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Meéreni redoxnich potencialii v rostliné a jejich vyznam
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Podstata metody
Redoxni potencial (RP) je méten vpichem pliskové nebo jehlové platinové elektro-
dy do pletiv. Srovnavaci elektrodou je nasycena kalomelova elektroda (+244 mV).

Shrnuti zakladnich praktickych postupi

Dno Petriho misky pokryt roztokem KCI nebo vodovodni vodou. Do drzaku upev-
nit nasycenou kalomelovou elektrodu, aby se jeji baze stykala s vodou. Zapnout métici
pristroj. Prepolarizovat o¢isténou Pt elektrodu slabym roztokem ferrikyanidu, oplach-
nout ji destilovanou vodou, vpichnout ji do pletiva a vlozit do Petriho misky. Nastavit
hodnotu ,,Data min.“. Hodnotu zapsat.

Co je tireba v laboratori

Pro méfeni jsou vhodné pH metry umoziiuji méfeni v oblasti mV nebo i technické
multimetry s dostate¢nou impedanci ( alesponi 10 Mohm) a funkci ,,Data hold* a ,,Data
min/max hold*.

Pracovni postup

Pokud je pletivo dostatecné tuhé jako hliza brambor, vpich se provede piimo. V listech
se méfeni provede tak, Ze listy se nejdiive svinou a elektroda se vpichne do svitku. Je
tteba dbat, aby pokud mozZno cela elektroda byla pokryta rostlinnym pletivem nebo
organem. Pak se méfeny objekt vlozi do Petriho misky, kde je malé mnozstvi roztoku
KCl (0.1%) nebo staci i béZzna vodovodni voda. Vrstva této vody musi pokryvat dno
Petriho misky, méfeny organ vSak nesmi byt pod vodou. Srovnavaci elektrodou je
nasycena kalomelova elektroda (+244 mV), ktera zasahuje do vody v Petriho misce.
Ponévadz zalezi na gradientech redoxnich potencialii, neni tfeba v prvni fazi namérené
hodnoty pfepocitavat.

Pfed méfenim je tieba platinovou elektrodu prepolarizovat ponotfenim do slabého
roztoku ferrikyanidu (cca 0,1%) a nasledné oplachnout destilovanou vodou. Koncent-
raci roztoku ferrikyanidu je teba volit tak, aby prepolarizovana elektroda méla hodno-
tu vyS$si nez je redoxni potencial pletiva. Po vpichnuti platinové elektrody zacne hod-
nota potencialu klesat, az na urcité¢ hodnoté se zastavi a pak potencial opét stoupa.
Tento spodni bod obratu se zaznamena jako RP pletiva. Pro méfeni jsou vhodné pH
metry umoznujici méfeni v oblasti mV nebo i technické multimetry s dostate¢nou
impedanci (alesponn 10 Mohm) a funkei ,,Data hold* a ,,Data min/max hold*.

Vyhodnoceni experimentalnich dat

Je tfeba vzit v vahu, ze RP se v rostlin€ méni v zavislosti na ontogenesi a vlivem
vnéjSich podminek. V rostlin€ existuji vyrazné gradienty redoxniho potencialu, napf.
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mezi jednotlivymi listy na stéble obilnin, v ramci jednoho listu i v rdmci jednoho orga-
nu. Tak u bramborové hlizy maji povrchové partie RP vysoky (nad +100 mV), vnittek
hlizy RP pod + 100 mV. I v rdmci téchto partii jsou rozdily v RP, napt. podle blizkosti
ocek. RP je ovlivnén predevsim vSemi vlivy, které ovliviiuji dychéni organd. Napf.
ponoieni bramborové hlizy do vody vede k vyraznému poklesu RP v povrchovych
partiich. RP kolisa béhem dne: u listii obilnin béhem dne jsou hodnoty RP prikazné
nizsi nez v noci. RP je vyrazné€ ovliviiovan teplotou, vyZzivou, regulétory riistu jako je
napt. CCC, vadnutim atd. Proto pro méfeni je tieba vybirat organy nebo jejich Casti ze
stejnych podminek. Zpravidla stac¢i 10 méteni a vypocet sttedni chyby priméru.

Zhodnoceni finanéni a ¢asové narocnosti

Samotné méteni je malo finanéné naro¢né. Vhodné pH metry jsou zpravidla v labo-
ratofich bézn¢ dostupné. Cena vhodnych multimetra se pohybuje do 5 tis. K¢. Kombi-
nované platinové elektrody se pro tento typ métfeni nehodi. Délené redoxni elektrody
byvaji u nékterych vyrobcti dosazitelné (platinova stoji cca 2 tis. K¢, ale 1ze je amatér-
sky zhotovit zatavenim Pt pliSku nebo dratu do sklenéné trubi¢ky nebo do nastavce pro
automatické pipety).

I kdyZ samotné méfeni neni finan¢né naro¢né, dasledky vysledkii méteni vyzaduji
spolupraci tymu specialistl z biofyziky, biochemie a fyziologie rostlin. Pfedevsim bude
tteba identifikovat prislusné vysoce specializové nosice elektronti (musi jich byt tolik,
aby pokryvaly vSechny rostlinné druhy a odridy). Déle bude tieba experimentalné
dokazat nebo vyvratit hypotézu, Ze v Zivé burnce neni volny kyslik.

Casova naro¢nost. Ziskani dolniho bodu obratu trva u nékterych objektt jen 1 mi-
nutu, jindy trva déle. Co zabere Cas, je informovanost experimentatora o gradientech
RP v pfislusné rostliné. Pokud by experimentator nebral v ivahu gradienty RP a vliv
vnéjSich podminek, pak dostane velky rozptyl a nepouzitelné vysledky.

Uskali metody

Metoda byla vyvinuta v souvislosti s hledanim podstaty odolnosti rostlin proti ob-
ligatnim parazitiim ( v prvni f4zi na modelu proménlivé odolnosti obilnin k padli trav-
nimu na obilninach). Tato odolnost je charakterizovana 1. gradientem choroby na rostli-
n¢, 2. zménou nachylnosti organt rostliny béhem ontogenese a riistu, 3. rozdilnou na-
chylnosti jednotlivych bunék leZicich blizko sebe, 4. relativné rychlou zménou odol-
nosti i béhem né¢kolika hodin.

Jestlize byly stanoveny vlastnosti této odolnosti, bylo jasné, Ze odolnost nemuze
spocivat v né¢jaké zivin€ nutné pro parasita, ale v né¢jakém velmi dynamickém faktoru.
Postupné byla pozornost soustfedéna na zmény biofyzikalnich stavi, pfedevsim na
redoxni potencial a pH.

Tipy a triky

Samotné méreni redoxniho potencialu je pomérné jednoduché a nenaro¢né na pii-
strojové vybaveni. Je vhodné i pro studenty a amatéry. Hodnot redoxniho potencialu
l1ze okamzité vyuzit v kombinaci s klasickymi metodami experimentalni morfologie
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pro studium translokace ristovych latek a pro nové pojeti celistvosti rostliny, kde
zékladem jsou gradienty RP. Prozatim bylo dokazano, ze IAA je translokovéan do ob-
lasti vysokého RP.

Pro prvni méfeni na uvedeni do metodiky je vhodné pouzit duznatd pletiva jako jsou
hlizy brambor.

Redoxni potencial 1ze v nékterych ptipadech méfit i neinvazivni metodou, tedy
ve vodném prostiedi, aniz by se elektroda vbodla do pletiva. Nechaji se naklicit obilky
jecmene nebo psenice tak, aby délka kofenti byla cca 5 mm. 10 g takovych obilek se
prelije prevaifenou destilovanou vodou, aby vSechny obilky byly ponofeny ve vodé.
Do kadinky k obilkdm se upevni kyslikova elektroda, platinova a kalomelova elektro-
da. Béhem cca 10 minut nakli¢ené obilky spotiebuji pifi laboratorni teploté vSechen
kyslik a redoxni potencial z hodnoty kolem +100 mV (hodnota bez pfepoctu na poten-
cial nasycené kalomelové elektrody) klesne za 30 minut na hodnotu —500 az —550 mV.
Pti nizsi teploté a pfi mensi Zivotnosti kofent redoxni potencial klesa pomaleji (az
n€kolik hodin).Pokud je do kadinky pfidano na zacatku pokusu nékolik krystal
Ca(NO,), nebo KNO,, pak k hlubokému poklesu redoxniho potencialu nedojde. Tento
ucinek nema siran amonny nebo moc¢ovina. Z tohoto pokusu Ize odvozovat, Ze nosice
redoxniho potencialu pomérné rychle a snadno pronikaji z pletiv kofent a klicku do
vodného prostiedi a Ze rostlinna pletiva mohou vyuzivat pro aerobni dychéni dusi¢na-
novy anion. Dale bylo zji$téno, Ze pti delSim uchovavani nakli¢enych obilek pod vodni
hladinou jiz redoxni potencial dal neklesé. Co je tato hodnota =500 az —550 mV? Pti
prepoctu na potencial srovnavaci elektrody se dostaneme k hodnoté —256 az 306 mV.
V této oblasti by mél lezet podle nékterych tabulek redoxni potencial NAD/NADH,
tedy pocatek dychaciho fetézce.

Srovnani s alternativnimi metodami

Nejsou mi zndmy prace o redoxnich potencidlech méfené touto metodou. V drce-
nych pletivech rostlin se pokouseli zjistovat RP v Jen¢ (Rumeni 1954) s pouZitim re-
doxnich barviv. Tato metoda se neosvédcila, protoze zakladem RP je dychani intaktni
bunky. RP vznika jako vysledek aktivity dehydrogenas a terminalni oxidace. Pokud
aktivita dehydrogenas pievysSuje aktivitu terminéalnich oxidas, RP klesa a obracené. Po-
drobn¢ji byla ptedloZena metoda a vysledky s ni dosazené jiz zvetejnéna (Benada 1997
a 1998).
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Dalsi doporucéena literatura
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Imunochemické metody v cytopathologii rostlin

MICHAELA SEDLAROVA 2, PAVLA BINAROVA 2, ALES LEBEDA !
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Odpovéd’ rostliny na pathogenni agens zacina aktivaci gend odpovédnych za synté-
zu obrannych latek jiz nékolik minut po navéazani kontaktu rostliny a pathogenu. Nésle-
duje fada strukturnich i biochemickych zmén, jejichZ rozsah resp. rychlost zavisi
na povaze interakce. Jednou z nejrychlejSich je i prestavba cytoskeletalnich struktur.
Cilem této prace je upozornit na nékteré metodické problémy, které provazely vyzkum
modifikace cytoskeletu u systému Lactuca spp.-Bremia lactucae (ptivodce plisné sala-
tové) béhem 48 h po inokulaci (Sedlarova ef al. 1999).

Pti mikroskopickém studiu dynamiky zmén probihajicich v infikovanych bunikach
jsme postaveni pied nutnost kombinace klasickych metod tak, aby bylo vyvazeno zob-
razeni struktur jak rostliny, tak i pathogenu. Nejvyznamnéjsi je to u ranych fazi patho-
genese — pred penetraci a kratce po ni, kdy jsou zmény na bunééné urovni mélo napad-
né. Pro vizualizaci hyf a infek¢nich struktur B. lactucae pomoci svételné mikroskopie
se pouziva anilinovd modf (Lebeda et Reinink 1991), ktera se vaze k p-1,3-glukanu
(pouziva se i k detekci depozice kalosy, v UV zluty signal). Imunocytochemické tech-
niky zahrnuji fadu dil¢ich krok, pfi¢emz kazdé promyvani snizuje i tak malou pravdé-
podobnost nalezeni kli¢ici spory. LepSich vysledki je moZzno dosahnout zvySenim kon-
centrace inokula a jeho objemu aplikovaného na jednotku plochy pletiva (listu) (Lebeda
1986).

Pro umoznéni vstupu imunofluorescen¢nich sond do bun€k je barveni nej¢astéji pro-
vadéno na fezech, bunkach suspenznich kultur nebo jsou pouzivany techniky mikroin-
jekce. Zadny z vy$e zminénych postupi viak nebyl vhodny pro studium mikrotubult a
mikrofilament v epidermalnich burnikach v primarnich fazich vyvoje pathogenu, kdy je
nutno zachovat integritu pletiva.

Pro vy$e uvedené vyzkumné cile byla propracovana metoda fluorescen¢niho znace-
ni mikrotubuli pomoci imunolokalizace a-tubulinu na bloccich pletiva (Binarova et al.
1994). Jako optimalni se jevi blo¢ky cca 1x1 mm. Pro naruseni bunécnych stén byla
pouzita enzymova smes (Binarova et al. 1996) a infiltrace latek do pletiv byla zvySena
inkubaci ve vakuu (fixace, barveni primarni a sekundarni protilatkou). Piekazkou de-
tekce fluorescencniho signalu se vSak stal vysoky stupei autofluorescence chlorofylu,
ktery je v listech salatu a locik hojn¢ zastoupen. Na tinosnou miru se podatilo tento
signal snizit extrakci barviva ethanolovou fadou, methanolem pii —20°C Pro detekci
aktinovych filament byla modifikovana pfima imunofluorescen¢ni mikroskopicka tech-
nika pomoci barveni rhodaminem-phaloidinem v Zivych bunkach. Epidermis z abaxialni
strany listu byla sloupnuta a ihned na skle barvena barvici smési (Binarova ez al. 1996).
Pozorovani néasledovalo ihned 2-3 h po nabarveni. Metoda stripti pokozky je vhodna
i pro detekci fenolickych latek (nepublikovano) pfipadné¢ jiné metody, kde barveni pro-
biha pfimo na podloznim skle a neni nutné promyvani nebo jina drastickd manipulace
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s objektem.

Tento vyzkum byl realizovan diky podpote projektti: Vnitini granty UP pro rok
1998 (&. 31 90 30 04); MSMT ,.Stresova a pathologicka biologie, biochemie a bioener-
getika rostlin® (J14/98:N70000010) a ME125 Kontakt (Rakousko-Cesky program pro

spolupraci).
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Detekce viru Zluté nekrotické Zzilkovitosti Fepy in situ
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Detegovat rostlinné viry v pletivech je mozné kvantitativné nebo kvalitativné. Pro
pouhé potvrzeni pfitomnosti viru v rostlin€¢ se nejcastéji pouziva ELISA, elektronova
mikroskopie nebo PCR, pro kvantifikaci viru pak vétSinou ELISA. Potfebujeme-li vSak
napft. hodnotit rezistenci hostitele k viru, je uzite¢né doplnit sledovani obsahu viru o jeho
lokalizaci, coZ je mozné jednak v ramci cel€ rostliny pomoci otisku jednotlivych ¢asti
rostliny na nitrocelulosovou membranu a déale pak mikroskopickym pozorovanim na
fezech. Vzhledem k velikosti rostlinnych virt (desitky az stovky nm) je mozné detego-
vat jejich pritomnost svételnym mikroskopem az po jejich imunochemickém znaceni.
Ob¢ metody jsou zaloZeny na detekci obalového proteinu viru pomoci specifickych
polyklonalnich protilatek.

Virus zluté nekrotické Zilkovitosti fepy (beet necrotic yellow vein virus — BNYVV)
je puvodcem nebezpecného karanténniho onemocnéni cukrovky, zvaného rhizomanie.
Virus se reprodukuje témér vyluéné v kofenech a jeho pifenos zajist'uje pidni mikroor-
ganismus Polymyxa betae. Pro hodnoceni rezistence kultivarti cukrovky jak k samot-
nému viru tak k pfenaseci Ize pouzit imunolokalizaci viru v kofenech rostlin na makro-
skopické a mikroskopické urovni.

Imunolokalizace BNYVV na fezech kofenu

Modifikovany postup podle Dewitte et al. (1999), BeneSe (1973) a Votrubové et al.
(1987) se sklada z nasledujicich krokii:

Neni-li uvedeno jinak, jsou jednotlivé kroky provadény pii pokojové teploté.

