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AbstractTYleoverallpatternofooplasmicsegre-
gation,themovementofthefemalepronucleus,
andthespatiotemporalpatternofmicrotubules
wereallverysimilarinparthenogenetically
activatedvs.fertilizedmedakaeggs.Withrespect
tomicrotubules,amonasterfbmedattheanimal

polebyT｡;=0.25(T｡,nomalizedtime,inwhich
thetimebetweenactivationandthefirstcleavage
ofafertilizedeggsisrepresentedbyoneunit),
persisteduntilTnI0.75,andbegantodisintegrate
atTn;ご0.8-0.9,whenfertilizedeggsentered
mitosis.Inte叩01arooplasmcontainedanetworkof
microtubules,mostofwhichshowednoapparent
preferredorientation.ThedensltyOfthisnetwork
decreasedatTn方0.75-1.0,especiallynearthe
animalpole.Atthevegetalpoleoftheegg,an
arrayofparallelmicrotubulesbegantoform atTn
=0.25.Thisarraywasthedominantfeatureofthe
vegetalpoleregionatTn=0.45,butbyTn=0.75
ithadbeguntodisintegrate.Theseresultsshow
thattheeggltSelfcanassembleanddisassemble

complexnetworksofmicrotubulesandorganize
themovementsthatconstituteooplasmicsegrega-
tioninthisspecies.

Introduction

Duringthe丘rstcellcycleofmedakazygotes,
networksofmicrotubulesappearinthreedomains

oftheegg(Abrahametal.,1995).Attheanimal
pole,amonasterflrStappearsandthendisappears,
whileatthevegetalpole,ana汀ayOfparallel
microtubulesappearsandthendisappears.A
networkofcriss-crossedmicrotubules,havingno
apparentpreferredorientation,formsininterpolar
ooplasm.Treatmentofmedakaeggswithmicro-
tubulespoisons,(e.g.,demecolcine)blockstheL
appearanceofthesemicrotubules(Webbetal.,
1995),andslowsthegrowthoftheblastodisc,
inhibitsthemovementsofthemaleandfemale

pronuclei,inhibitsthesaltatorymotionofsmall

Co汀eSpOndenceshouldbeaddressedtoR.A.Ruck.

ooplasmicinclusions,andinhibitsthemovement
ofonespecificclassofooplasmicinclusions(oil
droplets)towardtovegetalpoleoftheegg
(Abrahametal.,1993).Theinhibitoryeffectsof
demecolcinecanbereversed,evenwithinsmall

regionsoftheeggs,byUV-irradiation(Webbet

d･,1995).Theseresultssuggestthatthenetworks
ofmicrotubulesarerequiredfornormalooplasmiC
segregationandpronuclearmovementinmedaka
eggS･
Inthepresentstudy,wecomparedthemicro-
tubulenetworksinparthenogeneticallyactivated
(pricked)eggs(referredtohereafterasactivated
eggs)vs.fertilizedeggsinordertoassessthepos-
siblerole(S)ofstmcturalcomponentscontributed
byspem intheorganizationofthemicrotubule
networksandinooplasmicsegregation.

A preliminaryaccountofthesefindingshas
beenpublished(WebbandPluck,1995).

MaterialsandMethods

Themethodsofremovlnggonadsfrombreed-
ingmedakaandpreparingeggshavebeen
described(Yamamoto,1967･,Abraham etal.,

1993).Eggsweredividedintotwogroupsand
placedinpetridishescontainingBSS(111mM
NaCl;5.36mM KCl;1mM CaC12;0.6mM

MgSO4;5mM HEPES,pH7.3;Abrahametal･,
1993).Eggswereactivatedeitherbyfertilizing
them orbyprickingthem oncewithaglass
micropIPetteintheinterpolarreg10nOftheegg.
Bothgroupsofeggswereincubatedatroom
temperature(19.0-22.7oC)untiltheywerefixed･
Usingestablishedprocedures,theactivated

eggswerefixedatregularintervalsfromTn=0.02
toTn:≡ 1.0,dechorionatedwithwatchmaker's
forceps,andincubatedwithamousemonoclonal
antibodyagainstalphatubulin(DMIA)anda

rhodamine-conjugatedgoatanti-mouseIgG(Gard,
1991;Abrahametal.,1995;Webbetal.,1995).
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Fig･1･Ooplasmicsegregationinactivated(A,Tn=0･97)andfertilized(B,TnIIlo)eggs･Inbotheggsablastodischasformedat
theanimalpole(uppermostinthesefigures)andoildropletshavesegregatedtowardthevegetalpole.Scalebar,250pm.

