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CⅡAPTERl

GeneralIntroduction



Fertilizationis composed of multiple sequentialsteps to transfbr the genome of one

generation to the next generation[Primakoffand Myles,2002],and the nrst stepis the

interaction of sperm to egg surface.The eggsin vertebrates are covered by the egg

envelope,Whichis a non-COllagenous multifunctionalextracellular matrix and plays

importantrolesingameterecognlt10n,SPermaCtivation,POlysperrnyblocking,andprovidesa

protection ofthe early embryo[Rankin and Dean,2000](Fig･1-1)･These biological

functions ofthe egg envelope are closely associatedwith thefunctions ofitsindividual

COmPOnentS,theZPglycoproteins,andprobablywithitsmatrixstructures.Thedesignation

ZPstandsfbrthemammalianeggenveloperefbrredtoasZonaPellucidd.

Althoughthevertebrates'eggenvelopessharesuchcommonbiologlCalfunctions,

there arelarge diffbrencesin the matrix histology.For example,mOuSe egg enVelope,

refbrredtoasZonaPelluci(ね(ZP)is7トImthicknessandconsistsof甫nemeshworkofthin

filament,and surrounds a relatively smal)00Cyte(～85トImin diameter)[Greve and

Wassarman,1985].Incontrast,Chickenhasathinnerenvelope(2-4トImthickness),Which

COnSistsofcomparablyroughmeshworkofthick月Iamentinspiteofthehugeoocyte(～40

mmindiameter)[Wyburnetal.,1965;BakstandHowarth,1977](see Fig.トl).Unlike

eggs ofeutherian mammals,the birds,00CyteS markedlylnCreaSed their sizewith the

egg-yOlkdepositionduringthefblliculardevelopmentand,eSpeCially duringthe月nal8-9

days befbre ovulation,the oocyte diameter quickly.ncreasedfrom about7to40mm

[Wyburnetal.,1965](SeeFig.1-4)･Thebirds'eggenvelopemusttherefbrestretchand

extendquicklythroughsuchafastgrowlngOftheoocyte.

Theegg-enVelopematrixiscomposedofatleastthreeZPglycoproteinsthatsharea

COmmOnC-terminaldomain(namedZPdomain)consistingof～260aminoacidresidueswith

eight or
ten
conserved cysteine residues[Bork and Sander,1992].In early studies of

mammalianeggenvelope,theseZPglycoproteinswerenamedZPl,ZP2andZP3according

totheirapparentmobilityinelectrophoresis[BleilandWassarman,1980],OrZPA,ZPBand

ZPCaccordingtotheirproteinsequencelength【Harrisetal.,1994],althoughZPl,2and3

are notnecessarily correspondingto ZPA,B and C,reSpeCtively.Afterwards,the fburth
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mammalianZPglycoprotein,ZP4/ZPB(humanandrat)[Le坑e､vreetal,2004;Hoodbhoyet

al.,2005],nOn-mammalianZPAX(jおnQPuS)[Lindsayetal.,2001]andZPD(一塩nQPuSand

Chicken)[Lindsayetal.,2002;Okumuraetal･,2004],Whichshowlowersequenceidentities

with the ZPl-3 0r ZPA-C,have beenidentined,implying that the ZP-glycoprotein

COmpOSitionsofeggenvelopearemorecomplicated･Morerecently,theseZPglycoproteins

havebeenclass捕edintofbursubfhmilies:ZPA,ZPB(ZPBl,ZPB2andothers),ZPC and

ZPX(ZPXlandZPX2),aCCOrdingtotheirphylogeneticanalyses[SpargoandHope,2003].

Accordingtothisnomenclature,mOuSeZPl,ZP2andZP3correspondstoZPBl,ZPAand

ZPC,reSpeCtive)y[SpargoandHope,2003].lusethisnomenclaturebasedonphylogenetic

relationshipbelow.Examplesofthe･ZP-glycoproteincompositionsofmammalian(human,

ratandmouse),aVian(Chicken andJapanese quai1),amphibian(African clawedfrogand

Westernclawedfrog)and坑sh(medakaandzebransh)eggenvelopesaresummarisedinFig.