* rychly odbér materialu
+ fixace (fixdz: 3% (hm./obj.) paraformaldehyd v PBS - 0,5 h vakuova infiltrace,
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pak jeste ponechat ve fixazi 2,5 h pti 4°C). PBS (135 mM NaCl, 2,7 mM KCl, 1,5
mM KH,PO,, 8,0 mM K HPO,, pH 7.2)

» vypirani fixaze v PBS, 4°C (nejlépe pies noc)

» postupné pievedeni vzorkili do roztoku sacharosy v PBS (0,11M, 0,22M, 0,44M,
0,88M a 1,76M vzdy 12-24 h, 4°C), dobie prosycené vzorky klesaji ke dnu

* nafezani vzorkd na zmrazovacim mikrotomu (fezy 6-8 um) a nasbirani fezli na
podlozni skla

» prevedenitezi z 1,76M sacharosy v PBS do PBS: 0,88 M; 0,44 M; 0,22 M; 0,11 M
sacharosa v PBS; vzdy 10 min; oplachnuti PBS, 2 x 5 min

* oplachnuti TBS, 1 x5 min (TBS: 50 mM Tris, 150 mM NacCl, pH 7.6)

* TBS + 1% (obj./obj.) Triton X-100, 30 min

* oplachnuti TBS, ptikryti skel specidlnimi krytkami pro imunodetekci (Shandon) a
proplachnuti TBS (2,5 ml/sklicko), 2 x 4 min

* blokovani T*S4 (100 ul/skli¢ko), 3 x 20 min, (T*S4: 20 mM glycin, 0,2% (obj./obj.)
CWEFSg (cold water fish skin gelatin), 0,1% (obj./obj.) Tween 20, 4% (obj./obj.)
ovCi sérum v TBS)

* inkubace s primarni protilatkou v T*S4 (krali¢i protilatka proti BNYVYV, fedéni
1:100, 100pl/sklicko), 4°C, pies noc

* oplachnuti TBS (2,5 ml/skli¢ko), 5 x 4 min

* inkubace se sekundarni protilatkou v T*S4 (ov¢i protilatka proti krali¢i znacena
alkalickou fosfatasou, fedéni 1:100, 100ul/sklicko), 2 h

* oplachnuti TBS (2,5 ml/skli¢ko), 5 x 4 min

* oplachnuti v AP-P (2,5 ml/skli¢ko), 3 x 4 min (AP-P - pufr pro alkalickou fosfata-
su: 100 mM Tris, 2 mM MgCl,, pH 9.5)

* inkubace se substratem NBT/BCIP v AP-P (500ul/sklicko), 10 min (NBT/BCIP
v AP-P: 0,37 mM NBT a 0,35 mM BCIP v AP-P)

* oplachnuti v2 mM EDTA v TBS (2,5 ml/skli¢ko), 5 min

+ fixace 2,5% (obj./obj.) glutaraldehydu v TBS (2,5 ml/sklicko), 2 x 10 min

* oplachnuti deionisovanou vodou (2,5 ml/skli¢ko), 3 min, sejmuti krytek, dalsi
inkubace skli¢ek opét v kyveté; deionisovanou vodou 2 x 3 min

* odvodnéni fezli alkoholovou fadou a xylénem (ethanol 50%, 70%, 96%, 96%,
100%; Xylen I, IT) po 5 minutach

» zamontovani preparatu do média DPX Mountant for histology (Fluka)

* pozorovani vysledku v mikroskopu.

Fialové zbarveni indikujici pfitomnost obalového proteinu BNYVV bylo pozorova-
no zejména ve stitednim valci, ale i v primérni kiife a v epidermis. Obarvené byly i nékteré
trvalé spory ptenasece (cystosory), vétSinou vsak zbarveni s vyskytem cystosort neko-
lokalizovalo.

Imunolokalizace BNYVYV na otiscich korenu

Metoda otisku pletiv na membranu umoziuje lokalizovat virus v jednotlivych
¢astech rostliny. Je zaloZena na pfeneseni $t'avy na nitrocelulosovou membranu, detek-
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ci obalového proteinu viru pomoci specifickych protilatek a chromogenni, ptipadné
luminiscencni, visualizaci (Hsu a Lawson 1991, Kaufmann ez al. 1992, Kastir - Bunde-
sanstalt fiir Ztichtungsforschung an Kulturpflanzen Institut fiir Resistenzforschung und
Pathogendiagnostik, Aschersleben — tstni sd€leni).

Postup se sklada z nasledujicich krokii:

» navlhceni nitrocelulosové membrany (Hybond C+, Amersham Biotech) v PBS a
rozprostfeni kofenli na membranu

 dutkladné povaleni membrany s kofeny umisténé mezi filtraénimi papiry fotogra-
fickym valeckem (asi 1 min)

* usuSeni membrany na vzduchu

» vyblokovani volnych mist na membrané 3 % hovézim sérumalbuminem v PBS,
lh

 inkubace membrany s primarni krali¢i protilatkou proti BNYVV (pouzité fedéni
1:300) v blokovacim roztoku, 2 hodiny pfi pokojové teploté

» oplachnuti membrany PBS, 2 X 5 min

* inkubace se sekundarni ov¢i protilatkou proti krali¢i konjugovanou s alkalickou
fosfatasou v PBS (pouzité fedéni 1:200), 1 hodinu pii pokojové teploté

* oplachnuti membrany v PBS 2 x 10 min a v substratovém pufru pro alkalickou
fosfatasu (viz vyse), 1x 10 min

* visualizace po ptidani substratu (viz vyse)

Na membrané obvykle zistava patrny cely otisk kotfene a ¢asti kofenli obsahujici
virus jsou temn¢ fialové zabarveny.

Vybaveni laboratoie a zhodnoceni finané¢ni a ¢asové naroc¢nosti

Kromé béZzného vybaveni je potfebny zmrazovaci mikrotom, svételny mikroskop a
fotograficky valecek.

Finan¢né€ naro¢né jsou piedevsim primarni a sekundarni protilatky a dale pak nitro-
celulosova membrana, které je pomérné velka spotieba.

Ptiprava mikroskopickych preparatt trva nejméné 7 - 10 dni. Na provedeni otiskt
sta¢i pouze jeden den.

Literatura

Benes, K. 1973. - Biol. Plant. 15 (1): 50-56

Dewitte, W., Chiappetta, A., Azmi, A., Witters, E., Strnad M., Rembur, J., Noin, M., Chriqui, and
Van Onckelen, H. 1999. - Plant. Physiol. 119: 111-121

Hsu, H.T., Lawson, R.H. 1991. — Plant. Dis. 75: 292-295

Kaufmann, A., Koenig, R., Lesemann, D.-E. 1992. — Arch. Virol. 126: 329-335

Votrubova, O., Rovenska, B., Pazourkova, Z., Pazourek, J. 1987. - Mikroskopicka technika pro
biotechnology a sSlechtitele. Vysoka Skola zemédélska, Fakulta agronomicka, Praha.

265



V. CENKLOVA et al.

v-Tubulin v acentrosomalnich rostlinnych bunkach

ViERA CENKLOVA!, DENISA DRYKOVAZ, BETTINA HAUSE?, PAVEL DRABER?, PAVLA BINAROVA?
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y-Tubulin, znamy jako obecna soucést center pro organizaci mikrotubuld u vSech
dosud studovanych eukaryotickych organismu, kolokalizuje u vyssich rostlin se vSemi
mikrotubularnimi strukturami vyskytujicimi se v priabéhu bunééného cyklu. V nasi la-
boratofi se snazime o bliZsi charakterizaci tohoto proteinu pomoci fady biochemickych
technik a pomoci immunofluorescence. Bylo prokazano, ze nejvétsi ¢ast y-tubulinu je
pritomna v cytoplasmé a pouze minoritni ¢ast se vyskytuje v jadrech. Nase vysledky
naznacuji, Ze rostlinny cytoplasmaticky y-tubulin se vyskytuje s nejvétsi pravdépodob-
nosti, podobné jak je to znamo u jinych organismii, ve form¢é komplexi s dal$imi pro-
teiny.

v-Tubulin byl lokalizovan nepifimou imunofluorescenci v jadrech u nékolika rostlin-
nych druht (Vicia faba, Medicago sativa, Pisum sativum, Zea mays, Hordem vulgare a
Picea abies). Detailni lokalizace y-tubulinu v jadrech a na chromosomech byla analy-
zovana pomoci konfokalni mikroskopie a srovnavana s lokalizaci kinetochorového mar-
keru — fosfoepitopu rozeznavaného protilatkou MPM-2. Vysledky potvrdily pfitom-
nost y-tubulinu v pre-kinetochorové oblasti, ale y-tubulin se vyskytoval také v jinych
oblastech jadra - v té€sné blizkosti kondenzovaného chromatinu. Ovlivnéni izolovanych
jader DNasou, s naslednou imunolokalizaci potvrdilo, Ze y-tubulin je v jadie asociovan
s chromatinem. Chaotropni latky (napt. KI) zcela odstranily y-tubulin z jader a pfi vys-
Sich koncentracich byla vyrazné poskozena struktura jader. Immunodetekce g-tubuli-
nu na blotech potvrdila nejvyssi mnozstvi tohoto proteinu v jadrech v G2 fazi bunécné-
ho cyklu.

Binarova P., Cenklova V., Hause B., Kubatova E., Lysak M., Dolezel J., Bogre L., Draber P.: Nuclear
y-tubulin during acentriolar plant mitosis. Plant cell 12/3: 433-442, 2000
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Metody nasobného znaceni cytoskeletalnich struktur
ve fluorescen¢ni mikroskopii

EDUARDA DRABEROVA

Ustav molekularni genetiky AVCR, Videiiska 1083, 142 02 Praha 4,
tel.: 02/475 26 30, email: drabere@biomed.cas.cz

Nasobné fluorescenéni techniky umoznuji urcit vzajemnou lokalizaci proteinti v ramci
jedné bunky ¢i tkan¢. Nejcastéji jsou uzivané techniky imunofluorescenéni zalozené na
konjugaci fluorescencnich latek se specifickymi protilatkami. Imunofluorescen¢ni me-
tody pak mohou byt kombinovany s fluorescen¢nimi latkami, které se specificky zabu-
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dovévaji do bunéénych organel (jadro, endoplasmatické retikulum, Golgiho aparéat
apod.). Fluorescen¢ni latky — fluorofory - absorbuji svétlo o urcité vinové délce (ab-
sorpéni nebo téz excitani vinova délka) a emituji jinou, vyssi vinovou délku svétla
(emisni vinova délka). Jestlize jsou tyto latky osvétleny pfi excita¢ni vinové délce a
prohliZeny ptes filtr propoustéjici pouze svétlo o emitované vinové délce, 1ze pozoro-
vat sviceni na tmavém pozadi. Specifické protilatky vykazuji vazbu pouze na urcity
protein, proti kterému vznikly. Navazanim fluoroforu na protilatku vzniké sonda, ktera
oznaci pouze sledovany protein. V soucasné dob¢ jsou komeréné dostupné desitky flu-
oroford s emisi v rizné ¢asti spektra. Toho vyuzivaji metody nasobnych fluorescenc-
nich znaceni, kdy je za pomoci riznych fluoroforti soucasné sledovana distribuce dvou
i vice proteinti. K vyhodnocovani fluorescencnich preparata se pouziva fluorescencni
mikroskop, ktery je na rozdil od normalniho svételného mikroskopu vybaven silnym
zdrojem svétla (nejcastéji rtutova vybojka) a vhodnou soustavou filtrd, v piipad¢ pre-
paratii o vetsi tlousce je 1épe pouzit mikroskop konfokalni.

Cytoskelet je sit’ proteinovych vlaken, prostupujicich cytoplasmu vSech eukaryont-
nich bunék. Tvofi ho tfi typy filament - mikrotubuly, mikrofilamenta a stfedni filamen-
ta, lisici se stavebnimi proteiny i morfologii. Zakladni stavebni komponentou mikrotu-
bult je protein tubulin, mikrofilamenta jsou tvofena aktinem a pro stiedni filamenta
existuje n€kolik typti zakladnich stavebnich proteint, které vykazuji sekvenéni homo-
logii a jejichZ vyskyt je tkanove specificky (Kreis a Vale 1999).

Pracovni postup
Fixace

Zékladem ptipravy vzorkl pro imunofluorescen¢ni detekci je umoZznit molekulam
protilatek proniknout ke sledovanym strukturdm a pfitom struktury co nejlépe zacho-
vat. Jako fixativa se nejcastéji uzivaji roztoky formaldehydu nebo glutaraldehydu v pufru,
ktery sledované struktury stabilizuje. Pokud jsou sledované struktury uvnitt bunky, je
nezbytné penetrovat membranu. Nejcastéji se uzivaji neiontové detergenty jako je napf.
Triton X-100, Saponin nebo Nonidet P-40. V nékterych ptipadech je vhodné pouzit
fixaci methanolem pii -20°C, ktera byva casto doplnéna fixaci acetonem. Pfi téchto
fixacich jsou membrany rozldmany mrazem. U rostlinnych bunék komplikuje pfipravu
preparati bunécna sténa, kterou je tieba enzymaticky natravit (Smertenko ez al. 1997).
Extrak¢ni a fixaéni podminky jsou voleny tak, aby byly vSechny sledované struktury
zachované, dostupné pro pouzité protilatky, a aby soucasné byly zachovany antigenni
determinanty rozpoznavané danymi protilatkami. Reaktivita mnoha protilatek zavisi
prave na fixacnich podminkach ( Herzog ef al. 1994). Vybér spravné fixace je zvlaste
dualezity pti pouziti monoklonalnich protilatek, které rozpoznavaji pouze jeden epitop
sledovaného proteinu (Draber ef al. 1989). Pro nasobna znaceni cytoskeletalnich struk-
tur bun¢k tkanovych kultur se ndm nejvice osvédcila extrakce 0,2% Tritonem X-100 a
fixace 3% formaldehydem v pufru stabilizujicim mikrotubuly (Dréberovéa a Draber,
1993).
Pozn.: Aby se zabranilo nezadoucim nespecifickym vazbam protilatek na fixovany ma-
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terial, je 1épe ptipravit Cerstvy formaldehyd rozpusténim paraformaldehydu a glutaral-
dehyd pouzivat v Cistoté pro elektronovou mikroskopii.

Vlastni znaceni

K detekci proteint miize byt pouzivana pfima imunofluorescence, kdy je pro-
tilatka rozpoznavajici studovany protein pfimo konjugovana s fluoroforem. Kon-
jugace protilatek je vSak ndro¢na a mnohé protilatky (zejména monoklonalni)
ztraceji po konjugaci svoji schopnost vazat se na antigen. Proto se ¢astéji pou-
ziva imunofluorescence nepiima, pfi které je prvni protilatka detegovana dru-
hou znacenou protilatkou. Komeréné¢ dostupné jsou protilatky proti imunoglo-
bulintim riznych zivoc¢iSnych druhti konjugované s rtiznymi fluorofory. Jestlize
jsou pfi nasobném znaceni pouzity primarni protilatky pfipravené v rtznych
zivociSnych druzich (napf. mys$i monoklonalni protilatka a krali¢i polyklonalni
protilatka), jsou k jejich detekci uzity druhové specifické protilatky znacené
raznymi fluorofory. K ndsobnému znaceni je mozné vyuzit i dvou mysSich mo-
noklonalnich protilatek raznych tfid (napf. IgG a IgM) a detegovat je tfidné¢-
specifickymi anti-my§imi protilatkami. Nékdy je vyhodné konjugovat primarni
protilatky s biotinem a nasledné je detegovat znacenym avidinem nebo jeho
derivaty (streptavidin, extravidin). Pfi ndsobnych znac¢enich je mozné vySe uve-
dené postupy kombinovat (Draberova a Draber 1999).
Pozn.: Vzdy je nezbytné provést kontroly prokazujici, Ze samotné sekundarni
protilatky (ptfipadné znaceny avidin nebo jeho derivaty) nevykazuji vazbu na
vzorek, ze kazd4 primarni protilatka reaguje v nadsobném znaceni stejné, jako
kdyz je pouzita samostatné¢ a konecn¢ je nezbytné ovétit, Zze druhové-specifické
(ptipadné tfidné-specifické) protilatky nereaguji s imunoglobuliny jinych dru-
hua (pfipadé t¥id) uzitych v daném systému.

