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AbstractThefomationofpigmentedtissuesin

theeyeofdevelopingembryosofthewild-type
strainofmedaka,0り7ZlaSlatipes,wasstudiedby
transmissionelectronmicroscopy･Particularatten-
tionhasbeenpaidtomorphologicaldifferentiation
ofpigmental･yStructuresinplgmentePithelial
cells,Choroidmelanophoresandchoroidiri-

dophores･Melanogenesisinplgmentepithelium
firstoccursatstage26afterformationofthe
proximalwalloftheopticVesicle.Melanosomes,
whicharethesitesofmelanogenesisinplgment
epithelium,aremultivesicularandsphericalatthe
onsetofpigmentation;however,asdevelopment
proceedsuptohatching,theyacqulrealong,
ellipsoidalshapewhichistyplCaltothistissue.At
thestagesatwhichactivemelanogenesisoccurs,
mostmelanosomesinthistissuearefわrmedby
fusionoflargeandsmallvesiclesintoa

multivesicularbody,whereasthepremelanosomes
contalnlngalatticestructureofflbrilsoccurata

limited血･equency･Thechoroidiridophoresappear
bystage28alongtheouterreglOnOfpigment
epithelium,andcanbeidentifiedbytheformation
ofrenectlngPlateletsviamultivesicularvesicles.
Followlngthedifferentiationoftheseiridophores,
thechoroidmelanophoresappearbetweenplgment

epithelium andthelayerofchoroidiridophores.
Theycontainsphericalmelanosomes,the
morphologlCalcharacteristicsofwhicharesimilar

tothoseofmelanosomesinskinmelanophoresbut
differentfromthoseofmelanosomesinplgment
epithelialce11S･Allthesefindingsindicatethatin
theeyeofmedaka,(1)themorphological
propertiesofmelanosomesinmelanogeniccells
areexpressedinatissue-specificmanner,even
thoughtheyarederivedfromsimilarmultivesicu-

1arorganellesand(2)melanosomesandreflecting
plateletsareformed from multivesicular

organelles,whichsupportsthesuggestionofa
commonorlglnOfpigmentparticlesinvertebrate
chromatophores.

Jntroduction

AseriesofcombinedmorphologlCalandbio-
Chemicalstudiesonmelanogenesisinmammalian
andaviantissueshaverevealedthatthemelano-

somes,cytoplasmicorganellesspecializedfわr
melaninbiosynthesisinvivo,arefomedwithin

melanocytesorplgmentepithelialcellsbyfusion
oftwodifferentkindsofvesiclesderivedfrom

differentsources:Golgi-derivedsmallCoated
vesiclesbearlngtyrOSinaseandlargevesicles
whichoriginate血.omroughendoplasmicreticulum
(Seiji,1981;Mishima,1992).Melaninsynthesized
intheseorganellesisthendepositedontheir
internalstructureinalattice-likea汀angement,
yieldingtheso-Calledfibrillarpremelanosomesor
stageIImelanosomes(Todaetal.,1976).In

integumentalmelanophoresofateleostspecies,
thegoldfishCarassiusawatus,ithasbeenshown
thatthemelanosomesareformedormatureina

di飽rentmanner;melanindepositionoccursinthe
matrixofthisorganelle,whichcontainsnumerous
smallvesicles,yieldingtheso-calledmulti-
vesicularpremelanosomes(Turneretal.,1975).A

similarobservationhasalsobeenreportedwith
medaka(Nak亘iimaandObika,1986).

