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Executive Summary. 

The acco iplished results enriched tile iaturation inhibiting activity knowledge about 

of porcine partetaIc inmbraimt granulosa. A J)iccc 01' this Ioll icular compartmnt arrest pig, 

cattle and MOliSC O CVCS aftCr their release irui antral Itollicles ii germinal csicle stage. 

ilc bjackground of,rhe inhibitit and the molecules responsible tor this phenmncnln arrest 

were not detined. It wits only clearly demonstratt. that gap junctions mediatin cell to cell 

COIutLII~iCitiOIS did not occur etwccen parietal graiiulOsa and Ctlu++tIlus [ouph,,urus. Ott the 

other hand. our Cxperuillicits revcatld tihexisiclee of lIct ional comitiliteat on betwcen 

somatic (cutMiMl; Ooliho-us) and ecriti cells during iltitiil plIise ot bo+Vitic ouc c.imaiuratoni. 

Later. alter 0 Itof tultn tlctiaboli ctitnict rtnalitted w\ell consurved onlyi btct cells of 

cumlullttS toupIOruIs and dis'appcaIrcd bCtWeen itii and ooCvtC. The itcraction between 

cutulus cells was itilailetl irrespective 01' the dCusition of hviliurotie acid ill CxtrIcellular 

spaces leadiing to the expansion 01' tll/UlIlS coiitplcx. It \is also lOuitd tiIt s.\'thisis ald 

deposition ol nttuci sulvstMCCs\,,4s aicContpaiUd \ith dee)pu.us torpliolgical and structural 

ehallOCS of Culluls cells. Additiotnal itlforniatioi was obtlaitcd about paiticipatiol of the 

oOcyte ill tie product ion of cumulus expansion Ctablinlg factor. It contrast to the tmouse, in 

the pig this kIctor was produced also byvcunmulus cclls and under certain hormomal conditions 

also by erInuHlosa cells. 

It aotlier group of experiments the attention was paid to the mloleculr+ cVetlts that 

arc itiVOlvCd illchronlmatin condnstitiOl+ aid nucle.:ar membrane dissolution ill initial Ihases 

of1 i'IaturItILi. TIhCs stiudies coiducted toriginullv wilth viious dvehopietilal eaictc.orius of 

rabbit ooc\tcs clearly demonstrated level of activatolln IistonCclose rClationl bettwCn th,e ot 

IllIkintase and tIe degree-IC lhortIMtin cotICIsatiorm. Identical reClations weeC observed also 

ill bovine and p)rCiIme oOcvtes. MrIoCVCI, ill the role ofthese exprtitleiltS wIs dOCLumelted 

pr[teil s'thICsis atId prtOtiti lospliorylaittion the activatiot of histotie Ill kinasc. 

Ill the lalboratory of l rol. R.NI. Schultz (tUliv. of lennsIylvalnia) out colleaguc 

together witlh other nitiibers of the stall had developed rapid, nonradioactive method Ior tie 

analysis of, the miodificuioti of" tiouse zona/ IelCuIcida induced by fertilization. later. this 

nIethod was applied ill the evaluation ill hurait ona pellticida atid the authors suggestcd a 

possible exploitation for the idCntilicatioti of deficiencies after IVF fail.re. Inlthis laboratory 

described also basic titolecular CvCets that occur immediatcly after fertilization and the 

participationi of the p34 d' " cyclin B complex and myelin basic protein complex in the 

formitatiott of prottucleus. 



The accomplished resulLs were published or submitlted for publicalion in 14 papers 

that appeared in intriational journals. l lowever, more important !or (lie iistitute was the 

chance to train our Vou tg people in first class laboratories in IUJSA and some Luropean 

countries. Approximately halt o ie hudg.t was used for this purpose. l)uC to this fact WC 

have at present experienced persons who are able to communicate with world scientific 

community on standard level. 



Research Objectives. 

Already for several decades extensive studies have been addressed to the problems 

associated will malmalian oocytes maturation. Original morphological approach for the 

assess men of lnaturation progr,-csmn has bcen gradually coiplemented by nethods allowing 

to investigate this process on molecular level. By this way it was collected many information. 

however, still remain many events far from clear understaiding and only a part of elbryos 

derived from the oocytes matured in vitro possesses ill developmneital competence. At 

presenl only approximately -(0-30 healthy lookin bllastocysts are larvested from IO0 oocyes 

selected Ifter i ,' Ior the fertili/atioln. It in believed that these disappointingvitroimaturjtiom 

results could be itiplroVcd hV tihe creation of ire suitabl conditions to which are oocytes 

exposed for maturation. Il)ue to the fact that thle ovariCs of commercially slaughLtered females 

represeint nearly unlitited sourllce of potetntial candidates for the generation Of e'Mbryos, one 

cail't lie surprised byv the effort for to the itimprovemnent of oocytes patameters after 

nmaturatioi. I uforiulaely. the uinderstandiing abo,ui the control of synthetic activity in thie 

oocyles that is rcaliied inl close interaction with adjicciit somatic cells remaitis very low. 

Therefore, the production of c inL)ryos from this inaterial for breediig and expCrimental 

purposes has still severe limitations. 

l'he research obtiectives of presetit proposal were based otil our prelininnary results and 

focused to thc studies of iiiterac tiont betweei sotintic anid gerin cells dur itig malt iUration aid 

to the nuclear changes that ire associated with initiation and progression of' this process. The 

siglnificaclie of lulitm,il relationts between these repeatedly0iutuItil two types of cells were 

doctll'cnlted. 

In cotitexi following specific objectives w\'ere selected: 

1. 	 To determie if the maturation itillibitii activity of pig inembrana graniulosa is not 

species specific and to isolate the componetits that are responsible for meiotic block. 

2. 	 To determine undr ili vitro conlitions specific role of theca amd granulosa cells ill 

resuimption of mieosis induced by i! I and assess the role of cumulus ,'xpansion antid 

cell to cell Ctltlln'.'tiicatioti in ieStl ioii t f tllniciosis. 

3. 	 To test developmlital ability of ouctes matured under various developmental 

conditions.
 

Actually tlie stiudies cotntcerning of in ain i/al iani oocyle in atu ralionii Ihave ill our
 

laboratory relatively hog traditiott aid qLuite a few papers about various aspects of tihis 

process were published in well recognized international journals. From this point of view we 
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were coiitced that it will be hardly possible to make dramatic hreak in the stratte-gics used 

for the proluction of coitmpetent oocytcs ill vitro. ()tur aim was niht withrateir ito elhiL, 

accomplished results to the elucidtion ofl selected eVentts that would help the tLy itln t' 

more suitale environltent for Iaturat. ('ott CtllotiithiItlV we prcc rrcd to perform otr ltudies 

ih close Cotntact %!ith Therefore we arranged tllis stays ofiurnilatioil scilltilic comiIItLIlity. 

several yOLint tueithe)rs 01fthe stalf iii tirst class lal)oratories abroad larticularly ill IIS. A. 
[he realization of' this itetit liiconstlimedC considerabl e part of tie budget, however we have 

now ill the institute well traitted N,0itn7 sclettists. 'lictey are able to inlroduce new 

experimental approaches tlait allow ito ilvCstigate i)robhtott, molecular level.Oil 



Methods and Results. 

During three year studies, beside well developed cultivation system, broad spectrunI 

of experimental m'tiods was employed. All of them inl udii;g results are in details described 

ill published or subiittec' papers that are enclosed to Final Report. Papers appeared 

exclusively in peer-review.l international Journals. 

l.ist of pt)licatimns that were supp0lortCd from the budget aid originated in the 

institute. 

List of Publications: 

Kalous, J.; Sutovsky, P.; Rimikevicova, Z.; Shiova, Y.; Lie, I3.-L; Motlik, J. (1993) Pig 

menmbraina graitulosa ccIs P event rCsutipiion of ieiosis in cattle oicytes. 

Mol. Reprod. I)evelop. 34, 58-64 

Nagova, F.; Kalous. J." Sutovskv, P.; Motlik, J. (1993) Is cANIP decrease essential for 

resiumptioi 1 L'iiosis 111o1,¢el 0ytes?n o1 i otc 

Reprod. Mar. ,ilp. 3-3,-119)-428
 

Kalous, J.; KubClkal. . RiikLvicova, Z. (uerrier, P).; Motlik, J. (199?) Okadaic acid 

accelerates gcrmial vesic breakdown aid overcomes cycloheximide and 

6-d imleth,,'laiiiourii' block ill cattle and pig oocytes. 

Develop. Biol. 157. 448-45 1 

Stovsky, P.: .Ic!liikova I.." Antaikova, I..; Motlik, J. (1993) 

UhrasLruCtlurlal C.,liCinCllistry of the iiucletus and nucleolus ill growing rabbit oocytes. 

Biol. C'll 77, ! 73- 10 

Jeliiikova, .. " Kubelk a, NI. MotIlik, J.; Guerrier, P. (1994) Crolmatin condensation and 

listione II I kiiasc activity during growth and m11aturation of rabbit oocytes. 

Mol. Reprod. Develop. 37, 210-215 
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Sutovsky, P.: Ilechoin, J.F.; Flchon, H.' leynot, N.: Molik, J.; (hesne, P.; Ilcymian, Y. 
(1993) Dnainics changcs of gap junctions, cyoskeleto and cxIraccllular matrix 

during in vitro culture of' cattle oocyie cumulus conplex. 

Piol. Reprod. 41), 1277-1287 

Sutovsky, P.; Flechon, J. .; Pavlok, A. (1994) Mi crofilaments, inicrotubulles and 

inter mediate lilanients fulf'il differenlial roles in gonadolropi a induced expansion of 

bovine Ctllimh oos'phorus. 

Rcprod. NIr. I)evelop. 3-1 4'5-425 

Sutovsky', P.: FIcchlon, J.1. Pavlok, A. (1995) F-actin is involved in control of bovine
 

CumuLIs C\I)ilSioIt.
 

Mol. Reprod. Dkevelop. 41, 521-529 

Sutovsky, P.: Motlik, J. (1994) ('uinlus expansion in mammals: CuMulus (rantulosa Cell 

('ytoskeleton/lFxtraccllullr Matrix/Oocyte Secretion Interactions. 
,-I/T ,_- 30-315 

Irolhi/ka, R.: Nagyova, F..: Motlik, J. i 095) Porcinc ('inulus and Mural Granulosa Cells 

Secrete ('unmulusi lpalsion Liahlintg Facto (('liIF) 

Suhmited: Bl. ,cprod. 

Sutovskv'. P.; IKalous, J.: Kala), P.: Ktibelka, M.: Moos, J.; Schultz, R..M.; Motlik, J. 

(19)5) The lct of Metibrana Granulosa Cells ol Ilistone iI and MAP Kinase 

Activity in Mainmtnaliai (oeties. 

Submitted: Dev. Biol. 

Some exl)erincnis were carried out in the collaboration with coworkers from other 
countries, particulai'ly from Irance and U.S.A. in these instances (he visitors fronl our 
ImstuitUte eXpoitcd the equ ipllCit aid specific reagents as ionoclonal antibodies that were not 

for disposal itldomestic lab. 
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List of publications originated during the slay of )r. Jifi Moos in The Division of 

Reproductive Biology, Univ. of Pcnnsylvania, Philadelphia - Ilead; Prof. R.M. Schultz. 

Moos, 	J.; Kalab, P." Schultz, R.M.; Kopf G.S. (1994) Rapid, nonradioactive, and 

quantitative method to analyze zona pclluIcida modifications in singel mouse eggs. 

Mol. Reprod. Develop. 38, 91-93 

Moos, 	J.; Visconti, P'.F: M1oorC, GI).; Schultz. R.M. ; Kopf, G.S. (1995) Potential Role 

o'IMitogen-Activated 'rotein Kinase in lronuclear [invelopc Assembly and 

Disassemblv Followiuc Fertilization of Molise l-ggs. 

Biol. Relrod. 53, 092-()9 

Moss, J.; Faundes, I).; Kopf, G.S.; Schultz, R.M. (1995) Composition of the human zona 

pcllticida anid modilfications following fertilization. 

Alol. 	 llman. lexprod ion 10, 00-00 

Papers 	that will bc subm itted for pu1blication soon: 

('arrcra, A., Moos, A., Gerton, GI.., 'l'esarik, J., Kopf, G.S., Moss, S.B. (1995) Tyrosine 

Iphoslphorylation of' a A kinase anchor proteins in huiman sperm: Regulation by a 

calcium/calmodudill-dcp)cndcIIt 1cc:hnism. 

Moos, J., Kopf, C.S., Schultz, R.M. (1995) Cycloheximid-induced calcium-independent egg 

activation: Effect on cdc2/cyclin 13 kinase, MAIP kinase, zona pCllucida modification, 

clromuatin condensation, ild icrotbtiUle organization. 

)r. JifiMoos took a chance to work with Prof. R.M. Schultz frun April, 1993 to 

the expiration oI' tlie grat stlplOr (approximate ly 30 tnontIis). Ils stay was covered from 

the iram budget amid Isohvious lie fully cxploited the opportu nity to learn methods used for 

studics of oocytes aituration and their activation after fertilizatioi on mloecular level. 

Research activity is clearly evi(ent from the list of l)ublications. 
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Impact: Relevance and Technology Transfer. 

Most important imlpact represents the preparation of this project. Actually it was our 

tirst trial Ior the support from inteirntationali sources. Due to the previous isolation we had no 

experience in such activity arid only instructions provided kindly by Prof. R.M. Schultz 

incre".sed a chance for the accptance f0 Our application. This help can't be appreciated 

enough particularly ili the light of preseitt sitnatio t whetI he fi taitcia5l Support of research 

prograums is rcalized according to the qualtmiy of ShmittCd ,applicltioIts. Such conplretitioll has 

breen ittioduced itt p-axis cvti ilt domestic grat agenrcies that werc recently estatblisltcd also 

ilt ('Ult Republic. 

The support froir A..1). increased also the possibility to initiate fruitful cortactS with 

sciCtifi co1tutunities abroad. If nrecessary grant fitrancial sources were used for tire active 

participattion ot several interttatiMtal Mtittgs, for the stays of y'oung workers itt Orcigin 

laboratories attd particularly lor the lomg term stay of l)r. .1.Moos in I J.S.A. 'lThese activities 

trade possible to cxcltatgc the ideas with prtstons aged itt similar topic and larticularly to 

ICan ItLe\' itt1lds. 13y th is wav our experimental approaches rave becit ittcreased attd 

titaintatittd oi good inttcrittioral standard. The publicatiotns clearly Support these argutlietts 

and cottcortritaitly indicate thait otur studies \vcrC itn narlow cottxt with thte researh euforts 

in developed countries. It is tot esC to iteittinit all ovtiv details, however. wc lcl that 

the ,tority of' the Ilstitut, ias beci increased and now quite a telw scientists froIrt 

de,'cloteud Countrries call for cotisultattt or collaboration. 

Stpecial valhtc has accotmlk)lishctd rCilts. TIht' ifo0 filte ittICritatiottal CoirrnlUtrily 

about I)rc)lessiottnal alilitv of pcrsons working in outr laboratories and also contributc to the 

characterizationr of the established scietntific proflile. Such progress could Ie achrievCd ottly 

duct to te grart sulport. The availarle finaticial itealls were used mtainly for supplying 

labroratorv with chermicals, glass, ,mall itetis aid anitimals arid of Course flor the training of 

the stal. Fronm irmore expeinsive eC(qUililCni left behind alter tire of tihe project onlyconmpletiot 

2 sterconticroscopes anid Icoritrputer. No linances were used Ior the iimproveient of'salaries. 
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Project Activities. 

No special meetings connected with the project realization were organized. The results 

accomplished were presented in parts on common French-Czech-Slovak symposiurn realized 

in Ko. icc (Slovakia) in Novenbcr 1994. The expension for participants (4 persons) was 

covered from tihe grant budget. 

In March 24.-25. 1994 was held in Krakow (Poland) meeting called First Integrated 

Iluropean Conference n I Progress in linlbryolTechnology and Genetic lingineering in ('attie 

and Sheep Brceding and 4 persons obtained financial Sllit. 

In the year I193 attended 2 persons the conference about nucliceolar structure and 

function organized in Budapest (IIngar') with tihe financial conribution from the budgC . 

In limited iinstances from thC budget were covered only transport expenses to persons 

visiting some European laboratories with tihe a ii to conduct cornnmon experiments. 



Project Productivity. 

The evaluation of' scientific aspects allows to admit that during studies was 

accomplished more results that we originally expected (See list of' Publications). Also the 

introduction of progressive experimental methods, as well as the establishment of new 

contacts with scientists fromln developed countries represents promising coniribution for future 

research I lovever. rccording to OUr opinion most profitable for tihe institute was tb e training 

t Voullg colleaIgues in well knowln laboratories, particularly in I ISA. Without the support 

from A.I.1). such possibilitics would hardly availahle. It should Ilc also epllhasi/ed that wC 

exploited for this ltirposc rclatively high .ulllnt of financial sourcesr.I lowever, Wc anticipate 

that the skill of younn nembers will open the way for effective initCrnlaiOllal collaboratiol 

amld also will enhalice our chances to coplete in grant application on national and 

international levels. 

On tie other hMd it shoul|Id be confess that the original idea, to find an approach to 

the regulation of the naturatiom of bovine ooCytes by porcile grallulosa cells was iot 

completed sul'ic;Cntly. '[he working hypltlesis calclatilig with totatl llihton of germinal 

vesiclc pltogressioln alter addition of these iplrtictlhr cells as 1iot fully COiIllirlilled. Our 

expCrimeIs repeatedly recaled the onset of'lchromialin comdelsation irresp,'cti\C ofemiployed 

culture systems. These observ'ations prevent to sucesl llore effective culture environment 

for the prodlction of competent bovine oocytes ii vitro. Our results rlltll stimulate further 

studies that would elucidate in more details tile background of inhibiting activity derived from 

m1ural , ranlulosa. 

Moreover. iew situation ill tie agricuhlurC strongly affected ailso the aCcomnplisblent 

of tile filial goal the creation of more effective clture system. For cattle breeding were in 

previous years typical large farms. At that time it was easy to find animals for the realization 

of field experiments. The transformation of agriculture and the transfer of' animals andI soil 

to) private hands resulted in drallatic reduction of' cattle Ipopulation and in the formation of 

small breeds. New owners exposed to strong eCOllOllliCal pressure had only mIargilal interest 

for the introduction of' progressive technologies, that nay be associated with unknown 

results. 'Iherefore, to se'lect suitabile animals for ie evaluation of' viability of bovine embryos 

was accompanied with seriousl problems. We believe that these difficutlties are transient only 

and the situation wililbe stabiliicd Soon'. again. 
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Future Woik. 

The knowledge concerning mutual intcraction between germ cells and adjacent 

somatic compartment remains still inrcom[)lete. Only little is known atbout the participatiotn 

ot' follicular cells (luring oocyte growth and also the rnechatisis responsible for nlej tic 

arrest of' fly grow oocytes arc uniclear. These topics that are studtlid jin several Ilhoratories 

inl developed countries will be iistiaed also ilt our institute in text years. 'lhe laboratories 

air relatively well ctluil)pcd fOr tse aills alid also hulla eal)acity is suliciently prtuiredl 

to I)Certrn XIMpeititliS high Ic\'cl. during peviousr Oin Morcver, the results obtainud -threc 

years provide g-'ood startirit )oitts lr this imtetiloi. Nos\we are able to detee! activity tl 

sevcral kcy enzvlics illutilj' IiStoii I ll d MAP kinases aii l Would like to searlCh or0 

itioleceles that are respotisible Ior their activation. \Ve aticipate that observatiots oltilled 

il ouyt nd tray bCevaluahle' indicators for the iaMteriitir of' similarities or 

itlerics htvciCT tirciorie anLl itOtiC cell eyele. 

The sCcodl line of res rclh will be tiudressetl to the exteinsion of' kiowledc 

eOtii-CriliI2 the backHrunld of ilihihitino acti\ ity originale. ii tllienlrbrana grattulosa cells. For 

Ihesc aitis, aawll as It0r the inveCStiLcttiOI of tihe role o1' tieoCNy t'ot cIstmluls Cx)altnSiOll, 

will be euloyed iitliods allowillg to Sild, these t)tOr'CCSCS il iolecular level. 

For thec rali/atiotr of' stulested proiccts several gratll al)pli atioits were submitted. 

'I \,v0 ere accCI)tCt iild S)i)tote(I rot national grart ageies, tlre flatc of' others is still 

ripel l. 
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i,)ll iiiilairIhdl tA ) wl_\Vdc IllCtllk, ( )CC i i,ti - liO)~itt (GC(w'r' C01~iIl'd h\' IJIrg!.ICO().iitld Of (Cx~i3
\\*.i it) 	 G 
Aintl.1%ill(
irlf 


FIG 2 Indirect nimunoglucrescernce labeling of ii-lubulin and vimen-
ti19. of nlicrotuuldes in CC at flheonset~ of culture. Bara) Pennucleat rings 

25 junl.b) The x-tubulan was also Ioc,fih,ed in cytoplairnic projections
(arrows) Il, Bar 20 JIM. c, The anchorageking CC after 12 h OfCulture. -
Of coroea radiata cell at ZP of an oo.:yIepartially tJonudcd after 24 h of 
culture, as shown by TU 01 antibody. 21mr 15 Ilin.off Regular arrangement 

of vimientin filamernts inl flhe 20 lim. e) TheCC ,it onset OfCulture. Bar 
cytoplasmlic projections (arrows) of CCin an OCC cultured for 12 to irL 
loaded 1"-tthintern:tdiate filaments constituted of vinientin. Bar 20 Jim.,
ifFile expanded cumluILsof an OCC cultured for 24 h, shown by indirect 
1n uolluIiorescence witlhanti-v,,inlinantibody. Bar 25 im. 

3A). No) changesuit~. G,I lahe~cling pattecrnFigl. * were Oblserved 

uII) ito6-.t9 Iff c'uhume, Afte'r 9-12 h11OfCullurt, (Ihliil1

llllll111,111l111ICSltII ;1'Ull I)t.'3'l11lc Af'terlgnt I)tlL'lClte. 2,4It of'" 

LI I, iepp lto f C c m u iae ho g 
.1,l1t:l[]Cx~i-i-positivc GIl(F~ig, illlnlunt)I1B).[Ulralstruic'tlrall 

t+'c 'htIlllist11,de' )lll'11ltt 	 illI I(11 coro+nal railal~ cells e'x
inld() c \t l ttihdI) 

) 
' ru h'd +t(llLni
 

IWrli-'liolns 3C;)Anld~ that1thc'ytOIJllL'R.dC S1,11111(Figl 	 l1t1111l'OL.S 

G11Wligs14;II)an 1 ,)). 
Irectze'-fr;icturtereve'a'led(
anllv\sJis that thetrange of Gi.sizes 

sili]hr alt till". Pill aIt 0.(X)3
1,.0125[ll2 ,at12 11,O003-0)5:;(1 t1.111at 2,4h), H owever,file 

' is' all 115 0 (X)3-0.51)3 II112 0 Ih, 
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fractlonal membrane and per GJ plaque
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6( 1 C; ......
wlJI5to-)ocy I f ild eq risiiion of C32 i b iiii t (A) S iall Of'(J III iiril( lr), (ifin oucyte front freshly isoldted }CC, 
rlti. vijltil lu ofluoii sccit ei willh rlittC ifi pro Electron, ; ,13antitilbody ib 0) irmicrographi of n oil cytle totlured for 3 h.Bulbous endlirng of 

C(:projieCtionr (asterisk) is couiphrr iv iith oof irmiria fbysmall GJ (airrow) fl,jr 100irn.C) No lIaeflin l if CX3:2was fIoIni ilocattle OocyteS tfrto 0 h1of 
,Illtrre ffr 25 pir D)Anl oIti iSijldli fri the OCC aftor 6 Ii if irillare. The Cx32-positive stuctures wire! visualizedf via arti Cx32 followeid by 
rt- is i d iconjilitui seconfiry iIIliboiy fltr 25 ro. 

,liltCfli i,fitCtr ()11)1'iil Inl ( l tiis lil .lIfitit ftith ; IIttis ll l l i ( (ib*i I)liu6f ''iiSidl-II c ;i2-i . iff 11;ICts C iiSCcI 
fill\ ititr 12 .[tfl 2.i11 it tillt f Fi 3F.) lhis iitc fi t c l CIV;fti1ff I I1 C., i l tC ,l() ('id l)j;ILu Cs cit'0)) 

WfI iifififslfrsl I\ ill itlclit,If llihfri to (;1phiti.' 11) illf . ('iftlctl litifllfiiiitILfliIhitfC Allir 2i11i O cl-ttltiic 
IW f)))))I ll it'r) ifli AI fftlllt 1.1.ll tllitllhllltrt', itI)lC c l Ih\ Fig. 31: 

l)2 I)Lqllf(t at () I, 1i 1 PI'lffII.S I1 12 I, il 2-1 plalu",
 

(,I'flls If)Ofacft, (Gi .]1,1)fliions 

--............. 
 ,tsof t 
FIG 3 CLinulst0iiCrrullUS cell GJ in cattle OCC A)CurriuluS cffIS o i t Illt (l( t)m )I)%.sib ill ,lm itIC

......... ............... At ilt" fll(, cfllf Iiit itllntltlluori.scence l d
 
smllf 1 Cx13-p1sillte 

I frieshly isolfated 0CC ar! interciirrinictid fry larige CJ fositive for Cx43 
liar 10 JiM B) P 1inrfatte oOio t ll(tiif anti ff(Uil fllltIi)IIiff(lf ci lilt lliil)it tfi " Itojtctioins of CC.viflila ttern Iiiuiiiffii; ie with 
Cx4 ii alnOCC after 24 h of cultnure far 1f0lonr C)Ulfralhin sectionof filt'iitlllfliI -I itd PliLI)t'SSiVC ljpcft'll;illCChlit A I) tli 
ilrOCC cultured fur 24 I Cor)na,, rirla cells form a ring ifcrossed cy of GI Icct \lIIffIi (I) Ii ii ft'Cultfrec Nii p, iti\'eilt.'Mt icI 
ltuiilrnc projfectioris around ZP irrows) [far 5 lnt CDhrlmpof siich 
Inrolrectorrs, intercoinunecteifliy sr ili GJ, hlielei via fhednt.Cx,43collioifal l ill (N 1\[Iis illdlIi 11 Ii oiS c fllgc"iitfitCulot lhlni
 
fOld irnetihofl [far 500 rr E)A larfge GJ nrlking two CC exfrresses strong ) h Ili Iffff:l ,, (1.1\2 
IrL':tlllt'LItCC )lic ill l"tffplai ll i 
piositivity to arit.Cx,13 Bar 500 no F)Avergle area of otalGJantilboiy tciw Cultuftd Iit)i( h (iFi -t,(C f1 I)), its ;illfiftll ill
liques lraskotli in I:Frellicates ainidaveragfuearea iif GJ fier 100iro of 

scanned frauctora rinmbrarne Teie frirn dianreters of GJ prlarques weell! tIftllll i itgrt.SivdcI l) io 2Ai 1i it 'uf1llurc.At [Ileltt'i-
Sii lci ilfferent at lthree tune 005f. The nUmrifs iif St IftItIl lC CI fIliC fLftfg ff1) flltioil/l7filly a 
 iii' in ovi li-(x32 m ill-
GJ plaqiiues rmieasured ateach tlrnepointwere N 192 at 0 fr N 11 idcld wil tlfills of ilholil goilid itltlli ll f)i l,lisl (nlt 
jut 12h,N 85 at 24 r1. Gr)CilutfiJ-I i In111ifs cell GJ flarlue shown by 
irrelti of fr e fracture in arOCC ciffiiruf for12 fi G' area 0 26 lru s ii t) NioSil tt'.1 i it' tlo li GIli\'il( ilt't f n Il-
Bar 200 rrr IMlcitC 'l1-111l i)loit tli tll o ,ittll ltf.tlitliltll ui tI llll att 



'O s( VId2)ISL '. !71Y 
-El', 

. \in ju5lctio m; o f flu oresce n i dye LY In to CC ( A , ) a nd Into on cy te s C , D . E , F ) A , !] Dye s pre a d a mo ng JCC o f all OC C cu ltu lred fo r 24 h : W A3 0 s e c , (H) W ,s.ec a fte r In j !cion P s s ilg e o f LY (C ) f m<o o o ye 1.: C C In a n O C C c u lto w d fo r 6 h . D ) Ph a s e -co o f he s a m u C C . E . F ) No pas s a g en tras t pic u re 

o l LY w a5s r,~:orIt!d III in OCC cu ltured'i for b Ii A ll hbms 50 lonT 

III-t c' .'q dim,q .Xlj, q .t,.!to)C.C. occUrredl1,11to 0-9 1hof' C1l..ure- (Fig. 5, (Cand.
[ 1 u "i+ttnll11, tu1(d hboth( 11'1Ntol>-(CIt] this fillie point, no tran~spor~t of' Y wasl o.)'se lved 

'+LIII.I:t .Snd . Afi _r 

lh)'l::,.:lt-,1ri1L- Ill IlW(]i, II01A.0\ I) ),l ' 0W+("<I13 IlrAm ),1 <clil h h oI"cll, lu.st (lit+(rnn]icleLsl f*C ,t 'i(lhill 



'l()stKI NI )T.It' iN ,.I 

((-\' I)), , 1 hlt roioo II Ito ,',1 1,i t I,( il IIlII II vI, cfir()gc. 

ill d l illing patIen of lio logotis (l, t 
UIhILIIlit esf -iiloil '1111-pie IM IfIeL-1o 1 l-Aicn as thSI'I 


i tl,) illlh, t (ion rotta
Ight tk)op rti ipIat,' llt 4 toi litta' 
telI projItlt ti fill ltet ()i,tyteJItth" ie of l,iii)tic I. 
sn~inp tik i10I 'It dciii ii,,rtd ti t' i cil.:uiitl1. 1121 
tillt)l l cltin i'iicrtdilaliutsn with lui cetil ' hfit lheniil 

ci- tlil~liiii'tli l.'td isitt ct'ile' s\vt'lli' illilplit~llttl ini(ii
ti+<l l I)no 1111"ro 0,1<11l ll, leh 'o e ,kinc l i diit .'i ll r c1t 

' 
li i~tli i iliIc l till hit I u ic l i tihutI~il Iii0. of 
plitr,,ilt Il I 'llt L tI i mi t iiiiI, .lslt!1 Iii liL i hi iii Itl 
l i i, I tII Ioi) 11hlllt\,ttIit il l tA lh1I) ii i ilholtitt).Ill "li

, 
yl~tlii \\1i 

\tiiic i', clibh/;Itt t 111nt ilti, i 
t e in ltilc ili id i ce ll [-31lt it 

lti w l li I It il t 
+ 

12 
,

;tIoh.iic lii X.I tii' td( 1,iAl it iliiF i i 

ilihioti I\.lu)ili 'i11ed lli lli, ti f\t1,i' Hit k dildlii)I 
ii 1. I IIttutlt. ,lrltt1 UlU t. ,AItlCt i viti;it ll i.ufIt i s 

Iji n ltiri-', lilt Ii ( iiiliii lull it t iuut ilt + t'.l 
Mle dill'lllhII,1WkI''ti ii I1), llol))ll IAItU(h] t')Lt~~l, 

itli u it I-n - tholll ' t 
le liIf I iiilt ;kitlitI I 

cht'tli "i tiltl dl Iil 
l \\l i s'iCAl I iH io ili-C'l 


le i t 'iltiL littlt, ii i 

[Ili(i in . iiui,.ii IILIt eiiLi fiiiCIc 

, i pitii)( lliilt t i'ltl stig\ltet 

I ci ici',I1c' L i t i l 

tii-LCh\C''.i 1 i1 iiii', l lc lit 

\ n 1tiilt') itLtil lti-
te ill fht iti i iitia 1i1it (ine ls,,[ c li(c t 

fitili, lctitlui, I of IiI IhI, I\ , cci i 1.hhi1c,-d',- i LI\\I 

tititts1 liiit uCI ( 1,tth 0 it' l[12 h ' c\l- ik l ns 1( \t -i It( ) 

It N( I)N, IN ( Ai111 ( (c 1285; 

0iO1uta rAtdiat.l cills N:ii show n!ill i sltd' of rat ()CC 1131, 
ftic i tot l SLtStil 01 a' H)t asdie ltn11Itg((tlIS (;(: (Cl Is 

S IseseSC I ill Cesj iinIte .S, inljectit) I01 IN'(1, ')' in the 
((, rCtGiCLltel in i ',iliti' spread oftilde dye intol niigh
siring 
Th i' hseivatit uns etlici wid th e resuWLltsoht.Iinl 'ia 

oih sclce ledCI' to)tWtcIltlC."that the inlegrit 

o Cll i t All time' points lotl ) to 2.'h of Cultire. 

iniiut lilitc 

cti l cilof the.' iih, o-+c'tliitiluns t'olulllltlcltlion wa 1'1,+, l~ il
o Iil~ l '()[IItI+lillhlI M Iht',t S 0iC 1Jli~Ltt111i1 liliu tgi y 

ofh 11, itnII h s[iLv' w'ithL ili' ilosill.ll ciili :I 

t h , it h oit i I (iltall ll(o1 tdt Iio sci vl. I olis.l'
[("ntilit ) i Ci lilt iii cattl 2f ( h eepI t't if) f,.ont tu ltnlnu 0 teliitrllv'ltitlaltillviw thl(;ilfl)1 1 \\IIit 111.p, t u rvedllht il itt,l iticc'n1 ui [ id [ I ( rL

iiiuc.i1(H eti e it hi )(fetl vicr Ies infuse Otilll ll un n' i 

ivi'111c'lii ! ofllIhtt tiI' i tpltitigOtl iltI n
i,. ir otitliiL tIttl iti t'I I c)1iic, sii ll_ ()rilcuis tWis cittlil 1 at 

tli itig l L i uI iiOW Ii+ )t' oi tc'ihi tvpt) ;lltl h Cti fo)tllLIlo
x c hl\llc i t[ It cd \%tul -GIuc' ](lli;ll'tI al (tohi 'f llc c iVB 


ill'l itiullit' AI ltl a te iiotlt \%fil ' oh'oflti c it it of 
letlotoiis ( Mid t hi. iii S,tee will srI)v' itn 

it u taulclil gl ti ohi hic Tttt' ius paititlc 123c201, 
17ti, ii -I t " 1,iitl t I -12, *t i t e hid (provedhti 

iroui i JC lle 'thCA LcuisctI l lcaLtt in ittoli a iM (ctt, i 

uc,tes io t en li. C isotI t'tk (and lliti
oii c il ' 'lslc lt)

re 2pectol IPh rnsp rtd nuilccl ui't itltiat wegh t 
LittihlnewlI rtdttctl c i t IIc Int uHtitl ctnh (Wtain

tcIof tIttil iltuh a cnrtls)i ti iI 

in I l t 1,ti IIill 111I '(Iit te se lltt i C)for N t tra)tini n cattle , VI, il-

Iiot lte filiuki It lt ii' (. cl ilL.\ I,!It r,tia ti t ientegrKit iii pt n atcild11il1 t he'l 

l,t kICAl l il oIhe 

miii(,il (111in hnilitio)ill V.,,lkd I ll C'l i l ) 11( (C(]" ildc il l)mh ['llht'i 11'rltl iltmitm- ul Mtii c'~1~)t l<)i l1,I.\UCHl 


,

L iic'~lti e tttls lic ctittlici tis t'< il'I, t Lttliti i f)ceilt iell lt ti-ii( Ihcii, thyuit' Iclt t s Il iesi da't'sttg'.pit tIitheitti ) i 1 ;lllti 1tcitlulvccl tlt Vla.ititl i;lllIt t i 

[i -i t-,fvil A L';IIl('liiclllll-ilil CC I l1 1 iI,C' 

rn'il i1. l l 
(lti iittoliii'm ;i.'o 'iiIt'i, li 1 tII+lt1dtitt lttin ll-lIl.l I(.11%ho., 

,1cIIiot Ili citca la l v;o tiM ittil--Ir 
lIilltiillllelcto(i,i~'bI l ( >,' titetci ilem itrl mr 

u-etits i t lisize iil tt)eit lst( ies Illl5t.5-5 C' 
u1) toI kl)i, o'tiiltA t l hasecl i)tIlioatliCe i 

t lii ltiMPi l 

tigilsec lci ()1(;m litCl icrl lr a lnspyi5litC1 l -o 

t' itnitatits ote\rcis iet replia,: di (- tIcaiii 
I])lllcilitcl Ih iuio
ilVcoil l (1,1.0 celltO, lltolut' lic e ( Ch(asr , 


Ither cfA('llLc'tt i IlIcSit il lillU i ()I llii) rIffl lCC tittl iic < CNIi'w allt hiateill xi aliclec'fittlh( is.C X iOns p lltic1n<11lixn (FA(7 ltl )w~ k\\Ih (lc,'. l ot- 1_1,-i+-gicc lloeoiC11\vl)' I HC h tW d C O OC)iC 1dC Ci¢t[lnhI~C~ I IIOtlIIC.ll(cii C 

<+, 
 +
the,IIIii-ti~ll)tin 'll+-{I .CLM k-Ct A'l.19 ICV'l "C)1 ih16i11tl n i dii i ri-',ntulutI~tAll11il l( 1Atlllo\ c,1lt<,(m-iim;lIlill igglnlrilgiC 'A(id'C'- llitil of %I1dGJtcQr i l~ont o1I~'~l:iiIt"iCSc C~iltii-illMroIA11:1Ih< 
, -


OrIClit (;IIIHrits o1 (ln etisiihjetecli t he et.tlihillll Ian ,, sttat li tal 1iNlIII)tcilritl ¢lUilllisleirO C~C ht m-llciite po rhtlilicIil'llll01Ci"cnetti+111O .IlitCitllXitCassayliOzMILrrsultsdhin[Ilecouldht ) i] ,ZOICCiOiihcluel:to scrl<,ft)i net 

+ 

lurl nillni,H l til ()011 GII, 11, 1-, l the C .+c'li' t 13t, 91n M 


he:invo~lve~d ill tc-gi1lltion ~OC'te,filet' Ot nicio)wtmiltlirtioln 


MiI-III. 


I.tr~i CIIrttu-Al i)CIrK)incCLilliAItS SuLLgc,icc
MIu<LIdI,,S hIIVt, 

I thait[ie nmaioi-itv to)tile +chd cylt icpro)-of1(;ImelCstiljt_\tcl
) 


c o n[)l lilt o l-tlW~ti~i il+It) S t)-(( f 1S1ill e( 11t10,i)i,,)-S 

dts isempnlhasized l y inumeroltus studcies116,3,i,55-581, 
-


Tlhe' icolitnil,] of, leviolis findings based'c oil qUaUl 
,


l titativ,FI anlsi,fill ith lt roCSultreplorted he~re aind with
 

me'tabolic"Coop triion)l re.tilt. tIlue
ai.ssay, COUld I+le to setve~ral
 

iht lrevi\u lo r~y 1.11 peaik o}fthisct" t pn, d))ll ill \'iO ()irLiI)(ilgO- lihmitaitionls tlethlod, In FI repl+licais, the Qj CaillIlte 
,


Iilidotilll :1idclitioln to)ClturC 11illll~ fiitvitro [ 1 --i'il. nIli+StelI regions 1591 such asill hijhl)' CO()nourtcd. cecllulair 
-
\Vhc'c';i It'it tlV'UM't.ullin MVCIt\c'l0(yiet_ anid ruffl CC] I111CiI)t+itMiC. CUliti,111.I Cells l)t)Si lc'c ll g illC._Xl1MIdt, 

°
 0

http:iiiuc.i1


1286 1I'O\ SK' FT Al. 

and nlpm(in lie t-)l l i
SC siSilg sim ilar architeclure , a n ajority of the iracinred H . tlt,lir FI. All .rlilI)F .;I l it11)11, mti-

('liht i tells 1it;rI iiitii.l;i n I)aly J Cell Inl 0-6, '1 6801-0mSI
 

membrane sNUIlIaCe could belong i) 1 iusli) I.1 II inlttginis .10gulttir(l()gtnis cell 'topliiig i
in die sheers withoLIt 1ri lx., MI*r 5M, 


Ho(wever, [le of tile inrimritinrri in.trian It Fxli rell lCdIt)s l-11251 -261
co rrelat ion FF obser'atiolls with dye 198 

) 11 tI I s idv l.Ir'i Sj, W t tle 111tll Ilge antdl ti1C'<Il ll1* 21SN;i 3mld 11 Iftl ] ltl )[t 'Stelltce diat11 in l t d Ill ] it ,iIt luittIIlls in g.ieri isi Iill err)
 

ldieie 111M1thiS discrepaney C mid be d]ie to olei llitrir 1issue- A ell1 i' , 201y5) HIll
 
11 I~r-u \Xl lo'ent 51, llurii t6ll A tlt ivit is tli nlisll gqi huh lii iris
 

lotrs PiIllrily, inlerspiles dilfereIces, aic l l tseItt-,kin I inat s ts,, I'v- lliiol 19O0.
 

et'[ ;l \'wtr and USe Of l tlditllIll C011ltlilling est rreU n 111%'IV - II P I 21
 
-~l/t",tilt ill mtl ifllcU~s d (GJ s+yi/lhutci. :111d tll , Ill ()ill' Wsv< I , ,- ~,., [: .: tht-I idl , I1,nd I MtH.i mnd~l If..(ie unnd-~i 

'.A2Its , -r.i ' , folinr I, Ilti, rl I -ir i I-h. -lI.r ,I ,li , timl' , 

m, llngs utadvisabiltio S,it. I i llls (s,tll .tli lllfs I It' li lt l ti(-o ll'c i t ir. nitUilrt, lOfrril tiii I IN il.i. i. Atlilrrhi . (tiM , 

CM• 1 1 ill iltTI10 3 1 l )h al itti) ()0C1-S~IL l liiun'.tlli- -l ik lturner ,Atr.llclt ltft l I t il liti Iltl lt irIlol ll)ISIlilS ilFFlinrt llrtirtit i,l lt +.t int n nrluit) Il rlli t i 

' -
(I r pie Iit ' inI l Is 2ix l siti G'u vcrc r c litl lot.'Alz ll the t t iG ut oit'r ii.', t, iti' i ' 

O \tlil t lY m I(l:' , wiht it ti l r li e ILI )1LIt)i-c C Irs la b elill It \ I .1 I trt'n . r l t . itt untl' ir F tIl t tI liil , in ,lO I11 
- ,it II11I0 l u iii- I ' i tlt r lI I i it i till it'+ ltc ll 0,I t t."I\]tttrrItIiri 

+
illt It Illl t141 

illI to liculh r 4( ic- ,s 1.31 
\ 

Il lG l IlS 'i tliar i 

o) ,u ll ttitl C A.jl[ I i I)t WI4 tIt)rn, CtOrll-t 2 rlri 

the cc ,tli IU t lm pt itivc , ti H , il 'r j, Iin,l .l A A 11.it IIIttlI t'r lJi l lrnits llrlr It
 

lt tl rtl VI0ll t cii lcll - n / r 0tl iuI tit • 1-lh . . ii t I tl Il l t tllli i ii
It 'i td u iitu'tl ; :A Il5tLl ilt t l t'I I 2L. 
il t ti r.sIit\ (l i iiIidt l- t.(() lSS ' I ts lI llI lhl~llt illCetlilt)tt Illluu tu ulr,n , n l u t I ,i tn l t nes-r-nullerirrru

d I1 Ill , t)t ,( 111 i S rqi l1A rchi t CC I th 1 ) in( 1001.1o d~te, ino ( ;.(on- (, ii( lru 311 ALrd, h-rp ,, 1rnptr luni l 6 -irrsit ll lti8 

ill it l Mit tnt i hililIg l . , ) hsi IA h lLVII hl ill t I I l Wi i ll i , ]I i t 
t 


IIIIlII I'li) It h'ls"S 1'+.1Sii 11 
 irt' it- tIltllrl.lud .. ttt+iiitiit nit-u'i1 nIrurlri l irr Iit'r ti -1t 
'rti 1111hCll,Is5lllti/t 

" 
ci~clr, ti[1cpic_",c'li+' of' (:x -)2 %%'Zlh rtC.;Att Ill 0hW 0 1y( )l 1l,111 I l ill mml~/-nali"l 114l~il,LI-1. ,nm l iIh l 1069. 131 21) 3+(P;
t I 

) t1 I Ofi1 OlsllltllIl.lt i l such I - I l r runt -. r\ tnuumilurrgIn-rtttu.iiti nl Alls Iilti I itlli I 2 i sis) [()i. !t lii.lk\ ( Vld uiL s 
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Pig Membrana Granulosa Cells Prevent Resumption 
of Meiosis in Cattle Oocytes 
JAROSLAV KALOUS, IPETER SU'I'OVSKY,' ZORA RIM KEVICOVA,' YASUO SIIIOYA, :,
HYONG-LYUL LIE,:' AN) ,JAN MOT0II 
,(Czechosloak Ac tdeI y ol's.ie'nces, Ilstituh, ofAninua Phvsiology und Gee'tics. Deprtnient of Genetics, Libechov,
Cchoslouakia;'Nutionul In sttute ol/Antin tistr, lhnirini,.Inadus;trySn i Chemnical Research Centre, 

AIISTRAC'T Metbraria granuli'tlosa ias Isolated 
from healthy large antral follicles o piielptibertal or cyclic 
gilts stimulated with PMSG or PMSG and hCG. Ultiastruc 
tural observations revealed that pieces of pig nienibrarna 
granulosa were associated with the hasenient mreribrane. 
The cattle cumulus-enclosed oocytes (COC) were placed in 
the rolled pieces of the pig iierilbrana granrulosa (PMG).
After 8 and 24 hr of coculture with PMG fronm preplubertal 
gilts,, only 16% and 21,1 of oocytes underwent GVBD, re-
spectively. PMG front PMSG stiriulated cyclic gilts blocked 
the resumijtion of meiosis inall COC The inhititory effect 
of heterologouts aittJIoSt Cell'; tis fully reversible, When 
COC were Initially acUbalci ftr 2 tnd 4 fir, subsequent 
culture It PMG prevented (VHD i 100, and 361- of 
oocytes, respectively. his suj;i;t that functionial contact 
between COC and 1MG was; e, lahh,thed during the first 2 
fir of cocultuie To foilow tinitahlic cooperation between 
PMG and COC, PMG was prelaheled w-ithI titridine and 
cocultured with COC. Atitora(lotriphy on serilthin sec-
tions revealed the intensive passage of 'tlunditie frot 
PMG into the cumulus layer ard an oocyle. CoCplaced in 
PMG after GVBD (8 and 12 hr of ai initial incubation) ctid 
not extrude the first polar body PMG ,solated from cyclic
gilts after PMSG and hCG stimulation also inhibited GVBD 
of COC. Since nearly all COC placed in PMG isolated 10 and 
12 hr after hCG remained in the GV stage after 24 fir of 
coculture, the hCG stiiuliation dd riot substantially dirnin-
ish the meiosis inhibiting activity of PMG Daring coculture, 
cattle cumulus cells were closely associated witi the base-
ment membrane, but no gap jutinctionis were formed among 
heterologous granulosa cells. These results suggest that an 
inhibitory factor secreted by pig granulosa cells is not 
species specific and it can act invitro without the media-
tion of gap junctions. , i993 ,,Iy i,,lw 

Key Words: In vitro maturation, Block of meiosis, Do-
mestic animals 

INTRODUCTION 
In mammalian antral follicles cumulus oophorus is 

functionally coupled with the mer n rana granulosa
layer by gapjunctions. This couLpiin maintains oocytes 
in the germinal vesicle stage. 'ile follicular voll of 
hemisectioned follicles also prevents GVIB1) in curnu-

lus-enclosed oocytes graftled to the membhlana granu
losa (Fliote and T'iiauIt, 19(i9; ''safriiri and Channing, 
1975; Leilhd'ied and First, 19801); Meinecke and Mci
necke-Tilhinannil, 1981). Ilowevei-,,a lower lroportion of 
denuded pig Or hanister oeCvtes remain in tile GV stage 
after culturre on a segnient of follicular wall (Leibfiried 
and First, 1980b) or in explated iarister follicles (Ra
cowsk, and ldwI vin, 1989). Pig cumiulus-enclosed 
oocytes cultured on t licultar walls fio which mern-
Irana grtinulisa cells Were scraped oift resumie Imieiosis 
'lsaf-iri and Channing, 1975). Il additin, intrafollieu
tar dislodgement of lit' lianister cumulus Iiiphilirus re-
Suls ii resIiiiuptio l 01'leiOsis 0f tie dislodged ooyte 
i Racowskv and lhalriwin, 1989). All these studies sug
gqest that close assOCiO111of ciiululiis and Inelnlralla 

granrihnsa cells is required to prev'ent o(rcyte mitira
tionl. Meiitic arrest is overtcomte by tile preovulatorV 
urge of luteiinizing hormolle (lI l) or during culture of 

t(lilIhs il LI1 or it('(, supplemeted medium (Lindner 
et al.. 197-1). 