Justbeforeviewlngtheeggs,westainedthenuclei

withHoechst33258(10FLgmlll;Abrahametal.,
1993).Thestainedeggsweretransferredtoa

microscopeslideonwhichacoverglasswas

supportedbyfわurpillarsofpetroleumjelly.The

coverglasswaspressedgentlyagalnSttheeggto

facilitateoptlCalstudiesandtoenableustorollthe

egglnOrdertoviewspecificreglOnSOftheegg

(Abraham etal.,1993).Weexaminedtheeggs

withconventionalepifluorescencemicroscopyvia

aNikonOptiphotmicroscopecoupledtoaDage-

MTISITcamera,aDa苦e-MTIDSP-2000image

processorandavideomonitor.Photographswere
takenfrom themonitorthroughRonchigratlng

(RolynOpticsCo.,Covina,Califomia;Inou6,1981).

Theresultssummarizedhereinrepresent13

replicateexperimentswithfertilizedeggsand15

replicateexperimentswithparthenogenetically

activatedeggs.Atotalof160eggs(6unfertilized

eggs,75fertilizedeggs,and79activatedeggs)
from24femaleswereexamined.

Chemicals

Fomaldehydeandglutaraldehydewereobtain-

edfrom ElectronMicroscopySciences(Fort

Washington,Pennsylvania);anti-alpha-tubulin

antibodyfromICN(CostaMesa,California);the

rhodamine-conjugatedgoatanti-mouseIgGfrom

OrganonTeknika(Malvern,Pennsylvania);and

otherchemicalsfromSigma(St.Louis,Missouri).

ResuIts

(a)Ooplasmicsegregationinactivatedandfertil-
izedeggs.

Theformationofablastodiscattheanimalpole

andthemovementofoildropletstowardthe

vegetalpolewereverysimilarinactivatedand

fertilizedeggs(Fig.1).

(b)Microtubulesinunfertilizedeggs.

Thepredominantpatternoffluorescenceinthe

ooplasm ofunfertilizedeggswaspunctate(Fig.

2A)･However,alowtoverylowdensityofmicro-

tubuleswaspresentaswell(Fig.2B).

(C)Microtubulesinactivatedeggsandfertilized
eggS･

Theremainderoftheresultswillbepresented

inte-Softhechangesthatoccurredinthree

regionsoftheegg:(1)theanimalpoleregion,

locatedwithinX300(=300FLm)arcoftheanimal

pole;(2)aninterpolerregion,locatedwithin=600

(=600FLm)arcOnbothsidesoftheequator;and

(3)thevegetalpoleregion,locatedwithin=30o

arc(=300pm)arcofthevegetalpole(Abrahamet
〟.,1995).

Animalpoleregl0n.Inunfertilizedeggsandin

eggsfixedatTn=0.02,thepredominantpatternof

nuorescencethroughoutthisreglOninactivated

eggswaspunctate(Fig.3A)exceptformicro-

tubulesinandnearthemeioticapparatus(not
shown).Similar results were obtained with

fertilizedeggs.
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Fig.2.Microtubulesinunfertilizedeggs.A)Afewmicrotubulesaresurroundedbymuchpunctatefluorescenceinthisinterpolar
regionoftheegg.Suchmicrotubuleswerescatteredunevenlythroughoutallregionsofunfertilizedeggs.B)Thisregionnearthe
vegetalpolecontainsonlypunctatefluorescence,whichwasthepredominantpatterninunfertilizedeggs.Scalebar,5FLm.