Intherecentstudiesonmelanogenesisintrans-
genicorange-coloredvariantsofmedakabearing
thegeneformousetyrosinase,ithasbeenshown

thatmelanindepositioninthemelanosomesof
theirintegumentalmelanophoresoccursbasically
inaformoffibrillarpremelanosomes(Matsumoto
etall,1992).Thisraisesquestionsastowhether
thematurationpatternofmelanosomesisessen-
tiallydifferentbetweenteleostsandmammals,

whosephyleticpositionsareentirelydifferent,and
whatisaprlmaryfactorresponsibleforexpression

ofthemelanosomephenotypesuchasgenecompo-
sitionortissueenvironment.Inrelationtothese

questions,NakajimaandObika(1986)have
reportedthateveninmedaka,thefibrillarmelano-

Somesappearatacertainfrequency,togetherwith
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themultivesicularonesinthesameintegumental

melanophoresduringtheembryonictolarval
StageS･

Ithasalsobeenobservedthatmalfわrmation

oftenoccursintheeyesoftransgenicmedaka,

resultinglnextraordinaryeyes,largerorsmaller

comparedtonormalones(Matsumotoetal.,
unpublisheddata).Sofar,littleisknownabout
whatoccursduringtheformationofpigmented
tissuesinsuchanabnormaleye.

Theobjectiveofthepresentstudyistoclarify

thehistogenesisanddifferentiationofpigmenta-
tion-associatedtissuesintheeyeofmedaka,with
particularrefel.enCeStOmelanosomeformationin
thepigmentePithelium andthechoroid,by

tl■anSmissionelectronmicroscopy.Theresults

obtainedareexpectedtoprovideacluetothe
mechanismsbywhichthemelanosomephenotype
isdeterminedinatissue-specificmannerin

normaldevelopmentandbywhichanabnormal
histogenesisiscausedinatransgenicmedaka.

Materia一sandMethods

Thefishusedinthisstudywerethewild-type
strain(BBRR)ofmedaka,0り7Ziaslatipes,which
wereobtainedfrom thebreedingstockofits

homozygousstrain(courteousgiftfrom Dr.H.
Tomita,NagoyaUniversity,Nagoya)andthen

maintainedbyinbreedinglnOurlaboratory.The
maturefemalefishusuallycarriedfertilizedeggs

forseveralhoursaftermatlng.Theseeggswere
removed from theabdomen and keptin
dechlorinatedtapwateratroom temperature.
Throughdailyobservationsunderabinocular
stereomicroscope,wecollectedseveralembryosat

stages19-20,23,26,28,30and3ト32fbr
fixationaccordingtothenomenclatureofMatsui

(1949).Thelarvaeimmediatelyafterhatching
werealsoexamined.

Theembryosandlarvaewerefixedin2.5%

glutaraldehydebufferedwithO･1M cacodylate
(pH 7.4).Inthefixative,Weremovedtheegg

chorionanddecapltatedtheheadsoftheembryos
orlarvaewitharazorblade.Theseisolatedhead

pleCeSWererinsedinthefixativeat40Cfわr1hr･
Afterbriefwashinglnthebuffer,thespecimens

werepostfixedinl% osmium tetroxideinthe

buffer,dehydratedthroughagradedseriesof
ethanol,clearedwithmethylglycidyletherand
embeddedinepoxyresin.Thicksectionswere
stainedwithtoluidineblueforlightmicroscopic
observation.Thinsectionswerestainedwith

uranylacetateandleadcitrateandexaminedina

JEOL100Stransmissionelectronmicroscopeat
anacceleratlngVOltageof80kV.

Results

TheoptlCVesiclesappearedasasphericalcell

massatstages19-20(Fig.1).Littlemorpholog-
icalsignOfcytodifferentiationwasobservedat

thesestages･Atstage23,theproximalwallofthe
opticVesicletransformedintoathinlayerand
covel.edthesurfaceoftheoptlCCupexceptforthe
concavesides(Fig.2).Thisthinlayerwascon-

sideredtobeprospectivepigmentePithelium of
theretinaandnomelanindepositionwasobserved

inthecellsofthislayeratthisstage.Manyfusi-
formmesenchymalcellslooselycircumscribedthe

optlCCupandmostofthemwereconsideredtobe

prospectiveconnectivetissuecoverlngtheeyeand
choroid.Thelenswasformedbydepressionofa

