
TheFishBiologyJoumalMEDAKA,7:2ト24(1995)

Inorganiccontentsofthemedakaeggbeforeandaftercorticalreaction
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Abstract M亘ioranionicandcationiccontentsof

medakaOfTZlaSlatipeseggsweremeasuredby
ionchromatographyandatomicabsorptlOn

spectrophotometry,respectively.Differencesin
thetotalamountsofrespectiveinorganicionsas

deteminedwiththeashesofeggswerehardly

recognizablebeforeandshortlyafterexocytosis.
However,adecreaseinthecontentoffreeCa2+

andMg2+wasrecognizedindialysatesofegg

homogenatesshortlyaftertheinitiationofexo-

cytosis.Thepresentdatafor0.latipeseggssug-

gestthatchangesinthesecationiccontentsmaybe

associatedwiththeprocessofeggactivation･

lntroduCtion

ItisgenerallyknownthatCa2'isreleasedfrom

cytoplasmiccompartmentsintothecytosolatan
earlystageoffertilization(cf.Jaffe,1983,1985)at
thesametimethatotherionssuchasNa+,K+and

H'moveacrosstheplasmamembrane(Girardet

al.,1982).Themobilityofionsisespecially
criticalformetabolicactivationoffertilizlngeggs

inmarineinvertebrates(Epel,1978).Inyolk-rich

eggssuchasthoseoffishesandamphibians,

mobilityofionshasalsobeenrecognizedearlyln
thefertilizationprocess.Iftheincreaseincyto-

plasmicCa2+isinhibitedbyaCa-chelatorsuchas
ethyleneglycoトbis-(β-amino-ethylether)N,N'-
tetraaceticacid(EGTA),noexocytosisofcortical

granulesorvesicles(alveoli)occurs(Iwamatsuet
al.,1988).Thesefactsleadtotheconclusionthat

cytoplasmicCa2+playsanimportantroleinthe
exocytosisprocess.However,themechanism of

exocytosisofcorticalalveoliinthefishegg
remainstobedemonstrated.

Theprocessofexocytosisinthefisheggshould

beanalyzeduslnganinvitromodel,asproposed
byVacquier(1975)fortheseaurchinegg.Before
theprocessofexocytosisofcorticalalveolicanbe
studiedinvitro,itwillbenecessarytoclarifythe

intracellularioniccompositionofunfertilizedeggs.

InthemedakaOryzlaSlatlPeS,themetalcontentof
eggsbeforeandafterfertilizationhasbeenmea-

suredsofarOnlybyHori(1965).Werepeatedthis

studytoascertaininmoredetailthemajoranionic

andcationiccontentsinfisheggsbefわreandjust

afterexocytosis.Onthewhole,theresultsconfirm
thedataoncationiccontentspreviouslyreported
byHori(1965).Inaddition,wehavealsoobtained

dataonthechangein丘･eedialyzableionswithin

eggsuponexocytosis.Thepresentpaperreports
theresults.

MaterialsandMethods

Preparationofeggsbeforeandafterfertilization
Unfertilizedmedaka(0り′Ziaslatipes,orange-

redtype)eggswereobtainedfromfemaleswhich

hadspawnedeverydayunderartificiallycontrol-
ledconditions(14-hlight,10-hdark;26128oC)
whichwereoptlmumfわrreproduction･Within2h
afterovulation,femalesthathadspawnedevery
daywerepithedandlaparotomized.Ovarieswere
isolatedintoasalinesolution(Iwamatsuetal.,

1976).Unfertilizedeggswerereleasedintosaline
fromtheluminaoftheisolatedovariesbytearlng

theovariansacwithfineforceps.Eggsundergolng

fertilizationwerepreparedbyartificiallylnSemi-

natlngtheminasuspensioncontainlngSpemSata
concentrationof2-3×107/ml(25oC).Activated

eggswhichhadcompletedexocytosiswere
immediatelytransferredintoaglassbasketwith
vinylnettingatthebottom(Iwamatsuetal.,1985)

10minafterinsemination,andcarefullyrinsed6
timesforabout2minindouble-distilledwater

(100ml)inseparatePetridishes.Cytolyzedeggs
werequicklyidentifiedunderabinoculardissect-

1ngmicroscopeanddiscarded.Thiswasnecessary

becauseeggsthathadjustcompletedexocytosis
werefragileandsometimescollapsedduring
rinslngindouble-distilledwater.