All pig oocy e ctiiulus complexes isolated with a 
piece tf leibrana granulosa remain in the GV stage 
(Motlik at. al., 1991 ). )ata ohtained in vitro with sus
pension it porcine granulosa cells are conflicting (Tsa
firiri and Channing, 1975; leibfried and First, 1980a). 
Neither suspension of fresh bovine grarnulosa cells 
(Leihfried and First, 1980a; Sirard and Bilodeau, 
1990b) ror nionolayers of bovine granulosa cells pre
vent germinal vesicle breakdown (GViID) in cumulus
enclosed hovine oocytes (Sirard and liiodeau, 1990a). 
The majority orfcattle oocytes did not resume meiosis in 
only higher concentrations (0.5-1.0 x 10"/ml) of cattle 
granulosa cells (Sirard and Bilodeau, 1990b). This in
hibitory effect was more pronounced when bovine fol
licular fluid was added (Sirard et al., 1992). In 
2.5 x 107/111of horse granulosa cells, one half of horse 
oocytes resumed meiosis (Hinrichs et al., 1992). Thesedata imply that suspended granulosa cells either partly 
lost their intrafollicular ability to produce the niciotic 
arrester or they are riot able to generate enough inter
cellular cominiunication to prevent GV13D. 

Ieceket N ovebr t, 992 accptd tuty 22 1992. 
Address reprint requests to.Jaroslav Kalous, Czechoslovak Academy 
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'I'lle pre'ellt.,l Ildies were illidt-l-takt-11 to evalliate s;pr
cies sp-cificilY ol'the Inciotic block illdlavd 11*N,pig Invill-
brana gi antilosa Mot Ilk etal., 1991). Coculture of'tll(-
pit, Illellihi-:111a grimulosa ver ( PAI( if 
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Coll lit ' %%-ill) caklc 

' IC( WI IWOVC(I tll;tt Ille InVio-
sis inlilhiling actwit I> 

Hotti'm isinittv(I thl-Ough ill(- kiclilelit 111(lillwaliv. Slilpris-
SI)CCICSingIv, ill(- Inclo'l, 111111hil till" ;Ictivit ol, 1',Nl( ; tilllu-

lated %%]Ih hC(; %as nt,[ dililinklied 
JWCiliU

MATERIALS AND METIUMS 
Isolation of' Pig Mcnibralla Grallulosil 

alld CattIc 0oc *N.tes 
it 

Nod 

Mellihialla %%its I ol ; :.(d Iov;lrivs Ill 
slauglitvi-ed pn-ptihertal gilts (11YI id lill('l Of- 1'1'0111L', V- 
ding millialun. Milint-olii midGit-
tilo'ell straill') (re;lled ill (Liv If; (1)[61 villier v.-ith 500 
Ill PNIS(: (Alltex I'vo, Cop"llhilgell) or wilh P.M.S(i.alld 
s2 Ili- litler %i(h 1,.500 It' lW (; T ravd)-nspolii, Prillial. 
(hd.v hr""t.ioltial fl llllch" %%'filltrallspilrell(, vasculm-

ized fidlicular wAl %%vwdls. (-cted and 
Iwillisprtiolled. 
With tlic help of' 2 prvp;ir itioll ovedle.;, pit-o's of' the 
grallulosacell LIP-1. were cill-ekill 'v sepill-ated 1'rolli the 

tlwcil. ITTllic plvont vXperillients toll ,v large lm-ces of' 

Ihv pli" no-Ilibrallik vralluhsa 
 containing about 

:1 5 - 11) ' grarodo-;a cvIls. %ercused. 


()varlvs Idsla iti'll tered livillt-l-S and cows wtre tralls-
fl.rI,_,d to ill(, lahorator.v in phosphate bifff'Ored SalITIC 
(I)II T-hal 3.5 U. Antral t'olliclvsoI'3-5 min ill diameter 
\ vrv aspirated, and isolatt'd OOCYtV Cllllitlll]S COMI)IL'Xes 
Were repealedlY wilshed ill (hP CUltIll-V Illedillill. 0Ill V' 
C;Ittl(' OOC,VIPS %%'fill COMIMCt C1111MILls wvnl 
chosell for coculture experinit-Ills. 

Coculture of Pig Mellibralia Gralmlosa alld 

Cattle Clocytes
 

,SIIOI't1 ' ilfit'l' ISOlilt iOll, I1W I)i('C('S Of'gI'MIIIlOS;l tVjIdVd 
to roll 111)%%-ill) all illsidv-ollt orientation. Thus, 
were placed oil ffic colicave Surl'ice of' the basellient 
Ilivillbralle (Fig. I). In vach rolle;I fit(-(-(, of' PAU , :3--5 

pi 

........................
 

..........
 

Fig. 2. l" tlInIn.d wall pig 
;,lOmI-;1 Ill mid 11 am milvadI 

M IILCI It illll 4 -md .- t d , hl"malm "Illo" )w lilt( Ic.l. 
h l I I"him" 1, w It .,I It.,ki 1110, 

It %vlv depositc(l, and tllc (' picces 13-1 ) of* PAIG 
,,Itll COC W01'C I)LICNI To 1 1111Ol'illIV C(Itlilih]-litt'd CUI

till.(, llit'dikilli under p:11-aff ill oil al 38.5 C ill 51 CO ill 
mr, lit lilt- : ame medium, 10 15 ( '(W wen. added %%-ill)

ill lm coolad %%-TillPAI( 
The cull kin. Illedluill %%*itslllmlihed P;ii ker's nwdium 

, M . I !1 1. S(wac. I Yalm I <upillcinentcd %%it If 2.92 jnM ( 'a
kiclittc, 2 TOM Na-p rt I",it-, :;3.9 TOM Na-htcarbonat(-, 
11. 1:1TOM llelw 50 W Till pcillcillill, '50 Ing fill 
lrcplolocill sulplulte, mid ITT',lIv;It-trt'iltvd bovilit.

scruill IB* ., Pmli;ll.
 
Ili Ili cinctihat iOn 
 expoi inicnts, iihout 20 wcrc 

cilhured fit 0.25 fill ot'llic int-dium under the described 
Cooditions lor 2, 1, i. mid 12 If,- ht-filre (Ill, ,v wvn placed
oil ill(, lolled PINW. ITTit-kersihilit 'N,experiments, COC, 

filwl';lh-d 110111 P.NI(; M 'I'C L-IlItUl-A-deither in thecontrol 
medium ill- fit ill(, niediun, suppit mented with 0.5 W 
FS1 I Till IFolicotropill, Spol , 1. Pllilill. To fest till' possi
b1c lion'p-cific efilect ol, PNl(; upoll ill(- resuillptioll of' 
Inciosis ill cattle, l1w rolled pleces of' PINIG were illv
chillilcall 'v opelwd ill'ter I hr olcoculture, whell Contact 
of'C(W \%'till ill(' IM.-WHIVIlt I1IPIobI*MO- WNS Cl tAflll;lh'd.
 
Tht. C( W were suhsequentlY cultured 
upoll ill(- op'lied 
piecus of' PM( ; for 20 lit-. 

Al (10. ('IT(] ofcillillre, CM, lihpratcd fiolll t1w 
rolled PNW, Nild CIIIIIII]LIS YCIIIOVUd MedlillliCilll v.
 
TllV OOL'
'OVS \V0I'P tlWo Illounted olislides, fixed ill acetic 
acid:alcohol 11:3) fill- 2.1 lit-, stained with orcem, and
 
( Xalllinvd Illider if pliase-conti'a.-A Illicroscope. The fi-e
quelicius of'( ;VHD ill 
Figs. :i and .1 wvrc Calculated fi-olil
data pooled fi-oni 5 replicate experillients. The fi-equell-
CIO.'; Of' ( NBD I Figs. :i Mid -1) of Vill-IOUS gi-0111 is %vel*(.
Compared hY chi-square allillYsis. Ili toto, 912 boville
OOC't('S WN-P (WALUItCd. 

Electron Microscopy 

The fi-eshly isolati j pig Invillbralla grallillosa WNW) 
al)d PNIG With COC CLIIIIII-P(I fill'(;, !), 12, and 24 lirwere 
Fixed Ili V; but'llered with cilcodylate 
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Autoradiography 
The PNIG isolated from prepubertal gilts (see above) 

were placed for 1 hr in the culture medium supple
merited with 5- I-uritdine (UVVIH, l'raha; specific ac
tivity 765 B(l1mol) at a final concentration of 3.7 MIBq/ 
ml. The labelled granu osa was thoroughly washed in 
control medium supplenmented With coll uCidine and 
was cocultured with intact COC for 3 h,. At tile end of 

re, I'M ( with an att ached COC was washed in 
phosphate huftred saline (lil[ :uld suIsequently7-A) 
fixed and etmbeddeidl See ahove) for histological evallna
tion. The serial seilithiji sections were coated with II
ford K5 eniulsion and exposed for 1.1days. 'Ihe slides 
were developei i 1)-I 9 and stained willh tolUidine 
blue. 

IIESULITS
 
Efi'ect of Pig Menmlirana (G'antlosa IN(lM) Uponi
 

(.VIlI) ill Cattle (oeytes
 

P'lNIG- Ilimr, -tAluilIn th I'.MG oIut ,it hout (Illect conitact with lt (Cattle Cl ltl t Ills-e'tlhsedl oocytes ((?((', Cultured 

x'.li ir(l-d-,--,I -A -', 5i ait2ihr. Each without I'M; undlerwetit (VBI) (82'i during 8 hr of 
%alttv rt,-prv-it:, the invai,,f5 rtpihcatr -xpvim-nlrt, t lr skN cllt ore (Fig. I. 'l'hieeS OOcytes reuachtil late diakinesis 

oo )t W('t IW' C((W? ( l hilld't %W 1101hmi) 

hl .,1 gllifiiclldt lflk- n-.ll ill pt- clit GVIt tHf(It C H(utld
%Ilhllt P'N(G orl N lltt dlrcct olltact with PIGl( horll they pe~retGtliIl t'i Hr lcultil ho- I- It it ' ; 
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Fig. ,. tt v r,Ar lit III IneiIl lck induced l pig, iiIhialli

1 e y 

gradI-llt illNi 'ti GI IC'tah,.,cyt,. iberitvi- 11lill'MI ;t ,r . 12. 
2l.l0,a i21 I- w-o- -qu.-Ilt]I- IneIll( )[If ). lttI ruh ill(Ill IIt IIi 
nlivdiUltt -• ct trl] nw(]litlill 'upl ll ll.- "11,h1 I),ioriiiio n ,ht d 

F I--- Each vahlt) rctrF1 .. th11 11115 '5 )IcatclI IXpIlC 

IlttS. tIh' itteiik dItlIItlt, I sgnliicii t dilt--- IIC th- pIIIL 
;VtII of COC culItr iV,,lI 

perent ITltilVBl 

at 1)117.3 and were 
iOsO,). All samipillles 

tillw St -I ntltd Inlwlhull IltI till,)sI-.;IuppheI 

idIliIcultuthe control W -t-dium005) 

Iostixd in Il'i osttiumt tetiioxide 
were treated with I'i tannic acid 

belore dehydratati on aid embedding in [urct pan 
(lIluka. The serial thint sections were contrasted with 
uranyl acetate and lead citrate, examined, and plioto-
graphed in a 1Jeol1200 E"X electron microscope. 

anttl inetaphase I (9I';1 alter 1 liGiand lletatihase II 
(8,11 afler 2-1 hr OcUtltit'e. Similarly, ('t)C cultured inl 

iiediunti with the PNIl cells hit without direct contact 
With ttn leSttlo-Id tllCioSis dlillg S hr Itilt'ire I73'; 

(VBI)) and continuld to itnetaphlse [ i1i hrl and 
li,,-in nediuln11condition~edhyiv2(2-1 li-. \Vtei 1hr1cultuiPwere culturedfl5 7( (It' tir. 2.1h l0"', 

:Ill PIG( cviis, Ilo , thanl 9)('i o1" (C(C rIached 
ntaphae 11 (ata nt hwn). iI(O

In lcointrist. (;\'Il) waIs ollserved only in tt' If ((!. 
placed ill Ole llhed Iieces lf pig meinlbrana gralllosa
for 8 hr. ''he inhibit lry effe'ct of 1IM(; was also evident 

W(and 2.1 hl(I7T; andl 21';i (II, respectivelylof'
colture. In approximately 50'; oftCVs, 1-5 nucleoli as

sUciated with tte cntidtised chirotitatii were noticed 
aIter 6-2I Itr (1' cicuIlture with PMCt (Fig. 2). When 
rolled pieces if' IN('( were opented after I hr Ifilcocill
tlre, the cattle COC relnained atticlied t1 11M(G lind 

2'; of' the n retained t V after 20 lir of' suhsequent 
cocUItUre. A reversillility test revealed t hitt More thi 

70'; of'COtC inhiltited by I1M( for 8, 12, and 20 ltr were 
able to unillirgo ',VBI) (Fig. .1) and to expel tle first 
poliit body, tter the lottger cuiltute iiterval (2.1 hr), 

revte sibility was significantly higher in 1 1 supple
si. TIe t 

nIt n e i d tn 2 i , 7 ;G+1 ) I' !c n r ltl, 

litill supported only fIte expansion of' tle periphertal 
layers, while the whole Clitniuls expaided ill the FS11 
stipplelented inedittin. Results indicate that teiosis 
inhibiting activity of pig granulosa cell layer is not 

species specific; it is folly reversible and dellends on 
close contact between the basentuent tieibra tof MG 
aitd cattle citiulus graiUOsa cells. 

ffect of Iig Ne lirana Granuhosa on 
Preineuibated Cattle Oocytes 

To test the essential tinle for' estahlishing tile inhibi
tory contact Hetween cuimUiis and inemlrana graniu
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TABLE i. Inhibition of Meiosis in I l culatcd Cattle OocvtI (inlphcxcs Ii ring Coiultore \Vith 

Pig 5hem!brane UraiiiliIa
 
2 lir preincubatioi ,I . " ir iitelltIiait,,i 111-.
pzeiriclihit ti 12 hit pirincutiationNuclear f 24 fir f 2-1 i 121 hr 21 hrmiturationi l'reincultatiolt cocultitr Preinctibatiin coctiiltr, I lrtili tiicll n Mcll 

Il 36' 18
I9V 64' 73 36 7 6 

.).
1A11 9-16 4o 82';7 
11,1 

6 

Altog'thei 172 pi'hcuitt udi tt' l'ca 00Ctit' v.w Veret-i'ttuited. I( ilt ill c IIIIIIIIs "iti "'Pi'i ll (e I)Vi't' ti tg' t OOCt'tttS reClii g 11 
Ii] , \'V I'll11:11il tolluS Clirlilliatli; (;V I V (iV. with tcundhllse~d chrolinatinl; I'.. . varh\' diakois.; - title 

diikiit-sis, NI I nielap aisti 1;T I tetophias I"(C lnips ol'INI c'hrlllomooiViS,-. 

hosa clls,catlle (mr'vtes were ieriiit-icbattd for 2 and .I 
ir. Ncarl all ( '()Wtpirlictii I d mtilr2 an.l I hi wre ill 
tile (GV stgeil I (t10'i inid 91, respectively). After sub-
sequent cilkiirte (2.1 hit) ii imI :li,,I'M) i, 1()' respec-
lively, of, ('()(, still pIossessed tit (V 'Talble I t. 'lhus, 
tle ilitiosis itilhibitiig activity exiertcl tl' l'MG was 
testablished during 2 lr OtcctiIlltiri'. 

All ic'yti-S tliAt iiitw'Wciit U\'( ;.I,; Iin the privi-
oils i'Xlpii'rtti(tilt - .1 lir p'rcilIcuatiNti lCl, A,e ked 
it I 'tiltI or ii ht dit liiinIi I s stS. sI-- 'l'esilih U ('atic 
Oct'ttes lthictl in l'l(NI( iftir ( VII) ( hr ofllireinctlbi-
tiolit wrll'v also ari'ttl il litt diabjiltsis .(82' ), 'he 
iltlilhatc' I Ct Mt'(12 Il ttiiullpr soiif incia also ill tot 
'xtrtiilt l' ir.t liilr holdy thiiriing suibseutiiniit ctittiri 

ill I'MI 12.t r. 'l'h iThiltai)ilS' I s+IiiithI' dilaliltIX-re d 

aid tcill iitlle c r i i c l i l t h ifri-01 'xperitiit'iisJ) thiatI i'rTIt htIiW eVCctiCiI(c Ili': ct' M .''x~ aetPNHtix'ily 
is nolit compllatible with fUliC tioll el'the ililvillic Spiindle. 

SEffect of Pig M enlirana ( aiillilosl Iso lated 
After IISGlaid h( Stiinulation Itn Arr'et 

of (Cattil (ocytes 

Nfeiuiliait gratilosi islated lfrom pig r't'o'tilt*ty
Ibllicl' s 72 Ilr ieaftle PM ; stiitilatinii inhibitid tit' 
resumptitin of'itioisis in ill ('al)(' after 2.1 hr of'culture. 
Wheil isolation if itll'ibralil grailitilosa was iccoit-

Itlished i and 8 lir after lt( injection, 90; and 7T1,; of(OC were Still held ill lie (1 stage. I Iellbrllina grainut-
losa isolated 9 aiid 12 )i- lfter hCG( \waItspartially lutein-
ized, aid it wis ratiher difficult, to cover ('OU in this 
piece of graiulsa. lit spite of' this, t)), and 97', ofotcytes renaiii'd iii ( V stage alfter 2.1 lir of culture. 
UniexpectedlY, lit stiniuIation does lint stubsta ntially
impair the ie ciotic inhibitory activity of I'M ( . 

lorpthological CJoolperaition of the CocultturedMpi logrical Coopeatito n oftle octresPig Me brana (ranlosa andtl Cattle Oocytes 
At tle time of isolation, pig ntebrana grantiltsi 

was associated with tile basenient memibrane. After 6 
hr of coculture, t ,)(' sometimes lost cotntact with IM(A
due to ranliipuhiltioln iefure fixation. hi the longer inter-
vals (9, 12, and 21 lir), CO) were firmly attached to 
PM(I. 

rtoit l'ieicutltioi coculture 

7 

93 10011 

: 10 

,.1). 

Tile leriptlerail cuiiiuhls eltls of (o'C were in close 
alositiolitote liiseent iicnivliraiic, even after 6 ir 
ofculture (Fig. 8). Ilwever, no gil) junctions were ob
served Retivcni pig grantinsi iid cZiMP cuiiils cells. 
Numerous gap junctiolis welt' scen littweell cytoplas
lic project ions of coroali radiata celiiIs tillan oocyte
lig. 5), allillig PINI cellS ("ig. G) and cattle Ctillhus
 

cells (1ig. 7i. With Ili inclisig tiie oftulture, con
tctWli'tCtce'iIcatht ctiiitiuiis cells illd lie Ipig gralnulosai
' la't I C cI lit' inulre(+ illiilniat . 'le Ciiitiliis cells nile

diiately. uel tos (lt ' c
ihle ieoii liivlillralie wer at
t:clild ti it with Ihvii large bimt projicetiolns. AlSo after
 
9. 12, and 2 .1 ir ti, ct liltitiouts ItN-er t' p li astlItent 

iilllhriliie preventel hitlliiiiationt of gill) junctions
 
lFig. 9). 'Iliese ultia strtctrill filldils airgue th:t ft]Inc
tiloll Ctoelitioentile n; (it()( is achievedthi'(lluflh tit nliidb;i.Sciiliit, ilViIllhr~kilPit,\ ihout till f'orlnia
till of 'apill i tl llis. 

was tr'aislttlrtet ti'l turinlg of'itIt i-rl 1 hri sils ill ucntnIiciidr iilil tilt withc tcultu r'eltir t' tkt'i MGltu 
with (',O'.'The labiliitig gratdient wts oliterved front 
intiisively labelleuciiululs Cells that were ili close
 
irll)ttsitiii with tihle hliSeinilt ilnlilai-ie tip (o thle
 
lightly hahelled tiiicyte (Figs, 10 aind I Il.The autoradio
graitis Iocuiliellt. thlt :11-uridine 
 is i-'etisively trans
lottId through the btasement ntteliibrate.
 

DISCUSSION
 
After lilieration of the pig nueniltrtta granulosa layer


I'M( F'ron the lollicular wall, tile IINMG has a strong
 
tendency to roll il), but in an itopposite way than in afollicle. This is the reason why ( OC were added upon
the conicave stirface of baseinent meibrane facing in
traliill icularly to the theca layer. The PIMC fron prepu

bertal and PIMSG-stinitulated gilts prevented effectively resunipt ion ofmeiosis in cattle cumulus-enclosedoocytes. Similarly, the pig oocyte cunutis coimplexes 
isolated with a piece of membrana grantulisa do not 
resunoe meiosis under in vitro conditions (Motlik et al.,
1991). Thus, we may conclude that under culture condi
tions pig granulosa cells continued in their meiosis in
hibiting activity in homologous (Motlik et al., 1991) or 
heter'ologOius system (present results. I lowever, it is 
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not known why cattle ocytes isolated with an attaclhed with' gn'owinig oocytes IFulka et at., I1f8rl). Teiise data u n-
p"ice H x IWcells) of parietal g nanlosa (Motlik, indicate that the eftect of'PM( coul le related either 
publislied results) cocultuireditwit hIaStI(tision ofcat  toi cliaIIgS itle piiltllei sylithesis patterii in cattletie gi-aritlosa cells isolated from healthy small antral ,locytes ortoan illterlhasestatosifgrarhlsa cellstsee
follicles (0.5-1.0) 107 cells/11hol 1)onthe cattle grarI- Miitlik and lqobelka, 1990). Thi:, assumption fits well
tiloso cell Irionolayer resi.Sule meiosis ill vitrio (Sifraiarl.with the recent finidings of Vale(1991) that the cell 
and Ifilodean, 19 Oa,h).The rapid attachment oficattle cycle state Cit Ils severirl, ald assenlig of fiicro-
CO to the cattle gariolos: cells ionohiilvNc.Sin'wrd tLIoles. 
and Blilodean, lf990~al and to I'M( Ipiesentedi'estIlts) I'lysiologically, IIlpriovi, .s the hiological trigger
pi'eveited cultti s expinsion. Ilowever, tilt rIllo- foul.i-te'vel'sil]e coiiiziriitnivnIi t i t 'atiiii I Ruto Imytelayer preveritedl VBl) onlv in 9';and I'M Ilocked cowsky et ill., 19S 11i.acts plririarily alter,to the
rIs1tiliptioll f tlleik sis ,ueill in all cattleioc'Yt'es. These natu'e . intensity o tlhsignal froiithe fb'iicle cells
tindings iply ith;t cattle graiimilosa cells, ini couitrast to (Moo tit al., 19l ).At least ill the raiibbit, sheep, andPIMt , do niot.keep their intralllictllr fitil ltionder cattle, de n vo IRNA and ipitein synthesis ill gt'arrin vitiri condiions. losa CellsIir' iiVolvh'e il i t ll i' tesii ptiit o lIn iosis 
The iilibitorly cfbel of hieterilogoos gt':Iriiilosai cells Aliotlik al., 989; and (,;fili,it 1. Moo i 1991; Kasttiip

was r .versile, whil, more than 6(tl'm t'cal Ih'oc*ytis it al., 19)91. I lowever, the present data shiiwed that pig
liberated fhorn pig graniutlisa alter 12 atnl 20 1h1-of nil- Inet'lbraia giratnulosa isolated loot lnPMSG and IC(titre teached letaphilase IIduritig tilie subseque t 2.1 hii stminulated fillicles still possessed the iihihitory activ
cultrie.After coculture of cattle icytes and pig gian- it,.()nly few cattle oocy'tes (I0;(,27',;,0; , and 3x1)
losa for2.1 lit, rever'sihility was lighii't il the( ,I I- coltored on pig gatiolosa isolated 6,8, 1t), and 12 hrsiippletierIhted rediu'o, IrohbIly (lie to til' efIect ploIi tter lhCG injeclitonio nde'went (VBD,respectively. We

cuilols expailsilt. The opening oflhe rolled P'l(; ill ,htmios(rate bi"till- first time that menitwana gianut
ter 1 hr ciclltur allowed free comnliicatioin of, it- losa isolated aftte IiC stimulatio from oestl'ols gilts

tached ui.cyi's with coltlue iedion and excolud I did 
 riot lose itsacivity to iilit lhe resuirpt ion of
 
possil rlinspecific eflectof'PMI; uill tll' isulnlil teiosis
til, in cinnIlts-encosed oncyte., undtr in vitro conofieiosis.Thesei tari indicate that ieithi't cultue clli- ditions.
 
,litiois iot. p i; grqitis;i cells irnever'siblv titevenlt l"teze-tractuestudies have reveaheil thedowin'egi
(;VIII) i lil, fii's polar tty I lI'lt etllissiiin il c;fll( latiln of,
hoth cutimuilus and nmenliblani granulosa gap
is cytes. juIIctionis uliiiiig t Ivirid lf (VtI3) in thv tat Larsen

(tuteNiic ,vtis putol pig,-'grat osa it litutdiakinesis etal,, lf,98i, 19 7.'IThosignificant loss in gap juctional
r at 1mitaphlase I stage (fid itoextilde I'll. The pro- Illeilthraie ('; de'ci'as') wasihserved 2 lit post-h(C.

giessiolt oi'call ' ucvtmes to Inet'ilphase II was signil i- ;111)]ttie harlrstir iiieiilurana grtoli9S;t cells flht ll
ciitlyv ilf'ech-dby cocllur, wilh the hovine grnilts.a dely the cuiiilus cell stalk ilaciwsky it Ina., I),!).celltmnlolvr. ;iswell (Sirarild and Iiluilu , lHOW)0a.this trespectit would he of interest to knoiw whether o
Tle results indic;mtt that cuculture with Iluimmilogiimis not grunimlusa uri)iiim di.-tiition plays a role in sig
and lui'eiilogos granlusa cells pirobablY i 'fi'eiis 
 hialing Imeitic Vesouimpiiim. Illoctttit'es, ghijttirtirs

with a itiiction of itl first lileiotic spindle. Tle disap- wei'e established bletweenI gr-Matiiosa cells and rimyocat'
peataice oftlti first meiotic spindle and clumping of' dial cells IIaw'euTcVi et al., 1978. Ilowevet, in thebivatents was also nioticed il the presence if* pli)ei plresent irlodel pig menilrata grautosa was isolated

syttheisis iiiilt'is Culilka 
 i at.,198; Mioilik et l., with tll. liasetnent mienihrane and cattle oocytes were
19901) oi it it multiplei'fusiol ofZ i etaphlase I oiic.t' situated on it. In spite of time factthat ciultlls cells
 

were closely associated withIi the basement metimbrane 
and l-iriditie was efTiciently tran sporteid tlrough it, 

Fig.5. Th.. Cyiirlii i-rattii , cmi ri fi cell,ar ti- nlo gll ) jttnctios wele fotliled anitig lieterologous
ui.r-d in tal'lb iNi'tlasil Tl,. iluulli'-i)iis cmn- cells. ''he niechailisilis by which glrarulosajtlluutli, gialittlosal 

phx'u' avrsti,, i.-iiiui)! cells exet't their trilhibitory effect is utnclean-. We mayFig.G. Th1ia; Jilitimulhvt rvv 2 i' iiinhll i gr;tlla],' iiiliitorV factor secreted1 lt only postulate that anll iy pigI PM (;iii ii:ular Itth -juncti m ntcoiup hx ii Fig . 7 I • 410 ( ) P
Fig. 7. 'T, L, Iii,'illiim I comle x bei I-1--hll .ll11, gl'uliulosa cells is rnot species specific and it can act, at%%vv2e2l 

cm~iC'rafter iaiftiicut, ',;,l curt.' tao.least 
 in vitrii, without the mediation of gull junctions.Fig. H. 'Ill(, ch"'. appositio ,m if,t CattleCullllulCell WC)('toOw.
 
inhriv,
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Fit	Ia ,!Jr. M tIik 1, Ftlkit .1,('uzvt N I1 ifIO:Activity ofmat ratInt 

priitiiitng factirin mai maliaocn ',yts alter its dihIatiili hy single 

and niltijh lnusiiiti tev ]1nil 1I : 1179- 181 
llImrichs K,Martin Ndk, Iri,di an I1(1992)): flvct tlliiuIar cviloI i -

O (,I* ilotlotitc alfrt't ooc)tYt(sp)onlllls, lll l.'lltP Ii horlse' 'Thtrl. 


gviitigy 37:223. 
Kastrp PNINI, Iliisiif (Mi,lfecs' MM. lit'sl rcc (II, Kruip 'Il NI 

t11t991):T:,:,-	 I'l.Ii h-alr o- effects of o-allanitiuand :ycl eIiwxII ) z u 
gre'sshop~ro~tein Yn1thesis, flulringhoviniv, m andlcph-p~sho)rl~laticll 


l)ocytv 28:'2.19
maturation Iivitro. Nfol Rcpiod. D ~v -25 1. 

'n i II, Iiukrvico a Z, 
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Original article 

Is cAMP decrease essential for resumption 
of meiosis in moLse oocytes? 

ENagyovd 1,J Kalous 2*, p utovsky 2,JMotlfk 2 

IResearch Institute of Animal Production, 104-00 Prague 10, Uhnneves;
2 
Instituteof Physiology and Genetics of Animals, Czech Academy of Science,
 

27721 Libochov, Czech Republic 

(5th Franco-Czechosiovak Meeting, Jouy-en-Josas, December 1992) 

Summary - Rerumption of meiosis was inhibited in mouse oocyte cumulus complexes (OCC) co
cultured with pig membrana granulosa (PMG). After 3 and 6 h of co-culture these oocytes pos
sessed an intact nuclear envelope and their nuclelar surfare was associated with granules 80 nm 
in diameter. Proincubation of OCCs for 30, 45, 60 or 90 min followed 2 I1by co-cultue with PMG for 
ofeither OCCs or denuded oocytes resulted in germinal vesicle breakdown (GVBD) in : 0, 30, 70 
and 100', mouse OCCs and in 30, 60, 80 and 100% denuded oocytes, respectively. It seems that 
the inhibitory contact between mouse oocytis and PMG was established during the first Ih of co
culture. After isolation from antral follicles theoocytes contained 2.75 fmol cyclic adenosine 3',5'
monophosphate (cAMP). When OCCs were co-cultured for 1, 2 or 3 h with PMG, theamount of 
cAMP per oocyte ,,as1.31, 1.33 and 1.51 finol, respectively. Afterculture of OCCs in conlrol medi
um the amount of cAMP was 1.21, 1.39 and 2.16 fmol, respecively. The present results suggest 
that the inhibitory activity of PMG is not species-specific. Moreover, PMG prevented resumption of 
meiois in itrouuse oocytes in spite of thecAMP drop in oocyle cytoplasm characteristic of the io
sumption of meiosis. 

mouse oocyte / meiosis I cAMP I pig membrane granulosa 

Rdsumd - essentlelle pour lareprise de lam6iose dansLa ddcroissance do I'AMPc est-elle 
les ovocytes de souris ? La reprise do Ianmiose a 6d inhibdo dans des complexes ovocyte. 
cumulus (OCC) do sourrs cocultivos avoc do la ,menE.ana granulosa, do porc (PMG). Cos ovo
cytes consorenl uno envoloppe nucloaire aprrs 3 ot 6 h do coeculture el la surface nucldolaire est 
associ6e avec des granules do 80 nor do diarntre. La proincubationdes OCCs pendant 30, 40, 60 
ou 90 min puis laccculture avec laPMG d'OCCs ou dovocyte denudds aboutit 6 /a rupture de la 
v6siculo gorminative (GVBL)) dans environ 0, 30, 70 o 100% dos OCCs of environ 30, 60, 80 ot 
100% des ovocytes d6nudds, respectioment.II semble quolinhibition par contact entre laPMG of 
los ovocytes sdtabhsse pendant /a promiere heure de coculture. Aprbs isolement do follicules , Ian
trum, los ovocytes contionnent 2,75 fmol d'adtnosyl 35'monophosphate cyclique (AMPc). Quand 
los OCCs sent cocultiv6s pendant 1,2 ou 3 havoc laF VG, laconcentration dAMPc par ovocyte est 
respectivement do 1,34;1,33 o1 1,51 fmol. Aprds culture dos OCCs dans to milieu tdmoin, la 
concentration dAMPc ostalors do 1,21; 1,39 of 2,16 fmcl.Les rdsu!tafs pr6sonts suggbront quo lac
tivild inhibitrice de laPMG nest pas limite Zilespoce. Do plus, laPMG empdcho lareprise do la 
mhioso dovocytes do souns on ,pit do lachute d'AMPc, caractdristique do celto reprise, dans lo 
cytoplasme ovocytaire. 

ovocyto de souris /m6ioso/ AMPc/mombrana granulosa do porc 

* Correspondence and reprints 
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INTRODUCTION 

The hypothesis that the antral follicles in
hibit the resumption of meiosis until the 
preovulatory gonadotropin surge was first 
put forward by Pincus and Enzman (1935). 
Further studies have confirmed that either 
intrafollicularly or under in vitro conditions, 
the membrana granulosa and cumulus 
granulosa cells are required for the pro-
vention of oocyte maturation (Foote and 
Thibault, 1969; Tsafriri and Channing, 
1975; Leibfried and First, 1980; Racowsky 
and Baldwin, 1989). In addition, pig oo-
cytes suirrounded by the cumulus with a 
part of membrana granulosa directly adja-
cent to the cumUILIs do not mature in gona-

dotropn-free mnedium (Mattioli et a/, 1988; 
Motlik of at, 1991). We have recently found 
that under suitable culture conditions a 
piece of pig membrane granulosa (PMG) 
is able to prevent resumption of meiosis in 
cattle oocytes (Kalous of al, 1993). This 
heterologous effect of PMG was used in 
the present experiments when the muse 
OCCs (OCC) were co-cultured with a 
piece of PMG. 

Under in vitro conditions, analogs of 
cAMP and phosphodiesterase inhibitors 
prevent spontaneous meiotic resumption 
in mouse (Cho et at, 1974; Wassarman et 
at, 1976) and rat oocytes (Magnusson and 
Hillensjo, 1977; Dekel and Beers, 1978). 
These findings imply that a drop in the 
cAMP levels in rodent oocytes is related to 
germinal vesicln breakdown (GVBD). In 
fact, a decrease in oocyte cAMP precedes
GVBD in mouse (Schultz etal, 1983a, b;VBin mset (Schultlofat,oo (a-1ra 
Vivarelli of at, 1983) arid rat oncytes (Ba-
cowsky, 1984; Aberdam et al, 1987). 

The present experiments were under-
taken to answer 2 questions: first, does 
PMG prevent resumption of meiosis in oo-
cytes with a rapid time sequence of 
GVBO? Socond, does co-culture with 
PMG influence cAMP levels in the cyto-
plasm of the mouse oocytes? 

MATERIALS AND METHODS 

Oocytes and granulosacells 

Mouse oocytes were isolated from large anlral 
follicles of sexually mature females (strain A) 
primed 48 h before with 5 IUpregnant mare ser
um gonadotropin. Only oocytes surrounded by 
compact cumulus were chosen for these experi
ments. Membrana granulosa was isolated from 
ovaries of slaughtered prepubertal gills. Only
large antral follicles (7-10 mm in diameter) with 
a transparent. vascularized follicular wall were 
dissected. With the help at 2 preparation nee
dies, large pieces of granulosa layr'r %-,erecare
fully separated from the theca. Only pieces of 
the PMG containing 1-3 x 161 granulosa cells 
were used. A previous ultrastructuial study (Kal
ous Ofal, 1993) revealed that PMG was always
isolated with the basement membrane. 

Co-culture of mouse oocytes with pig
 
membrana granulosa
 

In the present experiments modified Parker's 
culture medium (M-199, Sevac, Prague) supple
mented with 2.92 mM Ca-lactate, 2 mM Na

pyruvate, 33.9 mM Na-bicarbonate, 4.43 mM 
Hepes buffer, 50 IU/ml penicillin, 50 mg/m 
streptomycin sulfate, and 10% heat-treated bo
vine serum (BOS, Sevac, Prague) was used
(Pavlok of al, 1988). 

About 15 mouse OCCs wnre placed on the 
basement membrane (concave side) of each 
piece of PMG and cultured in i.5 ml Parker's 
medium under paraffin oil at 38^C under 5% 
C'O2 in air for 1, 2, 3, or 6 h. In preincubation ex
periments, ; t0 OCCs mere cultured in 0.1 ml of 
the medium under the above-described condifions for 30, 45, 60 and 90 min before either oo
cytes with compact cumulus or oocytes with me
chanically removed cumulus (cumulus-free 

oocytes) were co-culured for 2 h with PMG. 
As a control, mouse OCCs were cultured in 

the control medium (control I) or in the medium 
with several pieces of PMG but without direct 
contact with them tcontrol It). In further controlexperiments, the PMG basement membrane 
was covered with a nitrocellulose membrane. 
Both the adhered membranes and OCCs were 
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situated on fhenitrocellulose membrane and 
were cultured for 3 h. 

Attheend of the culture period, OCCs were 
removed from contact wilh PMG and used either 
for lightand electron microscopic evaluation or 
for cAMP determination. 

Determination of cAMP 
by radioimmunoassay (RIA) 

After isolalion 10 h) or incubation (1, 2 or 3 h) 
the OCCs were transferred to medium contain
ing 1 riM 3-isobUtyl-1 -methylxanthine (IBMX) to 
minimize cAMP hydrolysis within tfie cells. Cu
mulus cells were riechanically removed from 

the oocytes. Denuded oocyles were washed 3 
times in the medium with IBMX and then trans
f.rred into 10 p10 5°.sodium dodecyl sulfate 
(SDS, w/v;Racowsky, 1984). When lysis was 
completed, the samples were capped and 
stored at -80 C. Before extraction with 100 li 
6% frichloroacetic acid (TCA) at 4 'C,10 Ibe-
vine serum albumin (10 mg/ml) was added to 
each microcap to act as carrier protein. The ex-
tracted samples were centrifuged at 2 000 g for 
15 win and supornalants were removed and lyo
philized. TCA extracts mere diluted and assayed 
after acetylation. Cyclc AMP was measured by 
radioimiunoassay using kits (IJVVVR, Prague) 
(Prochdzlka etal, 1991). The sensillVty of the 
assay was -t frmol/tLibe. The intra- and inter-
assay coefficients of variation in this RIA weic 
7.8 and 10.2%. The significance of the dilferunc
es in cAMP concentrations between experimen-
falgroups was assessed using the Student's t-

test. 

Light microscopy 

To prepare the OCCs for light microscopy cumu-
luscells were mechanically removed. Oocytes 
were mounted on slides, fixed in an acetic acid/ 
alcohol (1:3) mixture for 24 h, stained with orce-
in and examined under a phase-contrast micro
scope. Frequency of GVBD in I and tt was calcu-
latedfrom data pooled front 3 replicate 
experiments and the frequency of GVBD be-

2 
tween groups was compared by X analysis. 

Electron microscopy 

Samples were fixed in a mixture of 0.6% para
formaldehyde and 2.59 glutaraldehyde in 0.2 
cacodylate buffer (pH /4) for 90 min, washed, 
postfixed in 1% OsO4 in cacodylate buffer for 1 

h and dehydrated in ascending ethanol series. 
After infiltration in a mixture composed of propy
loneoxide and Epon, the samples were embed
ded in Eoon 812. The blocks Wore cut in Reich
ert-Jung UIlracut, Mounted on grids, contrasted 
with uranyl acetate and lead citrate, and exam
inedin a Joel 1200 EX electron microscope. 

RESULTS
 

Co-culture 

When the freshly isolated mouse OCCs 
were cullured on PMG, the OCCs did not 
resume meiosis during the 3-h (table I)and 
6-h (date not shown) co-culture period. 
The mouse denuded oocytes were also 

con
trast, mouse OCCs cultured in the same 
drop of medium but wilhouL direct contact 
with PMG matured spontaneously. A sheet 
el nitrocellulose membrane between PMG 

blocked at the GV stage by PMG. In 

effect
-and OCCs abolished the inhibitory of
 

PMG upon mouse oocytes. It was conclud
ed thai the direct contact of the mouse de
nuded or cumulus-enclosed oocytes with 
PMG was essential to prevent resumption 
of meiosis. 

Fifty-six percent of the mouse oocytes 

denuded after the 45-mi preincubaion 

period underwent GVBD during the subse
quent 2-h co-culture with PMG (table If). 
The cumulus-enclosed oocyles required 
60-min preincubation to undergo GVBD 

(66%) during the co-culture period. These 

data indicate that the inhibitory effect of 

PMG upon GVBD was effective in the 
commitment period only. 
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Table I.GVBD in mouse OCCs co-cultured with PMG and nitrocellulose membrane. 

Type of culture No of oocytes Stage of meiosis G VBD (%) 
GV LD/MI 

Control I 54 2 53 96
a 

Control II 59 3 47 95a 

OCCs and PMG 46 46 - 0 b 

OCCs and NM 51 1 50 98a 

OCCs and PMG + NM 47 2 45 96a 

Mouse OCCs were cultured for 3 h in control medium (control I),in the presence of PMG without contact with PMG 
(control II), in contact w~thPMG (OCCs and PMG), in contact with nitrocellulose membrane (OCCs and NM) and in 
contact with nitrocellulose rrrmrrane adhering to PMG (OCCs and PMG + NM). Values with different superscripts 
are significantly dilferent (P < 0 05) 

cAMP levels ± 0.07 fmol/oocyte), was followed by 
GVBD. After co-culture with PMG, the re-

In the control medium, all oocytes under- sumption of meiosis was prevented during 
went GVBD during 3 h of culture. The 1, 2 or 3 h of incubation, but surprisingly 
alterations in intraoocyte cAMP content in the significant cAMP drop was detected in 
oocytes during culture are shown in table the mouse oocytes (1.34 ± 0.12 fmol/ 
III and figure 1. The oocyte intracellular oocyte) after 1 h of co-culture. No signifi
cAMP content was 2.75 ± 0.24 fmol/oocyte cant difference was observed in the intra
before incubation (0 h). The significant oocyte cAMP content after 1 h incubation 
drop in intraoocyte cAMP content, which when the control and PMG groups were 
was detected after I h of incubation (1.21 compared, 

Table II.The elfect of PMG Upon GVBD in proincubated mouse OCCs. 

Cumrulus-enclosedoocytes Cumulus-free oocytes 

Min 0 30 45 60 90 0 30 45 60 90 

31b 34bGVBD (%) 0a 0a 660 100 d 0a 56" 77d 1000 

Mouse OCCs were preircubaled for 30. 45, 60 and 90 minutes in control medium and subsequently OCCs (cumu
tus-enclosed oocytes) and oocytes after mechanical removing of cumulus (cumulus-free oocytes} were co-cultured 
wilh PMG for 2 h. Each interval was repeated 3 times and at least 50 oocytes were used. Values with different su
perscripts are significantly different (P < 005) 
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Table Ill. Cyclic AMP levels inoocytes incubated without PMG. 