thickenedportionofthesphericaloptlCCupat
stage26,andsomeofthepigmentepithelialcells
oftheretinacontainedamoderatenumberof

melanosomes(Fig.3).Themelanosomeswere

roundtoellipsoidalwithraggedsurfaces.The
externalsu1-faceoftheplgmentePithelium was

coveredwithflattenedmesenchymalcells.
Atstage28,melanindepositionwascommonly

observedinpigmentepithelialcells(Fig.4).A
fewreflectlngPlateletswererecognizedincells

adheringtotheexternalsurfaceofpigmentepithe-
1ialcells.Thesecellswereconsideredtobeirido-

blastsortodifferentiateintochoroidiridophores.
Mostreflectingplateletsinthemwererectangular
andtheirmatricesappearedasanemptyspacedue
tosublimationundertheelectronbeam or

solubilizationduringleadcitratestalnlngaSSeen

inskiniridophores(guanophores)(Kawaguchiand
Takeuchi,1968).Fig.5showspar tsofpigment

epithelialcellsathigh magnification;anumberof
roundtoellipsoidalmaturlngmelanosomeswere

distributedintheircytoplasm,mostofwhichwere

surroundedbyorattachedtosmallvesicles,
indicatlngfusionofalargerparticle,i.e.themela-
nosomalbody,andsmallvesicles,presumably

suppliersoftyrosinase･Mostofthesmallvesicles
undergoingfusionwerefilledwithanelectron-

densesubstance,presumably,melanin,andwere
consideredtobederivedfromrough endoplasmic

reticulum asindicatedbyTurneretal.(1975).
Withinmelanosomes,therewerenumerousfine

hollows(whitea汀OWinFig.5).Thesehollows
wereconsideredtobetheinnerspacesofthefused
smallvesicles,theoutsidesullacesofwhichwere

invertedtobecometheinnersurfacesuponfusion,
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Plate1.LightandelectronmiCrographsshowingtheformationofpigmentedtissuesintheeyeofmedaka(wild-typestrain)embryos

atvaryingstages.Fig.1.Stage19-20.Fig.2.Stage23.Fig.3.Stage26.lnthesefigures,theareasinthe'lightmicrographs(A)of

thecorticalregionoftheopticvesicleoropticcupintheembryoatagivenstageareenlargedintheelectronmicrographs(B)inthe

secondrow.Notethat(1)presumptivepigmentepithelialcellsbecomesnattened(arrowhead),togetherformingathinsheet

coveringtheoutersurfaceoftheopticcupatstage23,and(2)melanindepositionisobservedinpigmentepithelialcellsatstage26･

Scalebar:50ElmforAand5FLmforB.Fig.4.Stage28.Appearanceofchoroidiridophoresintheoutersurfaceofpigment

epithelium.Notethepresenceofsmallrenectingplateletsintheircytoplasm.Scalebar:5FLm.Fig.5.Enlargedportionsofpigment

epithelialcellsintheembryoalstage28.Notethatmostmelanosomesareundergoingfusionwithsmallvesiclesasrevealedbytheir

ruggedboundary(arrowheads)andnumerouselectron-lucentfinespots(whitearrows).Thepresenceoffibri1larpremelanosomeis

alsoobserved(largearrow).Interdigitationofcellmembranesofpigmentepithelialcellsintheareaoftheiroppositioniscommonly

seenatthisstage(smalla汀OW).Scalebar:0.5JJm.Abbreviations:b,brainvesicle;i,iridophore;lp,lensplacode;∩,neurallayer;0,

optlCCup:p,pigmentepithelialce一l.
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thusbeingabsentofmelanogenicactlVlty.These
observationswouldindicatethatmelanosomesin

plgmentePithelialcellsareformedfrom multi-
vesicularparticles.Besidesthesemelanosomes,
flattenedcisternaewerefoundwhichcontaineda

lattice-likestructureofthinfibrilandmighthave
beenfibrilarpremelanosomes(largearrowinFig.