1-2.TheseclassincationsoftheZPglycoproteinscanbevalidatedbysu切ectlngtheamino

acidsequencesofZPdomainsintheZPglycoproteinstoasimplephylogeneticanalysISuSlng

SuChasCLUSTALWso氏ware[Thompsonetal.,1994](Fig.1-3).

InadditiontotheZP-glycoproteincomposition,thereis species diversityinthe

Sites of ZP-glycoprotein synthesis.For examplein medaka,ZP glycoproteins are

Synthesizedintheliver[Sugiyamaetal･,1998],inzebranshandmouse,intheoocytes[Wang

andGong,1999;BleilandWassarman,1980],andinrabbit,OneOftheZPglycoproteins

(R55/ZPBl)is synthesized eitherin the granulosa cells ofthe ovary at early stages of

fblliculogenesisorintheoocytes[LeeandDunbar,1993].Inchicken,ZPBlissynthesized

inthelayinghen'sliverandsecretedintothebloodstream[Bauseketal.,2000],ZPB2and

ZPAaresynthesizedinthegranulosacellssurroundingtheprematuredoocyte[Kohno,2000],

and ZPC and ZPX2 are synthesizedin the granulosa ce11s at thelatter stage of

fb11iculogenesis[lbkeuchietal･,1999;Okumuraetal･,2004;Iwata,2002],andconsequently,

the composition of these egg-enVelope
ZP glycoproteinsis changed through the

fb11iculogenesis(Figl-4andl-5).

Three-dimensionalstructureoftheeggenvelopeanditsfbrmationmechanismare
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POOrly understood,although
ZP domains ofthese egg-enVelope components have been

believed to be essentialfbr the matrix fbrmation[Jovine et al.,2002].Almostal1

infbrmation aboutthe egg-enVelope structure has been derivedfr0rnmOuSe One.Earlier

biochemicaland electronmicroscopic studies[Greve and Wassarman,1985]and recent

Studies usingZP-knockoutmice[Rankin etal･,1996,1999and2001]suggestthatZPC

associateswithZPBland/orZPAtofbrmnlament,ZPBlandZPAdonotassociatewitheach

Other,and ZPBIcross-1inks the filaments by fbrmlng a disuⅢde-1inked homodimer

[Wassarman,1988;Dean,2004]･Thismousemodelofegg-enVelopestructuremightnot

necessarily be applied to allmammals or vertebrates because ofthe diversityin their

ZP-glycoprotein composition,StruCture,and synthesis as described above･Actua..y,a

recentinvestigationonthe石shegg-enVelopeZPglycoproteinssuggestedsomediversityin

thematrixconstructionincludingdisulnde-1inkedheterodimerfbrmation[Darieetal,2004],

anddiffbrentialC-terminalprocessing[Darieetal,2005].

1n addition to these egg-enVelope components(ZP glycoproteins),SeVeral

extracellularglycoproteinssharingtheZPdomainhavebeenidentined(ZP-domainproteins),

SuCh asα-andβ-teCtOrins[Goodyear and Richardson,2002],rIbmm-Horsfallprotein

【Saemannetal･,2005],tranSfbrminggrowthfactor(TGF)-βreceptortypeIII[Blobeetal.,

2001]andDMBTl(deletedinmalignantbraintumorsl)[Mollenhaueretal.,2001],and

thoughttobeassociatedwithhumanpathologleSWhentheseZP-domainproteinsarein

disorder･[Jovineetal･,2005]･Interestlngly,alloftheseZP-domainproteinsarepresentin

nlamentsormatricesliketheegg-enVelopeZPglycoproteins.Theyhavebeenbelievedto

associateviaZPdomains[Jovineetal.,2002],andamodelfbrthemolecularmechanismfbr

ZP-ZPinteractionisproposed[Jovineetal.,2004].

TheeggenvelopeplayssomephysiologlCalrolesthroughtheegg-Sperminteraction

asdescribedabove･Inparticular,thespermrecognlZeSandbindstotheeggenvelope,and

thebindingbetweenthespermandtheeggenvelopeinitiatesanexocytosisofthesperm

acrosomalcontents,includingproteasesandglycosidasestolysetheeggenve.ope,fromthe

SPermheadandactivatesspermsignalpathways[HowesandJones,2002].Thischangein
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thespermiscalledacrosomereaction･Duringandafteracrosomereaction,theactivated

spermdetachesfromtheeggenvelope,penetrateSthroughtheenvelope,bindstoandfuses

withtheoocyteplasmamembrane(SeeFig･1-1)･Acrosomereactionistherefbreessential

fbrsubsequentfbrtilizationprocessesto叫ectthesperrnnuCleusintotheeggcytosol･The

initiationmechanismofacrosomereactionisthusinevitabletodescribethewholestoryof

vertebratefbrtilization.

