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ABSTRACT-Thereleaseofcorticalalveoli

(CA)from theisolatedeggcortex ofthe

medaka,Oryziaslatipes,wasobservedatthe

thresholdlevelof1mMCa2+atpH6.7,which

onadditionofphospholipaseA2 (PLaseA2 )

wasloweredto50/JMCa2+.Theadditionof
ATPat1mM furtherloweredthethreshold

levelto1/JM Ca2+ . Whenthecortexwas

mechanicallyremovedinaCa-freemedium,

manyprotrusionswereobservedonthesurface

oftheintactCA.TheprocessofCAreleasein

theisolatedcortexwasproposed.

INTRODUCTION

Fertilizationinfishismarkedbythecortical

reaction,themostprominentofwhichisthe
breakdownofCA.Afterinseminationofthe

egg,aninvisiblechange,termed"fertilization

wave"(Yamamoto,1944),ispropagatedinthe

corticalcytoplasm.Thistriggersthewave-like

breakdownofCA,startingfrom theanimal

pole,spreadingovertheeggsurfaceandending

atthevegetalpole(Yamamoto,1939).This

waveisfollowedbythereleaseofthealveolar

contentsintotheperivitellinespaceandthe

elevation and hardening of the chorion

(Nakano,1956;Kudo,1967;Iwamatsu,1969).
Severalstudieshavebeendevotedtothe

mechanismofCAreleaseduringfertilization.
ThesuccessintheisolationofintactCAfrom

theovoplasm inthemedakaegg(Nakano,

1956;Yamamoto,1962;IwamatsuandOhta,

1976)hasfacilitatedastudyonthenatureofthe
CAandfactorswhichcausetheirdissolution.

Infisheggs,itwasobservedthatthepresence
ofCa2+ionsintheextracellularmedium is

necessaryforsperm penetrationintotheegg

andforactivationoftheegg(Yanagimachiand

Kanoh,1952;Yamamoto,1954;Iwamatsugf

al.,1985).Theeggsbegintotakeup45Caabout

30secafterinseminationwithlittleuptake

after completion ofthe corticalreaction

(Iwamatsu,etal.,1985).ThereleaseofCa2'
ionsfromintracellularsourcesisbelievedtobe

apartofthetriggermechanismwhichinitiates

alveolarexocytosis(Steinhardtetal.,1977:

Gilkey etal.,1978: Schuel,1978). The

injection ofCa2+ionophoreA23187,which

carriesCa2+ ionsthrough themembranes,

inducesalveolarorgranularbreakdowninthe

egg.haddition,theexplosiveriseinfreeCa2+

ionsduringactivationhasbeendeterminedbya

light-emittingprotein,aequorin,intheeggsof

themedaka(Ridgwayetal.,1977;Gilkeyet

al.,1978)andoftheseaurchin(Steinhardtet

al.,1977).

The present study was undertaken to
determinethethresholdlevelofextracellular

Ca2+ whichcantriggerCA releaseinthe

medakaegg.Ⅰnsteadofintacteggs,theisolated

cortex wasusedtofacilitateexposureto

extracellularCa2+.Thisprocedurealsoallows

thestudyofthemechanismofCAexocytosis

by means of SEM observations on the

morphologlCalchangesrelatedtoCArelease.

MATERIALSANDMETHODS

ObtainingEggsandIsolationoftheCortex

Eggs ofthe orangeィed variety ofthe

medaka,Or3JZiaslatipes,wereused.Fishwere

rearedunderacontrolledphotoperiodof14hr

lightand10hrdarknessatawatertemperature

ofabout26℃. Thespawnlngfemaleswere

separatedfrom themalesthedaybeforethe

experimentsandtheeggswereobtainedby

laparotomyfromtheovarianlumenandplaced

inisotonicsaltsolution(Yamamoto,1944).

Isolationofthecortexisdesignedtoensure
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theexposureoftheeggcortextovariousmedia

andtopermitthedirectobservationofCA

releaseoftheeggcortexbySEM.Foreach

batch,5to6eggsweretransferredtoa

depressedglassslideandwashedtwiceinACA

medium(refertothenextsection)priortothe

isolationprocess.Thecortexoftheeggwas

isolatedinACAmediumbycuttingtheeggat

thevegetalpolewithfineiridectomyscissors

andpushingitgentlyoutofthechorion.