5).Alongthejunctionofpigmentepithelialcells,
interdigitationofcellmembraneswasoften

observedbetweenthefacingtipsOfadjacentcells

(smalla汀OWinFig.5).
Bystage30,Choroidmelanophoresappeared

betweenplgmentepithelialcellsandchoroid

iridophores(Fig.6).Sincethechoroidiridophores
wereindirectcontactwithpigmentepithelialcells
attheprecedingstages,itwaspresumedthatthese

choroidmelanophoresprobablymlgratedintothe
spacebetweenthelayersofthesetwodifferent
typesofcells.Itremainsuncertainwhether

melanogenesisofchoroidmelanophoresoccu汀ed
beforeorduringtheirpresumedmigration.

PartofadeveloplngChoroidiridophoreis
enlargedinFig.7.Besidesrod-shapedrenectlng
plateletsofvarylnglength,thereweremanymulti-
Vesicularbodiesinthecytoplasm (a汀OWheads),
andsomeofthem containedasmallreflecting
platelet(a汀OW).Thisobservationindicatesthat
theserenectingplatelets(oriridosomes)arealso
derivedfrommultivesicularbody-typeorganelles.

Atstages3ト32,thedensltyOfchoroidmelano-
phoresmarkedlyIncreasedbutwasnotsufficient
tocoverthepigmentepitheliumcompletely(Fig.
8).Littleevidencewasfわundofmorphological

differentiationofprospectivereceptorcellslocated
alongtheinnersurfaceofthepigmentePithelial
cells.Bloodcellswereoccasionallyfound

betweenplgmentePithelialcellsandchoroidcells･
Inthenewlyhatchedfry,eachofthethree

layersofdifferenttypesofpigmentcells,viz

plgmentepithelialcells,Choroidmelanophores
andchoroidiridophores,becamerecognizedasa

continuoussolidlayer(Fig.9).Theiridophoresin
theoutermostlayercontainednumerousrod-
shapedreflectingplatelets,about60nminwidth,
whichweresparselydistributedinthecytoplasm.
Thechoroidmelanophoresinthemiddlelayerand
theplgmentepithelium intheinnerlayer
containednumerousmelanosomesfilledwith

melanin.Thesizeandshapeofthesemelanosomes
werequltedi触rentbetweenplgmentepithelial

cellsandchoroidmelanophores;melanosomesin

theformerwereelongated,ellipsoidaland0.2FLm
inwidth,whereasthoseinthelatterwereroundto

ellipsoidalandabout0.8〃minlength.Withinthe

melanosomesofpigmentepithelialcells,asthose
ofchoroidmelanophores,manyhollowsor
electron-1ucentspotswerefわundinthematrices

andthesewereprobablyremnantsoftheinner
spacesoftheinvertedsmallvesiclesasmentioned

above(Fig.10).Thisindicatesthatmelanogenesis

inellipsoidalmelanosomesproceededviaforma-
tionofamultivesicularstructure,suggestlnga
supplyoftyrosinasebysmallcoatedvesicles.By
thisstage,structuressimilartobrushbordersor
laminatedmembraneswereobservedinthe

photoreceptorcellsintheiroutersegmentadjacent
toplgmentepithelialcells.

