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Introduction

Gonadsinvertebratesconsistofparenchymal
tissueandinterstitium.Femaleparenchymaisthe
ovarianfollicle,andthemaleistheseminiferous

tubule･Theparenchymaltissueismadeofgerm
cellsandtheirsupportingCells.Steroidproducing
cells,nervoussystemsandvascularsystemsreside
intheinterstitium･ThestlPPOrtlngCells,granulosa
cellsinfemalesandSertolicellsinmales,arecon-

sideredtoonglnatefromcelomicepithelialcellsin
fish,amphibiansandmostmammals.Oogoniaand
spermatogoniaaredifferentiatedfrompnmordial
germcells.Thespermatogoniaalwaysoccurin
seminiferoustubules,andgranulosacellsalways
surroundoocytestoconstitutefollicles(Fig.1).
Therefore,thesexdifferentiationofgermcellsand
supportlngCellsissupposedtoproceedunderthe
mutualinteractionsbetweenthesetwotypesof
cells.However,fewexperimentalfactswhich
directlyindicatethepresenceoftheseinteractions
areavailablesofar.Inthepresentpaper,wereview
thebehaviorofgermcellsandsupportingCellsin
OtTZlaSlatipesduringtheirsex-differentiation,
anddiscussontheirpossibleinteractions.

Gonaddevelopment

Theoriginofprimordialgermcells(PGCs)in
fishCannotbetracedbackearlierthanlateneurula

(Johnston,1951).IntheneurulaofOlyZiaslatipes,

PGCsareidentifiedintheperipheralendoderm
(Gamo,196I･,Hamaguchi,1982a).Thesubsequent

pathofPGC一migrationisshowninfigure2･PGCs
movetothecavitybetweenlateralplateandecto-
derm.Then,thesomatomesodermalcellsextend
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Fig.2.ThepathofPGCmigrationin073,Ziasfishes･Onlyin

0.latipesgonadsareformedonthebothsidesofmesentery･

theirthincytoplasmicprocessestocoverthesu血ce
ofPGCs.Consequently,PGCsareincorporated
intothelateralplate,andcompletelysurroundedby
mesodermalcells.Thisisthefirstcontactbetween
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Fig.1-Thesexdifferentiationofgermcell

andtheirsupportingCells･
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germcellsandtheirsupportlngCellswhichcon-
stitutetheparenchymaltissueofgonads.Fromthe

freesurfaceofPGCsbeforeincorporationinto
lateralplate,thinfilopodia-likeprotrusionscanbe

observed,however,thePGCsinlateralplate
mesodem haveasmoothcontourandareinclose

contactwithsu汀Oundingmesodemalcells.Nuage,

agem cellspecificorganelle,inPGCsbeginsto

changemorphologicallyfromanuageofastrand-

1ikestructuretoanamorphousfibrousbody
accordingtothetranslocationofPGCsfromendo-

dermtomesoderm,asuggestionthatPGCspass
throughfirststepofdifferentiationbythecontact
withmesodemalcells(Hamaguchi,1985).

Thegonadalanlageisestablishedduringthe

morphogeneticmovementofthebody-Cavlty
formationwhichresultsfromtheseparationof

somatopleurafromsplanchnopleura.PGCsappear

tomovecentrallytowardthedorsalmesentery,but
thereisnoevidenceofactivemovementofPGCs.

PGCs,Completelysurroundedbymesodermal

cells,Seemtobetransferredpassivelywiththe
extensionofsomaticmesodermwhichbecomes

mesothelium(Hamaguchi,1982a).Consequently,
thegonadalanlageconsistsonlyofcelomic
epitheliumwhichembracesPGCs.Fromthe

overviewoftheprocessesofgonadfomationof

thisfish,itseemsimprobablethatothertypeof

cellsthancelomicepithelialcellstakepartinthe

germ-cellsupportlngCellsinthegonad.
InOfyZlaSlatipes,apairofgonadsprotrudeinto

celomiccavitylnthebothsidesofdorsalmesen-

tery,whileinotherspeciesofOり7Zfα∫,thegonads
areformedonlyontherightside(Hamaguchi,
1983,unpublisheddata).