Prepa71ationofMedhzandtheHandlingofthe
ZsokZtedCortex

The ACA medium was formulated by

modifyingthemedium forseaurchineggs

(SasakiandEpel,1983).Itconsistedof200mM

ど-aminocaproicacid(ACA),5mMNaCl,2mM

MgC12,10mM EGTAor1mM CaC12and10

mM Good′sbuffer(forpH5.7,MES;pH6.7,

PIPES;pH 9.0,CHES). Forthestudyof
effectsofCa2+OnCAreleaseoftheisolated

cortex,either10mM EGTAor1mM CaC12

wasusedwiththeothercomponentslisted
above.

TodeterminethethresholdlevelofCa2+

which can trigger CA release,Ca-buffer
solutionswereprepared.Sincethecytoplasmic

pH requlrement at the threshold Ca2+

concentrationtocause"calciumwave"during

normalactivationisbetween7.0to7.2(Gilkey,

1981),pH6.7,whichwasassumedastheresting

pH beforeCA release,wasused forthe

exposureoftheisolatedcorticestovarious
treatments.ThedesiredlevelsoffreeCa2十and

Mg2+ Werecalculateduslngtheassociation

constantsforEGTAatpH6.7of6.01Ⅹ105for

Ca2+ and 18.4 for Mg2+ to produce the

designated micromolar level of Ca2+

(Steinhardtetal.,1977). Inthesucceeding

seriesofexperiments,1ノJg/mlphospholypase

A2(PLaseA2)and1mMor10mMATPwere

added,separatelyortogether,totheACA

mediawithvariousCa2+concentrationsatpH

6.7todeterminethefactorswhichcouldtrigger

CAreleaseintheisolatedeggcortex.The
isolatedcortexwasincubatedintheabove

mediafor10minatroomtemperature(about

26℃). Forcomparison,directobservations

werealsocarriedoutuslngalightmicroscope

withNomarskioptics.

PreparationofScanningElectronMicroscoz,y

(SEM)

Aftera10minincubation,theisolatedcortices

werefixedin3.5% glutaraldehydein0.1M

phosphatebuffer(pH 7.2),overnightat4℃,

washedinphosphatebufferandpost-fixedin

1% osmium tetraoxidein0.1M phosphate

buffer(pH7.2)for1-1.5hratO℃(Iwamatsuand
Ohta,1976).Afterwashinginphosphatebuffer,

thesamplesweregraduallydehydratedinthe

ethanolseriesandfinallyinisoamylacetate.

Thespecimenswerecriticalpoint-dried in

carbondioxideandcoatedwithgold(about

250Åthickness)usinganioncoater(IB-2Eiko

Eng.Co.).Observationsweredonewiththe

SEM (ModelAlpha10,Akashi).

RESULTS

1.TheIsokZtedEgg CortexinIsotonicSalt
Solution

TheisolatedCAappearedassmoothhyaline

spheresasdescribedbyNakano(1956,1969).

UndertheNomarskioptics,theCA andoil

droplets(OD)weredistinctlyobserved(Fig.1).

TheCAhavediametersranglngfrom10-40JJm,
whereastheODhaveanaveragediameterof80

〟m,whichmaybecomemuchlargerafter

fusion ofcontiguousdroplets. Numerous

hemisphericalelevationsandfinemicrovilli

were observed on the surface of ripe

unfertilizedeggsintheisotonicsaltsolution

(Fig.2aandb).Ontheotherhand,innormal

indentations,possiblythoseofthespherical

bodies(SB)ofCAintheprocessofrelease,or

thecrater-likepitsofCAtobereleasedwere

observed(Fig.2candd).