Samplingofashesformeasurementoftotalion
content

Everygroupof50eggsrinsedasdescribed
abovewasimmediatelytransferredintoaPotter-
EIvehjamhomogenizerwithredistilledwater.This
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waterwascompletelyremovedbypIPettlngbefore

theeggswerehomogenizedinL5mloffreshly

addeddouble-distilledwater.Theegghomogenate

wasdriedinaheat-drychamber,laidinashes

broughtto1400Cwithaheatmantle,andoxidized

twicebypourlngOnafew dropsofH202.The
ashesofonegroupofeggsweredissolvedin50

mlof4mM carbonatebuffer(pH 10.2)andthen

analyzedfわrthedeteminationofanionsbyion

chromatography.Foranothergroup,theashed

samplewasdissolvedin5mlof0.5N HClfor
measurementofcationcontents.

SamplingofdialysatesjTormeasurementoffree
ioncontent

Theegghomogenatewasdialyzedfor24hina

cellulosetubing(retentionmorethanMr10,000:

ViskaseScalesCo咋.)against95mlofdeionized,
distilled waterformeasurementofcationic

contentsoragalnSt95mlof4mM carbonate

buffer(pH 10.2)formeasurementofanionic
contentswithcontinuousgentlestimng.Theion

contentofthedialysatewasmeasuredasthe

quantltyOffreeions.

Measurementsofioncontent
Cationiccontentsweremeasureduslngabeam

atomicabsorptionspectrophotometer(Hitachi207),

asdescribedelsewhere(Iwamatsuetal.,1985).

Contentsofanionssuchasド,Cl~andSO42~in

thedialysateagalnStCarbonatebufferweremea-

suredsimultaneouslyuslngarapid,efficientand
interference-freemethod(Halletal.,1986).For
thedeteminationofanioniccontents,Dionex

Model12equlppedwitha6×50mmprecolumn

(HPLC-AG 3),a6×250mm anionseparation

column(HPLC-AS3),andananionfibresup-

pressorwereused.Experimentsoneachgroup

wererepeatedatleast3times.TYlecontentOfeach

ionpere_g.gwasexpressedasFLg/egg,andionic
concentratlOnSWithinaneggwerecalculated

uslng0.922Illtorepresentthevolumeofan

unfertilizedegg.ThevolumeoftheeggIncluding

thechorionwascalculatedassumlngtheeggtobe

aperfectsphere,although theeggwasactuallyan

oblatespheroidmeasurlngabout1.24mm in
horizontaldiameterandalittlelessinvertical

diameter(Iwamatsu,1994).Theresultinge汀Or

wasprobablyslight.

Results

TheconcentrationsofNa+,K+,Mg2+andCa2+

inamedakaeggweremeasuredbeforeandshortly

aftercorticalalveolarexocytosisfollowing
insemination.TheresultsareshowninTable1.

Nosignificantchangesuponexocytosis(fertiliza-
tion)Werefoundintheseioncontentsofashed

groups.Indialysategroups,thecontentsofCa2+

andMg2+underwentasmallbutstatistically
slgnificantdecreaseshortlyafterexocytosis.A

slightreductionintheK+contentsofthedialysate

wasobservedshortlyafterexocytosisbutitwas

notstatisticallyslgnificant.

ThecontentsofC1-,F-,NO2-,NOT,SO42-and
PO43-inanmedakaeggbeforeandafterfertiliza-
tionwerealsomeasuredandtheresultissum一

marizedinTable2.Inashgroups,thecontentsof

anionsinunfertilizedeggsdidnotsignificantly

differfrom thatoffertilizedeggsJustafterexo-

cytosis.ド,Cl-andNO2~werenondetectableor

presentinverysmallamountsinashgroups,
Comparedwiththoseindialysategroups.Incon-

trast,thecontentsofNO3二PO43~andSO42~Were

slgnificantlylessindialysatesthaninashed

groupsbeforeandshortlyafterexocytosis.Inpar-

ticular,NO3-wasnondetectableinthedialysates･

Groupofeggs Na+ K+ ca2+ Mg2+
(No.ofexperiments) (FLg/egg) (Pg/egg) (Pg/egg) (FLg/egg)

Beforeexocytosis

AfterexocyTosis

A(5)

ち(3)

A(8)

B(7)

2.89±0.ll
(136.3mM)

2.49±0.14
(117.5mM)

2.99±0.23
(141.1mM)

2.40±0.05
(113.2mM)

2.58±0.04
(71.6mM)

2.57±0.06
(71.5mM)

2.37±0.05
(65.7mM)

2.58±0.09
(71.6mM)

0.72±0.04
(19.5mM)

0.80±0.12
(21.6mM)

0.46±0.01*
(12.4mM)