AtTn=0.17,thesecondmeioticdivisionwas

inlateanaphase.Thepredominantpatternof

fluorescenceinactivatedeggswasstillpunctate

throughouttheregion(Figs.3Band4A),butafew

microtubuleswerepresentnearthemeiotic

apparatusinoneoffわureggs.Suchmicrotubules

werepresentinallfourofthefertilizedeggs
examined.

ByTn=0.25inbothactivatedandfertilized

eggs,thesecondmeioticdivisionhadbeen
completed.Thesecondpolarbody,whichcould

beseenbyphase-contrastmicroscopyatthe

surfaceoftheegg,wasstainedwithHoechst
33258andalsoreactedwiththeanti-tubulin

antibodyandtherhodamine-labeledsecondary

antibody(notshown).AradialanyOfmicro-

tubulessu汀OundedacentralreglOnthatcontained

onlypunctatefluorescence(Figs.3Cand4B),sug-

gestlngthepresenceofamicrotubule-organlZlng

center(MTOC)nearthecenteroftheanimalpole

reglOn.Boththepolarbodyandtheradiala汀ayOf

microtubulescouldbeseeninthesameoptical
sectionwitha40xobjectivelens(N.A.=1.3),

suggestlngthattheradiala汀ayOfmicrotubulesis

nearthesurfaceoftheegg.Tilediametersofthe

punctateregion(about50〃m)andtheradiala汀ay

(about275〃m)Weresimilarinactivatedeggsand
fertilizedeggs.

Eggs(bothactivatedandfertilized)fixedatTn

=0･30,0･45,0.49,and0.75weresimilartoeggs
fixedatTnX0.25(Figs.3D,3E,4C,and4D).At

theselaterstages,however,wecouldclearlysee

thatthefemalepronucleuswasclosertothe

MTOC thanthesecondpolarbodywas.The

femalepronucleuswastypicallyinthereg10nthat

containedpunctatesourcesoffluorescence,while

thepolarbodywasoverthereglOnthatcontained

radiallyorientedmicrotubules(Figs.3Dand4C).

ByTn=0･75,thediameterofthecentralreglOnOf

punctatefluorescenceandthediameterofthe

radiala汀ayOfmicrotubuleshadincreasedto178

±84〃m(n=2)and952±126〃m(n=2).The
diameteroftheradialarrayatTn30.75waslarger

infertilizedeggs(1303士125FLm,n=4)thanin
activatedeggs,butthedifferencewasnotstatisti-

callysignificant.

ByTn=0.8and0.9,thenucleusofthezyogote

wasinmetaphaseandanaphase,respectively,and
themitoticspindlewasclearlyvisible(not

shown).Thecytoplasm immediatelyadjacentto

thespindlecontainedonlypunctate.fluorescence,
buttheperipheryoftheanimalpolereglOn

containedeitherradiallyorientedmicrotubulesor

microtubuleshavingnoapparentpreferredorien-

tation.Activatedeggsweresimilar,exceptthat
therewasnomitoticapparatusinthecenterofthe

reglOn･

ByTn=1.0,twowelldefinedMTOCswere

presentinzygotes,whichhadbeguntoundergo

cytokinesis.Othermicrotubuleswereoriented

perpendiculartothecleavagefurrow(notshown).

Throughouttheremainderoftheanimalpole
reglOnOffertilizedeggsandthroughouttheentire

animalpolereglOnOfactivatedeggswesawonly

punctatenuorescence(Fig.3F).

Interpolarregl0n.Onlypunctatefluorescence

waspresentinthisreg10nuntilTnZ0.17,whena

networkofmicrotubuleshavingnoapparent
preferredorientationwasinter一mixedwith

punctatenuorescencethroughoutthisregion(Figs.

3Band5A).Thedensityofmicrotubulesappeared
tobeslightlyhigherinthevegetalhemisphere
thantheanimalhemisphere.