Inalmostallvertebrates,eSPeCiallyinbirdsandreptileswithlargeeggs,aphysical

strengthisrequiredfbrtheeggenvelopetoholdandprotectalargeoocyte･Atthesame

time,Onfbrtilization,SuChahardandsolidenvelopehastobeproteolyticallydegradedand

solubilizedrapidlytomakespermpenetrateintotheeggenvelopeandinteractwiththeegg･

Ourmaingoalistorevealthematrixarchitectureincludingitsfbrmationmechanismsandthe

physiologlCalfunctionsintheegg-Sperminteractionoftheavianeggenvelope･Comparison

ofthesedatawiththatofvariousvertebrateswouldbeusefultounderstandthatthepro坑1es

of egg envelope vary among the vertebrate species,although their ZP-g)ycoprotein

componentsshowcertainlevelsofconservationoftheZPdomain･Forthesepurpose,I

characterized the chicken egg-enVelope
ZP
glycoproteins,eXamined the possibility of

reconstructionofegg-enVelopematrixinvitroandclari月edtherolesofeachZPglycoproteins

in the matrix architecture of chicken egg envelope.Furthermore,Iident描ed the ZP

glycoprotein(S)inducingthespermacrosomereactionusingtheinvitroassaysystem･
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CHAPTER2

HeterocomplexFormationofZP-domainProteinsLeading

toEgg-enVelopeMatrixFormation
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Summary

Thechickeneggenvelopesurroundingtheoocytejustbefbretheovulationiscomposedof

threeZPglycoproteins,ZPBl,ZPCandZPX2,Whereastheothertwo,ZPAandZPB2are

expressedinthegranulosacellsattheearlystagesofthefblliculogenesisandwoulddi飢1Se

throughthe fb1lowlngraPidextension ofthe egg-enVelopematrix.The ZPBl,ZPC and

ZPX2wereconfirrnedtobethemqorconstituentsofchickeneggenvelopesurroundingthe

matureoocytebyMSonproteolyticdigestsofwholeeggenvelope.

IreportherethatthroughitsZPdomainZPBlinlqyinghen'sserum(LHS)priorto

theincorporationtotheeggenvelopespec浦callyassociateswithZPC,Whichmightleadto

theconstructionofegg-enVelopematrix,furthermore,ZPX2fbrmlnghomocomplexesloosely

associateswith both ofZPBland
ZPC･ZPX2was specincally releasedfrom the egg

envelopeby ultrasonicationtreatmentwithouturea.Theserum ZPBIwas elutedfrom a

gel-Ⅲtrationcolumnasanabout200-kDaprotein,WhilethedetectionpatternOftheserum

ZPBlinthefractionswasinnuencedinadosedependentmannerbyegg-enVelopederived

ZPCincubatedwiththeserumappliedtothecolumn･TheserumZPBIspec摘callybound

toZPC,butnotZPX2,SeparatedbySDS-PAGEandblottedonamembrane･HA-tagged

ZPCexpressedinCOS-7cellswasprocessedandsecretedasamature-forrnintotheculture

medium.From the culture supernatant OfZPC-eXpreSSlng tranSfもctants culturedin the

presence of ZPBl,both ZPBland ZPC were recovered as heterocomplexes by the

immunoprecipitation uslng either anti-HA or anti-ZPBlantibody･The heterocomplexes

Were PreCipitated by
an
ultracentrifugsation atlOO,000xg fbrlh.Interestlngly,a

monoclonalantibody,8El,WhichimmunoprecipitatedfreeZPBl,didnotimmunopreclpltate

theZPBl-ZPCheterocomplexes･An8ElepitopewasmappedonaC-terminalreg10nOf

the ZP domainin a ZPBlmolecule byidentifying an8El-POSitive peptide using mass

SPeCtrOSCOPy･Furthermore,bylaserscannlngCOnfbcalmicroscopyZPBlandZPC were

Observed
to co-localize on the surfhce ofZPC-eXPreSSlng tranSfbctants culturedin the

presence ofZPBl,Whereas neither ZPBlnor ZPC was detected on the surface ofthe
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transfbctantsculturedintheabsenceofZPBl.