Sexdifferentiation

lnmammals,thedifferentiationofgerm-cell

supportlngCellsintoSertolicellsisthefirstindi-

cationofsexdifferentiationofgonads(Byskov,
1981;Magre& Jost,1983).Sertolicellsare

organizedintoatubularformtoconstitutethe

seminiferoustubules.Wh ereas,in0.latipesgerm
cellsprecedethesomaticcellsinthesexdifferen-
tlation.

(1)Prollferativeactivityingermcells

Thefirstsymptomofthesexdifferentiationof
thisfishisthedifferenceintheproliferative
activityOfgerm cellsbetweenmalesandfemales

(Fig.3).(Tuzukietal.,1966;Satoh&Egami,
1972;Hamaguchi,1979,1982a).About40PGCs

occurinendodermandtheyhardlyproliferate
duringthefomationofgonads.Thereisnosexual

differencesinthenumberofPGCsinthegonads
newlyformed(Quirk&Hamilton,1973).The

PGCsresumetheirmitoticactivltyImmediately
afterthecompletionofgonadformation,when

femalegermcellsproliferatemoreactivelythan
themales.Consequently,presumptlVeOVariesin
thefryjustafterhatchingcontainabout200gem

cells,whilepresumptlVetestesabout80.Female

germ cells(oogonia)continuetoproliferateafter
hatching,buttheproliferationofmalegermcells

(prespermatogonia)isarrestedafterhatching.

After10-15daysofamitoticallydormantstage,
prespematogoniaresumetheirmitoticactivltyand
begintoincreaseinnumber.
Thesecondindicationofsexdifferentiationcan

benotedinthetimlngOftheinitiationofmeiosis
(Tuzukietal.,1966;Satoh&Egami,1972).Some
offemalegermcellsbegintoentermeiosisto

Fig.3.TheschematicillustrationoftheproliferativeactivltyOfgermcellsduringsexdifferentiationinmedaka.Thewidth

indicatesthepopulationsizeofgermcells,andshadowsdesignatethegermcellsinmeiosis.
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Fig14･Fourtypesofnuages･A:anuageofstrand-likestruc-

ture.B:anuageofanintermediatestructureinwhichstrand-

1ikestructureisdominant.C:anuageofanintermediate

structureinwhichtheportionoftheamorphousmatis

dominant.D:anamorphousbody.Bottombar:0.5〃m.

differentiateintooocytesJustafterhatching.
Oocytespassthroughstagesinmeioticprophase
toreachdiplotenestage,andformafolliclestruc-
turewithsupportingCells.Ontheotherhand,the
entryintomeiosisinmalegermcellsisdelayed
for40-50days.Prespermatogoniaaresurrounded
bysupportlngCellsformlngaCinousstructure,
whichdevelopsintoserniniferoustubuleinthis
fish.Thefirstcystofspermatocytesoccursin
theseseminiferoustubtlles(Kanamorietai.,1985;

Hamaguchi,1987)･
(2)Morphologyofnuages
Themorphologyofnuagesisalsosexually
differentiated(Hamaguchi,1982b).Nuagesin0.
iaiipesarepolymorphic,andclassifiedintofour
types(Fig･4):nuageswithalooselywovenstrand-
1ikestructure(typeA),amorphousfibrousbodies
(typeD),andtwotypesofnuagesofintermediate
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morphology(typeBandC).Thesefourtypesof
nuagescoexistingermcellsandtheirincidence
variesaccordingtotheprogressofthedevelop-
mentalstages(Fig,5)(Hamaguchi,1985,1987).
Asmentionedabove,mostnuagesinPGCsin
endodermare,typeA,Accordingtothetransloca-
tionofPGCsfromendodermtothemesoderm,