Group 

OCC
C-

1 2 3Time (h) 0 
2.16Mean 2.75" 1.21 1.39 

SEM 0.24 0.07 0.24 0.23 

The mouse eocyte cumulus compleCXes (OCC) were cultured tr 1,2, and 3 b incontrol medium The oocytes were 
denuded (C-) before (time zero) or alter incubation incontrol medium (time 1.2 arid 3 h) Values represent the 

mean fmol cAMP per oocyte aid the SEM from at least 3 irdep mdenl expernents. *The time zero is signiltcantly 

dillferent frorrthat ol other groups (P, 0 05). 

Electron microscopy co-culture with PMG (fig 6). Whereas the 
nuclear envelope remained intact, the 

nucleoli were surrounded by acompactThe co-culture of mouse OCCs with PMG 
of nucleolusconspicuous rim composed

resulted in the close attachment of mouse 
(CC) to the pig basementgranulesCumulus Cells 80 nm in diameter. Tihe same granulescumuits ells(CC)tote pi basmen

cells in the
(BM) (fig 2). The

membrane 
formed small clusters in the nucleoplasm. 

mouse cumulus were interconnected by 

extensive network of gap junctions (GJs) 
at all time points (0, 3, 6 h of culture) (fig 
3A). Similarly, a large number of GJs cou
pled PMG cells during co-culture (fig 38). 
Finally, the cytoplasmic projections of I 

mouse corona radiata cells remained in - " - 

contact with the oocyte aflter 6 h co-culture " ' 
with PMG (fig 4). The direct contact be- .-- K 
tween cytoplasmic membranes of PMG r,. 



cells and mouse CC was prevented by the 
: Ipresence of the continuous pig BM (fig 5). , , 

In no case did the cells from the pig or 
Fig 1. Effect of pig membrana granulosa on the 

mouse compartment of the co-culture sys-
content of cAMP inmouse oocytes. The mousetem penetrate across the B3M. Int areas culscmpes(CCwreutrd
oocyte cumulus complexes (OCC) were cultured 

where the space between mouse cumulus for 1,2 and 3 ft upon pig membrana granulosa 

and pig MG was enlarged, the BM was dif- (0CC + PMG). The oocytes were denuded of 

ferentiated into 2 distinguishable layers cumulus cells (C-) before (ime zero) or after 

rara densa and lamina lucida) (time 1, 2 and 3 h) the experimental treatment.(lamina 
Bars represent mean fmol cAMP per oocyte and 

(fig 5). the standard error of the mean from at least 3 in-
The nuclear ultrastructure of mouse oo- dependent experiments. The time zero is signifi

cytes underwent substantial changes after cantly different from other g-oups (P < 0.05). 
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Fig 2. Comlon ofo 3 serianicrographs showing the experimental model used in this study. Large 

isvsble inside the intact CV of miouse oocyte cultured for 6 h with pig mem
fuelusconpac 

PMG) Mouse cuniuhl, cells (CC)bna rnu osa 

brane (arrowheadsl (x 3 0001. 

In addition, round-shaped clumps of 

granules 20 nm in diameterchromatin 
and numerous nucleolus-like bodies 

(NLB), were scattered throughout the nu-

cleoplasm. These 3 structures were often 

associated with the nuclear envelope. 

DISCUSIONthe
DISCUSIONlion 

isolat-The pig cumulus-enclosed oocytes 

ed with attached piece of membrana gran-

utosa did not resume meiosis in vitro (Met-

are attached to continuous pig basement mem-

Ilk et al, 1991). The isolated pig memnbrana 
granulosa (PMG) effectively and reversibly 

prevented GVBD in heferotogous (cattle) 

et al, 1993). The presentoocytes (Kalous 
data demonstrate rethat PMG prevented 

sumpt ion of meiosis in oocytes, also with aW/ 
rapid GVBD time sequence. Nearly alt 

mouse oocytes retained the GV stage after 

3- and 6-h co-culture. The preincuba
of the mouse denuded and cumulus

reenclosed oocytes for 45 and 60 mi, 
spectively, significantly abolished the inhib

itory effect of PMG. The data suggest that 

the inhibitory activity of PMG. similarly to 

cumulus cells IA) and pig granulosa cetls 
Fig 3a,b. Homologous gap junctions remaining in mouse 

(B) co-cultured for 6 h (as 900000; Bxs80 0001. 
between corena radiata projections and oocyte in mouse 

Fig 4. Heterologous contacts (arrowhead) 
OCCs conserved until the end of co-culture Ix 27 000). 

and pig (PMG) compartment of experi-
Fig 5. Pig basement membrane separating the mouse (CC) 


mental model. The basement membrane is separated into 2 layers in site of gap between the pig and
 

the mouse cells (asterisk) (x20 500).
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Fig 6. Nuclear ultrastructuro of mouse oocyto co-cultured with pig membrana granulosa cells. Large 

compact nucleolus (N) and small nucleolus-Ike bodies (B) are surrounded by the rim of chromatin, 

containing clumps of 80-nm granules (arrows). Note the round-shaped clump of chromatin (C) and 

the association of nucleolus-like bodies wilh nuclear membrane (arrowhead) (x 17 500). 

some 
tothe effect of IBMX (Eppig et al, 1983), can- cytes then factor other than cAMP 

not be exerted after irreversible commit- may be transferred from cumulus cells 

the oocyte to inhibit oocyte maturation. 
ment of mouse oocytes to GVBD. 

The action of FSH in delaying maturation 
FSH and cholera toxin significantly in-

levels. In is mediated by the cumulus cells and it is 
crease the cumulus-cell cAMP 

passed 
the fact that it does not result in only transient while all oocytes 

spite of 
GVBD within 4 h (Eppig et al, 1983). 

any detectable rise in oocyte cAMP, re-
of cholera toxin and mouse 

suboptimal concentrations
sumption of meiosis in nocytes is The action FSH, 

of dbcAMP in 
postponed (Schultz et al, 1983b). If cAMP 

inhibiting mouse oocyte GVBD depends on 
is not transmitted from cumulus cells to oo-
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an intact coupling pathway between the 
cumulus cells and oocytes (Eppig et at, 
1983; Schultz of al, 1983b). In the present 
experiments, tile pig granulosa cells as 
well as the mouse cumulus cells and coro-
na radiata cells with the olemma were 
tightly
coupled by numerous gap junctions 


However, both compartmenls were strictly 
separated by the basentent membrane. 

This means that a putative n aturation in-
hibiting factor was secreted by tile PMG 
through the basement membrane and was 
transported in both curtlutus-enclosed and 
denuded oocytes. 

The main characteristic of the commit-
ment period in the taouse oocyles is a do-
crease in oocyte cAMP levels (Schultz t 
at, 1983a; Vivarelli oi at,1983; present re-
suits). Surprisingiy, our nxpetiments also 
documented this drop in oocyles blocked 
at the GV stage by PMG. These data could 
help to answer a question raised by Thi-
bault of at (1987): "Is tile decrease in the 
cAMP level a prerequisite to meiosis re-
sumption?" It cAMP dropped similarly in 
the ooplasm ofcommiltted and inhibited oo-
cyles, thissignificant decrease could he 
caused by liberalion ofoocyles irorn follic-
ular environment to tile culture condilions 
and a putative intrafollicular inhibitor of 
meiosis could act downstream of the stop
which issensitive tothe cAMP level. 
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Okadaic Acid Accelerates Germinal Vesicle Breakdown and Overcomes
 
Cycloheximide- and 6-Dimethylaminopurine Block in Cattle
 

and Pig Oocytes
 

JAROSLAV KALOUS,* 't 
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Pig and cattle oocytes, when released from the follicle, 
spontaneously resume first iciotic division within 20 or 8 
hr. respectively. In oocytes of both species, the activity of 
histone I11kinase increases during nmturation, exhibiting 
a maximum in nictaphase 1.Treatment of these oocytes with 
okadaic acid results in acceleration of gerninal vesicle 
breakdown (GVII)) and of histone Ill kinase activation. 

This effect is more important in pig oocytes, in which the 
acceleration rises for 6 hr, as compared to 2 fir in cattle. 
Moreover, under these conditions, Ill kinase activity iea-

sured after 12 hr of culture appears higher than that oh-
served incontrol nietaphase I oocytes. When added to pro-
phase oocytes, both cycloheximide and 6-)NIAP (6-dinicth-
ylam inopurine) Iblock GVB1) and histone III kinase 
activation. Okadaic acid, at a concentration of 2.5 pM,is 
able to release the inhibitory effect exerted by cyclohiexi
nuide on histone III kinase activity; however, GVBI) oc-
curred only in two-thirds of pig and one-quarter of cattle 
oocytes aftcr20hrofculture, In addition, okadaic acid fully 
reverses the effect of 6-1)MAP on Ill kinase activity and on 
GVBI)in both species. The opposite effects of 6-DMAP and 
okadaic acid on MPFactivation are discussed, as well as the 
nature of the protein, which has to le synthesized during 
the first meiotic division and may be involved in the MPF 
activation cascade. ,: Aca , Inc.1993 ire 

INTROI)IJCTION 

Okadaic acid (OA), a potent inhibitor of protein phos-
phatases 1 and 2A (Bialojan and Takai, 1988; Ilaystead 
et at, 1989), has been shown to induce a rapid appear-
ance of MPF activity tpon microinjection into Xetotts 
(Goris et at, 1989) and starfish oocytes (Picard et (iL, 
1989; Pondaven ctal., 1990). In Xenopes oocytes, the acti-
vation of MPF by OA neither required protein synthesis 

nor involved cAMP-dependent protein kinase (Rime et 
at, 1990). Similarly, in mouse oocytes, OA was able to 
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overcome meiotic block induced by dbcAMlP (Rime and 
Ozon, 1990), IBMX, ani(1tumior-promoting phorbol esters 
(Gavin 0i al, 1991). These results with mouse oocytes 
indicate that inhibition of specific phosphatase(s) can 
bypass the inhibitory effect brought about by lrotein 
kinase A or C (Rime and Ozon, 1990; Gavin 0i lt., 1991). 

In contrast to rodent oocytes, pig, sheep, and cattle 

oocytes are very sensitive to cycloheximide or puromy

cin (Fulka 0it/., 1986a; Moor and Crosby, 198;; 1unter 
and Moor, 1987). All of these oocytes are characterizetl 
by a slow sequence of events leading to geriinal vesicle 
lreakdIown (GVIII)). Ilowever, pig and cattle oocytes are 
sensitive to these protein synthesis inhibitors only dur
ing the first hIalf-period of the tinte required for GVIII) 
(Fulka i 1986a; 0i Such(it., Motlik aL.,1991). protein 

synthesis requiretents, necessary for the initiation of 
M-phase and also reported in the case of.Vsnop's (Was

sernann and Mastui, 1976; Gerhart Ni al., 1981), were 
formerly interpreted as requirements for cyclin synthe
sis. Iowever, the latest results obtained by Gautier and 
Maller (1991) and by Minshull ei tIl. (1991) show that 
cyclin I1 is already present in XcAiopts in sufficient 
amounts tefore tle activation of MIT, which precedes 
the first and second neiotic divisions. Similarly, our re

cent exleriments with pig oocytes revealed that cyclin B 

was present in prophase-arrested pig oocytes and did 
not significantly change its level (huring first tmciotic 
division (Kubelka et (iL, unpublished results). Therefore 
the protein synthesis requirements for the first meiotic 
division to occur in pig, cattle, and Xetopus oocytes may 
involve another not yet identified protein. This might 
also apply for the second meiotic division in starfish 
(Picard et at, 1985) and mouse oocytes (Fulka et at, 
1986a), and for the mitotic cell cycles triggered follow

ing oocyte fertilization or activation (Gerhart et at, 
1984; Clarke and Masui, 1983). 

However, OA could activate MPF in cycloheximide
treated Xenopus oocytes (Goris el (it, 1989) or in mouse 
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oocytes, which were activateti at nietalItIase II biy puoo-

mycin and further maintained in the presence of this 
protein synthesis inhibitor (Rinie and Ozon, 1990). This 
reveals that the ahkenet of this unkiwiwn lrotein can be 
comensated by the action of OA, suggesting that iis ise 
nvolved in) te tlatet 

plathway le:ling to MIP activation. 
To investigate the possilility that an inhibition of 


CA-sensitive protein l)hosliitt;es woul le ealpableof 

inducing the h)Mogival fetiets of MPI,' in the absence of
 
inding Stl ; JaMid (:tate OOCN'tCS Were~ (ilitlitilprottilt syitthesis, p)it. iderhoe tswee(t.tl(d( 

in 11ttdiaL Slil)l)elnlltel with OA alone, or with OA llis 

collhi to ifle. Helire we report that (A sulstantially
act'eleirtis tit kine'tics; of (WIV ) along with triggiriCg 

a l)riltIlrt't :tctiitionil of histitne Ill kinase. Iurther-

more, (OA proved to le :idle to activate Ill kinase in the 
abisence of lrotein synthesis and in such a way that itovercamlle OWhCcyh, lVXilide- andI ;-I)NIAI-dep-~nden~t 

bilock of pig and cattle oocytes. 

MATERIAL AND METHIPODS 

Stoircc of/( '!t 's.1 1 Cltr Prot'flor 

Pig and cattle i)ocytes wer collecteid at a loal 
slaughtlertlust, and trallspitr'd to the lhoratory it, 
lphosliat,-hut liid saline (]1'1S, lill 7A, 25'C). The oo-
c't's asliiatttd from S antral follih'Its (-5 intmall 111111 
iiaieter) wr washed in PBllS and selected titder i 

stereolni('ro-colie. O)nly oo)eyttes surroundhed 1)yN('OrlIKICt 

,utltilus wretlused for the following ctulttire. 
The eltlrt itetitiit wt TCM 199 (Sevat, PraguIe, 

Czechoslovakia) buffered with .13 11i31 lepes (Siglma, 
St. Ltouis), stlittleitentttd with hovintt inactivatel serum 
(tt'; ,v/v) (Stvac), 2 mill s)diumlt rtivate, 2.92 it!eal-
C:iuli lactate', 23:.9 111,1 sodium bivarlionate(S"erv.a, I]]ei-

(,Illerg, (ermalyl), ttd antibiotics. About 20 oocytes 
wer culturetd in 250 ll of iedium un ier aratfin oil at 

,C It(pigooctvttst ofrat 39°C (eattle oocytest in hulidi-
lied air containing 5'; CO.. 

In alier'tat' experitetts the ctlture iietittneit was sup-

Iiihiientell with olaic acid (Moaai ioroducts Ife., 
i-Hawaii) at concentrations .5 and 2.5 p,11, with 10g/mli 
eyehIniexi ite (Serva, Ileitlherg, Germany), or with 2 
mM (;inlethylatiilrinc(ti-DNAl') (Sigmia). 

At the end of culture, cumulus cells were removed 
from oocytes by Iitetting through a narrow-bore pi-
l)ette. OneIt)artofthieoocyies wistised fomrextractl)rel)a-
ration (see below); the other wts examined morlltohlgi-
eally: the oocytes were mounted on slides, fixed in an 
acetic aeid:thianol (1:3, v/v) mixture for 24 hr, stained 

j l" tonm 4 49.,JfwI'(,J n l Mu l 

per groupi. Al data were compared (in the basis uf X 
analysis, 

A'a-tr'c J'rcpration 
For iistone Ill kinase assays, oocytes first inco

in control or dlrttg-SUjtjleiented iedia were freed 
I cimulus tills and treat!( with 0.5,, promase (Serva, 
IoI ilbtig, GT to 01V Zirona ellcira.ellanv) reotve 
I'de wire then washed several t [m[e in control imedidn 

without bovine serum anl transferred il the kinase 

buffer (Meijer f t I.L, 1989). After several freeze/drying 

runi(is, the(o('ytvs were inechanically homogenized and 
tIntrifo vi for 10 Mlin at 10,0001, Lt,.|*( SUternaTtants
 
Wielle fsil kis "itili) tLracts"5'' forl her pliroicedulres.

About 30 iteylis were Isei for each extiact.
 

liso( l i.( s 

Ill kintase activity was tested using a modification of 

the procedure described previously by Meijer c/ ao. 
(198S9). 

The reactlion lixture contained 5 Id of samlle, 0.2 
I(ieringer, Manilileint, (Gerianiy), 

0It p) PK l-yntthetic litlltide (Sigma), 2 !tCi of [Y-221']-
ATI' (I0 '1T0q/1otiiiil, Aiershait, IlB 1018;, England, 
UK) in 20 ill of the kiitase tfer It;; mill Na-glycerol
hosphate, Ill 7., 15 nii.1 p-nitrphenl, llisplhate, 5 

tM ,TA, t ( ),1 ditliothreitol (Sigina). 

nig/iul histol Ill t 

111 15 l l lg'lI, I 
'I'lte final otcttentraion oif ATl i tit( reactsion mixture 
wa~s adjus;ted h~ynonradioactive, ATP to 0.1 raM. Thie 

iiixtures were ituhsttal( for 15 m[tin at :W()C .(111the 
reaction was stopped by tite addition of I. vol of 3> 
eoncentirttel electropltoresis satmle buffer. The sam
lles were thtn boiledi for 5 rmin andlade ol 10';, SDS
ltoylacrylamie gels (Lattontli, 1970); dried gels were 
subhjected to ).ulorad ogr• phy. The .111torad iograplhs 

the relative 
Ill kinase activity was llotted against the timeofoocyte 
culture. 

were satne with LaIn XL dtrisctn 

IEStIlS 

O AItt s GVBD itt Pi; and Catile Ootes 

To sttdy the Iossible influence of OA upon the time 
sequence of events leading to GVI3D, two ecncentrations 
of OA (0.5 and 2.5 pAM) were used. In pigs, all control 
oocytes Iosessed it intact GV after 6 hr of culture; 
however, 34 and(; of the oocyte ipoplation under76% 
went GVBD in O. and 2.5 pM OA, resltectively. Tile most 
Irominent difference between control and OA-treated 
ooeytes was detectable after 12 hr of culture, when 88 

with orcein, and examined under t ltiase-contra. t inmi- and 10(% iof ocy tes in the OA group had undergone 
eroscolpe. The fretuencies of GVBD were pooled front GVI3[), in contrast to only 12% intLe conntrol group (Fig. 
live rellicative experiments with the total of 150 oocytes 1). These data imptly that OA accelerates significantly 
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Fie i.I. on Ille sloucc b~reakllwlEfect of OA of germinal vesicle 
(GVB)) ill pig oocytes.Pig c'luillns-Ilchls+l ooyt s were ltured itl 
control In'dielI(A) SUl)lllvnh'd with 01.5 ,M(11)or 2.5 ,l(i)OA. 

OA O(clomcs the C coicoh,.rim -DMA Jidc- Itml 
l) uDop('uhdI ill Piq Willhibitionsof (;'l)(allh, OwYh 

Nearly all pig andi cattle ooytes were llockedl at tie 

GV stage with highly condense(i bivlents when they 
were cultured in the Iresence of 10 pg/nil cych)hexinlide 
for 8 and 20 hr, reslectivelv. Illl cliin Containing 10 
pg/nil cyclohexiniide .lan 2.5 MA OA,2,1%cattle (Table 

2)and 62% pig oocytes (Tab] I ) underwent GVI) afterThus, 2.5/1 )l concentration pr'ovedIll- Of culiture-. MAI 

able to overcolne filt(cyelohlexii(]e lohck ill onetilltl'rel 
of cattle and two-thirdIs of pig oocytes. 

Pig and Cat tieolicytls Ill(. at tile stagesol blOockedi (V 

whln incubated in 2 1111 ;-l)MAP. Ill tile saIlle Ilediin 
sulIplemented vith 2.5 pAl OA,tile inhibitory effct of 
;-]IMA P u1)on ( \Vil) of jig oocytes was fully reversed 

significant difference between two OA concenitrations WI< (o.m) 

and in a dose-deielentent ualler t ho time schedule for 
GVI]) as o)served in pig oocvytes. 

In cattle, th11two se]ectedlA concentrations (0.5 andl 
2.5 pl) increased quite significa.-tiy the rate of GVII)of ultre (ig.2).Usingafte 5 nd 6fit 
after 5 anti (;hr tf cuiltutre (Fig. 2). 

1.4 o's a C theTre(IllntC 11.1 
O... lIT I,( 101 (.', .,M.latl Itl/itll1('(11 df/i's i' 

MI hI plS I *"lJt 1pig 

(if tVIll)At each time interval, tht,flcqutency was determind illlt (tible 1) ani the tilte sche ule for (ViID ,asSUIstall
least live rep|licate exp~erimntns. Ani astetisk dt-nlohesSignificant dif

ference of OA groups from control(I < 0.01).A cross idi'ates a tially accelerated.OA also counteracted (M)MAI action 
in cattle oocytes (Tal]e 2). 

0A Inducs P'l'1(1,t A tI oJ listone It 
ill!)il Ooc!/lhs ttl 

4itwtdtioni ) Kinamt;, 

and (+teib' and'l'tOeld('s the
 

(ill't(tli, -i 1(Indl'- 1(
1 tl ]t;-DA(t l' 

locks o,"11 KilIs,, Activi!/
 

pig and catthe oocytes, which are characterized 
lIya hl\w' of ('veltS iclding to GVIBi),s.\ tellelnc we were 

alhe to follow [irenmture Illkinase activation inOA
treated oocytes even ,niiotic livision.(hiring tilelirst 
As illustrated inFigs. 4 ani 7, tieh II kinase activity ill 

oocytes begins to increase after ( ir of cultutre, 

Inexperiments using tie lower (lose of OA (1.5 pA), reaching a llltXimlullll at Illctal)hlase 1, i.e., after 20 llrof 

tile cyth)Igicai aslpects of the inetaplhase I sp~indle were 
checked respectively incattle and Iig oIcytes after Gandl 
8 ir (If culture. Freluently, iicroltuluhis were riot ooly 100 -

orientedl toward tiletwo sl)indh, po.es, but Ip.inted in...... 
several (lirections (Figs. :aii 3h). Dluring the longer 80culture intervals ilnboth pigandand cattle ooeytes, tile ab)-..'"" 

llrnial ineta(llase I spitdle disapl(eared and the highly 
condensed bivalents, with Or Witho+ut faint rennlants of 
the niicrotubular network, sprlead throughout tie cytto-
plai. Such scattered bivalents remained visiiie ill y-0 

tollasni even after 20 hr of culture. 
When the higher concentration of OA (2.5 pAf) was 

usd,tilehighly condense(] tivalents of tile cattle and 

pig oocytes were already scattered in the cytollasni 
with no remnant of the loicrottbular network after only 
6 and 8 hr of culture, respectively. These results indicate 
that OA blocks pig and cattle <)ocytes at the late diakine-
sis-tfetaphase I stage. OA at 0.5 pM caused tile forma-
tion of an atypical, nonfunctional spindle, while tile 

Inetaphase I spindle cotld not 1e forbned at all in 2.5 
pA OA. 


M 60 
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FIc. 2. Effect of OA on linlesequence of gcrminal vesicle breakdown 
(GVBD) in cattle oocytes. Cattle cuilulus-enclosed oocytcs were cul
tured in control fledium~l (A) supplemented withl 05tmM ([5) or 2.5 MlIlrdi oto eim(L upeetdwt ~ 0 r25P 
(U) OA. At each time interval,thefrequency of GVBD was determined 

in at least five replicate experiments. An asterisk denotes significant 

difference of OA groups froI control < 0.01).(1 
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FIG. 4. Time course of IlI kinase activity in pig nocytes cultured for 

0, 6.8, 12,and 20 hr in control medium. 

to release the cycloiexinide- or 6-DMA P-dependent 
blocks of Ill kinase activity. 

I)I~ti~tlSION 
In the present experiments, the tinte sequence of 

GVBI) in cattle oocytes was found to be accelerated by 2 
Ir in comparison to the kinetics of GVBD observe(l in 
control oocytes, matured either inl vivo (Ilyltel ('/ (i., 
1986) or il viltro (Motlik 0/l., 1978; 1lyttel c0al., 1987). 
This lhloenottlln was illore pronounced ilt pig oo(cytes 
in which the (A treatttent redliced the llie rtltuire(, 
for (\V'1) to8 hr, in (')litarison with the 16-2)0 It nces-
sary toobtaii (VII) in oocytes ttatured aftert b(; stiln-
Illation ot uiler ill iltro conditions (Motlik and Fullka, 
1 )76). Furthertore, t iarallel acceleration of tHIe htis-
tote Ill kinasc activat i))t cotl(I e olservedl in such OA-
treated pig and cattle oocytes. Again, these elects were 
better expressed in pig oocytes, in which tbe tniecorre-

s1ionding to the leginning of ite increase in IiH kinase 
activity was shorteted by G Itt as (c.onitared to 2 Illt in 
cattle oocytes, and in which the activity reached after 12 
Ihtr was evei higher than that found in control nteta-
IplIase I oocytes. These reslIts indicate that prettattre 

tnt'rfthological evetts sttch as chiitosoite co(densation 

4-

6 8 12 
Hours 

FIG. 5.Time course of Ill kinase activity in pig oocytes cultured for 
G,8, and 12hr in medium with 2.5 pA! OA. 

8 12 20 6 8 20 

Hours Hours 

IGo.6. II1kinasi activity in pig oocytes cultured for 8, 12.or 20 hr in 
the presence of Ift oa/ Icycloex inhle and 2.5/ A (A) and for 6, 8, 
or 20 fir in the rc t' of 2 nA! f-I)MAP and 2.5 1,1 OA I). 

and GVBI) arit not catised by nonspecific (OA efifects, it 
really depend on M1', activation. 

Although (A was found to accelerate GVBI) in cattle 
and Pig oocytes, the over:1ll me iotic maturation process 
(lit! nott progrcss helyond late diakinesis-ittalihase I 
stage. These diata confir m previous oibservations ntade 
OnI C11opuS (Ri,1 'IWi.,19910) and ittuste oocytes (Rime 
ald Ozon, 1990; Alexandre v/ ,i., 1991), which itdicated 
that the cytoplasn of O)A-treated oocytes had lost its 
calpacity to organize a nortial p(attern of ntetalitase mi
crottlttles. We have olserved ill cattle and pig oocytes 
that the effects of OA of] sindle forniation were dose 
dependent. Whilh 2.5 pM()A precluded thtorganization 
of a metal)itase I sj)indl, 0.5 ,A! OA produced an abnor
ital spindle with atn aiarent lt] ltil ication of iticroitu
btile organizing centers (MTOCs). These dhLta at'e in 
agreetent wit th recent observations of iotuse oocytes 
wlich showed that OA (ill not impair the ability of tu
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......... 

........................ 

In 60 

40 
0 

20 

...........................................
.....
 
0 ...... . .1.............
2 4 6 8 10 12 14 16 18 20 

hr of culture 

FI. 7.Quantitative rate of relative Ill kinase activity plotted 
against time for pig (oeytes cultured incontrol medium (0), or inmedium enrichted with 2.5,uA )A (0), 10 mg/ml cycloheximide (0), 10 

mg/ml cycloheximide and 2.5 pA1fA (A), 2mA! 6-DMAP (0), or 2 mM 
6-DMAP anl 2.5 pA! OA (I. 
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sion ill pig and cattle oocytes, ont, mtay understand why
100 inhibition of type 2A phosphat ase may bypass i li! cyclo

heximide Iblock of these oucytes. A nd, actually, we found 
80 tiat OA was ahhi to reverse the eirect of ciclox i iide 

and to induce Ill kinase activation with kinetics similar 
60 to those found in coitrol ooytes. This indicates that the 

relevant protein, synthesized at the heginning of the 
. 40 first meiotic cell cycle in pig and cattle oucytes, can acti
d, vate p',k2 ki nase most )rohlly hy inlluencing its 

20 ...... hosldiorylath)/)l oslih,)rat ion state. The differ
ences hetween II kinase, activity and the i)ercen tage of 

0 ...... (!VilI) under the sat ciulture conditions could Sulplort0 1 2 3 4 5 6 7 8 the idea, already lronouncel hy several authors, that 
hr ef culture the histone I1 1 1 I). 1 k2 kimit act ivitv and M PF activity 

Fit;. S. Quaintitativ' rav of rviative Ill kinase activity plottid ineed not l)i'e(,I the sin entity.
against tim , for rat ih, otov ie; vultur edin 'ontr l t liium (U), or i o (;-I A P, a m i nh i bito r (f s in e/t hreo nih e pr te i n k i

tinediim enrirhed with 2" p. lI.\ ( ), 11 111P' n11(ycloxi ti (0( , 10
 
ing/nl cychi,it, ieand 2.5 i! 2 (0),or 2 it! nases (NMtijer and l)intlaven, 1988; Nant and Guerrier,
(A (A), oe!;-lMAt 
t;-tIMAP and 25 plI 0A Y 	 1988), was also found to lrovoke it rejihosphitrylation of 

):i-l"" on tyrosine, wheln applliel to Xt'nopis oocytes at 
GVBI) (Jessus 0' (i., 1991). Such a rephosphorylation 

hulin to piolymerize, hut interfered with the estald ish- lrocess correlated with the disappearance of MIT, the 
mn1CIof focal MTICs (Alexandre (I.L, 1991). Similarly, partial inactivation of Ill kinase, and reentry into in-
Vanro antI] Wills (1992) showel the occurrence of the terplhase. OA, which is suiiosed to control MPF activa

tabonormal niotic spindle in porcine kidney (I'LC-I K) 	 titn by modlating the tyrosine plhosphorylationl level of 
'2cells lhlckiil in mitsis I)v (A. 	 1I3.1 (l.ine, (I tl., 1991 ), liroveil ahle to reverse tile ac-

Pig and cattle t)tcytes, which normtally mature siontla- tion of l;-1)MAI4 iti such X1V11opiis oocytes (Jessus 0i (1i., 
ncOUsly whent t;ikci olut Of the follicle, canuot resueln 199 1). 
itetiesis in tItli suppltmntel In ac(torilalnce Otl mouse oicytesl with proitein synthesis WithTricett ldata n 
inhibitors (l'ulka it i., 198(;ia; Iunter and Moir, 1987; (Alexandhre 4 (Ii., 1991), we sho)w that the eilects of ti-
Sirard (i., 1989; M(itlik (1i .I, 1991). lHowever, lIMA: ) olig iicytes (bdockin Con- tn and (all the in the prolhase
 
trast to what occurs it .Vciomis, cycloheximide pre- stage acctmpanie iv an inhibition of I11 kinase activa
'lutes the ampliticatioin if MI' in those matmmalian titin) can he reverseI l)y (IA. Ill kitase activation takes
 
otcyt es which have bteen fuseil (Fiulka c' in., 198;}), 1988) llace with nearly the same kinetics Is Olserved ill con
ot1inicrii ujected (ProchImzlc (lt., 1989). It has also heen trol nontreated oocytis, suggesting that MPF is fully 
shown that the lticroinljectitn tf active p)3.,1O2 kinase activated in i-DMAl-OA-treated oocytes and it induces 
into starlish (A.strechci) ppelhase oocytes failel to 	 its btiological effects in more than 90% of the oocyte 
trigger (GVlB1), suggesting that another complonent may lpoullation. 
exert it negatice control oi the amlilicatioin step (Pi- Taken together, our data therefore suggest that in pig 
card 0i i1i, 1991). The action of this neutralizing factor aind cattle as well is in Xvimps oocytes, OA and 6
could lie reversed by another factotr originating from the DIMAP may positively and negatively regulate MPF ac
iUcleus, its revealel in expjeriments, in which the M PF tivation, probably Iy inluencing the llhosphorylation/ 
amplification was inducedI by injecting the kinase into dephoslihorylation state of p34" "' most likely via the 
the nucletis or lby injecting nuclear content into recip i- involvement of a still unknown protein regulator. Ex
ent cytotplasi. Requirements for this nuclear factor lierilients are now in progress to test the value of this 
eoutd be overconme by an inhibition of type 2A phospira- new working hypothesis. 
tase, metiated by the icinjectiin of OA, whereas tlie We thank Mrs. L.Koilerova for excellent tehtnical assistance. This 
microinjection of lihosphatase I inhibitors hatl no ef- work was liartally supportd ty Grant 61t5 from ARC and 9100708 
feet. Tierefire, thle inactivation of iticroinjected 0)3 4 cic., from INSERiM. M.K. was supprtrted hy Postdoctoral Grait 053224K 
kinast: within tile recipient cytopldasm was jtresun laily front NIRT, France. Tthi lrojet was further Sullorted by U.S. A.ID. 
due to its relhOsplhorylation, t fe unknown nuclear fac- Grant 12.061E. 
for acting most likely hy inhibiting type 2A phoslitatase it I'IE'It:NCES 
(Picard 'tli., 1991 ). Alexandre, II., Vanauwenherge, A., Tsikitani, Y., and Mulnard, J. 

If we suppose that such a factor, necessary for MPF (1991). Ileiotrol)icetf(ctofokaitaic acidion maturing mouse nocytes. 
activation, is synthesized only (luring first mei otic divi- Development 112, 971-980. 
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Ultrastructural cytochemistry of the nucleus and nucleolus 
in growing rabbit oocytes 

Peter Sutovsk ' ', Ladislava .Ielinkovi ",Libuge Antalfkovwi ", Jan Motlik 

lnstitute of Animal Ph.Ysiology and Genetics, 277 21 LiNchov,",ResearchInsitute of Animal Production, 
Praha 10 Uhiinves, Czech Relmhlic 

(Received 27 Ociolfer 1992; iccepled 19 iinuary 1993) 

Summary - Ultrastructural changes of the germinal vcsiclc dining [lie growth of rabbit ooCyies were studied by means of light and 
electron microscopy, 'l-l-uridiiie an ioradiography, Ag-NOR stain ingand U-IP'TA staining. Particular interest was paid to ftie nucleolo
genesis and condensation of chroulati. In ontrast to other lnanialian species, chromosome condensation in rabbit oocytes oc
curred conconitaltly with rRNA synthesis-dependent nucleolar compaction and preceded unclear cnvelope breakdown and restnplion 
of Inciosis. 

/ chromiosoeninucletius condensation / ooiyte / ribbiil I rliNA slnthesis 

Iltrodutliol 

Mammalian follicles leaving the follicular pool enter in the 
growth phase. The follicular growth, characterised by 
progressive differentiation of follicular cells, is paralleled 
by oocyte growth [141. Inoocyte nuclets, gerlinal vcsi
cle ((V), diplotcne chroimiosomes are decondensed and tie 
fibrillo-gratilar iicleohits coilains ntonerous smtall fibril-
harcenters (FC) I, 35, 37]. 

Tle increase of nuclcolar rRNA synthesis is considered 
to lie tilefirst tlie initiation of oocyte growth [7,event i 
23). During fiuther oocytc growth, both the nucleclar 
structure as well ias ile high il -uridite incorporation in 
lie nucleoplasni and nucleois indicate tthatgrowing 

oocytes are engaged inintinse hinIRNA arid rRNA syntlie-
sis I12, 13]. highly decon-The active transcription of file 
densed genoie enables tstead accumr1ulation of IRNA 
and r RN A throughout the oocyte growth period [16, 18]. 

When the oocytes reach full size, substantial changes 
of tlienlcleolar lilt rast ructure lead to tileco nipaction of 
the itucleolis, which is accotfpaiied by gradual cessation 
of rRNA synthesis [10, 27]. lowever, some ItRNA syn-
thesis takes place in mainnialiati iocyles tip to the reSUlp-
ion of inciosis [27, 32, 39]. 

In the majority of mammalian species, the chromosome 
condensation occurs after restinlptiont of meiosis, concoinli-
lantly with breakdown of the nuclear envelope. Surpris-
ingly, (lie GV of fully grown rabbit oocytes is filled with 
highly condensed bivalents [26]. This fact suggests that 
chroatin condensation in this species is not depeildent 
upon neioitic stimulus. 


In the present study, growing arid fully grown rabbit 

AIbreviations: G ', germinal vesicle; IU, fibrillar OCC, oocytecenter; 
cuinitllus comiionn; I)FC, dense fibrillar coincomplex; (iC, granilar 
po.nen; associated chromain; NV, iuicleolar vacuole;NAC, nucleolus 

I- A, ethanol-phosphoiuingsiic acid. 


oocyles were investigated using autoradiography anid 
ultrastruciural cytochemistry. We report here for the first 
titte
that in rabbit oocyles, incontrast to all miamialian
 
species so far studied, the process of nucleolar conipac
tion arid chro mosomite condensation occtur coicolitantly.
 

Materials and mnethods 

Oocvlc collecion igl miiroscopic ibsert'liois 

Inadult rabbit fetiales, pseudopregnancy was induced by 150 IU 
hCG (I'raedyo , Spofa, Czech Republic). At the 17th, 18th and 
19th day of pseudopregiaicy, tire fetitales were injected twice 
daily with 5.7 IU of FSII (Folicotropin, Spofa, Czech Repub
lie). I day later, tile rabbiis w%'ere follicles arid pieceskilled, and the 
of ovarian cortex vere isolated under dissection imicroscope. Tile 
follicles w/ere microscope with measuring atmeasured by light 
tachentent. Oocyte cutnillus complexes (OCCs) were collected 
by rupturing oftlie follicularthe oocytes were dentiided by.'sall, 

pipetting, nicasured and divided according to the follicle diameter 
into the following categories:
i) category A: oocytes from preantiral follicles (follicle and oocytediameters were [lot measured); ii) category 13:oocytes front small 
antral follicles 0.2-0.5 [rn in diameter (oocyte diameter 
95--122 gilt); iii) category C: oocytes frontmiddle antral folli
des 0.5-1.0 mii in diarietcr (oocyte diameter 122- 138 un); and 
iv) category D: oocytes from large antral follicles 1.0- 1.8 nun 
in diameter (oocyte diaticter 140- 153 unt). 

Numbers of oocytes and pieces of ovarian cortex used in 
present study were: for electron microscopy: 56 oocytes and 
12 pieces of ovarian cortex; for light microscopic autoradiogra
phy: 15oocytes; for Ag-NOR staining: 19 oocytes arid sevei 
pieces of ovarian cortex;and for I:--'TA staining: 16 oocytes and 

eight pieces of ovarian cortex. 

Light microscopic autoradiogralih) '
 

The OCCs were incubated for 20 nti in culture Medinni eon
taining 92 ml isotonic Ks 199 (Usol, Prague), 25 mg calcium lac
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le, 25. i s0doilill pelril [ , S) Inc IhIpel', 3 Inr penicillin, /:H'e'r in lli ri('ri/i. 
s tng sticlptonitcin, 1.9 il I.-5' NaI'), f 0.)()21' phelc 
led and i.lI -iridirie (IJVVVI ( /clIh RIrlIlic; ,l','il- ( s IIr r ant ral forllicles arnd snall piee ,l .)ovarianclmIx, I'racet, W 

iactis it., (m5( i ntlli , lIilll C0' Cll,. al jilll 3.7 %I il). Ilict Co iailing picallt ill l'lli,l, v"ere fixed in 0.6l o pia al mrntld 
7

IL I 
lie ()( S\%erec SiIcd, Ried iild e.'I)CLrLCLelIII Iir 812. SeImi- i di and 2.5",' glillitld lLINLscinmmel Io 9) in. Alter brriel 

11m1 '1 ICCtIm 1id s \etc oih.edi sili II ld K ,iitIAio- \islhillg iid post ixiallio ill ]o I )it|ii1 .letroxidc,(iewsamrplesN 11gi ,Si 
mlillic CeIIICirkIIIIl ind '\pri),d 111 1-1 dilS a 4 C.. \tl %e dhdratiCd aid iiClddcd il lpotn 812. Lrailtlhii s ctionts 
slt"Cl%inIIriill 1)19 (1s clOpsettile sectiomns %%\r suIainCd b\ I, lii- C liv iiraiyl-actulle aind lead citrille andclc stinedil allilled ill 
kIIIC hlui an1d exattnijied in light nijrICmscOmpe. lco 12)0) IX electtion micioscope. 

. 5. !- - . "",.- '.;- . " , 

.,,. ' . .,. 

~~ = 

ligs I -3 I. i~ll tlhii scuiiii n I lie niiicleimlii iii inl iOC\ eIrm i monuilartitir llllie'le as d,.tiiittnur rud Ib, ur iryl actatle/lcad citrate: ,staiiiiii. Ihi lIirc,. rmll) shaIpe.d are+asI li: i anlr cmrirointn () possess lhc lacunas tille~d uitlh iI l'eitnoits mnaterial 11.1. 
rcu ririss mu) ,lirisi ihr illii crrrnl)iilieiini link tire grariulair ate~as ssill lihrillar center (II); -,: I51)0(). 2.n l|m|s crorts ni re ghranit

flr arial isithI lhi" Ihis a Ii), hocatel chloey to thne per'iphe~ry. I. Tl maltrial inside: rnmieleo{lr lainmm is i'onntiitced witll peritimicle.olar 
chliiniti (arrmvs). Ire.,,ecltiii \weret. ,,t~iiurn_.h,r l r ln-aceteL aild le:ad cit rate"; "< 30000)l..3. Nltciutnltns nr l ittrilantitrar stage¢ ('o.yte 

,alte.r i. N(I 5 miimmi. -lii ilai ce+imem.(I.) nld drezis lihlilkar ctrmlronient arc ilenisely ec{.lred by silve:r crains. "l'he gratir enmrttpnr
Il.tent iiinl tli Ihluni (aiss I\ ame. limit slsei pir'-itise: -l)(,)t. 
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Ior large amount fiblrillar co :I.Iiblillal (F)Fig 4. Niucleolhus ol an otilcte fi plilarninai lollicle %%iia f'dens lponenltns. centers 

alescattered ill[ite Illicleololrilla. I'e alea ,)fgr a t"al eot11t1onelts with Small lacti1a is visible (arrow) illthis seclionI stained by 

1lranyl actale alldlead citrate; - 17000. I). Alle [-PIiA reatnent, the denrse fiblillal conponents are slItIIny slaited. x 26000. 

FCs, GCs and material illuritcleolar lacunas stained only
 
.- . .stmtt, bi i-t otnweakly.
 

,

i-I A ,,aininC lhasic, I.cin-iich pioleinassociaed with ConCOly.lll l\y \\ilhthe illiliCatiOll of follicle cells 
INA us iud tol distiltt o oIfDNA and RNA clted paiti- illphlnilanilta follicles, lre trncleololrenllS f'orriled rolnld-
ClCSill IIe ooQCvtes, oeCI l'ixed Is .61"'o' shaped nucleoli lthe ItU'Iroli. b litaraldc'- 'iIt nrierotts irregular neleolar Vactl-
Imydv.illliosphalc Illl dcl, dtated antd itIItet I it 21".i oles (NV).-lIe illCrCased ;Itltlrlt01 l):('Scleated a large 
phltil+thlt il acid ill altsolule meshwork of allltillOSillg cords. small FCstlic ice-cold alcohol o.ciliIhl ac- Ntttteriitts 
COtdiirr to Anitoitnc "II il131.\ltc e itisirrur ill absolkit alcohltl
andlt , lt- i ph's l i.'lb,"'dud sWere scattered ill i"\vadhln ill pto Itqle,.omkd,.(lie %%CIL!' i lrolcleolonetllas. Tire Stlallds(GCS were 

d a i ii.d it to tile PCliplt artd still possessed lcitlliol,sas lio.e ,.'\ale t ilh tttll hcelc u la shifted y ,escral 

tas (lig 4a). 
TIre abovC described distribution of ntii.leolar corrpo-i,-NOR slttm;u,+t 


tents ,wiscorifitrtCd by Ag-NOR slainiig. [ie i)[Cs and
 
I Ile Ag-N 1t itiliod \%;ist lil IIt,tal smrtall1k1jilili IsL tillraiit local- [CS w\ele densely covered by silser grains, whereas 

/ariitin 01 acidi: tl01-hioi-tt li tCiils irnolsed ilII)N\ tt alctip- Gs and lactnas \sere corrplctely devoid of silver. The 
(1 alid early pitEcetttg. -PITA slainintg emnpliasized tlre large itaSSes of )FC arld 
1lie oiylcs %%CIC 1i 20 tilit illglitataldelyde. \,asled clusters of NAC (fig4b).ti\Cd 


Ittliler, po.li,.d it thellliItilltit 
and acetic acid forI0 iti1i t le 
itl0.2 NI cacoi lalte of ithantol 

hil )waslted carlulls itt dciottimd 
ssater. The sil\set l a llt ccliliiite dsCrihted hiy I ikossky ltd '1I I v Candtgoiy 
Smietatta 1221\as used. sample, dcli dtaed illI-inallv, ilie .\cic 
ascetidittg Series olCtltalttl, it Oocytes isolated from sinrall antral follicles wserehighly aciiflilt rated aitd ctimbeidlilC iFport 
si2. Iltrailit suctiott wCre citirasled by itayl acetate and live illrRNA anrid hnRNA synthesis, as shown by light 
esuliated microscopical ant orad iography (fig 9a). Besides iumerous 

small vacur1o les, several large NVs appeared in round
shaped itIceoloreImas of Ithose oocyies. The [Cs, some-

Iesulls times located at tilenucleolar periphery and linked with 
clusters of NAC, begun to extend itt diater (fig 5a). The 

Cutegor A DICs, vistualized by Ag-NOR staining penetrated by 

rit iterorts protrursionrs Ifromn [Cs ilnto r lcrleolotertas 
Illutilrtaminar ftllicles, the oocyres possessed tilereticu- (fig 6a). GSc formed large sheets and thick cords amorg 
lated nucleoli suith round shaped sheets of granilair coin- nucleolar vacuroles. 
portents (GC). Small lacrrrtas with finI entouls USUrally, tire tuicleoli were surtrrded by the bouid offilled ly filari 
material were ofili etibedded ill(Cs (Iig I). ()ccsion- NAC, somet ires petrelrating into peripherally located 
ally, these lacunas ssete localed artie p liphery and linked riucleolar vacuoles. Small clusts of tire same mlaterial 
\\ithttcleolus associatied clotniatin (NAU) (lie 2a,b). The were fotrntd inside several vacuoles, paticrlarly around 
cords of'delnSe fibrillar CollipOlCtrIS (I)]C),often ,tiaClhCd FCs (fig 5b). Sornie of these clusters, bolth onilre ri of 
to GCs, and filitllar centers positive )["Cs stirongly stained --PTA(1"') wsere stirongly NAC and tie \%,ere by 
forsilver after Ag- Ni )R staining (fig3).The )R's and NAt (fig 6b). The first signs of chromosome condensation ap
were highly ciitlrsted in F-111IA stained sections, s-ereas peared itt tie nucleoplasm. 



