06 METABOLISMUS PCB U KMENE
PSEUDOMONAS PUTIDA/2
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Rozvoj vÏdy a techniky v naöem stoletÌ s sebou p¯inesl
i ¯adu negativnÌch jev˘. JednÌm z nejv·ûnÏjöÌch je soustavnÈ
zneËiöùov·nÌ ûivotnÌho prost¯edÌ. NovÈ technologie a v˝robnÌ
procesy vyûadujÌ st·le novÈ a novÈ materi·ly a slouËeniny se
zdokonalen˝mi fyzik·lnÌmi a chemick˝mi vlastnostmi. Do
prost¯edÌ se tak mohou dostat l·tky, s nimiû organismy v pr˘-
bÏhu evoluce dosud nep¯iöly do styku, tzv. xenobiotika. Mezi
jedny z nejrozöÌ¯enÏjöÌch pat¯Ì v souËasnÈ dobÏ i polychloro-
vanÈ bifenyly (PCB). DÌky sv˝m vynikajÌcÌm fyzik·lnÌm
a chemick˝m vlastnostem mezi kterÈ pat¯Ì zejmÈna nÌzk·
rozpustnost ve vodÏ, inertnost, odolnost v˘Ëi ˙Ëink˘m kyselin
a z·sad, omezen· ho¯lavost, tepeln· stabilita a vysok˝ elek-
trick˝ odpor, nalezly smÏsi PCB öirokÈ uplatnÏnÌ v ¯adÏ pr˘-
myslov˝ch odvÏtvÌch (transform·torovÈ oleje, pesticidy, sloû-
ky barviv, aj.). Vzhledem k souËasn˝m poznatk˘m o toxicitÏ,
moûnÈ karcinogenitÏ a teratogenitÏ PCB je jejich odstranÏnÌ
z ûivotnÌho prost¯edÌ velmi aktu·lnÌm problÈmem. Vedle po-
mÏrnÏ n·roËnÈ degradace fyzik·lnÏ-chemick˝mi metodami se
jako efektivnÌ ¯eöenÌ jak z hlediska ekonomickÈho tak eko-

Obr. 1. Metabolick· dr·ha odbour·v·nÌ PCB
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logickÈho nabÌzÌ vyuûitÌ mikroorganism˘, zejmÈna nÏkter˝ch
p˘dnÌch bakteriÌ. AerobnÌ degradace PCB probÌh· Ëty¯stup-
Úov˝m procesem (obr. 1): oxidace bifenyldioxygenasou, n·-
sledn· dehydrogenace, meta-ötÏpenÌ v poloh·ch 1,2. KoneË-
n˝m produktem je pak chlorbenzoov· kyselina a kyselina
2-hydroxy-2,4-pentadienov·.

Tato pr·ce se vÏnuje studiu degradaËnÌch vlastnostÌ bak-
teri·lnÌho kmene Pseudomonas putida/2, kter˝ byl izolov·n
z kontaminovanÈ zeminy. Z˘statek po degradaci komerËnÌ
smÏsi PCB, Deloru 103 (pr˘mÏrn˝ stupeÚ chlorace: 3 a vÌce
atom˘ Cl na molekulu bifenylu), byl mÏ¯en metodou plynovÈ
chromatografie s detektorem elektronovÈho z·chytu. Za stan-
dardnÌch podmÌnek v minim·lnÌm mediu s bifenylem jako
jedin˝m zdrojem uhlÌku Ëinil po dvou t˝dnech z˘statek Deloru
103 30ñ40 % z p˘vodnÌho mnoûstvÌ. V tekutÈm mediu byly
pomocÌ GC detekov·ny jako produkty biodegradace Deloru
103 mono- a dichlorbenzoovÈ kyseliny.

Pro stanovenÌ typu p¯ÌtomnÈ bifenyl-dioxygenasy (2,3 ne-
bo 3,4) byla provedena degradace Ëist˝ch kongener˘ 2,5,2í,5í-
-tetrachlorbifenylu (IUPAC 52) se zablokovan˝mi poloha-
mi pro 2,3-bifenyl-dioxygenasu a 3,4,3í,4í-tetrachlorbifenylu
(IUPAC 77) se zablokovan˝mi polohami pro 3,4-bifenyl-dio-
xygenasu. U sledovanÈho kmene P. putida/2 byla zjiötÏna
degradace obou kongener˘ a tÌm potvrzena öirok· substr·tov·
specifita degradaËnÌho systÈmu.

Tato pr·ce je podporov·na v˝zkumn˝m projektem Ë. J19/98:
2232500003.
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07 PÿÕPRAVA TRANSGENNÕCH ORGANISMŸ
S MIKROBI¡LNÕMI GENY PRO DEGRADACI PCB

KATEÿINA FRAN»OV¡a, RADEK BOROVKAa,
MARTINA MACKOV¡a a TOM¡ä MACEKb

a⁄stav biochemie a mikrobiologie, VäCHT Praha, Technic-
k· 3, 166 28 Praha, b⁄stav organickÈ chemie a biochemie AV
»R, Flemingovo n. 2, 166 10 Praha

V poslednÌ dobÏ metody biologickÈho odstraÚov·nÌ xeno-
biotik ze ûivotnÌho prost¯edÌ nahrazujÌ sloûitÈ a ekonomicky
n·roËnÈ fyzik·lnÏ-chemickÈ postupy. KromÏ indigennÌch or-
ganism˘ se jako velmi v˝hodnÈ jevÌ i vyuûitÌ transgennÌch
jedinc˘ sluËujÌcÌch nÏkolik pot¯ebn˝ch vlastnostÌ dohroma-
dy1. Studium bakteri·lnÌho metabolismu uk·zalo, ûe geny
kÛdujÌcÌ enzymy jednotliv˝ch metabolick˝ch drah degradace
PCB nejsou p¯Ìtomny v jednom mikroorganismu2. Proto na
z·kladÏ znalostÌ degradaËnÌch drah PCB u bakteriÌ a metod
genovÈho inûen˝rstvÌ je snaha o vytvo¯enÌ nov˝ch transgen-
nÌch jedinc˘. Vzhledem k tomu, ûe transgennÌ rostliny jsou
öirokou ve¯ejnostÌ lÈpe akceptov·ny neû bakterie je v˝zkum

cÌlen na zavedenÌ gen˘ zodpovÏdn˝ch za syntÈzu enzym˘
degradaËnÌ dr·hy do rostlin3.

CÌlem tÈto pr·ce bylo zv˝öit ˙Ëinnost degradace PCB
˙pravou genetickÈho vybavenÌ rostlin. Z bakteri·lnÌ degradaË-
nÌ dr·hy byl vybr·n gen bphC zodpovÏdn˝ za syntÈzu enzymu
2,3-dihydroxybifenyl-1,2-dioxygenasy. Tento enzym kataly-
zuje meta-1,2 ötÏpenÌ bifenylovÈho kruhu, coû je krok, kter˝
je  z  hlediska rostlinnÈho metabolismu nejvÏtöÌ p¯ek·ûkou
rozkladu  PCB (cit.4). Tento enzym byl p˘vodnÏ izolov·n
z bakterie Comamonas testosteroni B-356, byla urËena jeho
kvarternÌ struktura a vlastnosti. Tento gen jsme obdrûeli jako
Sac I a Kpn I fragment vloûen˝ v plazmidu pQE31, kter˝ m·
3462 p·r˘ b·zÌ. DNA byla amplifikov·na pomocÌ PCR a vlo-
ûena do plazmidu pBluescript II SK (ñ) (pSK). Vytvo¯en˝
konstrukt pSK/bphC byl sekvenov·n a byla ovÏ¯ena prim·rnÌ
struktura inzertu. PotÈ byl vybr·n vektor pBI121 s promotorem
viru kvÏt·kovÈ mozaiky CaMV 35S urËen˝ pro p¯enos bphC
do rostlin. Plazmid pBI121/ bphC v bakterii A. tumefaciens
LBA 4404 byl transformacÌ p¯enesen do modelovÈ rostliny
Nicotiana tabacum. Exprese genu bphC byla p¯edem ovÏ¯o-
v·na v bakteriÌch. Byla studov·na metodika izolace enzymu
a purifikace pomocÌ afinitnÌ chromatografie. V z·vÏreËnÈ f·zi
byla stanovov·na aktivita enzymu s 3-methylkatecholem, kte-
r˝ m˘ûe nahradit p¯irozen˝ substr·t 2,3-dihydroxybifenyl.

Tato pr·ce byla sponzorov·na v˝zkumn˝m projektem J19/98:
2232500003.
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08 MICROBIAL DEGRADATION
OF HYDROCARBON IN RELATION
TO NUTRIENTS

JANA GODO»ÕKOV¡, ºUDMILA KRUPANSK¡,
VIERA BOH¡»OV¡, and BYSTRÕK POLEK

Institute of Microbiology, Slovak Academy of Sciences, ätef·-
nikova 3, 814 34 Bratislava, Slovak Republic

The biological treatment processes currently play a major
role in preventing and reducing the extent of organic environ-
mental contamination. Bioremediation treatment technologies
help to solve the problems of environment pollution. Biodeg-
radation of polycyclic aromatic hydrocarbon (PAHs) demands
microorganisms with considerable metabolic diversity, and to
achieve overall biodegradation, usually a consortium of diffe-
rent organisms with complementary metabolic capabilities
may be needed. Naphthalene and their methyl-derivates are
the most simple and ubiquitous of PAH in the environment.
They are one of the most toxic components of crude oil due to
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relatively high solubility in water. Screening and physiologi-
cal testing of such microorganisms (degraders) represents an
important part by the development of bioremediation techno-
logies.

Naphthalene degrading mixed culture (Pseudomonas pu-
tida, Staphylococcus sp., Klebsiella planticola, Stenothropho-
monas maltophilia) was isolated from a soil permanently
contaminated by crude oil. Enrichment culture contained na-
phthalene (10 g.l-1) as a sole source of carbon and energy.
Utilisation of naphthalene by microorganisms was confirmed
by increasing amount of cell protein and viable cell counts.
The stationary phase of the growth was achieved during the
first day of cultivation. The growth of a microbial consortium
was stimulated by increasing concentration of naphthalene in
medium up to 3.3 g.l-1. Biodegradation capacity of a microbial
consortium was preserved when the growth in mineral medi-
um containing naphthalene was alternated with the growth on
rich MPB medium without toxic substrate. In most cases
mineral nutrient (N, P) supplementation significantly increa-
ses hydrocarbon degradation rates1,2.

The capacity of biodegradation was tested in five different
media with regard to requirement of inorganic nutrients (N, P,
S and trace elements) and in C-containing acetate medium.
The best growth of a microbial consortium at concentration
(3.3 g.l-1) was observed in medium with relatively high content
of N (1.4 g.l-1). In any cases, the positive correlation between
biodegradation rate and content of important elements P or S
in the utilized media has not been confirmed. Phosphate rich
medium rather inhibited the growth of microorganisms. Low
yield of biomass in C-containing acetate medium was unex-
pected. Characteristics of growth curves in the same media
were changed when microorganisms grew on significantly
lower concentration of naphthalene (0.1 g.l-1).

The laboratory results suggest how the biodegradation
efficiency could be effected in bioremediation treatment tech-
nologies.

This work was supported by VEGA grant No. 1/6099/99.
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09 STUDIUM FYZIOLOGICK… ADAPTACE
KVASINKY CANDIDA MALTOSA VŸ»I
p-KRESOLU
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ALENA »EJKOV¡, JAN MAS¡K a VLADIMÕR JIRKŸ

⁄stav kvasnÈ chemie a bioinûen˝rstvÌ, VäCHT, Technick· 5,
166 28 Praha 6

AromatickÈ slouËeniny  jsou souË·stÌ ¯ady p¯irozen˝ch
materi·l˘. BenzenovÈ j·dro je zcela bÏûn· struktura v p¯Ìrod-
nÌch l·tk·ch, kterou jsou organismy schopnÈ ötÏpit. Na druhÈ
stranÏ pat¯Ì aromatickÈ l·tky mezi v˝znamnÈ toxikanty pro-

st¯edÌ, coû je zp˘sobeno zavedenÌm r˘zn˝ch substituent˘ do
aromatickÈho j·dra. Doch·zÌ tak ke snÌûenÌ reaktivity rezo-
nanËnÌ struktury j·dra v˘Ëi kyslÌku a struktura je tak mnohem
odolnÏjöÌ proti otev¯enÌ kruhu1.

PouûÌvan· kvasinkov· kultura Candida maltosa je p˘dnÌ
izol·t z lokality dlouhodobÏ kontaminovanÈ fenolick˝mi l·t-
kami2. BunÏËn˝ r˘st a testov·nÌ stupnÏ adaptace na p˘vodnÌ
substr·t (fenol) bylo podrobnÏ monitorov·no dÌky mikrokul-
tivaËnÌmu za¯ÌzenÌ Bioscreen C (Labsystem Oy, Finsko) ve
dvou typech mÈdiÌ ñ Olson JohnsonovÏ mÈdiu3 a YNB mÈdiu
(Difco Laboratories, USA). Koncentrace fenolu v mÈdiu byla
stanovov·na kolorimetricky uûitÌm 4-amino-antipyrinovÈ me-
tody4. Koncentrace p-kresolu byla mÏ¯ena pomocÌ vysoko
˙ËinnÈ kapalinovÈ chromatografie (Watrex 4100, Thermo Se-
paration Products, USA). Kvantifikace r˘stu testovanÈ popu-
lace byla prov·dÏna monitorov·nÌm koncentrace protein˘ po-
dle BradfordovÈ5. ReaktorovÈ fed-batch kultivace probÌhaly
v bioreaktoru (Braun Biotech International, NÏmecko) o pra-
covnÌm objemu 2,0 l p¯i teplotÏ 28 ∞C a pH 5. Pro realizaci
kontinu·lnÌ kultivace byla pouûita sklenÏn· n·plÚov· kolona
s pracovnÌm objemem 148 ml s biofilmem kvasinky C. mal-
tosa. Jako nosiË byl vyuûit keramick˝ materi·l Keramzit (Agro
CS, »R).

V prvnÌ f·zi experiment˘ byl zjiöùov·n dosaûen˝ stupeÚ
adaptace na fenol a vliv sloûenÌ jednotliv˝ch mÈdiÌ na biodeg-
radaci. Vzhledem k bohatÈmu nutriËnÌmu zastoupenÌ by-
lo z dalöÌch pokus˘ vy¯azeno Olsonovo-Johnsonovo mÈdium
a v YNB mÈdiu byla ovÏ¯ena inhibiËnÌ koncentrace fenolu
pohybujÌcÌ se okolo 2,0 g.l-1. V pr˘bÏhu testov·nÌ stupnÏ
adaptace kvasinky C. maltosa na p-kresol, doölo ke zjiötÏnÌ,
ûe bez p¯Ìtomnosti vhodnÈho kosubstr·tu biodegradace nepro-
bÌh· a doch·zÌ k zastavenÌ r˘stu populace. V p¯ÌpadÏ pouûitÌ
fenolu jako kosubstr·tu (0,4 g.l-1) doch·zÌ jak k v˝raznÈmu
n·r˘stu, tak i k odbour·v·nÌ obou sledovan˝ch l·tek, v p¯Ìpa-
dÏ, ûe koncentrace p-kresolu v˝raznÏ nep¯ekroËila 0,4 g.l-1.
V pr˘bÏhu dlouhodobÏjöÌ kontinu·lnÌ kultivace bylo zjiötÏno,
ûe biodegradace p-kresolu probÌh· aû do koncentrace 0,6 g.l-1

p¯i koncentraci fenolu 0,1 g.l-1. V z·vÏreËnÈ f·zi pokus˘ byla
provedena 7 dennÌ kultivace v laboratornÌm fermentoru, p¯i
nÌû bylo zjiötÏno, ûe koncentrace p-kresolu 0,6 g.l-1 v kombi-
naci s fenolem o koncentrace 0,4 g.l-1 nevykazuje jeötÏ inhi-
biËnÌ ˙Ëinky (obr. 1). V nep¯Ìtomnosti fenolu biodegradace

Obr. 1. Kultivace kvasinky C. maltosa v laboratornÌm fermentoru,
ñ ñ ñ koncentrace bÌlkovin, koncentrace p-kresolu, - - - koncen-
trace fenolu
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p-kresolu neprobÌh· a to ve vöech sledovan˝ch experiment·l-
nÌch uspo¯·d·nÌch. P¯edmÏtem dalöÌch experiment˘ je proto
ovÏ¯enÌ faktu, zda-li fenol p˘sobÌ jako ˙Ëinn˝ efektor p¯i
indukci enzym˘ ötÏpÌcÌch aromatickÈ j·dro, kterÈ by mohly
b˝t n·slednÏ vyuûÌv·ny p¯i biodegradaci p-kresolu, zatÌmco
p-kresol nedok·ûe syntÈzu tÏchto enzym˘ vyvolat.
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10 BIODEGRADACE BENZO¡TU A JEHO
CHLORDERIV¡TŸ RODEM RHODOCOCCUS

VERONIKA MYLEROV¡, ALENA »EJKOV¡,
JAN MAS¡K, VLADIMÕR JIRKŸ a ROMAN STRNAD

⁄stav kvasnÈ chemie a bioinûen˝rstvÌ, VäCHT, Technick· 5,
166 28 Praha 6

Chlorbenzo·ty p¯edstavujÌ skupinu toxick˝ch l·tek, kterÈ
se dost·vajÌ do ûivotnÌho prost¯edÌ p¯edevöÌm v podobÏ herbi-
cid˘ (2,3,6-trichlorbenzo·t) nebo Ë·steËn˝m rozkladem poly-

chlorovan˝ch bifenyl˘ (PCB). VÏtöina dosud popsan˝ch PCB-
-degradujÌcÌch kmen˘ tvo¯Ì chlorbenzo·ty jako koncovÈ pro-
dukty degradace PCB, neboù nejsou schopny dalöÌho r˘stu na
tÏchto substr·tech1. Jednou z moûnostÌ odstranÏnÌ chlorbenzo-
ov˝ch  kyselin  z prost¯edÌ je jejich mikrobi·lnÌ degradace
pomocÌ selektovan˝ch adaptovan˝ch mikroorganism˘.

U vybran˝ch kmen˘ Rhodococcus sp. CCM 2881 a Rho-
dococcus erythropolis CCM 2595, poch·zejÌcÌch  z »eskÈ
sbÌrky mikroorganism˘, byla ovÏ¯ena utilizace benzo·tu a je-
ho chlorderiv·t˘ (2-chlorbenzo·t, 3-chlorbenzo·t a 4-chlor-
benzo·t), (Fluka, Germany), jako jedinÈho zdroje uhlÌku a ener-
gie. Kyselina benzoov· byla p¯Ìtomna v mÈdiu buÔ jako jedin˝
zdroj uhlÌku a energie anebo v kombinaci s nÏkter˝m z v˝öe
uveden˝ch chlorbenzo·t˘. Kultivace byly prov·dÏny v Erlen-
mayerov˝ch baÚk·ch umÌstÏn˝ch na t¯epaËk·ch p¯i laborator-
nÌ teplotÏ. Jako kultivaËnÌ mÈdium, bylo pouûito z·kladnÌ
minim·lnÌ mÈdium (BSM). Schopnost utilizace dan˝ch polu-
tant˘ v˝öe uveden˝mi bakteri·lnÌmi populacemi byla stanove-
na na z·kladÏ ˙bytku polutantu metodou kapalinovÈ chroma-
tografie2. ParalelnÏ byla mÏ¯ena koncentrace bunÏËn˝ch pro-
tein˘ 3.

V˝öe uvedenÈ bakteri·lnÌ populace byly schopny utilizace
dan˝ch polutant˘ a to jak v p¯ÌpadÏ, kdy byly p¯Ìtomny samos-
tatnÏ (nezn·zornÏno), tak i v p¯ÌpadÏ kdy byly p¯Ìtomny ve
smÏsi s ostatnÌmi testovan˝mi substr·ty (obr. 1, obr. 2).
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11 KINETIKA OXIDACE FENOLU POPULACÕ
KVASINEK CANDIDA TROPICALIS
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⁄stav kvasnÈ chemie a bioinûen˝rstvÌ, Fakulta potravin·¯skÈ
a biochemickÈ technologie, VäCHT, Technick· 5, 166 28
Praha 6

Pr·ce se zab˝v· ovÏ¯enÌm vlivu rychlosti dod·vky kyslÌku
a p¯Ìtomnosti Ëi absence esenci·lnÌch ûivin na rychlost degra-
dace fenolu a na rychlost spot¯eby kyslÌku. Pokusy byly pro-
vedeny s kvasinkou Candida tropicalis izolovanou ze zeminy
dlouhodobÏ kontaminovanÈ aromatick˝mi uhlovodÌky. Tato
kvasinka je schopna r˘stu na fenolu jako jedinÈm zdroji uhlÌku
a energie za aerobnÌch podmÌnek.

V˝sledky prok·zaly, ûe rychlost oxidace fenolu v kvasin-
kov˝ch buÚk·ch je p¯Ìmo ˙mÏrn· rychlosti spot¯eby kyslÌku.
NejsilnÏji jsou fenolem inhibov·ny respiraËnÌ enzymy bunÏk.
P¯ebytek kyslÌku v mediu v˝raznÏ sniûuje citlivost bunÏk v˘Ëi
inhibiËnÌmu ˙Ëinku fenolu. Metabolismus tot·lnÌ oxidace fe-
nolu je sp¯aûen s r˘stem bunÏk. Rychlost oxidace fenolu
v p¯Ìtomnosti esenci·lnÌch ûivin je vyööÌ neû p¯i jejich absenci.
V˝znamnÏ vÏtöÌ vliv m· p¯Ìtomnost P iont˘ ve srovn·nÌ
s (NH4)

+ ionty.