nuagesofamorphoustypesemergeandrelatively
increase.Atthehatching,whenthesexofthefry
becomesmanifestfromtheexistenceofearly
oocyteinfemales,thesexdifferenceinthemor-
phologyofnuagesbecomesobvious.Inpresper-
matogoniaandspermatogonia,nuagesofstrand
types(typeAorB)aresignificantlyincreased.
Whereas,theoogoniacontainmorenuagesof
typesCandD,TheincidencesoftypeCandD
nuagesaremoreprominentinoocytes.Thereisno
significantdifferencebetweenPGCsinindifferent
gonadsandoogonia.Theseobservationsonthe
morphologyofnuagessuggestthatgermcellsin
themalefryJustafterhatchinghavechangedfrom
primordialgermcells.
(3)Lectins
Theinformationonthesexdifferentiationof

supportingCellsislessavailable.Inmarrmals,Sex
differentiationofsupportingCellsbecomesmani-
festfromtheirmorphogeneticmovementtocon-
structatubularstructure(Byskov,1981;Magre&'
Jost,1983).Inadditiontothemorphological
character,theproductionofM缶Ilerianinhibiting
substanceisalsousedasanindicationofthefunc-

tionaldifferentiationofSertolicells(Taketoetal.,

1991).In0,latipes,folliclestructurebeginstobe
formedaroundoocytesatdiplotenestageabout10
daysafterhatching(Satoh,1974),indicatingthat
femalesupportlngCellsbegintodifferentiateinto
granulosacells.While,thedifferentiationofmale
supportingcellsoccursatlaterstageof
developmentatAbout40-50daysafterhatching
(Kanamorietall,1985;Hamaguchi,1987).

PRエMORDl∧LGERMCELLS

LISPERト1∧'roGONl∧

Fig-5.Theincidenceofnuagesof

varioustypesingermcellsat

variotlSStagesOfsexdifferentia-
tion.
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Thelectins,whichrecognizethesugarresidtleS,

arerecentlyusedasanindicatorofcytodifferentia-
tion.Westainedthehistoiogicalsectionsoftestes

andovarieswith131ectinslabeledwithperoxi-

dase,andfoundthatthecarbohydratecomposition
onthesurfaceofgermceusaswellasofsupport-

1ngCellschangesaccordingtotheirdevelopmental
stages(Shibata,1989).Thereweresex-related

differencesinthebindingpatternsofBPA,PNA

andMPA･MPAandPNAboundtogranulosa
cells,butdidnottoSertolicells.Ontheother

hand,malesupportingCellswerestainedwith

SPA,butfemaleoneswerenot.Primarygonial

cellsofbothsexes,typeAspermatogoniaand
oogonia,werestainedwithSBA,butsecondary

(typeB)spermatogoniawerenot.Fromthe
investlgationusingthedevelopinggonads,female

germcellsinthefryJustafterhatchingcouldbe
stainedwithSBA,whereasmalegermcellscould

notbestaineduntilthestagewhenthetesticular

tissuearchitecturebegantobeconstructed.Male

supportingCellsinthefryatearlystagesalsocould
notbestainedwithBPA(Table1)(Matsunuma,

Shibata&Hamaguchi,unpublisheddata).These
observationscoincidewiththeconclusionfrom

morphologicalstudies,thatis,in0.latlPeSthe
ovariandevelopmentbeginsearlierthanthe
developmentofthetestes.

InteractionsbetweengermceHsandsupport-
IngCells

Inmammals,thedifferentiationofmalegerm
cellsisbelievedtooccurundertheinnuenceofthe

supportingcells(seereviewbyMcLaren,1991).