.I'+II+. ef 


+ r 

+' 

4 d 

-6a + 
I. 



177 Nulcologeemi, inigrt'ig mhtiI uct Ics 

calogO-'Y C 

(Oocytcsisolated f'rom middle antral follicles reached nearly 
fiull size (see Ma'terials and meihods). Owing to a clhro-
inosonie condensation, the 1l-uridiie incorporation in 
nluclcoplasntt substantf;.lly decreased. The labelling of1 

nulcleoli w%,is visible as peripherally localized caps, co r-
responding with the position of'FCs in ultrast ruct ural oh-
sc loiois (fig 9b). 

The large ntiuClColar vatLIoles extended to iimaiinal size, 
giving t lattice-like shape to te tiicleoltiteiiis. Coiisider-
ib cluteis of NAC , crc iirriicd at (lie riplhcryiand 

siimiil littcriul w is fttlil iniside ilie vituoles Tle iu111-
br ot'1 lC s aitd I"( s dCtCried and the iiiclooitieiua was 
Iprltilinllly Uvt.hId by ((iCs. I locrvce , tlhe diallieer of 
I:('s sulislaniilly iiritiastd (lig 7ai). licy were locatled al 
tie.peipliliy and Coiltiinled oily siuiall amilioilts of' silver 
cri :is cr A\g-NOR stailillig. Tle ,rsrotrulsoits f silver 

deposits roll "CS to ncleotleii disajpleaCrd (fi, 8). 
E-I'TA staliiing showed a contiious riit t' NAC at 

the niueleolar periphoely and a declelsed alloti of IDFC 
in ltuileololitaills. Someitof the rtlit 'laltises iiiside 
vactioles aiid simall clumps of coideiised clhromuatin in 
ilicleoplliin were well staiied toti (fig 7b). 

Cafegorl' 1) 

The filly grtwnv ooCyilCS were weakly labelled after lite
3
1l-uridiille allorldiography(fig 9c). 

Nttcleolar ctilpactiotn atd the segigatioti tf' iulcolar 
collipotllets beginiting in this stace caused the sluiitking 
aid gradual dtisappeareicet of iutleolair \acuioles (fig I0). 
In sthtie omttcy'es, botlh Comnpacit aind vactolateditoclColi 
were ftiutd. 

The otiollpact tiutlleoli vrCe conl poscd of alholtogeiouts 
llass of ficie llaitciuts. The I-Cs, I)FCS aid ('s disap-
peared. Someuctimtues, tlie lcitiiles of'silvr positive tlateri-
al werc fontid at the nucleolar perilicry (lii 12b). I lighly 
cotndensed chromoisonal bivaleitits ppcarillg in lie 
itticleoplasm were linked at several poiuts witlcompact 
nucleoli. Nuiierous sinall beads were oltei associated with 
lie periphery of cotidensed ctiroiiialin (fig It). 

F-iPTA stalillin emphasized tlie peripheral rim o' NAC 
atid highly tondenised chroultOsoinal biaetit s. 'The lenti-
ces were well stailetd too. I-l(oiloeioteious nucleolar mass 

was bleached (fig 12a). 

I)iscussion 

l)iplotene stage oocytes in primordial follicles of the mouse 
I101, rat [11, hamster 141], cow 124] and tian [91 exhibit 
a reticulated type nucleolus that predominantly consists 
of strands of DlFCs, small FCs and aggregates of GC. fi 
rabbit primordial follicles studied here, the large, round-

shaped sheets of ('Cs were lie pr-d iitant strotlire of 
retctilated iliicleoli. lesides all usual iitlcleolar Ct-Otoiets 
(review ii 1171), iniierous small strtl-ucres, containing tie 
cluill ps of' fine filawlentolls nmaterial :wcre embedded in 
GCs. They sein to arise from the penletration of 
perintcleolar chromati into nucleoloncinas, is shown inl 
figure 2a,b. To better distiniuish lhese structures from 
other nucleolar coilponits, we designated thein nucleo
llir lacunas. Similar .,Iltictlres were described as itlieleo

lar inicrlospltiles in lile iiucleoli of suplra+ltic neurons 
without any siggestlion about i heir finctloil 1211. Aflier 
tiraily acetatc/lead citrate staininig, fibrillar ntterial in 
iiiielolal lactas eseiites tlie itlterial observed in Ws. 
I lwmever, the aCUitiaS o( lot toLchi directly the IlCs, 
froti which they are separated by atlirge mass of tiC and 
they lack olher typical Icatrlles ft' ( such is fhe positivi-
Iy to silver staiiing. lie disapealacie of itlicleolar lacil

before the fall of rRNA svitilttlic activity in oocytes 

isolated ront alit ral l'ollicles could ie coisidered as one 
of fil liirst steps in tle protcess of itcleolar component 
sqit t.itioi. The questioin tcittiis to be ainswered if the 
laCIuitas Colilin rl)NA. 

Thic presented atioradiogri phic data otl rabbit oocytes 
.re in agreieiemet with pre'vio s Iindings that rRNA syn

thesis gradnally increases aftei begilning of the growth 
per iod iII itllinaliani otcytes anitd diitittishes Concomnitant
ly wit ilhachievemient o Itheir ill size [12, 131. The anount 
of )(' protrusiois aroiund FICs in rabbit oocyte tucleoli, 
visuialised by Ag-NOR staining iiteased in direct relation 
to irRNA syitlhesis. The satmne pIhenoettlon was described 
ini stitttulatCd sonlati,: cells 131, 401. Similarly, the tcndci
c, of rlbbit oocytcs to rise the iltlitiber ;tid dintinish the 
diatllicterof I'S Contiitai ly witt(lie iltrease of rRNA 
ss'iilliesis is well known fromliie expelitlints with slinlii
lated htuan lymphocytes [151. Such results are iii contrast 
with tlie recent suggestion that Ithere is lo direct relation
ship btveen silver staininig atid IRNA syithesis 16]. 

ciltaps, the quliaiity of Ag-NOR prilteins is enlarged af
lti the inctrease of rRNA synthesis, btuit certaii amount 
of these proteits is still presei li inactive nucoli. 

Wc deionstratd hflepetiration of NAC into periphcr
illy localized tiueClColar vacuIoes. l)resitce oft his materi
il, well stained after E-l'A stailing, hoth iliisiall and 

large ilUcleolar vacuitles, could limiply that the non
transcribed rD)NA is situated iii intcleolar vactioles of rab
bit growing oocytcs. After flie disappearetice of NVs, the 
comInpact nucleoli were still linked with cotndensed chro
tratin. Similarly, tle connection of' chromatin bivalents 
with itle nuclcolus w'"svas cinfiritcd both by electron 
microscopy [34] and Ag-NOR staining of chromosome 
preparations 1331. 

Nucleolar compactioi, accompartied by gradual cessa
tion of rRNA synthesis [1I, 39] could play a key role in 
achievement of full inciotic competence of mammalian 
oocytes [261. This process seems to be a general feature 

'igs 5, 6.5. Nucleolms of an orocyte omblaitdil 'il stiall antral f'ollicle. Uratnyl acetate/lead citrate staining. a. The fibrillar centers
1) tire surrotildeid by tile clips o' i dense filillar coimponeilt. The peripherally located fibrillar celilci isconitected with clusters 
ifnucletis associated chromniatii (arvow). Severl smntallvactioles are filled with similar inaterial. Sonic vactioles increased profound

ly ill size; > h. Coisiderable clisier, of iutcleolus associated chromatin are characteristic For those oocytes. The penetration120M1K. 
imfnuclils associated chronatitil intt the uicleolar vactioles is arroiwed; x 16000).6. Nucleolus of ani otocyte from sniall .nliral 
[tutlicle. a. Ag-NOR staitiig shows strongly positive fibrillar centers. Numerous protrusions of silver deptosits penetrate front fibrillar 
centers illtO11 clceoloneiia; x 2t1(K)ll. t. Ii-l'TA staiiling etlipliasises the peripheral rim of nucleolis tssociaieh chronatin and ihe 
dcuise fibrillir cttmponents. P-'IA positive grauliles are visible inside flie iucletular vacuoles (arrowed); x Il100. 
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l'igs 7- I0. 7. tri l ic'tatc lead citrate Staitiig oi theitle hholus in an oocyte isolated ftot it middle-sized atral follicle. a. Eixtend
ed nu1cleolar ,actioles g', a lattice-like shape to lie nucleolus p+rcdoitinaitly foritted by glianular components. The clusters of itucolths 
aissoci;ItCd chroIattil (a onvsI are attached to latee fibliar center (F), mocd to the ntclolar periphery; x 15000. 1. After E-I1TA 
,titittg, the rit oi" uicicous ahSiit.d chromatin is more conspietuouts in cotmparisont vith pirevious stage. Dense fibrillar compo
tells ate nCll ,talifctd too; X 10)00. 8. Ag-NOR staiting of an ,ocyte Irom middle-si/md antral oocyte. The sensitivity of fibrillar 
cetes to silver dc rass and the protiusions of sil.cr )os-,itivC material disappear; x 31000. 9. 'Il uridine atioradiograplhy. . 
Attmadiogratit of aniooes c from siall atiral follicle. [lie ititeivi.e labelling is visible both over the nucleoplasm and tie nitcleoli; 
,( 650. 1).Gertinal ,.esicle of an oocylC isolated froti a ittiddle sized antral follicle. The iteorporatio of' II tridine is cotcetlrat

eudin two caps at!the nuclolar periphery. lhe nucleoplastt is labelled less intensively; 50f). c. The compact nucleolus of it oocyte 
obtained ittom large antral follicle is , calkly labelled otnly. The labelling of mitIleoplasm is at the level of backgroutd; x 400. 10. 
lit an oocyte fromtilarge atral follicle, the nucleolus ttderlrgoes cotmpactiotn. The ttucleol:tar %actolesare shrinked, cotdentsed chro-
Mittill (arrow) tli. CXpltlsed grantttlltr cttipOttCtts (arrolieatd) ire visible ini the ittcledoplasit. AI tltrathii section was sttitted by 
uranyl aet:itte and lead itrale;x: 12000. 

of mamimalian oogenesis but it does not occur at the same isolated front large antral follicles, similarly to titina 
lollicular stage in individual species. \Vhile nuclcoli of oocytes [38]. 
mouse oocytes are exclusively compact before antrum for- The process of nucleolar compaction was described in 
marion [101, the rat [I] and lantster [361 oocyte nucleoli the oocytes of viviparous teleost [5], in mollusc IlelciOO 
become a compact homogenous mass at the antral folli- iellucidus [4] and in cow oocytes [121 as enlargement of 
cle stage. Nucleoli of the pig and calttle oocytes are con- the central ntulcleolar vacuole with subsequent segregation 
pact also itt small antral follicles whent itle full size is of nucleolar cotmponents. In mice [10], rat [Il and pig [13], 
achieved 251. We found file compact nucicoli in oocylcs a new nucleolar Strocture, the compact, homlogeotts nllass 
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Figs 1, II. Tle Cit11oml Clt ' ooI, u'colsit.s of ithollogelloius lihilhu I11ass. ' (lie lnsed bis allls12. 1lh.deoltts oi atn prem 1tlalol C e 
irC eilhu linked 'ith'illiC0.tpCI 1itIcI.lis 01;l,.)c d sCpl atck if][lie 1,tcle.uopltsi ((). Smiall dense reads are airtoned. lie niclemi 

etinelopl1 (irtn wl ead) is still illtaUCt. It%, fflv 'ilctlueSectioI staittl l iii IcaiL citrate; 6(10(1. 12. 1lie nu'colul,€i large atllilil slage 
ovc'e. ai. After F-P'Al iIatlliteil, the holiiei ious titlenl.tm jilas (N) is bleached, tle iiicle.ilt peliphry together ith hiplily 

enitidetised bivaltents is well stained. Note the strotgly stzained lenti.le aitthe itucleolah periphcry (,11in); 5(000.1). Ag-NOR staill
tug revealed that such lenticles, ttacied to the xeCltsiclly coiiMpact RIcicifns, are stollgly posi'e it) sil.ver; x 60(1000. 

of fine fibrills, gradually growing from the center of NAC [8]. I owevr, no condensed cltrot+at in is visible in 
ittcleo us, is involved il priocess of nucleolar compaction. nucleoplasn belore the elogenous 1.1 peak, exogenous 
li rabbit oocytes, file couitpacitn was realized by shrink- hCG stiinulation or at tie beginning of itt vitro cullure [19. 

ing and gradual disappearence of ancleolar vacuoles. Ini this study, file first signs of chromatin condensation 
The compi .;tctnucleoli ar I'm med by a fibrillar mass rich 'C I'0111d in tile iutclCoplasrt of growing rabbit oocyles 

in b:sic E-11TA positiv, e proteins, believcd to be tlie rem- isolated from sniall antral follicles . Inimiddle-sized antral 
rtiants of DFCs [13, 35, 36]. li sminc works, tie presence follicles, ((IC progressive condensation of NAC i(s well as 
of acidic phosphoproteiits, which are not silver-stairiablc, chromatin in nucleoplasm was noticed. The highly con
sas detected iin comtipact iticleoli [2]. Iti our results, the densed bivalents (ogether with itn intact nuclear envelope 
F-PTA staining wts stiongly positive .at NA(', but only ch.tracterized rabbit oocytes in pre-ovulaory follicles. li
(lie peripheral part tf conmipact ttclenli %vis stailCid. (elesingly, a similar tiorlphirtlogy of (lie GV was seeu in 
Ilowever, (lie presence of' basic pl oteiis cannot ie CxchMn- pig ard cattle oocyles cutllired ill pi oleiui synthesis inhibi
cI because of itstfficiett petter r.tol of --PT A ito O ltns [20, 28] and il ilie rutouse oocytes subseqiuently treat
compact nuclcolar iriass, showi presiously 136]. ed with 6-diiClrhylatirtopr iuile Zird cyclohexiriide [29]. 

The germinal vesicles of fhilly growln niait iahiati oocles Altogether, these resuts confirut (lie conclusion of New
pssess comipact ti port and Spalin [31] that nuclcar envelope breakdownrr andnucleoli sur ouied by highly coidenscd 
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Rapid, Nonradioactive, and Quantitative Method to 
Analyze Zona Pellucida Modifications in Single 
Mouse Eggs 
JIltI M()()S,1' PE'I' KALAB,' GREGORY S. KOI",'ANDRICIIARID M. SCIIUI'r1Z 2 

Division o[l,'prcductii' liogy, I)c'p,7rtnnts o Obstetricsand (yn,'ccclogy, and :if ilc..y, Uni,'crsity of 
PerinsYhi l'uihladelphia 

ABSTIACT Arapid, nonradioactive method to 
monitor the ZP2 to ZP2, conversioi in the zona Pellucida of 
single mouse eggs has been developed This assay is based 
on the chemrlumrnescernt detection of biotinylated ZP2 
and ZP2, tof!owing electrophoresis under reducing condl-
tions and electrophoretic transfer to oninotilolI P. fhis 
method is about 10 times faster and detects sinrilar ex-
tents of ZP2 to ZP2, conversion following A231 87-induced 
egg activation, when compared to the commonly used 
radioiodination procedures. I-i V,',ey Liss, i1c 

Key Words: Zona pehllicridi, Ei'i: activation, Mouse 
.. . ............. . . . ......... ....... 

IN'I'TIO)UI.tIC'ION 
The zccna peltlcida Io' citanuse egg is clspio.ed i' 

three glycoproteiis, ZPlI, Z[2, and Z'3 r\V'asarina, 
1990). ZP3 bind.s acirisoicie-iitact soricll and subs-
qlntly induces the act'i.ioe reaction of' those iound 
sperm. Acrosinco-reictccd sperin then interact with 
Z'P2. l"ollowing fertilizatin-induccd cortical grainole 
exocytosis, the contents iflthe granuciles modify ZI'2 and 
Z'l3, such that they lo e hose aforementioned biologi-
cal activities. 'l'hese miodifictins CftheZ l'costiftea 
ilock to Ilyspercny. 

The nodification of ZP'A', which results in a fori 
called Zl'3r, dos not result in arcy aplarent change in 
its electrophoretic mobilily. In contrast, the modifica-
tion oI'ZP2 to ZP''2, which is due to a specific proteolytic 
cleavage, results in a change ill electrophoretic mobil-
ity frioa M 120,000 (ZP2) to N r 990,000 0'AP21) ii-
ter reTLcing conditions Illeil et al., 19811. 'rT electro-
plhoretic mobility shift associated with the ZP2 to ZP2,
conversion can, therefore, serve as a quantitative index 
of'early events ofegg activation, since a positive corre-
lation exists between the extent ofcortical granule exo-
cytosis and the conversion of*Z'2 to ZP2, (1)ucihella 
et al., 1993). 

At present, the ZP2 to ZP2o- conversion is quantified 
by a method that is based oi radioiodination of the 
intact ZP (Bleil et al., 1981 and this method can be 
used oi the ZP fioic single eggs (IKuraisncwr' et al., 
1989). Briefly, isolated Zl' are radioiodinated using 
ch oramine T ricid sohjecfel ti electrophioresis under 
ioireducing conditions (Schroeder et al., 1990). Under 
these conditions, Z'2 cni ZP2 have similar electro-
(c 1994 WILEY-LISS, INC. 

phoretic mobilities, which differ from those o, '.1 and 
Z'P3. The position of' the [i '1j'2iZP2/ - is located by 
'1Utradiograph' f thlie 11n(h'ied gel, and when individ

tal ZP are ana lyzed, this ex posure takes 3-7 d. The 
portion of' the gil cCorres.ponding to l25Ji'IZP2,'Zl'2 is 
then excised and subjected to gel electropLoresis under 
retducing conditions. (Under redulcing conditions, a di
sulfide b)orl that stabilizes the proteolytic cleavage 
product is reduced aid results in the release of that 
product and the formation of 'Zl'2.) The positions of'Zl2 
and ZI'2. are again located following autor.sdiography 
of a dried gel, the talids excised from the gel, and sub
jected to gr aini coi iting to qualii til'y the extent ofthe 
ZP2 to Z'2,. coiaversiin. When icidividual ZP are ana
lyzed, this expiosiir'e tak,s :-5 d. 

Although this miethod provides accurate anl quliti
tative data, it has two main drawbacks. l"irst, when 
analyzing individual ZP, the time that it takes to coca
plete this analysis is about 10-1I d. Second, the use of, 
I :'lINal has associated health a,d disposal concerns. 
We report here a nonradioactive method to analyze 
quantitrativly the ZP2 to ZP2- conversion of individual 
Zl. This method, which is based on enhanced chemilu-
Minescent cIECI,c detection of bicitinylated ZP, yields 
data that are coparable to that obtained by radioicidi
nation and can le performed in I d. 

MA'rEIIALS AND METHODS 
Collection and lonophore Treatment of 

Mouse Eggs 
Ovulated cietahase ll-arrested eggs were isolated 

fhon superovulated 6 week old CF-I female mice as 
previously described (Kurasawa et al., 1989); cumulus 
cells were dispersed by hyaluronidase treatment. The 
eggs were washed in minimal essential medium con
tining 25 mM IIEPES, pl 7.4, and 3 mg/nil polyvi
nylpyrrolidone (MEM/I1WP) and then incubated in 

teccived Uly 29, I19:3;acccvpted October 6, 1!93.
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MEM/PVI' in Ihe presence or absence of 5 ~l, calcium 
ionophore A23187 ('albiochem). Eggs were removed at 
various periods of time and intact ZPs were isolated as 
described below. 

ZP Isolation, Radioiodination, and Iliotinylation 
Intact single ZP were isolated, washed, and radioiodi-

nated as previously described (Kurasawa et il., 1989). 
Single ZP were bioninylated using the water soluble 
sulfosuccininidyl-(i(biotinaridoh)iexanoate(NIIS-LC-
Biotin, I'ierce, I11.NIlS-LC-lBiotin was dissolved in 0. 
M Na O~C,,pH 8.3, to a concentration of I IM and 
three volunes of' this solutin were iixed with one 
volume of a buffer containing 24 jonI IJEPES, pl1 7., 
150 mM NaCI, 3 mg/ni PVI', and tie isolated Z'Is. The 
samples were incubhated for 60 rain at 20' C, washed five 
times with MEMilVI, and individually analyzed by
SI)S-PAGE and Western blotting (see beIw). 

Electrophoresis/Western Illotting, 

Autoradiograpihy, aid Cheiilininescent 


Detection 


Two-dimensional reduction electrophoresis of radio-
iodinated ZP, autoradiograpliv, ard quantification of 
the ZP2 to Z''2, conversion were perforied as previ
ously described (Schroeder vt al., 1990. 

Biotinylated ZI' were Subjected to SI )S-I'AGE en a 
9C gel Urder rvdlcirig coollition:; 4Iaeonnfli, 1970). ZI' 
glycoproteins were Iransferrd ,lectroploretically ont 
an Iinmobi lo ' rnerlhrane M II ilre,) (Towbin et al., 
19794 foi 90 rin at 514volts. (Althogh we have limited 
experience using nitrocellulose, It is suitable under the 
described conditions ir transftir.) Following electro-

Time (min) 
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Fig.1. Tinut course oftlt '/2 to /12, ouvers.o detected 
Iblrreing A23157 treatnient. M etah ' ,rosted -ggs wert
with A23l187 oaridItheZl'2 to ZP2, conversion analyzed by hioti,
airl ECI, as dlscribed under Materials aud Methods. Eaih hu, 
,-lnts the profile fr,,i a single isolated ''. 'The exposurt tin, 
X-ray filni wa. 20sc. 

patterns contrast those observed following u 
phorutic analysis of radioiodinated Z1I where all 
ZI glycoproteins are observed. 'lhe faiure to ol 
bii,,)i nylated Z'l3 facilitates the analysis of the 
ZI'2, conversion, whell conopared to analysis Ilsi 
dioiodinated ZP, since only electroplhoresis und 
ducing conditions is required. The reason for this i 
ZI'21 co-migrates with ZP: (M, - 83,000) under j 

phoretic transferr, the reribranes were blocked by mni ing conditions and hlis necessitates electroph
overnight incubation with telhostean skin gelatin (30 
nil/I) (Sigma, G-77(65) inna buffer containing 150 niNM 
NaCI, 0.05'; TVeen-20, and 20 nt M Tris-IlCI, p117.,A 
(TI3S-Tween-gelhain). 'I'lte rreilbra ne was then inci-
bated for -15 mrin at 20C with avidin-Iiotinylated per-
oxidase comllex (Vectastain ABC kit, Veclor Laborato-
ries, Inc., CA) itt 'ITS-Tween-gelatin according to the 
manufacturer's instructions. The membranes were 
first briefly washed three times with TBS-Tween, fol-
lowed by three additional washes over a 2 hr period at 
room temperature. Tlie bound peroxidase was then de-
tected using an Aniersham ECL detection kit according 
to the manufacturer's instructions and Kodak XAR 
X-ray film. The exposure times were typically 20 sec to 
3 min. The extent of the conversion of liiotinylated Z1P2 
to ZP2f was quantified using an Image I/AT image pro-
cessor (Interacti',. ' ideo Systems, Inc.; Concord, MA). 

RESULTS AND DISCUSSION 
The major component of tbv mouse ZP detected by 

ECL following biotinylatior according to the methods 
described above was Z112 (Fig. 1, lane I); Z'lPI and ZP3 
were either not detected or were barely discernible. In 
addition, the presence of Z1P2 as the major biotinylated 
product was also observed thllowiig electrophoresis un-
der non-reduIcing conditions (data not shown). These 

first under rionreducing conditions to resolve z'LI 
from ''3. 

At this juncture two qualifications must be e 
sized. First, we do not know if'other I'VDF merl 
will substitute for m mnobilon I'. Second, it mil 
stressed that if this method is used for ZP anal. 
other species, the electrophoretic profile of the bi, 
lated Z'P must first be established under nonred 
conditions to insure that the mobility of a ZP'. 
compcnert is not similar to that of a ZP3-like c 
nent. If two-dimensional reduction gel electroph, 
is required, a brief capillary transfer (15-30 min) 
ZP proteins froni the gel to the Immobilon P is 
cient to detect analytically the position ofthe resp, 
bands in the nonreducing gel by ECL (data not sit 
the appropriate band may then be excised from tl 
and run under reducing conditions. 

When mouse eggs were treated with the calcitu 
ophore A23187 to induce cortical granule exoc 
and the associated ZP modifications that normal 
company fertilization, a time-dependent increase 
conversion of ZP2 to ZP2f was observed (Figs. In 
The time course and extent of the ZP2 to ZP2 cor 
sion were similar to that observed when a parall 
periment was performed and the ZP2 to ZP2f ci, 
sion monitored by the radioiodination protocol (F 

;U
 



93 ZP MODIFICATION ASSAY 

1 In summary, we report here a simple, rapid (about 10 
times faster than the radioiodination procedure with no 
loss in sensitivity), safe, and cost-effective method to 
analyze quantitatively changes in the ZP composition 

75 of single mouse eggs. This method is also likely to be 
applicable to the analysis of ZP and ZP conversions in 

N other species. 
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1 ABSTRACT 

2 

3 Cattle cumulus-enclosed oocytes (OCCs), initially cultured up to 

4 diakinesis or metaphase I stage, possessing high H1 kinase and MAP kinase 

5 activities, were subsequently cocultured with pig membrana granulosa 

6 (PMG) cells for 6 h. In the diakinesis stage oocytes, PMG cells caused 

7 aggregation of chromosome bivalents into one or several chromatin 

8 clumps and the process of nuclear envelope disassembly was interrupted. 

9 In OCCs initially cultured up to metaphase I, PMG cells also induced 

10 clumping of bivalents and, moreover, destruction of microtubules of 

11 meiotic spindle was observed. In both diakinesis and metaphase I oocytes, 

12 chromatin clumping was accompanied by a dramatic decrease of H1 and 

13 MAP kinase activities within 6 hours of coculture. After release from 

14 coculture, the diakinesis oocytes continued in meiosis progression with a 

15 concomitant increase of histone H1 and MAP kinase activities up to the 

16 level characteristic to MI oocytes. This complete reversibility of 

17 granulosa cell derived block was never observed in the cocultured 

18 metaphase I oocytes. These results suggest that granulosa cells possess a 

19 meiosis inhibiting activity incompatible with high H1 and MAP kinase 

20 activity in maturing oocytes. These studies indicate that also under in 

21 vitro conditions, PMG cells control progression of meiosis by modulating 

22 the protein kinase activity. 

23 

24 

25 

26 

2
 



1 INTRODUCTION 

2 

3 Mammalian oocytes released from their intrafollicular environment
 
4 resume meiosis in a time sequence that is species specific (Motlik, 1989)
 
5 and depends on activation of cytoplasmic maturation promoting factor
 
6 (MPF) (see Motlik and Kubelka, 1990). In the cytoplasm of fully grown
 
7 oocytes, both MPF components, protein p34cdc2 and cyclin B are present and
 
8 assembled inactive (Lohka et al.,
into MPF 1988). Activation of p34cdc2
 

9 kinase requires dephosphorylation of p34cdc2 on Tyr-15 and Thr-14
 
10 (Solomon et al., 1992). These dephosphorylations are catalyzed by cdc25, a
 
11 protein phosphatase containing both tyrosine and 
 serine/threonine
 
12 phosphatase activity (Gautier et al., 1992).
 
13 The active MPF phosphorylates several substrates including nuclear
 
14 lamins (Dessev et al., 1991), histone 
H1 (Langan et al., 1989), tubulins of
 
15 meiotic spirdle 
 (Verde et al., 1990) and proteins associated with
 
16 microtubule organizing centers (MTOCs) (Buendia et 
 al., 1992; Centonze 
17 and Borisy, 1990; Verde et al., 1990). Phosphorylation catalyzed by MPF 
18 initially leads to germinal vesicle breakdown (GVBD), a complex event 
19 including condensation and individualization of chromosomal bivalents, 
20 disassembly of nuclear envelope and formation of meiotic spindle (Calarco 

21 et al., 1972). 
22 The mitogen-activated protein (MAP) kinase is stimulated during 
23 w.maturation clam 1992),mn i,, of (Shibuya et al., Xenopus (Ferrel et al., 
24 1991; Gotoh et al., 1991b; Posada and Cooper 1992) and mouse oocytes 
25 (Verlhac et al., 1993). MAP kinase activation in Xenopus oocytes starts at 
26 the time of GVBD and it coincides with the rise of H1 kinase activity 

3 

(60 



1 (Gotoh et al., 1991a; Posada et al., 1991). For in vitro matured mouse 

2 oocytes, the rise of MAP kinase occurs about 2 h after H1 kinase 

3 activation (Verlhac et al., 1994). 

4 We recently demonstrated that the isolated PMG cells maintain their 

5 intrafollicular function to inhibit resumption of meiosis in cocultured pig 

6 (Motlik et al., 1991) cattle (Kalous et al., 1993) and mouse oocytes 

7 (Nagyova et al., 1993). The present study describes morphological and 

8 biochemical alterations that occur in bovine oocytes initially cultured up 

9 to diakinesis or metaphase I stage, and subsequently exposed to the 

10 inhibitory effect of PMG cells. In both cases, this coculture caused the 

11 block of meiosis, and was paralleled by a fall of H1 and MAP kinase 

12 activity, clumping of chromosomal bivalents, interruption of nuclear 

13 envelope disassembly (diakinesis oocytes) and disappearance of meiotic 

14 spindle (M I oocytes). Whereas diakinesis stage oocytes were able to 

15 complete the first meiotic division when released from coculture, no 

16 reversibility was observed in metaphase I oocytes. These observations 

17 cuggest that the meiosis inhibiting activity of PMG cells modulates the 

18 protein kinase activity in oocyte cytoplasm. 

19 

20 

21 

22 

23 

24 

25 
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1 MATERIALS AND METHODS 

2 

3 Isolation of Pig Membrana Granulosa Cells and Bovine Oocytes 

4 

5 Pig and cattle ovaries were collected at a local slaughterhouse and 
6 transported to the laboratory in phosphate-buffered saline (PBS, pH 7.4, 
7 25 0 C). Bovine oocytes aspirated from small antral follicles (3-5 mm in 
8 diameter) were washed in PBS and selected under stereomicroscope. Only 
9 those oocytes surrounded with multiple layered compact cumulus were 

10 used for further experiments.
 

11 Membrana granulosa cells were isolated 
 from the ovaries of
 
12 slaughtered prepubertal 
 gilts (hybrid line). Large antral follicles with
 
13 transparent, vascularized follicular 
 walls were dissected and
 
14 hemisectioned. With the help of two preparation needles, the large pieces
 
15 of granulosa cell layer were carefully separated from 
 the theca, washed in
 
16 PBS and transferred into culture medium.
 

17 

1 8 Culture of Bovine Qocytes 

19 

20 Isolated bovine OCCs were washed and initially cultured for 8 h 
21 (diakinesis) or 12 h (metaphase I) in modified Parker's medium (M-199, 
22 Sevac, Prague), supplemented with 2.92 mM Ca-lactate, 2 mM Na-pyruvate, 
23 33.9 mM Na-bicarbonate, 4.43 mM Hepes buffer pH 7.2, 50 IU/ml penicillin, 
24 50 mg/ml streptomycin sulphate, and 10% heat-treated bovine serum 
25 (BOS, Sevac, Prague), under paraffin oil at 38.5 0 C in 5% CO2 in air. 

26 

5 
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1 Coculture of Bovine OCCs with PMG 

2 

3 Since the PMG cells were always isolated with the underlying 

4 basement membrane and these pieces tended to roll up with an inside-out 

5 orientation, the OCCs were placed on concave surface of this basement 

6 membrane. The bovine OCCs, initially cultured up to diakinesis or 

7 metaphase I stage, were put in the rolled pieces of PMG and co-cultured 

8 for 6 h under the conditions described above. In each rolled piece of PMG 

9 cells, 8-10 OCCs were deposited and 3-4 pieces of PMG cells with OCCs 

10 were placed in 1 ml of the equilibrated culture medium. The control OCCs 

11 were added in every culture dish and cultured outside the PMG. After 6 h of 

12 coculture, the OCCs were liberated from the rolled PMG cells and a portion 

13 was further cultured in hormone free culture medium in order to assess 

14 the reversibility of the meiotic arrest caused by coculture with PMG cells. 

15 At the end of culture, the control and co-cultured OCCs were stripped of 

16 cumulus cells and processed as described bellow. In total, above 1000 

17 bovine oocytes were evaluated. 

18 

1 9 MBP and histone HI kinase double assay 

20 

21 At selected times, groups containing 10 oocytes each were removed 

22 from culture and transferred in a minimal volume of buffer to an 

23 Eppendorf tube and freezed immediately at -700C. Before assay, tubes 

24 were placed on ice and 4 gIl of buffer A (15 mM para-nitrophenyl 

25 phosphate, 60 mM beta-glycerophosphate, 15 mM EGTA, 0.1 mM EDTA, 1 mM 

26 DTT, 0.25 mM Na3 VO4, 60 fg/ml leupeptin and 60 fg/ml aprotinin) was 

6
 



1 added. Tubes were briefly vortexed, centrifuged at 10,000g for 15 sec and 

2 then the kinase reaction was initiated by addition of 5 pil of buffer B (25 

3 mM HEPES, pH 7.2, 5 mM para-nitrophenylphosphate, 60 mM beta

4 glycerophosphate, 25 mM MgCI 2, 15 mM EDTA, 0.1 mM EGTA, 20 IM cAMP 

5 dependent protein kinase inhibitor (Sigma). 60 gig/ml leupeptin and 

6 aprotinin, 600 fM ATP, 2 mg/ml histone H1 (Boehringer) and 3 mg/ml MBP 

7 (Sigma) and 500 fCi/ml 32P gamma ATP (Amersham). The reaction was 

8 allowed to proceed for 30 min at 300C and was stopped by the addition of 

9 15 pl of double-concentrated sample buffer. Samples were boiled for 3 

10 minutes and separated on 15% SDS PAGE gel (Laemmli, 1970). Gels were 

11 stained with Coomassie Blue R250 (Serva), destained overnight, dried and 

12 after autoradiography, the regions containing 32P labelled histone H1 

13 and MBP were cut out and scanned with LKB Ultroscan XL. The relative H1 

14 kinase and MAP kinase activity were plotted against the time of oocyte 

1 5 culture. 

16 

1 7 Phase contrast and electron microscopy 

18 

19 To evaluate the rate of meiotic maturation, the cumulus free oocytes 

20 were mounted on slides, fixed for 24 h in ethanolic acetic acid, stained 

21 with orcein, and examined under a phase-contrast microscope. The 

22 frequencies of GVBD were pooled from three replicative experiments. The 

23 obtained data were evaluated using chi-square analysis. 

24 For transmission electron microscopy, the OCCs were fixed in mixture 

25 of 0.6% paraformaldehyde and 2.5% glutaraldehyde, then postfixed in 1% 

26 osmium tetroxide, dehydrated by an ascending series of ethanol and 

7
 



1 embedded in Epon 812 (Serva, Heidelberg, Germany). The blocks were 

2 sectioned in Re,,hert-Jung Ultracut E, contrasted by uranyl acetate and 

3 lead citrate and observed in Jeol 1200 EX electron microscope. 

4 

5 Immunofluorescence 

6 The oocytes, devoid of the cumulus oophorus and zona pellucida, were 

7 fixed for 20 min in 2._% paraformaldehyde in 0.1 M PBS (pH 7.3, room 

8 temperature), then incubated for 1 h in the solution of 50 mM ammonium 

9 chloride, washed and placed in 0.1 M PBS containing 0.05% sodium azide 

10 (NaN 3) and 1 mM PMSF. The immunofluorescence protocol (Sutovsky et al., 

1 1 1993) included blockage of nonspecific reactions by preincubation in 0.1 M 

12 PBS, containing 2% BSA, NaN3 and saponin. The samples were then 

13 incubated with anti-a-tubulin TU-01 mouse monoclonal antibody (Viklicky 

14 et al. 1982), washed and treated with FITC conjugated anti-mouse IgG and 

15 Hoechst 33258 (5 pig/ml). After repeated washing, the samples were 

16 mounted on slides in a mixture of Mowiol V 4-88 and n-propyl gallate and 

17 observed in Leitz axiophot epifluorescence microscope. Controls were 

18 performed by omitting first antibody. 

19 
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25 
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10 

15 

20 

25 

1 RESULTS 

2 

3 Co-culture of late diakinesis oocytes with PMG cells 

4 

Bovine oocytes initially cultured for 8 h reached diakinesis stage of 

6 the first meiotic division and displayed typical signs of GVBD. The 

7 individual chromosomal bivalents were formed (Figs.1A and 1B) and they 

8 were surrounded by deeply folded nuclear envelope (NE), which exhibited 

9 numerous loops, blebs and quadruplexes (Fig.lA). The co-culture of these 

oocytes with PMG resulted in aggregation of individual bivalents into one 

11 or more clumps of highly condensed chromatin that were surrounded by the 

12 remnants of NE (Figs.1C and 1D). Frequently, this compact mass of 

13 chromatin contained several bright areas, probably composed of 

14 centromere heterochromatin (Fig.1C). The percentage of GVBD in OCCs 

initially incubated for 8 hr and subsequently co-cultured with PMG for 6 

16 hr was not significantly different from OCCs initially incubated for 8 hr 

17 only (81% and 76%, respectively; Table 1A). When diakinesis oocytes were 

18 withdrawn from contact with PMG cells, block of meiosis was fully 

19 reversible, and the majority of oocytes reached metaphase II during 20 h 

(Table 1A, Figs.1E and 1F) or 30 h (data not shown) of subsequent culture. 

21 

22 Coculture of metaphase I oocytes with PMG 

23 

24 After 12 h of preincubation, 89% of bovine oocytes underwent GVBD 

and two thirds of them exhibited typical metaphase I appearance with 

26 condensed bivalents in the longitudinally arranged microtubules of the 

9
 



1 meiotic spindle (Table 1B, Figs.2A,2B and 2C). During the subsequent 

2 coculture for 6 h with PMG cells, the incidence of GVBD did not increase 

3 (Table 13) and chromosomal bivalents clumped similarly as observed for 

4 diakinesis oocytes (Figs.2D and 2E). Moreover, the coculture caused 

5 depolymerization of microtubules and subsequent disappearance of 

6 meiotic spindle. Bundles of disordered microtubules were found, however, 

7 in association with chromatin clumps (Figs.2F and 2G). Concomitantly, the 

8 structures similar to the dense pericentriolar material assembled by 

9 parthenogenetically activated rabbit embryos (Szollosi and Ozil, 1991) 

10 appeared in the perinuclear region of cocultured oocytes. No centrioles 

1 1 were found inside these structures that were apparently derived from 

12 Golgi vesicles (Fig.2H). These results suggest that meiosis in OCCs 

13 initially cultured for 12 h was irreversibly blocked during 6 h of co

14 culture with PMG. 

15 

1 6 H1 and MAP kinase assay 

17 

1 8 Both diakinesis and metaphase I oocytes possessed high histone H1 and 

19 MAP kinase activity (Figs. 3A and 3B; 4A and 4B). A dramatic fall in H1 and 

20 MAP kinase activity occurred within the 6 hours of coculture in all of the 

21 experiments performed. There were differences, however, in the kinetics 

22 of the decrease of H1 kinase activity as compared to the activity of MAP 

23 kinase. The decrease of histone Hikinase activity appeared to be more 

24 linear, while that of MAP kinase activity isplayed a more abrupt decline 

25 within the first 4 h of co-culture, in some experiments the initial 

26 dramatic decrease was followed by a moderate increase within this period 

10 



1 (see Fig.3B, lane 3 and 4). When diakinesis stage oocytes were released 

2 from coculture, the reappearance of H1 and MAP kinase activity was 

3 evident within 2 h and their values further rose after 4 h and 6 h of 

4 culture (Figs. 3A and 4A) to levels typical for metaphase I oocyte. Such a 

5 complete reactivation was accompanied by progression of meiosis (Table 

6 1A). In contrast, only partial restoration of H1 and MAP kinase activity 

7 was observed in metaphase oocytes within 6 hours after removal from the 

8 coculture with granulosa (Fig. 4B and Fig. 3B, lanes 7 and 8). This 

9 moderate increase of H1 and MAP kinase, however, was never accompanied 

10 by progression of meiosis (Table 1B), even when the culture periods was 

11 extended up to 30 h (data not shown). 

12 

13 

14 

15 

16 

17 

18 
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24 

25 

26 
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1 DISCUSSION. 

2 In the present study, we have shown the ability of PMG cells to 

3 modulate the level of histone H1 kinase and MAP kinase activity in co

4 cultured bovine oocytes. These oocytes, initially cultured up to diakinesis 

5 or metaphase I stage possessed high histone H1 and MAP kinase activity, 

6 each of which was dramatically reduced by coculture with PMG cells. 

7 Thus, it is likely that the specific dephosphorylation of p34cdc2 (Solomon 

8 et al., 1990) and phosphorylation of MAP kinase on threonine and tyrosine 

9 residues (Anderson et al., 1990; Posada and Cooper, 1992) were abolished 

10 by this co-culture. Whereas the activation of MAP kinase in mouse oocytes 

1 1 is evident not earlier than 3 h after GVBD (Verlhac et al., 1994), the 

12 present data show high MAP kinase activity in cattle oocytes prior to 

1 3 GVBD. Following co-culture with PMG cells, the decrease of MAP kinase 

14 activity was more abrupt in comparison with relatively linear decline of 

1 5 histone H1 kinase activity. During the natural MI to MII transition, histone 

16 H1 kinase activity drops (Kubiak et al., 1992; Verihac et al., 1993) 

17 although MAP kinase activity remains high (Verlhac et al., 1993; 1994). 

18 Also, the activation of ovulated mouse eggs results in a sharp decrease of 

19 histone H1 kinase activity while MAP kinase activity declines very slowly. 

20 Similarly, the decrease of MAP kina-, activity in activated Xenopus 

21 oocytes occurs only after MPF inactivation (Posada et al., 1991; Nebreda 

22 and Hunt, 1993). Consistent with these results, our results clearly show 

23 that the kinases respon-,ible for MBP and histone H1 phosphorylation 

24 behave independently and therefore MBP phosphorylation is not due to the 

25 activity of p34cdc2 kinase. 

26 An initial incubation of mouse oocytes for 45 and 60 min 
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1 significantly abolished the inhibitory effect of PMG cells on GVBD 

2 (Nagyova et al., 1993) This suggests that the inhibitory activity of PMG, 

3 similarly to the effect of IBMX (Eppig et al., 1983), cannot be exerted 

4 after irreversible commitment of mouse oocytes to GVBD. In contrast with 

5 these observations, both histone H1 and MAP kinase activities reappeared 

6 in bovine diakinesis oocytes within 2 h after termination of coculture 

7 with PMG cells. Further increase of histone H1 and MBP phosphorylation 

8 up to the level characteristic for MI was accompanied by progression in 

9 oocyte maturation. This would suggest that the effect of PMG cells on 

10 diakinesis oocytes was reversible from both biochemical and 

11 morphological aspects. 

12 Only moderate increase of histone H1 and MAP kinase activity occurred 

13 in metaphase I oocytes released from co-culture with PMG and this 

14 increase was not accompanied by either reformation of meiotic spindle or 

15 progression of meiosis. The observation that MAP kinase may regulate 

16 microtubule dynamics at metaphase (Gotoh et al., 1991b) could account for 

17 the failure of metaphase oocytes to reassemble meiotic spindle after the 

18 termination of co-culture since MAP kinase activity is low in these 

1 9 oocytes. 

20 Protein synthesis, rather than protein phosphorylation, seems to be a 

21 prerequisite for maintaining metaphase chromosomes in a condensed form 

22 (Clarke and Masui, 1983; Hashimoto and Kishimoto, 1988). Indeed, the 

23 chromosomes ol prometaphase stage murine oocytes decondense in 

24 presence of puromycin, a drug affecting both protein synthesis and 

25 phosphorylation, whereas the chromosomes remain condensed when 

26 exposed to 6-DMAP, an inhibitor of protein phosphorylation (Rime et al., 

13
 



1 1989; Szollosi et al., 1991). Our results are consistent with the meiosis 

2 inhibiting influence of PMG cells not affecting protein synthesis in co

3 cultured oocytes. Moreover, the finding of MTOC-like structures in 

4 cocultured metaphase oocytes suggests the de novo synthesis of MTOC 

5 proteins throughout the co-culture period. 

6 The disruption of interphase-like network of microtubules and the 

7 enucleation of microtubules around MTOCs occurs as a consequence of 

8 oocyte MPF activation (Maro et al., 1990). Generally, the MTOCs are 

9 composed of a pair of centrioles embedded in dense pericentriolar 

10 material (PCM), within which the microtubule nucleating activity seems 

1 1 to be located (Gould and Borisy, 1977). Surprisingly, r,, centrioles are 

12 found in the MTOCs at the spindle poles of mammalian oocytes throughout 

1 3 first and second meiotic division (Szollosi et al., 1972) and the centrioles 

14 found in blastomeres during first mitotic cycles are thought to be of 

15 paternal origin (Le Guen and Crozet, 1989; Schatten et al., 1986). 

16 Similarly, the centrioles are absent from the MTOCs found in 

17 parthenogenetically activated rabbit oocytes (Szollosi and Ozil, 1991). 

18 The MTOC-like structures, described in our study, are morphologically 

19 reminiscent to the acentriolar MTOCs found in those parthenogenetically 

20 activated embryos and in meiotic spindles of ruminant oocytes (Thibault 

21 et al., 1987). Moreover, the association with Golgi vesicles is observed in 

22 all these studies and the emergence of MTOC-like structures in bovine 

23 oocytes (this study) coincides with the depolymerization of spindle 

24 microtubules. These observations are consistent with Boveri's theory on 

25 paternal centrosome inheritance (Boveri, 1901), suggesting that the 

26 centrioles are introduced in the zygote by sperm at the time of 

14
 



1 fertilization. Despite of the lack of centrioles, bovine oocytes themself 

2 seem to have an ability to generate pericentriolar material. 