Auto¯i dÏkujÌ GrantovÈ agentu¯e »R, projekt Ë. 104/00/0575
za finanËnÌ podporu.

O4
3–

Obr. 1. Kultivace kmene CCM 2881

o koncentrace kyseliny benzoovÈ, ∆ koncentrace kyseliny 3-chlor-
benzoovÈ,¡ koncentrace bÌlkovin,¬ koncentrace kyseliny 4-chlor-
benzoovÈ

Obr. 2. Kultivace kmene CCM 29595
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12 KINETICK¡ ANAL›ZA CHEMICK…
A BAKTERI¡LNÕ OXIDACE PYRITU

ä¡RKA HEL¡NOV¡, MARTIN MANDL
a IVA BART¡KOV¡

Katedra biochemie P¯F, Masarykova univerzita, Kotl·¯sk· 2,
611 37 Brno

Oxidace pyritu v sulfidov˝ch odpadech vede k tvorbÏ
kyseliny sÌrovÈ v z·vislosti na stupni oxidace. Mechanismus
procesu (˙loha bakteriÌ a trojmocnÈho ûeleza) je dlouhodobÏ
diskutovanou ot·zkou. PomocÌ elektrochemick˝ch metod se
zjistilo1, ûe v p¯Ìtomnosti bakteriÌ byl poËet vymÏÚovan˝ch
elektron˘ p¯i oxidaci molekuly pyritu 14, bez bakteriÌ 2, coû
svÏdËÌ pro ˙plnou biooxidaci pyritu na sÌranovÈ ionty bez
v˝znamnÏjöÌ tvorby sirn˝ch meziprodukt˘. Pro urËenÌ bliûöÌho
mechanismu biooxidace byla provedena kinetick· anal˝za
oxidace pyritu ionty Fe(III) a bakteriemi Thiobacillus ferro-
oxidans.

Kineticky definovan˝ pr˘bÏh chemickÈ reakce se vysky-
toval pouze na poË·tku reakce, pro kter˝ byly urËeny obje-
mov· rychlostnÌ konstanta a ¯·d reakce, z nichû byla urËena
kinetick· rovnice oxidace pyritu ionty Fe(III) pro p¯Ìpad tvor-
by sÌranov˝ch iont˘ nebo element·rnÌ sÌry (˙pln· a ne˙pln·
oxidace). Tak bylo zjiötÏno, ûe rychlost ˙plnÈ oxidace pyritu
ionty Fe(III) je p¯i vyööÌch koncentracÌch Fe(III) shodn·
s rychlostÌ bakteri·lnÌ oxidace pyritu (p¯i velmi nÌzkÈ koncen-
traci Fe(III)). Hodnoty redoxnÌch potenci·l˘ bÏhem bakteri·l-
nÌ oxidace byly podobnÈ hodnot·m redoxnÌch potenci·l˘
v poË·teËnÌ f·zi reakce pyritu s vyööÌmi koncentracemi Fe(III).
To dokazuje tzv. nep¯Ìm˝ mechanismus, pyrit je oxidov·n
chemicky ionty Fe(III), bakterie reoxidujÌ vznikajÌcÌ Fe(II) a
tÌm udrûujÌ vysok˝ redoxnÌ potenci·l roztoku nutn˝ pro oxi-
daci pyritu aû na kyselinu sÌrovou (obr. 1). Pro neexistenci
p¯ÌmÈho mechanismu (zaloûenÈm na aktivitÏ sulfid oxidujÌ-
cÌch enzym˘ bakteriÌ adsorbovan˝ch na povrchu pyritu) a
potvrzenÌ shora uveden˝ch z·vÏr˘ svÏdËÌ nekorelovan· z·vis-
lost rychlosti oxidace pyritu na koncentraci bakteriÌ nad 5.107

bakteriÌ v 1 ml. Existuje pouze urËit· limitnÌ koncentrace
bakteriÌ pot¯ebn· k udrûenÌ dostateËnÈ bakteri·lnÌ aktivity k
˙ËinnÈ reoxidaci Fe(II).

Na nep¯ÌmÈm mechanismu se podÌlÌ ûelezooxidujÌcÌ sys-
tÈm bakterie T. ferrooxidans. V bioremediaci (odstraÚov·nÌ
sulfid˘ a tÏûk˝ch kov˘ z d˘lnÌch odpad˘) nebo biohydro-
metalurgii tak systÈm oxidace Fe(II) u T. ferrooxidans hraje
podstatnÏjöÌ roli neû systÈm oxidace sÌry. Jeho inhibice vede
k ne˙plnÈ oxidaci pyritu. Ve spont·nnÌch biogeochemick˝ch

procesech v sulfidov˝ch odpadech vöak ûelezooxidujÌcÌ sys-
tÈm m˘ûe b˝t hlavnÌm faktorem okyselov·nÌ prost¯edÌ.

Tato pr·ce byla podpo¯ena grantem GA »R 525/00/0785.
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SÌra vystupuje jako meziprodukt biooxidace sulfid˘. Thio-
bacillus ferrooxidans a T. thiooxidans p¯edstavujÌ hlavnÌ aci-
dofilnÌ chemolithotrofnÌ bakterie oxidujÌcÌ sÌru v prost¯edÌ
sulfidov˝ch miner·l˘ na kyselinu sÌrovou. V sulfidov˝ch od-
padech tak doch·zÌ k okyselov·nÌ prost¯edÌ a migraci tÏûk˝ch
kov˘. CÌlem pr·ce je studium kinetiky r˘stu a oxidace sÌry
u T. ferrooxidans za ˙Ëelem kritickÈho zhodnocenÌ v souËas-
nosti zn·m˝ch kinetick˝ch model˘.

P¯i konstrukci kinetick˝ch model˘ se vych·zÌ ze skuteË-
nosti, ûe rozhodujÌcÌ metabolickou roli majÌ bakterie adsorbo-
vanÈ na sÌ¯e1-3. Tyto kinetickÈ modely byly navrûeny tak, aby
vyhovovaly celkovÈmu pr˘bÏhu r˘stu a oxidace sÌry. Naöe
v˝sledky svÏdËÌ pro moûnou kooperujÌcÌ roli adsorbovan˝ch
bakteriÌ. Maxim·lnÌ poËet tÏchto bakteriÌ lze urËit jiû z poË·tku
kinetiky  adsorpce4. AdsorbovanÈ bakterie tak mohou hr·t
zejmÈna iniciaËnÌ roli procesu oxidace sÌry. P¯i detailnÏjöÌm
z·znamu r˘stu, koncentrace H+ a S lze detegovat 3 f·ze:
exponenci·lnÌ, line·rnÌ a f·zi sniûujÌcÌ se rychlosti r˘stu a tvor-
by kyseliny sÌrovÈ. Protoûe mnoûstvÌ adsorbovan˝ch bakteriÌ
se v pr˘bÏhu oxidace sÌry mÏnÌ bez odezvy na rychlost procesu
a celkov˝ proces m˘ûeme popsat 3 f·zemi, dospÏli jsme k od-
liön˝m z·vÏr˘m neû v˝öe uvedenÌ auto¯i. NÌzk· rozpustnost
sÌry zjevnÏ vytv·¯Ì podmÌnky pro limitaci metabolismu sÌrou.
NabÌzÌ se analogie s limitacÌ plynn˝m substr·tem, kdy odpo-
vÌdajÌcÌ line·rnÌ f·zi r˘stu lze vyvodit i monodovskou kine-
tikou5. Kr·tk· exponenci·lnÌ f·ze nelimitovanÈho procesu je
pravdÏpodobnÏ umoûnÏna produkcÌ povrchovÏ aktivnÌch l·-
tek, kterÈ zv˝öÌ koncentraci koloidnÌ sÌry v kultu¯e. Po zv˝öenÌ
celkovÈ oxidaËnÌ aktivity rostoucÌch bakteriÌ doch·zÌ k limi-
taci sÌrou vy˙sùujÌcÌ v line·rnÌ f·zi r˘stu i tvorby kyseliny
sÌrovÈ. P¯ev·ûn· Ë·st sirnÈho substr·tu tvo¯Ì nerozpustn˝ re-
zervo·r. ZmÏny povrchu sirnÈho substr·tu by teoreticky mÏly
ovlivÚovat rychlost procesu. I po znaËnÈm ˙bytku sÌry jsme
vöak tyto zmÏny nepozorovali, resp. f·ze sniûov·nÌ rychlosti
celkovÈho procesu nast·vala nekonstantnÏ. To svÏdËÌ buÔ pro
konstantnÌ specifick˝ povrch sÌry anebo proces jejÌho rozpou-
ötÏnÌ (obecnÏ z·visl˝ na povrchu) je ovlivÚov·n Ñbiodetergen-
temì.

Limitace sÌrou se tak jevÌ jako rozhodujÌcÌ proces, kter˝

O4
2–

Obr. 1. SchÈma nep¯ÌmÈho mechanismu bakteri·lnÌ oxidace pyritu
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charakterizuje podstatnou Ë·st kinetiky r˘stu a tvorby kyseliny
sÌrovÈ. P¯edpokl·d· to stejnou ˙Ëast voln˝ch i v·zan˝ch bak-
teriÌ na oxidaËnÌm procesu.

Tato pr·ce byla podpo¯ena grantem GA »R 525/00/0785
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Od konce minulÈho stoletÌ p¯ispÏl rozvoj tÏûby nerost˘,
pr˘myslu a stavebnÌch aktivit ke zvyöujÌcÌmu se zneËiötÏnÌ
p˘d, kterÈ dos·hlo v poslednÌch desetiletÌch alarmujÌcÌ ˙rovnÏ.
Neust·l˝ n·rust pr˘myslovÈ v˝roby, tlak r˘zn˝ch ekologic-
k˝ch organizacÌ a v neposlednÌ ¯adÏ takÈ poûadavek co nej-
menöÌ ekonomickÈ n·roËnosti posunul do pop¯edÌ z·jmu v˝-
zkumu p¯ÌrodnÌ procesy umoûÚujÌcÌ bez vÏtöÌch finanËnÌch
poûadavk˘ a dalöÌ z·tÏûe pro p¯Ìrodu toto zneËiötÏnÌ odstranit.
Pro vyËiötÏnÌ takto kontaminovan˝ch ploch uû bylo pouûito
mnoho r˘zn˝ch fyzik·lnÌch, chemick˝ch a biologick˝ch pro-
ces˘. Tyto procesy buÔ ÑdekontaminujÌì p˘dy nebo polutanty
v nich ÑstabilizujÌì (cit.1). Rhizofiltrace2, novÏ objeven· tech-
nologie vyuûÌvajÌcÌ ko¯en˘ suchozemsk˝ch rostlin pro reme-
diaci z tekoucÌ kapaliny, je finanËnÏ efektivnÌ metoda pro
odstranÏnÌ polutant˘ v koncentracÌch, kterÈ jsou mnohon·sob-
nÏ niûöÌ neû vhodnÈ koncentrace pro konvenËnÌ metody, a ko-
neËnÈ koncentrace  se po vyËiötÏnÌ  pohybujÌ hluboko pod
poûadovan˝mi p¯Ìpustn˝mi hodnotami zneËistÏnÌ. PoË·teËnÌ
v˝zkum se soust¯edil na mikroorganismy a na rostliny, kterÈ
jsou p¯irozen˝mi akumul·tory, tzv. hyperakumul·tory3, tÏû-
k˝ch kov˘ v p¯ÌrodÏ. V souËasnÈ dobÏ se z·jem soust¯eÔuje
na rostliny, kterÈ by mÏly öirokÈ spektrum z·bÏru, protoûe
zneËiötÏnÌ nenÌ pouze jednoho druhu, a d·le na mikroorganis-
my a rostliny, kterÈ jsou geneticky manipulov·ny4. V˝bÏr
remediaËnÌ strategie je z·visl˝ na druhu zneËiöùujÌcÌch l·tek.

CÌlem naöÌ pr·ce je optimalizace podmÌnek pro remediace
tÏûk˝ch kov˘. Pr·ce je prov·dÏna na modelovÈm materi·lu,
kter˝m je in vitro kultivovan· hairy-root kultura k¯ene (Armo-

racia rusticana L.) a sledujeme remediaci iont˘ Be2+, Cd2+,
Cr3+, Cr6+, Cu2+, Hg2+, Ni2+, Zn2+, Pb2+, Cs+ (cit.5). U radio-
nuklid˘ jsme se zamÏ¯ili na studium mechanizmu rhizofiltrace
radionuklidu 137Cs pomocÌ hydroponicky pÏstovan˝ch rostlin
sluneËnice (Helianthus annus), topolu (Populus tremula) a r·-
kosu (Phragmites communis)6.

Tato pr·ce je podporov·na GA AV »R projektem A 6055902,
GA AV »R projektem S 4055014 a projektem COST 837.10.
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Polychlorinated biphenyls (PCBs) are composed of two
benzene rings linked at the C-1 carbon. They are substituted
in a great variety of combinations, with 1ñ10 chlorines in the
ortho, meta and/or para positions leading to 209 possible
compounds, referred to as PCB congeners. When PCBs are
categorized by the degree of chlorination, the term homologue
is used, e.g. the trichlorobiphenyl homologues. PCBs of a gi-
ven homologue with different chlorine substitution positions
are called isomers. The individual chlorine substitutions are
further classified into singly or doubly flanked and unflanked
chlorines, referring to whether the neighboring positions carry
chlorine substitutions or not, respectively. Until banned in the
former Czechoslovakia in 1984 (in the USA in 1978) PCBs
were commercially manufactured as complex mixtures, each
of which contains 50ñ90 PCB congeneres1. Trade names for
these mixtures include Delor 103 (Chemko, Str·ûskÈ, Slo-
vakia), Aroclor and Pyroclor (Monsanto, USA), Clophen (Ba-
yer, Germany), Kanechlor (Kanegafuchi, Japan) and Phenoc-
lor and Pyralene (Prodelec, France). PCBs were widely used
in industry because of their excellent chemical and physical
properties including low vapor pressures, low water solubility,
excellent dielectric properties, stability to oxidation, flame
resistance and relative inertness. The extensive use of PCBs
has resulted in widespread contamination of air, water, soil
and sediments. For example, one-third of the total USA pro-
duction of PCBs (approximately 7◊105 t) has been released
into the environment through various venues by deliberate or
accidental discharges2.
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Although both the production for industrial use and the
discharge of PCBs have been banned in our country, contami-
nation with PCBs still occurs and is of great public concern
due to bioaccumulation and potential toxicity to humans and
wildlife. In spite of the fact that PCBs are generally regarded
as stable compounds, biodegradation in the environment, al-
though slow, has been demonstrated. Even if recently plant-
-associated dehalogenation has been  proposed3, PCBs are
mainly biodegraded by two distinct microbial processes: i) aero-
bic oxidative degradation and ii) anaerobic reductive dechlo-
rination.

Aerobic degradation process has been studied in our labo-
ratory rather extensively. The fundamental results were achie-
ved with indigenous microorganisms Pseudomonas putida/2.
The typical degradation profiles of this bacterium and physio-
logy of PCB and their metabolic intermediates degradation
will be presented. However, the aerobic degradation of PCBs
usually attacks only lightly chlorinated congeners, i.e. biphe-
nyls with five or fewer chlorines.

Anaerobic reductive dechlorination involves the removal
of the chlorine substituents as halogen ions and their replace-
ment by hydrogen in the form of electrons and protons. Re-
ductive dechlorination is an important process in biodegrada-
tion of various highly chlorinated PCBs, because decreases
their toxicity and thus increases their degradability, e.g. by
converting the ìco-planarî, dioxin like congeners into conge-
ners with fewer chlorines4. Based on the published literature5,
PCB reductive dechlorination is widespread in the environ-
ment although the rate, extent and specificity of microbial
dechlorination vary widely. A brief review of anaerobic de-
chlorination in various environments will be presented.
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A collaborative US/Czech research project has been initi-
ated to determine the long-term influence of vegetation on the
microbial degradation of PCBs in contaminated soil. Two sites
in the Czech Republic have been secured for this study in
which a variety of plant species have naturally grown for at
least 10 years in contaminated soil ranging in concentrations
from 0ñ300 ppm. The oldest and largest plants present are
maple (Acer sp.) and birch (Betula pendula) trees, in addition
to ash (Fraxinus excelsior) and several grasses. The microor-
ganisms associated with the roots of different plant species are
being examined to identify plants that selectively foster the
growth of PCB-degraders. Initial screening studies employing
a 4-chlorobiphenyl agar plate assay have identified aggressive
PCB-degrading bacteria associated with rhizosphere soil. In
parallel, PCB-contaminated soil from the rhizosphere of ma-
ture plants (at least 10  years old) is being  examined for
evidence of congener degradation.

The authors thank US National Security Education Program
(NSEP), Graduate International Fellowship for support.
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01 TRANSDUCTION OF AUXIN SIGNAL IN PLANT
CELLS
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Auxins together with cytokinins are the key phytohormo-
nes involved in regulation of growth and development of plant
cells under in vitro conditions. The present knowledge of
endogenous auxin levels in various organs and/or tissues, of
auxin long-distance transport as well as its translocation to the
cell and out of the cell, and of auxin signalling cascade is
relatively extensive. However, experimental data published
are scattered to various plant cells, tissues, organs, etc., analy-
sed at different stages of their development. Thus it is almost
impossible to combine and correlate these data with the aim
to develop a quantitative working hypothesis about the levels,
movements, perception and transduction of auxin signal in
relation  to  particular physiological state  of particular cell
and/or cell population.

We studied these parameters on the auxin-dependent, cy-
tokinin-autonomous VBI-0 tobacco cell strain grown in sus-
pension culture. This strain, originally derived from the stem
pith of Nicotiana tabacum L., cv. Virginia Bright Italia, was
used for its high spontaneous friability, polar filamentous
phenotype and time-separated phases of cell division and
elongation.

Under optimal conditions the endogenous free auxin (in-
dole-3-acetic acid) level reached its maximum in the stationary
growth phase almost in parallel with the maximum activity of
the auxin efflux carrier (transporting the auxin anion out of the
cells). The specific auxin-binding site (putative auxin recep-
tor), displaying high affinity (KD for the most active auxins in
the order of magnitude 10-8 mol.l-1) and low capacity (pmols
of auxin per 1 g fresh mass), was detected on microsomal
fraction. Its activity increased in the late exponential and early
stationary phases when the polar cell growth began. On the
same cell line some of the components of phosphoinositide
signalling system were detected: phospholipase C, D-myo-ino-
sitol-1,4,5-trisphosphate (IP3) receptor and IP3 induced Ca2+

release from microsomal vesicles. The results suggest a regu-
latory role of auxins in both cell division and elongation and
possible involvement of phosphoinositide system in auxin
signalling.

This work was supported by the Grant Agency of the Czech
Republic, project No.: 206/98/1510 to EZ, the EU, INCO
Copernicus project No. ERBIC15 CT98 0118 and by the
Ministry of Education, Youth and Sport, project OK379 (1999)
to EZ.

02 VLIV GLUKOSYLACE NA HLADINU
CYTOKININŸ A MOéNOSTI JEJÕHO OVLIVNÃNÕ
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RostlinnÈ hormony cytokininy vykazujÌ ¯adu d˘leûit˝ch
fyziologick˝ch funkcÌ, zejmÈna stimulujÌ bunÏËnÈ dÏlenÌ,
podporujÌ vÏtvenÌ a zpomalujÌ st·rnutÌ. Hladina jejich hlavnÌch
aktivnÌch forem, trans-zeatinu a isopentenyladeninu (a jejich
ribosid˘), je v rostlinn˝ch buÚk·ch velmi striktnÏ regulov·na.
Cytokininy p˘sobÌ autoindukËnÏ, tzn. ûe zv˝öenÌ jejich hladi-
ny, nap¯. transportem nebo exogennÌ aplikacÌ, stimuluje jejich
biosyntÈzu v kompetentnÌch buÚk·ch. Inaktivace cytokinin˘
probÌh· buÔ ötÏpenÌm postrannÌho ¯etÏzce cytokininoxidasou
nebo jejich glukosylacÌ, a to buÔ p¯es kyslÌk postrannÌho
isoprenoidnÌho ¯etÏzce nebo p¯es nÏkter˝ z dusÌk˘ na purino-
vÈm j·d¯e. P¯i studiu mechanism˘ ovlivÚujÌcÌch hladinu cyto-
kinin˘ v buÚk·ch jsme se zamÏ¯ili na N-glukosylaci, kter· je
prakticky nevratn· a m· za n·sledek trvalou deaktivaci.