Vyhodnoceni prepardtii

Vybér fluoroforti zavisi na sestavé filtri dostupnych pro dany mikroskop a
na citlivosti detekéniho systému. Emisni spektra vybranych fluoroforti by se
m¢éla prekryvat co nejméné. Protoze jednotliva fluorescenéni sviceni nesmi pie-
svécovat do sestavy filtrti uréenych pro fluorofor s jinym emisnim maximem,
pouzivaji se k nasobnému znaceni filtry s uzkou pasmovou propustnosti. Cim
uzsi je vSak pasmova propustnost filtru, tim mensi je intenzita sviceni. Pfiklady
fluorofort uzivanych pro nasobné znaceni jsou uvedeny v tab. 1. Znaceni jed-
notlivymi fluorescenénimi sondami je prohliZeno pies odpovidajici sestavu fil-
trii. Vybrané pole maze byt fotografovano pro kazdy fluorofor zvlast na ¢erno-
bily film nebo dohromady na barevny film ¢i diapozitiv (ndsobné expozice do
jednoho policka filmu). Nevyhodou této metody je pomérné mald Gspésnost,
snimky byvaji barevné nevyvazené, se svétlym pozadim. Mnohem efektivné;jsi
je sejmuti zatfeni jednotlivych fluorofori CCD kamerou a slozeni takto ziska-
nych poli do jednoho obrazku.
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Tab. 1. Charakteristika n€kterych fluoroford, uzivanych pro nasobna znaceni
* Nazvy a zkratky fluoroforti jsou psany tak, jak je uvadéji anglické katalogy

Fluorofor* Exita¢ni/Emisni max. (hnm) Barva Pouziti
Aminomethylcoumarin, AMCA 350/450 modra znaceni protilatek
Cyanine, Cy2 492/510 zelena znaceni protilatek
Fluorescein isothiocyanate, FITC 492/520 zelena znaceni protilatek
Tetramethylrhodamine, TRITC 555/580 cervena znaceni protilatek
Lissamine rhodamine B 570/590 Cervena znaceni protilatek
Texas Red, TR 596/620 éervena znaceni protilatek
Indocarbocyanine, Cy3 552/565 Cervena znaceni protilatek
Indodicarbocyanine, Cy5 650/670 Cervena znaceni protilatek
DAPI 359/460 modra znaci DNA
HOECHST 33258 365/465 modra znaci DNA
Ethidium bromide 518/605 cervena znaci DNA, RNA
Propidium jodide 535/617 cervena znaci DNA, RNA

Pozn: Pro dvoji imunofluorescencni znaceni se ¢asto pouzivaji tyto kombinace: FITC/
TRITC, FITC/TR, Cy2/Cy3, FITC/Cy3. Protilatky konjugované s AMCA se vétSinou
uzivaji az pfi vicenasobném znaceni, protoze tento fluorofor neni pfili§ silny a velmi
rychle se vysvécuje (podobné¢ se chovaji i dalsi fluorofory s absorpci v ultrafialové ¢asti
spektra, které se uzivaji pro imunodetekci). K detekci pomoci AMCA je vybiran pro-
tein, ktery se da nejsnaze detegovat, zatimco pro detekci minoritniho proteinu je vhod-
ny napft. Cy3, ktery je velmi silny a jeho vysvécovani je minimalni. Cy5 neni viditelny
lidskym okem, proto nemize byt pouZzit pro pozorovani v konven¢nim fluorescen¢nim
mikroskopu. Vyhodny je vSak pro nasobna znaceni pfi pozorovani v konfokalnim mi-
kroskopu, ktery neni vybaveny laserem pro ultrafialové zareni.

Tipy a triky

- Je vyhodné pouzivat komercéné dostupné znacené sekundarni protilatky ur¢ené piimo
pro nasobna znaceni vysycené imunoglobuliny Zivoc¢iSnych druhd, s kterymi je jejich
reakce nezadouci. Osvédcily se nam zejména znacené protilatky od firmy Jackson
ImmunoResearch Laboratories, Inc.

- Spotiebu protilatek, které nebyvaji nejlevnéjsi, 1ze minimalizovat velikosti sklicek,
na kterych je materidl fixovany. Nam se osvédcilo nafezat kryci skla s fixovanymi
bunikami na sklicka o velikosti pfiblizné 7x7mm, ta pteklopit na kapku (staci 20pul)
protilatky na parafilmu umisténém ve vlhké komurce. Promyvani po inkubaci je prova-
déno ve 24 jamkovych deskach.

- Protiléatky lze vice fedit v pfitomnosti dalSiho proteinu v fedicim pufru. Nam se osvéd-
¢il 2% bovinni sérovy albumin.

- Pro ndsobna znaceni je moZzné fixovany material inkubovat soucasné s obéma primar-
nimi a nasledné po promyti i s obéma sekundarnimi protilatkami. Nékdy vSak muze
dojit ke kompetici ¢i stérickému branéni vazby protilatek, pak je nutné znaceni rozlozit
tak, aby se nejprve navazala protilatka s nizsi afinitou nebo protilatka rozpoznavajici
htife dostupny epitop.

- K potlaceni nezadouciho vysvécovani fluorofort se pridavaji rtizna ¢inidla do monto-
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vaciho média. Casto ale ¢inidlo zabratiujici vysvécovani jednoho fluoroforu potladuje
sviceni fluoroforu jiného. Proto je pfi nasobném znaceni nutné pfipravit montovaci
medium tak, aby bylo optimalni pro vSechny uzité fluorofory. Nam se osvédcil
0,6% n-propylgalat v mediu MOWIOL 4-88 (Osborn a Weber 1982). Pti vyssich kon-
centracich n-propylgalat zabranuje vysvécovani fluoresceinu u¢inngji, potlacuje vsak
sviceni TRITC a AMCA

- Pti fotodokumentaci je vyhodné pouZzivat citlivé filmy. Nam se nejlépe osvédcil Kodak
TriX 400 pro ¢ernobilou fotografii a Kodak Ektachrom 400 Professional pro barevné
diapozitivy.
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Preparing plant tissue cryosections for light microscopy —
a little improvement

MARCELA FELTLOVA

Institute of Experimental Botany, Academy of Sciences of the Czech Republic, Rozvojova 135,
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Introduction

Cryosectioning is widely used for preparation of animal tissues for either light or
electron microscopy, but not for plant tissues. Bene§ (Benes 1973) studied the effects
of many different chemicals, physical conditions, and techniques on the quality of fro-
zen sections of Vicia faba root tips. I applied some of methods presented in his paper to
Chenopodium rubrum shoot apices and cotyledons, Nicotiana tabacum leaves and Beta
vulgaris roots, but the frozen sections were often damaged. So, this procedure was
modified to be useful for abovementioned plant material, and now it is possible to
prepare high quality frozen sections 5-8 um thick.

Procedure
Unless stated otherwise, all steps are performed at ambient temperature.
* Fix small pieces of plant material in an appropriate volume of fixative (0.5% (v/v)
glutaraldehyde and 3% (w/v) paraformaldehyde mixture in PBS (135 mM NaCl,
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2.7mMKCI, 1.5 mM KH,PO,, and 8 mM K HPO,, pH 7.2) under a vacuum for
30 min and then store in the fixative for 2.5 h at 4°C (Dewitte et al. 1999). An
appropriate volume of the fixative and all the other solutions described in this
procedure is at least 50x-100x larger than the volume of the fixed samples (Wolf
1954).

» Wash samples in PBS 5x5 min and then overnight at 4°C.

» Transfer samples to sucrosePBS solutions of increasing concentrations (0.11 M;
0.22 M; 0.44 M; 0.88 M; 1.76 M sucrose in PBS, respectively) about 12 — 24 h
each, all treatment at 4°C (Bene$ 1973 - modified). Samples properly impregna-
ted with sucrose settle to the bottom of the vessel.

» Samples may be stored in a fresh 1.76 M sucrosePBS solution either at -20°C or
-72°C for several months (or years) if necessary. No changes in plant tissue structure
were observed after the storage at low temperature. This step is very convenient
for processing of large sample series.

» Align the defrosted samples into a droplet of 15% (w/v) gelatin (Merck, cat. n.
1.04078.0500) in PBS in a specific orientation, allow them to refreeze and use a
cryomicrotome for cutting sections (usually 5-8 um thick).

» Pick up the sections with slides that have been coated with Gatenby’s glue.
(Gatenby’s glue: 27% (v/v) ethanol, 6.3% (v/v) acetic acid, 1.35% (w/v) gelatin,
0.09% (w/v) KCr(S0,),; PaleCek (Faculty of Science, Charles University, Prague)
— personal communication)

» Immerse the slides in 1.76 M sucrosePBS at 4°C. (It’s possible to store the slides
overnight in this solution if necessary. It’s also possible to mount the sections into
1.76 M sucrosePBS and check the quality of the sections under the microscope.)

» Wash the slides in sucrosePBS solutions of decreasing concentrations (0.88 M;
0.44 M; 0.22 M; 0.11 M sucrose in PBS, respectively) 10 min in each and in PBS
2x5 min. The slides are then ready for following use.

Frozen sections prepared this way are very convenient for immunodetection of desi-
red antigens.

Sections, which have been prepared in the manner mentioned above, may also be
stained with the classical histological dyes e.g. Alcian blue (stains cell wall) and
Kernechtrot (stains chromatin):

* Wash the slides with sections in deionized H,O 3x3min.

+ Stain the sections with Alcian Blue solution for 10-20 min (0.1% (w/v) Alcian
Blue, 3% (v/v) acetic acid, and 0.5% (v/v) Triton X-100; (Votrubova et al. 1987 —
modified: in the case of frozen sections it is better to add Triton X-100 for more
rapid staining)).

* Wash the slides in deionized H,O 3x3min.

» Stain the sections with warm Kernechtrot solution for 3-5 min (0.1% (w/v)
Kernechtrot and 5% (w/v) AL(SO,),; (Votrubova et al. 1987)).

* Wash the slides in deionized H,O 3x3min.

» Dehydrate sections gradually by sequentially immersing the slides in the following
series of ethanol solutions: 50%, 70%, 96%, 96% and 100%. Each immersion is
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for 5 minutes. After the final ethanol immersion place the slides in xylene for 2x5
min (Votrubova et al. 1987 — modified).
*  Mount in DPX Mountant for histology (Fluka) and observe under the microscope.

Technical notes and comments

Using the method described above it is possible to get high quality frozen sections
(cryosections) with basic laboratory equipment and with a good freezing microtome
and a microscope.

The whole procedure of preparing cryosections is relatively time consunimg, from
the fixation of the plant material to sectioning it lasts about 7 days but cryosections are
only minimally damaged. To reduce the time needed for preparing the plant material
I tried gradual transfer of the samples to less concentrated sucrose solutions (0.44 M or
0.88 M) or direct transfer to 0.88 M ethanol (Benes 1973), but the resulting sections
were unusable. The use of sucrose concentrations higher than 1.76 M were not an im-
provement.

I found that it is easier to orient and cut small samples properly frozen in a droplet of
15% gelatin in PBS. Solutions with lower or higher gelatin concentrations or
CRYO-M-BED embedding compound (Bright Instrument Company Limited) weren’t
so convenient for thinner section (4-6 um) cutting.

Two things are crucial for good sectioning - the cutting temperature and the quality
of the cryomicrotome knife. The cutting temperature depends on required section thick-
ness — for thinner sections it is necessary to lower the temperature. I normally cut at
about -25°C to -30°C. A standard knife for cryosectioning (or disposable blade) has to
have a perfectly sharpened edge.

Freeze sections are often used instead of paraffin sections for immunolocalization of
desired antigens. In comparison with resin sections the chemicals used are relatively
cheap and moreover there is no resin inside the sample.
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Automatizovana metoda stanoveni viability bun€k v suspenzni kultufe kombinuje
barveni bun€k fluoresceindiacetatem s naslednym vyhodnocenim fluorescen¢niho sig-
nalu Zivych bunék pomoci Phosporlmageru. Ve srovnani s mikroskopickou analyzou
barvené populace bunék je tento zplisob detekce rychlejsi a diky eliminaci subjektivni
chyby, kterou je manualni vyhodnoceni mikroskopického obrazu zatiZzeno, i presnéjsi.
Stanoveni viability buné€k v suspenzni kultufe s vyuzitim Phosphorlmageru je optimal-
ni v piipad¢ potieby sledovat zmény viability v $irsi kolekci vzorkd.

Uvod

Prace s buiikami v suspenzni kultufe vyZaduje mnohdy stanoveni viability, jejizZ zmény
jsou jednou z odpovédi bun€k na zménéné kultivaéni podminky, pfitomnost stresovych
faktorti apod. Zavedenymi metodami lze vétSinou prokazat zachovani ¢i neporuSenou
funkci urc¢itych bunéénych struktur, ovSem nejptesvédCivejsi pritkkaz Zivotaschopnosti
bunék — schopnost délit se — je moZzno dokumentovat pouze ziidka, naptiklad pomoci
casosbérné fotografie.

Hojné€ pouZzivanymi metodami stanoveni poctu zivych bunék jsou vitalni barveni,
predevsim ,,dye exclusion test”, barveni fluoresceindiacetatem a barveni tetrazoliovy-
mi solemi.

,Dye exclusion test je zaloZen na neprostupnosti — alespont do¢asné — membran
zivych bunék pro trypanovou modi. Po tomto barveni je tedy mozno detegovat zivé
buiiky v modrém roztoku barviva jako bezbarvé.

Fluoresceindiacetat (FDA) prochéazi bunécnou sténou i cytoplasmatickou membra-
nou a v buiice je Stépen ucinkem esteras. Vznikly fluorescein je pfic¢inou zelené fluo-
rescence, kterou buniky barvené FDA jevi v ultrafialovém svétle. Z naruSenych bunék,
které nemaji intaktni bunécné obaly (bunécnou sténu, resp. membréanu) se fluorescein
uvolni.

Tetrazoliumchlorid je akceptorem elektrond. Jeho redukce v buiice za vzniku neroz-
pustného barviva formazanu svéd¢i o funkénim dychacim fetézci.

Vsechny popsané metody pouzivaji ve finale vyhodnoceni barvené populace bun¢k
mikroskopicky. Pokud se vSak jednotlivé buiiky dotykaji nebo dokonce piekryvaji,
muze byt problematické je identifikovat. Tento problém je zvIast’ vyrazny v piipadé
rostlinnych bunék, které rostou Casto v fetizcich, coZz zvySuje subjektivni chybu pfti
manualnim vyhodnoceni. Ur€itym feSenim je pocitani pouze bunéénych jader po bar-
veni Hoechst 33258, i1 kdyz v tomto ptipadé je vysledkem analyzy celkova suma bu-
n¢k, nebot’ buiiky je nutné pred barvenim fixovat. Vyznamnym faktorem je velka ¢aso-
va narocnost, spjatd s vyhodnocovanim statisticky vyznamného poctu bunék. Tento
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problém tesi pouziti pritokového cytometru, ale toto zatizeni je pomérné drahé a nepa-
tfi k bézné vybavé molekularné-biologickych laboratofi.

Princip metody

Metoda zalozena na kvantifikaci fluorescence bunék po barveni FDA na
PhosphorImageru je ur¢ena pro rychlé rutinni stanoveni viability bunék v suspenzni
kultufe. Bunky jsou obarvené FDA dle klasického protokolu (Power et al. 1984) a
jejich fluorescence je pfimo méfena Phosporlmagerem. Déle prezentované udaje
byly ziskany s tabdkovou suspenzni kulturou (TBY-2, Nagata ef al. 1992) rostouci
za standardnich podminek. Pocet bunék pro konstrukci kalibra¢ni kiivky byl stano-
ven pocitanim v Burkerové komitrce pod mikroskopem s fazovym kontrastem.