3 The occurrence of polymerized microtubules associated with clumped 

4 chromosomal bivalents in metaphase oocytes is of a particular interest 

5 since the spindle microtubules in those oocytes are depolymerized after 

6 coculture with PMG. This fact could be explained by the known eff ct of 

7 mitotic chromatin on microtubule polymerization (Karsenti et al., 1984). 

8 In addition, the ability of histone H1, a protein involved in chromatin 

9 condensation, to stabilize microtubules, provides further support for the 

10 role of chromatin in the assembly of mitotic (meiotic) spindle (Multinger 

1 1 et al., 1992). 

12 Taken together, the present data imply that PMG cells regulate the 

13 activity of oocyte protein kinases (histone H1 kinase and MAP kinase) and 

14 thus influence the resumption and progression of meiotic maturation. The 

15 ultrastructural observations on behavior of spindle microtubules and 

16 MTOCs s provide the opportunity for further characterization of factors 

17 involved in organization of meiotic apparatus. 

18 
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1 TEXT TO THE FIGURES 

2 

3 Fig. 1. Reversible inhibition of meiotic maturation in bovine oocytes 
4 precultured up to late diakinesis and subsequently put in co-culture with 
5 PMG cells. A control oocyte cultured for 8 hdisplays typical signs of 
6 germinal vesicle breakdown, inclUding folded nuclear envelope (arrows) 
7 and condensation of chromatin (arrowheads). Bar represents 2 4m. B 
3 Cond',ised chromosomal bivalents demonstrated by fluorescent staining 
9 with Hoechst 33258. Bar represents 15 pm. C Diakinese stage oocytes 

10 after the coculture with pig membrana granulosa cells. The quadruplets of 
11 nuclear envelope (arrowheads) are assembled around clumped 
12 chromosomal bivalents. Bar represents 1 pm. D A clump of disordered 
13 chromosomes in the diakinesis stage oocyte cocultured with PMG and 
14 stained by Hoechst 33258. Bar represents 15 gm. E, F Double fluorescence 

15 labelling with Hoechst 33258 (E) and anti-ox-tubulin (F) antibody shows 

16 the metaphase II chromosomes (E) and meiotic spindle (F) in a diakinese 
17 stage oocyte, cocultured for 6 h with PMG and subsequently cultured for 

18 30 h in absence of PMG cells. Bar represents 15 pm. 

19 

20 Fig. 2. Coculture of metaphase I stage bovine oocytes with PMG cells 
21 irreversibly blocked the progression of meiotic division. A Electron 
22 micrograph of a control oicyte cultured for 12 h. The microtubules 

23 (arrowheads) start to form meiotic spindle around the condensed 
24 chromosomal bivalents (Ch). Bar represents 1 pm. B,C Double 
25 immunofluorescence labelling of a metaphase I oocyte with Hoechst 

26 33258 (B) and anti-a-tubulin antibody (C) shows the formation of 

16
 



1 metaphase plate and meiotic spindle. Bars represent 10 im. D A 

2 metaphase stage oocyte cultured for 6 h with PMG. The meiotic spindle 

3 disappeared and the condensed bivalents are clumped. Bar represents 1 

4 gim. E,F Double fluorescence labellingof a metaphase oocyte exposed to 

5 the coculture with PMG. The bundle of disordered microtubules, shown by 

6 anti-a-tubulin antibody (F) coincides with clumped chromatin, 

7 demonstrated by Hoechst 33258 (E). Bars represent 10 jum. G A metaphase 

8 I bovine oocyte cocultured for 6 h with PMG. Whereas the meiotic spindle 

9 was destructed, large individual microtubules (arrowheads) appeared 

10 inside the ring of clumped chromosomal bivalents. Bar represents 0.5 jm. 

11 H A detail of the microtubule organizing center-like structure, apparently 

12 derived from Golgi vesicles (arrowheads). These structures, reminisce to 

13 pericentriolar material of embryonic MTOCs, were regularly found in the 

14 perinuclear region of metaphase oocytes cocultured with PMG. Bar 

15 represents 0.3 pm. 

16 

17 Fig 3. A The H1 and MAP kinase activity in cattle oocytes precultured for 

18 8 hr. The oocytes were cultured for 0 h (lane 1) and 8 h (lane 2) in control 

19 conditions. The precultured oocytes were cocultured with PMG for 2 h 

20 (lane 3), 4 h (lane 4) and 6 h (lane 5). After 6 h of coculture the oocytes 

21 were released from the contact with PMG and subsequently cultured in 

22 control medium for 2 h (lane 6), 4 h (lane 7) and 6 h (lane 8). B The H1 and 

23 MAP kinase activity in cattle oocytes precultured for 12 h. The oocytes 

24 were cultured for 0 h (lane 1) and 12 h (lane 2) in control conditions. The 

25 precultured oocytes were cocultured with PMG for 2 h (lane 3), 4 h (lane 4) 

26 and 6 h (lane 5). After 6 h of coculture the oocytes were released from the 
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1 contact with PMG and subsequently cultured in control medium for 2 h 

2 (lane 6), 4 h (lane 7) and 6 h (lane 8). 

3 

4 Fig 4. Relative histone H1 (,) and MAP (A,A) kinase activity in bovine 

5 oocytes precultured for 8 h (K 8)(Fig. 4A) and 12 h (K 12)(Fig. 4B) prior to 

6 coculture with PMG for 2 h, 4 h, and 6 h (Gr 2, Gr 4, and Gr 6) and cultured 

7 for 2 h, 4 h, and 6 h after coculture (R 2, R 4, and R 6). KO corresponds to 

8 freshly isolated oocytes. Experiments were performed twice whereby 

9 autoradiograms corresponding to data denoted by filled symbols (,A) are 

10 shown on Fig. 3A and Fig. 3B, respectively. 
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Meiotic maturation of cocultured cattle oocytes preincubated for 8 n
Table 	lA 


Culture procedure Stage of meiosis
 
[number of oocytes(percentage))
 

Total
Preincu- Coculture Subsequent 

MII GVBD Number
bation with PMG culture GV LD MI 


of OCCs
8 h 6 h 10 h 20 h 


+ - - - 15(23) 45(73) - 2 (3) 4 8 ( 7 6 )a 62 

+ + - - 11(29) 43(77)* 1 (2)* 1 (2)* 45(81) 56 

+ + + - 9(13) 52(73) 9(13) 1 (1) 62(87) 71 

+ + - + 5 (7) 15(25) 8(12) 36(56) 5 9 (9 3 )a 64 

Note: 	* - chromatin condensed during coculture with PMG
 

a - these values are significantly different (P<0.05)
 

Meiotic maturation of cocultured cattle oocytes preincubated for 12 h
Table 	lB 


Culture procedure Stage of meiosis
 
[number of oocytes(percentage)]
 

Total
Preincu- Coculture Subsequent 

MII GVBD Number
bation with PMG culture GV LD MI 


of OCCs
12 h 6 h 10 h 20 h 


+ - - - 6(11) 12(21) 35(61) 4 (7) 51(89) 57 

+ + - - 7(15) 11(24)* 24(54)* 3 (7)* 38(85) 45 

+ + + - 7(15) 8(17)* 30(64)* 2 (4)* 40(85) 47 

+ + - + 6(10) 15(25)* 38(62)* 2 (3)* 55(90) 61 

Note: 	* - chromatin condensed during coculture with PMG 
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I ABSTRACT 

2 

3 The objectives of this study were 1) to assess production of CEEF by porcine 

4 oocytes during their growth and differentiation and 2) to find out whether 

porcine cumulus cells and mural granulosa cells can secrete CEEF. Culture 

6 drops of M-199 medium were conditioned by denuded oocytes in different 

7 stages of their development (I oocyte//l), oocytectomized complexes (OOX) 

8 representing cumulus cells (1 OOX//.l) or pieces of mural granulosa cells 

9 (MGC) or porcine oviductal cells (POC) (1000 cells/pul). The production of 

CEEF was assessed by addition of mouse OOX and FSH (Ipg/ml) into the 

11 conditioned medium. Expansion of the mouse OOX, resistance to mechanical 

12 disruption and mucification of the cumulus were assessed 16-18 h later by a 

13 subjective scoring system (0-4). Mouse OOX did not expand in non-conditioned 

14 FSH supplemented medium. Growing GVBD incompetent porcine oocytes 

(diameter < 100pum), growing GVBD competent oocytes (diameter= 110um), 

16 and fully grown immature oocytes (120pym) stimulated 3-4 expansion of the 

17 mouse OOX which is the same degree of expansion that was observed in irtact 

18 oocyte-cumulus complexes (OCC). The expanded cumuli were highly mucified 

19 and extremely resistant to mechanical disruption. Metaphase I, metaphase II, 

activated and pronuclea; oocytes also caused dispersion of the mouse OOX. 

21 However, the cumuli were not mucified and were easy to remove by pipetting. 

22 We conclude that 1) immature porcine oocytes produce CEEF regardless of 

23 their GVBD competence; 2) the production of CEEF persists during the 

24 transition to metaphase I oocytes; oocytes that progressed to and beyond 

metaphase I produce factor(s) that appears to be different from CEEF. All 

26 porcine granulosa cells regardless of their position in the medium size follicles 
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1 (cumulus or mural granulosa cells) responded in vitro to FSH treatment by 

2 expansion. Moreover,these granulosa cells secreted CEEF. In preovulatory 

3 follicles (after PMSG or PMSG and hCG treatment), the mural granulosa lost 

4 the above mentioned properties and only cumulus granulosa cells and the 

5 limited area of the mural granulosa attached to the cumulus oophorus still 

6 secreted CEEF and responded to FSH by expansion. We conclude that porcine 

7 cumulus cells constitutively produce CEEF in vitro. Mural granulosa cells from 

8 medium size follicle do so only when they are stimulated by FSH. 

9 INTRODUCTION 

10 In the fetal mammalian ovary, dictyate oocytes become enclosed in a single 

11 layer of flattened pregranulosa cells and form p,imordial follicles. In follicles 

12 selected for growth, the granulosa cells undergo a series of mitotic divisions 

13 and, following antrum formation, differentiate in two populations: cumulus 

14 cells, surrounding t.e oocytes, and mural granulosa cells (MGC) representing 

15 the innermost layer of the follicle wall. The granulosa cells, cumulus cells and 

16 the oocytes communicate via gap junctions [I] and also by secretion of paracrine 

17 factors [2,31. This communication is bidirectional. The granulosa cells appear 

18 essential for oocyte growth [4,5] and regulation of oocyte maturation [3,6]; the 

19 oocyte is essential for proliferation, differentiation and function of granulosa 

20 cells [3,7]. 

21 The cumulus cells undergo expansion following the preovulatory surge of 

22 gonadotropins. The eypansion involves dispersion of cumulus cells due to 

23 deposition of hyalurnic acid in the extracellular matrix [8]. In vitro, cumulus 

C\O
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1 expansion can be induced by chemicals that increase intracellular cAMP like 

2 FSH [9,10] or activators of adenylcyclase [11,12] and also by an activator of 

3 tyrosine kinase, EGF [13]. In the mouse, oocyte plays an important role in 

4 regulation of cumulus expansion. Removal of the oocyte from OCC inhibits FSH 

and EGF induced expansion of the cumulus [14,151. This inhibition occurs 

6 independently or downstream of the cAMP regulation since cAMP levels are 

7 comparable in botO intact and oocytectomized complexes [14]. Conditioning of 

8 the culture medium with denuded oocytes reverses the inhibitory effect of 

9 oocytectomy on expansion of cumulus cells [14]. This indicates that mouse 

oocytes produce a soluble factor enabling expansion of the cumulus (CEEF). 

11 Mouse oocytes -.zquire the ability to secrete CEEF during the growth period, at 

12 the time of acquisition of the competence to undergo germinal vesicle 

13 breakdown. The oocyte ability to secrete CEEF is lost after fertilization [161. 

14 Porcine oocytes also produce CEEF since they enable the FSH stimulated 

expansion of mouse OOX [17,181. However, oocytectomy does not affect FSH 

16 induced expansion of the porcine cumulus in vitro [11:17,18). The ability of the 

17 OOX to expand is not due to persistence of CEEF of oocyte origin within 

18 cumulus cells since they expanded even with a 32 h delay before FSH 

19 stimulation [18]. A hypothesis was proposed that the oocyte CEEF induces a 

permanent change in the cumulus cells that enables them to undergo expansion 

21 whenever the appropriate hormonal stimulus occurs [181. An alternative 

22 possibility could exist that the CEEF is not produced exclusively by the oocyte 

23 in the pig follicle. Porcine granulosa cells produce different paracrine factors 

24 including EGF [19], TGF-beta [201 and IGF I [21]. An autocrine or paracrine 

production of CEEF by the porcine cumuius cells would also explain the FSH 
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i stimulated expansion of oocytectomized complexes. 

2 To understand more the regulation of expansion of the porcine cumulus we 

3 decided 1) to assess production of CEEF by porcine oocytes during their growth 

4 and differentiation and 2) to find out whether porcine cumulus cells and other 

5 populations of granulosa cells can secrete CEEF. 

6 

7 MATERIALS AND METHODS 

8 Source of oocytes and culture 

9 Gilts from crosses between Minnesota and G6ttingen strains of miniature pigs 

10 were stimulated with 500 IU pregnant mares' serum gonadotrophin (PMSG) 

11 (Bioveta, Ivanovice na Han6, Czech Republic) on Day 16 of the cycle; 66 h 

12 later, the gilts were slaughtered, ovaries were excised, put in a thermos and 

13 transferred to laboratory. The preovulatory follicles were cut out from ovarian 

14 tissue, opened and membrana granulosa was released in PBS by scraping the 

15 inner surface of the follicular wall. OCC and OCC with an attached piece of 

16 membrana granulosa were collected and washed three times in culture medium. 

17 PBS containing the pieces of mural granulosa cells was collected ir 15 ml 

18 testubes. The cells were let to settle and then washed three times in culture 

19 medium. Pieces of the membrana granulosa containing about 1000 cells were 

20 used for medium conditioning. The same procedures were used for the isolation 

21 of OCC and granulosa cells from medium size (2-5 mm in diameter) follicles of 

22 . slaughtered prepubertal gilts. 

23 Growing pig oocytes were obtained by the above described procedure from 

24 small antral follicles (<0.7 mm; GVBD incompetent oocytes, oocyte diameter 
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1 < 100 pm) and from 1.6 mm follicles (GVBD competent growing oocytes, oocyte 

2 diameter= 110/am). The competence of the oocytes to undergo GVBD was 

3 verified following 48 h of culture in vitro. Metaphase II oocytes were obtained 

4 by culture of fully grown oocytes (120 ,m) in vitro for 42 h. Activated oocytes 

were obtained by stimulation of the M II oocytes by a single 100 /s electrical 

6 pulse of 1.75 kV/cm [22]. Pronuclear oocytes were produced by overnight (16 h) 

7 culture of the activated oocytes. Maturing oocytes surrounded with an expanded 

8 cumulus were also collected from preovulatory follicles of minipigs stimulated 

9 by PMSG and 66 h later by hCG (1000 iu). The oocytes were collected 20 h 

following administration of hCG. 

11 Pig oviductal cells (POC) were isolated by the method described previously 

12 for bovine oviductal cells [231. Briefly, POC were transferred to 15 ml conical 

13 tube and washed 3 times with M-199. The cells were transferred to a 60 mm 

14 culture dish with 10 ml M-199 with 10% FCS and cultured overnight. The 

ciliated cell aggregates were used for conditioning. 

16 Mouse OCC were isolated from ovaries of 4-6 weeks old ICR mice, stimulated 

17 44-46 h previously with 10 i.u. PMSG. The ccnplexes were released from 

18 follicles by a puncture of the follicular wall with fine needles in M-199 medium, 

19 washed and immediately used for culture or oocytectomy. 

The culture medium was TCM 199 (Sevac, Prague, Czech Republic) buffered 

21 with 20 mM NaHCO, and 6,25 mM Hepes, supplemented with fetal calf serum 

22 (FCS) (10%, v/v), 0.91 mM sodium pyruvate, 1.62 mM calcium lactate and 

23 antibiotics [24]. This medium was supplemented by 1.0 pg/ml FSH (Bioproduct 

24 Belgium) when used for production of matured oocytes. The culture drops were 

placed in 35 mm Petri-dishes and covered by light mineral oil (Sigma 
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1 Chemicals). The dishes were cultured at 38,50C in air containing 5% CO2. 

2 Oocytectomy 

3 Some of the mouse and pig OCC were deprived of the oocyte (oocytectomized) 

4 by the method described previously [14,11]. Briefly, each OCC was attached to a 

5 holding pipette. A glass needle was then introduced through the cumulus cells 

6 and the oocyte into the holding pipette. After withdrawal of the needle, the 

7 ooplasm was aspirated into the holding pipette by a burst of negative pressure. 

8 A set of about 15 oocytectomized complexes (OOX) was prepared within 20 min 

9 and immediately placed into culture. 

10 Preparationof conditioned media and assessment of the cumulus 

11 expansion 

12 Conditioned media were prepared by a culture of 50 denuded oocytes, OOX 

13 (cumulus cells), pieces of granulosa cells or aggregates of POC in 50 11 of the 

14 culture medium for 24 h. Afterwards, 40 ,l of the conditioned medium was 

15 collected, supplemented by 1.0 ug/ml FSH provided that FSH was not 

16 previously included in the culture medium during the period of conditioning. To 

17 assess production of CEEF, about 15 mouse OOX were added to the culture 

18 drop of the conditioned medium and expansion of the cumulus cells was 

19 assessed 18 h later, according to the subjective scoring system (0-4) describned 

20 previously 1141. Briefly, 0 indicates no detectable response, while 1 indicates the 

21 minimum observable response, peripheral cumulus cells have a glistening 

22 appearance ; 2 indicates expansion of the peripheral layers of the cumulus; 3 

indicates expansion of all layers of the cumulus except corona radiata cells and 23 
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1 4 indicates expansion of the cumulus including corona radiata cells. Following 

2 assessment of cumulus expansion, the cumuli were passed several times through 

3 a glass pipette and assessed for mucification (0-4) and resistance to mechanical 

4 disruption (0 - all layers of the cumulus and corona cells were easily removed by 

5 pipetting; 1 - indicates that cumulus cells but not corona cells were removed; 2 -

6 indicates that outei half of the cumulus cells was removed mechanically; 3 

7 only peripheral layers were removed; 4 - no or few cells could have been 

8 removed). Sensitivity to hyaluronidase was assessed by exposing several 

9 expanded cumuli to 200 IU/ml hyaluronidase (Sevac, Prague) in the culture 

10 medium for 10 min [111. 

11 RESULTS 

12 Productionof CEEF by pig oocytes during their development 

13 Intact mouse OCCs underwent 3-4 expansion when cultured in medium 

14 supplemented with FSH and FCS. On the other hand, expansion did not occur 

15 in OOX cultured under the same conditions (Table 1). However, 3-4 expansion 

16 occurred in both OCC and OOX in the medium conditioned by growing pig 

17 oocytes with or without GVBD competence or by fully grown oocytes (Table 1, 

!8 Fig. 1). In all these situations, the expanded cumuli were mucified, elastic, 

19 highly resistant to mechanical disruption and sensitive to hyaluronidase. The 

20 metaphase I, metaphase II, activated and pronuclear pig oocytes also induced 3

21 4 expansion of the mouse OOX. However, the cumuli were fragile, not mucified, 

22 insensitive to hyaluronidase and exhibited no or low resistance to mechanical 

23 disruption (Fig.2). Neverthele,"s, these cumuli essentially differed from those 
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1 cultured in non-conditioned medium which were compact and firmly attached to 

2 the bottom of the culture dish (Fig.3). Thus, it can be concluded that CEEF is 

3 produced by growing pig oocytes regardless of their GVBD competence and by 

4 fully grown GV oocytes during their transition to M I. Matured, activated and 

5 pronuclear oocytes produce factors which prevent attachment of cumulus cells 

6 to bottom and induce disintegration of the cumulus. However, due to absence of 

7 mucification of the cumulus, the factors appear to be different from CEEF. 

8 Productionof CEEF by cumulus granulosacells 

9 To assess the hypothesis that expansion of porcine OOX may be supported by 

10 autocrine production of CEEF by cumulus cells, we conditioned medium with 

11 porcine cumulus cells stimulated by FSH. As shown in Table 2, the porcine 

12 OOX originating from medium size follicles and also from large preovulatory 

13 (PMSG treated) follicles stiniulated 2-3 expansion in the mouse OOX (Fig.4), 

14 compared to 0 expansion in control groups (unconditioned or conditioned by 

15 evacuated zonae). Identical results were obtained when the medium was 

16 conditioned by the pieces of MGC attached to the cumulus which also possess 

17 the ability to undergo expansion [11]. 

18 We assessed production of CEEF by cumulus and the attached piece of MGC 

19 undergoing expansion in vivo following PMSG and hCG administration. The 

20 mass of expanded cells isolated from a single follicle (Fig. 5) was sufficient to 

21 condition 50 jl of the culture medium (Table 2). 

22 The above data indicate that expansion of the porcine cumulus is 

23 accompanied by secretion of CEEF or CEEF like molecule. To exclude a 

24 possibility that the CEEF was not produced by the cumulus cells, but 
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1 represented CEEF of the oocyte origin accumulated in cumulus cells, we first 

2 cultured the porcine OOX in a large volume of culture medium (1 ml) for 16 h 

3 and dhen allowed the complexes to condition a drop of culture medium. The 

4 production of CEEF was preserved after 16 h delay (Table 2). Next, we assessed 

5 whetner the CEEF is produced by cumulus cells only as a response to FSH 

6 stimulation. The data of Table I show that CEEF is produced in both FSH 

7 stimulated and FSII non-stimuiated cumulus. In other words, both compact and 

8 expanding cumuli ,roduce CEEF. 

9 Productionof CEEF by Al GC 

10 As shown in Table 2, MGC of medium size pig follicles (2-5 mm) stimulated 

11 2-4 expansion of mouse OOX, however, only when FSH was added to the 

12 medium during the period of conditioning. The FSH stimulated MGC of the 

13 medium size follicles underwent extensive expansion within the culture period 

14 of 24h (Fig. 6). This was in contrast to the behaviour of MGC isolated from 

15 preovulatory follicles of PMSG treted animals, which did not expand within 24 

16 h of culture (Fig. 7) and did not produce the CEEF even after FSH stimulation 

17 (Table 2). MGC of PMSG and hCG treated preovulatory follicles also did not 

18 stimulate expansion of mouse OOX. 

19 Medium conditioned by POC does not stimulate cumulus expansion of mouse 

20 OOX. When FSH was added to POC during the period of conditioning, the 

21 medium induced 1-2 expansion in the OOX, however the cumuli were fragile 

22 and displayed no or low mucification (Table 2). 
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I DISCUSSION 

2 In the mouse oocytes, the onset of CEEF production coincides with the time 

3 of acquisition of GVBD competence [16]. However, this coincidence is only 

4 temporal but not functional. It has been shown that the secretion of CEEF by 

mouse oocytes is independent of oocyte growth and competence to undergo 

6 GVBD [25]. Our results also document that there is not a casual relationship 

7 between acquisition of GVBD competence and production of CEEF in porcine 

8 oocytes, since CEEF is secreted by oocytes which 'd not possess GVBD 

9 competence. The pattern of CEEF production differs from that observed in the 

mouse in other aspects. In mouse oocytes, CEEF secretion continues throughout 

II the periods of growth and maturation [16]. In pig oocytes, secretion of CEEF 

12 occurs only in oocytes in GV stage and during GV to MI transition. Oocyte. 

13 which progressed to and beyond metaphase I appear to produce factor(s) that is 

14 (are) different from CEEF at least in its physiological effect on mouse cumulus 

cells. Instead of mucification of the cumulus, these factors promoted, in 

16 combination with FSH, rather disaggregation of cumulus cells. We observe 

17 identical situation in mouse oocyte-cumulus complexes stimulated by FSH and 

18 cultured in serum free media. Under these condition, the produced hyaluronic 

19 acid cannot be incorporated in the extracellular matrix [26,27]. Recently, the 

serum factor responsible for retaining hyaluronic acid in the expanding cumulus 

21 was identified as a member of inter-a-trypsin inhibitor family [281. We may thus 

22 speculate that pig oocytes beyond M I, in contrast to GV oocytes, do not 

23 produce this factor. Another possibility is that these oocytes do not stimulate 

24 synthesis of hyaluronic acid in mouse OOX. Further experiments are necessary 

to differ between these possibilities. 
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1 Our results document that under in vitro conditions CEEF was not produced 

2 exclusively by oocytes. The porcine cumulus cells and also MGC of medium size 

3 - capable of CEEF secretion. This is the first demonstration of CEEF 

4 secretion by somatic cells. The failure of POC to stimulate expansion and 

mucification of the mouse cumulus suggests that production of CEEF is not a 

6 common feature of somatic cells but this property is limited perhaps only to 

7 granulosa and cumulus cells. In the mouse, any of the assayed somatic cell 

8 types, including granulosi and Sertoli cells, did not secrete CEEF in sufficient 

9 concentrations (expansion 1 was observed in all tests) [141. This discrepancy 

may by caused by species differences or by different preparation of the cells for 

11 conditioning of the culture medium. So far, we do not know whether CEEF 

12 secreted by granulosa cells is the same as the CEEF secreted by oocytes. If it is 

13 true, th.e purification and characterization of CEEF would be greatly facilitated, 

14 since it is extremely difficult to obtain enough material from oocytes. 

We show in this study that both cumulus and MGC of medium size follicles 

16 have the ability to undergo expansion following FSH stimulation. This ability 

17 persists until the preovulatory surge of gonadotropins. So far, there is only 

18 fragmentary information in the literature about an ability of mural granulosa to 

19 expand. The porcine MGC attached to the cumulus were observed to undergo 

expansion in vivo and in vitro [29,111. In mouse PMSG and hCG primed 

21 follicles, the MGC neighbouring the cumulus and also the antral layer of the 

22 mural granulosa cells were shown to secrete hyaluronic acid [30] and thus 

23 altogether participate on cumulus expansion in vivo. In our study, we observed 

24 expansion of not only superficial but all layers of the mural granulosa under in 

vitro conditions. However, only MGC of medium size follicles are capable of 

C.. 
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1 expansion. Pieces 'f MGC isolated from PMSG treated follicles do not undergo 

2 expansion, as we [11] and others [18] postulated previously. 

3 Our data suggest that CEEF is constitutively produced by porcine oocytes and 

4 cumulus cells during folliculigenesis. MGC were found, in our experiments, to 

produce CEEF only during FSH induced expansion in vitro. Since such an 

6 expansion does not occur during follicle development in vivo, we cannot confirm 

7 that MGC produce CEEF under in vivo conditions. For this reason, 

8 physiological significance of the production of CEEF by MGC cannot be 

9 defined at the present time. Nevertheless, it is noteworthy in this respect that 

pig preovulatory follicle has an internal volume 200 pl which is strikingly 

11 different from the mouse follicle, whose volume is below 1 Pl. If intrafollicular 

12 concentration of CEEF plays a role in regulation of cumulus expansion or in 

13 other yet unknown processes, it is conceivable that production of CEEF by 

14 cumulus and MGC may be essential for achievement of sufficient concentration 

of CEEF in large volume follicles. 

16 Following preovulatory surge of gonadotropins, the ability to undergo 

17 expansion and to secrete CEEF remains limited only to cumulus cells and 

18 attached piece of MGC. Our results suggest that auto- or paracrine production 

19 of CEEF by these cells is sufficient to drive the cumulus expansion. This 

opinion is justified by the finding that both intact and oocytectomized 

21 complexes undergo the same degree of expansion [11,18,17]. Nevertheless, the 

22 cumuli may, under in vitro condition, secrete less CEEF than the oocytes, sirce 

23 the expansion of mouse OOX was somewhat lower in medium conditioned by 

24 the cumuli compared to the same number of denuded oocytes. 

We conclude that 1) the onset of production of CEEF by porcine oocytes does 
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1 not depend on the acquisition of GVBD competence; 2) CEEF appears to be 

2 produced only by oocytes in GV stage and during GV-MI transition; 3) in vitro, 

3 CEEF is constitutively produced by porcine cumulus and by FSH stimulated 

4 MGC of growing follicles; 4) MGC of medium size follicles stimulated by FSH 

5 undergo expansion and produce CEEF. 
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Table 1. Expansion of mouse intact and oocytectomized oocyte-cumulus 

complexes in culture medium conditioned by oocytes in different stage of 

development. 

Type of oocytes used 
for conditioning 

None (M-199) 


None (M-199+FSH) 


Fully-grown oocytes 


Growing oocytes, 

GVBD incompetent 


Growing oocytes, 

GVBD competent 


Maturing (MI) oocytes 


Matured (MII) oocytes 

Activated oocytes 

Pronuclear oocytes 

Type of 
complexes 

Intact 
OOX 

Intact 
OOX 

Intact 
OOX 

Intact 

Intact 
OOX 

Intact 
OX 

Intact 
OOX 

Intact 
OOX 

Intact 

Degree of 
expansion 

0 
0 

3-4 
0 

3-4 
3-4 

3-4 
34 

3-4 
3-4 

3-4 
3-4 

3-4 
3-4 

3-4 
3 

3-4 
3OX 

Res/ 
mucif 

1-2/0 
1-2/0 

4/4 
1-2/0 

4/4 
4/4 

4/4 
4/4 

4/4 
4/4 

4/4 
0/0-1 

4/4 
0/0-1 

4/4 
0/0-1 

4/4 
0/0 

Number 
of 

complexe 
s 

40 
40 

45 
45 

60 
60 

45 
45 

45 
45 

45 
45 

45 
45 

45 
45 

45 
45 

Res-resistance to mechanical disruption; Mucif-mucification of the cumulus. 
GVBD-germinal vesicle breakdown; MI-metaphase I; MIl-metaphase II. 



Table 2. Expansion of mouse oocytectomized' oocyte-cumulus complexes in 

culture medium conditioned by cumulus, granulosa and oviductal cells. 

Type of cells used for Degree of Degree of Number of
 
conditioning expansion resistance/ complexes
 

mucification
 

Cumulus cells 2-3 3/3 30
 

Cumulus cells (16 h 2-3 3/3 30
 
delay)
 

Cumulus cells+FSH 2-3 3/3 30 

Cumulus cells from 2-3 3/3 30
 
PMSG follicles
 

Cumulus cells from 2-3 3/3 30
 
PMSG follicles+ FSH 

MGC from medium 0-1 1/0 30
 
follicles(2-5mm)
 

MGC from medium 2-4 3/3 40
 
follicles+ FSH 

MGC from PMSG 0 1/0 40
 
follicles
 

MGC from PMSG 1 1/1 40
 
follicles + FSH 

MGC from PMSG 1 1/1 40
 
and IHCG follicles
 

Pig oviductal cells 0-1 0/0-1 30
 

Pig oviductal 1-2 0/0-1 30
 
cells + FSHI 

'Intact oocyte-cumulus complexes cultured under the listed conditions displayed 

a uniform response: expansion 3-4, resistance to mechanical disruption 3-4, 

mucification 3-4. 
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Abstract 

of cunulus granulosa cellCumulus expansion is a final step in the process 
cytoskeletal remodelling, alterations of proteindifferentiation, including 

synthesis and steroidogenesis, deposition of cumulus ECM, and modification 
Althoughof the pathway interconnecting an oocyte and somatic follicle cells. 
cumulusthe recent data threw light on some of these particular processes, 

expansion still raises niany questions. Among others, the oocyte secreted 

expansion enabling factor awaits precise characterization. This investigation 

was conducted to evaluate the interaction between oocyte-secreted factor(s) and 

and the possible stimulating influence on ECMthe cytoskeleton of CGC, 
synthesis. Similarly, little is known about the differential response of cumulus 

and parietal granulosa cells to LII stimulus. There is the distinct cytoskeletal 

organization of these two follicular compartments. There is also a descending 
cumulus to peripheral gramlosagradient of ooc3e secreted factors from 

layers. In spite of the recent findings on regulation of oocyte meiosis by 

metabolic activity of granulosa cells, doubts still exist about the role of 

cumulus expansion related processes (e.g. GJ endocytosis) in regulation of 

oocyte meiosis. The resolution of these problems play a key, role in developing 

the reliable technology of in vitro maturation/fertilization. 

Abbreviations 

CEEF cumulus expansion enabling factor 
CGC cumulus granulosa complex 
ECM extracellular matrix 
EGF epidermal growth factor 
F-actin filament actin 
FGF fibroblast growth factor 
GF growth factors 
GJ gap junction 
HA hyaluronic acid 
IF intermediate filament 
IGF insulin-like growth factor 
Ili inter-a trypsin inhibitor 
OCC oocyte cumulus complex 
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I. Introduction 
In most mammalian species, the oocytes, reaching metaphase of thedivision, 	 second meioticare released from ovarian follicles together with the expanded cumulus oophorus (CO).Gonadotropin-stimulated expansion of cumulus cell-oocyte complex is instrumental for ovulation(Dekel et al, 1979; Eppig 1979) since inhibition of cumulus expansion prevents the rupture offollicular wall and the release of an oocyte into oviductal infundibulum (Chen et al, 1990). Thepresence of expanded cumulus around the ovulated oocyle substantially influences its transportthroughout the oviduct (L'arsen 1988). 

Under in vitro conditions, the cumulus expansion is often takenboth 	 as a major criterion forhuman and domestic animal in vitro fertilization protocols.fertilized with their enclosing 	 The oocytes matured andcumulus oophorus
pronuclear 	 display clearly higher rates of fertilization,formation and embryonic development (Pavlok/McLaren 1972; Ba-l et al, 1983;Staigmiller/Moor 1984). 

Until now, cumulus expansion has been defined as a process of spatial separation ofcumulus cells due to the increased secretion and deposition of a mucoclastic extracellular matrixrich in hyaluronic acid (Dekel et al, 1979; Eppig 1979).data about composition of cumulus 	
Recent studies brought new important

ECM, 	 intercellular communications,cytoskeleton and interactions between 
involvement ofoocyte and cumulus cells throughout the preovulatoryperiod. The present review takes profit from all thesecumulus recent findings. The significance ofexpansion for oocyte maturation, fertilization and initial period of embryonicdevelopment will be discussed as well. 

H. Qocyte-cumulus Complex in Preovulatory Follicle before LH Surge 
A. 	 Origin / Morphology of cumulus granulosa cells
MVlembrana granulosa cells (GC), probably issued 
 from embryonic rete ovarii (Byskov1974) 	 form one layer of flattened cells in the primordial ovarian follicle. During the FSHcontrolled period of follicle and oocyte growth, the GC undergo intensive proliferation, givingrise to 	 several distinct cellular population. The peripheral layer, termed muralUgranulosa, 	 or parietalis attached to the follicular basement

between 	 membrane, constituting a selective barriervascular and avascular compartments of the follicle. Around the oocyte, multiplelayers of cumulus granulosa cells (CGC) form the cumulus oophorus. The innermost layer ofcumulus granulosa cells, designated corona radiata, penetrates by long cytoplasmic projectionsthrough zona pellucida and interacts with oocyte cytoplasmic membrane (Thibault et al, 1987) 
Generally, parietal and cumulus granulosa cells in nonovulatory antral follicles displayuniform morphology (Figure 1). This is characterized by round shape, large nucleus and thecytoplasm containing numerous mitochondria and poorly developedreticulum 	 Golgi and endoplasmic(Amsterdam/Rotmersch, 

microtubules (MT) and intermediate 	
1989). Such GC contain typical interphase network of
filaments (IF), built of cytokeratin and/or vimentin (BenZe'ev/Amsterdam, 1989; 	 Sutovsk et al, 1993). The filamenous actin (F-actin-microfilaments (MF) 	 orare regularly disturbed along cytoplasmic membranes of such cells. 
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B. Intercellular communication in preovulatory follicle 
The cells inside antral follicle communicate through an extensive network of gap 

junctions (GJ), interconnecting the individual populations of somatic follicle cells with one 

another and with the oocyte (Gillula et al, 1978; Larsen et al, 1987). These transmembrane 
structures arise from the assembly of petmeable channels called connexons, which are tie 
hexamers of proteins belonging to the connexin family (Risek et al, 1990). GJs allow 
bidirectional exchange of ions and molecules up to I kDa. Formation and activity of GJs is 

regulated by differential phosphorylation of connexin molecules (Musil et al, 1990). In cattle 

oocyte cumulus complexes (OCC), these GJs are formed exclusively by connexin43 (Figure 2), 
whereas mouse granulosa cells contain also connexin32 (Sutovsk et al, 1993; Validmarrson 
et al, 1993). The communication between oocyte and corona cells is mediated by Cx43 positive 
cumulus-to-oocyte GJs, found at the tips of zona spanning cytoplasmic projections (Sutovsk; 
et a, 1993). 

Besides the GJs, the desmosomes, tight and intermediate junctions are present in cumulus 
and parietal granulosa. Similarly, the intermediate junctions interconnect the bulbous ending 
of the zorn spanning projections of corona radiata cells with an oocyte (Paton/Collins, 1992; 
Thibault et al, 1987). 

C. Granulosa cells/Oocyte interaction 
Several transport mechanisms, established during folliculogenesis allow bidirectional 

exchange of metabolic and signal molecules between somatic and germinal compartment of 
ovarian follicle. Indeed, GCs uptake aminoacids for the oocyte and produce other metabolites 
necessary for oocvte growth (Haghighat/Van Winkle, 1990). GCs also seem to be a major 
source of substances maintaining the oocyte in meiotic arrest (Sirard/Bilodeau, 1990). 
Inversely, the oocyte generated signals are necessary for follicle development 
(Nekola/Nalbandov, 1974). Differentiation of granulosa cells to functional cumulus cells 
competent to synthesize ECM is critically influenced by the oocyte (Moriya et a, 1988; 
Vanderhyden et al, 1990). 

Cumulus expansion, which is mediated through the cAMP pathway (Eppig 1989), i5 
dependent upon a specific cumulus expansion-enabling factor (CEEF)secreted by mouse oocyte 
(Buccione et al, 1990; Salustri et al, 1990). It allows the cumulus cells to synthesize hyaluronic 
acid and undergo cumulus expansion in response to FSH or EGF (Buccione et al, 1990). The 
CEEF is secrcted by the mouse fully grown, meiosis-arrested oocytes, maturing oocytes and 
metaphase II oocytes. Intrafollicularly, it causes a descending gradient of ECM synthesis from 
oocyte to peripheral granulosa layers (Sallustri et al, 1992). The innermost granulosa cells 
synthesize and deposit extracellular matrix also in the pig prcovulatory follicles after LH surge. 
Thereafter, a limited area of the parietal granulosa is expanded and connected with the mucified 
cumulus (Motlik et al, 1986). Furthermore, both the ability for the cumulus oophorus to 
expand and the capacity for the oocytes to secrete enabling factor are temporally linked to the 
acquisition of competence for germinal vesicle breakdown (Vanderhyden et al, 1990). 

Whereas mouse OCCs fail to expand when deprived of their included oocyte (Buccione 
et al, 1990), oocytectomy does not influence expansion of the porcine cumulus (Prochaizka et 
al, 1991). These data could imply that cumulus expansion does not depend on the presence of 
oocyte in this species. However, pig oocytes secrete a factor that enables the expansion of 
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Figure 1: Preovulatory LII surge nduced substantial changes in morphlogy of cumulus 
granulosa cells. 
A) Round shaped cells in bovine cumulus oophorus isolated frompreovulatory follicle before 11 stimulation. The cytoplasm is regularlydistributed around nucleusthe and contain numerous mitochondria andpoorly developed Golgi and endoplasmic reticulum (Bar = I11m).B) LH-stimulated cell in an expanded cunmulus oophorus forms largeprojection anchored at zona pellucida. The opposite pole of cytoplasm is filledwith well developed ER and Golgi apparatus (Bar = I im). 

Figure 2: Intracellular communication between bovine cumulus cells is mediated by gap
junctions containing conrnexin43.
 
A) A circulaur gap junction labelled 
 with anti-Cx43 mouse monnoclonalantibody and 10 jim colloidal gold-conj ugatedant i-mouse IgG (Bar = SO0jiml).B, C) Indirect imunofluorescence widi anti-Cx43antibody demonstrates theredistribution of cumulus cell Gjs. Where as large linear GJs interconnectthe cells in unstimulated cumulus oophorus (B), dot-lik GJs are found in fully

expanded one (C). (Bar = 10 gim) 



108 Sutovsky / Motlik 

The furction of this factor in 
mouse and rat oocytectomized complexes (Vanderhyden 1993). 

Even thoughseems to be different in rodent and pig OCCs.
ipromotfing cumulus expansion 
porcine cumulus expansion in vitro is not dependent on the oocyte, the porcine oocyte is capable 

Inrodents the cumulus granulosa cells require to be continuously supplied
of secreting CEEF. 
with CEEF while porcine cells once primed with CEEF do not need its presence during in vitro 

culttre and expansion induced by cAMP-elevatirg drugs. 

IU. LH-induced Expansion of Cumulus Oophorus/Rearrangement of Cumulus 

of Extracellular MatrixCell Cyteskeleton/Secretion 

A. Preovulatory LI1 peak induces multiple responses in cumulus cells 
of GC, elicited by LH stimulation,

The changes in the morphology and function 
Whereas alterations of cellular 

reprtsent final step in their differentiation (Paton/Collins, 1993). 
LHin all layers of GC, the morphological consequences of preovulatory

metabolism occur 
An initial event following LH

discharge are most distinct in cumjulus and corona radiata cells. 


stimulation is the assembly of microfilaments incumulus c.l c)toplasm (Figure 3). This results
 

in the ruffling of cytoplasmic membranes and subsequent formation of small cellular projections,
 
one with another, and long projections,

iiterconnecting cumulus granulosa cells (CGC) 
et al, 1993).

anchoring them at the surface of zona pellucida (Dekel e, al, 1988; Sutovsk 

cell cytoplasm is
The reorganization of the microfilament network inside cumulus 

of microtubules and intermediate filaments (Allworth/Albetini,followed by the redistribution 
causesSuch a cooperation of individual cytoskeletal components1993; Sutovsk et al, 1993). 

oriented
the cumulus cells to acquire an elongated shape with the cytoplasmic projections 

towards the oocyte. Gonadotropin induced rearrang'ement of cytoskeleton has been also shown 

in cultured granulosa cells (Ben-Ze'ev/Amsterdam, 1989). Concomitantly with the elongation 
undergoes substantial reorganization.

of CGC and voltumetric expansion, the GJ network 
in size, their number increases concomitantlyreaseAlthough cumulus-to cumulus cell GJs d 

On the contrary, the GJs linking transzonal
with the progression of cumulus expansion. 

processes of CC with oolemma are removed approximately at the time of GVBD and the oocyte
 

stores of connexin3 2 (Barron et al, 1980; Sutovsky et al, 199.)." 
starts to generate cytoplasmic 
These events coincide with tie expulsion of the bulbous endings of transzonal projections from 

cortical ooplasm, probably due to the actin assembly in CC and redistribution of microfilaments 

in oocyte cortex (Maro et al, 1984). 

The cytoskeletal rearrangement in cumulus cells is accompanied by an increased secretion 

and deposition of cumulis extracellular matrix (ECM), rich in hyaluronic acid (Salustri et al, 

The increased synthesis and secretion of cumulus ECM is reflected by the development1992). 
Whereas these are poorly developed in unstimulated GC, the cells

of RER and Golgi apparaws. 
largo stacks of Golgi and well developed RER (Rotmensch et al,

in expanded cumulus c-ntain 
1986; Sutovsk, et al, 1994). The acquisition of final phenotype by cumulus granulosa cells is 

paralleled by the conversion of steroid metabolism from estrogen to progesterone, due to the 

LH-induced increase in steroidogenic activity of cholesterol side-chain cleavage enzyme P

450scc (Funkenstein et al, 1984). 
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At the ultrastructural level, the enhanced steroidogenesis and the increased turnover of
steroid precursor molecule cholesterol cause the appearance of lipid droplets inside the
cytoplasm (Rigby et al, 1986). Frequently, these are associated with intermediate filaments.
The process )f cumulus expansion is accomplished at the time when the oocyte reaches
metaphase of second meiotic division. Fully expanded OCC reaches metaphase of second 
meiotic division. The fully expanded OCC occupies about two time-higher area than before LH 
stimulation (Chen et al, 1990). 

B. 	 Role of F-actin in regulation of cumulus expansion
The rearrangement of CC cytoskeleton is one of most striking events induced by LH and

probably plays an essential role in determination of cumulus cell phenotype. However, the
individual cytoskeletal components contribute in different ways to cumulus expansion. 

Stimulation of cultured granulosa cells with FSH causes the decrease of synthesis of
tubulin and vimentin remain at the level of unstimulated control. These 	cells remain attached 
to the substrate and form tight multilayered aggregates. Whereas comparable patterns of protein
synthesis were found in GC stimulated by LH (hCG), this treatment resulted in disruption of
actin containing stress fibers and formation of large number of cellular projection
(Amsterdam/Rotmenschi, 1987; Ben-Ze'ev/Amsterdam, 1989). Such behavior of GC is highly
reminiscent to the redistribution of F-actin in cumulus cells at the onset of LH induced cumulus 
expansion. This causes extensive ruffling of cytoplasmic membranes, followed by the formation
of the anastomosing network of cellular projections maintaining the cell-to cell contacts in an
expansion undergoing cumulus oophorus (Sutovsk et al, The1993). disruption ofmicrofilament cytoskeleton by dihydro-cytochalasin Binhibits cumulus expansion (Wert/Larsen,
1989). F-actin seems to participate in endocytotic removal of cumulus cell GJs after
preovulatory LI peak (Larsen et al, 1979). Thus, microfilament directed GJ endocytosis is 
necessary for cumulus expansion. Our recent experiments revealed that cytochalasin-treatment
of LH 	 stimulated bovine OCCs does not terminate the cumulus cell-GJs redistribution, but

prevents membrane ruffling and formation of cellular processes by CC. This inhibits their

elongation and polarization (Sutovsk et al, 1994). 
 MF also seems to participate in the control
of GC steroidogenesis since disruption of MF by cytochalasin promotes progesterone secretion
 
by GC in absence of gonadotropin (Ben-Ze'ev/Amsterdam, 1989).
 