N-GlukosylaËnÌ systÈm je stimulov·n po p¯id·nÌ exogen-
nÌho cytokininu benzyladeninu (BA) k bunÏËnÈ suspenzi ta-
b·ku (Nicotiana tabacum L.) BY-2. EndogennÌ cytokininy,
BA a jeho 7N- a 9N-glukosidy byly po p¯eËiötÏnÌ na reverznÌ
f·zi C18a sulfopropyl-Sephadexu rozdÏleny na HPLC pomocÌ
DAD detektoru. Hladina deriv·t˘ BA byla stanovena p¯Ì-
mo, koncentrace endogennÌch cytokinin˘ byla kvantifikov·na
v jednotliv˝ch HPLC frakcÌch pomocÌ ELISA. Aplikovan˝
BA byl rychle glukosylov·n (81 % po 24 hod p¯i fyziologickÈ
koncentraci 1,25 mmol.l-1). Neglukosylovan˝ BA stimuloval
zv˝öenÌ hladin endogennÌch CK. Jejich p¯ebytek byl v buÚce
odbour·v·n jak cytokininoxidasou, tak glukosylacÌ, zejmÈna
dihydrozeatinu, kter˝ nenÌ substr·tem tohoto enzymu. Kom-
petice BA a dihydrozeatinu p¯i mÏ¯enÌ glukosylaËnÌ aktivity
pomocÌ radioaktivnÌch substr·t˘ (vyhodnoceno pomocÌ pr˘to-
kovÈho radiodetektoru) prok·zala, ûe N-glukosylaËnÌ systÈm
m· pomÏrnÏ öirokou specificitu zahrnujÌcÌ jak isoprenoid-
nÌ, tak aromatickÈ cytokininy. P¯i toxickÈ koncentraci BA
(20 µmol.l-1) bylo kromÏ zv˝öenÌ hladiny glukosid˘ endogen-
nÌch cytokinin˘, detekov·no i zv˝öenÌ koncentrace isopente-
nyladeninu a jeho ribosidu. NekontrolovatelnÈ zv˝öenÌ hladin
aktivnÌch cytokinin˘ bylo, p¯inejmenöÌm Ë·steËnÏ, p¯ÌËinou
toxickÈho p˘sobenÌ BA na buÚky.

Inhibice glukosylace cytokinin˘ by mohla umoûnit p¯e-
chodnÈ zv˝öenÌ aktivnÌch cytokinin˘, kterÈ je nezbytnÈ k ini-
ciaci ¯ady fyziologick˝ch proces˘ (nap¯. iniciace v˝honk˘).
Proto byl  vyzkouöen inhibitor N-glukosylace  papaverin1,2.
Vzhledem k tomu, ûe inhibitory N-glukosylace jsou druhovÏ
specifickÈ, byl pouûit stejn˝ materi·l jako v p˘vodnÌ pr·ci ñ
klÌËnÌ rostliny ¯edkviËky (Raphanus sativus cv. Rampouch).
Konverze radioaktivnÌho substr·tu dihydrozeatinu byla kvan-
tifikov·na pomocÌ pr˘tokovÈho radiodetektoru. Bylo zjiötÏno,
ûe  stupeÚ  inhibice  nar˘st·  aû do koncentrace  5 mmol.l-1.
Vzhledem k tomu, ûe koncentrace 7,5 mmol.l-1 mÏla v˝raznÈ
negativnÌ efekty, byl v dalöÌch pokusech pouûÌv·n 5 mmol.l-1

papaverin. Z·vislost stupnÏ inhibice na dÈlce preinkubace
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v p¯Ìtomnosti inhibitoru uk·zala, ûe v danÈm systÈmu je efek-
tivnÌ inhibice dosaûeno po 2 hodin·ch. StupeÚ inhibice rovnÏû
z·visel na ontogenetickÈm stupni v˝voje rostlin, citlivost v˘Ëi
inhibitoru byla v˝raznÏ vyööÌ ve stadiu dvou prav˝ch list˘ neû
ve stadiu dÏloûnÌch lÌstk˘.

ZÌskanÈ v˝sledky spolu s analysami endogennÌch cytoki-
nin˘ naznaËujÌ, ûe bas·lnÌ hladina N-glukosylaËnÌho systÈmu
je pomÏrnÏ nÌzk· (s v˝jimkou suspenzÌ adaptovan˝ch na zv˝-
öenou p¯Ìtomnost BA v mediu). Tento systÈm je ovöem velmi
rychle aktivov·n v p¯ÌpadÏ n·hlÈho zv˝öenÌ hladiny cytokini-
n˘. V˝sledk˘ tohoto studia bude vyuûito pro cÌlenÈ manipula-
ce s hladinami cytokinin˘ v rostlinn˝ch buÚk·ch a jejich
prost¯ednictvÌm k ovlivnÏnÌ v˝voje rostlin.

Auto¯i dÏkujÌ za finanËnÌ podporu grantu GA »R ËÌslo: 522/
99/1130.
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Leaves of plants normally release small quantities of vo-
latile chemicals, but when a plant is damaged by herbivorous
insects1, many more volatiles are released. The chemical iden-
tity of the volatile compounds varies with the plant and insect
species and type of wounding (monoterpenes, sesquiterpenes,
aromatics, six-carbon alcohols, aldehydes, esters). Volatiles
released from damaged plants have various functions, e.g. in
response to insect damage plants emit a blend of volatile
compounds2. Natural enemies of herbivores, such as parasitoid
wasps or predatory insects, use these substances to locate their
hosts. We talk about tritrophic interactions (plants-insect-pa-
rasitoids). Induced plant defence reactions can be local, but
very often extend systemically through the plant, that is, they
are not limited to the site of damage3. Such chemicals, which
function in communication between and among species, as
well as those that serve as messengers between members of
the same species, are called semiochemicals1.

The signalling pathways may vary among plant species.
Recent results suggest3 a general underlying pattern for plant
self-defence mechanisms. The key role in induced synthesis
of volatiles has the biosynthesis of jasmonic acid (JA) or its
methyl ester (MJ). The biosynthesis of JA (from linolenic acid)
is induced by recognition of the primary elicitors that activate
the plantís signalling system, the derivatives of JA then trigger
the specific responses of the plant (gene encoding proteinase

inhibitors, antifungal proteins, defensive secondary metabo-
lites etc.).

Many of actual bioassay test systems work with wounded
plant tissue3, because it is necessary to wound plant (e.g. to
excise leaves) prior to the addition of chemicals (elicitors of
defence reactions). It is difficult to interpret results of such
experiments, because the response induced by MJ may be
overlapped by the high background induced by cutting the
leaves. So, we are developing test system where no wounding
of plant is required. We use small plantlets of Nicotiana
tabacum cultivated under in vitro conditions. The possibility
of using tobacco callus and cell suspension was tested with
negative results, because they do not produce volatiles4. MJ in
form of vapours is used as the elicitor of the stress reactions.
The production of volatile substances was assayed by a com-
bination of solid phase microextraction (SPME) and gas chro-
matography (GC), volatiles were identified by mass spectro-
metry. We tested this system in comparing the antistress acti-
vities of some brassinosteroids (24-epiBR, ì4075î, ì4154î).
The proposed system proved to be reproducible, sensitive and
stable.

The work was supported by the grant GA AV CR A-4055803.
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The discovery of phosphoinositide signaling pathway has
led to tremendous progress in elucidation how the extracellular
signals are perceived by the cells and converted into intracel-
lular responses. No doubt, the crucial role in this process
belongs to phosphatidylinositol specific phospholipase C (PI-
-PLC), but it becomes more and more clear, that phospholi-
pid-based signaling is not so simple. Stimulation of surface
receptors can trigger not only the PLC but also a variety of
phospholipid metabolizing enzymes, such as phospholipase D
(PLD), phosphoinositol 3-kinase (PI3K) and phospholipase
A2 (PLA2). The products of their reactions activate lot of target
enzymes connected to numerous cellular processes.
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It is now generally accepted, that the plant signaling sys-
tem does not differ too much from the animal one, even though
the evidence is far from to be complete. The detailed informa-
tion about the possible role of phospholipid metabolizing
enzymes in plant signaling were reviewed recently by Munnik
et al.1 Simplified scheme shows the possible synergistic role
of two most important enzymes in plant cells (Scheme 1).

Phospholipase D (PLD, EC 3.1.4.4) hydrolyses phospho-
lipids, liberating phosphatidic acid (PA) and the alcohol moie-
ty which participates in the phosphodiester linkage (choline,
ethanolamine,  glycerol or inositol). Except  this hydrolase
function it is also able to transfer the phosphatidyl group to
primary alcohols (ethanol, n-butanol). The enzyme, first dis-
covered in carrot roots2, was then found to be widespread in
plant kingdom. PLD from many sources has been purified and
characterized and it has been recently cloned from yeast,
bacteria, plant and mammalian cells3.

Both, soluble and membrane associated forms of the enzy-
me were described. It seems to be more likely, that so called
soluble or cytosolic form is compartmentalised in vacuoles as
described by Xu et al.4 for young castor been leaves. Enzyme
in particulate form was found in mature leaves associated with
plasma membrane.

Three different PLDs have been cloned from Arabidopsis,
designated PLDα, β and γ. PLDα, which probably represents
most of the PLDs described till now, requires high, non-phy-
siological levels of Ca2+, while the other forms are activated
by micromolar concentrations of Ca2+ (Ref.5,6). PLDβ requires
phosphatidylinositol 4,5 bisphosphate (PIP2) as an activator
and a relatively high amount of phosphatidylethanolamine
(PE)7.

Recent studies in animal systems have emphasized that
PLD activation and the subsequent formation of PA are steps
in signal transduction cascades from the variety of ligands. In
plants PLD has been involved in many physiological processes
including senescence, aging, fruit ripening, stress injuries,
wounding and pathogen attack8. Very little is known about its

role in signal transduction in plants but the first attempts has
been already done. It was shown that PLD is stimulated by
G-protein activators9,10 such as mastoparan. Ryu and Wang11

showed that abscisic acid (ABA) stimulates an increase in
membrane associated PLD during senescence of castor bean
leaf discs while cytokinine retarded this increase.

New approach of studying  the phospholipid signaling
pathway was recently proposed by Munnik et al.12 It arises
from the fact that PLC and PLD in animal cells are often
activated at the same time13. Since the product of PLD action,
PA can by dephosphorylated by phospatidate phosphatase to
DAG,  both signaling pathways produce the same  second
messengers. In this respect, both described pathways may
substitute each other in evoking the same responses.

Different PLD forms (PIP2 dependent and PIP2 indepen-
dent) were identified in developing and germinating rape seeds
(Brassica napus). Both forms were present in cytosolic and
membrane fractions in early stages of seed maturation. PIP2
dependent activity was mainly detected in the plasma and
intracellular membrane fractions. This activity was increasing
during the seed development while PIP2 independent activity
increased only at the very beginning of seed maturation.

Some biochemical characteristics (Ca2+ requirements, pI,
pH  optimum, substrate specificity etc.) of both described
forms are also presented.

Presented research was supported by Grant Agency of Czech
Republic No. 522/00/1332.
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Phospholipid signalling is now accepted as a common
signal transduction mechanism in animal cells. The general
role of phospholipid degrading enzymes, phospholipase C
(PLC), phospholipase D (PLD) and phospholipase A2 (PLA2)
in the regulation of the plant cell metabolism is evident,
nevertheless, the detailed action of phospholipases is still not
known.

The effectiveness of plant defense reactions depends on
the ability of the plants to recognize a pathogen early in the
infection process. Molecules that indicate the presence of the
pathogen (elicitors) activate host receptors and these rapidly
generate an internal signal that triggers early defense res-
ponses involving a series of signal transduction events. The
signal transduction events by which in many cases plants
respond to a variety of environmental stress conditions involve
activation of specific phospholipases1.

In this study we have investigated whether cryptogein,
the protein elicitor (MW 10,323) secreted by fungus Phyto-
phthora cryptogea, have caused an activation of PLA2 and/or
PLC during tobacco elicitation.

As model plant material we have used tobacco cell culture
VBI-0 derived from the stem pith of Nicotiana tabacum L.,
cv. Virginia Bright Italia. PLA2 activity has been measured
using fluorescent phosphatidylcholine (bis-BODIPY-PC, Mo-
lecular Probes, USA) as substrate. Activity of PLC has been

determined using 3H radiolabelled substrate phosphatidylino-
sitol-4,5-bisphosphate.

Activation of phospholipase A2 after cryptogein treatment
has been rapid (10 minutes, 2 µM cryptogein) and concentra-
tion-dependent. However, the activation of PLA2 has also been
detectable after 90 minutes of treatment by cryptogein in
concentration as low as 0.1 µM. Cryptogein activation of PLA2
has been inhibited by PLA2 inhibitors (Helss, PACOCF3,
AACOCF3) known from animal studies. These results indicate
possible involvement of PLA2 in the mode of action of cryp-
togein.

Phosphoinositide-specific phospholipase C of tobacco cell
culture VBI-0 has been characterised and its role in cryptogein
mode of action is currently investigated.

This work was supported by the Grant Agency of the Czech
Republic, project No. 206/98/1510 to EZ, and by the EU, INCO
Copernicus project No. ERBIC15 CT98 0118 to GS and EZ.
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Plants infected with pathogens like viruses, fungi, or bac-
teria react in a number of different ways. Defence mechanisms
of plants include especially the production of active oxygen
species, the synthesis of antimicrobial phytoalexins, the induc-
tion of hydrolytic enzymes (e.g. chitinase, glucanase), the
creation of defence barriers (e.g. lignin, suberin), and the
hypersensitive response1. The production of active oxygen
species (AOS) (e.g. hydrogen peroxide and superoxide radical
anion) plays a key role in plant defence. Plant cell has several
ways of generating AOS: through action of plasma membrane
NADPH oxidase; the pH-dependent AOS generation by cell
wall-bound cationic peroxidase; germine-like oxalate oxidase
and the amine oxidase reaction2. Produced AOS participate in
the damage of the pathogen3, the cross-linking the soluble
proteins into plant cell wall4, the lignification of cell wall5, and
in the induction of a variety of defenceñrelated genes expres-
sion. The final role of the induced oxidative burst may be its
involvement to the complex of hypersensitive response6.

The main goal of this work was to study relationships
between a degree of infection and changes of enzyme activities
(peroxidase, catalase, amine oxidase and acid phosphatase).
The enzymes are thought to participate on metabolism of
active oxygen species during the pathogenesis of Pisum sati-
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vum (cultivars Smaragd and DP1059) by root pathogens Fu-
sarium oxysporum and F. solani. We determined enzyme
activities in extracts of roots and aboveground parts of plants.
Peroxidase and catalase activities significantly increased in
roots after the pea infection. Amine oxidase activity is pro-
bably not directly involved in plant defence mechanism in this
case. The decrease in the activity of acid phosphatase, detected
in roots of infected plants, is in agreement with expected
participation of this enzyme in the deactivation of NADPH
oxidase7. The relationship between the intensity of the enzyme
activity changes and the level of plant susceptibility was
observed. Changes of enzyme activities were detected parti-
cularly in roots. Increased catalase activity was found only in
aboveground parts of plants. After the infection of pea by
Fusarium spp., important changes in isoenzyme profiles were
demonstrated by the method of native PAGE for peroxidase
and catalase. An increased peroxidase activity and a destruc-
tion of cells were confirmed by histochemical methods in root
slices of infected plants. The lignification of rhizodermis was
detected only in the cultivar Smaragd infected by F. solani
causing root and stem rotting. On the contrary, the mechanism
of F. oxysporum pathogenesis is different. This fungus causes
vascular wilt of pea.

The participation of peroxidase, catalase and acid pho-
sphatase in defence mechanisms of pea infected by root patho-
gens was confirmed. A correlation of enzyme activity changes
to the level of plant susceptibility and to mechanisms of
pathogenesis was also found.

This work was supported by the grant MSM 153100010 of the
Ministry of Education of the Czech Republic.
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Peroxidases represent large group of glycoproteins which
are present in both animal and vegetable kingdom. Peroxida-
ses are enzymes removing toxic hydrogen peroxide developed

in organism during oxidation processes. It has been proved
that there is variety of plant peroxidase isoenzymes with
different biological properties1. The most studied peroxidase
is peroxidase from horseradish roots (Armoracia rusticana),
not only due to availability but also for its application for
ELISA techniques2.

Peroxidases are studied from the point of structural view,
their function and biochemical properties. There are only few
reports about immunochemical characterization of peroxidase
proteins. Particularly, immunochemical reaction of carbohy-
drate part of the molecule is interesting due to the proposed
relation to plant allergens3.

Rabbit polyclonal and various monoclonal antibodies aga-
inst horseradish peroxidase were prepared.

Peroxidase from horseradish roots was purified by modi-
fied two ñ step precipitation of crude extract followed by
ion exchange chromatography on HiTrap Q using Pharmacia
FPLC system. The ion exchange chromatography was used to
quantify the proportion of different isoenzymes.The purified
peroxidase has been characterized. It was found that the iso-
lated horseradish peroxidase contains isoenzyme with mole-
cular weight 42 kDa and higher amount of immunochemically
active isoenzyme with molecular weight around 58 kDa and
20 kDa, respectively.

Immunochemical studies of isolated peroxidase were com-
pared with horseradish peroxidase purchased from Serva and
peroxidase isolated from rape seed (Brassica napus L.). Im-
munoblotting, immunoprecipitation, radial immunodifusion,
rocket immunoelectrophoresis and ELISA were used for qua-
litative and quantitative studies. ELISA methods with poly-
clonal and various monoclonal antibodies against horseradish
peroxidase were previously optimized.

It has been proved by ELISA that rape seed peroxidase
cross ñ react with anti horseradish peroxidase antibodies.
Reaction of rape seed peroxidase has reached 75 % reaction
of commercial horseradish peroxidase sample. Higher amount
of antigen determinants cross ñ reacting with polyclonal anti-
body has been found in anionic isoenzymes of rape seed
peroxidase. The amount was approximately 50 % higher in
comparison with cationic isoenzyme.

The interaction of monoclonal antibodies to horseradish
peroxidase against isolated rape seed peroxidase was tested.
Crossed immunoreactions with rape seed peroxidase were
shown with following monoclonal antibodies: HPX 11 (96 %),
HPX08 (90 %), HPX10 (62 %), HPX05 (51 %), HPX07A
(31 %), HPX06 (26 %), HPX14 (24 %), HPX12 (20 %),
HPX16 (18 %).

Cross ñ reaction of anti horseradish peroxidase antibodies
against glycoproteins with similar carbohydrate component
was compared by ELISA. Both following proteins ascorbate
oxidase and phospholipase A2 partially reacted with polyclo-
nal and with some monoclonal antibodies against horseradish
peroxidase. Reactions were substantially lower than to related
peroxidases.

The aim of this work was to contribute to antigen determi-
nant study of plant glycoproteins with polyclonal and mono-
clonal antibodies.

The support of this research was provided by the Grant Agency
of the Czech Republic, grant No. 203/98/0682 and CEZ: MSM
223300006.
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08 VLIV 20-HYDROXYEKDYSONU
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Injektov·nÌ je vhodnÈ pro sledov·nÌ vlivu p¯ÌrodnÌch rost-
linn˝ch  l·tek chemicky  labilnÌch, öpatnÏ  rozpustn˝ch, ale
i vöech dalöÌch, u kter˝ch je problematick˝ pr˘nik do rostlin
pÏstovan˝ch in vivo p¯es soustavu krycÌch pletiv, tj. p¯es
pokoûku list˘ tvo¯enou v hornÌ vrstvÏ kutikulou. Z literatury
vypl˝v·, ûe ¯ada faktor˘, kterÈ ovlivÚujÌ metabolismus rost-
liny, ovlivÚuje zmÏnu aktivity glutam·tkinasy (d·le jen GK).
OvÏ¯ili jsme injektov·nÌm vybran˝ch p¯ÌrodnÌch l·tek jak
Ëist˝ch, tak frakcÌ, moûnost sledovat jejich vliv na GK v tes-
tovan˝ch rostlin·ch.

R˘stov· f·ze pöenice odr˘dy Sandra v dobÏ injektov·nÌ
byla na konci odnoûov·nÌ a na zaË·tku sloupkov·nÌ a öpen·tu
odr˘dy Carambole F1 ve f·zi vÌce jak 5ñ8 velk˝ch prav˝ch
list˘. P¯ipravenÈ roztoky 20-hydroxyekdysonu (d·le jen 20E)
a imperatorinovÈ frakce byly injektov·ny u pöenice do baz·l-
nÌch Ël·nk˘ (internodiÌ), nebo tÏsnÏ nad prvnÌ uzlinou (nodie)
stonku danÈ odnoûe rostliny a u öpen·tu do baz·lnÌ Ë·sti ¯apÌku
list˘. Po t¯ech t˝dnech od injektov·nÌ byly jednotlivÈ varianty
pöenice a öpen·tu sklizeny. StanovenÌ aktivity GK bylo prove-
deno spektrofotometricky obmÏnou hydroxam·tovÈ metody1.

Z v˝sledk˘ stanovenÌ aktivity GK pro jednotlivÈ varianty

(kontrola, 20E a imperatorinov· frakce) u pöenice a öpen·tu
vypl˝v·, ûe injekt·û potvrdila v˝znam tohoto zp˘sobu aplika-
ce p¯ÌrodnÌch rostlinn˝ch l·tek, u kter˝ch chceme blÌûe zkou-
mat jejich vliv na metabolismus rostlinn˝ch bunÏk tvo¯ÌcÌch
vnit¯nÌ pletiva. GK sv˝m klÌËov˝m v˝znamem pro metabo-
lismus rostlinnÈ buÚky umoûÚuje, jak vypl˝v· z naöich v˝sled-
k˘, sledovat vliv r˘znorod˝ch testovan˝ch l·tek. P˘sobenÌm
niûöÌch koncentracÌ injektovan˝ch l·tek, byla zv˝öena aktivita
GK, jak je vidÏt u pöenice. P¯i vyööÌch koncentracÌ tÏchto
injektovan˝ch l·tek, pak naopak doch·zÌ ke snÌûenÌ aktivity
GK, jak je vidÏt u öpen·tu, a to i p¯esto, ûe se 20E ve öpen·tu
p¯irozenÏ vyskytuje. Regulace GK v metabolismu rostlinnÈ
buÚky umoûÚuje prov·dÏt monitorov·nÌ ˙Ëink˘ nap¯. allelopa-
tickÈho vlivu p¯ÌrodnÌch l·tek na vybrannÈ rostliny.