Simi1arly,HA-taggedZPX2expressedinCOS-7cellswasprocessedandsecreted

as a mature-fbrminto the culture medium. From the culture supematant of

ZPX2-eXPreSSlngtranSfbctants culturedin the presence ofZPBl,ZPX2was recovered as

ZPBl-ZPX2heterocomplexesbytheimmunopreclpltation uslnganti-ZPBlantibody･By

laserscannlngCOnfbcalmicroscopy,ZPBlandZPX2wereobservedtoco-localizeonthe

SurfaceofZPX2-eXPreSSlngtranSfもctantsculturedinthepresenceofZPBl,WhereasZPBI

was not accumulated on the surface ofthe mock transfbctants.ZPX2was accumulated

eitheronthecellsurfaceculturedinthepresenceorabsenceofZPBl.Furthermore,from

theculturesupernatantmixtureoftheZPX2-andZPC-eXPreSSlngtranSfbctants,ZPCwas

recovered as ZPX2-ZPC heterocomplexes by theimmunoprecIPltation uslng anti-HA

antibody.

｢Ibken together,itis suggested that ZPBltransportedinto ovarian fb11icles

encountersandassociateswithZPCsecretedfromgranulosace11sresultinglnthefbrmation

Ofheterocomplexesaroundanoocyte,andthatsuchZPBl-ZPCcomplexesaccumulatedon

theoocytesurfaceactasascaffbldfbrsubsequentmatrixconstructioneventsincludingloose

associationsofZPX2homocomplexeswithbothofZPBlandZPC.
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Introduction

Theeggenvelopessurroundingchickenandmouseoocytesharetwocommoncomponents,

ZPBlandZPC,and haveindividually speci罰c component,ZPX2and ZPA,reSPeCtively.

AlthoughZPBliscommoninbothmouseandchickeneggenvelopes,0nlychickenZPBl

has a unlque repeat-StruCture between the N-terminaldomain and trefbildomain.

Furthermore,ChickenZPX2hasanEGF-1ikedomain[Okumuraetal.,2004],Whichhasnot

been fbundinmammalianeggs so hr･Asforbiosynthesis ofZPproteins,mOuSe ZPA,

ZPBlandZPCareal1synthesizedinthegrowingoocyte[Ringuetteetal.,1986;Liangetal.,

1990;Epifano etal.,1995],Whereas chicken
ZPC and ZPX2arein the granulosa cells

SurrOundingthepre-OVulatelygrowingoocyte[Okumuraetal.,2004;rIbkeuchietal.,1999].

Furthermore,Chicken ZPBlis synthesizedin and secretedfromlaylng hen'sliver and

transportedthroughbloodstreamtotheovary[Bauseketal.,2000].Thematrixarchitecture

OftheeggenvelopewassuggestedonlylnmOuSebutnotinanyothervertebratesincluding

Chicken as describedin the GeneralIntroduction.In our earlier study,SOme anti-ZPBl

antibodiesblockedtheproteolyticdegradationofnotonlyZPBlbutalsoZPCduringthe

egg-Sperminteraction[Tbkeuchiet al･,2001],and the repeat region of
ZPBIwas

Preftrential1y hydrolyzed by the protease(s)from sperm acrosome[Iwata,2002].

InteractionandassociationarnOngthethreecomponents,ZPBl,ZPCandZPX2wouldplay

animportantrolenotonlylnegg-enVelopeconstructionduringtheoocytedevelopmentbut

alsointhematrixdeconstructiononegg-Sperminteractionattheinitialstageoffbrtilization.