Discussion

Itisknbwnthatinvertebratemelanogeniccells,
melanosomesareformedbyfusionoftwokindsof
cytoplasmicparticlesofdifferentorlglnS,Viz,an
elementofendoplasmicreticulumasavehicleand
coatedvesiclesconveylngtyrOSinase血.omGolgi
apparatus(Seiji,1981;Mishima1992),andthat
duringmaturationoftheseorganelles,thereexist
atleasttwomorphologlCallydifferenttypesof
immaturemelanosomes,theinternalstructureof

whichiscomposedofeithernumerousfinevesi-
cles(multivesicularpremelanosomes)Orfibrous

materialsinalatticellikearrangement(fibrillar
premelanosomes)(Turneretal.,1975;Seiji1981)･

plate2.ElectronmicrographsofcorticalregionsOftheeyeofmedakaembryosafterplgmentation･Fig･6･Stage30･Appearanceof

choroidmelanophoresbetweenplgmentepithelialcellsandchoroidiridophores･Scalebar:5〃m･Fig･7Anenlargedviewof

choroidiridophoreappearingintheembryoatstage30･NotethepresenceormanymLlltivesicularorganelles(a汀OWheads),Oneof

wllichcontainsminutereflectingplatelet(arrow).Scalebar:1pm.Fig.8･Stages31-32･Alignmentofpigmentepithelialcells,

Choroidmelanophoresandchoroidiridophoresintothreedistinctlayers･Scalebar:5〃m･Fig･9Athatching･Thecompletionor

histogenesis･Notethatreceptorcells,plgmentePithelialceHs,Choroidmelanophoresandchoroidiridophoresexhibittheirrespective

morphologlCalcharacteristics,indicatlngestablishmentofcytodifferentiation･Itisapparentthatplgmentepithelialcellsandchoroid

melanophoresdiffermorphologlCally･Scalebar:5FLm,Fig･10･Anenlargedviewoflong･ellipsoidalmelanosomesfoundinthe

plgmentePithelialcellsINotethepresenceofmanyfinehollowspaceswi(himtheirmatrices,indicatlngthatmelanogenesisoccurred

viaformationofamultivesicularstructure･Scalebar:1FLm･Abbreviations:b･bloodcell;i･choroidiridophore;m･choroid

melanophore;p,pigmentePithelialcell;pr･presumptivereCePtOrCell:r,receptorceH･
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Theformermostoftenappearasspherical
organelleswhereasthelatterdosoaslong,ellip-

Soidalones･Sofar,itisacceptedthattheformer
typeofmelanosomewhichoccursinavarietyof
speciesoffishisformedviatheso-called

multivesicularbodies,whichareformedbyfusion
oftwotypesofelements(Turneretal.,1975',
NakajimaandObika,1986),whereasthelattel.
whichoccurcommonlyinmammalianmelan-

Ocytesandpigmentepithelialcellsistakenasa

standardizedprototypeofmelanosomeformation
(Todaetal.,1976).

Themechanismsformelanosomeformation

frommutlivesicularbodieshavebeenestablished

basedonobservationssummarizedasfollows:1)

thefusionofsmallvesicleswithalargevesicle
whichactsasthevehicleformelanosomesdevel-

opment,2)thepresenceoffinehollowsinthe
matricesofmelanosomeswhichco汀eSpOndtothe

innerspacesofthesmallvesicles,thelimltlng
membranesofwhichareinverteduponfusion,and
3)anabsenceoffibrousstructurewitharegular

alTangement(Turnel'etal.,1975).Thepresent

studyhasshownthatintheeyeofmedaka,melan0-
genesisfirstoccursinthepigmentePithelialcells
atstage26,inwhichtheprospectiveplgment
epithelium asathinlayercoverstheoptlCCup
entirely,andthatmultivesicularpremelanosomes
al■eprlmarilyresponsibleformelanogenesis.Itis

alsoshownthatthefibrillarpremelanosomes
appearinthistissueatalimitedfrequency.
Althoughlittleisknownabouttheintrinsicdiffe-
rencebetweenmutlivesicularandfibrillarpre-
melanosomes,theconcomitantformationofthese

twodifferenttypesofpremelanosomesisalso
reportedinplgmentepithelialcellsoftheeyeof

Ranapipienstadpoles(Eppig,1970)andinskin
melanophoresoftheyoungfryofmedaka
(NakajimaandObika1986).Theobservations

reportedhereinindicatethatthisconcomitantfbr一
mationalsooccursintheplgmentepitheliumof

developlngembryosofthemedaka.