Pracovni postup

Kultura TBY-2 v exponencialni fazi ristu o znamé hustot¢ byla ptisluSn¢ nare-
déna a smichana s jednim objemem FDA, vysledna koncentrace FDA v reakéni smési
byla 7.5 mg/ml (FDA od Sigmy, St. Luis, USA, zasobni roztok FDA — 3 mg/ml
v acetonu — byl fedén v poméru 1:200 v médiu MS, Murashige a Skoog 1962). Po
péti az deseti minutach inkubace pfi laboratorni teploté byl alikvot obarvenych bunék
nakapan na nylonovou membranu (Hybond N, Amersham, Anglie) a ponechan za-
schnout. Membrana byla poloZena aplikovanym vzorkem na plochu PhosphorIma-
geru (STORM 860, Molecular Dynamics, USA) a v reZimu ,,press sample® byla
detegovana fluorescence jednotlivych kapek za nasledujicich podminek:
blue-fluorescence laser channel (excita¢ni vinova délka 450 nm), nejvyssi mozné
rozliSeni (100 pixel) (obr. 1).

pocet bunék v kapce

10 000 7 =00 = 0oo

Obr. 1. Fluorescence bun¢k TBY-2 obarvenych FDA a imobilizovanych na nylonové membréané detegova-
nd pomoci Phosphorlmageru. Obréazek byl ziskan v programu ImageQuant pii rozsahu citlivosti 1-100
000. Pti vyssich fedénich buné¢né suspenze je mozno rozeznat obrysy bunéénych shluki, kazdy shluk
obsahuje primérné 5-10 bunék.

Intensita fluorescence v kazdé kapce byla vyhodnocena programem Image
Quant™ (Molecular Dynamics, USA) uzitim elipsové integra¢ni metody. Jednotky

fluorescence byly poté vyneseny do grafu proti znamému poctu bunék v kapce
(obr. 2).
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Obr. 2. Grafické vyjadieni vztahu mezi po¢tem zivych buné€k a intenzitou fluorescence.
Kazdy bod reprezentuje pramér z péti nezavislych méteni. Jako kontrola nulové viability byla méfena fluores-
cence bun&k usmrcenych teplotnim $okem (5 min pki 75°C).

Zhodnoceni metody

V tomto vyneseni bylo linearniho vztahu dosazeno pro 250 — 10 000 bunék v kapce,
s citlivosti minimalné 50 bun¢k na kapku. Kromé rychlosti metody (celé stanoveni je
mozno — v¢etné méfeni na Phosphorlmageru — provést béhem 15 minut) je vyznamnym
kladem stabilita fluorescence vzorku bun¢k imobilizovanych na membran¢ (minimal-
n¢ 2 tydny), coz ptinasi moznost proméieni série vzorkli po skonceni déletrvajiciho
experimentu a tim i dal$i casovou usporu.

Zaverem lze fici, Ze pouziti Phosphorlmageru pro vyhodnoceni ristu a viability bu-
n€k rostlinné suspenzni kultury je vhodné pro rychlé, rutinni méfeni velkého mnozstvi
vzorkil s vysokou presnosti.
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What are fluorescent probes and how may they be used in plant cells and tissue?

Fluorescent probes are dyes which may be introduced into cells, and which fluoresce
upon illumination from a particular wavelength of light. This fluorescence may then be
quantified with the use of a camera or a photometer. There are currently available many
dyes which fluoresce in response to particular intracellular events and conditions, such
as the following: ion uptake, protein synthesis, membrane polarity, cell division, and
enzyme activity. Because of fluorescent dyes, it is now possible to observe and measure
these events inside of living plant cells and tissues, with high spatial resolution.

The process is quite simple in principle. A plant cell or tissue is chosen, and a dye for
a specific parameter is chosen, e.g cytosolic pH. The dye is then applied to the cell or
tissue (by one of a variety of methods), and the specimen is observed with the use of
a fluorescent light microscope. A camera or photometer is the used to record the image,
and the image or light signal is transferred to a computer with image analysis software
or fluorescent spectrophotometric software. The measurements are then recorded, and
images can be saved for further work or for publication.

In this abstract I will describe the procedures which I have used for measuring cyto-
solic Ca, Na, pH, and K in root hairs. For other intracellular events the specifics will
vary according to the the cell or tissue type, and the dye used. I will also discuss the
type of equipment needed, the cost, and a comparison to other methods used.

Measuring intracellular ions in root hairs

Plant growth conditions: Plants of Arabidopsis thaliana are grown in a thin layer
(about 5 mm thick) of solid agarose medium, on a 00-grade coverslip and under aseptic
conditions. Arabidopsis is a good plant to use because the roots are very thin, and can
be grown in a thin layer of gel. Thinness is important because the distance between the
objective lenses and the coverslip is very short, and the use of thicker roots and thick
layers of gel will make it difficult if not impossible to obtain fluorescent images. Also,
for such work a microscope slide cannot be used because the glass is too thick.

Applying the dye: The coverslip and plant are transferred as a unit to a Petri dish.
An appropriate solution of the dye (about 20 ml volume) is pipetted onto the part of the
gel containing the region of interest of the plant. Typically, staining time is about 1 hour.

The concentration of the dye depends on the dye to be used, and must be determined
experimentally on the system being used. There are two general methods by which
dyes may be introduced into cells, invasive and non-invasive. Invasive means include
microinjection and electroporation. Microinjection entails impaling the cell with a
needle made from a capillary tube, and electroporation involves opening pores in the
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plasma membrane of the cell using an electric current. Both methods can disrupt the
cell, and are very difficult and time-consuming. These methods are used for dyes which
are too big to be able to enter the cell by diffusion, and are sometimes needed in expe-
riments confiriming that the dye has stayed in the cytoplasm. Noninvasive methods
include the following: 1) adding the dye in a solution which is at a pH which permits
the dye to diffuse through the plasma membrane, or 2) using an esterified form of the
dye which permits diffusion across the plasma membrane, and within the cell the ester
group is cleaved off the dye molecule. Indo-1, a dye used to measure intracellular Ca
(Wymer et al. 1997), SBFI for intracellular Na (Minta and Tsien, 1989), and PBFI for
intracellular K (Lindberg S, 1995) are all loaded by method 1), and BCECF for intra-
cellular pH (Brauer D et al., 1995; Bates TR 1998) is loaded by method 2).

Getting an image: The coverslip with the plant is placed onto the microscope. The
light source is usually a Xenon lamp, and filters are placed in the path of the incoming
light to illuminate the specimen with a particular wavelength of light. A better system
employs one or two monochromators which allow one to precisely control the wave-
length, since monochromators have a much smaller bandwidth than filters.

Most systems are epifluorescent. The excitation light is passed through the objecti-
ve to the specimen. The fluorescent light from the specimen is then collected by the
objective lens, and a dichroic mirror placed behind the objective lens divides the exci-
tation light from the emitted light. The emitted light is then directed to either the ocular
lens or to the camera. For quantification, a CCD-camera and image analysis program
are essential. The image is channeled to the CCD camera, is converted into a computer
signal, and the image appears on the computer, and the fluorescent image may be mea-
sured for various dimensions (length, width, intensity, etc.). The image analysis soft-
ware also allows one to adjust the image (contrast, adding colors, background subtrac-
tion, etc.).

The images obtained may be bright or faint, depending on the dye. Root hairs stai-
ned with BCECF are very bright, and thus it easy to obtain nice images with a black
background. Indo-1, SBFI, and PBFI are much fainter, and the cell may be only slight-
ly brighter than the background. This means that the contrast settings are critical, and
the background subtraction must be done correctly.

Types of experiments that may be performed

The kinds of measurements that are to be done are of many kinds. I have used Indo-
1 to measure the concentration of Ca in the cytosol of root hairs, and also to measure
the Ca gradient in the cytosol within the first few microns of the tip of the root hair.
I have also measured rapid changes in cytosolic pH (within minutes), and have measu-
red the rapid uptake of Na from the medium using the Na-binding dye SBFI. Some of
my most interesting results are that within the first 5 minutes of exposure to NaCl, root
hairs take up nearly all of the Na that they will take up, but there is no accompanying
rapid change in cytosolic K, pH, or Ca. After a few days, cytosolic Ca is sharply decre-
ased by external NaCl, but pH is not affected. Increasing the external Ca resulted in a
decreased uptake of Na (Halperin, 2000). Fluorescent dyes may also be used to identi-
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fy morphological structures (Halperin et al. 1997).

These results demonstrate that the use of fluorescent dyes enable the microscope to
be a powerful tool for physiological measurements, and indeed is superior to methods
which employ destructive techniques (such as freeze-fracturing for membrane structu-
re, X-ray microanalysis for intracellular Na, and excised tissue as used in *'P-NMR for
intracellular pH). Microelectrodes also permit measurements of ion concentrations
within living cells, but the method is spatially limited and one is not always certain that
a cell is responding normally with a big piece of glass sticking into it, let alone using
microelectrodes with additional environmental stresses such as NaCl. Also, microe-
lectrodes are useful for ion concentrations and membrane potential, but fluorescent
dyes may be used to monitor a much wider variety of cellular functions.

Selection of plant, dye, and equipment

For such work, small plants, or tissues or cells are best because such material is
small and thin, and allows for the best microscopic images. With few exceptions, work
with fluorescent dyes is done on living cells. Under actual working conditions, it is
usually best if the cells are embedded in a gel, because if they are in solution they will
move around which makes it impossible to obtain a good image. Also, it is best if the
cells are pressed flat against the coverslip, because the fluorescent signal is very dim
and the farther the cells are from the objective lens the dimmer the signal is. Ifthe dye
is being used to measure a physiological process which changes over time, then it is
important to control the temperature of the specimen. This can be done by perfusing
liquid medium through the gel which contains the cells. There are expensive chambers
that one can buy which allow one to precisely control the physical conditions of the
specimen, but a little ingenuity with a Petri dish and a pump can suffice.

The selection of the dye is determined by what is to be measured. The dyes used are
very expensive (from $45.00-$250.00/mg), but 1 mg of dye can last a very long time
because one uses ng or mg at a time. When I get a dye, I solubilize it so that it is in a
1 mM solution of ethanol, then pipette 20 ml aliquots into Eppendorf tubes. These
solutions are then dried at room temperature, and the solid dye is left behind in each
tube (it cannot be seen at this point). The tubes are then placed in —80 C, where the dye
will be good for a very long time. If the dye is frozen in solution, then the working
lifetime is about 1-2 months.

For all of the most important details on the dyes, I refer you to Molecular Probes,
Inc. They have an online catalog which gives all of the details on every available dye,
including spectral analysis, references, calibration, how the dyes are used, etc. The
website is www.probes.com

The hardware is the very expensive part. The total cost of such a system is in the
$300,000-$500,000 range. It consists of an illumination source, a microscope, a CCD
camera plus intensifier, a monitor, and a computer plus an image analysis program.
Also necessary are the proper excitation and emission filters, and the right dichroic
cubes. The companies that I am familiar with are Photon Technology International,
Universal Imaging, and Nikon. The microscope need not be a confocal microscope,
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my research was performed on an old Nikon diaphot light microscope. A light microscope
is in general more flexible than a confocal microscope for fluorescence purposes, but a
confocal microscope gives much better images. Also bear in mind that the more up-to-
date the system is, and a confocal microscope is part of such a system, the easier it is to
convince reviewers that your work is of high quality.

Potential obstacles and how to overcome them

What I have just described is a very simplified overview of the use of fluorescent
dyes for the analysis of plant tissues. There are many difficulties involved. The most
important, probably, is that fluorescent images are very dim and it is difficult to obtain
good images. There is no one solution to the problem, because it depends on the dye
and the system. But some things I can suggest are the following: make every effort to
maximize the amount of dye that you can safely load into the cells without killing them.
For some dyes, such as BCECF-AM for pH, the proper concentration is 2 mM. For
others, such as Indo-1 pentapotassium salt (for intracellular Ca) it can be 20 mM. Also,
the amount of time that the cell are exposed to the dye can be important but in my
experience is not critical.

The objective lenses used, however, can be of great importance. Indeed, some of
my work would not have been possible without the 40x oil immersion fluorescence
lens. Without a doubt, this is the best possible lens to use on most systems. A 20x lens
for fluorescence lets in more light, and if one is not focusing in on subcellular regions
yields the best images. The limitation though is that it is not good for measuring very
small changes in ion concentration that occur over a few microns (such as Ca gradients
at the tips of root hairs). A 40x fluorescent oil immersion lens lets in almost as much
light as a 20x fluorescent lens, but gives greater maginification and better resolution,
and lets one see things (like Ca gradients) that cannot be seen with a 20x lens. A 60x
lens is excellent for brightfield images, but in general lets in too little light for most
dyes to be seen.

Also of importance are the contrast settings on the camera. Because fluorescent
images are dim, one needs an intensifier attached to the camera to amplify the signal.
The contrast settings can be done through the software. Generally, I like to blacken as
much of the background as possible, even at the risk of losing some signal, because
I am sure that what I see is pure signal. There is an important point that I would to make
here, and that is this:very little of your work will be with the ocular lens. Fluorescent
cells can very faint to the human eye, and your really can’t quantify with your eyes
anyway. The image through the ocular lens is useful for general investigation, and for
me peace of mind! But the real work will be with the images on the monitor attached to
the camera.

Finally, obtaining standard curves which allow one to relate fluorescence intensities
to real ion concentrations is a difficult process. One needs the proper ionophore and the
imaging techniques worked out beforehand. Also, due to unknown factors, in vitro
curves and in vivo curves never coincide exactly, there is always some discrepancy.
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The most probable reason is that the cell itself does have an influence on the optics.

Summary

Fluorescent dyes are a valuable asset in the field of plant physiology, and allow the
measurement of important physiological parameters in living cells which cannot be
measured by other techniques currently in use. The cost is expensive, but if several
researchers pooled their resources such a system is quite feasible, and the benefits gai-
ned are well worth the effort.
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Fig. 1. Fluorescence emission ratio of A.thaliana root hairs grown in 2mM Ca and 60mM NacCl (a) or

0mM NacCl (b), showing cytosolic Ca distribution. Notice sharp gradient at the tip in the 0OmM NaCl treatment
which is lacking in the 60mM NaCl treatment. Hair illuminated with 35545 nm light, emission measured at
405 and 485 nm, and viewed with an oil immersion lens. The white line represent 10 microns.
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1. Chenopodium rubrum as a model photoperiodic plant
2. Drawbacks of earlier cultivation methods

3. Method development

4. Evaluation of the improved method

The dicot plant Chenopodium rubrum, ecotype 374, is a good model for studying
photoperiodism. This short-day flowering plant could be grown in constant light at
20°C and induced to flower by a single dark period (optimal night length is 12-13 h) at
the age of just 5 days (Ullmann ef al. 1985b). Seedlings are usually cultivated in small
plastic containers (approx. 3 x 5 x 1.5 cm) filled with perlite and watered with 1/2
strength Knop nutrient solution or hydroponically on a nylon mesh above 1/2 Knop
solution. Flowering is assessed as percentage of plants, which developed flower buds
7 —9 days after the inductive night. The experiments are therefore fast (just 14 days
from germination to results) and seedlings, which are about 1 cm high, require very
little space. C. rubrum was frequently used for testing effects of plant hormones on
flowering (Ullmann ef al. 1985a) and for studying morphological and cellular changes
associated with flower development (e.g. Albrechtova et al. 1997).

The greatest drawback of C. rubrum as an experimental model is its high phenotypic
variability. Even a quite uniform population of plants produces seeds of different size,
viability and germination behavior. This variability is decreased by synchronizing ger-
mination by a light and temperature regime (12 h light, 30 °C; 12 hdark, 10°C; 18 - 20 h
light, 30 °C). Only seedlings of average size are planted for a photoperiodic experi-
ment, further reducing variability. Despite of these efforts, plants still do not have very
uniform growth rates. This is important because there is only a short time window of
high photoperiodic sensitivity just after opening of cotyledons. Blazkova et al. (2000)
described more precisely that C. rubrum plants are most sensitive to a single dark peri-
od from the time when primordia of the second pair of leaves are established to the time
when these leaves are higher than shoot apex. In a variable population, it is very diffi-
cult to start darkness exactly at a time when the majority of plants is in such develop-
mental stage. This problem increases variations in flowering response between experi-
ments. Moreover, in 1998 we observed an almost complete lack of photoperiodic flower
induction in our C. rubrum plants. Seedlings in perlite grew well but flowering after a
12-h darkness was only 0 — 30%, compared to usual 80 — 100%. Plants in hydroponic
culture were sensitive to pathogens and their shoot apices often became necrotic so that
their flowering response could not be determined. Causes of this reduced flowering
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remain unknown. They might include decrease in photoperiodic sensitivity during
25 years of reproduction in greenhouse conditions without selection pressure, or subtle
microclimatic changes after moving plant incubators to a new location.