ThemaingoalsofthisstudyweretoexaminetheinteractionsbetweentheseZP

glycoproteinsin the nativeeggenvelope,tO eXaminethe possibility ofreconstruction of

egg-enVelopematrixinvitro,andtoclarifytherolesofeachZPglycoproteinsinthematrix

architectureofchickeneggenvelope･Iconfirmedthattheeggenvelopewascomposedof

thethreeZPglycoproteins;ZPBl,ZPCandZPX2,biochemicallyseparatedthemfromthe

eggenvelope,andfbundthatZPX2wasspec摘callydetachedfromtheenvelopebyasimple

ultrasonictreatment.Iexaminedwhetherhen's serumZPBIcan bindspec捕cally tothe
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othercomponents,ZPCand/orZPX2,Ofeggenvelopeinvitro,andwhethertheserumZPBI

Canformegg-enVelopelikecomplexthroughassociationwiththeothercomponentsinacell

Culturesystem.AssociationsofZPX2withZPCortheserumZPBIwerealsoexaminedin

thesimilarsystem.Consequently,ZPBIwasR)undtoassociatewithZPC,andZPBl-ZPC

COmplexeswereshowntofbrmamatrix-1ikestruCturearOundZPC-SeCretingCOS-7ce11s,

andZPX2wasfbundtofbrmhomocomplexesandassociatewithbothofZPCorZPBlto

fbrm ZPX2-ZPC or ZPX2-ZPBIcomplexes.A possible contribution ofZP domain of

ZPBltothespeci坑cassociationwithZPCisalsodiscussed.
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MaterialsandMethods

Antibodies- MousemonoclonalantibodiesagainstchickenZPBl(5G9and8El)wereas

describedinrIbkeuchietal.,2001],mOuSepOlyclonalantiseraagainstrecombinantproteins

OfchickenZPX2wasasdescribedin[Okumuraetal.,2004],andmousepolyclonalantisera

againstrecombinantproteinsofchickenZPBl(itsN-terminaldomainorrepeatregion)and

ZPCwerepreparedinthisstudy･Mice(6-Wk-01dfbmaleddY;JapanSLC,Inc.,Hamamatsu,

Japan)wereimmunizedbyintraperitonealirtjectionofthepuri月edfusionproteinsdescribed

below(20-40トIg/mouse)emulsinedwith Freund'scompletea4juvant(Difbo Laboratories,

Detroit,MI),then2wka氏erthenrstinjection,boostedtwicebytheiTtiection with each

fusion protein(10-20巨g/mouse)emuls捕edwith Freund'sincomplete
a4juvant(Difbo

Laboratories)eveTy3wk.Seven daysafterthelastirtjection,blood was collectedfrom

individualmouse.The serum was separated and stored at-200C befbre use.Rabbit

polyclonalantibodyagainsthemagglutinin(HA)epitopetagwaspurchasedfromCovance

Research Products(Denver,PA)･Notethatfbrtheprimary antibodies spec捕c fbrZPBl

(anti-ZPBl),the anti-repeat region antiserum was usedinimmunoblotting and

immunonuorostalnlngunlessotherwisenoted･

PrqparationQfchickenserum- BloodwascollectedfromcarotidarteryoflayingWhite

Leghornhens,COagulatedovemightat40Candcentrifugedat2,000xgfbrlOmintoremove

aclot.A氏erfurthercentrifugationat13,000xg丘)r10min,thesupernatantWaSCOllected

asthelayinghen'sserum(LHS)andstoredat-200cbefbreuse･Whensu切ecttofb1lowing

experiments,thawed
LHS
wasⅢteredthrough aO.2-Llm-POre-Size cellulose acetate mter

(DISMTC-13CP;ADVANTEC,rIbkyo,Japan)tosterile.