Thefirstincidenceinthesexdifferentiationof

gonadisthedifferentiationofSertolicells,which

inhibitstheentryintomeiosisofgermcellsand

inducesPGCstodifferentiateintoprespermat0-
gonia･Prespermatogoniadifferentiateintostem
typeofspermatogoniaunderthemilieuinthe

seminiferoustubules.Ontheotherhand,germ
cellswithotltinhibitionbysupportingCellsenter

meiosistodifferentiateintooocyteswhichintum
affectthesupportingcellstodifferentiateinto

granulosacells(Fig.6).
Thesituationin0.latipesisdifferentfromthat
inmammals.Asmentionedabove,theovarian

developmentoccursmuchearlierthanthe

developmentofthetestes･Atthestagewhenthe
ovariandevelopmentisinitiatedinthefemale,

malegermcellsaswellassupportingCellsliequite

dormant.Thereisnosymptomofthedifferentia-
tioninsupportlngCells.Therefore,in0.latipesit

isnotplatlSiblethat"male"SupportingCellsinhibit

themalegermcellsfromentenngmeiosis.Thatis,

theinteractionbetweensupportingCellsandgerm

cellsintheinitiationoftesticulardevelopmentis
notevidentinfish(Fig.6).

Ontheotherhand,thesignificanceofthe

oocytesinthedifferentiationofgranulosacellsis
alsothecaseinthisfish.Theoogenesisin0.

latipesdoesnotproceedsynchronouslyamong

oocytesinanovary,Sooocytesatvariousstages
ofmeiosiscoexist(Satoh良 Egami,1972).
FolliculogenesisoccursonlyaroundtheoQCyteSat

thediplotenestage.Thisfactindirectlysuggests
thatthedifferentiationofgranulosacellsis

inducedbytheinfluencefromoocytes.

Table1.Thechangeintheprofileofbindingoflectins(SEAandBPA)togermcells(GERM)and
theirsupportingcells(SUPP)during血egonaddevelopment.

DAYS
FEMALE

Am R BPA
HATCHING

TOTAL 0

LENGTH 15
5-6mm 30

7-8

9-10
ll-12

SBA BPA SBA

GERM SUPP GERM

ー/+

-/+

-/++

-/++

-/++

-/++

SUPP GERM SUPP GERM SUPP

J小･舛 ここ

ー
ェ

芸

ADULTFISH-I+++++++
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Strong,-
/+Bothnegativeandpositivecellsexist.



Sexdifferentiation

M ∩ Hド l･t,

~∴ "Lt

㊥ 目
Ll,

小 一匝重唱

恒 三~- ~亘可

E:
C盈Y
･ZfJ..
…l･:=
･=J,

ILSrLは

SERTnLI
CELL

LeBfS望旦座頭 重要]

I

･/;
,]･

l｢
匝更巨頭車重頭墜墜可
l

Moredirectevidenceispresentedfromthe
observationonthefolliculogenesisaroundthe
testis-ovawhichappearinthetestesofadultfish.
Bytheadministrationofsteroids,X-irradiation,
starvationorexposuretohightemperature,testis-
ova(oocyt e - l ikecellsintestes)canbeinduced
(Egami,1955a,1955b,1955C,1955d,1956).The
countlngOfthenumberoftestis-ovainacystsug-
gestedthattheydeviatefromnormalcotlrSeOf
spermatogenesisatearlytypeBspermatogonial
stage,anindicationthatspermatogoniainadult
testesremaintobesexuallybipotential(Shibata&
Hamaguchi,1988)･Electronmicroscopicobserva-
tionrevealedthatfolliclestructuresareformed

aroundthetestis-ova,andthatthegranulosacells
ofthesefolliclesorlglnatefromSertolicellswhich
constitutethecystwallaroundagroupoftestisl
ovaatearlierstagesofmeiosisthanthediplotene
stage(Shibata,1989).Fromtheprofileofthe
bindingoflectins,thegranulosacellsofthe
folliclesaroundtestis-Ovacannotbedistinguished
fromthoseinthenormalovaries(Shibata皮
Hamaguchi,unpublisheddata).Thesefactsindi-
catethatSertolicellsin0.latipesmaintaintheir
sexualbipotentiality,andthatthedifferentiationof

granulosacellsdependsupontheexistenceof
diploteneoocytes･
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Fig.6.Theprocessesinsexdifferentiationofgermcellsand

supportingCellsinmouseandmedaka.Seethetext.