Whatever the cause, our aim was to optimize C. rubrum cultivation in order to maxi-
mize its flowering after a 12-h darkness. These improvements turned out to be crucial:
a) We found that plants become photoperiodically sensitive as soon as their cotyledons

fully open to horizontal position. This corresponds to the start of second leaf pair

morphogenesis, which also marks the beginning of photoperiodic sensitivity

(Blazkova et al. 2000, see above). In contrast to shoot apex morphology, easily visi-

ble cotyledonary development can be used as a marker for experimental plants that
cannot be dissected. Maximal flowering is achieved when a dark period starts 6 h
after opening of cotyledons but a 4-h shift in timing reduces flowering by only 5-15 %.
b) We added another selection step to the method because individual seedlings in a
population open their cotyledons within a wide range of more than 24 h. Therefore
after 40 — 55% of plants have open cotyledons, all other plants are removed. Plants
of extreme size are also excluded.

¢) It was suggested that C. rubrum in favorable culture conditions prefers vegetative
growth and is less sensitive to flower induction (Seidlova, personal communicati-
on). We thus apply a mild stress (limitation of root space and lower nutrient supply)
to C. rubrum plants. Seedlings are grown in 96-well flat-bottom ELISA plates floa-
ting in Knop nutrient solution. The wells are filled with perlite and have a 1-mm hole
in bottom to provide nutrient solution. Watering plants with 1/2 strength Knop solu-
tion instead of formerly used 1/2 Knop solution further increased flowering from

70% to 90%.

These modifications of the original cultivation method resulted in higher and more
reproducible flowering. Selection of seedlings before planting to perlite and plants with
open cotyledons prior to dark induction is absolutely crucial for reproducibility. It is
always necessary to select average plants from the population. In addition, the same
batch of seeds (produced in the same place and at the same time) must be used for the
whole series of experiments. Photoperiodic responsiveness of young C. rubrum plants
could be also drastically altered by seemingly minor changes. At least these factors
should be kept constant to assure high flowering and low inter-experimental variabili-
ty: light intensity (130 — 140 pmol.m?.s!) and quality (cool white fluorescence lamps),
temperature (20£1 oC), humidity (approx. 80%), and size of perlite particles
(0.4 - 0.8 mm).
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Introduction

Immunofluorescence microscopy is one of the methods most widely and routinely
used in cell biology. With the possibility to quantify spatial and temporal changes in the
intensity and localisation of the immunolabelling, detection of any antigens provides a
view into cellular structure. Therefore, introduction of image analysis in immunofluo-
rescence microscopy privileged this method to be fully supplementary to modern me-
thods of molecular biology.

Background

The presented method comprises optimised embedding and sectioning approach su-
itable for the immunolocalisation in whole plant tissues, and determination of cell cycle
stages from sectioned root tissue using image analysis. Preparation of whole root for
immunofluorescence microscopy is needed for precise links of immunolabelling with
cell proliferation and differentiation. Sections of Steedman‘s wax-embedded material
proved extremely suitable for indirect immunofluorescence microscopy and the visua-
lisation of wide range of proteins in plant root including microtubules (Baluska et al.
1992) and actin microfilaments (Baluska et al. 1997). Nuclear volume and DNA con-
tent represents two main determinants of the chromatin structure and structural organi-
sation of the plant interphase nuclei (Barlow 1977, Baluska 1990). Nuclear structure in
root meristem is in close correlation with the DNA synthesis which is related to succes-
sive stages of cell cycle.

Materials and equipment

Plant material — roots of 3-days old 5 cm long Medicago sativa seedlings

Tissue preparation - microtubule stabilising buffer, phosphate-buffered saline, Steed-
man‘s wax (PEG 400 distearate+1-hexadecanol, = Brown et al. 1989)

Indirect immunofluorescence microscopy — routinely equipped laboratory for light and
fluorescence microscopy - Zeiss Jenalumar light microscope equipped-with epifluores-
cence, (Carl Zeiss, Jena, Germany), fluorescence filters for UV (U 204, B 226, G244)
and blue (D 480, D 535, G 247) excitation, rotary microtome (Reichert, Austria), anti-
MAPK rabbit polyclonal primary antibody, FITC-conjugated anti-rabbit secondary an-
tibody, 4,6-diamidino-2-phenylindole (DAPI), toluidine blue

Image analysis - LEICA Q500MC image analysis system equipped with QWin soft-
ware (Leica Cambridge Ltd. England, UK), Sigma Plot (Jandel Scientific, USA) statis-
tical software.
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Procedures

Intact roots were fixed in formaldehyde made up in microtubule stabilising buffer
allowing a good preservation of microtubule cytoskeletal elements. The samples were
embedded in the low melting point Steedman‘s wax. 7 um thick sections were prepared
with rotary microtome. After dewaxing primary and secondary antibodies were used
for detection of expected antigenes. DAPI, the most common dye for nuclear DNA
labelling was applied followed by staining the sections with toluidine blue for diminis-
hing the -autofluorescence of root cell walls.

Samples stained with DAPI and visualised using UV filter set -were used for quanti-
tative measurement. With a number of approximately 100 examined cells sequence of
two parameters - size and DNA amount within the population of interphase nuclei can
be used as a standard reference values. Total nuclear DNA content was recorded from
individual nuclei and assigned to ,,C* class by reference to the values of nuclei assi-
gned into phases G1, S, G2 on the basis of nuclear size and DNA amount (Baluska and
Barlow 1993, Baluska et al. 1996). The smallest nuclei just after telophase were classi-
fied as G1 phase nuclei, the largest ones until the prophase were classified as G2 phase
nuclei. Intermediate sized nuclei with intermediate DNA content were classified as
nuclei in S phase of cell cycle. Using this standardisation the system was set up for
automatic evaluation of interphase cell cycle stages. Nuclear area and integrated grey
level (sum of grey level values of pixels overlaid by the binary feature in the stored grey
image) of nuclear DNA staining were used for preparation of reference G1 and G2
values. In this way the error arising from the section position of the nuclei was elimina-
ted. These reference values were incorporated and processed in characterisation of all
recorded nuclei from evaluated root samples. The same method using LEICA Q500MC
image analysis system can be directly applied to semi-quantification of immunolabel-
ling in double- or triple-labelling experiments with the possibility to relate the value of
immunolabelling to the certain stage of cell cycle. As an example of double immunola-
belling processed by above described image analysis approach nuclear localisation of
mitogen-activated protein kinase in Medicago sativa root meristem is described.

Method significance

In comparison with other methods of indirect immunofluorescence microscopy of
plant tissues the samples prepared in low melting point Steedman‘s wax maintain a
good relationship between antigen preservation and accessibility (Vitha et al. 1997).
The main benefit from our section-using method in comparison with methods where
cell wall is the physical barrier and source of autofluorescence (e.g. squash preparati-
on) is an clear nuclear image, therefore a higher magnification and a higher resolution
can be used. Besides, nuclear image is not overlaid by autofluorescent cell wall and no
drastic enzymatic digestion of cell wall is necessary.

In comparison with more precise methods of nuclear DNA determination (e.g. flow
cytophotometry) the big advantage of our method is in close relation between quantita-
tive and developmental data. Using longitudinal root sections large numbers of cells
can be examined in their successive developmental stages.
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The study of regeneration of senescent plastids into
chloroplasts in Sinapis alba L. cotyledons
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Introduction

Regeneration of senescent plastids into chloroplasts is very interesting and im-
portant for better understanding of plastid biogenesis. The study of plastid trans-
formation can indicate the approaches of the possible manipulation of leaf senes-
cence. Photosynthetically active chloroplasts lose their membrane system in the
process of senescence and gradually they are developed into senescent plastids—
gerontoplasts (Hudak 1981, 1996). During the reversion process chromoplasts are
transformed into chloroplasts. Leaf regreening is accompanied with structural chan-
ges of plastids (new membranes are differentiated) and with synthesis of chlorophyll.
The result of the process is full transformation of chromoplasts into chloroplasts.
Only few attempts to induce transformation of chromoplasts into chloroplasts have
been made till now. Devidé¢ and Ljubesi¢ (1974, 1981, 1984) and Gronegress (1971)
described regreening in lemon and pumpkin fruits and in carrot roots, respectively.
In all these observations chromoplasts were changed into chloroplasts by changing
of light conditions. On the base of our preliminary experiments the cotyledons have
proved to be the suitable plant material for the study of regreening processes espe-
cially for their short life span.

Material and methods
Plant material

Cotyledons of Sinapis alba L. were used in the experiments. The seeds of mus-
tard were sown in clay-sand soil and cultivated in a cultivating chamber for 34 days
with light regime 14 hours and 10 hours night at the temperature 25-30 °C.
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Methods
1. Chlorophyll determination

The chlorophyll content (Chl a, Chl b, a+b) was determined directly in acetone ex-
tracts (80 % acetone, p.a.). The spectrophotometric measurements of the photosynthe-
tic pigment in experimental material were made on spectrophotometer Jenway 6405
UV/Visible. The chlorophyll contents were calculated according to Lichtenthaler (1987).
The results were expressed per dry mass of samples.

2. Extraction and identification of the cytokinins

Extraction and Purification of cytokinins

Extraction and purification was performed according to the method of Redig et al.
(1996). Samples were extracted with Bieleski solvent (Bieleski, 1964) containing
a mixture of deuterated standards (Z9G, Z9ROG, DHZ9G, Z7G, Z9R, ZOG, DHZ9R,
7, DHZ, IP9G, IP7G, IP9R, IP) and 80 % methanol. Extract was then centrifuged and
the resulting supernatant was purified using DEAE-Sephadex (to separate nucleoti-
des), C18 cartridges, and immunoaffinity columns. The combination of these methods
separates cytokinins into three fractions : 1. Free bases, ribosides and N -glucosides;
2. ribotides; and 3. N_- and O-glucosides. Finally were the resulting fraction evapora-
ted. The evaporation residues were dissolved in acetonitrile : water solution (2:8 v/v),
filtered through 0.2 u porosity filter and analysed by LC/MS/MS.

Quantitative analyses of cytokinins

Analyses were performed by the modified method described by Prinsen et al. (1995)
and Witters et al. (1999) using HPLC (Beckman System Gold, 507 autosampler, 125 gra-
dient HPLC pump) linked to an ion trap mass spectrometer (LCQ, Finnigan MAT, USA)
equipped with an electro-spray interface. 10ul of sample were injected onto a C8 co-
lumn (4 um, 250%2 mm, Supersphere RP Select B, Merck) and eluted with acetonitrile
:0.001% acetic acid in water using gradient elution (from 14% to 100% of acetonitrile)
at flow-rate of 200 uLL min ~'. The effluent was introduced into the electro-spray source
and analysed by positive MS/MS full scan mode.

Results

Understanding of plastid regeneration is one of fundamental questions in the study
of plastid biogenesis and using of appropriate plant material is key problem in the
solving of this phenomenon. Cotyledons are suitable experimental material for study of
regreening process due to their short lifetime what enables to repeat experiments in a
short time. Mustards cotyledons are intensively green after emerging from the soil. This
colouration prevails until the period when the stems and leaves are differentiated
(approximately after 10-15 days of cultivation). In this period, cotyledons lose their
green colour, gradually they turn yellow and about on the 20™ day of cultivation they
fall down. When in the phase of mustard development with yellow cotyledons, the stem
are decapitated, originally yellow cotyledons are regreened within 3-5 days. An intere-
sting phenomenon is observed on the cotyledons in the case when the stems are remo-
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ved from the seedlings in the initial phase of stem differentiation. These cotyledons,
without stems, are intensively green (evergreen) during the whole time of cultivation
(20-25 days) and their size is bigger than the size of cotyledons with the stems. When
the stems from seedling are removed, the sink of cytokinins is blocked, and they begin
to accumulate in the cotyledons. Therefore we suppose that this storing of cytokinins in
senescent cotyledons might have induced the their regreening.
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Root is usually the plant organ carrying out anchorage as well as communication of

plant with soil environment including water and nutrient uptake. Internal space of the
root is traditionally divided into two domains. Symplastic continuum is surrounded by
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plasmatic membrane, which serves as a highly selective barrier enabling, to high de-
gree, active regulation of compounds passing through. On the other hand apoplast is
defined as a space on the nonprotoplasmatic side of plasmalemma, occupying mostly
the porous cell wall and dominated by passive almost non-selective transport. Anyway
even in apoplast may be movement of water, solutes or other compounds changed by
“course adjustment” of transport pathways by structural changes and/or impregnation
of cell walls. Permeability of root apoplast is thus one of the meaningful parameters
regarding root function and properties. It is considered to play important role in water
and nutrient uptake, oxygen economy of wetland plants as well as other fields of stress
ecophysiology. Presented methods may extend the circle of tools used in this kind of
studies. Both of the procedures base on the compounds, almost not permeating plasma-
lemma, penetrating into the root tissue via apoplastic space.

Test based on PAS reaction (Periodic acid — Schiff’s reagent) reaction (Pearse 1985)

Underground organs of intact plants (or their segments sealed by lanolin) were sub-
merged into aqueous solution of periodic acid (0.1%) for 2 hours. After thorough wash
in water the remnants of periodic acid can be eliminated during 30-minutes wash in
reducing solution (Pearse 1985) (this step is not necessary). All the sites reached by
periodic acid from surrounding solution may be localised afterwards on sections (fresh
or permanent) by Schiff’s solution (for description of PAS reaction see Pearse 1985).
This reagent detects aldehydes that were produced by periodic acid oxidation of cell-
wall polysaccharides and stains them intensively purple (figl.b-d). In case of fixation
of the material this should be taken into consideration and fixatives introducing aldehy-
des into the tissue should be avoided. Control sections of roots without periodic acid
treatment should be included to confirm the origin of the aldehydes.

Fe** based test

Underground organs of intact plants (or their segments sealed by lanolin) were sub-
merged into aqueous solution of ferrous sulphate (25mM) for 2 hours. Ferrous ions
were than oxidised to ferric precipitate by addition of hydrogen peroxide (2mM) for
another 2 hours. Ferric precipitate was later histochemicaly detected as a precipitate of
Berlin blue on fresh free hand sections (fig.1a). Modification of this method was alrea-
dy used by de Rufz de Lavison (1910) where plants were subjected to spontaneously
precipitating ferrous sulphate for 24 h. Also this procedure was found to be useful and
giving good results.

Detection of ferrous ions: sections were treated for 5 - 15 mins in solution containing
HCl (0,5%) and K Fe(CN), (1%), washed in distilled water and mounted into 50%
glycerol. Alternatively sections may be directly mounted into 50%glycerol containing
0,5% of H,SO, and 1% K Fe(CN),.

Despite the fact that methods presented here are not able to quantify the permeability
or reflection coefficient of root-wall apoplast in physical terms they enable us to locali-
se the sites where apoplast is permeable to solutes from surrounding. In our study re-

288



TESTING THE PERMEABILITY OF ROOT — WALL APOPLAST

sults obtained in this way were correlated with differentiation of hypodermal cell layers
of wetland plants and their lignification and suberisation.

The advantages can be seen in using relatively small inorganic ions that may mimic
the soil solution solutes better than uncharged apoplastic organic tracers of high mole-
cular weight that are commonly used (Peterson 1981; Enstone & Peterson 1992, Barna-
bas 1996). High background autofluorescence of cell walls, especialy in grasses, may
also cause some difficulties during detection of such tracers. Detection based on PAS
reaction was precisely localised, permanent and easy to observe.