Besides of cytoskeletal function, involvement in intracellular signalling has been ascribed 
to actin microfilaments. Indeed, F-actin transmits the signals from ECM, when coupled with
integrins, the embrane receptors of ECM glycoporteins (Luna/Hitt, 1992). This function of
actin deserves particular interest because of spectacular temporal and spatial coincidence. This 
occurs between the redistribution of F-actin and overexpression of ECM glycoproteins in LH
stimulated bovine and murine OCCs (Sutovskj et al, 1993, and unpublished data).
Concomitantly with the secretion of ECM proteins, the receptors for laminin (integrin subunit
a6) and fibronectin (integrin subunit 61) (Figure 4) are found in the cytoplasmic membranes of
bovine CGC. Moreover, the cytochalasin-treatment of LH stimulated bovine or murine OCCs 
suppresses the expression of ECM glycoproteins and disarranges the distribution of integrins
(Sutovsky et al; unpublished data). Thus, the linkage of ECM with cytoskeleton may stabilize
cumulus ECM and provides very effective tool for signal transduction from cumulus cells to 
ECM apd vice versa. 
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Fioure 3: 	 Nficrofilanent asseniilv is an initial event throughout IAI induced expansion 

of bovine cumulis oophoruis. The labelling of filaments :ltin with rhodamine
con jugated phalloidin shows regular distribution oftimicrofilaments in an 

imustimu lated bovine OCC (A). 
B) Following 6h of' culture in presence of LII, the inicrofilaments are 

asseml)led into large bundles. Both bars = 25 pin. 

I 	 3 

Figure 4: 	 Expression of integrin subunit P1, occurring both laminin and fibronectin 
receptor, by bovine cumulus granulosa cells before LII stimulus (A) and after 
24 I of culture in 1.II containing medium (B). The receptor was visualized 
by i:direct immunofluorescence labelling with anti-61 rat monoclonal antibocd 
and FITC-conjugated anti-rat IgG. Both bars = I0i pm. 
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ECM potentiates the differentiation of cultured GC (Furman et al, 1985). Although LH 
receptors in GC are colocalized with cellular projections particularly rich in microfilaments 
(Amsterdam/Rotmensch, 1987). There is no direct association between MF and LH receptor.
However, the occupation of LH receptor activates protein-kinase C (Davis et al, 1986), engaged 
in the assembly of MF (Phatak et al, 1988). 	 Actin assembly is an initial step in transmission 
of signal from LH receptor. The association of actin with nuclear skeleton and RNA 
polymerase II may also suggest that actin could be involved in regulation of transcription of 
specific genes (Scheer et al, 1984). 

C. 	 Other cytoskeletal elements/final differentiation of cumulus granuloosa

Microtubules and intermediate filaments participate in elongation and polarization of
 

cumulus cells during the expansion (Allworth/Albertini, 1993; Sutovsk et al, 1993). In
 
contrast to actin, gonadotropin stimulation seems to have no effect on the synthesis of tubulin,
 
vimentin and cytokeratin by cultured GC (Amsterdam/Rotmensch, 1987). Similarly, the
 
changes in distribution of these cytoskeletal elements during cumulus expansion are less dramatic
 
than those occuring in F-actin. Association of microtubules with Golgi and RER, observed in
 
expanding bovine cumulus cell (Sutovsk et al, 1994) and in cultured human granulosa cells
 
(Amsterdam et al, 1989), indicates that the MTs may monitor the reorganization of cellular
 
organelles during GC differnetiation and cumulus expansion.
 

- accumulation of lipid granules and their interaction with IFs are typical features of
 
steroidogenic cells, possibly involving IF-directed cytoplasmic transport of steroid precursor

lipid, cholesterol (Almshbobi et al, 1993). Since the MT-stabilizing compounds (taxol) reduce
 
progesterone production by granulosa cells, the crucial role in the transport of lipids is ascribed 
to MTs (Carnegie et al, 1987). The lipid droplets are exclusively associated with IF (Almahbobi
 
et al, 1993; Sutovsky el al, 1994). This discrepancy may be explained by the fact that the
 
networks of IF and MT are closely associated and functionally linked (Skalli/Goldman, 1991).
 

D. 	 Composition/organization of cumulus extracellular matrix
 
The main component of cumulus ECM, synthesized upon LH stimulus is hyaluronic acid
 

(HA). This hydrophillic glycosaminoglycan forms hydrated gels that generate high osmotic
 
pressure necessary for the spatial segregation of cumulus cells and volumetric expansion of
 
cumulus oophorus (Dekel et al, 1979; Eppig, 1979). The enlargement of CO is contributed by

the synthesis of other glycosaminoglycans and proteoglycans (Ball et al, 1982;

Yanagishita/Hascall, 1987). Concomitantly with HA secretion, several new proteins appear in
 
cumulus ECM (Vlji et al, 1990; Dandekar et al, 1992).
 

The ECM glycoproteins laminin, type IV collagen and fibronectin have been identified 
in bovine and murine cumulus ECM, predominantly localized at the surface of CGC (Sutovsk 
et al, manuscripts in preparation). These proteins contain both domains binding to integrin 
membrane receptors and those displaying high affinity to HA and other ECM components
(Buck/Horwitz, 1987). Such an arrangement suggests that these proteins insure the anchorage
of cumulus ECM at the cytoplasmic membranes of CGC. Moreover, the link between integrins 
and F-actin may provide a pathway for the regulation of ECM assembly by the cytoskeleton of 
cumulus cells. This fits together with the hypothesis emphasizing the role of F-actin in 
mediation of LH stimulus. Accordingly, the treatment of LH stimulated bovine and murine 
OCCs with microfilament disruptor cytochalasin B decreases the expression of above listed 
glycoproteins and inhibits cumulus expansion (Sutovsk et al, in preparation). 

'I 
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Once assembled in the extracellular spaces, cumulus ECM needs to be protected against 

the eventual degradation by follicular and later oviductal environment. The retention of cumulus 

ECM is probably insured by the presence of ECM stabilizing factor(s) in the follicular fluid 

One of the most serious candidates is inter-a-trypsin inhibitor (zlD,
(Camaioni et al, 1993). 

isolated from mouse folliculat fluid 
an inhibitor of endogenous proteinases (Chen Ct al, 1992), 


and from fetal bovine serum, which is an essential component of culture media for in vitro
 

maturation of mammalian OCCs.
 

E. Cumulus ECM/fertilizatin/ooyte development 
a positive effect on the developmental potency of 

The cumulus oophorus exerts 

mammalian oocytes (Ball et al, 1983; Pavlok/McLaren, 1972; Staigmiller/Moor, 1984). The 

Some of these effects have been ascribed to cumulus 
mechanisms of such action are unknown. 

access of sperm to the oocyte has been 
ECM. The involvement of ECM in controlling the 

The acrosome reaction is improved by the presence of cumulus 
proposed (Cherr et al, 1990). 

can be blocked by
Moreover, the fertilization of human oocytes

ECM (Tesafik 1985). 
of human cumulus ECM (Tesarlk 1989).

antibodies developed against a cell free preparation 
It wouldintegrin ligands (Blobel et al, 1992).

The sperm cytoplasmic membrane contains 
OCC and/or sperm 

appear that cumulus ECM facilitates sperm trapping by an ovulated 

penetration through the expanded cumulus. 

ECM, generated throughout the period of cumulus 
The glycoproteins of cumulus 

Murine oocytes and 
expansion may also influence the preimplantation stage of embryogenesis. 


blastocysts selectively sequestrate fibronectin (Kapur/Johnson, 1986). The addition of soluble
 

fibronectin into culture medium significantly increases the cleavage rate of two-cell bovine
 

embryos (Larson et al, 1992).
 

follicles of mammals, stimulate both 
The growth factors (GF), present in ovarian 

differentiation of granulosa cells (cumulus expansion) and oocyte maturation (Downs et al, 1988; 

Singh et al, 1993). Among others, insulin-like GF (IGF), epidermal GF (EGF) abd fibroblast 

by granulosa cells of different species (Geitshovel et al,
GF (FGF) are synthesized and secreted 

1989; Neufeld et al, 1987; Roy/Greenwald, 1990). The GF-binding proteins bind to laminin,
 

Since these ECM glycoproteins
type I and IV collagen and fibronectin (Jones et al, 1993). 

et al, 
are overexpressed during cumulus expansion and associated with CGC surface (Sutovsk 

the cumulus ECM may bind GF and thus increase and/or maintain their 
in preparation), 

the and oocyte. Besides the effect on the 
concentration around preovulatory ovulated 

progression of oocyte meiotic maturation, the expand cumulus provides an essential support for 

the ovulated oocyte and may be an important source of metabolities utilized by the oocyte during 

further embryonic development. 
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Summary - The relatio:iship between cyloskeleton and morphology of cUmciJus granulosa cells in 
expanding bovine oocyle-cumulus conmplexes (OCCs) cultured in vitro has been investigated by the 
means of indirect rnIMmunofluiorescencc and transnission electron icroscopy. The round-shaped 
cells in unsliirulated control OCCs displayed a IiorrrogonOOLs distribution of cyloskeletal networks 
and cytoplasmic organelles. Luteinizing hormone (LH) stimulation caused tberedistribution of micro
filaments (MFs), accelerated the development of Golgi apparatus, and led to thegeneration of lipid 
droplets in cumulus cells. These changes culminated in tire elongation and polarization ofcumulus cells 
and in tre extension of the cyloplasmic networks of Iicrolubules (MTs) arid intermediate filanents (IFs) 
into tire newly formed cytoplasmic projections. TIre culture of OCCs in ihepresence of rircrofilamcnt 
disruptor cytocfalasin B prevented cumulus expansion, formation of cellular projections and cell elon
gation and suppressed the development of the Golgi apparatus. On 'he contrary, cytochalasin had no 
effect on theabundance and distribution of lipid droplets and on tire ir.!egrily ofIFs and MTs. The pre
sent data support tire hypotfesis that theresponse of cumulus granulosa cells to LH is partially medi
ated by F-actin. 

cumulus expansion / oocyte maturation /cyltskeleton /F-actin / tubulin / vimentin 

Resumd - Les microfilaments, lesmicrotubules etles filaments inlermddiaires jouent des 
r6les diffdrents pend-!nt I'expansion du cumulus oophorus bovin induit par les gonadotro
pines. Les rapports entre locytosquelette et /a morphologio des cellules de lagranulosa dans les 
complexes ovocytes cumulus (OCCs) bovins cultivos in vitro ontdtd analyses 6 I'aidedes techniques 
dimmunofluorescence et do nricroscopiedlectronique J transmission.Dans los OCCs fomoins non 
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Madison, WI 53706, USA 



416 P ,Sutovskyetal 

expanses, les cellules arrondies montrent une distnbution homogene du cytosquelette et des organites 
cellulaires. La stimulation par I'hormone lutelnisanto (LH) provoque laredistribution des microfila
ments (MFs), 1edeveloppement do lappared do Golgi et le ddpdtdo gouttelettes hpidiques dans los cel
lules du cumulus. Cps modifications aboutissent ,iI'longationet lIapolansalion des coilules et lex
tension des roseaux do microtubules (MATs)etdo filaments intermediaires (IFs) clans los nouvelles 
projections cytoplasniques. La culture d'OCCs, en presence do cytoclialasine B qui bloquo lapoly
mdrisation des tnicrohllaments, enipche l'expansion du cumulus, la formation do projections cyto
plasmiques UtI'elongationcollulatre t daveloppeniontdo iapparoldo Golgi. Au contraire, laoinhbo to 
cytochalasine na pas d'efolt ot 0 distnbutionstirI'accunufition do gouttolottes liiques tit stir lIdntgrit6 
des IFs et des MTs. Les resultats obtenus solt einltout d'uno transmissionpartioleopar 'actine Fdo 
Ia reponse J la LH dos cellulos du cumulus oophorus. 

expansion du cumulus / maturation ovocytaire / cytosqulette lactine F / tubuline/ vimentine 

INTRODUCTION 	 the efficiency of gap junctional communi
cation betveen the ceils of the expanded
 

cumulus oopiorus ( Ulovsky et at, 1993).
The expansion of cumulus oophorus seems 


the cytoskeleton in
 
to be a necessary preliminary step for the 	 The involvement of 


cumulus expansion is supported by the find
release of matured mammalian oocytes from 


ing that the microlament disruptor dihydro
ovarian follicles (Dekel of al, 1979). Until 

now, cumulus expansion has been consid- cytochalasin B or :t analogues cytocha

lasin B.,cytochalasin D, inhibit cumulus 

synthesis and deposition of hyaluronic acid- expansion (Wert and Larsen, 1989). These 

facts may be related to the hypothesis that 

ered as a consequence of the increased 

rich extracellular matrix by the innermost 
the effect of LFI on granutosa cells in vitro is

population ofgranulosa cells, termed cumu-

luscells. This has been supposed to cause partially mediated by F-actin (Ben Ze'ev and 

the volumetric enlargement of cumulus 	 Anisterdam, 1989). 

oophorus, the spatial isolation of cells from The present work is aimed at deducing 

one another, and the interruption of transport the relationship between the reorganization 

pathway between oocytes and somatic fol- of the cytoskeleton and the process of 

licle cumulus cell differentiation throughout thecells (Eppig, 1988; Larsen etal, 1986). 

Consequently, meiotic resumption has been period of cumulus expansion in vitro. The 

explained by the cessation of the uptake of present data provide evidence that individ

granulosa cell-generated inhibitory ual cytoskeletal components play differential 
molecules into the oocyte, due to the down- roles during cumulus expansion and sup

regulation of cumJulIs cell gap junctions port the idea thatF-actin is involved in the 

(Larsen etal, 1987). transduction of LH-induced signals inside 

In contrast with these findings, the recent cumulus cells. 

studies of Alworth and Albeitini (1993) and 
Sutovsk, etal (1993) demonstrated that the 
LH-induced expansion of bovine cumulus MATEFIIALS AND METHODS 

oophorus involved dramat;c cytoskeletal 
rearrangement, gradually affecting allthe 
cytoskeletal components of cumulus cellsc leolation and in vitro culture 

including microfilaments (MFs), intern ediate of bovine oocyte-cumulus complexes 

filaments (IFs) and microtubules (MTs). 

Moreover, the preovulatory rearrangement Bovine ovaries were collected at a local slaugh

of gap junctions seems to have no effect on terhouse and used forisolation ofoocyle-cumu



417 Cytoskeleton incumulus cells 

lus complexes (OCCs) from large antral follicles 
2-8 mm in diameter. Part of OCCs were cultured 
for up to 24 h in modified M199 culture niedium 
(Pavlok of al, 1992), supplemented with 10% fetal 
calf serum (Flow Laboratories) t 0. mg/ml LIH. 
The other part of OCCs was cultured in lhe above 
culture medium with additiorn of 5-20 mg/ml of 
cytochalasin B. Tire culture was carried out at 
391'C in a humid atmosphere enriched by 5' 
CO,. Freshly isolated OCCs and OCCs with-
drawn fior culture at intervals of 3 h were pro-
cessed for iMniriuroftlore. cence or electron 
microscopy. 

We will term tfie cells rein frostily isolated 
OCCs at time 0 (10)ursiitiLIlateii CLAiLIus cells. 
The results were fire saie with OCCs cultured 
without Lfi (data not shown) 

Immunofluorescence 

The OCCs were fixed for 20 nin in 2.50 
paraformaldehyde dissolved in waushinig medium 
(phosphate-buffered saline, pt 73), treated for 
1 h with a solution of 50 mM aninoriunr chloride 
to eliminate free aldehydic groups, rinsed and 
conserved in washing niediui1 contiairig 0.05' 
sodium azida and 1 niM phenymetylsulfonyl 
fluoride. A 2.step indirect immunriocytochenircal 

procedure including saponin permeabilization 

was applied Is descnbed previously (lulovskky 

etal, 1993). To ViSialze the Golgji app ralus, wea 
used lhe anti-Golgi C [R-133 niiuiseeionoclonal 
antibody recognizing a Trton X-t00 extractable 
antigen of the rirediL1rcompartment in lire Golgi 
(Jasmin ef al, 1989). Tins antibody, kindly pro-
vided by M Bomens (CNRS, Gf-sur-Yvelte, 
France), was diluled to 1:5. MTs were visualized 
by TU 0f mouse monoclonal antibody (Viklicky 
of al, 1982), diluted 1.20. Thi,, was kindly pro-
vided by V Viklicky (Insttite of Molecular Gert-
ics, Praha, Czech Republic) This anlibody recog
nizes bovine u-tibLlin (Drber etal, 1986). An 
anti-vimentin Mouse monoclonal anibudy (Sigria, 
Saint Louis, M3, diluted 1:200), given as highly 
specific for bovine cells, was used for lie visu-
alization of IFs Negative controls were obtained 
by the omission of all the first antibodies. The 
microfilaments were labelled by riodamine-con-
jugated phalloidin (Molecular Probes, Eugene, 
OR). The oocyte nuclear maturation was 
assessed by staining cumulus-free oocyles with 
Hoechst 33258 (5 rig/ml). Tine OCCs were exam-

ined and pholographed with a fluorescence micro
scope (Polyar-Rechert Jung or Orlhoplan-Leitz). 

Electron microscopy 

Ithe OCCs were fixed for 1 f in a mixture com
posed of 06% paraforraldchyde and 2.5% glu
laraldehyde iii PBS, postfixed in 1%osmium 
ltorexide, dehydrated by ethanol, perfused and 

ernbedded inEpon 812 (Serva, Heidelberg, Ger
many) Epon block .tth tire samples were cut 
witfh tihe Ultrarriicrolom Ileichert-Jung Ultracut E, 
contrasted by uranyl acetate and lead citrate and 
observed with a Joel 1200 EX electron micro
scope. 

RESULTS 

Effect of LH stimulus and cytochalasin B 

on the morphology of bovinecumulus 
granulosa cells 

The round-shaped cumulus cells in the 

Linstimulafed (t0) OCCs displayed a home
geneours constitution of the cytoplasm, con
taining large tiitochondria, rough ondo
plasmic retcuIumi (RER) and rare lipid 
droplets (fig 1A, B). Numerous small 
ricrovilli were found at the surface of these 

cells (fig 1A). A 24-h culture in the presence 
of LH induced the expansion of cumulus 
oophorus and the extension of intercellular 
spaces. The cells acquired an elongated 
shape, characterized by the polarization of 
cytoplasm and the formation of a large radi

ally oriented cellular projections (fig 10). 
These projections contained mainly bun
dies of IFs and MTs (fig 1D), but the oppo
site cytoplasmic pole was generally occu
pied by large clusters of lipid droplets, a 
well-developed Golgi apparatus and abun
dant RER profiles (fig 1E, 4C). This devel

opment of the Golgi apparatus has also 
been demonstrated by immunofluorescent 
labelling with the CTR433 antibody. In con
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trs with the diffuse or dispersed Golgi corn-
plex in unstimulated cumulus cells (fig 2A) or 
cells cultured in the presence of cytocha-
lasin B (fig 2C), the cells in expanded cumuli 

contained strongly labelled perinuclear caps 
of Golgi apparatus (fig 2B). The OCCs cul-

tured for 24 h in LH-containing rnedium with 
20 Iig/ml of cytochalasin B failed to expand 
and their cells retained a round shape and 
were devoid of microvilli and argo projec-
tions (fig 1F). Randomly distributed rough 
endoplasmic reticulum poorly developed 
Golgi and numerous lipid droplots were reg-
ularly observc f in the cytoplasm of these 
cumulus cells (fig 1G). 

Distribution of actin inicrofilaments 

Rhodamine-phalloicdin staining demonstrated 

a regular distribution of F-actin at the cell 
periphery of unstimulated curilus cells (fig 
3A, B). Following 6 1hof culture, a time point 
coinciding with Ucyte germinal vesicle 
breakdown, MF assembly occurred in the 
cytoplasm (fiq 3C). This caused extensive 

ruffling all along the plasnia membranes 

and subsequent formation of large cellular 
projections (fig 3F). After 24 ih of culture, 

the MFs were assembled in individual foci, 
coinciding with cytoplasmic projections (fig 
3D). The addition of 5 jig/nil cytocialasinB 
to gonadotropin-suppemented mediun was 

sufficient to block F-actin assembly in the 
OCCs cultured for 6-9 h. However, doses 
as high as 20 pg/mI of cytochalasin B were 
necessary to block cumulus expansion for 
24th. This treatment caused the emergence 
of large actin bundles in the cytoplasm of 
cumulus cells (fig 3E). 

Microtubules and intermediate filaments 

Immunofluorescence revealed regular net
woiks of MTs and IFs in the cytoplasm of 
Minstoliulated cumulus cells (figs 4A, 5A). 

Following culture in the presence of LH, the 

organization of MTs and iFs reflected the 
alterations of cellular morphology. Tire IFs 
and MTs extended into the radial projections 

of cur1ulus cells within the expanded cumu

ls (figs 40, 5B). As was the case before 

stimulation, neither MTs nor IFs of corona 
radiata cells could be detected in the zona 
spanning projections (fig 4C). At the ultra
structural level, the MTs were also associ
atd with the stacks o the0 Golgi apparatus 
(fig 4D). The clusters of lipid droplet,, 

appearing as a consequence of LH stimu

lus, were regularly embeuded in large bun
dies of IFs (fig 5C). 

The iFs were often closely associated 
with these droplets (fig 5D) and with the 
nuclear envelope (fig 5E). The treatment 
with cytochalasin D did not induce aggre-

Fig 1.Effect of cyloctialisin B on the expansion of cumulus oophorus and the elongation aid polarization 
of cumulus granulosa cells. (A) Cells inunsirrilated OCCs (tO)are round and possess numerous 
small microvillh. Corona cells show frequent iranszonal processes, bar = 5 lnm. (8) The cytoplasm of such 
cells contains numirerous mlochonrldria, RER and Golgi bar t1 lin. (C) The cells in an expanded 
OCC, cullured for 24 h in lhe presence of Li-, form large radially oriented cytoplasmirc projeclions, 
bar = 5 lim. (D)These proleclions are mainly occupied by longitudinally arranged iricrolubiles (arrows) 
and intermediate filamerls (arrowheads), bar = 200 n, (E)The perinuclear region of an elongated cumu
lus cell is occupied by a well-developed Golgi apparatus (G) and RER (Rf, bar = im. (F) Tbe cells in 
an OCC cultured for 24 h in LI-supplermented nredium with 20 1g/ml of cylochalasin B are tightly 
packed arid lack the nicrovilli and cytoplasmic projections, bar = 5 mnn.(G)Treatment with cytochalasin 
B did not affect the accumulation of lipid droplets (arrowheads) and randomnized the distribution of 
RER (arrows) inthe cytoplasm. The Golgi apparatus is not developed, bar = 1 1m. In micrographs A, 
C and F, the zona pellucida is located at the botlor of the micrograph. 
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gates of MTs or tFs as for MFs, and did not 
affect their association with organelles, 

DISCUSSION 

CurIuIuIs expansion Is the final step in the 
d lferentiation of c niuiis graIrulosa cells 

S 'aton and Collins. 1992). including tie 
Jcceleration of extracellulir m trix synthe

! ;, ,,scyloskelal rearrangement, redislribu
alii of gap junction;S and volumetric enlarge

rent ofthe ciiniiitis .;oprhorw; These 
I chafrjes resulln the proliz/ilirO iid elon

,? i ii;H1,lilonlitIon ml(.2f¢]kr li ic hommuthem tociniiiOiI; Coil;IA',C0!;LrIAI augIIp il Iside 

''*i:r',~InI expa ?dCuirilris oophors (Allworth 
AXil 1iertini ettd. 1993)993: Sluto.,;ky 

Hicently, vie;ou.vod trida;iltritions 
J III iMiulis Cell 1r1o0rolug0y ald CLuTmILIuS 

expinsion are preceded by aii extensive 
w,.rearrangement of MFs in theircytoplasm. 

t uggesting ant Important. if not crucial role of 

I dctFacinn the control of cornUrus expansion 

iSolovsky of al, 1993) Whereas previous 
ndies proposed thatMFs could promote 
omtulus expansion by directing the endo

cylotc roenova! of c LIIUUScell gap tLunc

lion, (Wert and Larsen, 1989: Chen et a/, 
1990). oar recent results indicate that MFs 

are not directly associated with these jijnc
lions (Sutovsky ol a.1993i arrd that cylocha
lisin treatment prevents ctrUIls expan

sion by suppressing inoiribrane ruffling and 
,ibsoquenl polarization and elongation of 
CrIMMIUts cells (Ibis studl,).The above dala 
Corroborate the studies on cultured granti-
Iosa cells, showing that gonadotropin-slim
ulaltiondisrupts F-aclir cyloskeleton. 

Fig 2.Dibtjlit er of threGolgi orpara h decreases theexpression of actin and ii-IiIb% if! 
CUmUlUS Cell; ((rroirstrtlerd withC M 33, actinin and elicits important alterations of 
body (A) [lffu-,e 1,ihn i iy) cellular norphology and function (Ben Ze'evluni o the Gol nutvll; 

irriirrstnl, lIl OCC (toi WieI deivelotiIH!oi arid Anslerdam, 1989) On the contrary,(B) I 
slack; are inn hsIIIion peroleofCiuiiili; c1l we have not observed idirect effect of LH 
alfter),Ih t4( oumlr (C) Th, aditillon of cyloc~halIasi lifirfii pofcyt he orB to IH i,;,leon )tord r IFs and MTs before cell elongation. Sim

devoloprulr i.',rIriI i lpa{ ilarly.I 'IrrI p !ii fhie the gonadotropin stimulation Of cutl
li;, l"ir 10)Im fir 101 irirnlooripih hired granulosa cells does riot affect the 
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L-induced CUnIrUlUS 
dairmine ph lloidi staining (A-F) andi efectron microscopy (F). (A) Regular distribuilion of F-actin in 
unstirnmlafod 0CC (tM).bar =20 in (B) Detail of an uristinitilafed 0CC showing uniform distribut ion 
of F-ai -long fire plasma nienibranes Of CUMImLIun 

Fig 3. Dynamics of ruicrofifainerits duiring expariSion, demionstrated by rho

cells F-ci ismalsio visible in zoca spanning pro-
Jocl .00 of corona cells, bar 10f pro (C) Massive redistribUtion of 1 actiri ocurs in cumulus cells 
within first 6h culure inthe presence of LII, bar --20 lini (D)After 24thOfcullturo, tlireMFs are assembled 
inindividual foci (arrow) at the foot of tfre cytopfniseic msoemions, bar 20 liii (E) Cyfocfrclasmn B freaf
moof Causes dispersion of tMls arrd formrationmof sfress fibre-like bundles Incurmlus cell cytoplasm, bar 
- t0 tim (F) Membrane ruffles in an 0CC cultured for 6 fhare loaded by large bunmrdles of MI (arrow
heads), bar = 200 .m. 
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Fig 4. Immunolluorescent and ullrastructural localization of microtubules inbovine OCCs.The MTs form 
perinuclear networks inboth unstimulated (A) and expanded (B)complexes. In B,ti e long cytotpls
mic projections also contain MTs. (C)No positivity to tubulin could be seen inside zona pellu,:ida and 

periviteline space before (nol shown) or after expansion. (D)At theulfrastructural level, iho MTs 
(arrowheads) are frequently associated with the Golgiapparatus, bar =20 lim for micrographs A-C and 
100 nm for D. 

expression of tubulin, vimentin and cyto-

keratin (Ben Ze'ev and Amsterdam, 1987). 

As well as cAMP-dependent protein kinase 

(PK-A), the LH receptor activates the phos-

pholipase C-dependent regulatory pathway 

(PK-C), which induces the assembly of F-

actin (Davis etal,1986; Phatak etal, 1988). 

Moreover, LH-receptor distribution coincides 

with actin-loaded compartmenfs of cyto-

plasmic membranes in granutosa cells 

(Amsterdam and Rotmensch, 1987). Al-

together, these data strongly suggest that 

F-actin mediates the response of cumulus 

cells to gonadotropins, influences the acqui

sition of final phenotyl.e by these cells, and 

regulates cumulus expansion. 

The generation of lipid droplets associ
ated with IFs is a typical feature of steroido

genic cells, such as Leydig cells (Almah

bodi et al, 1993) and granulosa cells 

(Silberzahn et al,1985). Their accumula

tion in granulosa cells reflects the increased 

turnover of precursor lipid cholesterol during 

Ihe LH-induced conversion from estrogen 
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Fig 5. Thredistribution of I's pxiral It iat off iTs in CUnUiula Cell, OfLinstInilated (10)(A) and maitured 
OCCs (B), bar 20 jun for A airid 30 par for B (C) Laige clusters of lipid dropltfs are surrounded by 
bundles of IFs in cumulus celti of in 0CC cultured for 24 hiii L1 f confaining medium, bar =500 fin. 
(D)In SiiCf cells, the fFs (arrowheads) are closely associated with lipid droplets, bar = 200 em. (E)Sagit
tatsection of the celt nucleus in armexpanded OG& Note apparent binding of IFs to the nuclear enve
lope (arrowheads), bar =200 On. 
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synthesis towards the secretion of proges-
terone (Collins ot al, 1991). Intracellular 
transport of cholesterol was found to be 
vimentin dependent (Sarria et al, 1992). 
Experiments with microtubule stabilizing 
compounds such as taxol and colchicine 
(Carnegie et al, 1987) indicated that MTs 
control the cytoplasmic tiansport of lipid 
droplets. However, our study and others 
(Almahbodi and Hall, 1990) demonstrated 
that lipid droplets are exclusively associ-
ated with IFs. This discrepancy may be 
explained by the fact that the cytoplasmic 
networks of MTs and IFs are functionally 
linked and the disruption of MTs also dam-
ages the IF network (Skalli and Goldman, 
1991). As well as IFs, the MFs also seem to 
participate in the regulation of granulosa 
cell steroidogenesis. Indeed, it was shown 
that cytochalasin treatment does not affect 
the generation of lipid droplets in LH-stimu-
lated granulosa cells, but induces the secre-
tion of progesterone by unstimulated ones 
(Ben Ze'ev and Amsterdam, 1987). 

It is of general acceptance that MTs are 
involved in the polarization of Golgi appa-
ratus and the control of cytoplasmic trans
port of Golgi vesicles (Vale, 1987). Since 
the close localization of Golgi with MTs has 
been described in bovine cumulus cells (this 
study) and in cultured human granulosa 
cells (Amsterdam et al, 1989), it seems likely 
that MTs determine the arrangement of cyto-
plasmic organelles and direct their reorga-
nization in LH-stimulated granulosa cells. 

We repirt here that gonadotropin stimu
lation promotes the development of Golgi 
and HER in cumulus cells. The functional 
significance of this event should be consid
ered with regard to other events accurring at 
the time of cumulus expansion. In recent 
studies we showed that cumulus expansion 
in cattle is accompanied by the increased 
secretion of extracellular matrix glycopro-
teins laminin, type IV collagen and 
fibronectin, and by the anchorage of extra-
cellular matrix at cytoplasmic membranes 

of cumulus cells (§jtovsk, et al, manuscript 
in preparation) The enzymatic machinery 
involved in the posttranslational modifica
tion and trafficking of glycoproteins has been 
localized in the RER and Golgi (Hirschberg 
and Snider, 1987; Hong and Tang, 1993). 
Thus, the polarization and increased size 
of the components of RER and Golgi appa
ratus in cumulus cells may be a prerequi
site for the acceleration of glycoprotein 
secretion. 

Taken together with the data discussed 
above, the present results suggest that indi
vidual cytoskeletal components fulfil spa
tially and temporally diversified functions 
throughout the gonadotropin-induced cumu
lus expansion in cattle. Although IFs and 
MTs participate in the determination of cell 
shape and in cytoplasmic movements of 
several organells, F-actin seem to fulfil a 
crucial role in transduction of LH signals 
and in the control of the final differentiation 
at cumulus granulosa cells. 
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Chromatin Condensation and Histone HI Kinase 
Activity During Growth and Maturation 
of Rabbit Oocytes 

w MiCII AL KUIILK A,' .2 JAN MOTLIK,' AnD PIERRE GUERRIEI1LADISLAVA JELINKO VA 
'Department of Genetics, Institute of AItinil PIh vsiol.ltv and Genetics, (>Zech Acalehnmv of ,Sciences,Libl'hoi,, Czech 
Iepublic;and 2 aboratnore(t Biologic Mtoleulaireel ('Villaire,Ecoit' Ntrniae Siuprieurede Lyon, .yon, France 

ABSTRACT Fully Crown rabbit oocytes, iso 
lated from preovulatory follicles, exhibit highly condensed 
bivalents within an intact germinal vesicle while avery low 
level of histone HI kinase activity could be detected in 
their extracts. Clromatin condensation started ingrowing 
oocytes isolated from antral follicles presenting adiameter 
of 0.5 mm. This event was accompanied by a transient rise 
in histone HI kinase activity which culminated in large 
antral follicles measuring 0.75 to 1mm indiameter. 

However, the extent of histone HI kinase activity oh-
served in these growing oocytes remained far less irpor-
tant than that recorded in extracts prepared from in vitro 
cultured metaphase Iand inetaphase IIoo:,% es Moreover, 
this activity was insutficient to induce germinal vesicle 
breakdown which will only occur with an increasing effi-
ciency, following invitro culture of mediuoM, large, and fully 
grown antral follicles. ,nl,. W'10yh., ic 

Key Words: Meiosis, Cell Cycle, Phosphorylation,p34c Sc2
p34 _ 

INTROD)UCTION 
During their growth phase, mammalian oocytes are 

blocked in the diplotene!dictyate stage oftle first mel-
otic prophase and present decondersed chromosomes, 
distributed in tie ooct e nucleus (1bilhault et al., 1987; 
Szllbsi et al., 1991 ). An intensive synthesis of riboso-
ral RNA (rRNA) and heterogenous RNA (hnRNA) 
characterizes this stage (Crozet et it., 1981, 1986; 
Sutovsk et al., 1993). Concomitantly with achieve-
ment of their full size, the oocyte nucleoli become com-
pact (Chouinard, 1971) and rRNA synthesis stops 
(Crozet et al., 1981, 1986; utovsk et al., 1993). ttow-
ever, chromosomes remain decondensed and are not 
visible at the light microscope level. The hnRNA syn-
thesis continues in fully grown (FG) oocytes up to their 
resumption of meiosis (Rodman and Bachvarova, 1976). 

Chromatin condensation occurs in FG oocytes in re-
sponse to the preovulatory surge of gonadotropin hor-
nrones (Thibault et al., 1987; Eppig, 1991) and the sub
sequent activation of M-phase promoting factor (MPF) 
in oocyte cytoplasmHuntr,I th (Nurse et al., 1990; Pines and990.aciveform ths fcto poseses
Hlunter, 1990). In the active form, this factuor possesses 
histone III kinase activity, which is generally used as 
biochemical assay for revealing MPF activity (Arion et 

(l 1994 WILEY-LISS, INC. 

al., 1988; unphy et al., 1988; Labb ut al., 1988a,b). 
The condentation of chromatin into chromosomes dur
ing M -phase is accompanied by it specific phosphoryla
tion of histonis IlI and 113, suggesting that condensa
tion is, at least partially, induced by these histone 
posttranslational modifications (Gurley et at., 1978; 
llohmann et at., t976; Matsumoto et at., 1980; Newport 
and Spann, 1987). 

In contrast to all mammalian species so far studied, 
FG rabbit oocytes possess 1anintact germinal vesicle 
iCV) filled with highly condensed bivalents (Motlik et 
at., 1989) and the process of chromatin condensation 
occurs during the growth phase of oocyte development 
lSutovsk.' et t., 19931. 

In this study', the process ofchroratin condensation 
was fullotwed in rabbit oocytes isolated front early an
tral follicles and their meiot ic competence was tested 
concomitantly. Changes of histone II kinase activity 
in growing, FG, and maturing oocytes were compared. 

MATEIlIALS AND METHOI)S
 
Isolation of Ooeytes
 

Oocytes of various size categories were obtained from 
adult hormonally stimulated rabbit females. At 17th, 
18th, and 19th day ofpseudopregnancy, induced by 150 
IU hCG (Praedyn, Spofa Czechoslovakia), the females 
were injected twice daily with 5.7 IU of FSII (Folicotro
pin, Spofa Czechoslovakia). One day later, the rabbits 
were killed and ovaries removed aseptically. Fully 
grown oocytes were isolated after rupturing follicles 
measuring 1.5-2 mm in diameter in Krebs-Ringer bi
carbonate buffer supplemented with 10i fetal calf se
rum (FCS). After cutting off the cortical part of the 
ovaries, antral follicles were isolated and separated ac
cording to their diameter into the following categories: 
small antral follicles (S), 0.25 mm in diameter; middle 
antr-al follicles (M), 0.5 mm in diameter; large antral 
follicles iL), 0.75-1 mm in diameter; and preovulatory 
follicles (PI, 1.5-2 mm in diameter. Oocyte cumulus 
complexes (OCC) were collected from each follicular 

eceived Aptrit 27, 1993; accepted duty 8, t1993. 
Address retprint retquests to L. ,Jetinkovdi, Institute of Aninial Phrysiol
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Fig. 2. lighly condensed chromatin in the intact GV of I"Goocyte, 

inimediately after kioltin from priovulatorv foilicl, IHoechA stain-

ing. Arrowhead. germinal vtviiichv 

At the end of culture, cumuIus cells were removed by 
hyaluronidase ISevac, Czechoslovakia) treatment (2,17 
TRU/nmh for 10 inin and by reocated pipetting with a 
narrow bore nuicropipette. lenuded oocytes were fixed 
and examined as previously described. 

listone III Kinase Assay 

To measure histon' Ill kinas activity in growing 
oocytes, we used oocytes from M (oocyte diameter 100-

120 tnm) and 1, ioocyte diameter 120-t35 tim) catego-

ries. I, oocytes cultured for 0, .1, and 6 hr were used as 

a control. The oocytes Were freed of' cI1iumuls cells, 

washed several tilOeS ill 1BS, and transferred into the 

homogenization hufier (Meijer and Pondaven, 1988). 

After one round of freezing and thawing, the iocytes 
were mechanically honmgenized and centrifuged for 10 

ini at 10,000g, at ,TC. Supernatants were used as 
"crude extracts" for further procedures. Twenty FG 

oocytes were used for each extract, while the number of' 

growing N1and l, oocytes was calculated to reach the 

same volume of cytoplasm. Ill kinase actiity was 

tested using a modification of tile procedure described 
reac-previously by Meijer and tonidaven (1988). The 

tion mixture contained 5 p.l sample, 0.2 iig/ml histone 
Ill (Boehringer(, I (.NI PKl-synthletic peptide (Sigma 
Chemical Co., St. Louis, MO, anid 2 Ii(i of iy-:t-ATl) 
(3,000 Ci/niM, Amersham, PB 10168) il 30 Ill of kinase 

buffer (W6 Na-glycerolphosphate, p1 7.A, mNI'iIN 15 
pi-nitropllleniylpliost)hlte, 5 iM EGTA, 15 mN MgCl., 
and I iM dithiothreitol). The final concentration of 
ATI'P in tIle reaction mixture was adjusted with non-
radioactive AT'P to 0.1 mNl. The mixtures were incu-
bated for 15 rin at 30C and the reaction 'topped by 
addition of 1/2 vol of 3 x concentrated electrophoresis 
sample buffeor. Then, samples were boiled for 5 mill, 
loaded on 10% SItS polyacrylamide gels (Laemmli, 
1970). I)ried gels were subjected to autoradiography. 

IIESUI,'rs 
Morphology of Growing Rabbit Oocytes 

)iameter of the oocyte" released from S follicles was 
about 95 ptm (95 .': 16.2 Vti), which represents (8% of 

the FG oocyte diameter. The germinal vesicle (GV) of 
oocytes possessed 2-3 vacuolated nucleoli. No signs of 
chronmatin condensation were visible using phase con
trast, after orcein staining (Fig. la). 

M follicles contained oocytes which measured 120 jim 
(122 L 10.8 pia) in diameter (87% of the FG oocyte 
diameter). In their GV, vacuolated nucleoli were visible 
as well as several clumps of condensed chromatin, ap
pearing in the nucleoplasm and around the nucleoli 
(Fig. lb). 

L follicles contained oocytes of nearly fo9l size 
(135 1 5.1 (ii). GV of these oocytes possessed con
densed chromatin. Individual bivalents were visible 
around the nucleolus and in the nucleoplasm. In con
trast to other species, bivalents and vacuolated nucleoli 
were thus simultaneously present in the GV of rabbit 
oocytes at this stage (Fig. lc). 

FG rabbit oocytes (1,10 ± 13.4 vom in diameter) pos
sessd highly condensed bivalents in the GV, some of 
them being attached to the compact nucleolus (Fig. 
1d, 2). 

Meiotic Competence 

Oocytes isolated from S follicles were not meiotically 

competent. Even after 20 hr of in vitro culture they 

remained in the GV stage (Table 1). After 20 hr of 

culture, 32% if the oocytes front M lb llicles had under

went GVBI), although 11. if them did not overpass 

late diakinesis (LID); 7.8% of these oocytes reached the 

MII stage. In the remaining 70%, the progress in chro
matin condensation occurred within an intact GV. A 

substantial rise in meiotic competence was observed in 
oocytes recovered from L follicles: 73% and 94%of these 

oocytes underwent GVBD, after 6 and 20 hr of culture, 

respectively. After 20 hr ofculture, 25% of these oocytes 

extruded their first polar body. The capability of FG 

oocytes for GVIBD was about 91% and 6,4% formed the 

first polar body. 

Ilistone H1 Kinase Activity 

In ,G oocytes, Il1 kinase activity raised from a very 
low level found in preovulatory (P oocytes (0 hr of 
Culture), through substantially increased levels in 
oocytes undLergoing GVBD (4 lir) up to maximum levels 
recorded in metalhase 1 (6 hr) or metaphase II (20 hr) 
(Fig. 3, hnes 3-6). Interestingly, compared with P 
oocytes (0 lir), an increased III kinase activity was b
served in growing M oocytes. This transient rise in 
phosphorylating activity reached maximum in L 
oocytes. tHlowever, its extent was clearly lower than 

that observed in iletaphase oocytes (Fig. :3,lanes 1-2). 
Such an increased Ill kinase activity as observed in 
growing oocytes was highly reproducible and occurred 

concomitantly with tile appearance chromosome con
densation. 
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TAILE I. Meiotic Competence of Oocytes, Isolated lron)
 
Follicles of )ifferent Diameters
 

Tire of Nuclear stages' 
Type of culture Number (of 
follicle' dtr) oocytes G V LI) M 1 M I 11 'GVBI) 

P 79 6 32 27 12 92%
 
L 19 5 10 2 2 73%
 
M ,43 29 14 32%
 
S 14 .17
 
P 79 141 5 51 871
 
L 32 2 19 2 8 91%
 
Ni 6.1 50 7 2 5 211k
 
S 54 51 3 617
 

"P, preovulatory Follicles (1.5-2 mu in diameter); L, large antral follicles (0.75-1 mm in
 
diameter); NI, medium antral follicles (0.5 mr in diameter); and S, small antral Follicles (0.25
 
trn in diaieter).
 
i'GV, germinal vesicle; 1,1), late diakinesis; AII, imetaphase I; ind N II, nietaphase II.
 

2 3 4 5 6 

- Iaccording 

4 
*diameter. 

M L P 4hr 6hr 20hr 
Fig. 3. The activation of hi.tuoe II kinn activity during growtii 

and maturatio (if rabbit oocytes. Arrowhead, stripe of histone I1L 
line 1:,Mcategory oocytes, in comparison with Pcategory lane 3), the 
increase of the activity of I1l kinase is evident. lane 2: I, category 
oticytes. The transient rise of histune I1l activity reached the maxi

muii. lane 3:1' category oscytes iiiediately after isolation. Lane ,: 
After I hr of culturi. Lane 5: After 6 hr of culture. Metaphase I Stage. 
L.ane 6:After 20 hr orculture. Metaphase 11 stage. 

DISCUSSION 
Meiotic Competence 

It has been demonstrated for several rodent species 
that meiotic competence appeared coincidentally with 
antrum formation (Erickson and Sorensen, 1974; So-
rensen and Wassarman, 1976). At this time, oocytes 
concomitantly attain their definitive size (Chouinard, 
1971; Schultz and Wassarman, 1977). A different situa-
tion prevails in pigs and cows where the follicular an-
trum is already fully differentiated in follicles measur-
ing about 0.5 mm in diameter, while the oocyte 
diameter is still only three quarters of its final size. 
These oocytes have a very limited ability to initiate 
nuclear maturation in vitro (Motlik etal., 1981; Crozet 
et al., 1986). In the rabbit, as in pig and cattle oocytes, 

the rate of oocyte mieiotic competence increases withthe diameter of antral follicle. The follicuIar antrum isfull), developed in foIllicles of 0.15-0.2 mm in diameter 

to Smith et al. (1978). Nicosia et al. (1975) 

describe well defined antrui in follicles >0.45 mm, 
andl oocytes tif92 Itim in diameter are considered as fully 
grown. Similarly, Bonhoff and Adams (1985) reported 
maximal diameter of 86.6 - 12 [tn in rabbit oocytes 
isolated from follicles m1easurin 0.63 ± 0.22 mim in 

In contrast, we report in the present study 
that early antral follicles (0.25 nu in diameter) al
ready contained growing oocytes of about 95 tm in 
diameter. Fully grown oocytes (1,40 im) were only 
found in antral follicles of I nin and more in diameter. 

In agreement with the previous results (Smith et al., 
1978), we found that oocytes from Sfollicle category did 
not resume mneiosis in culture. The evidence for meiosis 
resumption, that we observed in three oocytes, were 
probably caused by a beginning of follicle atresia (Ep
pig, 19"1; Byskov, 1978). 