Perspective

Recently,atestisdetermininggeneOnYchro-
mosome(Tdy)inmanandmousewasidentified,
andnamedSKY(STY)(Sinclairetai.,1990;
Gubbayetal.,1990).Thoughthefunctionsof
SKYhasnotbeenclarifiedindetail,thegene
productissupposedtobindtoDNAtoelicitthe
expressionofgenecascadetowardthedetemi na-
tionoftestisdevelopment(Nasrinetai.,1991)･
EicherandWashburn(1986)proposedtwogonad-
determinationpathways;thetestis-determination
(Td)pathwayandtheovarian-determination(Od)
pathway(Fig.7).Eachpathwayiscomposedofa
seriesofgenesthatfunctioninacoordinatedman-
ner.Fromthesequenceoftheeventduringthesex
differentiationofthegonad,theysupposedthat
Tdy,thefirstgeneintheTdpathway,functions
beforethefirstgeneintheOdpathway.TheyalSo
inferredthatTdymaymactivatethefirstgeneof
Odpathwaytofurtherguaranteetestisdevelop-
mentintheXYindividual.GenesinTdandOd

pathwayshavenotbeenclarified･Eicher(1988)
reportedtheexistenceofgqenesonautosomes
(Tda-1,Tda-2,Tas)whichareinvolvedinthesex
detemi nation,anddiscussedaboutthepossibility
thattheTda-1,Tda-2,andTaslociaresomeofthe

genesthatcompnsetheeitherTdorOdpathway.
In0.iatipes,thegeneticmechanismofsex
determinationremainstobeanopenquestion.From
thegeneticanalysisofthesex-limitedcharacter-
istics(Aida,1921),aswellasfromthesexratioof

theoffspringofsex-reversedfish(Yamamoto,
1969),themaleisregardedasheterozygous(XY),
However,twoalternativepossibilitiesremaintobe
eltlCidated;first,thetestis-determlnlnggeneOnY
chromosomedeterminesthesexofthegonadas
isthecaseinmammals,second,thegenedosage
onXchromosomedeterminesthesexasin

Drosophila.
Thesequenceoftheeventsduringthesex
differentiationofthegonadsuggeststhattheTd
andOdpathwaysin0.iatipesbegintoexpressin
reverseordercomparingtomammals;the
expressionofOdpathwayprecedestheexpression
ofTdpathway(Fig.7).Ⅰnaddition,somemech-

anismbywhichtheexpressionofOdpathwayln
gem cellsisinhibitedinXYindividualsmustbe
exerted.



16 S.Hamaguchi

Recently,thegeneticanalysisofthesexrever-
salininterspecifichybridfishbetweenO･latipes
and0.curvinotusindicatesthatmorethantwo

genesonautosomesareinvolvedinthesexdeter-
mination(Hamaguchi&Sakaizumi,unpublished
data).Itisofinterestwhichpathwaytheseauto-

somalgenesareconcemedwith.

Fig.7･Thehypotheticalmechamimsofgeneticcontrolonsex

differentiationofcellsingonadsinmouse(afterEicher&
Washburn,1986)andmedaka.TestisdetermininggeneonY

chromosome(STY)triggersoff(くコ)thetestisdetermination

pathway(Td),andinhibits(+ )theexpressionoftheovary
determinationpathway(Od).Iftestisdetermininggeneexists
onYchromosomeofmedaka,itmustbealsobifunctional,and

theseqlienCeOftheexpressionofthefunctionsmaybe
reversedbetweenmouseandmedaka.
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