The disadvantage of those methods is toxicity of used concentrations of chemicals to
the plant that was shown during subsequent cultivation.

Fig. 1. Results obtained by above mentioned tests:

a) Penetration of Fe*" ions into apical part of detached root of Phragmites australis was detected as a blue
precipitate on the longitudinal section. (magnification = 40x)

b-d) Sites of the apical part of Phragmites root reached by periodic acid were stained intensively purple.
Transverse sections were 100mm(b) 12mm(c) and 4mm(d) behind the root tip. (magnification = 100x)
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Uvod

Moderni zajem o obsah pfirozeného vyskytu stabilniho isotopu uhliku a kysliku (**C
a '®0) v organické hmoté a v atmosféie vzesSel z pozadavku rekonstrukce paleoklimatu
pomoci biologickych markert. Pfesnost takovych rekonstrukei zavisi na tom, jak ptes-
n¢ dokazeme popsat rozdélovani (frakcionaci) tézkych isotopu v kinetickych a rovno-
vaznych procesech probihajicich v Zivych organismech. Diky teoretickym popisim
frakcionace vime pro¢ obsahuji téla rostlin a dalSich Zivych tvorll v potravnim fetézci
véetné ¢loveka jiny (vétSinou nizsi) obsah tézkych isotopt *C, 'O piipadné '*N a *D
(*H) neZ jaky je v okolnim prostiedi v atmosféte, v ptidé nebo ve vodé. Protoze jednot-
livé biochemické reakce nebo transportni procesy diskriminuji nebo preferuji vyuziti
tézs8iho isotopu specifickou mérou, piedstavuje isotopové slozeni biomasy (napt. po-
mér BC/2C v su$iné listu, v mikroorganismech, v puadé nebo v kosternich zbytcich
¢loveéka) “otisk prstu” vypovidajici o tom, ktery substrat, které reakce a ktera metabo-
licka nebo transportni cesta ’byla pouzita”. Napt. frakcionace mezi stabilnimi isotopy
BCa'2C, 8O a '%0 nebo *H a 'H v organické hmoté t¢l rostlin je biomarkerem integru-
jicim pisobenti stresu (napf. sucha), informujicim o mechanismech koncentrujicich CO,
v rostlinnych bunkéch a tkanich, o zdroji vody v rostlin¢€ (podzemni nebo z atmosféric-
kych srazek) nebo o potravnich zdrojich konsumenti primarni rostlinné produkce. Iso-
topovy signal *C byl pouzit pii selekei genotypu s vys$si efektivitou vyuziti vody
(’suchovzdornych’) nebo k posouzeni plasticity daného druhu ke zvysujici se koncen-
traci CO, v atmosféfe Zemé. Velké uplatnéni naslo méteni poméru C/C ve vyzkumu
fotosyntézy a vodniho rezimu rostlin, v posledni dob¢ pak také v projektech zaméie-
nych na heterotrofni metabolické procesy jako temnotni dychani.

Vyuziti technik stabilnich isotopt v biologii umoznilo pokrocit v predikci global-
nich klimatickych zmén. Dalsi zpiesnéni globalniho cirkula¢niho modelu (GCO) je
zavislé mimo jiné na tom, jak kvalitni a Gplny bude popis frakcionace *C a '*0O
ve fotosyntéze a naslednych metabolickych procesech v autotrofnich a heterotrofnich
organismech. Socialni a ekonomicky tlak spojeny s hrozbou globalni klimatické zme¢-
ny indukuje snahu zptesnit GCM. Proto se na vyzkum frakcionace ptirozenych isotopu
a na vychovu expertd vynakladaji zna¢né finan¢ni ¢astky (viz napt. celoevropsky pro-
jekt NETCARB).

Podstata metod

Isotopy jednoho a téhoZ prvku liSici se hmotnosti (sou¢tem protonti a neutronti) vstu-
puji do stejnych fyzikalnich, chemickych a biochemickych procesi (reakci). Diky roz-
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dilné hmotnosti se ale v téchto reakcich rozdilné chovaji. Obvykle tézky isotop reaguje
pomaleji a dochazi k jeho diskriminaci. V disledku toho byva produkt reakci v porov-
nani se substratem vstupujicim do reakce ochuzen o t€zky izotop, dochazi k nerovno-
mérnému rozdélovani — frakeionaci - isotopu. Pomér isotopového sloZeni substratu a
produktu nebo latky na zacatku a konci transportni drahy se nazyva isotopovy efekt.
Ten se uplatiuje jak v kinetickych tak v rovnovaznych thermodynamickych pocho-
dech. Kineticky isotopovy efekt je dan rozdily v rychlostnich konstantach daného pro-
cesu pro lehky a tézky izotop (napf. difusni koeficient pro molekuly *CO, je mensi neZ
pro *CO,). Pfi normélnim isotopovém efektu je rychlostni konstanta pro t€Z8i moleku-
ly niZ8i neZ pro molekuly s leh¢imi isotopy. Thermodynamicky isotopovy efekt je zpu-
soben isotopove specifickymi rovnovaznymi rychlostnimi konstantami (napf. frakcio-
nace isotopu uhliku pfi ustaveni karbonatové rovnovahy). Tento efekt je obecné mensi,
nez vliv individualnich rychlostnich konstant. Kineticky i thermodynamicky efekt za-
visi na teploté, kinetické vlivy jednotlivych, po sobé nasledujicich reakci, se obvykle
nescitaji, naopak thermodynamické ano. K frakcionaci mize dochéazet pouze v otevie-
ném systému, kde substrat je v pfebytku (napf. k diskriminaci *C téméf nemuze docha-
zet u rostliny péstované in vitro - tj. ve sklenéné uzaviené nadobg¢).

Méieni prirozeného vyskytu stabilnich isotopi
Ptirozeny vyskyt stabilnich isotopti je mozno méftit v jakémkoli pevném a kapal-
ném materidlu nebo v plynech. K analyzdm mohou byt pouzity vzorky rostlinného
materialu, ptida, ale i separované organické latky a plyny. Pro méfeni obsahu stabilnich
isotoptl musi byt vzorky kompletné€ spaleny a vzniklé oxidy od sebe odd¢leny kryogen-
ni purifikaci nebo separaci a Cisty vzorek jednoho plynu pak vstupuje spolu s nosnym
plynem do hmotového spektrometru. M¢ti se isotopové slozeni vzhledem ke standar-
du, protoZe urcit absolutni pomér stabilnich isotopli v materialu je obtizné a nelze je
d¢lat rutinnimi analyzami. Isotopové slozeni sledovaného vzorku se pak vyjadiuje jako
relativni rozdil isotopoveho poméru méreného vzorku od isotopového poméru ve stan-
dardu. A protoze tento rozdil je maly a hodnoty by se pohybovaly v oblasti tisicin, pro
prehlednost se relativni rozdil nasobi 1000 a znaci se hodnotou d:
d=[(R

vzorku

- Rstand . )/R

stand.

1%1000 (/)

R je pomér obsahu tézkého a lehkého isotopu ve vzorku a standardu (napf. pro uhlik
R=18C/12C) . ZvyS$ovani hodnoty d znamena zvySovani obsahu tézkého izotopu ve vzor-
ku vzhledem k standardu a naopak snizovani hodnoty d znamena snizovani obsahu
tézkého izotopu. Jako standardni materidl uréeny mezinarodni konvenci se pro uhlik
uziva standard PDB (CO, vznikly mineralizaci fosilniho vapence, Pe De Formation,
Belemnitella americana, Jizni Karolina) a pro kyslik standard SMOW (Standard Mean
Oceanic Water). Kryogenni purifikace vzorku je ¢asoveé naro¢né a v soucasnosti se pro
analyzy biologického materialu a smési plynd téméi vyhradné pouzivaji pomérové
hmotové spektrometry (CF-IRMS, Continuous Flow Isotope Ratio Mass Spectrometer)
s predfazenym prvkovym analyzatorem (pevné a kapalné vzorky) a plynovym chroma-
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tografem (pevné, kapalné a plynné vzorky). Kryogenni purifikace se pouziva v geochemii
a obcas pfi analyzach pudnich vzorkt. Standardné dosahovana piesnost stanoveni d'*C
je+0,1° .

Vyuziti 33C p¥i studiu fotosyntézy a vymény plynu mezi rostlinou a atmosférou

Z celkového uhliku obsazeného v atmosféie Zemé je ptiblizné 98,9 % 2C a 1,1 %
PC. Zména v pomérném zastoupeni stabilniho izotopu C v atmosférickém CO, oproti
PDB standardu (5"C) se pohybuje okolo -8 °/_ (soucasny vzduch je tedy proti tfetihor-
nimu ochuzen v podilu CO,). CO, asimilovany rostlinami pii fotosyntetické karboxy-
laci je z vEtsi ¢asti zabudovan do rostlinné biomasy a po jejim odumieni pak nasledné
vyuzivan heterotrofnimi organismy v ptidé€ pfi rozkladnych procesech. Na urovni foto-
syntézy dochazi zv1asté u rostlin s C3 typem fixace CO, k vyznamné diskriminaci *CO,
proti *CO,, kterd zptisobuje ochuzeni rostlinné biomasy o tézky izotop "*C ve srovnani
s obsahem *C v atmosféie. K diskriminaci dochazi hlavné diky nizsi rychlostni kon-
stant¢ pro karboxylaci "“CO, nez '“CO, karboxylatnim enzymem
ribulosa-1,5-bisfosfatkarboxylasaoxygenasa (Rubisco) a dale diky diskriminaci CO,
pri difusnim pfenosu mezi atmosférou a chloroplastem. Mald mira diskriminace u C4
rostlin je ddna hlavné¢ tim, Ze se pii primarni karboxylaci fosfoenolpyruvatu (PEP)
PEP-karboxylasou vyuZziva jako substrat HCO, ion, nikoli rozpustény CO, jako v pii-
padé enzymu Rubisco. Pfitom pri hydrataci CO, je preferovan “CO,, a tak HCO; je
obohacen o isotop "*C. Dalsi pfic¢inou je to, Ze C4 rostlina nasledné hromadi CO,
v pochvach cévnich svazki a vytvari tak témér uzavieny systém, z kterého neni pro
molekuly CO, tniku a nemuize tedy dochazet ani k isotopove diskriminaci. Zakonitosti
diskriminace *CO, jsou pomérné dobie znamy a formalizovany jednoduchym mate-
matickym vztahem (Farquhar et al., 1989). Primérny isotopovy signal (d) C3 rostlin je
-27°/ , C4rostlin-13 °/ afas-35°/ .Odchylky od primérmé hodnoty pro dany druh
rostliny jsou vétSinou dany vlivem podminek vnéjsiho prosttedi. Napiiklad v podmin-
kach, kdy rostliny budou mit zaviené priaduchy (napt. v disledku sucha) bude isotopo-
vy signal vytvareného rostlinného materialu vyssi (mén¢ zadporny; nizsi diskriminace
BC) nez primérna hodnota a naopak pii plné otevienosti priducht bude izotopovy
signal nizsi (vice zaporny; vy$si diskriminace *C). Isotopovy signal &'*C tak muze
slouzit jako bioindikator Casové€ integrujici koncentraci CO, uvniti listu, danou mimo
jiné také tim, do jaké miry jsou oteviené priduchy a muize byt méfitkem ucinnosti
s jakou rostlina vyuziva vodu.

Isotopovy signal 60

Uz pted 40 lety bylo znamo, ze geografické zmény isotopovych poméri '*0/*O
nebo 2H/'H ve vod¢ koreluji s primérnou ro¢ni teplotou vzduchu. Je to dasledkem
hujici 2H a/nebo '30) a b) obsah nasycené vodni pary se zvySuje tmérné s teplotou.
Koncem 70 let se ukazalo, Ze isotopové sloZeni celulosy bunéénych stén odrazi isoto-
pové slozeni podzemni vody a také koreluje s teplotou. Toho bylo vyuzito napft. pii
kostrukei ,,paleoteploméru’ zalozeného na isotopové analyze celulosnich zbytki rost-
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lin. V poslednim desetileti se do studia frakcionace *O a deuteria v rostlinném téle
vkladaji nad€je na detailnéj$i poznani reakce rostlin na parametry vnéjsiho prostiedi
napf. na vlhkost vzduchu ale napft. i na odhaleni ,,chybé&jiciho konzumenta® (missing
sink) CO, v biosféfe (napf. Yakir 1992, Farquhar ez al. 1993). Dnes je ziejmé, Ze napf.
isotopovy signal 8'*0 kysliku uvoliiovaného z vody v primarnich fotosyntetickych pro-
cesech do atmosféry je vyssi nez ten, ktery méa voda vstupujici do rostliny. Vime, Ze
voda v apoplastu listu a v chloroplastech je obohacena o '*O proti vodé pfijimané koie-
ny a zname asi hlavni mechanismy, které zptsobuji, Ze podobné bohatsi na '30 jsou i
cukry a celulosa (Yakir 1992). Existuji i prvni modely sumarizujici pfedstavy o tom, jak
8'80 polysacharidi integruje hodnoty vlhkosti vzduchu pfi které rostlina rostla.

Vyuziti 3C p¥i studiu interakci rostlina — mikroorganismus

Stanoveni 8'*C kofenovych exsudatt (jako celku i jednotlivych organickych latek) a
rhizosférni mikroflory mize objasnit zmény ve sloZeni a vyuzivani kofenovych exsu-
dati béhem ontogenese rostlin. V pfedbézném pokusu jsme sledovali respiraci rhizo-
sférni mikroflory mladych rostlin banksie (Banksia serrata L.) péstované v piskovych
kulturach. Soucasné jsme méfili 6°C nadzemnich ¢asti, kofenti a vydychaného CO,
(Tab. 1). Zatimco 8'*C rostlinného materialu se béhem ontogenese neménilo, hodnota
8"C-CO, reprezentujici isotopové sloZeni exsudati vyuZivanych rhizosférni mikro-
flérou, vyznamné kolisala a rozdil mezi ni a "3C rostlinného materialu byl velky. Vy-
sledky indikuji, Ze sloZeni vyuzivanych kotfenovych exsudati se vyznamné méni bé-
hem ontogenese a ze méfeni 8'°C rostlinného materialu neni reprezentativni pro isoto-
pové sloZzeni organickych latek spotiebovavanych v rhizosféfe rostliny.