AtTn=0.25,a.30,and0.45,thedensltyOf
microtubuleshadincreasedandtheamountof

punctatefluorescencehaddecreasedinboth
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Fig13･Diagrrntaticrepresentationofmicrotubulesinac9vatede等gS･Tosimphfythedrawings,oildropletsarenotshowninthediagrams･TTLeanimalpole
isuppermostlnallthediagrams･rmediameteroftheegglSapproximately1mm･A)Tn=0･02･PunctatefluorescenceispresentthroughouHheooplasTl･B)

TmDc完0dL7u･leetl!hseliStR pgohleeintheeunEoerevsecgee7ae三三IPeTnAC%tL･:tee,Talbuu.OeS慧 ;nceon:iSnalS.angT:hXemXmfaTvnecgTtealnXsre.sfCehneCeegS.dATareoTebguelteasiph.;e?eancsitnyBOaf

areacontainingpunctatenuorescence.issurroundedbyaregioncontainingcriss-crossedmicromlbulesIC)Tn=0.251Attheanimalpole,microtubules
radiatefromacentralreglOnthatcontalnSpunCtatefluorescence･Interpolarooplasmcontainspunctatefluorescenceandanetworkofmicrottlbules,mostof
whichhavenoapparentpreferredorientadon.Nearthevegetalpole,punctatenuorescenceismixedwithadensenetworkofmiCrotubules,mostofwhich

笠a蒜.nnoAp.pearpeonst.bP.nnfse."fedheOnie:.bnhdOn諾 t.ndEyO&4d5･thT;e霊震 rp.onluec這Els?7nlS.nS.lemiloTi0..A,a.tuaLTnthteoaZ5.,uen;C.efP;uhnact.よnehfllLs.監禁:=ewheuh3evce,:huoewdT:ed
thedensityofmicrotubuleshasincreased･¶leVegetalpoleregioncontainsanarrayofparallelmiCrotubules･E)Tn空0･75･Interpolarooplasmcontainsa
gradientofmicrotubuledenslty,lnCreaSlngtOWardthevegetalpole.Nearthevegetalpole,acentralregioncontainlngParallelmiCrotubulesissurroundedby

aregioncontaimingamixtureofpunctatefluorescepceandcriss-crossedmiCrotubules･F)Tn-1.0･Onlypunctatenuorescenceispresentneartheanimal
pole･AHhevegetalpole,smallpatchesofparallelmJCrOtubulesaremixedwithpunctatenuorescenceandcriss-crossedmiCrotubules･
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Fig.4.Microtubulesintheanimal
polereg10nOfactivatedeggs.

Scalebars:A,5〝m,B,25〝m;C,
20pm.AandDwereprintedat

thesamemagnification･A)Tn=
0.17.Punctatefluorescenceis

presentthroughouttheregion,B)

Tn=0･25･A centralregion
contalnlngPunCtatefluorescenceis

su汀Oundedbyan a汀ayOfradially

orientedmicrotubulesIC)TnI
0.45.Thefemalepronucleus
(∬rowhead)isnearthecentral

reglOnthatcontainspunctate
fluorescence,andthesecondpolar
body(a汀OW)isovertheradially

orientedmiCrotubules･D)Tn=1･0･
Punctatefluorescenceispresent
throughoutthereglOn.
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Fig･5･Microtubulesininterpolarooplasmofactivatedandfertilizedeggs･Scalebar,5pm･A)Tn先0･17lAsparsenetworkofmicrotubulesismixedwithpunctatefluorescence･Theanimalpoleis

offtherightedgeofthephotograph･B)Tn=0･45･Thedensityofmicrotubulesishigher,andthereislittlepunctatenuorescence･Theanimalpoleisofftherightedgeofthephotograph･C)Tn=

0.25.Smallregionsofinterpolarooplasmcontainmicrotubulesorientedalongtheanimal-vegetalaxis(whichrunsfromupperlefttothelowerrightofthisfigure)ofthisfertilizedegg.D-F)TnI
I.0.Thedensityofmicrotubulesislowneartheanimalpole(D),higherneartheequator(E),andevenhighernearthevegetalpole(F).Theanimalpoleisofftheleftedgeofthesephotographs.
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Fig･6･Microtubulesinthevegetalpoleregionofactivatedeggs.Scalebars:A,5pm;B,20FLm･AandC-Ewereprintedatthesamemagnification･A)Tn=0･17･Punctatefluorescenceis