CollectionandsolubilizationQfthechickeneggenvel呼フe- Theeggenvelopewasisolated

fromthelargestpre-OVulatorymaturefblliclesoflaylngWhiteleghornhensasdescribed

PreViously[rIbkeuchietal･,1999]･Brieny,thegranulosacelllayercomposedofthe

16



perivitellinelayer(eggenvelope),themonolayerofgranulosace11sandthebasallamina

(basementmernbrane)wasmechanicallyseparatedfromtheoocytewithforceps･The

granulosacellsandthebasementmembranewereremovedfromtheeggenvelopebyshaking

ltgentlyindisti11edwaterwithfbrceps･AftercheckingfbrisolationunderastereoscoplC

microscope,theeggenvelopewasstoredat-200Cuntiluse･

Theisolatedeggenvelopewas suspendedin500ト1lofcoldphosphate-bu能red

Saline(PBS)and subjectedto sonication(Output,3;duty cycle,30%)using
Son浦er250

(Branson Ultrasonics Corporation,Danbury,CT).The egg-enVelope suspension was

Centrifuged at13,000x g fbr20min to separate the supernatant(fractionX)and the

precipitate.AfterbeingwashedwithcoldPBStwice,thepreclpltateWaSSOnicatedin7ml

Ofthesolubilizationbufftr‥50mMsodiumacetatebu能r;pH5.0,COntainingO.2MNaCl,50

mMglycine,and8Murea(ultrapuregrade;ICNBiomedicals,Irvine,CA),andkeptonice

fbr60minfbrfurthersolubilization･ThissolutionwasthencentrifugedatlO,000xgfbr15

min to removeinsoluble materials,and the supernatant was創tered through a O.45トIm

Celluloseacetatenlter.The坑Itrate(fractionY)wasimmediatelyusedfbrgelⅢtration.rIb

SOlubilizeallenvelopeproteinsfbrelectrophoreticanalysIS,theeggenvelopewassonicated

in the presence of8M urea and,a且ercentrifugation,the supernatant was
su切ected

to

electrophoresis.

PurqicationQfZPgb7CQPrOteinsusingageljiltration- ThefractionYwasappliedona

COlumnofSephacrylS-400SF(AmershamBiosciences,Piscataway,NJ)(gelbed:2.6x88

Cm)previouslyequilibratedwiththeelutionbu能r:50mMsodiumacetatebu能r,pH5.0,

COntalnlng6Murea,0.2MNaCl,and50mMglyclne.Thecolumnwaselutedatarateof

18mlnl,and5.9-ml丘actionswerecollected.Theabsorbanceat280nmofeachfraction

WaSmeaSuredbyaspectrophotometerU-2001(Hitachi,lbkyo,Japan).Peakfractionswere

analyzedbySDS-PAGEfbllowedbyCBBstaining.Pooledfractionsweredialyzed

extensivelyagainstdistilledwater[BleilandWassarman,1980],1yophilized,anddissoIvedin

PBSbefbreuse.
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Proteindetermination- ProteinconcentrationwasestimatedbyuslngtheBCAprotein

assaykit(Pierce,Rockfbrd,IL),eXCePtthatdensitometricanalysesoftheCBB-StainedPAGE

gelbyanÅrTOlane&spotanalyzer6･0(ATTOcorporation,rIbkyo,Japan)wasusedfbrthe

ZPX2preparationbecauseofitsslightturbidity･Bovineserumalbuminwasusedasthe

standard.

AminoacidsequencinganabLSis- ThefractionXanditstrypticdigestweresubjectedto

SDS-PAGEandtheproteinsinthegelwereelectroblottedontoPVDFmembrane.Thebands

OfZPX2anditsflagmentonthemembranestainedwithCBBwereexcisedandappliedtoa

Peptidesequencer,ProciseHT(AppliedBiosystems,FosterCity,CA).

hcubationQfLHSwithZP(ンー ZPCproteinpreparedfromchickeneggenvelopedescribed

abovewasused.Eachonemi11iliteroflO%LHSinPBS,10%LHSinPBScontalnlng

O.163pg,1.31Llg,10.5llgOr41.8pgofZPC,PBScontaining41.8pgofZPCwasincubated

ina6-Wellcultureplate(SumitomoBakelite,rrbkyo,Japan)at370Cfbr48hinahumid浦ed

atmospherewith5%CO2.Thesereactantswereimmediatelysu句ectedtogel一重1tration

Chromatographybelow･

Geljiltrationchromatogr(甲7り′-Eachonemicroliterofsamplewasappliedonacolumn

OfSephacrylS-300(AmershamBiosciences)(gelbed:1･6cmx53cm)previously

equilibratedwithPBS･Thecolumnwaselutedatarateof15mlnl,and2-mlfractionswere

collected.Theabsorbanceat280nmofeachfractionwasmeasuredasdescribedabove.