Tab 1. 8"C nadzemnich ¢asti a kotenti rostlin banksie (Banksia serrata,L.) péstovanych v piskovych kulturach
po dobu 3 mésici. Dale je uvedeno izotopové slozeni CO, uvolnéného respiraci rhizosférni mikrofléry (CO,,
RH) a rychlost jeji respirace ( respirace RH).

stari rostliny (mésice) 1 2 3
8"C nadzem. ¢asti (/) -33.9 -34.5 -36,8
8"C kotent (°/ ) -33.9 -33,5 -36.4
8"C-CO, RH (/) -26,2 -30,1 -28.4
respirace RH (mg C g'h'') 435 257 605

Rozdilnosti v isotopovém zastoupeni uhliku mezi C3 a C4 rostlinami a s tim souvise-
jici rozdily v isotopovém slozeni ptidni organické hmoty, ktera vznikla z C3 a C4 rostlin,
1ze vyuzit pti studiu tvorby kotfenovych exsudati a jijich vyuziti rhizosférni mikroflorou.
Pokud se bude péstovat C4 rostlina v ptid¢, kde vzdy rostly C3 rostliny, isotopovy signal
zbytki kofent a exsudati bude vyznamné odlisny od 8'*C puidni organické hmoty. Stano-
venim mnozstvi a isotopového signalu kofenti, mikrobni biomasy, vydychaného CO, a
organickych latek v rhizosféie je mozno odhadnout, kolik uhliku vstoupilo do ptdy a jaka
¢ast nove vytvorené mikrobni biomasy vznikla z rostlinného materialu a jaka ¢ast z padni
organické hmoty. Tento pfistup 1ze usp€sSné pouzit i pti studiu rozkladu jakychkoli orga-
nickych latek v piidé, pokud se lisf svym isotopovym signalem (Santrickova et al. 2000b).
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Vyuziti 3C p¥i studiu role pidnich mikroorganismi v procesech premény C

Snad nejvétsi vyhodou je, Ze metody stanoveni stabilnich isotopli umoziuji studium
neovlivnéného piidniho vzorku. Piekézkou jejich vétsiho rozsifeni v pidné biologickych
studiich v soucasnosti jsou nedostate¢né znalosti isotopové diskriminace na urovni heterot-
rofniho metabolismu. Isotopové sloZeni ptidni organické hmoty je obecné podobné izoto-
povému sloZeni rostlinného pokryvu (Deines, 1980). AZ do nedavné doby to bylo vysvétlo-
vano tim, Ze isotopova diskriminace spojena s heterotrofnim metabolismem ptidnich orga-
nismu je zanedbatelnd. Ukazuje se ale, Ze diskriminace na tirovni mikrobniho metabolismu
muze byt v absolutnich hodnotach srovnatelna s diskriminaci v procesech fotosyntézy (Blair
et al. 1985; Nakamura ef al. 1990). Avsak vzhledem k velkému mnozstvi mikrobialnich
pochodd, které v pad¢ probihaji, pravdépodobné dochézi k vzajemnému vyruseni isotopo-
vého efektu jednotlivych metabolickych pochodi. Dosavadni poznatky ukazuji, Ze
v aerobnim heterotrofnim metabolismu v ustalenych podminkach nedochézi k vyznamné
diskriminaci, zatimco pfi zméné podminek prosttedi nebo v anaerobnich pochodech
k diskriminaci dochazi (Blair ez a/. 1985; Nakamura et al. 1990; Santrackova et al. 2000a).
Pti aerobni inkubaci pidy v konstantnich podminkach 1ze méfeni frakcionace isotopti vyu-
zitk uréeni zdroje C pro ptidni mikroorganismy. Jako pfiklad mtiZe slouzit testovani pravdi-
vosti hypotézy, Ze pidni mikroorganismy asimiluji CO,. V pokusech jsme vyuzili rozdilu
v 8"”Cv CO,, ktery byl uvolnén oxidaci vapence (+2,7 /) a8"C v organické hmot¢& (-26 /).
V pudé, kde byl v atmosféie piitomen oxid uhli¢ity z vapence (5 0bj.%) byla hodnota 3'*C
mikrobni biomasy i vydychaného CO, posunuta smérem k 8"°C vapence. V pld¢ inkubova-
né v atmosféfe bez CO, byla hodnota 6"°C mikrobni biomasy a vydychaného CO, shodna
s 8"3C dostupné organické hmoty (tab. 2). Pokusy potvrdily schopnost pidnich mikroorga-
nismu asimilovat CO, v heterotrofnim metabolismu.

Tab. 2. Zména izotopového signalu bakterialni biomasy a vydychaného CO, v ptidé inkubované v podminkéch
zvysené koncentrace CO, (5 0bj.%).

dBC (°/) 5 % CO, 0 % CO,
CO, v atmosféfe +2.7 -
organicka hmota -26.9 -26.9
bakterialni biomasa -25.0 -27.0
vydychany CO, -17,1 -26,0

Po prohloubeni zékladnich znalosti o isotopové diskriminaci v mikrobnim metabo-
lismu umozni metody méfeni stabilnich isotopt studium jednotlivych metabolickych
pochodt v podminkach prirozeného prostiedi. Jednim z priklada je kvantifikace celko-
vé tvorby extracelularnich metabolitd, jejichz méteni je v soucasné dobé prakticky ne-
mozné. Odhad isotopového sloZeni a mnozsvi metabolitd je zalozen na tom, ze 8"3C
mikroorganismu je vysledkem bilance hmoty mezi vstupem - zdrojem C, a vystupy -
CO, a extracelularnimi metabolity.

Podékovani: Prace vznikla za &aste¢né podpory granti GA AV CR (A6066901), MSMT
(123100004), GACR (206/00/162) a Vykumného centra fotosyntézy (MSMT).
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Introduction

The plant cuticle forms a transport limiting barrier on 95-99% of the leaf surface in all
terrestrial plants. The leaf-atmosphere gas exchange is controlled predominantly by the cuticle
when stomata are closed. The significance of this control is manifested by the adaptive varian-
ce of cuticular permeability for water. Water permeabilities of cuticles from plants native in
humid climates are 2 orders of magnitude higher than that from plants in dry habitats. (Schrei-
ber and Riederer 1996). The performance of plants in culture often depends on leaf application
of pesticides, herbicides and fertilisers. The efficiency of such applications depends to a cer-
tain degree on cuticular permeability.

Methods of cuticle permeability measurement

The rise of the interest in plant cuticles led to development of several techniques measuring
its permeability. It is convenient to work with isolated astomatous cuticle and most of the
permeability investigations were done using isolated cuticular membranes. The cuticle is usu-
ally isolated by digesting the cell walls with cellulase and pectinase. Obtained cuticular mem-
branes (CM) are washed, dried and mounted between donor and receiver compartments of
transport chambers. Time kinetics of permeance of a radioactive labelled organic substance or
tritiated water from the donor compartment across the CM to the receiver compartment is used
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to calculate the permeability (e.g. Niederl ef al. 1997). Spectrophotometrical determination of
the substance allowes to avoid radioactivity (Schreiber et al. 1995). It was shown that the
permeability of the cuticular wax layer is decisive for CM permeability. Due to the self-orga-
nising ability of the wax it was possible to relate the permeability of CM to that of isolated and
reconstituted cuticular wax (Schreiber and Riederer 1996). It this experiments, the reconstitu-
ted wax layer was loaded with a labeled substance and kinetics of desorption were used to
estimate the transport properties of the wax. More elaborate ways of permeability measure-
ment represent the measurement of penetration of labelled organic substances across the cutic-
le into the intact epidermis and leaf. This way allows also measuring cuticular permeability of
stomatous leaf surfaces when a hydrophylic non-wettable donor solution is used. The perme-
ability of intact astomatous cuticle for water vapour was also estimated using conventional gas
exchange technique (e.g. Kerstiens 1995, Boyer et al. 1997). Many attempts were made to
calculate the permeability of stomatous cuticles for water from transpiration rates of leaves
with presumably closed or blocked stomata (e.g. Slavik 1958, Santrucek and Slavik 1990).

There are several reasons for development of alternative approaches measuring cuticular
permeability. First, the application of radiolabelled substances requires an expensive equip-
ment and a laboratory approved for relevant safety and precaution standards. Second, the
permeability of CM was shown to be fairly heterogeneous even if the cuticle was isolated from
apparently uniform leaves of one plant (Schreiber et al. 1995, Baur 1997). From this point, a
technique with 2D resolution would be appreciated. Third, measurements on intact leaves and
on both astomatous and stomatous leaf sides are desirable. Here, we present a technique al-
lowing comparative study of cuticular permeability with a 2D resolution potential. The me-
thod is based on chlorophyll fluorescence imaging and requires a photosynthetically compe-
tent leaf. Pubescent and stomatous leaf surface can be investigated.

Basic features of the proposed method

Chlorophyll fluorescence of a leaf at room temperature is emitted almost entirely from PSII
and, after a leaf irradiation, it is quenched from its initial peak value F at the onset of photo-
chemical and other energy dissipation processes. After 3-5 minutes of irradiation, the fluo-
rescence approaches a pseudo-steady-state F,. The quenching depends on reoxidation of the
primary stable acceptor of electrons in PSII, Q,, by a secondary quinone Q,. The Q,-Q,
electron transfer can be blocked by atrazin or diuron (DCMU), substances used as photosyn-
thetic herbicides. When DCMU binds to Q,, in PSIL, fluorescence quenching of the PSIT com-
plex is largely suppressed. DCMU permeability of leaf cuticles is several orders of magnitude
lower than permeabilities of the cytosol, the plasmalemma or the stroma. Further PSII can be
seen as an ultimate scavenger for DCMU. Thus, the time course of Chl quenching, expressed
as (Fp-Ft)/F » should be linear with the slope proportional to the cuticular permeability for
DCMU. The fluorescence parameter (F-F JE is called F in following text.

We tested the linearity of the F drop with time on leaves of Helianthus annuus and Vinca
rosea using the CCD fluorescence imaging camera FluorCam (PSI Ltd. Brno, Czech Repub-
lic). 60 mL droplets of DCMU (10#-10° M solution) or destilled water (control) were
applied on the surface of adaxial and abaxial sides of leaf discs placed on wet filter paper
in a Petri dish. F was calculated from the kinetics of fluorescence (Kautsky curve) measu-
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red repeatedly 4-6 times after 30-50 minutes of darkness. F, was measured after 3 minutes
of irradiance with actinic light 300 mmol m? s™'.

Results
The time course of F was linear for DCMU treated plants (Fig. 1). The control discs
showed that the photosynthetic capacity of the leaves was not impaired during 8 hours of
the discs incubation under the CCD camera. Slopes of the F kinetics (dF/dt) were di-
rectly proportional to the DCMU concentration (Fig. 2). In both investigated plant speci-
es, the permeance of abaxial (lower leaf side) cuticle was higher than that of adaxial

(upper) leaf side.
0.9

0.8

0.7

0.6

p

0.5

(F-F)F

0.4 -

0.3

® control (water)
O DCMU (10*M)
0.2 A —_—

01 T T T T
0 100 200 300 400

time, min

Fig. 1. Kinetics of fluorescence parameter F showing DCMU penetration through abaxial leaf surface of
Helianthus annuus L.
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Fig. 2. Penetration rate of DCMU through abaxial (lower) and adaxial (upper) leaf surface of Vinca rosea
expressed as absolute value of the slopes of fluorescence kinetics dF/dt and plotted versus DCMU
concentration.
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Conclusions

The described fluorescence imaging method can offer an alternative and promising
tool for a comparative study of cuticular permeability of intact leaves. There was a
tendency that permeabilities of abaxial (lower) leaf sides of sunflower and Vinca rosea
were higher than permeabilities of adaxial (upper) leaf sides. Concomitant fluorescen-
ce and *H,O measurements using intact leaves and isolated cuticles are needed in future
to check the validity of the fluorescence imaging method.
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Pouziti radioizotopii v biologickém vyzkumu
RicHARD TyYKvA

Ustav organické chemie a biochemie, Akademie véd CR, 166 10 Praha 6

Ve vyzadaném piehledném piispévku jsou shrnuta rizna hlediska na pouziti latek
znacenych radionuklidy ve stopovacich pracich s riiznymi formami biologického ma-
terialu, prednostné materialu botanického a ptidni mikroflory. Vzhledem k charakteru
potradanych metodickych dnii a pozadavku poradatell je vycet soustiedén predevsim
na laboratorni pokusy, jen okrajové na lyzimetry a polni pokusy nejsou zahrnuty vibec.
Rovnéz neni zahrnuto vyuziti radionuklidy emitovaného ionizujiciho zareni z hlediska
radia¢nich efektd, napt. pro sterilaci.

Po analyze zasad pro praci s radioaktivnimi latkami jsou shrnuty piinosy radios-
topovaci metodiky pro zobrazovani struktur a/nebo reak¢nich kinetik sledovanych la-
tek. Pro ilustraci jsou uvedeny charakteristické priklady ze sou¢asného vyzkumu. Stru¢né
jsou popsana zakladni uspotradani pro méfeni aktivity radiostopovaci véetné odpovi-
dajicich priprav vzorkl pro métfeni. Zahrnuty jsou také obecné pouzivané postupy roz-
Sitené o detekci radiostopovact (napf. radio HPLC). Pozornost je pfitom vénovana
predevsim radiostopovaciim nejcastéji pouzivanym v biologickych pokusnych systé-
mech.

V zéavérecné Casti jsou rozebrana tskali radiostopovaci metodiky a podany navo-
dy, jak jim celit.
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Dvourozmérna fluorescencni spektroskopie - netradi¢ni
metoda pro stanoveni viability rostlinnych bunék

RaADOMIRA VANKOVA!, GABRIELA KUNCOVA?

Ustav experimentalni botaniky, AV CR, Rozvojova 135, 165 02 Praha 6,
tel.: 02/203 90 427, email: vankova@ueb.cas.cz;
2Ustav chemickych procesi, AV CR, Rozvojova 135, 165 02 Praha 6

Princip metody, popis spekter

Dvourozmérna fluorescenéni spektroskopie (2D-FS) patii mezi fluorescenéni meto-
dy, které vyuzivaji vlastnosti n¢kterych latek absorbovat zativou energii o vhodné vl-
nové délce a pfi téméf okamzitém zarivém prechodu do zdkladniho stavu emitovat
zateni o vyssi vinové délce. Obvyklé fluorescenéni spektrofotometry pracuji pii jedné
excitacni vlnové délce, ptipadné¢ mohou byt pomoci filtrii nastavitelné na nékolik vino-
vych délek. Podstata 2D-FS spociva v méfeni intenzity fluorescence vyvolané excitac-
nim zafenim v oblasti 250 - 550 nm (pomoci monochromatoru, v nastavitelnych sko-
cich: 1 - 20 nm, maximalni ,,scanovaci rychlost 30 000 nm/min) v rozsahu emisnich
vinovych délek 260 - 600 nm. Béhem 1 minuty jsou ziskana trojrozmérna spektra o téchto
parametrech: excitacni vinova délka, emisni vinova délka, intenzita emise, tj.
fluorescence. Typické 2D-FS spektrum je uvedeno na obr. 1. V levém horni rohu je
oblast bez fluorescence. Podé¢l diagonaly je oblast rozptyleného svétla, ve které se exci-
taéni vinova délka rovna emisni. V pravé spodni oblasti 1ze detegovat fluorescenci
latek, které mizeme identifikovat podle polohy maxima. Na obr. 1. je zachyceno 2D-FS
spektrum bunék tabaku BY-2 inkubovanych v ptitomnosti diacetatu fluoresceinu (FDA).
V zivych bunkéch je diky vysoké esterasové aktivité tento fluorogenni substrat Stépen
na fluorescein, ktery velmi siln€ zéafi (max. A,_ 490 nm/A__ 510 nm).

Prednosti metody

Vzhledem k tomu, Ze pti 2D-FS je snimana fluorescence v celé Siroké oblasti, 1ze
analyzovat vice fluorescen¢nich latek najednou. Tato metoda rovnéZz umoznuje dete-
govat potencialni piekryvani jednotlivych fluorescen¢nich vrcholi, pfipadné posuny
maxim téchto vrchold. K posunim miiZe dochazet jak pfi interakci s jinymi fluorofory,
tak pti zméné biologickych nebo fyzikalnich parametra, napt. pH (Marose et al. 1998).

Velkou vyhodou této metody je moznost vytvaret diferencni spektra. Od spektra
bunék inkubovanych s FDA muze byt odecteno spektrum bunék bez tohoto fluorogen-
niho substratu a tak eliminovana vlastni fluorescence bun¢k. Piipadné 1ze od spektra
bunék s FDA odecist spektrum samotného substratu a tim eliminovat pozadi zpisobené
samovolnym rozloZzenim FDA.

MoZnosti experimentalniho usporadani

Pti klasickém uspotadani je vzorek umistén v kiemenné kyveté a k méteni je pouZit
horizontélni paprsek. V ptipad€ rostlinnych bunék ale v tomto uspotfadani dochazi ke
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zménam fluorescence zptisobenym jejich relativné rychlou sedimentaci (1 - 2 min). Pti
pokusech zpomalit tuto sedimentaci (napft. pfidanim glycerolu), stabilizujici prostiedi
znacn¢ interferovalo s méfenou fluorescenci. Proto byla fluorescence méfena za stan-
dardnich podminek (okamzité po resuspendaci bun¢k), ovSsem tato méteni byla zatize-
na urcitou experimentalni chybou, protoze nebylo moZzné zarucit ve vSech vzorcich
stejnou sedimentacni rychlost. Negativni vliv sedimentace 1ze odstranit za pouziti svét-
lovodnych vlaken (vnitini primér 3 mm, LUMATECH Gmbh, Némecko). Pomoci téchto
vléken Ize vertikaln€ snimat fluorescenci svétlotésné uzavieného vzorku. V tomto pii-
pade¢ je vliv sedimentace bun¢k zanedbatelny (Vankova et al. 2000). Svétlovodna v1ak-
na mohou byt vyuzita i pro napojeni spektrofotometru na bioreaktor. Velkou vyhodou
této metody je, Ze se jedna o neinvazivni metodu, kterd umoznuje opakovana (,,on-line*)
méfeni zadanych parametra in situ (napf. fluorescenci NAD(P)H) béhem kultiva¢niho
procesu. Neni tfeba odebirat vzorky, coz mize pusobit jak nezadouci snizovani bioma-
sy, tak zvySené riziko kontaminace (Marose et al. 1998).