2.ReleaseofCorticalAIveoli(CA)
a.EffectsofH+andCa2+onCARelease

The exposed surface ofisolated cortex

showedthepresenceofreleasedandunreleased

CA.ThepocketswithorwithoutSBwere

countedasreleasedCA,whilethealveolar
elevationswereconsideredasunreleasedCA

(Fig.3).IntheACAmedium,thepresenceof1



Fig.1 SurfaceoftheisolatedeggcorticesviewedwithNomarskioptics･(a)Lowpower
magnificationoftheisolatedcortices;(b)Highermagnificationofthesame･Arrowspoint
tothecorticalalveoli(CA);OD,Oildroplet.Scalebar:50〟m･

Fig.2 SEMmicrographsofunfertilizedandfertilizedeggsurfacesincubatedinisotonicsalt

solution.(a,b)unfertilizedeggcortices;(C,d)fertilizedeggcortices.ArrowspointtotheCA

elevationsin"a"andtothereleasingCAwithsphericalbodies(SB)in"C".Notefewer
microvilliandasmoothersurfaceovertheCAelevationin"b".Scalebar:(a,C)50JLm:(b,

d)10pm.
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mM Ca2十atpH 6.7resultedinthegreatest

numberofreleasedCA,followedbypH 9.0.
TheleastnumberofCAreleasewasobserved

atpH 5.7. NoCA releaseoccurredinthe

absenceofCa2十inalltherangesofpHtested.

Basedonthisresult,pH 6.7wasusedinall

media in succeeding experiments. No
breakdownofCA wasobservedincortices

isolatedintheACAmediumwithCa2+,ranging

from0.1to750/JM atpH6.7,whileCArelease
wasrecordedin1mM Ca2+

Fig.3 SEMmicrographsofeggcorticesisolatedin1mMCa2+ orCa-freeACAmediumat
differentpHs.(a,C,e)inCa-freeACAmedium;(b,d,f)in1mMCa2+ACAmedium.(a,b)pH6.
7;(C,d)pH5.7;(e,f)pH9.0.(a,e)arrowspointtoafewreleasedCA.Scalebar:(a,C,e)50
〟m;(b,d,f)10ノバn.
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b.EffectsofATPandPLaseA20nCARelease

TheeffectofexogenousATPonCArelease
isshowninTable1.When1mM and10mM

ATPwereaddedseparatelytovariousACA

mediaatpH 6.7,thethreshold levelwas

considerably loweredfrom 1mM (Without

ATP)to1JJM Ca2+ EvenintheCa-free

mediumwith1mMand10mMATP,someCA

releasewasobserved.TheadditionofPLase

A2(1/Jg/ml)totheACAmediumresultedinthe

lowerlngOfthethresholdlevelofCa2+forCA

releaseto50/JMCa2+.Table1alsoshowsthe

effectofthecombinationofCaf'PLaseA2and

ATPonCArelease.Theadditionof1/Jg/ml
PLaseAand10mMATPtotheACAmedium

resultedina1JJMCa2'thresholdlevelforCA.

3.TheUnreleasedCA

TheCA wereobservedintheprocessof

releaseorintheunreleasedcondition(Figs.3b,f

and4b).TheunreleasedCAwerecoveredwith

thecortex(Figs.2aand3C),andthesurfaceof
theCAcouldnotbeobserved.Whenthecortex

isolatedintheCA-freeACAmedium andits

surface layer was mechanically removed,

protrusions(diametersranging from 0.25-0.
60/Jm)WereobservedonthesurfaceoftheCA

(Fig.4).Theseprotrusionswerenotobserved
onthesurfaceofCAintheisolatedcortexin

Ca2+containingsolution.

DISCtJSSION

Theresultsshowthattheisolatedcortexof

themedakaexhibitsthesamepropertiesasthe

cortexoftheintactegg.Inthecortexisolated

intheACAmedium(pH6.7),thereleaseofCA

wasobservedat1mMCa2+.Thepresenceof

1mM Ca2+facilitatesCAexocytosis,Without

theadditionofATPandPLaseA2 . The

additionofPLaseA2(1〟g/ml)loweredthe

thresholdlevelofCa2+to50/JM andATP(1

mM or10mM)furtherlowereditto1/JM.
One of the factors which affect CA

exocytosiswasthepHofmedium.Jaffe(1980)

andGilkey(1981)reportedthatthepHofthe
mediumdoesnotinterferewithactivationand

normaldevelopment,althoughthecytoplasmic

pH affectsthecalcium wave. Gilkey(1981)