In comlarison with the 17-7,1' va lues, reported by
Smith et al. (1978), we found that only 32% of oocytes 

from the M follicular category resumned meiosis in the 
present study. This discrepmncy may be partly depen
dent on the presence of nutritional factors and hor

mones in the culture medium (Smith et al., 1973; Bon
hoff and Adams, 1985). Moreover, the ability to 
complete the MI to MII transition coincides with the
achievement of oocyte full size and the process ofnucle
olar compaction (MotlIk et al., 1984). In our results, M 

category oocytes achieved 87% of their definite size and 
presented vacuolated, synthetically active nucleoli in 
the GV. After 20 hr of culture, nucleolar morphology 
has not changed, while chromatin condensation has al
ready occurred within their GV. The increase in histone 
HI kinase activity, accompanying chromatin condensa
tion, did not affect the integrity of the nuclear mem
brane in 70% of M oocytes. In addition to phosphoryla
tion, the nuclear envelope breakdown requires a 
stochiometrically binding factor (Newport and Spann, 
1987), which, probably, is not present in sufficient 
quantity in the M category oocytes which may also 
require other regulatory factors. The small number of 
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oocytes (7.8%) reaching M11 was probably due to some 
heterogeneity of oocyte population isolated from this 
follicle category. Bonhoff and Adams (1985) observed 
that 29.6%of rabbit oocytes underwent GVBD in intact 
follicles in the ovary and the 2.8% of oocytes attained 
the MII stage. This heterogeneity might by partly ex-
cluded, using animals hormonally stimulated after 
pseudopregnancy. 

In L oocyte category the transient rise of histone II 
kinase activity reached maximum. The percentage of 
GV1BD after 20 hr of culture was comparable with FG 
oocytes, but only 25%. L oucytes achieved MI stage. It is 
possible, that tilelate synthesis of hnRNA occurring in 
L oocyte category is necessary fur extruding of the first 
polar body (Rodman and Bachvarova, 1976; Motlik et 
al., 1984). 

Chromatin Condensation and Histone Hi 

Kinase Activity 


The resumption of meiosis in oocytes is accompanied 
by several morphological changes such ai-nuclear 
menbrane breakdown, condensation of'chromosones, 
lanmina depolymerization, il rearrangement of micro-

tuhule arrays (Masui, 1985; Moor, 1988,(u errier et al., 
1990). Ilowever, the activity leading to ntclear ineni-
brine breakdown can be experimentally separated 
ron that inducing chronatin condensation ( Newptrt 

anl Spann, 1987; Kltbel Ika t aI., 19)88; Vigers and 

lohka, 1992). 

Rabbit oocytes seem to be a very good nodel for 


studying chromatin condensation. Indeed, in contrast 

to other species, the!ir ft]y grown otocytes aIready 

sess highly condensed chromosomes in an intact germ(-
nal vesicle before the preovulatory LtI surge has oc-

curred (Motlik et al., 1989; Sutovsk9 et al., 1993). We 
correlated this chromatin condensing activity, ftound ill 

growing rabbit otcytes, with MP1F activity. The histoni 
Ill kinase activity assay, generally supposed to be a 
biochemical proofo the presence of MPF,was recently 
used to follw its progress of maturation illthe oocytes 
of several manmalian species, stch as mouse (Rime
and Ozon, 199(,ig(Naito Toyod 1991), a t 

npi0, (Nato and rooh, 19 ,n 
cattle (IKatlous et al., 1993). In this study, we have 
shown that histone Ill kinase activity increased in 
growing rabbit oocytes. This increase d idnot reach the 
level characteristic for metaphase oot~cytes ainl wats tt l3' 

transient, falling down to low levels in IU germinal 
vesicle arrested oocytes. 

Our results clearly reveal that chromatin condensa-
tinn in growing rabbit eiocytes is taccompanied by a tran-sient incgreasein raitinIll kinsactmpnivt y a t 
sient increase inlhistorc 11kinase activity, the level of 
which remaining, however, insufficient for inducing 
germinal vesicle breakdown and microtubule rear-
rangemenis. These events, which are initiated liter 

dluring oocyte maturatiton, are acctmpanied by a higher 
rise inll I kinase activity, which reaches its maximum 

in nietaphase. 
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The composition of Individual human zone pelluddae and modifications to this extracellular coat both before
and after fertilization were analysed using a rapid, sensfive, non-radioactive blotinylatlon- or lectin-based
detection system; these assays use commercially available reagents and can be performed on fragments of
Individual zonao pellucldae. The zona pollucida from unfertilized eggs Is composed of three .glycoproteln
species designated as huZP1, huZP2 and huZP3. Under non-reducing conditions, the molecular weights of
these proteins are -150 kDa, -100 kDa, and -55-65 kDa respectively. Following fertilization, huZP1 was not
detected under either non-reducing or reducing conditions. In contrast, after fertilization huZP2 was detected
undor non-reducing conditions, but not under reducing conditions. The ability to detect pro- and post
fertilization changes In a single human zone pellucida Is discussed In relation to Its value in assessing
deficiencies in clinical and laboratory protocols used for In-vitro fertilization. 
Key words: fertilization/human/in-vitro fertilization/zona pellucida 

Introduction 
All mammalian eggs are surrounded by the zona pelLucida, an 
extracellular coat that is synthesized by the oocyte (reviewed
in Wassarman, 1988). The zona pellucida is the site of the 
initial interaction of the spermatozoon with the oocyte. These 
interactions include the species-specific binding of spermatozoa 
and the induction of the acrosome reaction; both of these 
events arem. for successful in-vivo fertilization.prerequisites 
Aiiaysis.of, the--zon4 '.pellIcida composition from several
dif.ernt speis' c -t1it is omosed of three or four 

-gycopnotctns; this Ls consistent with results of eDNA cloning
ofthe zonape~llcd~a.gc(Epifano and Dn,19). 

, 
 Is that of the mouse 
oocyte with respct~.o-.tl its glycoprotein ompositionand the biological:bfunctioz-of its individual componets 

(Wassarnand 1 gnamouset. pedlucIda is 

and ZP3, present in molar ratios of about 1:10:10. ZP1 is a 
homodimer (Mr = 200 000) connected by intermolecular 
diulphide bonds. ZF2 (Mr = 120)000) forms a heterodimer 

. .withZP3 (M, - 83 000). This hetxrodimer forms long filaments 
,with arepcating structure. ZP1 provides thz structural Integrity
.of the zona pellucida by cross-linking these ZP2IZP3 hetero-
dimers within the filaments. 

Although all mouse zona peJlucida proteins have astructural 
function, only ZP2 and ZF3 have been shown to possess
biological functions. Acrosome-intact spermatozoa bind to ZP3 
via an O-linked carbohydrate moiety (Florman and Wassarman, 
o Oxford Univenity Pre= 

1985). Following sperm binding, ZP3 induces the acrosome 
reaction of those bound spermatozoa (Bled and Wassarman, 
1983). The acrosome-reacted spermatozoon, which can no 
longer interact with ZP3, is then postulated to bind toZP2 
(Bled et aL, 1988) and this interaction is thought to be required
for maintaining the association of the spearmatozoon with the 
zoana pellucida as it progresses through the zona pellucida. 
Cortical granule exocytosis following fertilization is the likely 
cause for modifications of the zona pellucida that constitute ablock to polyspermy. ZP3 is converted to a form called ZP3t, 
which no longer binds acrosome-inlact spermatozoa and no 
longer induces the acosome reaction (BIel and Wassarman,
1983). The modification responsible for the loss of both of 
these biological activities is thought to be due to the release
of a CG-derived glycosidase (Miller er aL, 1993), since
0-linked carbohydrates are Implicated in ZP3 interactionwith spermatozoa and there is no apparent change in the
electrophoretic mobility.of Z73 (Bled and Wassarman, 1980;, 
1983). Zp2 is converted to a form called ZP2f that no 
longer interacts with acrosome-rea-,d spermatozoa (Bled and 
Wassarman, 1986). ZP2f arises by Aproteolytic cleavage that 
Ismediated by aC-derived protease (Moller and Wassarman,
1989) and is detected by a shift in clcztrophoretic mobility
(from M,= 120 000 to M, - 90 000) under reducing conditions 
(Bl etaL, 1981). These zona pellucida modifications con
stitute the zona pellucida block to polyspermy. It-should be 
noted that there is an apparent conservation of both the protein
composition and biological function of the individual zona 
pellucida components in the zona pellucida of other species 
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such as the hamster and pig (Moller et aL, 1990; Bagasant 

et aL, 1993; Yurewicz et'aL, 1993). 
In contrast to these aforementioned species, we know of 

only two reports regarding the composition of the human zoa 
pellucida prior to and following fertilization (Shabanowitz and 

O'Rand, 1988; Sabanowitz, 1990). In sereports 
= 


two components ofM, = 90 000-110 000 and M, 57 000-

73 (X)0 were detected and on the basis of their molecular weight 

could correspond to the mouse ZP2 and ZP3 respectively, a 
zona pellucida component corresponding to the mouse ZP1 

dimer of M, = 200 000 was not detected. The identity of these 

human zona pellucida components in one of these reports was 

based on detection following radio-indination of solubilized 

zona pellucida (Shabanowitz and O'Rand, 198B). We have 

observed, however, that the mouse ZP1 dimer is frequently 

not detected following radio-iodination (Kurasawa etaL, 1989). 
Since there arc three geres for the human zoaa pellucida 

(Epifano and Dean, 1994; Harris et aL, 1994) that correspond 
to the mouse 721-3, it seems likely that the inability to detect 

a human ZP1 dimer is due to the method used for detection 
rather than a basic difference In the composition of the mouse 

and human zona pellucida. 
We report here, using a biotinylation- and lectin-based assay 

for zona pellucida proteins, one-dimensional sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

under both reducing and non-reducing conditions, and two-

dimensional reduction gel electrophoresis, that the human zona 
thre
pellucida from unfertilized oocytes is composed of 

protein species that we call buZPl-3. Under non-reducing 
conditions the molecular weights of huZPl-3 are -150 kDa, 

-100 kDa, and -55-65 kDa respectively. Following fertiliza-
tion, huZPl is not detected under either non-reducing or 
reducing conditions. In contrast following fertilization, huZP2 

is. detected under non-reducing *conditions, but not under 
reducing conditions, 

Materials and methods 

Collectionofhuman unfertilizedand fertilizedoocyts . 

All oocytes were obtained from womcn(aged 2S-34 years) who wer 
patients in the in-vitro fertilization ('VF) programme admnistered 
by the Department. of Obstetrics and Gynecology" at the Sta 
University of Campinas, Brazil. All couples involved in the IV 
programme had signed an inflrmd consent document, authorizing 

the use of non-transferred unfertilized and fertilized oocytcs fur the 

isolation and characterization of the zn pellucida. 

Folilcular development was induced using the long-acting 
gonadotrophin-releasing'hormone (GnR- analogue treatment (Caspi 
.etal., 1989). Briefly, Lc. admilitration of the GnRH anslog'ee 

Icuprolide acetatc was initiated on day 21 of the cycle at a dose of I 
mg per day until thin day, the dosebleeding occurred. From was 

reduced to 0.5 mg per day and coupled with the lm.adminktration 

of 300 IU of human menopausal gonadotrophin (HMG) per day for 


Human zona pellucida 

The retrieved oocyte were individually and mechanically denuded 

efcumul,,oells, washed In Haim's 1l0 medium containing 25 mM 

calcium lactate 25 mM NaHCO3,and then cultured in Ham'sand 

F10 containing 30% feul umbilical cord serum, 
 75 mg/I of both 

penicillin (125 625 IU/l) and streptomycin for 4 h at 371C in a 
humidified atmosphere containing 5% C0 prior to insemination in 

filtrtelizd and eatteated fr 1 h 

at .6"C 
IVFwas conducted using 100 000 capacitatod spermatozoa prepared 

as previously described (Bergcr.e aL, 1985). Sperm capacitadon was 
carried out in Ham's .r10medium containing 30% fetal umbilical 
cord serum, 75 mg/l of both penicillin (125 625 IU/l) and sreptomycin. 
The frst observation for signs of fertilizatiun was made 12 h 

following co-incubation of the spermatozoa and oocyte. Subsequent 

observations wc made every 12 h.In most cases the zona pellucida 

was isolated49-72 h a oocyt retrieval,the interval depending 

on how long the embryos were cultured prior to selection and transfer. 
Oocyte possessing the second polar body or displaying the presence 
of two psonucii were considered to be fertilized. In other instances, 
the,-xiapelicida was obtained from fertilized oocytes that developed 

at the 2-4-cetl 
A maximum of five morphologically normal embryos were trans

fend per cycle. Of those embryoa not transferred and that normally 
would have been destroyed, only those with clear signs of fertilization, 

but arrested stage. 

e.g. pronucleus formation, or those that cleaved to tie 2-cell stage
 

wer considered fertilized and used for zons pellucida isolation and
 

analysis. Following insemination, if the oocyts did not posse= a
 

second polar body or pronuclcus they were dened unfertilized and
 

were not tiansferred. These unfalsized ocytes were used for zoa
 

peucid isolation and analysis. 

Zona pailucida Isolation,blotinylationand solublllzatlon 
Intact, single zoos pellucida were isolated and washed as previously 
desibed (Kurasawa et aL, 1989). Each zona pellucida was placed 
in an individual microcentrifuge tube containing phosphatc-buffered 
saline (PBS)and then shipped to University of Pennsylvania, USA, 

for zoos pellucida analysis. Single monse pellucidae were biotinylated 
using the water soluble aulphostucinimidyl-6(biotinamldo) hexaxnoat 
(NIS-LC.Biotn, Pierce, IL, USA) as previously 4esc ibed for mouse 
zonse pellucd,. (Moos a aL., 1994). Both hiotinylted and non
bled zons pcllucidacwhich were used inthe klctin-based assay 

(see below), were solubilia-d by boiling in SDS sample buffer and 

material from-an Individual zons pellucida was loaded per lane and 

analysed bySDS-PAGE (Lacmmli 1970). In some exptiments, single 
zonse pellucida c were solublllzed under non-reducing conditions, half 
of the resulting volume was transferred to another tube and further 
boiledin the presence of 5% 2-mercaptoethanoL 

Detecion of zons pellucIda proteins following electo
phorvs2 
SDS-PAGE was performed in 9% slab gels according to the method 
of Lacmmli (1970). In two-dimensional SDS-PAGE, the first dimen
%ionwas run in the absence of reducing agents. Following electro

phoresis, strips of the gel containing glycoprotdins from an individual 
zoa pellucida were cut from the slab. boiled in SDS sample buffer 
with 5% 2-mercantoethanol, and then subjected to SDS-PAGE in the 
sacond dimension. Following clectrophoresis in the second dimension, 

2-4 days, depending on the patient's response in previous cycl,'L proteins were electrophoretically transferred onto an Immobilon P 

Thereafter, the dose of H1MG was reduced to 150 IU per day until 
the mean follicular diameter was 20 mm. Oocyte maturation was 
induced by the i.m. administration of 10 000 IU of human chorionic 
gonadotrophin (HCG) and oocyte retrieval was performed -36 h later 
under general anaes-thesia. 

menbranem (Millipore Corp Bedford, MA, USA) and the biotinylated 
proteins deected as previously descnbed (Moos etaL, 1994). When 
non-labelled zonae pellucidae were analysed, membranes with the 
electro-tinsfearx zona pellucid glycoproteins were incubated with 
I lig/ml botinylated wheat germof the N-acetylglucoaamin"pecifi5 
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agglutinin (WGA; Boehringer Manaheim, IN, USA) in 20 mM Tris-
HCI, pH 7-5,containlng 150 mM N&C, 0.05% lWeen 20, 1 mM 
MgCIZ I M MACI, %d I mM Caa 5 fa. I h, and the bound lectins 
were then detected using Vbctastain ABC kit (Vector Laboratorics, 
CA,USA) according to the manufacturer's iastructions. The bound 
avidin-peroxidase was detected using an Aersham ECL(Amcrsham, 
Arlington Heights, IL, USA) detection kit. 

Results
 

One-dimensional gel elecirophoretic analysis of 
human zona pellcIda 
Blotinylation of a single intact human zona pellucida from an 
unfertilized oocyte, followed by solubilization and analysis of 
one half of the sample each under non-reducing and reducing 
conditions is shown in Figure 1A Under non-reducing coidi-

/tions the huZP2 had an apparent M, - 100 000, wherea 3 
was r lved as multiple species of A - 62 000-65 000
(ZP3a) and M, - 55 000-60 000 (huZP3b) (lane 1); a minor 
band of M = 110 000 was also observed. Under reducing 
conditions, two major protein species of Mr = 110 000 and 
60 000-75 000 were observed (lane 2). These will be referred 

based on the nomenclatureto as huZP2 and huZP3 respectively, 
and the size of the huZP2 and huZP3 components of the 
mouse zona pellucida. It should be noted that in several 
instances, huZP3a and buZP3b could be distinguished under 
reducing codtiitions. These results using biotinylation are 
similar to those rep:ried by Shabanowitz and O'Rand (1988) 
using radio-iodination in that both huZ]7 and huZP3 were 

*detected and had similar molecular weights, and that huZP1 
was not detected. The inability to detect huZP1 by biotinylation 
was not surprising, since this method does not detect mouse 
ZP1 (Moos etat, 19 4). 

'Since the human zona pelucida binds a variety of lectins, 
including wheat germ agglutinin (WGA; Maymon etaL, 1994), 

...we,elected to 'use .WGA as a probe to detect comp-inents of 
the human zona pellucida following electrophoresis. As shown 
in Figure 1B following'gel electrophoresis under non-reducing 

,conditions, ovulated, unfertilized oocytes possessed huZPI,
 
huZP2, and huZP3sl3b of M, = 150 000, 110 000, 62 000
65 000/55 000-.60 000 respectively (lane 1). Under reducing
 
conditions, only huZP2 and huZP3a03b were detected (lane 3),
 
and huZ1P3ab showed the same retardation in electrophoretic
 
mobility observed following biotinylation and electrophoresis
 
under reducing conditions (Figure IA, lane 2..olowigng
 
fertilization, huZP2 and huZP3u/3b were detected under non
reducing conditions (lane 2), where4s under teducing condi-

ton.% only huZP3a and huZP3b were observed (lane 4. 

Two-dimensional reduction gel electrophoretic 
'analysis ofhuman zona pellucida 
a-alyisd t:hleast 

ince the detection (as well as the electrophoretic mobility~p 
/of the human zoas pellucida components depended upon the 
state of disulphide reduction, we analysed the zona pellucida 
from both unfertilized and fertilized oocytes by two-
dimensional reduction gel electrophoresis (Figure 2). Four 
components were detected in the zona pellucida from unfertil-
ized oocytes, and their electrophoretic mobilities were con-

Human zona pulucida 

F1ure . Cbemiluminesccnt detection of human zoaa pellucida 
proteins following ote-dimenslonal gel ekctrophoris. 
(A) Biotinylation method in which a single human zona pellucida 
from an uLtmnfeild eg was biotinylatJ and aolubllized. The
sample was then divlded.1n.half ad aubljectod to electrophoreasi
under n-"oeucg (ane 1) or ,educing (lae2) conditions. 
(B) Wheat germ agglutinin-(WGA)-bsscd assay in which a &ingle 
human zona pellucida from unfertilized eggs (lane I and 3) and 
fertilized eggs (lanes 2 and 4) was subjectcd to electrophoresis
under non-reducing conditions (lanes 1 and 2) or reducing
conditions (lanes 3 and 1). In these experiments -15-20 zonae
pellucidac were analysed. R prse-ntative czamples are shown. 

Figure 2. Cbemiluninswat Adtrtion of human zona peliucida
following two- eo reductlon gel elctrophorsia using
WGA. (A) A single human zooa pellucida isolated from an 
unfertilized egg. (B) A single human zona pellucida Isolated from a 
fertilized egg. he numbers (1, 2, 3a, and 3b) refer to huZPl, 
huZP2, hn2l a, and hu3b rcp ctively. In thse cxperimeats at 

two zonse pellucldac were analysed far each group. For
technical reasons the electrophortic mobilities of the zona 
p<llucida Ixoteins in the second dimension arc slightly retarded 
with respect to thoe of the molecular weight standards, since the 
zona pellucida glyooprotetna are applied to the second dimension 
witbin the polyac~la.nide gel, whereas the standards are insolution. The assignmeent of the zons pellucida glycoproteins Is 
based on their position following clectrophoreLs in the first 
dimension (non-reducing). 

I 
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sistent with the presence of a huZP1 dimer that contains change in ejther the amount or electrophorctic mobility of ZP3
intermolecular disulphide bonds, huZP2, and huZP3a/3b following fertilization (Bloil et aL. 1981). Shabanowitz and(Figure 2A). In contrast, only two species that corresponded O'Rand (1988) also reprled that following fertilization there 
to huZP3a and huZP3b were detected in the zona pcllucida are neither changes in the ecopboretic mobility nor the
from fertilized oocytes (Figure 2B). 

Discussion 

The detection of a species i4 the human zons pellucida with 
the electrophoretic properties that correspond to mouse ZPI 
using a lectin-based assay is consistent with presence of a 
gene in the human that is homologous to mouse ZPI. In 
addition, the presence of huZP2 and huZP3, who~e electro-
phoretic properties are similar to those ofmouse ZP2 and ZP3, 
suggests that the protein composition of the human zona 
pellucida is similar to that of the mouse, and this is -lso 
consistent with the presence of two genes in the human that 
are homologous to mouse ZP2 and ZP3 (Epifano and Dean, 
1994). Following fertilization, huZP1 is not detected. This 
contrasts with the mouse, in-which mouse ZP1 is present and 
is apparently unaltered following fertilization (Bleil et aL, 
1981). Since our assay for huma zona pellucida detection is 
lectin-based, and corical granu.s-.derived glycosidases are 
likely to be released following fertilization (Miller et aL,
1993), huZP1 may be present but its carbohydrate moiety(ies) 
modifies such that it is no longer recognized by WGA. 
Alternatively, cortical granule-derived proteases may degrade 
huZPl to forms that arm not detectable, 

Based on the electrophoretic mobility under reducing condi-
tions, the species that we call huZP2",appears to correspond to 
the 'protein that Shabanowltz" land Oand call ZPI 
(Shabanowitz and O'R-a .1988).: Folowing' fertilizatioa, 
huZF2 is apparently proteolyscd, such that it is not detected 
under reducing conditions (Figures lB lane 4, and 2B). A 
.similar loss of hurman ZP2 following fertilization was also 
reported by habanowitz an O'Rand (4988). In the mouse, 
-frtilition r.ultSnaproteolyticcleavageofZP2inwhich the 
two gfiagments are he!d~together by an intramolecujar 

- d sPhd._2 delected- under both non-e! and t te r 
nL t y thatreflect theproteolysed 

a non-pi r t mi te 
in fertilized acytes-only nder-non-roducing -conditions 
(Figure IB. lanT 3). Thus, fer tion of both the mouse 

U and.human o(ytes.,r,..ts.n.the. promt.lysis of lhe. huZP2 

:ou.ierparts that ihe '.rog .. tbirxnmolecular disulphide 


:bonds, but n'thehuman.thi. teolysis miy bemor extensive. 

"Thsmight ascuO"nt for our inability.to detect these fragments 

ai couildhave the gel and/or because thefs the iuuoff.fm' 
':.fmgients 'do' ht contai sutfcie amounts of carbohydrates 

.bedte.debY.,dG, ItLs'pisstble that glycosidases released 
folowing fertif lion hydrolyze sugars recognized by WGA 

iid hu, hizii not deteea, 
Both the biotinylatlon- and lectin-based assays detect two
 

forms of huZP3, Le. huZP3a and buZP3h, and fertilization 

apparently does not result in either a shift in electrophoretic 

mobility k the amount of either protein. This situation is 

similar to tat in the mouse in which there is no apparent 

amount of species that they term ZP2 and ZP3. Thus, we 
would suggest that the proteins that we ;call hu2P3a and 
huZP3b probably correspond to those that ShabanowitZ and 
O'Rand (1988) term ZP2 and ZP3 respectively.

DNA sequence analysis indicates that there is a substantial 
degree of conservation of the proteins that comprise the zona 
pellucida in mouse,'hamsser, and hunian. Nevertheless, there 
do appear to be significant differnces in the glycosylation of 
these polypeptides, since the lectin-based assay that we use 
for human zona pellucida using WGA does not detect zona 
pellucida proteins in either the mouse or the monkey (I.Moos, 
G.S.Kopfand RM.Schultr, unpubiisbed observations). Assum
ing that the conservation in DNA sequence of the different 
zona pellucida protein in diffecent species reflects conservation 
of biological function of that protein, a variability in glycosyl
ation of ZP3 probably reflects the basis for the species-specific 
interaction of spermatozoa with the zona pellucida. 

The results presented here may also have clinical relevance. 
The lectin-based assay is rapid and sensitive; it requires only 
a portion of an intact human zon pclludida.(J.Moos, G.S.Kopf
and R.M.Schultz, unpublished observations). Again, if the 
biological functions of the zona pellucida proteins of mouse 
and human are conserved, the proteolysis ofbuZP2 that follows 
fertilization may be indicative of zona pellucida modifications 
that could lead to a zona pellucida block to polyspermy. Thus, 
this assay fnr huZP2 conversion could provide a sensitive and 
rapid retropective analysis for the molecular basis for failed 
fertilization in IVF programmes. A high incidence of human 
zonac pellucidae containing proteolysed ZP2 may indicate 
ovulation pretocois or culture conditions that lead to a preco
cious loss of cortical granules. It should be noted that in the 
mouse, oocyte maturation is accompanied. by the limited 
relea.e of cortical granules (Ducibeila e.aL, 1990a) that, in 
the absence of the follicularmllicit (in viva)or media containing 

serum, follicular fluid, or fetuin (in viro) (Ducibella et aL,
1990a; Schroeder et aL, 1990; Kalab.c.aL 1993), leads to 
modifications of the zona pellucida that .constituto the zona 
pelucidablock to polysperimy (Ducibella et aL, 1990a). Such 
events could lead to metaphase l-arrsted oocyles of reduced 
fertilizablky. Ifa similar situation exists in the human, the 
knowledge &leaned from analysing the hman zona pellucida 
following unsucceasful IVF'could indicate deficiencies in the 
culture conditions us4d for the maturation of oocytes that 
have not reached metaphase II (Ducibella et aL, 1990b). 
Alternatively, such analyses may polnt to deficiencies in the 
ovulation induction protocols that give rise to aged metaphase 
I-arrested oocytes that have undergone. cortical granule 

exocytosis and the fertilizaticn-induced, modifications of the 
zona pellucida. 
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Potential Role of Mitogen-Activated Protein Kinase in Pronuclear Envelope Assembly 
and Disassembly Following Fertilization of Mouse Eggs' 

" " Jiri Moos,APablo E. Visconti, Grace D. Moore,4 Richard M. Schuhz,3 and Gregory S. Kopf2 '4 

Depallment ofBiolcq),iJ ad Div'ision qfReproductiveBiolog'y4 

Department of Obstettics ald Gynecolog,, ltJnit.enxit',of I'enns),ania, lbiladelphia,Pensyjlvania 

ABSTRACT
 
Changes inthe activities of the p34"" 5/cyclin B complex and mitogen-activated protein (MAP) kinase were analyzed after insemination 

of mouse eggs invitro. Whereas histone HI kinase activity (p34cdI/cyclin B)fell to negligible levels by 90 min postinsemination, adecrease 
to negligible levels of myelin basic protein kinase activity (i.e., MAP kinase) was not observed until about 7 h postinsemination. The 
decrease in MAP kinase activity appeared to be linked to the prior decline in p34'"'/cyclin B kinase activity, since inhibiting the fertilization
induced destruction of cyclin B by treating eggs with the microtubule inhibitor nocodazole prevented the decrease in each of these protein 
kinases; an intact spindle is required for cyclin destruction. Moreover, experimental elevation of MAP kinase activity by okadaic acid 
treatment under conditions that maintain negligible levels of p34')"/cyclin B kinase activity suggested that MAP kinase could be involved 
in pronuclear envelope dynamics. Specifically, preventing the fertilization-induced decrease in MAP kinase activity was correlated with 
inhibiting pronucleus formation, and elevating MAP kinase activity subsequent to pronucleus formation resulted inprecocious pronuclear 
envelope breakdown prior to entry into M phase. 

INTRODUCTION vated levels of MPF activity 161and hence ,nay be responsible 
The interaction and fusion o4tlie plastna menibranes of t r nit lphase It arrest [71; this point, however, iscontrover

the i lianl pe ti l and l- lti- H. A position of CSF is unknown,lnatn tt ctaplrse areste r! egg sial tlo gh the exact co tM 

mately gives rise It, ascries of cclhiIar rct)nses ill tle egg c-mos is likely to be aconsponent 17,91. 
that is rcqtircd (" the exit frn littplhase tIand tihe ini- The felrtilization-induccd rise in intr;tcellular calcium 
ttatittti of ciiliryonic dcvelopnienc. 'ies respotnses occur Icads tt the destruiction of tie cyclm colnipoit of MI'F 
in :atenlptirtl lrashiot and includC a transient rise iti intra- 110, 11]. Cyclin destruction rsills in a loss of tile histlnc 
cllular calciunt cttticenlration [11. wlich lea3ds to cortical III kinase activity of MIPF that, in turn, leads to an exit frim 

granule exOcytosis and subSequletlt zon: pI)lucida (ZP) M phase. Although lertilizalion1 is also acconpanied by a 
liidifications, rcsultription of rociosis (and the cell cycle), loss of CSF activity 1121, tIre loss of NIPF activity as assessed 

recrtlitenit 1'imaternal nlRNAs 121,pronucleuts (ItN) fIo-- by cyclin destruction precedes tie loss of CSF activity as 
iation and initition of I)NA synthesis, and clca\v:)ge. The assessed by c-runs destruction 1131. 
process by which the second neirotic cell cycle is comtipleted Mitogen-activated protein kinase (MAP kinase) repre
and [re tittic cell cycle is initiated after fertilization is sents an additional protein kinarse that appears to be in
p011 Understood at te niolecullar level. vilved in signaling pathways regulating the cell cycle (for 

lil cLontrast to sonialic cells, which itiiiediately enter in- review see [141). MAP kinases represent a f:rnily of protein
terphase after rnitosis, oocytes of tiary species, including the kinases of Al, 40 000 to A,46 000 that are activated after the 
tiiouse, arrest at ntetaphase I1 after restiniption of leiosis. phosphorylation of nearby threonine ;tnd tyrosine residues 
This arrest isdcue to at least two Iactors-M-pliase prorioting lay MAP kinase [14, 151. Inactivation of MAP kinase is essen
factor (NliPF) mtrd cyrostatic factor (CSF) 131.MPF is acotuplex tially complete after the depliosphorylat ion of either of 
ttf cyclit Il/12 atid the p34 1d protein kinase and displays these residues. 
a cyclic activity that peaks at metaphase [4. The MPF-asso- MAP kinase is inactivated after ethanol activation of 
cated protein kinase activity isalso referred to as histone H1 mouse eggs, and this inactivation follows the decrease in 
kinase, since this enzyme displays a pronounced activity to- p34"l'/cyclin 13kinase activity 1161. It should be noted that 
wards this suhstrate [51. CSF is postulated Io maintain ele- the decrease in MAP kinase correlates temporally with the 

formation of aPN. In this report, we explore the possibility 
A-tpttdljay I,1'i that the decrease in p34"'k/cyclin B kinase activity follow
limi..d reln,ary 21,I19)5 ing fertilization is requisite foir the decrease in MAP kinase 
'iiii m-jicl ie-a . t %lt Ill) 22732 it G(SK an.] H.f.S.ssip oel)nt y gris frtin 

111)0274 itoGSK, and tll 22651 oitt S ) J1 3 sj upfxned b)i ie Agencyftr Inter- activity and that activated MAP kinase is incompatible with 
naitinal lileopietn (12061D G lt1) anti Il\ % ,creupilmed tile presence of a nuclear envelope. We eletnonstrate thaby tiltckefeller 
f,xniat,,,n. nocodazole treatment, which inhibits the fertilization-in

"C~ff0SoJndente Gregory S Ko)pf, D/ivisio)n oflkepfcttne flilogy,. M-irtitient (ifOlvient%,nd ;ynel.i', 5 qtn, iit Norgin htnldtotng h f ediin¢ lnni.er- duced decrease in p34"2/cyclin 1 kinase activity by pre
sny if I'n-itnisItii. Iliadelphu. PA19101- ) I.X t121) 3 i- 11t venting cyclin destruction 1171, prevents tie decrease in 
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utree eggsweretranserrd lof a h iae the supernatant (15 I.) were spotted onto 2 X 2-cit squares35into pproprionconn
culture mediut into 3.5 l (If a solution containing 10 -g/ of phosphocellulose P81 paper (Whatman, Clifton, NJ) and 

IAt' KINASE ACTIVITY 

MIAP kinase activity that normally occurs after fertilization. 
We also show that treatment of fertilized eggs containing a 
PN with okadaic acid (OA) under conditions that maintain 
low levels of p3.il'12/cyclin 13kinase activity results in both 
the activation of MIAP kinase activity and precocious pro-
nuclear envelope breakdown. 

MATERIALS AND METHODS 

Collection of.11use tiXs anI Ow-Cell Enibt')s 

Ovulated tuetaplase l-arrested eggs were isolated from 
superovulated 6-wk-old CF-1 (Harlan Sprague Daw,\ley, In-

dianapolis, IN) female mice. For all experiments, the iso-
1-arestd egs fomlate an wahednicuphae he if-lated and washed metaphase Il-arrested eggs fromt the dif-

fernt ninalswer apropiatpoledbeoreuseill(li
ferent animals were pooled before use in the appropriaIte 
assays. aggs obtained by injection 5 fU eCG Calwere o 
l~ioelhem, l.a Jolla, CA), followed by an injection of 5:U hCG 

(SigC ia., lie licl t. oui, I10)-i8h kter Th inact(Sigmi h later. The intacta Chemical Co., St. Lou is,MO) .iS 

cuinulus-oocyte comCplexes w%'ererecovered 13-16 h after 
hCG injection. Cutulus cells were dispersed in 0.05% by-
ahiuronidase-su ppleinented bicarbonate-fre nii:I essen-

tialmedium (Earle's salts; Sigma) containing 100 p.g/mIlpy-
ruvate and 3 mg/il polyvinylpyrrolidone and buffered with 
25 m. II FI'EPS (Sigmia), p11 7.2. Eggs were washed in the 
sat' Ined in in without IIVauronidse and transferred into 
Wlitten's iedlinumt 1181 Iltainilig 15 tog/il B.SA h*rin vitro 
IClrtilizatior (IV Eggs in Whit-)Ispreviously described [1)]. 
ten's mediul were ilixed with epididvinal and capacitated 

spLrmnatozoa in the same medium to a fin:concmentration 
(12500 sper ta z1ia/,tl for IVF. In sonic experiments, tile 
ZI' was reiioved by treatient with acidic Tyrode's solution 
1201prior to IVF.Treatment of eggs and embryos with no-
codazole was carried out as reported [17). 

Itistone Ill Kinase ,.-ssay 

Three eggs ere transferred in 1.5 il f the approprite 
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fer to a final concentration of 500 pCi/mIl. Five microliters 
of this solution was then mixed with 5plof the egg extract. 
The samples w.,,ere incubated for 30 main at 30'C, the reaction 
was stopped by the addition of SDS-sanple buffer 1211, and 
the samples were boiled for 3 mun. After SDS-P'AGE (100/o 
gel), the gel was stained with Coomassie R-250 dye, de
stained, and dried. Alter autoradiography, the histone bands 
were cut front the gel, and the radioactivity was quantified 
by liquid scintillation counting. The assay was linear for up 
to 111,and the extract from only 3 eggs was required (Fig. 
1,Aand 11).In some experiments, apeptide substrate based 
on the p3,P- '/cyclin 1 complex phosphorylation site in histn l P RARIh hroiepopoyatnst 

io ne cal tate piotehology, i,
is underlined]; catalog #12127, Upstate Biotechnology, Inc.,
Lk lcd Y a sdisedo itn I h 
Lke Placid, NY) was used instead of histone F11. Tile 
method for quantifying the amount of phosphorylation of 
th peptiwe was essentially the same as that described be
o o iei ai rten(II)kns ciiy
low for nmyelin basic protein (MIBP)kinase activity. 

,
 
Eggs and embryos were aliquoted and processed, and the 

reaction was run as described for the histone II1Ikinase assay. 
Concentrated (double-strength) MB11P kinase buffer contained 
.iO11M [3-glycerophosphate, 2 mM ditlhiothreitol, 0.2 mMNIso
diuin oilI ova nad:tte, 4 11NP leu-I EGTA, i0 mN I MgCI, 10 pg/mI 

peptir, 10 p/idl aprotinin, 0.6 iM,"
A 'P, and I niNt myclin ba
sic pr0otein-deriCd pepLide substrate (AIRTI"GRR (the 
threonine phosplhorylation site is underlined, and the itali
cized sequence (corresponds to amino acids 95-98 of MBP; 
the rest of the sequence does not correspond to that of MBP]; 
catalog #12125, Upstate Biotechnology, !nc.), and 40 mM FIE-
PES, p-I 7.-i. The samples were incubated for 30 ruin at 30 C, 
and the reaction was then stopped by addition of 15p1 of 20% 
trichloroacetic acid (TCA). BSA (5 ilof a 10-,ig/tnil solution) 
was added, protein was precipitated for 10 rin on ice, and the 

saple then centrifuged at 10 000 X g for 6 rin. Aliquots of 

tl leupeptin, 10 -Pg/tl tprotinin, 10 mM p-nitrophenyl 

phispiaate, n -GTyeoTheite, 0.e1tM sodium or-
tiovanadate, and 5 st EGtA. The eggs were immediately 
frozen in dry ice and stored at - 80°C until the assay was 

perfort4ed. Concentrated (doulle-strenth) histone 11ki-nase buffer (2-4 tM p-nitrophienyl phosphate, 9)0ruM [-gly-

24 mM EGA, 0.2 mM EDTA,cerophosphate, 2i tnNI MgCI, 


-i.6 tnM sodium orthovanadate, 4 mM NaF. 1.6 tnM dithiodi
reitol, 60 pg/il leupeptin, 60 pg/tnl aprotinin, 2 mg/nil of 


polyvinyl alcoltol, 2 mg/mIl histone [III-S,
Sigtma Chemical 
Company, St. L.ouis, MO], 2.2 pM protein kinase A inhibitor 
peptide [Sigma), 0.6 mMl AI'P, ,iOtM 3-(n-norpho-
lino)propanesulfonic acid) [NIOPSI, pt1 7.2) was aliquoted 
and frozc-n at - 80'C. Inmediately before the assay, 1321)-
yIATP (3000 Ci/rumol; Atnersham Corp. Arlington Ileights, 
I1.)was added to the d uble-st rengthI histone Ill kinase buf-

immediately itmtmersed in about 500 til of 0.75 mM phos

phoric acid forat least 5 in.The 1I81 paper squares were then 
washed 5 tines (5 tmin per wash) with 0.75 niM phosphoric 
acid and then immediately subjected to liquid scintillation 

counting. The assay was linear for up to I h,and the extractfront only 3 eggs was required (Fig. 1C). 

Electrophoresis andIntuuoblotting 

Sl)S-PAGE was performed on 10% slab gels according to 
the method of Liemmli 1211. Proteins were electrophoreti
cally transferred to Imnobilon I) (Millipore Corp., Bedford, 
MA) and imnumnostained as previously described [22] by use 
of the Amersharn ECL Western blotting detection system ac
cording the Manufacturer's instrtctions. Monoclonal and 
polyclonal antibodies against p-i2 and p-il MAP kinase (po
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FIG.1. Relationship between product formation and time with respect to histone 
Hi kinase and MBP kinase activities. Ass3ys for histone HI kinase and MBP kinase 
were performed asdescribed under Materials and Methods. A)Autoradiogram of 
radiolabeled histone Hi phosphorylated by extracts of metaphase i-arrested eggs 
for times indicated. Assay was runin triplicate asshown. B)Graphic representation 
of data shown in A. C)Time cuarse of pnosphorylation of MBP peptide in which 
assay was performed induplicate. 

lyclonal, catalog #06182; ionoclonal, catalog #05157), cy-
din 01 (ntionoclonal, catalog #05158), and cdc2 (polyclonal, 
catalog #06194) were purchased from Upstate Biotechno-
logy, Inc. Forty eggs or eml,yos were loaded per lane. The 
ZP2 to ZP2 conversion was monitored as previously de-

0 50 

2 

0 

0 4 8 12 16 20 

time (h) 
FIG. 2. Time courses ofhistone HIand MBP kinase activities during first cellcycle. 
After insemination in vitro, histone H1kinase (solidcircles) and MBP kinase (open 
circles) activities were assayed at times indicated. Data are expresed relative to
respective mean forhistone Hi kinase activity orMIBPkinas, activity present inmetaphase I-arrested eggs; this value was set at 100%.Time course was performed 
3 times. For each time point in each experiment, at least two replicates were as. 

sayed. Arrow indicates time of cell division. Average "5EM of mean value for all 
experiments was approximately 10%. 

scribed [231 wvithuse of a r;tbbit polyclonal antiserum made 
purified mouse ZP2; this antiseumm recognizes both 

ZP2 and ZP2t . 

RESULTS 

TenporalChanges in HistoneHI and AMBP Kinase 

Activities FollowingFertilization 

Fertilization of ZP-intact eggs resulted in a decrease in 
both histone Hi and MBP kinase activities (Fig. 2), although 
the decrease in histone H1 kinase preceded the decrease in 
MBP kinase. Whereas histone H1 kinase was virtually un
detectable by 3 11after insemination, 50% of the MBP kinase 

activity was still present and could be detected for up to 7
Ihafter insemination. This decrease in MBP kinase activity
correlated with both the change in electrophoretic mobility 

of MAP kinase to the inactive, dephosphorylated form (Fig. 
3) and the appearance of a PN, which formed 5-7 h after 
insemination. Each of these activities showed a transient 
increase starting around 17 hafter insemination (Fig. 2), and 
this corresponded with entry into M phase, which normally 
Occurs between 18-20 Ihafter insemination. It was observed 
that relative to the amount of activity for each enzyme in 
metaphase l-arrested eggs, the increase in MBP kinase ac

\LI
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FIG.3. Immunoblots of MAP kinase at different times after insemination. Meta- .2 1.5o
 
phase I-arrested eggs were fertilized in vitro, eggs/embryos were withdrawn at 0
 
various times after insemination, and extracts were prepared and analyzed by im- 0 100
 
munoblotting with anti-MAP kinase antibody with 30eggs/embryos used per lane.
 
Lane 1,MAP kinase in MII-arrested eggs; lanes 2-8, blots at 5, 7,9, 11, 17,19,and
 
21 h postinsemination, respectively. At21h,the embryos had cleaved to 2-cell stage 50
 
(lane 8).Transition of phosphorylated, slower migrating form of MAP kinase to
wards its dephosphorylated, faster migrating form was observed to occur by7 h I
 
postinseminaion (lane 3).Experiment was conducted twice, with similar results. 0
 

1*/0, ', , ,, , 
XVV 


tivity (20-3 ) vas always significantly less than tile in-
X 
" 

O 


c'ease in histone III kinase activity (50-100 . ResuIts 	of
 
'
" innutinodepletion experiments ising antibodies to p3id 

and cyclinl I indicated that te increase in N1131'kinase
 
activity N%;rsdue ;rotile ahility of p3-i'' t 2/cyclin 13kinatse to B 1 2 3 4 5 6 7
 

plitn spiorviate the pept ide Stthst ratt Used to tueatiure .MillP ZP2
kinase ;tctivity (data not sIIown). Consiste2nt with the con- •W:'
 
ctision that MAP kinase activity did not increase during this ZP2f-
titte wts tite observation tIhat MAP kinase remained tie-
 I 
piosphorylatt-d during this time (Fig. 3, lanes 6-8). 