mixedwithacriss-crossednetworkofmicrotubules･B)Tnだ0･45･AnaJTayOfparallelmiCrotubulesispresentthroughouttheregion･C-E)Tn-1･0･Someareascontainpunctate
fluorescence(C),othersanetworkofcriss-crossedmiCrotubules(D),andothersarraysofparallelmicrotubules(E).
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activatedandfertilizedeggs(Figs.3C,3D,and
5B).Mostofthemicrotubuleshadnoapparent

preferredorientation,butinasmallproportionof
eggsfixedatTn=0･25(Oneofsixactivatedeggs
andtwoofsixfertilizedeggs)Wefoundareasin

whichthemicrotubuleswerealignedapproxi一

matelyalongtheanimal-vegetalaxisoftheegg
(Figs.3Cand5C).Similarlyalignedmicrotubules
werealsoseeninactivated(butnotfertilizedeggs)

fixedatTn30･30(oneQffiveeggs)andTn=0･45
(fourofsixeggs)･
AtT｡:30.75-1･0,thedensltyOfmicrotubulesin
thisreglOndecreased,especiallyneartheanimal
pole,andapronouncedgradientofmicrotubule
densltyWasSeenalongtheanimal-Vegetalaxisof
bothactivated(Figs.3E,3F,and5D-F)and

fertilizedeggs.

Vegetalpolereg10n.Inallnineactivatedeggs
andllof13fertilizedeggs,wesawonlypunctate
fluorescenceineggsfixedatTn=0.02,butintwo

fertilizedeggs,Wesawafewmicrotubulesinthis
reglOnOftheegg.ByTn=0.17,microtubuleswere
presentinbothactivated(Figs.3Band6A)and
fertilizedeggs.Inmosteggs,microtubuleswere
presentneartheperipheryofthevegetalpole
region,Whileonlypunctatefluorescencewas
presentnearthecenterofthereglOn.AtTn=0.25

andO･30,punctatefluorescencewasinter-mixed
withadensenetworkofmicrotubulesthroughout
thisregion(Fig.3C).Althoughthisnetworkhadno
apparentpreferredorientationinmosteggs,small
patchesofparallelamySOfmicrotubuleswere
presentinsomeactivatedeggs(3of17)andfer-
tilizedeggs(4of15).Theseorganizedmicrotubules
weremoreprevalentnearthecenterofthereglOn･
InbothactivatedandfertilizedeggsatTn=
0.45,thisreglOnWasdominatedbyalargea汀ayOf
parallelmicrotubulesthatextendedt250pmin
alldirectionsfromthecenteroftheregion(Figs･

3Dand6B).AtTn=0.75-0.9,thisarraywasstill
presentnearthecenterofthereglOn,butpunctate
fluorescenceandadisorganizednetworkof

microtubuleshadappearedneartheperipheryof

theregion(Fig.3E).AtTn=1･0,thenumberof
disorganizedmicrotubulesandtheamountof
punctatefluorescencehadincreased,butsmall
patchesofparallelmicrotubulescouldbefわund
throt唱houttheregion(Figs･3Fand6C-E)･

(d)Movementofthefemalepronucleusinacti-

vatedandfertilizedeggs.

ByT｡=0.45,thelateraldistancebetweenthe
femalepronucleusandthepolarbodywas65.6±

19.3〃m(Ⅹ±SD,n=ll)and78.9±16.4〃m(n=
3)inactivatedandfertilizedeggs,respectively
(Fig.7);thedifferencewasnotstatisticallysignifi-
cant･ByTn=0･75,thedepthofthefemale
pronucleusbelowthepolarbodywas33.3±ll.5

〝m(n=3)and38.4±6.5〃m(n=5)inactivated
andfertilizedeggs(Fig17),respectively;the
differencewasnotstatisticallyslgnificant.
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Fig.7.Distancebetweenthesecondpolarbodyandthefemale

pronucleusinactivatedandfertilizedeggs.Lateraldistance

betweenthesecondpolarbodyandthefemalepronucleusin

activated(ローー一口)andfertilized(L-町 eggs.Verticaldistance

betweenthesecondpolarbodyandthefemalepronucleusin

activated(〇一-○)andfertilized(H)eggs.
Discussion

Twostepsarerequiredtofullyactivateanegg:

Atreatmentthatpromptstheeggtodoalmost
everythingthatitwoulddoifitwerefertilizedand
anotherthatenablesittobipolarize(Mazia,1978).
Prick-activatedmedakaeggsclearlytakethefirst
step.Theirooplasm segregatesnomally,they
assembleanddisassembleacomplexnetworkof

microt..hles,andthefemalepronucleusmoves
awayfromthesecondpolarbody.Itisalsoclear
thattheydonottakethesecondstep.TYleresults

ofthepresentstudythusenableustoassessthe
contributionsofspem tothesetwostepsinthe

activationofmedakaeggs.
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Thespatialpattern ofooplasmicsegregation

occu汀ednomallyinactivatedmedakaeggs,witha
blastodiscfomlngattheanimalpoleandoil

dropletssegregatingtowardthevegetalpole,even
thoughtheseeggswereactivatedataninterpolar
siteandnotattheanimalpole.Thisresultisconsis-
tentwithothersthathavedescribedthestrong
inherentpolarityofteleosteggs(Huver,1964;
reviewedinH那tandPluck,1996).However,our

cmdemeasuresofooplasmicsegregation-thebulk
flowofooplasmandthemovementofoneclassof

ooplasmicinclusions(oildroplets)-ぺOuldhave
overlookedsubtlermovementsofspecificcom-

ponentsoftheooplasmsuchasthosereportedin

Xenopuslaevisinwhichthepresenceofasperm
andanassociatedmicrotubulearraylSessentialfor

nomalcytoplasmicsegregation(Ubbelsetal"
1983).Thetemporalpattemofsegregationwasalso

nomalinactivatedmedakaeggs,suggestlngthat
theeggItselfhastheinformationtoinsurenotonly
theproperassemblyofthemolecularmachinery
thatmediatesooplasmicsegregationbutalsothe
timlngOfthisassembly.
Thespatiotemporalpatternofmicrotubulesin
activatedeggswasessentiallyidenticaltothatin
fertilizedeggs,suggestlngthattheeggalsocon-
tainsinfbmationtoensuretheproperassembly

anddisassemblyofmicrotubules.Wesawnoevi-
dencethatmicrotubulesfomedearlier(Elinson,
1983;Elinson,1985;UbbelsandVermeulen,

1986;HoulistonandElinson,1991)orpersisted
longer(ElinsonandRowning,1988)infertilized
vs.activatedmedakaeggsastheydoinX.laevis･
Thismatemalcapabilitytoorganizemicrotubules

wasespeciallyremarkableintheanimalpole
reglOnOfthemedakaegg,whereamicrotubule-

organizingcenter(MTOC)ispresentnearthetwo
pronucleiinfertilizedeggs(Abrahametall,1995)･
Inthepresentstudy,wefoundthatanMTOCwas

alsopresentinactivatedeggs,apparentlycentered
onthefemalepronucleus.Thissuggeststhatthe
femalepronucleusitselforacloselyassociated
structurecanorganizetheassemblyofmicrO-
tubules.Anassociationbetweenthefemale

pronucleusandmicrotubule-OrganlZlngaCtivltyln
parthenogeneticallyactivatedeggshasbeen

previouslyreportedinI,ytechinuspictus(Mar,
1980),andX.laevis(HoulistonandElinson,

1991).Whethertheactivityinactivatedmedaka
eggsisspecificallyassociatedwithamatemal
centrosome(Ubbelsetal.,1983;Schroederand

Gard,1992;Sluderetal.,1993)isaninteresting

questionforthefuture.
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Themovementsofoildropletsinmedakaeggs
(Abrahametal.,1993;CataloneandFluck,1994;

Webbetal.,1995)andthefemalepronucleusina

numberofspecies(Zalokar,1974;Hiramotoetal.,
1984;HamaguchiandHiramot0,1986;Sawada

andSchattern,1989;Abrahametal.,1993)likely
involvemicrotubules.Thus,becausethemove-

mentsofbothoildropletsandthefemale
pronucleuswereno-alinactivatedmedakaeggs,
Onewouldpredictthatsucheggswouldhave
microtubulearraysessentiallylikethosein

fertilizedeggs.Theresultsofthepresentstudyare
consistentwiththisprediction.Movementofthe
femalepronucleushasbeenreportedtooccurin
parthenogeneticallyactivatedeggsofotherspecies
(X.laevis,ManesandBarbieri,1977;i.pictus,