Tato pr·ce byla podpo¯ena grantem GA »R 203/98/0451.
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09 EFFECT OF BIOLOGICAL PREPARATIONS
ON THE ACTIVITY OF GLUTAMATE KINASE
IN CEREALS

LUDMILA STASZKOV¡a and DANA HRADECK¡b

aDepartment of Chemistry, bDepartment of Crop Production,
Faculty of Agronomy, Czech Agricultural University, Kam˝c-
k· 957, 165 21 Prague, Czech Republic

The natural biologically active substances used here exert
growth stimulative and regulatory effects in plants. Their
importance lies in their potential use as substitutes for chemi-
cals in plant production.

In our experiments the activity of the enzyme glutamate
kinase in leaves of rye, wheat, barley and triticale was evalua-
ted paralelly with chlorophyll content after treatment with the
preparations of biologically active substances: cytokinine N6-

Fig. 1. The activity of glutamate kinase in flag leaves of spring wheat Sandra treated by topolin
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Table I
The effect of tested preparations in spring wheat Sandra (1994ñ1999)

Variant of treatment Activity Chlorophyll Grain yield Average number TKW
of glutamate content of grains

kinase per ear

Values Control 100.0 38.4 4.8 40.3 42.4
measured [%] [mg.g-1] [t.ha-1] [pc.] [g]

Relative topolin 153.5 118.6 115.3 118.6 123.7
values 24-epibrassinolide 147.7 120.8 118.5 123.3 116.6
[%] 4154 brassinolide 117.4 113.1 113.4 130.2 112.1

Biosphore 114.7 109.6 108.1 108.4 120.8
Statistics F ratio (F tab. = 3.84) 4.53 5.48 10.3 5.24 7.96

Difference Dα min 0.19 0.12 0.28 0.34 0.98

TKW = 1000 kernell weight, pc. = pieces per ear

-(m-hydroxybenzyladenosine) (= topolin) present in some wild
plants1,4, 24-epibrassinolide and 4154-brassinolide4, and Bio-
sphore (University of Pardubice), with a mixture of 2-amino
benzoic and salicylic acids. Glutamate kinase (EC 2.7.2.11) is
the enzyme controlling proline biosynthesis, specially the
conversion of glutamic acid to γ-glutamyl phosphate. Proline
takes part in antistress plant metabolism as a source of energy.
It is an important substrate for chlorophyll synthesis2,3,5.

The experiments were carried out in open fields and the
preparations were applied in a spray in 40 DC (tillering) in
concentration 1.10-6mol.l-1. The glutamate kinase activity was
determined spectrophotometrically by a modification of the
hydroxamate method2, and chlorophyll content was assessed
from the acetonic extract3.

The results showed that all preparations enhanced the
activity of glutamate kinase and chlorophyll content. The
treatment affected all growth processes and increased the yield
(Table I). The results with spring wheat (Sandra) from 1994
to 1999 suggest that the activity of glutamate kinase in cereals
correlates with annual climatic variation, especcially with
rainfall (Fig. 1).

Supported by the research aim MSM No. 412100002 and by
the grant No. 2060/21/05299/0.
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10 AMINOOXID¡ZA V BIOSYNT…ZE ”PIOV›CH
ALKALOIDOV V KLÕ»NYCH RASTLIN¡CH
PAPAVER SOMNIFERUM L.

ANDREA BILKOV¡, L›DIA BEZ¡KOV¡,
MARTINA BEBJAKOV¡, FRANTIäEK BILKA,
ANDREA BALAéOV¡ a MIKUL¡ä PäEN¡K

Katedra bunkovej a  molekul·rnej  biolÛgie  lieËiv, Farma-
ceutick· fakulta UK, KalinËiakova 8, 832 32 Bratislava, Slo-
vensk· republika

RastlinnÈ aminooxid·zy (AO) sa podieæaj˙ na metabo-
lizme biogÈnnych amÌnov, ktorÈ s˙ dÙleûitÈ pre norm·lny rast
a v˝vin rastlÌn a v odpovedi na stres a poranenie. Na druhej
strane sa z˙ËastÒuj˙ biosyntÈzy rÙznych skupÌn alkaloidov1.
PrÌtomnosù AO v tvorbe alkaloidov odvoden˝ch od ornitÌnu
(resp. arginÌnu) a lyzÌnu bola jednoznaËne dok·zan·2. Doteraz
neobjasnen· je ˙Ëasù AO pri tvorbe benzylizochinolÌnovÈho
skeletu Ûpiov˝ch alkaloidov. Cieæom predloûenej pr·ce bolo
urËiù podiel AO v premene tyramÌnu na tyral v biosyntÈze
prvÈho spoloËnÈho intermedi·tu benzylizo-chinolÌnov˝ch al-
kaloidov v klÌËnych rastlin·ch maku.

Aktivitu AO sme stanovili v 4-dÚov˝ch klÌËnych rastli-
n·ch maku meranÌm prÌrastku uvoænenÈho H2O2, a to pouûitÌm
spektrofluorometrickej metÛdy. Toto stanovenie je zaloûenÈ
na dimeriz·cii kyseliny homovanilovej (λem 420 nm a λexc 315
nm) v prÌtomnosti H2O2 (cit.3). Pre porovnanie sme stanovili
rovnak˝m spÙsobom aj aktivity AO z klÌËnych rastlÌn hrachu,
bielych kvetov orgov·nu a komerËnej tyramÌn öpecifickej AO
z Arthrobacter species.

Homogen·t 4-dÚov˝ch klÌËnych rastlÌn maku sme puri-
fikovali vysolenÌm (NH4)2SO4 do 70 % nas˝tenia; po dial˝-
ze a tepelnom öoku (65 ∞C) nasledovala gÈlov· filtr·cia na
stÂpci Sephadexu G-150 a iÛnomeniËov· chromatografia na
stÂpci HA-Ultrogelu. T˝mto postupom sme dosiahli oddele-
nie troch foriem enz˝mu s najvyööou öpecifickou aktivitou
111,1 nkat.mg-1; 91,3 nkat.mg-1a 84,1 nkat.mg-1.

Na stanovenie substr·tovej öpecifity sme pouûili viacero
aromatick˝ch a alifatick˝ch amÌnov. Hoci rastlinnÈ AO sa
vyznaËuj˙ öirokou substr·tovou öpecifitou4, ËiastoËne purifi-
kovan· AO z klÌËnych rastlÌn maku prednostne vyuûÌva aro-
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matickÈ substr·ty, najm‰ tyramÌn. To by mohlo dokazovaù
˙Ëasù tohto enz˝mu na tvorbe aldehyd kondenzaËnej jednotky
v biosyntÈze Ûpiov˝ch alkaloidov. Podobne bol tyramÌn opti-
m·lnym substr·tom aj u AO z bielych kvetov orgov·nu a TO
z Arthrobacter sp. AO z klÌËnych rastlÌn hrachu m· najvyööiu
afinitu k alifatick˝m amÌnom kadaverÌnu a putrescÌnu.

Pri charakteriz·cii AO z klÌËnych rastlÌn maku sme testo-
vali efekt rÙznych inhibÌtorov. InhibiËnÈ vlastnosti vykazovali
vöetky testovanÈ l·tky: azid sodn˝ > kupral > glutatiÛn >
etylhydrazÌn-5-OH > hydrogÈn siriËitan sodn˝. Najv˝raznej-
öÌm inhibiËn˝m efektom sa vyznaËoval azid sodn˝ a kupral.
PodobnÈ inhibiËnÈ aktivity mali testovanÈ l·tky aj na aktivitu
AO z bielych kvetov orgov·nu, AO z Arthrobacter sp. a AO
z klÌËnych rastlÌn hrachu, Ëo s˙ Cu-dependentnÈ enz˝my. Toto
mÙûe nasvedËovaù, ûe aj AO z klÌËnych rastlÌn maku patrÌ do
tejto skupiny aminooxid·z.

T·to pr·ca bola podporen· grantom VTP Ë. 98-513-I-03.
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11 VPLYV ELICIT¡CIE NA AKTIVITU
POLYFENOLOXID¡ZY A OBSAH
SANGUINARÕNU V SUSPENZN›CH
KULT⁄RACH MAKU SIATEHO,
PAPAVER SOMNIFERUM L.

ANDREA BALAéOV¡, FRANTIäEK BILKA,
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ANDREA BILKOV¡, L›DIA BEZ¡KOV¡
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Katedra bunkovej a molekul·rnej biolÛgie lieËiv,  Farma-
ceutick· fakulta UK, KalinËiakova 8 832 32 Bratislava, Slo-
vensk· republika

Enzymologick˝ aspekt predpokladan˝ch biosyntetick˝ch
dr·h je st·le aktu·lnou ot·zkou v tvorbe alkaloidov a prÌrod-
n˝ch l·tok vöeobecne. Rastlina maku je zn·ma svojou schop-
nosùou produkovaù morfÌnovÈ alkaloidy. Majoritn˝m alkaloi-
dom in vitro kult˙r maku je benzofenantridÌnov˝ alkaloid
sanguinarÌn. SpoloËn˝m segmentom v biosyntÈze oboch pod-
skupÌn benzylizochinolÌnov˝ch alkaloidov je tvorba (S)-reti-
kulÌnu z dvoch molek˙l L-tyrozÌnu tzv. pre-retikulÌnovou dr·-
hou. BenzofenantridÌnov˝ skelet vznik· z (S)-retikulÌnu, k˝m
morfÌnany sa tvoria z (R)-formy retikulÌnu1. Enz˝my v tvor-
be dopamÌnu a tyralu (z·kladn˝ch stavebn˝ch jednotiek ben-
zylizochinolÌnovÈho skeletu) sa vöeobecne, u rastliny maku
zvl·öù, zatiaæ bliûöie nehodnotili. Zd· sa, ûe dostupnosùou
z·kladn˝ch stavebn˝ch jednotiek by sa mohla regulovaù en-
dogÈnna hladina alkaloidov v rastline maku siateho.

SuspenznÈ kult˙ry sa pripravili z kalusov˝ch kult˙r maku

siateho, Papaver somniferum L. cv. MS-20. Na elicit·ciu sa
pouûil roztok elicitora pripravenÈho z mycÈlia Botrytis cine-
reae. Do ûivnÈho mÈdia sa aplikovali po 14-dÚovej subkulti-
v·cii 3 ml elicitora s glukÛzov˝m ekvivalentom 18 µg.ml-1

elicitora. Po 48 hod. elicit·cie sa v kontroln˝ch a elicitovan˝ch
vzork·ch stanovila celkov· a öpecifick· aktivita PPO. NatÌv-
nou PAGE elektroforÈzou sa sledovalo spektrum izoforiem
PPO v suspenzn˝ch kult˙rach. Izoformy PPO sa v gÈli dete-
govali 2 mM roztokom dopamÌnu2.

SanguinarÌn sa v suspenzn˝ch kult˙rach identifikoval TLC
(cit.3) a obsah sa stanovil fluorescenËnou spektrofotometriou4.

V suspenzn˝ch kult˙rach maku sa vplyvom elicitora po-
zoroval 3-n·sobn˝ n·rast celkovej öpecifickej aktivity PPO
oproti kontroln˝m vzork·m.Vzostup aktivity potvrdila aj na-
tÌvna elektroforetick· anal˝za izoforiem PPO. V gÈli sa iden-
tifikovali dve izoformy PPO s Rf 0,32 a 0,48. Intenzita zafar-
benia izoforiem PPO z elicitovan˝ch kult˙r bola v˝raznejöia
ako u neelicitovan˝ch kult˙r pri rovnakom obsahu bielkovÌn.
PoËet izoforiem PPO sa vplyvom elicit·cie nemenil.

Obsah sanguinarÌnu v suspenzn˝ch kult˙rach sa stanovil
spektrofluorometrick˝m meranÌm. Elicit·ciou doölo k 20-n·-
sobnÈmu zv˝öeniu mnoûstva sanguinarÌnu oproti kontroln˝m
vzork·m.

N·rast enz˝movej aktivity v elicitovanej kult˙re je pria-
mym dÙsledkom  vplyvu elicitora na transkripËnÈ procesy
v bunk·ch suspenzn˝ch kult˙r, Ëo vedie k zv˝öenÈmu obsahu
sekund·rnych metabolitov. Zv˝öenie aktivity PPO je v s˙lade
so zv˝öen˝m obsahom sanguinarÌnu v elicitovan˝ch suspen-
zn˝ch kult˙rach. UvedenÈ v˝sledky naznaËuj˙, ûe PPO mÙûe
byù jedn˝m z regulaËn˝ch enz˝mov biosyntetickej dr·hy tvor-
by benzylizochinolÌnov˝ch alkaloidov v rastline maku.

T·to pr·ca bola podporen· grantom: VTP Ë. 98-513-I-03.
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12 PROTEOLYTICK… PROCESY V HºUZ¡CH
COLCHICUM AUTUMNALE L.

HAJNALKA KOMJ¡THYOV¡,
KATARÕNA CIBIROV¡, L›DIA BEZ¡KOV¡,
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Katedra bunkovej a  molekul·rnej  biolÛgie  lieËiv, Farma-
ceutick· fakulta UK, KalinËiakova 8, 832 32 Bratislava, Slo-
vensk· republika

Colchicum autumnale L. (jesienka obyËajn·) sa vyznaËuje
osobit˝m ûivotn˝m cyklom1 a schopnosùou tvoriù öpecifick˙
skupinu alkaloidov ñ kolchicinoidov. Jej zvl·ötny ûivotn˝
cyklus je viazan˝ na rast, v˝vin a metabolickÈ procesy prebie-
haj˙ce v hæuz·ch. Po vytvorenÌ novej dcÈrskej hæuzy, pÙvodn·
matersk· hæuza sa st·va prav˝m z·sobn˝m org·nom a po-
stupne fyzicky zanik·. DegradaËnÈ produkty z·sobn˝ch l·tok
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starej hæuzy sa pravdepodobne translokuj˙ do novej hæuzy, kde
sa reutilizuj˙. V s˙lade s t˝m, poËet izoforiem polyfenoloxi-
d·zy2, amyl·zy a obsah celkov˝ch extrahovateæn˝ch bielkovÌn
v priebehu starnutia hæuzy kles· takmer na nulovÈ hodnoty.
Reutiliz·cia bielkovÌn starej hæuzy predpoklad· aktÌvny pro-
teolytick˝ proces.

Pri elektroforetickom stanovenÌ spektra bielkovÌn natÌv-
nou PAGE sa zistilo, ûe spektrum bielkovÌn v hæuz·ch sa
pozoruhodne menÌ poËas ûivotnÈho cyklu jesienky. V hæuz·ch
jesienky je prÌtomn˝ tzv. veæk˝ bielkovinov˝ komplex, ktor˝
pozost·va z 5 aû 7 podjednotiek.

Z endopeptid·z sa stanovila aktivita BAPA-·zy (N-benzo-
yl-arginÌn-p-nitroanilid hydrol·zy)3, ktor· bola najaktÌvnejöia
pred fyzick˝m z·nikom hæuzy (1,85 µkat.mg-1). V novej hæuze
najvyööia öpecifick· aktivita sa zaznamenala v zimnom kæu-
dovom obdobÌ (1,80 µkat.mg -1).

Z exopeptid·z sa stanovili aktivity niektor˝ch aminopep-
tid·z4, karboxypeptid·z5 a dipeptid·z6. Aktivita aminopepti-
d·z sa stanovila na substr·t L-alanÌn a L-leucÌn p-nitroanilid
hydrochlorid. Najvyööia öpecifick· aktivita t˝chto enz˝mov
bola pozorovan· v obdobÌ vegetaËnÈho kæudu (36,4 µkat.mg-1

v novej a 17,8 µkat.mg-1 v starej hæuze). V hæuz·ch jesienky
sa stanovila aj öpecifick· aktivita glycÌn-prolÌn dipeptidylpep-
tid·zy s maxim·lnou öpecifickou aktivitou 0,45 µkat.mg-1.
Karboxypeptid·zov· aktivita sa stanovila na substr·t Z-Glu-
Phe a Z-Glu-Tyr. Ich öpecifick· aktivita bola najvyööia v ob-
dobÌ pred fyzick˝m z·nikom starej hæuzy (0,65 nkat.mg-1

a 1,8 nkat.mg-1) a v novej hæuze v janu·ri (1,8 nkat.mg-1

a 31,75 nkat.mg-1).
Sledovanie zmeny v obsahu celkov˝ch rozpustn˝ch biel-

kovÌn, spektra bielkovÌn natÌvnou PAGE a hodnotenie proteo-
lytickÈho procesu umoûÚuje ËiastoËne vysvetliù niektorÈ öpe-
cifick· ûivotnÈho cyklu C. autumnale L.
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13 PEPTIDHYDROL¡ZY V BUNKOV›CH
ORGANEL¡CH KLÕ»KOV KUKURICE

M¡RIA BENEäOV¡, MONIKA ALM¡SIOV¡,
L›DIA BEZ¡KOV¡ a MIKUL¡ä PäEN¡K

Katedra bunkovej a molekul·rnej biolÛgie lieËiv,  Farma-
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V matrixe mitochondriÌ a strome chloroplastov Zea mays
L. var. ÑSacharaì bol s pouûitÌm p-nitroanilidov L- aj D-ami-

nokyselÌn identifikovan˝ a charakterizovn˝ s˙bor aminopep-
tid·z.

RastlinnÈ peptidhydrol·zy s˙ obvykle ötudovanÈ v s˙vis-
losti s urËit˝mi  f·zami  ûivotnÈho  cyklu rastlÌn, ak˝mi s˙
degrad·cia z·sobn˝ch bielkovÌn pri klÌËenÌ (lokalizovan˝ch
vo vakuol·ch a proteÌnov˝ch telieskach) a na procesy spojenÈ
s reutiliz·ciou z·sobn˝ch proteÌnov v priebehu senescencie.
Proteol˝za je nevyhnutn· aj pre zabezpeËenie in˝ch ûivotne
dÙleûit˝ch funkciÌ, ak˝mi s˙ zachovanie vyv·ûenej l·tkovej
premeny bunky a odpoveÔ na stres, ˙Ëasù pri aktiv·cii zymo-
gÈnov a peptidov˝ch hormÛnov limitovan˝m ötiepenÌm, kon-
trola metabolizmu, homeost·zy a v˝voja redukovanÌm mnoû-
stva kæ˙Ëov˝ch enz˝mov a regulaËn˝ch proteÌnov1. NiektorÈ
protein·zy s˙ zapojenÈ do programovanej smrti öpecifick˝ch
rastlinn˝ch org·nov, alebo buniek.

V naöich predch·dzaj˙cich pr·cach bola v matrixe mito-
chondri izolovan˝ch z epikotylov klÌËkov kukurice Z. mays L.
charakterizovan· ATP-z·visl· protein·za s podobn˝mi vlast-
nosùami ako Lon protein·za z E. coli a jej analÛgy z peËene
potkanov a mitochondriÌ kvasiniek2. Aktivita podobnej ATP-
-z·vislej protein·zy bola prÌtomn· aj v chloroplastoch listov
öpen·tu3.

S˙Ëasn· pr·ca ötuduje peptidhydrol·zy v bunkov˝ch orga-
nel·ch listov rastlÌn. Na stanovenie aktivÌt aminopeptid·z4

v matrixe mitochondriÌ a strome chloroplastov sa pouûili p-
-nitroanilidy L-Ala, D-Ala, L-Leu, D-Leu, L-Glu, L-Phe, D-Phe,
L-Tyr, L-Pro. Pri ötvorstupÚovom purifikaËnom procese sa v ma-
trixe mitochondriÌ dosiahlo 6,73-n·sobnÈ preËistenie L-Ala-
-AP·zy a 4,48-n·sobn· purifik·cia L-Leu-AP·zy. S podobnou
˙Ëinnosùou sa purifikovali aminopeptid·zy stromy chloroplas-
tov (6,37-n·sobne L-Ala-AP·za a 5,65-n·sobne L-Leu-AP·za).
NajintenzÌvnejöie hydrolyzovan˝mi substr·tmi v matrixe mi-
tochondriÌ boli L-Phe-, L-Leu- a L-Ala-pNA, v strome chloro-
plastov L-Ala-, L-Phe- a L-Leu-pNA. Substr·ty D-amino-kyselÌn
boli hydrolyzovanÈ s 10-n·sobne niûöou ˙Ëinnosùou. »iastoË-
ne purifikovanÈ aminopeptid·zy matrixu mitochondriÌ inhi-
boval PMSF, inhibÌtor serÌnov˝ch protein·z. InhibiËne pÙ-
sobili aj chelatotvornÈ l·tky EDTA a fenantrolÌn, ktorÈ sa
prejavili tieû  ako ˙ËinnÈ inhibÌtory aminopeptid·z stromy
chloroplastov.