(Jrot1t'Cs inY I- th' (it. /it llte LII' Kolase,.ltit'titt" CCl Cyclin BI p42 MAP 
old.1lod(/icatiot(fib,'ZP 1 2 3 4 5 1 2 3

An intact spindle appears to he reqintired for cyclin 13de
struction, since ttocodazole-induCei disrtption of tile spin
tile inihits cyclin IBdegradation in tnetalphtse li-arrested 
eggs 1171. If tie tecre~te in p3T'" /cyclin BIkinatse actiity FIG 4 Effect of nocodazole on histone Hi kinase activity, cyclin B1accumulation, 
is retutisite for (tie iecrease in MAP kinase activity, nocod- MAP kinase phosphorylation, and ZP2to ZP21conversion. A)Histone Htkinase 
izole treatment of rnetapiase ll-arrested eggs should inhibit activity inovulated eggs (E)or in in vitro-fertilized eggs (FE)was analyzed after 10 
tile fertilizaition-induced decreases in both p3-('''/!yclin 1 fhof incubation inabsence or presence of 10pM nocodazole (N).Insome experi

ments, unfertilized eggs (E10 h)or inseminated egg% were incubated for 4 h in kit,;tse and MAI' kinase activities. presence (FE4h N + 6h)or absence (FE4h + f6hN)of nocodazole, transferred to 
As tnticipatted, culture of netphl.ase II-arrested eggs in fresh medium with FE4h + 6hNIor without (FE4h N + 6h) nocodazole, and then 

ntsold.tztle restlted in an increase in histotte III kinase incubated for additional 6 h.Some eggs (E10h + N)or inseminated eggs (FE10h 
+ N)were continuously incubated in the presence of nocodazole for 10h.Experitactivity (since tycin 13synthesis continuLs blt iegrattition mont was performed twice, and for each sample in each experiment, assay was 

is indhited), ntd inseninittion of eggs in the presence of performed inquadruplicate. Data are expressed as mean t SEM. B)Effect of no
li ctodazrrle restltetd in MIltinhibition of tile fertilizattion-in- codazole treatment on fertilization-induced ZP2to ZP21conversion, Shown are im

munoblots probed with polyclonal antiserum to ZP2 for presence of ZP2(upperuticed decrease in histone III kinase activity (Fig. -iA), as bandl or its proteolyzed form ZP2,(ower bandl. Lanes 1-7 correspond to bars inA 
.ell ;ts IPN formation (dita not slov.'n). In contrast, addition labeled E, E 1Oh,etc., respectively. Experiment was performed three times, with 

(if ntctodaznle -i I tfte r inselintion, ;t tinle at wIich his- similar results; representative example shown. C) Immunoblots probed for either 
cyclin 81or MAP kinase. Cyclin 81: lanes 1-3, conditions used for first three barstone I I I kinase activity had already decreased (Fig. 2), net- inA.i.e., E,E 1Oh,and E 1Oh + N, respectively; lane 4, extracts prepared from 

ther elevated histtne 111 kinase activity (Fig. 4A) nor inhih- inseminated eggs continuously cultured in the presence of nocodazole for 1Oh (FE 
ited I)N fortnatitn (dat not shown). It shotltd he noted that 1OhNI;lane 5, fertilized eggs collected 1O h after insemination (FE10hr. p42 MAP:

lane 1,MAP kinase in eggs fertilized in presence of nocodazole; lanes 2 and 3,laser-scanning confocal mticroscopy of rinetatphase II-ar-	 conditions used inA for FE4h + f1hN and FE4h N + 6h. Only embryos used in 
rested eggs cUtlttred in tile ;hsence of nocodznle and 	 lane 2showed developed pronuclei. Experiment was performed three times, with 
st;rineti With ;tn1ti-tUlrtuill atntihbodies revealed tlte presence 	 similar results; representative example shown. Apparent lack of correlation be

tween drop inhisrone HI kinase activity ineggs incubated tr 10h (Aland dramaticof";( t intact spindle, whtere;as tnfertilized eggs tretted with decrease in immunoreactive cyclin 01(C)appears because A represents average 
nocold;zole did not [i~ve a spindle (d; not shomnwn). It of several experiments, whereas only result-, of one experiment are shown inC. 

/ 
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FIG. 5. Immunoblot of MAP kinase from inseminated eggs treated with OA.Lane 
1, extracts prepared from metaphase Il-arrested eggs; lane 2, extracts prepared 

from fertilized eggs 8 h postinsemination; lane 3, extracts prepared from eggs to 
which CA was added 5 h postinsemination and then cultured for additional 7 h; 
lane 4, extracts prepared from eggs to which OA was added 8 h postinsemination 
and then cultured for additional 4h. At 5 h postinsemination, eggs had emitted 2nd 

polar body but did not contain visible PN. At 8 h postinsemination 80% of eggs 

contained visible PN.Experiment wasperformed twice, with similar results. 

should also be noted that tile effect of nocodazole (Fig. 4, 
panel A, FE 4lh N + 6 Is) wNas reversible, since removal of 
nocodazole bly extensive vashing resulted in resLmption of 
normal development as assessed by atdecrease in histone 
III kinase activity, deplhosplsorylat ion of MAI kinase, and 
PN fortmation (data not shown). 

The effect of nocodazole to block the reduc tion in his-

FIG.6. Photomicrographs of (A)fertilized eggs cultured for 12h or (8 fertilized 

eggs cultured for 8 h, at which time OA wasadded and eggs were cultured addi-

tional 4 h. When OAwas added at B h postinsemination, all eggs had PN. 

A 
~ ~1000 

C E 
". W 
.- 0 

E 5 
c .

0 0 

I. 

0 
5 8 12 12 + OA 

time post-insemination (h) 

B 1 2345 

FIG.7. Effect of OAon histone HI Kinase activity, MBP kinase activity, and phos
phorylation state of MAP kinase. A)Fertilized eggs were assayed for either MBP
 
kinase activity (solid bars)or histone HI kinase activity (open bars)at times after
 

insemination indicated. In one sample, OA was added 8 h after insemination and 
eggs were cultured additional 4 h (12 + OA). In each experiment cycloheximide 
was added (final concentration of 10 pig/ml)5 h postinsemination. Experiment was 
performed three times, and for each experiment assay was performed in duplicate. 
Data are expressed as mean ± SEM. 8) Immunoblot of extracts probed for MAP 
kinase. Lane 1, extracts prepared from fertilized eggs 5 h postinsemination; lane 2, 
extracts prepared from fertilized eggs cultured 8h postinsemination; lane 3, extracts 
prepared from fertilized eggs cultured 12 h postinsemination; lane 4, extracts pre

pared from fertilized eggs caltared for 8 h, at which time OAwanadded and eggs 
were cultured additional 4 h. In each case, cycloheximide was added 5 h postin

semination. Lane 5, fertilized eggs cultured for 12h postinsemination in absence 
of cycloheximide. Eggsused for lanes 2, 3, and 5developed pronuclei. Experiment 
was conducted three times, with similar results; representative experiment shown. 

(one HI kinase activity in fertilized eggs was apparently diC 
to inhibition of cyclin Bdestruction (Fig. 4C, lanes 4 and 5). 
It should be noted tlsat consistent with the changes in lhis
tone HI kinase in metaphase Il-arrested eggs cultured in 
either the absence or presence of nocodazole vere parallel 
changes in the atnount of cyclin 11 (Fig. 4C, lanes 1-3); 
tiis is similar to that observed by Kubiak et al. [17].

It is possible that thse nocodazole-treated and insemi
nt es tbstidie nt t b decrease in is n 
Dated eggs that did not display the decrease in histone 1-11 
kinase activity were, in fact, not fertilized. To exclude this 

i 
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possibility, we examined the effect of nocodazole treatment 
of inseminated eggs on the conversion of the ZI1 glycopro-
tein ZP2 to its postfertilization form ZP2. This modification 
is due to proteolysis and can be detected as an electropho-
retic nobility shift under reducing conditions [2-il. Nocod-
azole treatment of inseminated eggs did not inhibit the 
sperm-induced ZP2 to ZP2f conversion (Fig. -dl), which 
occurs as a consequence of cortical granule exocytosis that 
normally accompanies fertilization. This demonstrates that 
nocodazole most likely did not inhibit fertilization, 

Nocodazole also blocked the fertilization-induced de-
lphosplorylktion of MAP kinase (Fig. -iC). Continuous cul 
ture of inseminated eggs for 10 h in nocodazole prevented 
the clectrophoretic shift in MAP kinase that indicates MAP 
kinasC inactivation (Fig. ,iC, Line 1). Culture of inseminated 
eggs fir .i h in tile absence 0f nocoda zole, a time during 
which histone HI kinase activity had decreased but MAP 
kinase rem:ined piosphorylated (see Fig. 3), followed by 
inl a tiln in nocoda zole for 6 11 resulted in the elect ro-
phoretic shift in MAP kinase (Fig. iC, lane 2) and PN for-
mation (idatia nt shown), Inl contrast, cultuItre of inscin inated 
eggs for -i in the presence of nocodazole prior to transfer 
to nocodazole-free medium1 for f Ii inhibited both the shift 
in electri iploretic mobility of MAP kinase (Fig. iC, lane 3) 
and I'N ' irilMation (data not sin ,n . 

(,tIcti /0,1A it .1L.111 Kimnti' .ttl'tlad il'otclm.ar 
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Tr'.%lutent of fertilized eggs that cita in pronuclci With 
the p'rtein phospliatase inhibitor OA results in precocious 
pronuclear envelope breakdown, i.e., pronuclear envelope 
bretkdvn prior to M plise 125]. It seemed unlikely that 
reactivatiin of histone Ill kinase, vhicli is low at this time 
(Fig. 2), by OA was respoisible for OA-induced pronutclear 
envclope breakdown, since OA inhibits protein synthesis [251 
and this would prevent the a1ccumulation of cyclin 13that is 
retlired for activation Of cdc2. Thus, it seens likely that an-
other protein kinase was implicated in OA-induLced proni-
clear envelope breakdovn. We examined whether NMAP ki-
nise was a candidate since : decrease in ,IAP kinase activity 
ctirrelates with nuclear envelope formation (Fig. 3), and we 
reatsonel that high levels of MAP kinase activity were per-
haps incmpatible with the presence of a nuclear envelope. 

As demonstrated above, fertilized eggs containing a PN 
have a MAP kinase that exhibits an increased electropho-
retie mtbility relative to unfertilized eggs (Fig. 5, lanes 1 
and 2). Addition of GA 5 Ii after insemination, a time when 
a PN was nt present, followed by culture for an additional 
3 11,at which time pronuclei were present in control insetut-
inated eggs, inhibited MAP kinase dephspltorylation (Fig. 
5, lane 3) and PN forination (data not shown). Addition of 
OA 8 h alter insemination, when a IPN is present and MAP 
kinase is tlepl)isphol,1rated, ft 1owed by Culture for ant ad-

ditional 4 h resulted in the rephosphorylation of MAP kinase 
(Fig. 5, lane 4) and pronuclear envelope breakdown (Fig. 
6). Consistent with this latter result was the observation that 
OA treatment of eggs containing a PN resulted in an in
crease in MBBP kinase activity, rephospho-lation of MAP 
kinase, and pronuclear envelope breakdown, and that this 
increase occurred in the absence of a reactivation of histone 
H I kinase activity (Fig. 7A). To ensure that reactivation of 
p3-i" ' could not occur during OA treatment, the fertilized 
eggs were also cultured in the presence of cycloheximide, 
which would prevent tht accumulation of cyclin 13and the 
subsequent activation of p3-H " z. 

The fertilization-induced dephosphorylation of MAP ki
nase occurred in the presence (Fig. 713, lanes 1-3) or the 
absence of cycloheximide (Fig. 711, lane 5); cycloheximide 
does not inhibit P'N formation [261. Moreover, in the pres
emice of cycloheximide, OA induced a decrease in the dcec
troiphoreic mobility of MA!' kinase (Fig. 713, lane 4), and 
this was consistent with the increase in NIBP kinase activity. 
Taken together, results of these experiments suggest a role 
for INIAP kinase in pronouclear envelope assembly and dis
assembly. 

DISCUSSION 
\''e report that inhibition of tlie fertilization-induced de

crease in p34'dL/cyclin IBkinase activity is correlated with
inhibition of the decline in MAI kinase activity. \Ve also 
olbserve that maintaining an elevated level of MAP kinase 

activity is incompatible with the presence of a nuclear en
elope; i.e., maintaining an elevated level of MAP kinase 

activity inhibits PN formiation, and activating MAP kinase 
subsequent to PN formation results in precocious pronm
clear envelope breakdown. This suggests that NMAP kinase 
may play a role in nuclear envelope dynamics. 

In an attempt to dissociate the decrease in MAP kinase 
activity from that of p34""/cyclin 13 kinase activity, we 
treated both mnetaphase lI-arrested eggs and inseminated 
eggs with nocodazole. Treatment of metaphase ll-arrested 
eggs with nocodazole resulted in an increase in histone III 
kinase activity, and this increase in activity appeared to be 
due to an accumulation of cyclin 1I protein. This obser
vation is consistent with the continuous synthesis of cyclin 
11and de requirement for an intact spindle ftr cyclin 13 
degradation 1171. As anticipated, insemination of nocoda
zole-treated eggs prevented the decrease in p34 c 

2/cyclin 
I! activity but also the decrease in MAP kinase activity as 
assessed by its inability to be dephosphorylated. This in
ability to dissociate the decrease in MAI) kinase friom that 
of p34""k/cyclin kinase suggests that the decrease in MAI' 
kinase activity is contingent upon the decrease in p34" 2/ 
cyclin kinase; the mechanism by which changes in these 
two enzyme activities are linked is unclear. It should be 
noted, however, that some events if egg activation (cell 

http:il'otclm.ar
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cycle resumption, cortical granule exocytosis, IlolbilizatiOn REFERENCES
 
of maternal mRNA) can be uncoupled from one another. 1,Mr'azaki S,Shirakatsa
I. Nakada K,Honda Y.hssenial role of the inosirol 1,4,S.tris. 
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release riannel it Ca

" 
waces andCat oscillations atfenil

mient of inseminated eggs blocks cell cycle resumption, cor- ization of manimalian eggs.Iks' liol 1)33,15862-78, 
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activation is consistent with our previous reports 126-281. 3 hlasui Y,Markent
C Cyloplaisiccontrol of nuLear Ixhailot durng neiioticarieuralion 

Iffrog ticytes j LopZ l 1971,177.129- H5The must intriguing result in the present report is the 
4 Gautier J, liishuill J, olika t. Gloier M. Hunr1, Maller JL Cyclin is a cotpoent of 

observation that inhibiting tile fertilization-induced de- nauriraition-Ironrungfactor fro Xenripus. CellV9, 60 87-i9. 
crease in MAlt kinase activity by OA treat ment is correlated S JI.PurifiedGautier J,Nrnbury C, luiikaNi,Nure V,tMaller Maturation-prormoting factor 
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down, i.e., pronLIclear envelope breakdown prior to M 7. Sigraa N, \Vataali. N,\ine \\oude GF,tkai Y. Ilte u-ri proto-oncogene piXltuct 
is a qiltatic factourtesponstblefor irekinc anest Ili eticirate eggs. Nature 1919; 

phase. It must Ie stressed that these changes in MAP kinase 31t2.512-518 
activity and nuclear envelope blehtavior occur at a time when 8 Nliit.i Alt,IHuntT h'lieciros piollu cogene protein kinaseturns on andiaintains 

,-rnc2yc- . the acritry of MAPkiiase. but notMITi,in cell-free extractsof Xenopus io'Iles and 
p3-t icctn actiity tnd experimentaly gs 1MIIOJ93kintse is lo 113,121979-19,&n, 
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lnrrce 

ABS'I' ACT Previously, we showed that the go INTROI)UCTION 
nadotropn-nduced expansion of bovine crrnolus opho (ionadatropin-induc'1 Cumulu.lS expansion, a riocess 
rus occurs concomitantly with the rearranigemient of micro- necessar'y For the release et uiatlld Inallnnalj niioticyte 
filaments (MFs) inside CLiultIs cell cytoplasm (Lltovsky into tile oviduct, is lelieved to arise from the increased 
et al., 1993: Biol Reprod 49 12T/- 1287; Sot ovsk, et al.. deposition of cumrlahls extracelluhilr na trix (IECMNI en
1994: Reprod Nutl Dev 34:415-425) ard that cumulus riched by hyaluran iCacid IIA; I)ekel et al., 1979; Elp
expansion incattle is acconpanted by the increased ex pig, 1979; Saluistri et al., 1992). Although cumulus ex
pression of extracellular matrix (ECM) glycoprotens lanl- pansion in mice reqtuires all ooeyte-secreted expansion 
nin and type IV collagen as well as of their actiii-linked elaling factor (Butcione et al., 1,990; Sallstri et at., 
membrane receptors, integri Stibunits i-6 and 13-1 I99), thli.xais not iecessary' for cumuflus expansion in 
(Sutovsky arid Motlik. 1994) The present study was ider pig and cattle (Proclhirzka et all., 1991; Mottk et al., 
taken to determine the spatial and temporal relationship unpUblished data). The rissehly at cunuluis ECM de
between cytoskeletal rearrangeimeit tnd [CM synthesis reids upon stabilizing lretoris) present ill follicular 
durirrg CLIniLIS expansion Llsing' election nucroscopy aitd t'luid and al.so found in fetid bovine serain, an essential 
confocal (LSCM) corvetilonral micros Cmnl) frenrtarid fliorescence of'rr'dia used fIor in vitro culture of iar
copy, we coir/paied the e:q.pression of the above Integrins oral till ooc'te rnCUscrrirrS (JCXs; CnlirriOlliC ,jrlo]exes 
and ECM proteins and the reariaigernent of cytoskeleton it al., 1993; Chen et at., 1992i . In lire with these data, it 
in the gonadotroplin stiiulated bovine oocyte crirttltis Was shown that CUirnltis uxlrairsionr Cn Ire blocked by 
complexes (OCCs) with those enxposed to gonadotrop i-(liazo-5-oxo-I,-nrtileaciii I ION), a compound prevent

-stimLUlatioir and to ECM syllithesls ilhbitor 6 ciazo 5-oxo-U ilngTthe synthesis f'prrterglycnii and glycr.rTnrteir tre 
norleucin (DON), or MF-dlsoi ganlzirg drug cylochalasin B cursor N-acetyl-glucosarine Chen et al., 1990). Iner
(CB). In control OCCs, the 24 hr culture inthe presence of estingly, tbe salle inhibitorvN effect can ie achieved 
follicle stlinUlating horrtorre/luteinizing iihoitone (FSH/Ll I) using the aetitin deptrlvterizing drug cytrchlasin B IC; 
caused the expansion of (ottrrrtrh and ai extensive If; et al., 199-1i, r its analogs dihydroytochia-Otlorhe utovslk 
rearrangement of MIs rIlthe cytriplasr ot cUMittlrs cells. lisin 1 IWert and L]arsen, 1989) and cytochalasin I) 
Concomittantly, we observed air increased depositioni of I!); I)e Sitedt and Sztlllrst, 1991 i. (13 treatment a!so 
lainirin ard type IV collagen iii the iiltercellular spaces eilhances the process of grialuhsa cell dilfferentiation 
among cuirnUlus cells The redistribution Ofrrricrotutltles in vitro (BeIi-Ze'ev and Aimisterdani, 1987). 
(MTs), intermediate filaments (IFs), and irtegrin chains (w-6 Our recent studies reveil that cantatas expansionir ilt 
and 3-1 also occurred at this fime. The addition of 20 cattle parallels the relistrirution of' individual cy
tsg/ml of CB prevented crMUIrLis ex[ar sioriad toskeletal cur als cells, Sta rtinrig trynd accnlula- components il 
tion of lairinn and type IVcollagen i the OCCs. Moreover. massive assemrly of' actin icirofilaments (MF; 
cytochalasi treatment blocked lhe redistribution of MTs utovsk, et al., 1993, I.99.tFurlhernore, the secre
and IFs, and caused tie disorganization of MFs antI disper- tin of ECM glycoproteins (larminin, type IV collagen, 
sion of integrins in cuITIlus cells. In contrast, the distribu- and fibronectin) occurs diring cuinulus expansion in 
tron of integrills and cytoskeletal elements was not af- cattle and nice an] is accompaniedty the expression of 
fected when we blhcked cuimilus expansion and ECM their menbrane receptors, integrins (i-6 and [3-1 
protein accuLulation by DON. These data suggest that (utovsk and Motlik, 199-1). Since these integrins are 
F-actin acts upstrearn of ECM synthesis in lie cascade of linked with the uticroiitnient cytoskeleton (Luna and 
events leading to the expansion of bovine cumulus 
ooophorus i Lus., [d. 11" 
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llytt, 1992), it is possible that this link mediates the 
anchorage of II A-rich cmnulus ltCNI to the plasmia 
membranie oftimulus cells. Moreover, the ahove obser-
vations raise the questioin whether tireinteraction be-
tween cumulus FtCNI and the cytoskeleton f cuinulus 
cells couhl ibea pathway regulating cumulus expansion 
ill response to gonailotropilis. 

Il tie preseit study, we compare the eftect of DON 
arId CB,on the IccuuIrilation of '(NI glycoproteirns, re-
arrangement ol' cytrskeletil eh~lielrts, and redistrihii-
tion of irtegriris during in vitro, expansion of' bovinre 
(It's. tOur results show that ('1I causes tIre iriternaliza-
tionr of integriri subunits w- and I,-1. inhibition of' cy-
tiskeletal rearrinigemrreit ill calrlulhs cell cytoplhsi, 
rid block t' tireaccumiulatior (if lainii and type IV 

collagen illIIciIimulus EClM. Siiilni' t (IB, tile inhiluition 

if E(NI syitlisis by I )()N enhances the extressini of 
lniminn and type IV collagen by cuuriltis cells. Ihuw-
eve', thi.s treatmiieit does not ahf'il cytoskeletr and 
integrir rearrargenent. Thus, it serms likely that 
I-actiii reIgulates cunliulis exprunsil uipstrearr of the 
s,'cretiorI o-fcuiluus E('NI Mid this rt'gilatory pathwi' 
may i.ivolvetIre control of "E'NIaisirrilily by iritegrIr 
nierlianeireceptors. 

MATEIIAIS ANI) METH DS 
('ollection and Cultur' of Bovinre OCCs 

BOIOVi' ovaries were cilhuctet ;ut the slitghterhOl st 

and irniediately transpirted to the lilbilrltory. The 
ovaries wer briefly washed with 70'; ethyl alcohol 
fIllowed by doulle washing withr hilsphate-buiffered 
salinre Il). The large frllicles and corprpa luitea were 
rerioved and the ovaries were cut open at tIre inargo 
rnesoovaricus. Each ovary was then put into 90 Int 

letri dishes and sliced by surgical knives mounted in 
parallel. The seilirrieritrd )tCs with tissue fragnrents 
and stone tollicilar fluid were redistributed into a 90 
nt letri (dish. The compact 1)1(''s with i at least five 
lIyIrs of cunnruruilis cells were collecteIl friu'01tile Inttolrn 

of the dishes and cultured t'r 2.1 lir iii NI 199 culture 
pphemented wit Ii0i; tetal cailfsermi(l"(S; 

lo%w [Laboratiries, Mclean, VAl, I igll ofestradil, 
aridI I jig ill of' fillicle stimulaing Iii'mirnie-biteiniz-
ing hormone I1",S11-1,11; Stirrinton, ihotie-Nierieux, 
Ivo, l"rance.lThe culture was maintained at 31t' ini 
hrirrid atuiiispliere of 5'; (), ii air. lii order to block 
E'M sylliesis arid cululhls expanision, urc group of 
() ';'s was cult iredl for 2.1 lir il the ilhoveIedium Ifur-
hr riefenid to is couruplto' mediiml) supplementi'i 

with 21 ig il if tDON 

sll
IIIitdilui, 


(Signia, St. iouis, MO). Alterin-
lively, the (Itt s were cultured for 21 hr in tIe presence 
of201Tg/mlof'r(rl Serva I eiidelberg, (erinra Iy) causing 
the block it' cumulus ixpimsirir. IT a control experi-
iient. t he saile inrhibitory eftfict ot' cliririrlis expansion 

and 'M syntIeis was achieved using 10 itg/iril of' 

cytchalhisin I) (dilatnint shown). 'lo evaluate the rv-
versibility t i(B treatment, a group of control (Ills 

was withdrawn frnt (I, containig cultire ldium 

it'r 2.1 hr ocrult urn, wasl vel, and cultured for iii ti 21 

hr in complete medium. Following tile culture, the 
OCs from individual control and experimental groups 
were examined withta stereoricroscope in order to de
teririiie the degree of cumiulIns expansion according to 
the sibjective scoring method described by Vanderhy
(ten et :1l. (I 990). Thus, Only the )(! ('s with all layers of 
ctliulihs cells expanded were referred to as expanded 
com)lexes. At least 20 representative OCCs from every 
culture group were processed foir irrrmuinorflorescence 
or electron ricoscolpy. Ii Iarallel, uncultured 0-hr 
contr ls were fixed. The present results sumimarize tile 
dilata fror five experirients incling !-lr and 2-I-hr 
contril and the treatments with DON and Cl3 at the 
concelitrations definred abive. 

Inimunolluorescence 

' The O)t'ts were proicesled using aiprotocol described 
previoslY (.utiivsk. t ;il., 199:). Itriefly, they were 
fixed for 21) Join in 2.5'; laratormaldehyile in PBS (pli 
7.3t, inculbated fir I hr ill 50iOM airrniiunir chloride to 
remove renmining free aldelhydic grouips, washed, and 
coiserved ii 0. 1 NI HIS with 0.)5'; sodium azide and I 
IiINl PiNISF iServa I leidelberg). The following antitmod
it's wire used to trace tile distributioni Of' ilrtegrirrs, 
E('NI proteins, and cytoskeleton: anti-O-6 (VIA-(; inte
grin Subunit) rat monoclonal antibody (Sonrernlberg 
et at..l)88; dillIted 1I'20) firoi Cenirtal Labonratory of' 
thod 'Transfusioin of tie Netherlands Red tCross, Arir

sterldin; anti-i -I (VIA-I integrirr subunit) Imouse 

niorocloral antibiody (Yllinre and Virtarrein, 1989; di
luted 1/2) from University of' lelsinki, Fiiland; anti

lainmiiir tDeiarchez et al., 1987; l)iubind arid Thiery, 
1987; diluted 1/151), and anti-type IV collagen 1I)uhand 
and Thiery, 1987; diluted 1/100) rabbit polyclrnal anti
bodies Ilistitut Pasteur, Lyon, F.rance). Microtuliules 
NtlsI were labelled by tile anti-Ot-tuilulin TU01 

iViklick. et al., 1982; diluted 1/40l)) mouse monoclonal 
frioi Iistituite iOfNoileculair' ( Cnelics, Prague, Czech 
Replulic; intermediate filamentsllFs)were labelled by 

l., 1t-viiertiriVirtanern1988;diluted 1/2) mouse 

muorichlal airtibody fror University of Helsinki, Fill
land; NIl's were lalbelled by rhodariniie-coljugted 
lihallhitliri Ilolecuilar Probes, Eugene, Ol). Secondary 
aitildies Were H'l'C-cOjugated anti-Iniourse lgG and 
anti-inblbit Ig( (both frorun US)L, Prala; diluted t/I0) 
and F'l'('-conjugated anti-rat Ig( (Biosys, Crompiegne, 
France; diluted 1/-100. All airtibdie;LI used ill this stulty 
were previiisly shoiwin to display specific reactions 
with tile antigens iln ivine currli rirplhori iutovsk, 
et al., 1991, 199.1; iutovsky and Motlik, 1994). Nonispe
cific reactions were lrevented ty inculiation in 0.1 NI 
P'l, carrtriririg 2; rifrbvine seInllllllin (liSA; 
Sigma), t.l)50'soilium azide, and 0.05,'1 saponin 
ISignia . Then the OCCs were incubated for I ir with 
primary antibody diluted in the same solution isusecl 
borpr'eirctliaitior, thoroughly washed i 0.1 NI PBS 
with 0.2''; BSA, 0.05'; sodiumi zide, and 0.05V, sapo

inn, treated with secondary antibody, washed, and 
unitel on slides in a mixture of' Nlowiol V 4-88 

I loechst, l"rankfurt, Germanyi and i-propyl-gallate 
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(Sigma). An average number of 20 OCCs was processt'd 
with each antibody and at each time point il individual 
culture and control groups. The OCCs were examinel 
and photographel with Polyvar l.eicliert Jun and 
leitz Axiophot (Leica ) fluorescence nitirioScoIt's t(ENM 
and cytoskeletal lrtiteilis) ttrZeiss coibtical microscope 
Sitegi'rin chainis ,l-I;tdIi-I). In both cases, tie iliiages 

wTe rect'rded on Illolrd It)) )elta lack anidwhihe fili. 
The legat ves were sCillintd 1)vItNikn (Cols'a iniage 

scanner, recordetd iy a Macintoush (uaria 840IUAV coni-
puter, andlthe figure plates were ci'eated using Adobe 
Photushop3 softwatre (Adohe Systeius Inc., Mountain 
View, CA). 

Elet'tron Microscolpy 

The OCCs were fixed for I hr at IC i i a Oix u 2.5'; 
glutaraltlehiyde and 0.6,iai'iiialilihyth, in cacdy-
late hlffer ipll 7AI), washed, postfixetd frI t l 
,,iiiull tetroxide, washed illdistilled water, postfixed 
tir 30t nin ill I tulnnic acid, dehydratill in ascending 
ethanol series, aind enIeldetl Eoi 'Theilill l 812. 
trathin sections we'e ohtainedl usilig a VItulert Jun' 
UItracut E nicrotolie, placed oi the fbrn'i'a'-ctted 
copper grids, ciitrasted with uranl acetate intd led 

expaldeid OCt's, and t letoritin oi'cvttpltsiic pro
jcct.iols were Olhei'ved in tilt cultured ill()(s DON
stiplemented imedium (Flig. 2(). Illtil't cultiured('Cs 
tI'2.1 1hrin the IpreOseict i (ll, the NI FStre aggr'e
gated ill large clumps o' uiidles, randoriily distrihuted 
lirotiglout tilec'Vtitflitsrii otcumulus cells, aind oIiipin

jections were setii l"ig. 21)). Following iltreiilal of' 
OtiCs f'rol ('ll-suppleniented culture nlediillii and 1,11
thei culture illt li pret'it'ece olonadtltrollsi lone, tie 

MF cyttskeletun iil'ciiriiti tis cells Wa.s restor'edl ltoa pat
tern sinilar to tlnsti niulated OC's. 1 owevter, neither 

cttiulus expanisioi io. eloigation ofltc'Clliittils cells oc 
+
curred, even the culture was to 24 lrif' proloniged till 

after cvtochalasin remouval (not shown).
The Ml's aud IFs formed regular cytOtplastnuic net

works it tilt' cells istilhtetlritMiiid-Shlape]d uf'tie 

(C(s (Fig. 2A',A"). VIllowing ctuinuluUS eXpansion, the
 

CtoSkeletal network.s protruclded into newly forniled cy
toplasmic proijectiins ("ig. 2I',11"). ,omilnur to glmnado
trpin-stimutated ()ICCs (21 hI'), the cells illtileOCCs
 
treated with )(ON psesset large loroettions loaded
 
with M'I's anid IFs (Fsig. 2C',C"). Despite tie high con
centration of goitidotropiins illculture medium, the
 
cells illC'i-tleatt ().CCs remained round and did not
 
'l tile projections and membrane ruffles. The districitratte, arid olierV'de with a ,Jeol 1200 EX electron turi-

croscole. 

RESULTS 

Btoth CI1 and DON Treatments Suppress 


Accumuttion of l.aminin ant' pT IV (ioIagen

in the OCCsa 


ttie 

l)it -like patterns of iiiiintiitiItltOiresct'i1 e hlbliug tf 
haitiin antI tYpt IV Ctollagen deimonstrated the low 
iiioulits ft, otein's ill tie lt tillitti (((sthese l 
(Fig. IA,A').A 2.l-hr tilture in (it' prese'unce of goililo-

reniined similar to 
that of coot rols( It)it. 

CBI Treatment Causes the Internalization of 

bution of MlTs and 11s (Fig. 21)',I)") 

Integri Subunits o-6 and l,-I
 

Using laser scaning conhical oicr'osCotIv) IS(CM),
i lnatit'ltlurescetnt suhullitslbelling of itegrili 

0-6 andi[- Iwas localized to tie SUl'i'ce ofCuinutulus cells 
in) both unstinulatetd ot"ig. 3A,A') al extmndel (21 Ii) 
()CCs (Fig. ttlF;'L A slight incrtast' illllttCIlin illteri

sity was recorded ill the expantlded ones. The treatment 
expansionofnuenllui olhtiitropil.scaust d'tull ItN "; with DON had roit efct on integrin distribution 

otfculttird ()t'I the secre-sand significantly incriasedt 
tion of, latnini and type IV collagen, vi:ihl tis large 
tP'osit.s at the surfaicTs 0f'ctutiItiiis t' llsIl"ig. I11,W,' 
Buth 2.t-hr culturets in gnnetlut rpii-siiqillt'inttl 
tliim with adhditioi of 2t0 tg,ni of )()N (lig. It,(' 'oi" 
20 Itcg,'il olCIt (Fig. I lI')preventel cumuliis expan-
sioin and t'creasetd the asseldhly tflauinn and type IV 
colagten in th' xtracelluiia r spaces. 't labelling pat-
terns of laiinin and type IV collagn ill('It r Io)()N-
treat'tl OCC reseildt ithose u)st'rved illtiistiiiitiited 
controls Fig. IAA't. 

CII Treatment R (0andomizesthe )istribution of 
F-Actin andiPrevents the Rcdistribhution of MTs 

and IFs 

NMFs were regularly dispersed throtughout the cOiti-
cal cy'tOplisiiu t' cuniltlus cells in theliullstiiluutlated 

It Cs IFig. 2A). A 21,-hr cultuire iii giinatlt rtipi -sup. 
Iutt'tlentt iiedium inlucetl the assenuitily of l"-actini 
andforntationt'iig NIFhundls(,iq. 211). Mostprom-

(Fig. 3,C'I and resulted in labelling patterns siilar 
to those ohser'ed il flly expanlded ctuli . )i tle 
countrary, th( arrangenient of'hot intluegrii suhilunits 
was (rhaniaticAulI distu thy tru'eatnent,d c'yttchluMuusin 
causing their itt'nal ization aICI sptiig through
out the cytiplastnu if'citiltis cells (Fig.31),1)'. 

C11 but not DON Treatment Prevents the 
Elongation and Potarizan tion of Cu i uhlus Cells 
Unu;tituilated bovine ()CCs ctntained tightly packel 

rounl cells withIumerous small micro\,illi (Fig. ,4A). 

Twenty-fuir hours of' culture in the presence if go
nadotropins resulted in a ctiiplete expansion ot'culiii 
Iooplihori iiclidiig tile in ne'molust Iayiers Of ciLIIntil tus 
cells. This was characterized by the extensiin ofextra

cellular spaces, elongation of cumuhls cells, and polar
ized distributitn of'their cytoplasmic orgiuielles. Large 
cytoplasmiic projectitons oriented towards the oocyte 

were the mnost prominent Feature ot' these cells 
(Fig. 4B). Iniiliitiii of' ECM synthesis by DON pre

iiu'itly, the bundling it'ii il's ioccurrt'tl il the c'vto-vente the extension ot' intercelluhlr sillactes uniong cut
luusruic rtojict rlis of' cuiiiiltis cells. The assnibly of nlultis cells, ut hiald their polarization andno eflect oii 
acin NilFs, retiiscent to the oc'lleiuh.u'r'ed in fully elongation: afttr 2 li- tfculture in I)(ON-suplltlenlted 
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i )ih.,tl'iim N,i ll krr p I I, int -. I Iis iiiiiriIIIiiii.~ I-ai-; ii,,,p~ ci.icri OONir WIC' iiri CBir(Diirnr.Dli 

pt--tm-l I)io,N,I(T hw C,g- ak.n k on-ownd fum-- ce mroc~q. Kro' 
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AAll 

Fig.~~~t~ .1 . - xc! "1Imn '1111' m 

niii'liii wttith gitriidotroposti it'iimiit'tl tightl1Yils,I c.. 

pac'ked but thinsili~vt'i too o
nitiilhgy t'illi titIhat 
iundlt ill 1f1I11Ye' pandeh Control +ciiiiuplext'.++]++++++eIFig. 40 . In1+++ ++++++ 


the pire'senicei f' 201 ig illi oft 'IB, Owi cumuilus celIls also 
rernlailld light 'lv packted andh retainedl their routnd 
shape (Fig 41). Nvitluiorlauge cvtophasilic prjt't'l ioils 
11(0'siii'filce iiicrovilhi were till ciilliliM cellsbiund t he-
Fi'g. 4D). 

IlS CUSS ION 
The jpru-Si'it stuilv is imled to determinle the spatial 

and t~empor-al retlationishuip biet ween cyttiskeletal rear-
rangement and 13N'M sseml ,ilyi gonadotropin-stilm-
lated bovinle cumnulus ouphlorlus cells. 

'T110 timlinlg Of the even-lts giving rHSe tiio eX-u11Ls 
pansion revealed that this process is initiated biy the 
i'iarrangenit if Nil's inl the cumu11us Ct'l cvtiiplaIsi, 

preceding the acnivratiun of' ECM synthesis, redistri-hut iol oif,MlTs andl IFlS, and the niodificat ion of thu gap 
junctional pitliway bet wet'n cul 1us Cetlls atld iiOCyte 

41* 

N AA 

*. 

QILtovskV (t il., I993, 1£94. Toi distiinguish these par•~~~ . --- , k. 
ticular processes5t', we bloicked cuiiilu.- expaioiini by

preeting atin pil ilmoru'ationl (CD or tCD), or by sup'+ ++'+++ [1I .. + +V
 

pressing the synthesis of' cumulus '('MI l)ONI. Ini 
agreemient withw ourll eXp-ctationl, the aidd ition of' DON 
into giiiiiot rilitin-suppIltmentedI coltore nIediurn sup

priessied hle increased e txpressioin of lantinin anti type IV 
Ciollagen, prestumably by blocking the synllthe(sis of' 
N-acetylI-gl ucosam ine IChen et ail., 1990 I. Ihowever,
this treatmnit had no eflect onl the process of'clu nti los 
cell morphological differentiation. Thus, regardless of 
the bilock if'cumluls expansion, the cells inl the D)ON
treatttd ()CCs acqfuiredi the elongatedl shape and dis
played t'ypical fieatureCs of cells inl fItIly etxpanidetd cumluli 
iitiliori lAlbert ito and Rider, 1994; Allworth and Al
bertini, I993; i)utiivsk5' et all., 199:3, 19941. lDisruption
of' Ml"bhcYtochialasins, previously shoiwn to block cy
toskeletal i'earran~emetit during cumulus cell ififeren
tiation inl biovi ne Sutovsk.V et idl., 19941, rat I(Wert, and 
Lar-sen, 1989; Chien of al., 19901, and sheep IMIe Smedt 
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and Szrllosi, 1991), also prevented the accumulation of cytoskeletal rearrangement is probably placed up
lam inin ant type IV collagen at the surfince of co oumlus stream of ECM synthesis in the cascade .d events lead
cells and caused the internalization of integrin still-ing to cunmlus expansion. The redistribution of cy
units ,X-6and flo,-l ,'Since the link between Ml's and toskeleton is not affected by the presence of ECM
 
utegrins is now well established (reviewed il ltar
ii and synthesis inhibitor )ON, but no ECM assembly occurs
 

Ilytt, 1992; Juliano and laskill, 1993), we call specu- when the NIl's are disrupted by Cit. Thus, the present

late that the NIF-directed assemubly of,integrilus at the data provide trther evidence fr the role ofthe MI
 
plasma membrane of cuniulus cells is a prertqtolsit, fir cytoskelh-to illrireiltioli of the response induced by

the binding Of the c0ornIents of cunurlus ('NIhi goadilrttropins in granulosa cells (Amsterdam and Rot
plasroa irerlrbrane. Whereas (lien et (1992) proved
ill. mersch, 1,9H7).
that the retention of* ECM in curoulus oophoruis de
pends upon the illtrimrs ic factor crOsslinking its co iip- ACKNOWEDGI ME)(
IENTS
renlts, the llec''sslv if, air additional imcharisli In- We grate-furlly acknoiwuledge the technical assistance
 

volved in control O cuorulus E('N asserollv has t-er of Nirs. Jifioki Zlrkivai and Mir Viclhv Pech, the
 
suggested lyv (' ianioni u-tal.11l)i. l'erhalps, ine W', -i ice oI I )r. Pit r I)virik wit Ihcr)/tcI nicroscopy,
n 

fllciriruluis EtNI stabilizatior mil*ivinvolvi' the IMF- Mn the prirviSioi it light Microscoipic tacility hy Dr.
 
controlled iitegrirIll l-lover arnd or topirlogv at tilt - ijilhl eselsky. Special thanks are iddriessed to pro
plasira irmenirani- of cuimiulus cells. Inlilnwith t iIs leissor-;,ril Schatter and )r. , Ja Motlik for stimu lattheory. iSchwartz that In" ing discussion aid i-iailding thermanuscript. This reand Irgh,,r 11991) proposed 

l'hanicalfirce., i..., oray thil siarch was suppirteil ii part by grant 12.061[E. Office
cvtoskeleton) regilati 


thriri- iregint H'iir 1Hi;irr if flu Scie-nice Advisor, U.S. Agency 1f61International
rllcluisterinig n or roil thi-

activatteintracellh signalling patliwiy., l)i rijiroeevehWashigtin, I'.S.1; grant Z-503,
rmnt, D.C. 

indicate that 'tieximilSi 

shares ctrmirri IiVr-tiris with ithe process arh- iratscA.s.) 

The pres(ent data clllntllis (t,'i *liistrv of Ecnomics,Prague, Czci Republic 

if c(,Il and bv fro the NIII'. , (eAhlHphlit
.,on to tilt-Et'. Co-ll ildhesiin is achieved 'd tht- IS- lent l'Sl)A t rli Sclatteni, arid thet Centre Interna-

Serilily and int'sr
'riiriisiattol al dhlsi sites, a tnl desetlints etStigiaires, lParis. France (I.S.)

iS di't-,-ct tYr sirie IItliren lV spie--ific kinase pp125' \' 

idgt it a].. 992, lilif-rt t al., I992. Similarly , RE F RENC ES
 
ci1 rllh1s ISptl'ctTded thre v if l"Ils
exl);llsloil IvY i-t' -ei!i 

fill- nof*il ilitiirni 1ll w(1)' ,iiandp rallhltid by redistrilbutioi tur it s a. li d Ii' ii fintiic ir i,i vc 

chinige illCtll siipt is docurmeted )v Alhert ii inid lht'iiiriiiii liil iiiiiitilv -,, Ot 
tt itIi-x 5wc , -sI -c 27:25-

Rider I li)ill, Allwir-th and Alto-i-i iil AE. AIIitim ii l!'ll, ntic il
mh931, iIi M maturationcultuired' 
Stitovsk v etil. i I )9;3, 9)-. Thlus, it w iUll riot ie str- v, ia , p;ir:itl hY rem, ltiiingboivi, . 1, Ofill- CirijirtUS cilt
 
)rising to dtetit so1i1 specific compont-nts Of focal ild- viwkihr,,s lievIi,1. l",ilt 112,
 

IreSitn illlrillnilithiii CUrinnili oopliri Undel-gin g Amilrlda A. tl,tnivn h S 119871: Strit'riu-f lt iiin ilati,tiship
pill~i~l, drin gtauh~a cll dllrt~niat~m.Endocr Rtev .:10I9 
337. 
ni-/i'i :A, I 

Tle ce-iliulr' dileretrntitinion as studied in Vitro)q tit i , ,tJ Itiol hti-i 262 5i66-517 
seems to beiregulated bylit-eadhesin oiltE NI. I low- IBiccmi, ,,in, Ii '1, Eppig .,t F"Ml 

jhisiri-t - i-i tillA t1987):i itit re'ntl;ini ofgrriiitlisai 

Ri.Vii ltit t('i,Crin 1199i -in
x;iloll ii.ti 


rIeciprcal and cnirrilirs expansiion provides iii excel- dilit a f ' w tvDby icotv, t.v BiI 1:18
 
tver, lt(' intlCtinnl letWteen cytoskeetoii ald l( M is "u-I' I Ow tio- cumius oopjimtrus i vitro Is depen

iki l-cip-e I ic iiiiO tVil'26 :12 
lent iupporturnitv to follow tile ri-cerse s('q-tice of trri ttn. r itiiir t.t l)121.Tyri,sii;' hs'tryli i 

. " 
events: tini,assullbly ofi sls,sironii lt the fml rtoll i o of pIivIl aldIii 125 i ui.lliii uim s l adliioi too,xtvr-t ltiar 
stress flit-ers at thl' icailadlhesiriri sitte, t-ctirs eIs-fiji-' rriil n tru\mtx ii it kit-,h-i joirnitily ii i-li 11O19 StI.1-903 

red 1, 1i '. svrithtsis an i " S lliloillIA. ,talVC a. inishia M. Sal tri 199:1 it
 
bily iiriring ciririltis iexp;arnsini .According to this view, I iiv uluin , td du svrimli ol y t , tionaln
 
prnbablly is rieqi 'NI l. " l A EIiti 

'Xogvlu, ni i i ix i 

clrllllrIis il 268-201'73Et NI sierris tii be assembled a. cuolstlence - 2018-1 
of cYtoskeletal reoirgarnization play i',ol- L SE, Ihtndrix tI', tanin M, iarsn Wtand coulrd I. ,'ri, NI, tussil 
other than t i o' r flli 'I tdn td JIliCiilloll v'loicjt'Iti s nit' required fir ctiullhis celi di tfc. ('i 99i i i--' UlatioTfin O~l];iilll. e esal~iS~lnell ' ,c,.s~tr oftl' cmjnuhi 
< Jili tegrll 6or norinal vxpan>,ioml mass .\fill R(-prodiltill ind0V~ittollU~ilb i~h OfiklTh len )v 2623*:1;ineg [n 2,17.link letx-eteli trirnirtlihs cell cytioplisin Fd NI na ill. Ll+t,.,Wi i I. V t,11 21 [d-,tifi atioiiIua t r ,iItal 

of tif e t'ii- ltri vbY o~ t r 
CiII1tlus cells. BiliI hvi 267: 12:i181 1231I;t 

Taken torgether, the pi-eset study provides tire sup- tukut N, ihlhnisio 1t79). Mat)atmin 'l-it'x 

turnt vor the acqu'i sisito l ali lholln l ln -flibiii thi,tl hzo.s11VheIII-ciiiiiiIit uXtrIIvttLIumatrix, J 

Y, Kriicir PFI" o'gonui

port for tilt, existence oftwo dist irct steps necessary ifor iiiiiniii oii iio- cimiu s-iiiiviu- ii tx (o thi rat liii t l 
ctllniilis expirnsiin: cytoske'ittll vIman-hz71,tartmn i D i, hirlg, I),Vili- , t'riicras it 11987:act ill-drivell r'ar-lr 
rirglllienlt and issell'lof cililus (I'NI. Whereis Wiund-i-iling nli enulideiv iiuiian skin Iranspluahi mous. 2.5our run rthers' p-eVOUxs sttudies I revieweil iil Utovskv Ai iimmii hitihigital and uiltrastructural stuiv (iftit e-pidermal 
id ltl ik, I1)9 1) suiggest cooperation of' tire cy- ti-i i tii- ii triv un' ri- tco altofiiii-cii- liii' r0'the iio 

toskeletui ard FtE(NI'dlring ctlntiluls expaision, we moe- I. Mum-t V. S/.lhlost 1)i I I) vtchitixi 1)iiitnivs imiitic ri

u.-yts. Mo tiepriiport here that these two stepi ciin I' seliaateiled il( that xsumltioImns uilicuilar shi-ep li-v 29 163-171. 
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