Fig.4.SEM micrographsofintactCAshowing
granules.Thesurfacelayerofeggcortexwas
removedmechanicallyinCa-freeACAmedium.
Scalebar:1/Jm.

notedthatthecalciumwavewasdeceleratedin

thepH bufferbelow pH 7.1,whileitwas

acceleratedinthepHbufferabovepH7.1.The

presentresultsinwhichCAreleaseisrelatively

greaterinpH 9.0thaninpH 5.0-7.0arein

agreementwithGilkey′sfindings. In ayu

(Plecoglossusaltivelis)eggs,Ito(1960)foundthat
CA releaseisacceleratedinacidicRinger′S
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Table1 EffectsofCa2十,ATPandPLaseA2 0nCArelease.

RelativeDegreeofCARelease
ca
川 1mM ATP 10mMATP 1jig/ml iJLg/ml

PLaseA2 PLaseA2
+10mM ATP

01
0

0

0

5

0

0

5

0日
H

･

+

H

N｡

N0

=

H

N0

ー
+

+

H

N0

±-withonlyafewreleasedCA.
NO-notobservedduetothetendencyoftheisolatedcorticestobecomefragile.

solution(pH3.0-5.0),whileinhibitedinalkaline

Ringer′ssolution(pH7.8-9.4).However,itis

suggestedthattherearedifferentmechanisms

ofthebreakdownofCAinthisspecies.

Usingfertilizedorionophore-activatedeggs

ofthemedakainjectedwithaequorin,Gilkeyet

α/. (1978)andGilkey(1981)foundthatthe

threshold free Ca2+ required to elicitthe

calciumwaveisbetween1-10JJMCa2+atpH7.

0ornear10〃M atpH6.5.Thesevaluesare
muchbelowthe30/JMCa2+reachedduringthe

calciumwave.Asthepresentdatawerebased

onCArelease,highervaluesmaybeobtained.

Intheisolatedeggcortexofseaurchineggs,

Steinhardtetal.(1977)observedthattheCa2'

levelrequiredforcorticalgranulereleaseis

higherthantheCa2十levelduringthecalcium

waveintheintacteggs.ThehigherCa2+level

requiredforCAreleaseinthepresentstudy

maybeduetoaconsiderableloweringofthe

ATPlevelduringtheisolationofthecortex.

Hence,theadditionofATPprovidedasource

ofenergyforthemaintenanceofthecytoplasm

intheCa2+-loadedstate(BakerandWhitaker,

1978)andenhancedcalcium sensitivityofthe
isolatedcortex.Thisisconsistentwiththe

resultsofBakerandWhitaker(1978)inthesea

urchineggcortex.Theyfoundthatwith10mM

ATP,1-3pM Ca2+intheglycinemedium was
sufficienttocauseexocytosisofthegranulesof

cortexpreparedfrom cyanide-poisonedeggs･

SasakiandEpel(1983)alsoobservedthatthe

abilitytoreleasegranulescouldbemaintained

by 1mM ATP ata threshold levelof

approximately 6 JJM Ca2+ in a medium

containlngpotassiumgluconateandglyclne.
TheCa2+thresholdleveltoinduceCArelease

wasalsoloweredto50/JM byadditionof

PLaseA2 . Thisenzymemaycausethe

dissolutionoftheCAenvelope,whichisrichin

lipid(Yamamoto,1951;Aketa,1954).Ⅰnhuman

erythrocytes,PLaseA2 ,Whichattacksthe

lecithincomponentofthecellmembrane,isa

lyticagent(ZwaaleJαアリ 1973). IntheCA

isolated from the rest ofthe ovoplasm,

Yamamoto(1962)reportedthedissolutionof

halfofCA in5% steapsin-Ringer′ssolution

within4minat28℃.Heproposedthatduring

fertilizationinthemedakaegg,thereisan

enzymaticdissolutionoftheCAenvelopebyan

esterasesystemwhichseemstobelecithinase-

1ikeratherthan lipase. The protrusions
observedonthesurfaceofCA seem tobe

relatedtothisprocess,althoughthereisa

possibilitythattheseprotrusionswereformed

duringfixation.
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