V˝sledky naöej pr·ce poukazuj˙ na to, ûe v matrixe mito-
chondriÌ buniek zo kotyledÛnov (4-dÚov˝ch) a stromy chlo-
roplastov (2-t˝ûdÚov˝ch listov) kukurice je aktÌvne spektrum
peptidhydrol·z, ktorÈ s˙ spolu s endopeptid·zami zapojenÈ do
metabolick˝ch premien proteÌnov.

Pr·ca bola podporen· grantom Ë. 2/2006/99 Slovenskej gran-
tovej agent˙ry.
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14 ALELY HORDEINOV›CH LOKUSŸ HRD-1,
HRD-2 A HRD-3 ZJIäTÃN… METODOU SDS-PAGE
U ODRŸD JE»MENE (HORDEUM VULGARE L.)
REGISTROVAN›CH V »R

SVÃTLANA S›KOROV¡

V˝zkumn˝ ˙stav rostlinnÈ v˝roby, Drnovsk· 507, 161 06 Pra-
ha 6

Podle UPOV (Mezin·rodnÌ Unie pro ochranu nov˝ch od-
r˘d rostlin) byly stanoveny znaky a vlastnosti, kterÈ jsou
rozhodujÌcÌ pro stanovenÌ odliönosti danÈ odr˘dy od ostatnÌch.
Pro jeËmen a pöenici byly tyto znaky navÌc doplnÏny p¯Ìlohou
o specielnÌ kategorii charakteristik zjiötÏn˝ch pomocÌ elektro-
forÈzy protein˘. RozdÌly takto nalezenÈ lze vöak pouûÌt pouze
jako doplÚujÌcÌ k jin˝m odliönostem v morfologick˝ch nebo
fyziologick˝ch znacÌch.

Pro anal˝zu hordein˘ (prolaminovou frakci z·sobnÌch pro-
tein˘ zrna jeËmene) jsou UPOV doporuËeny 2 metody elek-
troforÈzy v polyakrylamidovÈm gelu: SDS-PAGE, p¯ÌpadnÏ
Acid-PAGE. Hordeiny analyzovanÈ pomocÌ SDS-PAGE jsou
kÛdov·ny t¯emi sloûen˝mi lokusy Hor-1(C), Hor-2(B) a Hor-
3(D) na chromozomu 5. Projevem kaûdÈho lokusu je ¯ada alel.
Elektroforetick· anal˝za hordein˘ s genetickou interpretacÌ je
zaloûena na rozpozn·nÌ alel z protein˘, kterÈ se po elektrofo-
rÈze objevÌ na gelech jako serie dob¯e definovan˝ch pruh˘.
Alely kaûdÈho lokusu mohou b˝t oznaËeny ËÌslicemi v po¯adÌ
lokus˘ Hor-3(D), Hor-1(C), Hor-2(B) (podle klesajÌcÌ relativ-
nÌ elektroforetickÈ mobility pruh˘ REM).

Byly pouûity etalonovÈ vzorky vÏtöiny v »R registrova-
n˝ch odr˘d jarnÌho a ozimÈho jeËmene, kterÈ poskytl ⁄KZ⁄Z.
Jako standard˘ se zn·m˝mi alelami studovan˝ch hordein˘
bylo pouûito 26 jarnÌch i ozim˝ch odr˘d svÏtovÈho sortimentu
jeËmene, kterÈ byly v roce 1999 zÌsk·ny z kontrolnÌ organizace
GEVEZ ve Francii.

SDS-PAGE byla prov·dÏna podle p¯edpisu UPOV TG/19/
10 94-11-04 (cit.1) s modifikacÌ u zaost¯ovacÌho gelu2 (mecha-
nickÈ vlastnosti). K vyhodnocenÌ elektroforeogram˘ byly po-
uûity tabulky alel jednotliv˝ch lokus˘ podle UPOV s uvede-
nÌm REM jednotliv˝ch pruh˘ a odr˘dy ñ standardy, kterÈ byly
vûdy nan·öeny spolu s vzorky na kaûd˝ gel.

Bylo zjiötÏno, ûe elektroforetick· spektra obsahujÌ i ¯adu
pruh˘, kterÈ nen·leûejÌ uveden˝m t¯em hordeinov˝m lokus˘m
(jedn· se z¯ejmÏ o proteiny jin˝ch frakcÌ), coû komplikuje
a znesnadÚuje identifikaci alel. Odr˘dy, kde se nepoda¯ilo
jednoznaËnÏ alely identifikovat, budou d·le intenzivnÏ studo-
v·ny. V souboru odr˘d se vyskytujÌ skupiny s identickou
skladbou hordein˘, coû jiû bylo zjiötÏno i jin˝mi metodami
elektroforÈzy3. Uveden· metoda elektroforÈzy bude d·le roz-
öÌ¯ena na vÏtöÌ poËet zrn kaûdÈ odr˘dy pro statisticky pr˘kaznÈ
zjiötÏnÌ existujÌcÌho vnitroodr˘dovÈho polymorfismu, popsa-
nÈho nap¯. elektroforÈzou hordein˘ ve ökrobovÈm gelu v ky-
selÈm prost¯edÌ3.

Podle UPOV bylo dosud pops·no pro lokusy Hor-1 14 alel,
Hor-2 21 alel a Hor-3 5 alel, kdy alely tÈhoû lokusu jsou
navz·jem velmi blÌzkÈ hodnotami REM, a proto jejich urËenÌ
u konkrÈtnÌch odr˘d by bylo bez odr˘d standard˘ prakticky
nemoûnÈ. Charakterizaci odr˘d pomocÌ genetick˝ch marker˘
(nap¯. z·sobnÌch protein˘) lze vyuûÌt k jejich identifikaci,

kontrole odr˘dovÈ pravosti a Ëistoty a ve ölechtitelsk˝ch hy-
bridizaËnÌch programech.

Tato pr·ce byla podpo¯ena ¯eöenÌm projektu NAZV EP
0960006462
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15 KONTROLA POLYMORFISMU ODRŸD
JE»MENE ELEKTROFOR…ZOU HORDEINŸ

JANA BRADOV¡ a ANTONÕN äAäEK

V˝zkumn˝ ˙stav rostlinnÈ v˝roby, Drnovsk· 507, 161 06 Pra-
ha 6

BÌlkovinnÈ genetickÈ markery jeËmene tj. hordeinovÈ bÌl-
koviny jeËnÈho zrna lze vyuûÌt nejen k markerov·nÌ nÏkter˝ch
hospod·¯sky v˝znamn˝ch znak˘, vlastnostÌ1 a k identifikaci
odr˘d jeËmene, ale i k hodnocenÌ st·losti hordeinovÏ polymor-
fnÌch odr˘d.

K elektroforetick˝m anal˝z·m hordein˘ byly pouûity stan-
dardnÌ (etalonovÈ) vzorky semen registrovan˝ch odr˘d jarnÌ-
ho a ozimÈho charakteru ze skliznÌ 1992ñ1998, poskytnutÈ
Odborem odr˘dovÈho zkuöebnictvÌ ⁄st¯ednÌho a kontrolnÌho
˙stavu zemÏdÏlskÈho2.

Hordeinov· elektroforetick· spektra byla zÌsk·na vertik·l-
nÌ elektroforÈzou ve sloupcÌch ökrobovÈho gelu s Al-lakt·to-
v˝m pufrem o pH 3,1 s 2 mol.l-1 moËoviny. AlelickÈ hordei-
novÈ bloky byly vyËlenÏny podle jiû publikovan˝ch katalog˘3.

PomocÌ elektroforetickÈ anal˝zy hordeinov˝ch bÌlkovin ñ
genetick˝ch marker˘ jeËmene byla hodnocena genetick· struk-
tura registrovan˝ch odr˘d jeËmene jarnÌho a ozimÈho. Odr˘dy
jeËmene lze hodnotit jako ËistÈ linie homogennÌ ve skladbÏ
hordein˘, Ëi jako populace hordeinovÏ polymorfnÌ. Z celko-
vÈho poËtu 40 odr˘d jarnÌho typu je 70 % odr˘d homogennÌch
ve skladbÏ hordein˘ a 30 % odr˘d hordeinovÏ polymorfnÌch.
Z  15 sledovan˝ch odr˘d  ozimÈho jeËmene je  hordeinovÏ
polymorfnÌch odr˘d 13,3 %.

PouûitÌm hordeinov˝ch sign·lnÌch gen˘ je moûnÈ kontro-
lovat, zda udrûov·nÌ registrovan˝ch odr˘d jeËmene zachov·v·
st·lost genetickÈ skladby vÌceliniov˝ch odr˘d ñ populacÌ.

Byla stanovena a porovn·na elektroforetick· spektra hor-
dein˘ 14-ti odr˘d jarnÌho jeËmene a 4 odr˘d ozimÈho jeËmene
a to hodnocenÌm etalonov˝ch vzork˘ osiv v˝öe zmÌnÏn˝ch
odr˘d, dodan˝ch Odborem odr˘dovÈho zkuöebnictvÌ ⁄KZ⁄Z
Brno. PrvnÌ variantu p¯edstavujÌ etalonovÈ vzorky z let 1992
aû 1998, druhou pokusnou variantu pak etalonovÈ vzorky
t˝chû odr˘d ze skliznÏ 1998, dodanÈ v roce 1999. Z 18 poly-
morfnÌch odr˘d vyk·zalo za posuzovanÈ obdobÌ (od r. 1992
do r. 1999) st·lost genetickÈ struktury, markerovanÈ hordei-
nov˝mi sign·lnÌmi geny pouze 9 odr˘d tj. Jubilant, Kompakt,
Olbram, Perun, Sladko, Svit, Terno, Viktor, Sigra, coû ËinÌ

Chem. Listy 94, 733 ñ 747 (2000) Sekce 12

742



50 %. V öesti p¯Ìpadech doölo ke ztr·tÏ jednÈ Ëi dvou hordei-
nov˝ch liniÌ p˘vodnÌ genetickÈ struktury hodnocen˝ch poly-
morfnÌch odr˘d (Heran, Primus, Signal, Stabil, Kromir, Kro-
moz). Ve t¯ech p¯Ìpadech byla p˘vodnÌ skladba hordeinov˝ch
liniÌ o jednu Ëi dvÏ linie rozöÌ¯ena (Pejas, Scarlett, Luxor).
Elektroforetick· anal˝za hordein˘ umoûÚuje stanovit nejen
kvalitativnÌ rozdÌly, ale i kvantitativnÌ rozdÌly v zastoupenÌ
jednotliv˝ch hordeinov˝ch liniÌ, jednotliv˝ch genotyp˘ Ëis-
t˝ch liniÌ, v pr˘bÏhu nÏkolika cykl˘ udrûov·nÌ odr˘d ñ popu-
lacÌ.

Jako p¯Ìklad lze uvÈzt odr˘du Jubilant registrovanou v roce
1991. Tato odr˘da byla jiû hodnocena v roce 1990 jako per-
spektivnÌ novoölechtÏnÌ SK 2777 11 a podle relativnÌ Ëetnosti
byla stanovena hlavnÌ liniÌ linie A (77 %) a vedlejöÌ liniÌ linie
B (23 %)4. ZmÌnÏn˝ pomÏr se zmÏnil v roce 1993, kdy linie B
se stala doprovodnou liniÌ (8 %)5. Avöak anal˝za hordein˘ tÈto
odr˘dy ze skliznÏ 1998 prok·zala obr·cen˝ pomÏr v zastou-
penÌ obou liniÌ (A 6 %, B 94 %).

PozorovanÈ zmÏny ve skladbÏ odr˘d ñ populacÌ, respekti-
ve v podÌlu jednotliv˝ch liniÌ svÏdËÌ o z·mÏrn˝ch, Ëi ne˙my-
sln˝ch z·sazÌch do genetickÈ struktury odr˘d ñ populacÌ jeË-
mene bÏhem nÏkolika cykl˘ udrûov·nÌ zmÌnÏn˝ch odr˘d.

Tato pr·ce byla podpo¯ena ¯eöenÌm projektu NAZV EP
0960006462.
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16 IDENTIFIK¡CIA, DIFERENCI¡CIA
A CHARAKTERIZ¡CIA GENOTYPOV KOLEKCIE
ZRNA PäENICE POMOCOU SDS-PAGE

J¡N KRAICa, EDITA GREGOV¡a,
ZDENKA G¡LOV¡b a HENRIETA KNOBLOCHOV¡b

aV˝skumn˝ ˙stav rastlinnej v˝roby, Bratislavsk· cesta 122,
921 68 Pieöùany, bKatedra biochÈmie a biotechnolÛgia AF
SPU, Trieda A. Hlinku 2, 949 76 Nitra, Slovensk· republika

Z·sobnÈ bielkoviny zrna obilnÌn s˙ reprezentovanÈ pre-
dovöetk˝m glutÈnom, ktor˝ je lokalizovan˝ v endosperme
zrna. GlutÈnovÈ bielkoviny tvoria okolo 80 % z celkovÈho
obsahu bielkovÌn zrna pöenice. Vysok· heterogenita, druhov·
a genotypov· öpecifickosù, rozdielne fyzik·lno-chemickÈ vlast-
nosti ako i skutoËnosù, ûe ich biosyntÈza sa realizuje v endo-
sperme v poslednej f·ze tvorby zrna, ich predurËuje plniù ˙lohu
markÈrov hospod·rsky v˝znamn˝ch znakov a vlastnostÌ.

Cieæom pr·ce bolo analyzovaù z·sobnÈ bielkoviny zrel˝ch
semien a ich vyuûitie ako molekul·rnych markerov pre iden-
tifik·ciu, diferenci·ciu a charakteriz·ciu genotypov jarnej a ozim-
nej pöenice. Identifikovan˝ch a diferencovan˝ch na z·klade
glutenÌnovÈho polymorfizmu bolo 18 vzoriek zrna pöenice
letnej formy ozimnej (Triticum aestivum L.), 13 vzoriek zrna
öpaldovej pöenice (T. spelta L.), 9 vzoriek hrubozrnnej tvrdej
pöenice (T. turgidum L.) a 5 vzoriek tvrdej pöenice (T. poloni-
cum L.). Vöetky vzorky boli zÌskanÈ z GÈnovej banky »R
v Prahe a z GÈnovej banky SR v Pieöùanoch. GlutÈnovÈ biel-
koviny boli extrahovanÈ a analyzovanÈ vertik·lnou diskonti-
nu·lnou elektroforÈzou na PAGE v prÌtomnosti SDS podæa
metodiky ISTA. ElektroforetickÈ profily boli vyhotovenÈ na
denzitometri LD-01 Instrument pri vlnovej dÂûke 632,8 nm.
Ako ötandardy boli pouûitÈ odrody Chinese Spring a Marquis.
Identifik·cia jednotliv˝ch HMW glutenÌnov˝ch podjednotiek
a v˝poËet Glu-hodnotenia boli realizovanÈ podæa katalÛgu
Payneho a kol.1

Z technologickÈho hæadiska glutenÌny vpl˝vaj˙ na elasti-
citu Ëiûe pruûnosù a pevnosù cesta a gliadÌny na viskozitu ñ
rozùaûnosù a rozpl˝vavosù cesta. GlutenÌn tvoria dve skupiny
podjednotiek a to vysokomolekul·rne (HMW) a nÌzkomole-
kul·rne (LMW) subjednotky. Pribliûne 50 % z·sobn˝ch biel-
kovÌn predstavuj˙ gliadÌny,  zvyön˝ch 10  % tvoria HMW
glutenÌnovÈ a 40 % LMW glutenÌnovÈ podjednotky. Bolo do-
k·zanÈ, ûe LMW glutenÌnovÈ subjednotky ovplyvÚuj˙ ötruk-
t˙ru a funkËnosù glutÈnu, avöak s˙ v tomto smere podriadenÈ
HMW subjednotk·m2. A pr·ve zast˙penie jednotliv˝ch HMW
glutenÌnov˝ch subjednotiek ovplyvÚuje kvalitu zrna pöenice3.

Z elektroforeogramov 18 vzoriek zrna pöenice letnej for-
my ozimnej vypl˝va, ûe na lokuse Glu-A1 sa najËastejöie
vyskytovala nulov· alela (83 %), lokus Glu-B1 bol reprezen-
tovan˝ subjednotkou 7+9 (83 %), ktor· zvyöuje chlebopek·-
rensk˙ kvalitu. Pri odr·ch Torysa a Marys Maksman bola
detekovan· podjednotka 7+8 a pri lÌnii SK 3756-1-76 subjed-
notka 6+8, ktorÈ zniûuj˙ technologick˙ kvalitu pöenice. Z alel
lokalizovan˝ch na lokuse Glu-D1 sa nach·dzalo 67 % subjed-
nitiek 5+10, ktorÈ pozitÌvne prispievaj˙ k technologickej kva-
lite zrna pöenice a 33 % subjednotiek 2+12, ktorÈ naopak
negatÌvne ovplyvÚuj˙j˙ t˙to kvalitu. Najvyööie bodovÈ Glu
hodnotenie (9) dosiahli odrody Ilona, Vlada a RÈgia, ktorÈ
patria k dobr˝m potravin·rskym pöeniciam. Naproti tomu
najniûöie Glu-score (5) dosiahli odrody Iris, Sana, Vala a lÌnia
SK 3756-1-76, Ëo potvrdili i nÌzke hodnoty SDS sedimentaË-
nÈho testu v rozsahu 32ñ56 cm≥. œalej bolo analyzovan˝ch 13
vzoriek zrna pöenice T. spelta L., priËom z v˝sledkov vypl˝va,
ûe vo vzork·ch zrna öpaldovej pöenice sa najËastejöie vysky-
tuj˙ podjednotky 1, 6+8, 2+12 s priemern˝m Glu hodnotenÌm
6.4, Ëo zodpoved· pöenici so strednou pek·renskou kvalitou.
Najlepöiu technologick˙ kvalitu na z·klade zast˙penia HMW
podjednotiek vyk·zali odrody Spalda-Landrace 1-96, pri kto-
rej boli urËenÈ podjednotky 1, 7+9, 5+10 s Glu hodnotenÌm 9,
odroda Ardenne, pri ktorej boli urËenÈ podjednotky 1, 6+8,
5+10 s Glu-score 8 a Baul‰nder Spelz s podjednotkami 1,
13+16, 2+12 a s Glu-score 8. Vz·cne sa vyskytuj˙ca podjed-
notka 20 bola detekovan· pri odrode Renval (1, 20, 2+12)
s Glu-score 6 a subjednotka 13+16 pri odrode Baul‰nder Spelz.
Z tetraploidn˝ch pöenÌc bolo analyzovan˝ch 9 vzoriek pöenice
hrubozrnnej (T. turgidum L.). Na lokuse Glu-A1 bola deteko-
van· alela 1 pri siedmich odrod·ch, len pri kultivare Turgidum
di Maliani bola urËen· nulov· alela, ktor· negatÌvne ovplyv-
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Úuje technologick˙ kvalitu pöenice a pri odroda Poûehnan·
alela 2*, ktor· zasa kladne ovplyvÚuje pek·rensk˙ kvalitu
pöenice. Z alel lokalizovan˝ch na lokuse Glu-B1 boli deteko-
vanÈ podjednotky 6+8 pri Ùsmych odrod·ch. Pri Turgidum di
Maliani boli identifikovanÈ podjednotky 13+16, ktorÈ z·porne
ovplyvÚuj˙ technologick˙ kvalitu pöenice, Ëo sa drazilo aj
vo v˝slednom Glu hodnotenÌ (2). PrÌtomnosù individu·lnych
HMW glutenÌnov˝ch subjednotiek bola vyhodnoten· bodo-
v˝m Glu-score, priËom najvyööie Glu-score (4) dosiahlo 8
odrÙd, Ëo svedËÌ o pöenici s nÌzkou pek·renskou kvalitou.
Z tetraploidn˝ch pöenÌc sa analyzovalo eöte 5 vzoriek T. polo-
nicum L. Na lokuse Glu-A1 bola detekovan· alela 1 pri od-
rod·ch Mansholts White, Schliepkakes Riesen polonicum,
Munchener, ktor· kladne ovplyvÚuje technologick˙ kvalitu
a pri odrod·ch Never Polnischer Weizen a Mirabella bola
zisten·  nulov· alela, ktor· m·  z·porn˝  vplyv. Na lokuse
Glu-B1 pri ötyroch odrod·ch (Never Polnischer Weizen, Man-
sholts White, Schliepkakes Riesen polonicum, Munchener)
bola detekovan· alela 7 negatÌvne ovplyvÚuj˙ca pek·rensk˙
kvalitu a pri kultivare Mirabella alela 6+8, ktor· kladne ov-
plyvÚuje technologick˙ kvalitu zrna. BodovÈ Glu hodnotenie
vypoËÌtanÈ na z·klade prÌtomnosti individu·lnych HMW glu-
tenÌnov˝ch podjednotiek dosiahla T. polonicum L. v priemere
3,2, Ëo zodpoved· pöenici s nÌzkou pek·renskou kvalitou.

Z anal˝zy tetraploidn˝ch pöenÌc T. turgidum L. a T. polo-
nicum L. vyplynulo, ûe ide o pöenice s nÌzkou technologickou
kvalitou a s˙ vhodnejöie na öpeci·lne pek·renskÈ v˝robky.