Nezbytné predpoklady

Pouzitelnost této metody je omezena na studium latek, které vykazuji fluorescenci,
nebo na stanoveni enzymovych aktivit, pokud je k dispozici vhodny fluorogenni sub-
strat. Dal$i nezbytnou podminkou je zafizeni: dvoudimenzialni spektrofluorometr. BéZné
pouzivany pristroj Hitachi F 4500 stoji asi 1 milion K¢. Pfi pouziti vertikalniho uspora-
dani je zapotiebi jesté svétlovodnych vlaken (jejich cena ¢ini asi 20 000 K¢).

Priklady aplikace

2D-FS je vyuzivana predevSim v mikrobiologii. Byla pouzita pro sledovani ristu
biomasy Saccharomyces cerevisiae, a to jak prostiednictvim méfeni fluorescence
NAD(P)H, tak proteint. Déle byla vyuzita pro sledovani vlivu dinitrofenolu na rozpo-
jeni elektronového transportu a fosforylace béhem respirace u Escherichia coli.
U Claviceps purpurea 2D-FS umoznila kvantitativné stanovit produkci ergotovych
alkaloida a u Sphingomonas yanoikuyae rychlost degradace fenantrenu (Marose et al.
1998).

U rostlinnych bunék byla 2D-FS pouzita pro vyhodnoceni vlivu rtiznych zptisobt
imobilizace na buiiky tabaku uvniti gelovych ¢astic (Vankova a Kuncova 1999). 2D-FS
byla pouzita rovnéZ pro stanoveni viability tabdkové suspense BY-2 (Vankova et al.
2000). Bunky lisici se svoji viabilitou od zcela Zivych az po naprosto nezivé byly ziska-
ny inkubaci v dimethylsulfoxidu (0 - 10 %, v/v). Jejich viabilita byla stanovena pro-
sttednictvim jejich esterasové aktivity. Tato metoda je velmi rychla. Po pétiminutové
inkubaci bun¢k s FDA bylo 2D-FS spektrum zméfeno béhem jedné minuty. MnoZstvi
uvolnéného fluoresceinu bylo vyjadfovano v procentech kontroly. Jediné, cemu bylo
tteba vénovat pozornost, byl roztok substratu. Koncentrovany zasobni roztok v acetonu
byl uchovéavan zamrazeny po malych davkach. Bezprostfedné pred méfenim byl zie-
dén ptisluSnym objemem vody. Pti vysSich laboratornich teplotach ho bylo nezbytné
béhem méfeni uchovavat v ledu.
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DVOUROZMERNA FLUORESCENCNI SPEK TROSKOPIE - NETRADICNI METODA PRO STANOVENI VIABILITY
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Obr. 1. Dvoudimenziélni fluorescenéni diferen¢ni spektrum bunék tabaku BY-2 inkubovanych s diacetatem
fluoresceinu.

Porovnani s jinymi metodami

Vhodnost 2D-FS jakoZto metody pro stanoveni viability rostlinnych bunék byla ovére-
na jejim porovnanim s bézn¢ pouzivanymi mikroskopickymi metodami. Bunky inkubo-
vané s FDA byly vyhodnoceny jak 2D-FS, tak pozorovanim fluoromikroskopem. Pocet
zivych a mrtvych bunék byl stanoven rovnéz jejich pocitanim po obarveni mrtvych bu-
nek trypanovou modii (TB). Vysledky ziskané pomoci TB a 2D-FS spolu velmi dobie
korelovaly. Porovnani 2D-FS a fluoromikroskopie ukéazalo, Ze vzhledem k tomu, Ze vy-
razné procento bun¢k vykazovalo sniZenou hladinu esterasové aktivity, jeji kvantifikace
pomoci 2D-FS byla piesnéjsi nez pocitani bunék na zéklad¢ kriteria ,,ano/ne*.
Zhodnoceni metody

2D-FS je rychla a spolehliva metoda, s velkym potencidlnim vyuzitim, které je ovSem,
jako u vsech fluorescen¢nich metod, omezeno na stanoveni latek vykazujicich fluores-
cenci a pii pfimém sledovani v bioreaktoru nutnosti zvlastni kalibrace pro kazdy sledova-
ny proces. Jeji vétsi rozsifeni je omezeno pomérné zna¢nou finan¢ni naro¢nosti na tech-
nické vybaveni.
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Stanoveni mitotického indexu s ohledem na vliv mésice
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Tento prispévek trochu vybocuje z linie novych metodickych piistupti. Stanoveni
mitotického indexu (MI) neni Zadnou novinkou a je jen jednoduchym kriteriem stavu
dlouhodob¢ udrzovanych kultur, jednim z markert reakce na stres, zménu kultiva¢nich
podminek apod. Podstatou je stanoveni poméru délicich se bunék k celkovému poctu
vSech sledovanych buné€k. Potfebujeme jen svételny mikroskop s dostate¢nym zvétse-
nim (okulér 10x, objektiv 20-40x). K pozorovani staci rychlé barveni acetokarminem
(Némec 1962).

Cely postup neni ¢asoveé narocny, nejvice Casu zabere vlastni pocitani bunék. I to je
mozno zna¢né urychlit pomoci nékterého z programi analyzy obrazu, napt. Lucia
(Opatrna 1997), Image Pro (Vlasinova a kol. 1998) nebo VISOR (Sunblad a kol. 1998).
Metoda se zda byt jen rutinni zaleZitosti, pfece jen ma ale sva uskali:

1/ denni periodicita

2/ prabéh MI béhem kultivacéniho intervalu (odliSnosti u kultur s riznou rychlosti
ristu).

3/ sezonni priubéh, zavislost na ontogenetickém stadiu (faktory obecné znamé).

4/ posledni uskali, které mne ptimélo k sepsani tohoto drobného prispévku, je periodi-
cita mésicni, respektive vliv faze mésice na frekvenci bunééného déleni. Na obr.1
muZete porovnat vysek z dlouhodobého sledovani MI u modelovych kultur. Jeho
cilem bylo krom¢ pribézné kontroly stavu kultur v dlouhém casovém horizontu
i posouzeni zavislosti na rocnim obdobi. Kultury byly hodnoceny vzdy paty den po
pasazi ve stejnou hodinu kazdou druhou pasaz. Z grafu je patrné, ze ob¢ kultury
dosahly soucasn¢ maxima, které vybocuje z primérnych hodnot. Zvazte sami, zda to
muZe byt zékonitosti a nebo jen zvlastni ndhodou, Ze toto méfeni vyslo praveé na rano
po uplnku.

Protoze se na nasem pracovisti kromé sledovani MI zabyvame i synchronizaci mito-
tického cyklu u polyembryogennich kultur smrku, bylo pfedchéazejici pozorovani zo-
hlednéno i v téchto pokusech. Na obr.2. je mozno srovnat MI po synchronizaéni proce-
dufe (Nkongolo, Klimaszevska 1994) za tpliiku a mimo Upln¢k.

Existuje mnoho popularné nau¢né literatury, zabyvajici se problematikou vlivu mé-
sice na zivé organismy vcetné ¢lovéka. Byvaji vétSinou oznacovany za “pavédecké”.
Védecké prace z této oblasti jsou spiSe vzacnosti. Efekt fazi mésice na kli¢eni semen
fepy prokazali napi Sigmond a Sigmond (1996), kteti ve dvouletych pokusech zjistili
0 10% lepsi kli¢ivost pii upliku jak v laboratofi, tak v polnich podminkach.

Na zavér par doporuceni: v pokusech zaméfenych na studium mitotického cyklu je
tteba material k hodnoceni odebirat ve stejnou denni dobu (u in vitro kultur i s ohledem
na kultivaéni periodu). VIiv mési¢ni faze je vhodné zohlednit pti opakovani pokusu,
zejména pokud neni mozno provadét vSechny varianty soubézné, piipadné ho vyuzit
pfi optimalizaci metodiky.
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Obr. 1. Porovnani vyseku z dlouhodobého Obr.2. Srovnani MI po synchronizaéni procedu-
sledovani MI u modelovych kultur. fe (Nkongolo, Klimaszevska 1994) za uplitku a
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Izolace jader z bunék tabakovych linii pro ucely detekce
jaderné specifickych bilkovin
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Uvod

Mikrotubularni cytoskelet reaguje na nizké teploty rozpadem na monomery.
Mikrotubuly tabakovych bunék BY-2 se zcela rozpadly jiz po 5 minutach inkubace
v 0°C. Po pteneseni do 25°C doslo k velmi rychlému obnoveni intaktni sité. Tuto schop-
nost bunky neztratily ani po 12 hod kultivace pii 0°C. Imunofluorescenéné znacené
bunky byly studovany pomoci klasické fluorescencni i konfokalni mikroskopie. Bylo
prokéazano, ze v interfaznich jadrech chladem ovlivnénych bunék se vyskytoval tubulin
ve form¢é diskrétnich bodu, zatimco v kontrolnich jadrech nebyl tubulin pozorovan. Pro
potvrzeni vyskytu tubulinu v jadie se ukazala jako nutna izolace intaktnich jader spoje-
na s biochemickou analyzou.

Vhodné zvolené metodiky izolace jader jsou pro biochemickou analyzu jadernych
proteint klicové. Interfazové jadro neni v burice izolovanou organelou, ale je propoje-
no membranovymi strukturami s cytosolem a dal$imi organelami. Proto je izolace in-
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taktnich jader bez kontaminace okolni cytoplasmou velkym problémem (Rando et al.
2000). Vysoké koncentrace cytoskeletalnich proteind tubulinu a aktinu v cytoplasmé
tedy ptfedstavuji vyznamny faktor, ktery je tfeba vzit v Gvahu.

Metoda izolace jader
Izolace protoplastii

Bunééné kultura BY-2 (Nicotiana tabacum Bright Yellow 2) byla kultivovana podle
Nagata et al. (1992). Exponencidlni (3-denni) kultura byla zfiltrovana ptes nylonové
sito (100 um). 1g bunék byl okamzité pienesen do 50 ml zkumavek (Falcon) s 25 ml
enzymatické smési (1% celulasa Onozuka R10 [Serva], 0,1% pektolyasa [Sigmal]
v 0,45 M manitolu, pH 5.5) (Mizuno 1992). Po uvolnéni protoplastd (2,5-3 hod, 30°C,
ttepani 70 rpm) byla enzymatickd smés odstranéna centrifugaci (12 min, 70g). Proto-
plasty byly 2x promyty ve W5 médiu (NaCl 9 g/I, CaCl,.2H,0 18,37 g/I, KC1 0,37 g/1,
glukéza 0,9 g/1, pH 5,8 ) pti 50g po dobu 6 min. Protoplasty byly rozdéleny na dvé ¢asti.
Jedna polovina byla ihned déle zpracovéana, druhd byla resuspendovdna ve W5 mediu a
umisténa do ledové 1azné€ na dobu 12 hod (tfepani 70 rpm). Po této inkubaci byla jadra
izolovéna stejné jako u kontrolni varianty.

Izolace jader

K protoplastiim bylo ptidano 8 ml predchlazeného lyza¢niho pufru (15mM Tris, 2mM
Na,EDTA, 0,5mM spermin, 80mM KCI, 20mM NaCl, 0,1% (v/v) Triton X-100, 15mM
merkaptoetanol, pH 7,5) (DolezZel ef al. 1989) a smés okamzité 5x prostiiknuta injek¢ni
jehlou (Stoppin et al. 1994). Jadra se uvolnila ihned. Po sedimentaci (120g, 6 min, 4°C)
byla jadra 2x promyta v pufru stabilizujicim mikrotubuly (25mM MES, 5SmM MgCl,
IM glycerol, ImM GTP, ImM DTT, ImM PMSF, ImM aprotinin, ImM leupeptin,
ImM pepstatin) (Nick ef al. 2000). Cistota jader byla ovéfena obarvenim pomoci
Hoechst 33258 a pozorovanim pod mikroskopem (obr. 1). Jadra byla smichdana v poméru
1:1 se vzorkovym pufrem (450mM Tris-HCI, pH 6.8, 2% SDS, 8M mocovina, 30%
glycerol, 5% merkaptoetanol, 0,5% bromfenolova modt) (Nick ez al. 2000) a zamraze-
na v —20°C.

Obr.1. Jadra izolovana z bunééné linie BY-2
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Imunodetekce jaderné specifickych bilkovin

V jadrech izolovanych z protoplastii kultivovanych 12 hod p#i 0°C byl prokazan
imunodetekci (ECL detek¢ni systém, Amersham) vyrazn¢ zvysSeny obsah alfa tubu-
linu. Soucasné¢ se ve zvySené mife vyskytoval tubulin tyrosinovany a detyrosinova-
ny. Pfitomny byly také CCTa a CCTe, podjednotky TCP-1 komplexu, ktery napo-
maha utvareni terciarni struktury tubulinu a pravdépodobné se podili na polymera-
ci tubulinu (Nick ef al. 2000) (Obr.2).

. Tyrosinovany Detyrosinovany
y a - tubulin tubulin tubulin CCT « CCT ¢
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kDa
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88 —
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Obr.2. Imunodetekce cytoskeletalnich proteind v izolovanych jadrech BY-2.

Vyhody a uskali metody

Uskalim v$ech metod izolace rostlinnych jader je navrZeni dostate¢né Setrného
postupu, ktery mechanicky ani chemicky neposkozuje jadra. Rovnéz pouziti deter-
gentu a gradientu Percollu miize zna¢né zménit jadernou membranu a jeji integritu.
Navic byvaji izolaty jader casto zneciStény Skrobovymi zrny, kousky membran a
zbytky cytosolu.

Postupy izolace jader podle Stoppinové et al. (1994) a Mizuna (1993) byly vyvi-
nuty pro testovani schopnosti povrchu rostlinného jadra fungovat jako nuklea¢ni
centra mikrotubulii - MTOC (Vaughn a Harper 1998). Nasi snahou bylo vyuZit je-
jich poznatky a pfitom se pokusit navrhnout co nejjednodussi a nejkratsi metodu
izolace jader pro studium dynamiky tubulinu za chladovych podminek. Velmi se
osveédcil roztok, ktery pouzival Dolezel et al. (1989) pro ptipravu jader pro prito-
kovou cytometrii. Jadra se totiz uvolnila okamzité a prostiiknuti roztoku jehlou
odpovidajici velikosti jader podle Stoppinové et al. (1994) umozZnilo zaroven i je-
jich ocisténi.

I kdyz byla Cistota naSich izolatd jader pomérné vysoka, bylo by mozné jeste jeji
vylepSeni zatazenim filtrace pies husty filtr, pfipadn¢ dalsi procisténi pomoci sa-
charosového gradientu. Metodu jsme uspésné vyzkousSeli i pro izolaci jader
z tabakové linie VBI-0, které se odliSuje od linie BY-2 velikosti buné€k a ristovymi
parametry (Obr.3).

Experimentalni vysledky potvrdily ptekvapivy cytologicky ndlez tubulinu
v chladové ovlivnénych jadrech. Prispivaji tak k vyzkumu dynamiky cytoskeletu
za stresovych podminek a spolu s pracemi Mizuta ef al. (1995) a Wallinové a Strom-
bergové (1995) ukazuji na moznost polymerace specifickych tubulint za teplot tés-
né nad bodem mrazu.
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Obr.3. Jadro izolované z tabakové linie VBI-0
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