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Vitellogenin,theprecursorofthemajoreggyolk
protein(vitellin)inoviparousanimals,issynthesizedin
sex-andtissue-specificmanners,secretedintotheblood
andaccumulatedindevelopingoocytes.Itisconsumed
asanutrientduringembryogenesis.Vitellogeninsyn-
thesisisinducedinmalesofseveralaquaticspecies
byexposingthem toenvironmentalfactorssuchas
endocrine-disturbingsubstances.

Itwasreportedthatanumberofcrustaceanssuch
ascarideanshrimpsshowedsequentialhermaphro-
ditism.Inthesespecies,normaleggsareformedinthe
malegonads(BauerandHolt,１９９８).Theexistenceof
intersexwasreportedinseveraldecapodanspecies,in
whichmalesandfemaleswerenotdistinguishable
becausetheyhadmorphologicalfeaturesofbothsexes
(Sagietal.,１９９６;Pinnetal.,２００１).

Males ofthe mud shrimp,Upogebia major,
synthesizeyolk-likesubstancesthataccumulateinthe
gonads(Ishikawa,１８９１;Tucker,１９３１;Oka,１９４１;
Kinoshitaetal.,２００３).AlthoughmalesandfemalesofU.
majoraredistinguishablebytheirsexuallydimorphic
characteristics,thepairofgonadsinmalesiseach
composedofatesticularpartlocatedattheanterior
regionandanovarianpartattheposteriorregion.Yolk-
likesubstancesaccumulateinthe“ovarianpartofthe
testis”inmalesinaseasonalcycle,asinfemales.
However,males accumulating yolk-like substances
neverovulatebecausetheylackoviductsandtheirsex
neveralters.Thereislimitedinformationsofaronthe
yolkproteinsofU.major.Inthepresentstudy,wecloned
full-lengthvitellogenincDNA,andanalyzedthegene
structure,expressionandvitellogeninprocessing.

Full-lengthvitellogenincDNA wasobtainedby
degeneratePCRandRACE-PCRusingthecDNAlibrary
constructedfromthefemalehepatopancreas.Itwas７８１３

bp-longandencoded２５６８aminoacidsinasingleopen
readingframe.Thededucedaminoacidsequencehada
putativesignalpeptideof１８aminoacidresidues.The
estimatedmolecularmasswas２９０.８kDa.Thededuced
aminoacidsequencealignedwellwithvitellogeninsof
otherdecapodanspecies.ThereareseveralRXXR
sequencesknownaslikelycleavagesitesthatare
recognizedbyendoproteasesbelongingtothesubtilisin
family(Barr,１９９１).TheRXXRsitelocatedneartheN-
terminalregion(RLRR)wasconservedamongother
vitellogeninsofdecapodanCrustacea.Vitellogeninsof
Pandalushypsinotusand Penaeussemisulcatusare
actuallycleavedatthissiteanddetectedastwo
polypeptidesinthehemolymph(Tsutsuietal.,２００４;
Avarreetal.,２００３).
VitellogeningeneexpressionofU.majorwas

examinedbyNorthernblottingandreversetranscription
PCR (RT-PCR). Northern blotting showed that
atranscriptof８kb wasdetected in the female
hepatopancreasandinovaries.RT-PCRrevealedthat
thevitellogeningenewasexpressedinthehepatopan-
creasofmalesandfemales,anditwasalsoexpressedin
theovariesoffemalesandtheovarianpartoftestesof
males.The results indicated thatthe U.major
vitellogeningenewasexpressedbothinthehepatopan-
creasandthegonadsofbothsexes.

ThemajoryolkproteinsineggsofU.majorwere
detectedasthreeprominentvitellinpolypeptides(１２０
kDa,１００kDa,and８０kDa)onSDS-PAGE.Polyclonal
antiserawere raised against１００kDaand８０kDa
polypeptides,respectively.Westernblotanalysisshowed
thatanti-１００kDaantiserum reactedtothe１００kDa
polypeptide and the２２０kDa polypeptide in the
hemolymph.Anti-８０kDaantiserumreactedonlytothe
８０kDapolypeptideinthehemolymph.Similarresults
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wereobtainedwhenmalehemolymphwassubjectedto
Westernblotting.
These results,taken together,indicated that

vitellogenin ofU.majorwassynthesized in the
hepatopancreasandsecretedintohemolymphsafter
cleavageintotwopolypeptidesof２２０kDaand８０kDa.
The２２０kDapolypeptidewasthencleavedto１２０kDa
and１００kDapolypeptidesinthehemolymphbefore
beingsequesteredineggs.Therewerenosignificant
differencesinthegeneexpressionandprocessingof
vitellogeninbetweenmalesandfemales.
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