Z prezentovan˝ch v˝sledkov vypl˝va, ûe metodiku ISTA
SDS-PAGE je moûnÈ odporuËiù pre detekovanie HMW pod-
jednotiek glutenÌnov, nakoæko jej rozliöovacia schopnosù v gÈli
je dobr·, je relatÌvne r˝chla a na z·klade elektroforeogramov
moûno identifikovaù, charakterizovaù a diferencovaù nielen
odrodu ako tak˙, ale aj niektorÈ jej vlastnosti.

T·to pr·ca bola podporen· grantom GA SR 1/7648/20.
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17 NUTRI»N› A TECHNOLOGICK› PROFIL
ODR‘D BREA, SOLARA, R…GIA A SANA
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ku 2, 949 76 Nitra, Slovensk· republika

Pöenica je naöou z·kladnou obilninou, priËom jej kvalita
sa hodnotÌ buÔ z hæadiska technologickÈho alebo nutriËnÈho.
Pöenica m· vysok˙ dietetick˙ hodnotu a vyuûÌva sa ako suro-
vina k v˝robe celÈho radu dÙleûit˝ch v˝robkov.

Cieæom pr·ce bolo porovnaù ötyri odrody pöenice letnej
formy ozimnej Sanu, Solaru, Breu a RÈgiu z hæadiska ich

kvality stanovenÌm niektor˝ch biochemick˝ch ukazovateæov.
Vzorky zrna boli zÌskanÈ z poænÈho pokusu realizovanÈho vo
vegetaËnom obdobÌ 1997/98 na experiment·lnej b·ze KRV
AF SPU v Nitre. Predplodinou bol hrach siaty. V˝sevok Ëinil
5 miliÛnov klÌËiv˝ch z‡n na hekt·r. Odrody zrna pöenice boli
pestovanÈ na nehnojenom variante. V celozrnom örote vzoriek
bol stanoven˝ obsah hrub˝ch bielkovÌn, jednotliv˝ch frakciÌ
bielkovÌn, aktivita niektor˝ch hydrolytick˝ch enz˝mov a za-
st˙penie HMW glutenÌnov˝ch podjednotiek (tab. I).

Z hæadiska produkcie z jednotky plochy sa analyzovanÈ
materi·ly uk·zali ako vysokoproduktÌvne, priËom v˝öka ˙ro-
dy sa pohybovala od 6,92 t.ha-1 (Brea) do 8,19 t.ha-1 (Solara).
Na z·klade obsahu hrub˝ch bielkovÌn moûno hodnotiù sledo-
vanÈ odrody ako nÌzkobielkovinovÈ, priËom obsah bielkovÌn
p¯i vöetk˝ch odrod·ch bol do 8%. UvedenÈ v˝sledky potvr-
dzuj˙ vöeobecne zn·mu negatÌvnu koler·ciu medzi v˝ökou
˙rody a jej kvalitou1.

V˝ûivn· a osiv·rska kvalita zrna pöenice je urËovan· ak-
tivitou hydrolytick˝ch enz˝mov, ktorÈ zodpovedaj˙ za r˝ch-
losù klÌËenia a v neposlednej miere podmieÚuj˙ aj technolo-
gick˙ kvalitu zrna. DÙleûit˙ ˙lohu pri tomto maj˙ najm‰
proteolytickÈ a amylolytickÈ enz˝mi. Z v˝sledkov vypl˝va, ûe
analyzovanÈ odrody vyk·zali nÌzke hodnoty endoprote·z ako
aj alfañamyl·z, Ëo je charakteristickÈ pre pln˙ zrelosù zrna.
Odroda Brea vyk·zala v porovnanÌ s ostatn˝mi odrodami
vyööiu aktivitu alfa-amyl·zy, z Ëoho vypl˝va, ûe t·to odroda
je n·chylnejöia na prerastanie zrna.

Cere·lie dnes predstavuj˙ najv˝znamnejöÌ zdroj bielkovÌn
v potrave. Obsah a kvalita z·sobn˝ch bielkovÌn pöeniËnÈho
zrna s˙ hlavn˝m faktorom, ktor˝ ovplyvÚuje v˝ûivn˙ a tech-
nologick˙ kvalitu zrna pöenice. Podæa zast˙penia albumÌnov
a globulÌnov moûno hodnotiù odrodu Sanu ako vyslovene
pöenicu urËen˙ pre k‡mnÈ ˙Ëely. Rozhoduj˙cim ukazovate-
æom pre pek·rske vyuûitie zrna pöenice je obsah gliadÌnov
a glutenÌnov, ktorÈ sa podieæaj˙ na tvorbe lepku. GliadÌny
vpl˝vaj˙ na elasticitu, Ëiûe pruûnosù a pevnosù cesta a glutelÌny
na viskozitu, Ëiûe rozùaûnosù a rozpl˝vavosù cesta. V tomto
smere sa ako najlepöie pre mlynsko-pek·renskÈ vyûitie uk·zali
odrody Brea, RÈgia a Solara. GliadÌnovÈ a glutenÌnovÈ biel-
koviny sa vyznaËuj˙ dostatoËnou genetickou a jej zodpove-
daj˙cou fenotypovou premenlivosùou, vysokou expresivitou
a heritabilitou, v dÙsledku ktorej sa kvalitatÌvna skladba jed-
notliv˝ch zÛn elektroforetickÈho spektra, ani ich kvantitaÌv-

Tabuæka I
NiektorÈ ukazovatele zrna pöenice

Ukazovateæ Odroda
Sana Solara Brea RÈgia

⁄roda [t.ha-1] 7,65 8,19 6,92 7,90
HrubÈ bielkoviny [%] 7,99 7,84 7,68 7,60
Alfa-amyl·za [µkat.mg-1.10-3] 7,42 0,96 28,76 0,69
Endoprote·zy [U.mg-1.10-2] 6,18 7,36 6,54 5,32
AlbumÌny+globulÌny [%] 33,79 28,58 28,86 29,66
GliadÌny [%] 33,43 30,62 29,31 31,32
GlutenÌny [%] 21,74 29,60 30,13 26,72
GLI+GLU [%] 55,17 60,22 59,44 58,04
Glu-score 5 7 7 9
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na expresia nemenÌ vplyvom agroekologick˝ch podmienok
a moûno ich teda vyuûiù ako genetickÈ markery technologickej
kvality zrna pöenice2-4. Z elektroforeogramov vyplynulo, ûe
v genÛme zrna odrody Sana s˙ kÛdovanÈ HMW glutenÌnovÈ
podjednotky 0, 7+9, 2+12, k˝m pri odrod·ch Brea a Solara
boli identifikovanÈ podjednotky 0, 7+9, 5+10 a pri odrode
RÈgia 1, 7+9 a 5+10. Podæa zast˙penia jednotliv˝ch HMW
glutenÌnov˝ch podjednotiek je moûnÈ predikovaù pek·rensk˙
kvalitu zrna pöenice vypoËÌtanÌm tzv. Glu-score. V tomto
smere vypoËÌtanÈ Glu-score pre RÈgiu (9), Solaru (7) a Brea
(7) potvrdzuje dobr˙ technologick˙ kvalitu t˝chto materi·lov.
Glu hodnotenie 5 stanovenÈ pre odrodu Sana dokumentuje jej
zaradenie k typicky k‡mnym pöeniciam.

T·to pr·ca bola podporen· grantom GA SR 1/7648/20.
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18 PÿÕPRAVA KONSTRUKTŸ PRO VNESENÕ
GENU BAKTERI¡LNÕ
DIHYDROXYBIFENYL-DIOXYGENASY
DO ROSTLIN

RADEK BOROVKAa, MIKLOS SZEKERESb,
TOM¡ä MACEKc a MARTINA MACKOV¡a

a⁄stav biochemie a mikrobiologie VäCHT Praha, Technic-
k· 3, 166 28 Praha, bBiologickÈ v˝zkumnÈ centrum MaÔarskÈ
akademie vÏd, Szeged, MaÔarsko, c⁄stav organickÈ chemie
a biochemie AV »R, Flemingovo n. 2, 166 10 Praha

JednÌm z mnoha velk˝ch problÈm˘ souËasnosti je zamo-
¯enÌ ûivotnÌho prost¯edÌ polychlorovan˝mi bifenyly (d·le jen
PCB). Jejich stopov· mnoûstvÌ byla nalezena dokonce v tk·-
nÌch mnoha ûivoËich˘, jeû s nimi nikdy nep¯iöli do p¯ÌmÈho
kontaktu. U nÏkter˝ch bakteriÌ byly zjiötÏny schopnosti Ë·s-
teËnÈ Ëi ˙plnÈ degradace PCB. Je snahou tyto kmeny modifi-
kovat, s n·sledn˝m cÌlem vyuûitÌ tÏchto kmen˘ k dekontami-
naci  ûivotnÌho prost¯edÌ1. S expanzivnÌm  rozvojem metod
genetickÈho inûen˝rstvÌ se mnoho projekt˘, jeû byly jeötÏ
ned·vno domÈnou genetiky mikroorganism˘, zaËÌnajÌ p¯esou-
vat do oblasti genetiky vyööÌch rostlin. Jejich v˝hodou oproti
bakteriÌm je moûnost snazöÌ manipulovatelnosti, snazöÌ kon-
trolovatelnost geneticky modifikovanÈ populace a v neposled-
nÌ ¯adÏ takÈ vst¯ÌcnÏjöÌ p¯ijetÌ ve¯ejnostÌ. NaöÌ snahou bylo
p¯ipravit rostliny se zv˝öenou schopnostÌ degradovat PCB
vnesenÌm genu bphC pro 2,3-dihydroxybifenyldioxygenasu,
kter· v bakteriÌch ötÏpÌ bifenylov˝ kruh. Gen p˘vodnÏ izolo-
van˝ z bakterie Comamonas testosteroni B356 a klonovan˝
do plazmidu pQE31 byl vyötÏpen z plazmidu pQE31 a ampli-
fikov·n. Byla p¯id·na restrikËnÌ mÌsta pro SacI a XbaI (cit.2).
D·le byly p¯ipraveny t¯i r˘znÈ plazmidovÈ konstrukty urËenÈ

k n·slednÈmu p¯enosu do rostlinn˝ch bunÏk. Jako selekËnÌ
marker k pozdÏjöÌ vizualizaci a lokalizaci v rostlin·ch byl
vyuûit gen kÛdujÌcÌ green fluorescent protein (GFP-4 a GFP-
-5). V plazmidu pBluescript SK(-) byly vytvo¯eny kazety
s funkËnÌm spojenÌm bphC-GFP. SpojenÌ bylo ovÏ¯eno sek-
venacÌ danÈho konstruktu a kazety byly vneseny do rostlinnÈ-
ho vektoru pPCV 702. Tento vektor obsahuje siln˝ rostlinn˝
promotor CaMV35S (z viru kvÏt·kovÈ mozaiky). Po transfor-
maci bakterie Agrobacterium tumefaciens t¯emi r˘zn˝mi vek-
tory pPCV 702 obsahujÌcÌmi gen bphC byly jednotlivÏ trans-
formov·ny rostlinnÈ disky N. tabacum. Po transformaci byly
disky kultivov·ny na selektivnÌ p˘dÏ s antibiotikem pro rege-
neraci pouze poûadovan˝ch transformant˘.

Auto¯i dÏkujÌ za finanËnÌ podporu projektu J19/98:
2232500003.
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19 CADMIUM UPTAKE BY TRANSGENIC
TOBACCO

TOM¡ä MACEKa, MARTINA MACKOV¡b,
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Phytoremediation is already an accepted tool in removal
of contaminants from the environment1. In the case of heavy
metals the main requirement is high accumulation in plants,
especially in the harvestable portion. About 400 metal-hyper-
accumulating wild plants have been reported2, but their slow
growth rate and limited yields impose limitations on the rate
of heavy metal removal. By contrast, high-yield crops gene-
rally have low accumulation capabilities. Improvement of the
above mentioned processes can be expected from construction
of genetically modified plants tailored for phytoremediation
purposes.

Plants have their own systems for binding of heavy me-
tals3. The expression of the yeast metallothionein gene CUP1
might improve the ability of a plant to tolerate or accumulate
heavy metal ions4. We prepared transgenic plants with an
additional metal binding domain introduced to the implemen-
ted protein to further enhance the metal binding capacity and
the efficiency of the process

For this reason gene coding a peptide of 6 histidine moie-
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ties has been isolated from a commercial plasmid pTrc-HisA,
cloned in E. coli into plasmid pBI121. The polyHis gene was
combined either with CUP1 or GUS genes. Electroporated into
Agrobacterium strain LBA4404 the constructs were used for
transformation of tobacco leaf discs (Nicotiana tabacum Wis-
consin 38).

The screening test of Cd accumulation by plants was con-
ducted on sand media with addition of Knopís nutrient solution
modified by addition of cadmium (0.2 mg.l-1 as Cd(NO3)2). The
plants cultivated during the elongation growth period were
harvested after 6 weeks of growth. Cd in plant biomass was
determined by AAS (Varian SpectrAA-40) after dry ashing of
the samples.

The results show that while control WSC-38 whole plants
accumulated Cd  in  average 26.4 mg.kg-1 (17.7 in  above-
ground parts, 8.7 in the roots), CUP1 yeast metallothionein
gene did not increase the accumulation above the average of
controls (20.8 total, 12.2 above-ground, 8.6 in roots). The
His-CUP construct proved to have positive effect on Cd accu-
mulation (in average 34 total, 27 above ground, 9 in roots),
the clone X-HisCUP accumulating by 77 % more Cd in abo-
ve-ground parts comparing to the non-transformed controls
(41.9 mg.kg-1 total, 31.3 mg.kg-1 above-ground, 10.6 mg.kg-1

in roots).

This work was supported by internal grant of Utah State
University Biotechnology Center, Logan, UT, USA.
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20 VLIV PÿÕDAVKU »ISTÕRENSK…HO KALU
NA KUMULACI KADMIA V ROSTLIN¡CH
äPEN¡TU

DANIELA PAVLÕKOV¡a, MILAN PAVLÕKb,
SO“A VAäÕ»KOV¡b, PAVEL TLUSTOäa,
JIÿINA SZ¡KOV¡a, KAREL VOK¡»b a JIÿÕ BALÕKa

a»esk· zemÏdÏlsk· univerzita v Praze, 165 21Praha6, b⁄OCHB
AV »R, Flemingovo n. 2, 166 10 Praha 6

Mezi rizikovÈ prvky s vysokou mobilitou a pomÏrnÏ snad-
n˝m transferem do rostlin je ¯azeno kadmium, na jehoû kumu-
laci v rostlin·ch öpen·tu po aplikaci ËistÌrenskÈho kalu je
zamÏ¯ena tato pr·ce.

Vliv aplikace ËistÌrenskÈho kalu na kumulaci kadmia v rost-
lin·ch öpen·tu byl sledov·n v modelovÈm n·dobovÈm pokusu.
K pokusu byly pouûity dvÏ zeminy ñ Ëernozem a fluvizem ñ
s odliön˝mi fyzik·lnÏ chemick˝mi vlastnostmi a odliön˝m
obsahem Cd. Do n·dob bylo p¯id·v·no 160,1 g ËerstvÈho
ËistÌrenskÈho kalu (s obsahem suöiny 20,8 %) s celkov˝m
obsahem Cd 6,09 mg.kg-1. Obsah Cd v rostlin·ch, obou zemi-

n·ch i v kalu byl stanoven AAS (Varian SpectrAA-400). D·le
byla postupnÏ provedena extrakce suchÈ biomasy öpen·tu
methanolem, petroletherem, acetonem a smÏsÌ methanol+H2O+
HCOOH (47,5+47,5+5; v/v/v). Ve spojen˝ch frakcÌch petrol-
ether a aceton a frakci methanol+H2O+HCOOH bylo stano-
veno Cd metodou bezplamenovÈ AAS (Varian SpectrAA-400
s grafitov˝m atomiz·torem GTA-96). U frakce methanol+
H2O+HCOOH bylo zmÏ¯eno I» spektrum.

Porovn·me-li obsah Cd v rostlinÏ na kontrolnÌch varian-
t·ch bez ËistÌrenskÈho kalu, je z¯ejmÈ, ûe jeho p¯Ìjem byl
ovlivnÏn p¯edevöÌm p¯ijateln˝m podÌlem kadmia v p˘dÏ. N·-
r˘st obsahu Cd v biomase öpen·tu po aplikaci ËistÌrenskÈho
kalu byl na obou zemin·ch p¯ibliûnÏ trojn·sobn˝. P¯i extrakci
methanol + H2O+ HCOOH se uvolnila barevn· sloûka ne-
extrahovateln· methanolem. Tyto l·tky s dvojn˝mi vazbami
v konjugaci, kterÈ odpovÌdajÌ za barevnost frakcÌ, nebyly na
I» spektru detegov·ny. Velkou Ë·st vzorku tvo¯ily, jak vypl˝-
v· z I» spekter, soli organick˝ch kyselin (vCOO

- 1605 nebo
1600, 1384 nebo 1385 cm-1), pravdÏpodobnÏ soli kyseliny
mravenËÌ nebo öùavelovÈ. Soli kyseliny mravenËÌ mohly
vzniknout reakcÌ mezi kationty uvolnÏn˝mi kyselinou obsa-
ûenou v eluËnÌm Ëinidle z biomasy öpen·tu. SouËasnÏ byl
v tomto extraktu stanoven obsah Cd a zjiötÏn· koncentrace
odpovÌdal 12 % z celkovÈho mnoûstvÌ stanovenÈho v biomase
öpen·tu.

Tato pr·ce byla podpo¯ena grantem GA »R 526/97/0845.

21 TK¡“OV… KULTURY VYääÕCH ROSTLIN ñ
MODEL PRO STUDIUM ENZYMATICK…
DEGRADACE V›BUäNIN

ALEä NEPOVÕMa, SVATOPLUK ZEMANb,
a TOM¡ä VANÃKa

aOddÏlenÌ rostlinn˝ch explant·t˘, ⁄stav organickÈ chemie
a biochemie AV »R, Flemingovo n. 2, 166 10 Praha 6, bKa-
tedra teorie a technologie v˝buönin, Univerzita Pardubice,
532 10 Pardubice

K jednÈ z rizikov˝ch skupin syntetick˝ch organick˝ch
l·tek n·leûÌ i aromatickÈ nitroslouËeniny, kterÈ jsou pouûÌv·ny
k v˝robÏ v˝buönin, barviv a pesticid˘. Nejzn·mnÏjöÌ p¯edsta-
vitel skupiny l·tek pouûÌvanÈ jako v˝buöniny pat¯Ì 2,4,6-tri-
nitrotoluen (komerËnÏ zn·m˝ pod n·zvem Ñtritolì, zkr. TNT),
kter˝ byl po desetiletÌ jednou z nejpouûÌvanÏjöÌch v˝buönin.
S v˝robou a s jeho dalöÌ manipulacÌ doch·zelo a doch·zÌ
k ˙niku TNT l·tky do okolnÌho prost¯edÌ. TNT p¯edstavuje
zdroj vysoce toxickÈ nebezpeËnÈ l·tky, kter· zp˘sobuje ane-
mii, poökozuje j·tra a je potenci·lnÌm lidsk˝m karcinogenem1-3.
AlternativnÌm zp˘sobem detoxikace nitroaromatick˝ch l·tek
je jejich fytoremediace, tj. pomocÌ rostlin jejich konverze na
mÈnÏ toxickÈ formy, kterÈ jsou transportov·ny do r˘zn˝ch
bunÏËn˝ch organel, kde mohou b˝t zabudov·ny v inaktivnÌ
formÏ4.

Kultivace rostlin v in vitro podmÌnk·ch umoûÚuje sledovat
˙Ëinek xenobiotika na rostlinu nez·visle na ˙Ëinku ostatnÌch
mikroorganism˘, proto byly ke studiu degradace TNT pouûity
suspenznÌ kultury druh˘ Solanum aviculare a Rheum palma-
tum. TNT bylo degradov·no hrub˝m extraktem z obou rost-
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linn˝ch druh˘ a anal˝zou produkt˘ degradace byly podle
p¯edbÏûn˝ch v˝sledk˘ zjiötÏny dvÏ z·sadnÌ cesty degradace.
P¯i pH 9 byla v reakËnÌ smÏsi zjiötÏna oxidace methylovÈ
skupiny TNT na trinitrobenzen, zatÌmco p¯i pH 7 v p¯Ìtomnosti
kofaktoru NADH byla detegov·na zv˝öen· koncentrace hy-
droxyaminodinitrotoluenu, kter˝ je n·sledn˝m produktem re-
dukce TNT (obr. 1).