0.70±0.06
(18.9mM)

0.37±0
(16.5mM)

0.SO士0.01
(13.4mM)

0.28±0.01*
(12.5mM)

0,35±0.02
(16.0mM)

Table1.CationiccontentofOTyZlaS/atlPeSegg.A:Dialysategroup.B:Ashgroup.Eachvalueis
expressedasmean±SE.*Asignificantdecreaseafterexocytosis(P<0.05).Thevaluesinparen-
theses(mM)indicatetherespectivecationicconcentrationsintheegg.
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Groupofeggs
(No.ofexperiments)
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F Cl~ NO2- NO3~ PO 4 3- s042-
(pg/egg) (pg/egg) (pg/egg) uLg/egg) uLg/egg) (Pg/egg)

A(5)

Beforeexocytosis

Afterexocytosis

0.21±0.10 1.95±0.43
(12.0mM) (59.6mM)

B(3) ND

A(8)

0.llj:0.01*
(3.4mM)

0.23±0.13 1.59±0.18
(13.1mM) (48.6mM)

B(7) ND
0.13±0.04*
(4.0mM)

0.16±0.07
(3.8mM)

ND

0.ll±0.05
(2.6mM)

0.06±0.03

ND

2.73±0.28*
(47.8mM)

ND

2.21±0.56*
(1.4mM)

0.15±0.12
(1.7mM)

2.79±0.35*
(31.9mM)

0.20±0.08
(2.3mM)

3.33±0.94*
(38.0mM)

2.01±0.09
(22.7mM)

4.07±0.11*
(45.9mM)

1.65±0.26
(18.6mM)

4.67±0.11*
(52.7mM)

Table2.AnioniccontentofOryziaslatipesegg.*Significantlydifferentvaluesbetweenthedialysate(A)andash(B)groups(P<
0.05).Eachvalueisexpressedasmean±SE.ND:Non-detectablevalues.ThevaluesinpaJ･entheses(mM)indicatetherespective
anionicconcentrationsintheegg.

Discussion

Thepresentmeasurementsofcationiccontent

inthemedakaeggindicatethatfreeMg2'is

reducedshortlya氏erexocytosis,althoughthetotal

Mg2+content(ashgroup).remainsunchanged･A
slightdecreaseinboundMgcontentupon

fertilizationhasbeenreportedpreviously(Hori,
1975).A decreaseinintracellularMgfわllowing

fertilizationhasbeendescribedinArbaciaeggsby

Monroy-Oddo(1946)andAzarniaandChambers

(1976).Inexperimentalinvestigationsinwhicha

10mM Mg2'solutionwasmicrolnJeCtedintoa

restrictedreglOnOfthecorticalcytoplasm in

unfertilizedeggs(Iwamatsu andlto,1986;

Iwamatsuetal.,1988),theregioninjectedfailed

toundergonotonlytheincreaseincytoplasmic

freeCa2'butalsoexocytosis.Thisrevealsthata

non-physiologicallyhighconcentrationofMg2'

seemstoinhibitthesephenomena.Therefわre,the

decreaseinintracellular Mg2'mayeffectively

acceleratetheprocessofeggactivation.

ThecontentoffreeCa2'aswellasMg2'

dimISiblethroughacellulosemembranetendedto

decreaseshortlyafterexocytosis,andthechange

wasstatisticallyslgnificant･Investlgationsonegg

homogenates(Masia,1937;Nakamuraand

Yasumasu,1974)andintacteggs(Azamiaand
Chambers,1976)oftheseaurchinhavedemon-

stratedanincreaseinfreeCa2'followlngfertiliza-

tion.SubstitutionofCa2'forMg2'isrequiredfor

thehardeningofthechorion(eggmembrane)

(Yamagamietal.,1992)and exocytosis

(Yamamoto,1961;Gilkey,1981)infertilization.

TransientlyIncreasedfreeCa2'andMg2'during

exocytosismaybesequesteredbybindingto

proteinsofthechorion,theplasmamembraneand

thecorticalcytoplasm.Consequently,diffusible

Ca2'decreasesupontheinitiationoffertilization.