Mar,1980;RananlgrOmaCulata,Sambuichi,
1981),butingeneralitmoveslessthanitdoesin
fertilizedeggs.Incontrast,itsmovementsappear-
edtobenomalinactivatedmedakaeggs.
Thesimilaritylnthespatiotemporalpattemof
microtubulesoutsidetheanimalpolereglOnOf
activatedeggsandfertilizedeggsisconsistent
withthesuggestionthatthemicrotubulea汀aySin
thevegetalpoleandinterpolarreg10nSOfmedaka
eggsareindependentofthespermaster(Webbet
al.,1995)astheyareinX. laevis(Houlistonand
Elinson,1991;ElinsonandPalaeek,1993).The

polymerizationofmicrotubulesoutsidetheanimal
poleregionofactivatedeggs(andfertilizedeggs
aswell)couldbespontaneous(Karsentietal.,
1984).Altematively,itcouldbeorganizedbya
centrosomewithashapemuchdifferentfromthe

onethatorganizesthespe- aster(Mazia,1984;
McNivenandPorter,1988;Tuckeretal.,1995)or

multiplecentrosomes.Ifeitherofthelatteralter-
nativesisco汀eCt,OneWOuldpredictthatcentro-

somalantlgenS,inparticulargamma-tubulin,
wouldbepresentthroughouttheinterpolarand
vegetalpoleregionsofthemedakaegg(Palacios
etal.,1993;Stearnsetal.,1991;Gard,1994)

Theonlydevelopmentalstageatwhichwesaw
acleardifferenceinthespatiotermporalpatternof
microtubulesinactivatedvs.fertilizedeggswasat

Tntl･0,whenfertilizedeggswereundergoing
mitosisandcytokinesis.Infertilizedeggs,Wesaw
microtubulesnotonlyinthemitoticapparatusbut

alsonearthecleavagefu汀OW,Whereastheanimal
polereglOnOfactivatedeggshadonlypunctate

fluorescence.Theseresultssuggestthatprick-
activatedmedakaeggscannottakethesecondstep

requiredtofullyactivate,thatistobipolarize
(Mazia,1978;Mazia,1987).Thislimitationis
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likelyduetotheabsenceofafunctionalcentro-
some(IwamatsuandOhta,1974;Heidemannand
Kirschner,1975;Malleretal.,1976;Mitchison

andKirschner,1981).Perhapsinmedaka,asin
starfish(Sluderetal.,1993),amaternalcentroI

somecanorganizemicrotubulesinactivatedeggs
butthenlosesitsreproductivecapacltyduringthe
firstcellcycle.Suchacellwouldbeunableto
bipolarize.
Thetwopredominantpatternsoffluorescence
inmedakaeggsthathadbeenprocessedfわrthe
immunocytochemicallocalizationofalpha-tubulin
-punctateandlinear(microtubules)-appearto
representtwointerconvertibleformsoftubulin･
WhenthedensltyOfmicrotubuleswaslow-for
example,throughouteggsatTnI0.02,atthe
vegetalpoleofeggsatTn;;1.0,andintheanimal
polereg10nOfactivatedeggsatTn21.0-the
amountofpunctatefluorescencewashigh;and
whenthedensityOfmicrotubuleswashigh,for
example,throughouteggsatTn=0･45,theamount
ofpunctatefluorescencewaslow.Moreover,
becausetheegg,whetheractivatedorfertilized,
CancontrolthetimlngOftheinterconversionofthe
twofbms,itmayhaveacytoplasmicclocklike
theoneinX.laeviseggs(Kirschneretal.,1985).
Whetherthemechanism(S)thatcontrolsthe

polymerizationanddepolymerizationoftubulin
involvescalcium ion(Plucketal.,1994)and
microtubule-severingproteins(Vale,1991)and
whetherthismechanism operatesasawave
(Harris,etal.,1980)arequestionsforfuturestudy.
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