Tato pr·ce je podporov·na z prost¯edk˘ poskytnut˝ch: COST
837, GA »R 206/99/P034 a 206/99/1252
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Obr. 1. SchÈma z·kladnÌch cest degradace TNT v hrubÈm extrak-
tu, I) redukce, II) oxidace
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01 FAMILIAL JUVENILE HYPERURICEMIC
NEPHROPATHY (FJHN): LOCALIZATION
OF THE GENE ON CHROMOSOME 16p11.2
AND EVIDENCE FOR GENETIC
HETEROGENEITY
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IVAN äEBESTAa,c, W. ZHANGb, J. OTTb,
and STANISLAV KMOCHa

aInstitute for Inherited Metabolic Disorders and cDepartment
of Clinical Biochemistry, 1st School of Medicine and General
Faculty Hospital Prague, bLaboratory of Statistical Genetics,
Rockefeller University, New York

Familial juvenile hyperuricaemic nephropathy (FJHN), is an
autosomal dominant renal disease characterized by juvenile on-
set of hyperuricemia, gouty arthritis and progressive renal fai-
lure at an early age. Using a genomewide linkage analysis in
three Czech affected families we have identified a locus for
FJHN on chromosome 16p11.2 and found evidence for genetic
heterogeneity and reduced penetrance of the disease. Maximum
two point HLOD score of 4.70 was obtained at a recombina-
tion fraction θ = 0 with marker D16S3036; multipoint linkage
analysis yielded a maximum HLOD score of 4.76 at the same
location. Haplotype analysis defined a 10 cM candidate region
between flanking markers D16S501 and D16S3113 exhibiting
crossover events with the disease locus. Recent publication on lo-
calization of the FJHN gene to the same region1 and our results2

narow 1.7 cM candidate region, between markers D16S403
and D16S3113. This genomic region contains several genes
expressed in the kidney, one of which, NADP-regulated thy-
roid-hormone binding protein is currently being analysed.

This work is supported by grant M27/3 from IGA MZ»R.
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Clinic, Charles University, 1st Faculty of Medicine and Uni-
versity Hospital, cDepartmen of Biochemistry, Faculty of
Science, Charles University, Prague, bDepartment of Gene
Manipulation, Institute of Molecular Genetics, and dInstitute
of Microbiology, Academy of Sciences of the Czech Republic

We describe a 5-year old boy with unique congenital
cataract caused by deposition of numerous birefringent, plei-

ochronic, macroscopically prismatic crystals. Crystal analysis
with subsequent automatic Edman degradation and MALDI-
-TOF mass spectrometry have identified the crystal-forming
protein as γD-crystallin (CRYGD) lacking the N-terminal
methionine. Sequencing of the CRYGD gene has shown a he-
terozygous C→A transversion in the position 109 of the in-
ferred cDNA (36R→S) of the processed, N-terminal methio-
nine lacking CRYGD. The lens protein crystals were X-ray
diffracting, and our crystal structure solution at 2.25 Å sug-
gests that mutant R36S CRYGD has an unaltered protein fold.
In contrast, the observed crystal packing is possible only with
the mutant protein molecules that lack the bulky arginine-36
side chain. This is the first described case of human cataract
caused by crystallisation of a protein in the lens. It involves
the third known mutation in the CRYGD gene but offers for
the first time a causative explanation of the phenotype.

03 NEONATAL OLFACTORY BULBECTOMY
OF RATS: ODOR INDUCED FOS-LIKE
IMMUNOREACTIVITY IN OLFACTORY
RELATED STRUCTURES

JUDITA OREND¡»OV¡a, ºUBOMÕR RA»EKb,
and MARCELA MARTON»ÕKOV¡a

aInstitute of Neurobiology, SAS, äoltÈsovej 4, 040 01 Koöice,
bInstitute of Animals Physiology, SAS, äoltÈsovej 4, 040 01,
Koöice, Slovakia

The proto-oncogene c-fos belongs to a large class of im-
mediate early genes1 which are induced rapidly, within minu-
tes, by sensory stimuli2. The protein product of the c-fos gene,
Fos, is induced in transsynaptically activated neurons3. The
synaptic circuitry of the accessory olfactory bulb and main
olfactory bulb are similar4. Mitral cells receive afferents from
the vomeronasal nerve and project via the corticomedial amyg-
dala to hypothalamic nuclei, forming the excitatory pathway
for olfactory signals received by the vomeronasal organ recep-
tors5. The mitral cells form reciprocal dendrodendritic synap-
ses with granule cells, the main class of interneuron in the
accessory olfactory bulb. Depolarization of these synapses due
to mitral cell activity results in the release of GABA back on
the mitral cell dendrites. This feedback inhibition at the reci-
procal synapses regulates mitral cell activity.

When the olfactory bulb (OB) is removed olfactory epit-
helial cells continue to differentiate, mature, and potentially
send their axons into the central nervous system (CNS) in
attempt to repair the system6. This is an age-dependent pro-
cess.  Following neonatal olfactory bulbectomy  the newly
developed olfactory nerve fibres penetrate into the forebrain
and form ectopical, glomerular-like structures in this uncon-
ventional area7. After an adult ablation, the olfactory nerve
fails to penetrate into the CNS and behavioral recovery does
not occure8. Main OB and accessory OB send a complex set
projections to a broad cortical sheet, which is composed of
several distinct areas, collectively referred as the olfactory
cortex. The largest area of the mammalian olfactory cortex is
the piriform cortex, which receives direct projections from the
OB via lateral olfactory tract. Various lesions involving the
OB can affect the normal anatomical arrangement of bulbo-
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-cortical projections. Recently it was demonstrated that sub-
ventricular zone (SVZ) cells continue to proliferate in the brain
of adult rodents. The newly generated progenitor cells, migrate
through rostral migratory stream (RMS) to the OB where they
differentiate into granular and periglomerular neurons9. The
role the stem cells play during development is still clear but
their role in adult brain as well as in injured CNS remains
unknown and could add a new dimension to our understanding
of neuroplasticity.

Immediate early gene expression is not a marker for neu-
ronal activity per se as there are many examples in which
neuronal depolarization does not lead to their expression.
A common feature of the physiological system studied is that
immediate early gene expression is associated with circum-
stances which results in  long-lasting  changes in  neuronal
function. Functional recovery of rats and presence of ectopic
glomerular structures in different brain regions on the neona-
tally bulbectomized side10 we considered as a great challenge
for mapping Fos immunoreactive neurons in the reconstituted
olfactory projections.

Neonatal (P3-P5) Wistar albino rats were anaesthetized by
hypothermia and their right OB gently removed by suction and
animals survive for five months. Two hours before put the
animals to death they have been exposed to odorized air. After
that perfusion fixation by 4 % paraformaldehyde followed.
The brain was removed, postfixed and cryoprotected over-
night. Sagittal 50 µm thick sections were cut and every fifth
section processed for Fos-like immunoreactivity11. An ortho-
morphology was made on the alternate sections stained by
Gillís hematoxyline. The frontal lobe of the operated side
extended rostrally to fill the space created by removal of OB
and its general cytoarchitecture was quite distorted. Glomeru-
li-like structures were seen in the rostral frontal cortex and in
olfactory peduncle. In some cases the reconstituted olfactory
nerve penetrated as far as to the olfactory cortex and SVZ.
Cells expressing Fos were distributed in the periglomerular
position of ectopical glomeruli located on basal surfice of
frontal cortex. This finding indicates that periglomerular cells
of  these newly-formed glomeruli  received  direct synaptic
inputs from olfactory receptor neurons. Inspite of fact that
anatomical relationships in frontal lobe of the operated side
were changed we find Fos-labelled cells also in places which
agree with paraolfactorial areas, olfactory tubercle, olfacto-
cortical tract and piriform cortex of control animals.

Further Fos-immunoreactivity studies correlated with elec-
tron microscopical examination of ectopical glomeruli should
elucidate  if/where the olfactory  nerve is making  synaptic
contacts. In order to determine relation between anatomical
and functional recovery after neonatal bulbectomy each ani-
mal have to be tested behaviourally.

This work was financially supported by the VEGA Grants No.
2/7235/20 and 2/6108/99.
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04 OLFACTORY BULBECTOMY OF NEONATAL
RATS INFLUENCES PROLIFERATION
OF SUBVENTRICULAR ZONE NEURONAL
PRECURSORS
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and JUDITA OREND¡»OV¡a

aInstitute of Neurobiology, and bInstitute of Animals Physiolo-
gy, SAS, äoltÈsovej 4, 040 01 Koöice, Slovak Republic

The olfactory system is an excellent model for studying
anatomical and functional recovery after brain injury. The
olfactory sensory neurons can be replaced after destruction,
and the newly formed neurons can innervate the lesioned
olfactory bulb (OB) or other non-specific target1. Moreover,
olfactory bulbs retain the ability to acquire new neurones
throughout life2. Neuronal precursors are born in the subven-
tricular zone (SVZ) of the neonatal and adult rodent brain and
migrate through the rostral migratory stream (RMS) to the
olfactory bulb where they differentiate into interneurons of the
granule cell layer and periglomerular region3. The results of
studies testing the role of the OB in the migration and prolife-
ration of SVZ precursors are not in complete agreement. One
study4 suggest that olfactory deprivation by naris closure does
not influence production of new interneurons from the SVZ.
Another study using the naris occlusion model, however,
reported reductions in the numbers of proliferating cells in the
subependymal layer of the OB itself and in the RMS just
caudal to the OB (Ref.5).

In our experiment we intended to test whether neonatal
olfactory bulbectomy affects the proliferation, migration and
survival of SVZ-derived progenitors. Neonatal (P3-P5) Wistar
albino rats were anaesthetised by hypothermia and the right
OB was exposed and then gently removed by suction. The bul-
bectomized animals were allowed to survive for 5 months. To
label proliferating SVZ cells, the rats received an intraperitonal
injection of the cell proliferation marker BrdU (50 mg.kg-1 body
weight; Sigma, St. Louis, MO). Four hours after the BrdU
injection the animals were perfused transcardially with 4 % pa-
raformaldehyde. The brains were serially sectioned at 24 mm
in the sagittal plane and processed for BrdU immunohistoche-
mistry. Alternate series of sections were stained with Gillís
hematoxylin. Every third BrdU labelled section, which inclu-
ded the RMS, was chosen for image analysis and quantification.
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By 5 months after bulbectomy, the frontal pole of the
cortex extended rostrally to fill the space created by the
removal of the OB. The rostral end of the lateral ventricle and
the genu of the corpus callosum were also greatly displaced.
The general cytoarchitecture of the protruded frontal lobe was
quite distorted. Histological examination revealed the presen-
ce of ectopic glomerular structures in the frontal cortex, olfac-
tory peduncle, and in some cases also in the olfactory cortex
and SVZ. We measured the volume of the SVZ and RMS in
the bulbectomized hemisphere and compared it with those in
the contralateral non-operated side. Following bulbectomy,
the ipsilateral subventricular zone and rostral migratory stream
persisted and increased in volume, indicating that many more
cells survive when the bulb is absent. Rostral migration of
precursors along the RMS also continued. The proportion of
dividing BrdU-labelled cells in the RMS of the bulbectomized
side was significantly changed in comparison with the contra-
lateral hemisphere.

In a similar experimental paradigm6 the effect of adult
mice bulbectomy was studied on SVZ cells proliferation and
migration. Our results provide support for these data that
factors regulating the rate of progenitor cell production and
migration of cells are intrinsic to the SVZ and RMS, and not
controlled by the OB.

In summary, the results of the present study support two
conclusions. In neonatally bulbectomized rats the olfactory
nerve is able to penetrate into several forebrain structures.
Subventricular zone neuronal precursors continue to divide
and migrate in the absence of the olfactory bulb. Whether the
neurogenic capacity of the SVZ has an effect on the acceptance
of the reconstituted olfactory fibres after bulbectomy needs to
be considered in our future study.

This work was financially supported by the VEGA Grants No.
2/7235/20 and 2/6108/99.
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05 METABOLICK… ZMÃNY MYOKARDU
HYPERTRIGLYCERIDEMICK›CH POTKANŸ
VYVOLAN… n-3 MASTN›MI KYSELINAMI

MILADA TUTTEROV¡, HANA VAVÿÕNKOV¡,
LUDMILA KAZDOV¡ a JANA DIVIäOV¡

Institut klinickÈ a experiment·lnÌ medicÌny, VÌdeÚsk· 1958/9,
140 21 Praha 4

Zv˝öen˝ p¯Ìjem polynenasycen˝ch n-3 mastn˝ch kyselin
(MK) m˘ûe vedle hypolipidemickÈho ˙Ëinku ovlivÚovat slo-

ûenÌ bunÏËn˝ch membr·n, tÌm i vlastnosti a funkci receptor˘,
enzymatick˝ch aktivit a pr˘bÏh nÏkter˝ch metabolick˝ch dÏ-
j˘. Doposud vöak nenÌ dostatek informacÌ jak˝m zp˘sobem
p¯Ìvod n-3 MK ovlivÚuje metabolickÈ pochody p¯Ìmo v srdci.
Na izolovanÈm srdci hypertriglyceridemick˝ch samc˘ potka-
n˘ (HTG) jsme sledovali zmÏny v utilizaci triacylglycerol˘
(TG) a glukosy (G) podle inkorporace 14C-glukosy do CO2
a glykogenu. U HTG skupiny byla tvorba TG potencov·na
vysokosacharosovou dietou (70 kal%) s 10 v·h% s·dla (HTG/
S) nebo rybÌho oleje (HTG/RO) po 21 dn˘. KontrolnÌ skupinou
(K) byli potkani kmene Wistar krmenÌ standardnÌ dietou.
Srdce byla prom˝v·na 30 min. mÈdiem s 5,5 mmol.l-1 G
a s 14C-U-glukosou (2.10-5 dpm.µmol-1). Utilizaci endogen-
nÌch TG jsme urËovali podle jejich poklesu v srdci bÏhem
perfuze. MK fosfolipid˘ byly stanoveny plynovou chromato-
grafiÌ a malondialdehyd (MDA) reakcÌ s kyselinou thiobarbi-
turovou.

P¯Ìvod n-3 MK normalizoval sÈrovÈ TG ze 7,07±0,45 na
1,31±0,21 mmol.l-1 a snÌûil neesterifikovanÈ MK (NEMK)
z 1,87±0,43 na 0,83±0,05 mmol.l-1. Glykemie nebyla dietou
ovlivnÏna. RelativnÌ hmotnost epid. tukovÈho tÏlesa byla vli-
vem n-3 MK snÌûena (p<0,01). U srdce HTG linie byla hmot-
nost nez·visle na dietÏ naopak vyööÌ (p<0,01) neû u K potkan˘
nez·visle na dietÏ. Z hemodynamick˝ch parametr˘ jsme po-
zorovali pouze snÌûenÌ koron·rnÌho pr˘toku u HTG potkan˘
(10,1±0,46 a 9,1±0,53 vs 11,3±0,60 ml.g-1 v.v.). Obsah TG na
poË·tku perfuze u HTG/S srdcÌ byl 30,6±2,4 a u HTG/FO
skupiny 20,2±2,7 oproti K skupinÏ (11,8±0,9 µmol.g-1 s.v.).
Na konci perfuze se obsah TG snÌûil ve vöech skupin·ch na
podobnou ˙roveÚ. NicmÈnÏ snÌûenÌ TG u skupiny HTG/S bylo
dvojn·sobnÈ (13,6) oproti HTG/RO (6,5 mmol.g-1 s.v). Inkor-
porace 14C z G do CO2 nebyla ovlivnÏna dietou na rozdÌl od
glykogenu, kde byla vlivem sacharosovÈ diety zv˝öena z kon-
trolnÌch hodnot 5,0±1,0 na 16,5±4,1 a 15,5±3,0 dpm.g-1 s.v.105

u  HTG skupin nez·visle na  typu  tuku. Obsah  glykogenu
v srdci u HTG skupin nebyl rozdÌln˝ avöak zv˝öila se jeho
specifick· aktivita. Vlivem RO se zmÏnilo sloûenÌ MK fos-
folipid˘ membr·n. PomÏr n-3/n-6 se z 0,46 zv˝öil na 1,33.
Obsah MDA v srdci ve vöech skupin·ch nebyl signifikantnÏ
rozdÌln˝.

Zv˝öen˝ p¯Ìvod n-3 MK v˝raznÏ ovlivnil metabolismus
TG. V sÈru HTG potkan˘ doölo k normalizaci TG, NEMK
a k menöÌmu ukl·d·nÌ TG do depotnÌho tuku a do srdce.
Hypolipidemick˝ efekt n-3 MK je vysvÏtlov·n snÌûenou lipo-
genesou a sekrecÌ lipoprotein˘ z jaterl. n-3 MK mohou takÈ
p˘sobit jako aktiv·tory PPAR a zvyöovat oxidaci MK. Zv˝öe-
nÌ oxidace jsme prok·zali v srdcÌch HTG/RO potkan˘ bÏhem
reperfuze pomocÌ mÏ¯enÌm radik·lov˝ch forem mitochon-
dri·lnÌho d˝chacÌho ¯etÏzce za pouûitÌ ESR (cit.2). Za podobnÈ
situace bylo srdce HTG/RO potkan˘ mÈnÏ zatÌûeno akumulacÌ
TG neû srdce skupiny HTG/S. Na druhÈ stranÏ p¯Ìvod n-3 MK
neovlivnil utilizaci glukosy ani obsah a obrat glykogenu.
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06 EFFECT OF HYPOTHYREOSIS TREATMENT
ON NEUROSTEROIDS AND HOMOCYSTEINE
LEVELS

JAROSLAVA TALLOV¡a, MARIE BI»ÕKOV¡b,
MARTIN HILLb, JOSEF TOMANDLa,
and ANTON VA“UGAc

aDepartment of Biochemistry, Faculty of Medicine, Masaryk
University, 662 43 Brno, bInstitute of Endocrinology, 116 94
Prague, Czech Republic, cInstitute of Endocrinology, 034 91
LubochÚa, Slovak Republic

Autoimmune thyroiditis with hypothyroidism is frequent-
ly accompanied with the symptoms of psychical disorders and
changes in lipid metabolism leading to atherogenic abnorma-
lities. Recent studies suggest that some neurosteroids1 and ho-
mocysteine2 are involved in the pathophysiology of both men-
tioned disorders. Homocysteine metabolism may be affected
by some steroids3. We were interested if the treatment of
hypothyroidism does have some effect on the above mentio-
ned factors.

We studied plasma concentrations of allopregnanolone,
pregnenolone sulfate, dehydroepiandosterone and its sulfate,
progesterone, estradiol and homocysteine in 15 patients (13
women, 2 men) from the first visit of a physician and during
the three monthsí treatment by levothyroxine. The steroids and
homocysteine levels were compared with those characterising
the thyroidal status (TSH, fT3, fT4 and antibody levels ATM
and ATG). The results were evaluated by two factor ANOVA
(Fig. 1) followed by factor analysis and Spearmanís correlati-
ons.

We have found a positive correlation between homocys-
teine and TSH and a negative correlation between homocys-
teine and fT3 and fT4. The steroids correlated negatively with
the levels of antibodies ATM.

The study was supported by the grant No. 4844 and 5398 of
the Internal Grant Agency of the Czech Ministry of Health.
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07 THE MEASUREMENT OF TOTAL
HOMOCYSTEINE AND RELATED THIOLS
IN BREAST CYST FLUID

JOSEF TOMANDLa, JAROSLAVA TALLOV¡a,
and MARTA äIMÕ»KOV¡b

aDepartment of Biochemistry, Faculty of Medicine, Masaryk
University Brno, 662 43 Brno, bMasaryk Memorial Cancer
Institute, 656 53 Brno, Czech Republic

Homocysteine, a thiol-containing amino acid, is the deme-
thylated derivative of the essential amino acid methionine. An
increased homocysteine level may reflect a disturbance of the
methionine metabolism. Mild hyperhomocysteinemia was re-
ported in cases of different cancer disease. Breast cancer cells
secrete a higher amount of homocysteine in in vitro experi-
ments1. The presence of homocysteine was also found in
ovarian cyst fluid2.

The measuring of cations (Na+, K+) in breast cyst fluid
allows the categorization of cysts into two major subsets (type
I and type II) that are associated with a different risk of later
developing cancer. Breast cancer develops mainly in those
women whose cyst fluid shows a Na+/K+ ratio lower than 4.0
(cyst type I)3. The fluid filling the cysts contains apart from
other things unusual amounts of thiols. There have been many
reports of the separation and measurement of methionine and
glutathione metabolites in plasma but not in cyst fluid samples.

The objective of this study was to assess and develop
a method to determine the cyst total thiol levels by using
HPLC and subsequently compare the concentrations of thiols
in both cyst types. Tributylphosphine was used for the reduc-
tion of thiols and ammonium 7-fluorobenzo-2-oxa-1,3-diazo-
le-4-sulfonate (SBD-F) was used as the derivatization agent.

Fig. 1. Concentrations of homocysteine, TSH, free T3 and free T4
during the treatment of hypothyreosis. The numbers on the x-axis
represent the months elapsed from the start of the treatment. The full
circles with whiskers represent the retransformed group means with
their 95 % confidence intervals. The empty circles symbolize the
experimental points
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The separation was performed on the reversed-phase column
(Luna C18, 250◊4.6 mm, 5 µm) using a linear gradient elution
with the mobile phase containing 0.1 mol.l-1 potassium pho-
sphate buffer (pH 6.0) and acetonitrile (100:1.5 and 100:10,
v/v) at a flow rate 1 ml.min-1. The method exhibited linearity
in the range sufficient for accurate determination of all follo-
wed thiols and was assessed to be sensitive, reliable a repro-
ducible for this purpose.

The breast cyst samples were divided according to the
distribution of the Na+/K+ ratio into two groups; type I (n = 10)
and type II (n = 4). Besides total homocysteine were measured
total cysteine, cysteinylglycine and glutathione concentrations
in breast cyst fluid. The concentration of homocysteine in the
cyst type I was significantly different compared to the cyst
type II (p<0.01). We have found significant correlations be-
tween homocysteine and the Na+/K+ concentration ratio, glu-
tathione, cysteinylglycine and the glutathione/cysteine ratio
(Spearman rs = ñ0.97, p = 0.03; rs = 0.96, p = 0.04; rs = 0.96,
p = 0.04 and rs = 0.99, p = 0.006, respectively) in the cyst type I.
We have found no significant correlations in the cyst type II.