Duringcorticalreaction,theCa2'contentofthe

intacteggsincreases,whilethatofnakedeggs

doesnot(Iwamatsuetal.,1985).As Pointedout

byAzarniaandChambers(1976)forthesea

urchin,theinitialincreaseinCacontentrepresents

theabsorptlOnOfextracellularCa2+bycortical

granulematerialsdischargedfollowingfertiliza-

tion.Atpresent,theratioofthenon-dialyzable

Ca2+intheperivitelline什uidtothatofthecyto-

plasmisunclear.
TheCaconcentrationof20mM (ca.18mM in

Hori,1973)inthemedakaeggseemstobevery

high,iffreeCa2'existsinthecytoplasm atthis

concentration.Duringexocytosisofcortical

alveoliinmedakaeggstheconcentrationoffree

Ca2+inthecorticalcytoplasmincreasestransiently

from 0.IFLM toabout30FLM (Gilkey,1981;

Gilkeyetal.,1978).Thisdisagreementinvalues

fortheconcentrationoffreeCa2+maybe

reconciledif(1)alargeamountofCa2+iscon-

tainedintheyolkmass,whichiscompartmented

awayfrom thecorticalcytoplasm,or(2)most

Ca2'bindstoCa-bindingproteinswithmolecular

Weightslowenoughtobedialyzable.TYlePresent

dataonioncontentshouldbeclarifiedbyfurther

investlgationsontheCa2'distributionwithinthe

corticalcytoplasmandtheyolkmassoftheegg･

TheconcentrationofK+(approx.72mM)in

eggsoftheorange-redtypemedakathatwasmea-

suredinthepresentstudycoincideswiththat

reportedbylkeda(1937),inwhichtheconcentra-

tionsofK+inthenewlyspawnedmedakaegg
were62.6mM (Wildmedaka)and72.1mM

(orange-redtypemedaka).ThevaluesofbothNa+

andK+∬e,however,lowerincomparisonwith

thosereportedbyHoriandKohno(1974).This

differencemaybeattributabletodifferencesin

techniqueandpreparationprocedures,suchas

differencesinthedurationandtemperatureduring

therinslngOfeggs,whichcausedeviationinthe
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eggsize(volumeofyolkcontent)･Thepresent
dataareusefulforphysiologlCalstudiesofthe
medakaegg.However,aproblem remainsasto
whetherornottheconcentrationsofK+andCa2+

representthoseinthecorticalcytoplasmorinthe

yolkmassofthemedakaegg.
TheconcentrationratioofK+toNa+(0.5-0.6)

inunfertilizedmedakaeggsinthepresentstudyis
quitesimilartothat(about0.8)describedbyHori
(1958).TheK+/Na+ratiointhisfishisalsosimilar
to1.0ofthehen(Mo汀illandKostellow,1991)

andabout1.60fthefrogRanapipiens(Morrill,
1965),incontrastwithabout4.0(Rothschildand
Bames,1953),10(Hori,1965)and6.05(Girardet

al.,1982)inseaurchineggsbeforefertilization,
and9.0afterfertilization(Cameronetal.,1988).
ThecontentofneitherNa+norK+inashesof

medakaeggschangedintheearlystepoffertiliza-
tion,althoughtheK'contentslightlynuctuatedin
dialysategroups.Thischange,however,wasnot
statisticallyslgnificant.Electricalinvestlgations
(Ito,1962;Nuccitelli,1980a,b)revealedincreased

permeability(emux)toK'duetoopeningofthe
K+channelsintheplasmamembraneduringa
transitionperiodoffertilization,suggestlngatran-
sientdecreaseintheintracellularK+content

duringtheshorthyperpolarizationperiod.Afew
minutesaftersperm stimulationboththeK'con-
ductanceandmembranepotentialrecovertothe
sameoraslightlyhigherlevelthanthoseofthe
unfertilizedegg,synchronouswiththecompletion
ofexocytosis.Therefore,thepresentdataprobably
indicatethatK+levelsweremeasuredafterK+

conductanceandmembranepotentiallevelsre-
coveredtothesamelevelsasthoseofunfertilized

eggs･K'contentreachesaplateau1hafterfertili-
zationat20% abovetheleveloftheunfertilized

egg(Hori,1958).
Thepresentmeasurementsrevealthatthetotal

levelsofanionsexamineddonotfluctuatedupon

fertilization,exceptthatfreeSO42- isaptto
decreaseshortlyafterexocytosis･Thecausefor
thefluctuationinthecontentoffreeSO42- is

unclear,althoughintheseaurchinegg,sulfateis
releasedatfertilizationbysplittlngltOfffrom
mucopolysaccharidescontainedincortical

granules(Aketa,1962,1963)･Nor,PO43~and
SO42- maybindtonon-dialyzablesubstances
becausemostoftheionsdidnotappearinthe

dialysate.Littleornoド andCl~ionsweredetecト
edinashgroups.Thismeansthattheseanions
maybeeasilyvolatilizedduringpreparationofash
samples.
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