InsplteOftheconcomitantappearanceoftwo

typesofpremelanosomes,plgmentepithelialcells

intheeyeofadultmedakafishcontainmostly

long,ellipsoidalmelanosomes,almostallofwhich
containnumerousfinehollows,suggestlngforma-
tionviathemechanismproposedfわrthefわrmation
ofmultivesicularpremelanosomes.Withrespectto

themorphologlCalpropertiesoffullyplgmented

melanosomes,anapparentdifferenceisobserved

betweenplgmentepithelialcellsandchoroid

melanophores,despltethesimilartissuelocation･

Thismayresultmainlyfromthedifferenceintheir
developmentalorigin(H6rstadius,1950;Weston,
1970,1986).Inthisconnection,itwouldbe

interestingtOdeterminethefactorsregulatingthe

shapeandsizeofthemelanosomes.

Inthepresentstudy,itisshownthattheforma-
tionofrenectlngPlateletsinchoroidiridophores

beginsatstage280rslightlyearlier,atwhich
thosecellsareinclosecontactwithpigment
epithelialcells.Theseobservationswouldimply

thatplgmentepithelialcellsplayaroleininducing

reflectingPlateletformationintheiridoblastsor
theirprecursorcellsasterminaldifferentiation.As
indicatedherein,thedeveloplngiridoblasts
containanabundanceofmultivesicularbodies,

SomeofwhichcontainsmallrenectlngPlatelet-

1ikestructures.Thissuggeststhatreflectlng
plateletsareformedthroughamultivesicularbody
asmultivesicularpremelanosomesinmelano-

phoresandpterinosomesinxanthophoresofthis

species(Obika1993)･Asimilarobservationwas
l･ePOrtedinthedermaliridophoresofPachy-

medusadacnicolor(Bagnaraetal.,1979).All

thesefindingsessentiallysupportthepresumpt10n

thatthl･eedifferenttypesofskinplgmentCells
presentinlowervertebrateshaveacommonbasis
forexpl.eSSionofpigmentphenotypes･

Thepresentstudyalsoshowsthatchoroid

melanophoresappearatstage30intheboundary
wherethetwolayersofpigmentepithelialcells

andchoroidiridophorescloselyfaceeachother
andthattheythenform athincontinuousmem-

branelayercoverlngtheentireplgmentePithe-

1ium.Suchapatternofhistogenesiswouldexplain
wellthegrossappearanceoftheeyeofthisfish
aroundhatching,atwhichstageitisiridescenton
theoutsideandblackinside.

Itisapparentthatthenumberofmelanophores
mustincreasetoform acontinuouslayerinthe

choroid.Astothesourceofthesemelanophores,
therearetwopossibilities:(1)alimitednumberof

melanoblasts丘rstlymlgratetOthislocation,then

proliferatetoasufficientnumbertocoverthe
surfaceofthepigmentePithelium andfinally

differentiateintomelanophores,or(2)melano-

blastsormelanophoressuccessivelymlgratetO

thislocationfrom areaspossiblyamongnearby
mesenchymalcells.Thusfar,SeveralinvestlgatOrS
havestudiedhistogenesisoftheretinainfish

(Hollyfield,1972;SharmaandUng訂,1980;

Johns,1981;Negishietal.,1990);however,no

studiesonthechoroidtissuehavebeenreported.It

isapparentthatinmedaka,thesizeoftheeyeand
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thicknessofthechoroidincreasewithprogressof
postembryonicdevelopment.Itisalsoobserved
thatathinlayerofchoroidmelanophorescovers
theoutersurfaceofthepreexistlngiridophore
layer.Suchahistogenesisoftheeyeinthewild-

typestrainofmedakawouldprovideabasisfor
understandingsporadicorexperimentallypro-
ducedpigmentationmutantsofthisspecies.
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