To our knowledge this is the first report about homocystei-
ne and related thiols in breast cyst fluids. Our finding requires
further investigation to support the hypothesis, that hyperho-
mocysteinemia could be a possible predictor or promotor of
breast cancer development.
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08 PSEUDORABIES GROWTH FACTOR ñ
NEW INFORMATION ABOUT ITS
PHYSICO-CHEMICAL AND BIOLOGICAL
PROPERTIES
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Mammalian cells infected by several herpesviruses produ-
ce, under non-permisive conditions, into the cultivation media
trace amounts of the extracellular growth factors.

These novel factors, associated with herpesviruses, have
been shown to have two effects on in vitro cultured cells. While
the normal non-transformed cells cultivated in presence of
herpes virus related growth factors acquired the appearance of
transformed cells (ìcriss-crossî pattern of growth, the loss of

contact inhibition, colonies in soft agar), the phenotype of
cancer cells in vitro was repressed1. The various growth factors
can bee resolved in process of purification into two or three
biological active components2.

From  the group of growth  factors associated  with 10
different herpesviruses, the most interesting is the pseudo-
rabies growth factor ñ PRGF, namely its component A. This
growth factor shows a broad spectrum of biological activities
(manifested even in concentration range 10-12ñ10-18g.l-1) like:
1) daily weight increment of newly-born mice and rats up to
200 % in comparison to the control3; 2) the dual effect on the
cytoskeleton in normal human and transformed HeLa cells4;
3) the enhancement of multiplication and progesterone pro-
duction in granulosa cells5.

In our latest experiments we have observed that: 1) the
transforming activity of PRGF component A can be neutrali-
zed by one from the 26 antibodies directed against glycopro-
tein B of pseudorabies virus; 2) the process of transformation
of normal cells under influence of PRGFA is very rapid; it is
finished within one minute; 3) on maize corns it was detected
that PRGFA (tested in the concentration range 10-8 g.l-1 to 10-18

g.l-1) stimulated also the growth of plants. Maximal stimulati-
on was observed at concentration 10-15 g.l-1 and represented
39.7 % enlargement of the length of the roots during the first
48 hours of germination; 4) the dominant peak in the MALDI
mass spectrum, representing the active part of component
PRGFA, is the [M + H]+ ion m/z 867, which probably shows
a peptide character.
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09 EFFECT OF PSEUDORABIES VIRUS GROWTH
FACTOR (PRGF) ON EMBRYONIC
AND POSTNATAL DEVELOPMENT
OF JAPANESE QUAIL

DALMA LAMOäOV¡a and JURAJ GAäPERÕKb

aInstitute of Animal Biochemistry and Genetics, Slovak Aca-
demy of Sciences, Moyzesova 61, 900 28 Ivanka pri Dunaji,
bInstitute of Molecular Biology, Slovak Academy of Sciences,
842 51 Bratislava, Slovak Republic

Mammalian cells infected or transformed by pseudora-
bies virus produce pseudorabies virus growth factor (PRGF),
which have significant biological activities1,2. The effect of
PRGF on birds has not been investigated yet. Therefore the
aim of the present study was to investigate the effect of PRGF
on growth and development of Japanese quail. On the base of
experiments with PRGF and its separated components on
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newborn mice3 we used more active component of PRGF ñ
component A prepared by the procedure developed by Gaö-
perÌk4. In our experiments Japanese quails from our breeding
(IABG SASci, Ivanka pri Dunaji) were used.

The animals were divided to four groups with the same
mean  body weight and kept under whole daily light and
standard temperature conditions in one common box. A starter
feeding mash designed for broiler chickens (12.0 IU of meta-
bolizable energy/kg) and water were provided ad libitum.
Phosphate buffered saline (PBS) (50 µl) at pH 7.2 containing
103 U (10 ag), 106 U (10 fg) or 109 U (10 pg) of PRGFA was
injected subcutaneously on neck of one- to ten-day-old birds
daily. Control group of birds was given 50 µl of PBS. The body
mass of birds was determined daily. Ten-day-old animals
were decapitated. PRGFA administered subcutaneously daily
in three concentrations did not cause significant changes of
body mass during the first ten days of life of quails.

In experiments in vitro the primary culture of muscle cells
isolated from 10-day-old quail embryo were used. Fertilised
eggs of Japanese quail were incubated in a forced draught
incubator with automatic turning every hour at a temperature
37.5±0.2 ∞C. Cells were isolated by Konigsberg method5 and
seeded (2.25ñ3.0 million/dish) in DMEM on a 12-well plate
and grown at 37 ∞C in humidified incubator in air supplemen-
ted with 5 % CO2 for 24 h. After 24 h of preincubation, the
medium was replaced with fresh medium containing different
doses of PRGFA (103 U, 106 U, 109 U). The cells in control
groups were treated by medium only. The growth of cells was
evaluated: 2 h incorporation of [3H]leucine into protein and 18
h incorporation of [3H]thymidine into DNA6.

The muscle cells isolated from quail embryos and incuba-
ted in the presence of different concentrations of PRGFA
showed increased incorporation of labelled leucine into cell
protein. The highest incorporation was found in the presence
of the lowest concentration of PRGF (3.6-times higher com-
pared to control). The dose of 106 U of PRGFA increased the
incorporation of [3H]leucine 2.07-times and 109 U increased
2.6-times compared to control. The lowest dose of PRGFA
significantly increased the proliferation of muscle cells and
incorporation of labelled thymidine into DNA during 18 h.

In further experiments the influence of PRGFAon growth,
mortality and hatching of Japanese quail embryos was deter-
mined. The eggs with the same mean mass were chosen to
experiment (20 pieces in group). The same doses of PRGFA
(103U, 106U, 109U) as in previous experiments were injected
separately into the egg white at day 2 and 5 of incubation. The
doses of PRGFA were dissolved in 50 µl of PBS and next
injected into eggs. To both control groups 50 µl PBS were
injected. Eggs were incubated in a forced draught incubator
with automatic turning every hour at a temperature 37.5±0.2 ∞C.
Last two days of incubation we determined the hatching quails
every three hours and the mortality of not hatching embryos.
The hatched quails were divided into groups (in accordance
with doses of PRGFA and injection day) and kept under the
same conditions (standard temperature, 24 h light, water and
starter feeding mash designed for young turkey [12.0 IU of
metabolizable energy/kg] were provided ad libitum). Body
weight of animals was determined every day at the same time
of day.

PRGFA in doses 103 U and 109 U injected into egg white
at the 2nd day of incubation evoked increase of body weight

at hatching compared to control group. All doses of PRGFA
increased the body mass during the first ten days of life versus
control. However, injection of the same doses of PRGFAat the
5th day of incubation did not evoke changes of body weight ñ
either hatching weight or in the first ten days of life.

Surprisingly, quails treated by PRGFA at the 2nd and at the
5th day of incubation hatched earlier than control group. The
groups treated by 106 U of PRGFA hatched as first in both time
of injection. Injection at the 2nd day of incubation enhanced
hatching approximately by 6ñ8 hours and at the 5th day of
incubation by18 hours compared to control.

The mortality of embryos was similar in all groups during
embryonic development and after injection at the 2nd day was
higher than at the 5th day including control groups.

In conclusion our data indicate that PRGFA administered
(in vivo or in vitro) in embryonal period stimulates the prolife-
ration of muscle cells and growth of Japanese quail organism.
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10 äT⁄DIUM AKTIVITY NIEKTOR›CH
VYBRAN›CH AMINOPEPTID¡Z V
IMOBILIZOVAN›CH BUNK¡CH MAKU

J¡N STANOa, LADISLAV BILISICSb,
KAROL MI»IETAc, DANIELA K¡KONIOV¡b,
DESANA LIäKOVAb a L›DIA BEZ¡KOV¡d

aZ·hrada lieËiv˝ch rastlÌn, dKatedra molekul·rnej a subcelu
l·rnej biolÛgie lieËiv, Farmaceutick· fakulta UK, Odboj·rov
10, 832 32 Bratislava, bChemick˝ ˙stav Slovenskej akadÈmie
vied, D˙bravsk· cesta 9, 842 38 Bratislava, cKatedra botani-
ky, PrÌrodovedeck· fakulta UK, RÈvov· 39, 811 02 Bratislava,
Slovak Republic

Poznanie a zvl·dnutie techniky imobiliz·cie izolovan˝ch
buniek a enz˝mov je nevyhnutn˝m predpokladom rozvoja
biotechnolÛgiÌ, a preto sa v ostatn˝ch rokoch öt˙diu tohoto
problÈmu venuje zv˝öen· pozornosù. RastlinnÈ bunky prv˝-
kr·t imobilizoval v roku 1979 Brodelius so spolupracovnÌkmi.
Pri tejto imobiliz·cii pouûil hydrogel algin·tu sodnÈho1. Imo-
biliz·cia buniek alebo izolovan˝ch enz˝mov je veæmi dÙleûi-
tou cestou uchov·vania (stabiliz·cie) vysoko˙Ëinn˝ch kata-
lyz·torov (enz˝mov), dÙleûit˝ch pre biotransformaËnÈ pro-
cesy2. Pri imobiliz·cii buniek sa pouûÌvaj˙ hlavne hydrogÈly,
adhÈzia a kovalentn· v‰zba buniek na nosiËe, resp. imobi-
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liz·cia buniek glutaraldehydom3. RastlinnÈ proteolytickÈ en-
z˝my maj˙ dÙleûit˙ ˙lohu pri degrad·cii oligopeptidov a pro-
teÌnov, postranslaËnej modifik·cii proteÌnov a v ÔalöÌch pro-
cesoch. Aminopeptid·zy (EC 3.4.11) s˙ prÌtomnÈ v rÙznych
rastlin·ch.

V predloûenej  pr·ci sme zamerali svoju pozornosù na
enz˝mov˙ hydrol˝zu syntetick˝ch substr·tov: 4-fenylazofe-
nylamidov (PAP-amid) t˝chto aminokyselÌn L-Tyr, L-Ala,
L-Phe intaktn˝mi a imobilizovan˝mi suspenzn˝mi kult˙rami
buniek maku siateho (Papaver somniferum L.). Bunky maku
sa imobilizovali pomocou glutaraldehydu (vn˙tornÈ zosieùo-
vanie) a algin·tu v·penatÈho (obalovanie buniek gÈlom). V bun-
k·ch imobilizovan˝ch glutaraldehydom sa zaznamenala vy-
sok· aktivita tyrozÌndekarboxyl·zy, DOPA-dekarboxyl·zy,
invert·zy, ako aj galaktozid·z3. V bunk·ch imobilizovan˝ch
algin·tom je aktivita aminopeptid·z (AP) oveæa vyööia neû
v bunk·ch imobilizovan˝ch glutaraldehydom. Aktivita tyro-
zÌndekarboxyl·zy, DOPA-dekarboxyl·zy, invert·zy a galak-
tozid·z po imobiliz·cii glutaraldehydom ñ bifunkËn˝m Ëinid-
lom (prieËnym zosieùovanÌm) je v porovnanÌ s aktivitou ami-
nopeptid·z pomerne vysok·4. Pri imobiliz·cii L-Tyr AP, L-Ala
AP a L-Phe AP je vzhæadom na uvedenÈ skutoËnosti v˝hod-
nejöie obaæovanie buniek pomocou algin·tu v·penatÈho neû
prieËne zosieùovanie glutaraldehydom. AP ako aj niektorÈ
prote·zy sa mÙûu perspektÌvne vyuûiù pri biotransform·cii
farmaceuticky a potravin·rsky dÙleûit˝ch l·tok2,3,5.
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11 ANTIMYKOBAKTERI¡LNA AKTIVITA
BENZOTIAZOLOV…HO DERIV¡TU A11

JANA KORDUL¡KOV¡ a KATARÕNA MIKUäOV¡

Katedra biochÈmie, PrÌrodovedeck· fakulta UK, Mlynsk· do-
lina CH-1, 842 15 Bratislava, Slovensk· republika

NepostaËuj˙ca lieËba tuberkulÛzy v rozvojov˝ch kraji-
n·ch, zv˝öen˝ v˝skyt mykobakteriÛz s˙visiaci predovöetk˝m
s infekciou HIV a n·rast rezistentn˝ch mykobakteri·lnych
kmeÚov  s˙ v s˙Ëasnosti hlavn˝mi prÌËinami intenzÌvneho
v˝skumu nov˝ch antituberkulotÌk.

Antituberkulotick˝ ˙Ëinok benzotiazolov˝ch deriv·tov bol
popÌsan˝ uû v 70-tych rokoch, kedy sa po prv˝kr·t uk·zala ich
schopnosù inhibovaù rast pÙvodcu tuberkulÛzy, Mycobacte-
rium tuberculosis H37Rv. Na Katedre organickej chÈmie PriF
UK Bratislava bolo nasyntetizovan˝ch niekoæko deriv·tov
benzotiazÛliov˝ch solÌ (obr. 1), priËom u niektor˝ch z t˝chto
zl˙ËenÌn sa zistila antimykobakteri·lna aktivita v in vitro

podmienkach v tekutej pÙde. MykobaktÈrie s˙ vöak vn˙tro-
bunkovÈ patogÈny, schopnÈ preûÌvaù vo vn˙tri makrof·ga
hostiteæskÈho imunitnÈho systÈmu. V˝sledky in vitro testov
teda nie s˙ ovplyvnenÈ transportn˝mi mechanizmami buniek,
zmenou pH, chemickou modifik·ciou, Ëi in˝mi faktormi, kto-
rÈ zohr·vaj˙ v˝znamn˙ ˙lohu v in vivo podmienkach. Uvede-
nÈ benzotiazÛliovÈ soli sa preto testovali pomocou makrof·-
govÈho modelu, ktor˝ interakcie antibiotÌk s mykobaktÈriami
simuluje lepöie. Touto metÛdou sa potvrdila antimykobakte-
ri·lna aktivita l·tky oznaËovanej ako A11. Zamerali sme sa na
öt˙dium antimykobakteri·lnej aktivity tejto l·tky predo-
vöetk˝m na molekul·rnej ˙rovni.

Ako modelov˝ organizmus sa pouûil r˝chlo rast˙ci nepa-
togÈnny kmeÚ M. smegmatis mc2155. Uk·zalo sa, ûe v˝cho-
diskovÈ l·tky, kondenz·ciou ktor˝ch sa A11 pripravila a kto-
r˝ch ötrukt˙ra je identick· s Ëasùou ötrukt˙ry A11, ani moûn˝
vedæajöÌ produkt syntÈzy A11, mykobakteri·lny rast neinhibo-
vali. Antimykobakteri·lna aktivita A11 je teda podmienen·
celkovou ötrukt˙rou v˝slednej molekuly.

⁄Ëinok l·tky A11 na molekul·rnej ˙rovni sa ötudoval
pomocou metabolickÈho znaËenia rast˙cich mykobakteri·l-

Obr. 1. Z·kladn· chemick· ötrukt˙ra testovan˝ch benzotiazÛ-
liov˝ch solÌ
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Obr. 2. GÈlov· filtr·cia deacylovan˝ch lipoarabinoman·nov˝ch
frakciÌ na kolÛne (118◊1 cm) s n·plÚou Bio-Gel P 100. Na kolÛnu
sa nanieslo 120 000 dpm vzorky po hydrol˝ze v 0,1 M-NaOH (2 hod,
37 ∞C). ZbieranÈ frakcie mali objem 1,2 ml; a ñ LM/LAM frakcia kon-
trolnej kult˙ry; b ñ LM/LAM frakcia kult˙ry inhibovanej 100 µg.ml-1
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nych kult˙r, ktorÈ sa pestovali v prÌtomnosti rÙznych koncen-
tr·ciÌ A11 a 14C glukÛzy. Tieto bunky sa n·sledne frakciono-
vali, priËom sa pozornosù s˙stredila na zloûky unik·tne pre
mykobaktÈrie, ako s˙ lipidy, bunkov· stena, Ëi lipoarabino-
man·n ñ povrchov˝ antigÈn, ktor˝ zohr·va v˝znamn˙ ˙lohu
pri interakci·ch mykobaktÈriÌ s makrof·gom hostiteæskÈho
imunitnÈho systÈmu.

Najv˝znamnejöÌ ˙Ëinok l·tky A11 sa odhalil pr·ve vo
frakcii obsahuj˙cej lipoarabinoman·n (LAM) a jeho skr·ten˙
formu, lipoman·n (LM). Uk·zalo sa, ûe pÙsobenÌm A11 do-
ch·dza k znÌûeniu obsahu lipoarabinoman·nu. Tak˝to efekt
bol popÌsan˝ aj ako jeden z biochemick˝ch ˙Ëinkov v s˙Ëas-
nosti pouûÌvanÈho antituberkulotika etambutolu. Zatiaæ Ëo
vöak v prÌpade etambutolu sa predpoklad· inhibÌcia de novo
syntÈzy arabin·novej zloûky LAM, zd· sa, ûe A11 spÙsobuje
skÙr skracovanie molekuly, Ëo sa prejavuje spl˝vanÌm ökvrny
LAM a LM na polyakrylamidovom gÈle.

ZnÌûen˝ obsah a skr·tenie lipoarabinoman·nu pÙsobenÌm
A11 sa potvrdili gÈlovou filtr·ciou deacylovan˝ch LM, LAM
frakciÌ (obr. 2). Anal˝za monosacharidovÈho zloûenia frakciÌ
LM, LAM pomocou plynovej chromatografie pouk·zala na
v˝raznÈ znÌûenie obsahu arabin·novej zloûky lipoarabino-
man·nu.

Napriek ötruktur·lnej podobnosti arabin·novÈho motÌvu
lipoarabinoman·nu a arabinogalakt·nu nach·dzaj˙ceho sa v my-
kobakteri·lnej bunkovej stene, sa s˙Ëasn· inhibÌcia oboch
molek˙l nepozorovala.

Lipoarabinoman·n vykazuje öirokÈ spektrum imunomo-
dulaËn˝ch funkciÌ. Doterajöie öt˙die uk·zali schopnosù lipo-
arabinoman·nu z˙ËastÚovaù sa mnoh˝ch klinick˝ch prejavov
tuberkulÛzy. KeÔûe pÙsobenÌm A11 doch·dza k inhibÌcii ara-
bin·novej zloûky lipoarabinoman·nu pri koncentr·cii A11, pri
ktorej sa eöte inhibÌcia rastu nepozorovala, jednou z moûnostÌ
praktickÈho uplatnenia takÈhoto lipoarabinoman·novÈho in-
hibÌtora je vyuûitie A11 na in vivo öt˙dium imunologick˝ch
vlastnostÌ lipoarabinoman·nu. V s˙Ëasnosti sa l·tka A11 tes-
tuje ako potencion·lne antituberkulotikum na zvieracom mo-
deli.

12 IMMOBILIZED METAL ION AFFINITY
CHROMATOGRAPHY, REVERSED-PHASE HPLC
AND OTHER TECHNIQUES AS TOOLS
FOR STUDYING PHOSPHORYLATIONS

RADOVAN HYNEKa, JIÿÕ SAJDOKa,
MARK…TA TESAÿOV¡a, HANA VA“KOV¡b,
and JAN K¡äa

aDepartment of Biochemistry and Microbiology, Institute of
Chemical Technology, Technick· 5, 166 28 Prague 6, bDe-
partment of Pathological Physiology, 1st Faculty of Medicine,
Charles University, U nemocnice 5, 128 53 Prague 2, Czech
Republic

Phosphorylation of amino acid residues in proteins and
peptides is very significant posttranslational modification,
which plays important roles in living orgamisms. As an exam-
ple, it can serve for regulation of activity in various enzymes.
Changes in phosphorylation degree seems to be associated
with cancerogenesis in some cases1,2.

Model peptides were used for studying different possibi-
lities, which would allow easy identification and isolation of
phosphorylated peptides and proteins. For these purposes im-
mobilized metal ion affinity chromatography (IMAC), re-
versed-phase HPLC (RP-HPLC), ELISA technique and im-
munoblotting were used. The developed method, combining
IMAC and RP-HPLC, was applied to detect phosphorylation
degree in different samples of human pepsinogen A. Peptide
fragments of human pepsinogens A from various samples of
gastric mucosa, prepared  by  their cleavage with immobi-
lized α-chymotrypsin, were separated by this technique. Pep-
tides, containing phosphate group(s), were bound to ferric ions
(Fe3+) immobilized on iminodiacetate (IDA)-Sepharose 6B.
The attached phosphorylated peptides were then released with
phosphate buffer (pH 5.7). Reversed-phase high-performance
chromatography (RP-HPLC) was applied as the subsequent
step for the separation of individual phosphopeptides from the
mixture obtained by immobilized metal ion affinity chroma-
tography. Chromatographic pattern of pepsinogen A digests
from stomach mucosa of patients suffering with gastric cancer
were compared with chromatograms obtained from samples
of patients without cancer (with peptic ulcer). Significantly,
higher amount of phosphopeptides was found in  samples
obtained from patients with gastric cancer. Higher degree of
pepsinogen A phosphorylation seems to be associated with
gastric cancer. The developed method represents a reliable tool
for studying of phosphorylations of proteins. This technique
could serve potentially for early diagnosis of gastric cancer.

The support of this research provided by the Grant Agency of
the Czech Republic, grant no. 203/98/P201, GA »R is grate-
fully acknowledged.
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