助グme-1inkedimmunosorbentassqys鱒エLS4)- Multi-Wellplates(Nunc-ImmunoTMPlate,

96-WellMaxisorp;NalgeNunclnternational,Rochester,NY)werecoatedwithlOOlll/we1lof

SamPlesovemightat4OC･ThewellswerewashedwithPBSconta.nlngO.05%Tween-20

(PBS-Tween)3times,andblockedwithlOOト11/wellofl%BSAinPBS-Tween
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(l%BSA/PBS-Tween)at370Cfbr30min･A魚ersinglewashingwithPBS-Tween,the

wellswereincubatedat370cfbrl.5hwithlOOL11/welloftheseveralprlmaryantibodies

describedabovedilutedwithl%BSA/PBS-Tween.Thewellswerethenwashedwith

PBS-Tween3times,1nCubateat370CfbrlhwithlOOト11/wellofhorseradish

PerOXidase-1abeledanti-mOuSe(Cappel,CostaMesa,CA)dilutedwithl%BSA/PBS-Tween,

washedwithPBS-Tween3times,andthenincubatedwithlOOLll/wellofasubstratesolution

(0.4mg/mlofo-phenylenediamineandO･003%H202inO.05Mcitrate/0.1MNa2PO4,pH

5.0)atroomtemperature(250C)forlOto40minindarkness,then25トLl/wellof2.5M

H2SO4WaSaddedtostopreaction･The492-nmabsorption-Valuesweremeasuredbyuslng

amicroplatereader(SpectraMax㊥250;MolecularDevices,Sunnyvale,CA).

Protease digestion Qfeggenvel(pe- The egg envelope(1.04mg
by wet weight)was

SOlubilizedwith15トIlofO.1%SDS,5mM2-merCaptOethanol,50mMTris-HCl(pH8.0),

andheatedat950Cfbr20minfbrproteindenaturation･Then,4.7unitsoftrypsin(TTyPSin

Gold,MassSpectrometryGrade;Promega,Madison,WI)orO.1トIgOfEndoproteinaseLys-C

(Sigma-Aldrich,Tnc.,St･Louis,MO)in5plof50mMTris-HCl(pH8.0)wasaddedtothe

solubilizedanddenaturedeggenvelope,andthemixturewasincubatedat370Cfbr2to18h.

MdssspectrometYyandddtaanaかゞis- Theproteolyticdigests(0･5ト11)werespottedonto

theMALDIsampletargetplatewithamatrixconsistingofasaturatedsolutionof

α-CyanO-4-hydroxycinnamicacid(Sigma-Aldrich,Inc･)preparedin50%acetonitrile/0.1%

trinuoroaceticacid.Massspectrometry(MS)andMS/MSanalyseswereperfbrmedinthe

positiveionrenectormodebyusingaMALDI-TOF-TOFmassspectrometer(4700

ProteomicsAnalyzer;AppliedBiosystems).Peptidemassspectrawereobtainedinthemass

rangebetween850and4000Dawithca･Massaccuracyoftheinstrumentwasexternally

Calibratedtothe4700ProteomicsAnalyzerCalibrationMixture(AppliedBiosystems).

Aminoacidsequencesofthem叫OrMSpeakswerededucedfromtheMS/MSdatauslngthe

DeNovoExplorerTMandDataExplorerTMso托wares(AppliedBiosystems)･Theobtained
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peptidesequenceswereassignedtoknownproteinsbyusingaBLASTsearch(National

CenterfbrBiotechnologyInfbrmation,Bethesda,MD),Whiletheoreticalmassesofthe

peptideswerecalculatedwiththePeptideMasssoftware

(http:〟us.expasy.org几001s/peptide-maSS･html)･

Production QflYeCOmbinant chicken
ZPproteins and theirPagnents- The cDNA of

Chicken ZPBIwere amplined by reverse transcription-PCR(RTPCR).The nrst strand

cDNAwassynthesizedfromthePoly(A)+RNAisolatedfromlayingWhiteLeghornhen,s

liverusingSuperscriptTMllRNaseH~ReverseTranscriptase(Invitrogen,Carlsbad,CA)and

random
hexamer prlmerS.The PCR was perfbrmed uslng the nrst strand cDNA as a

templatewithgene specincprlmerS SynthesizedbasedonthecDNAsequenceofchicken

ZPBl,GenBankTMaccessionnumberAJ289697[Bauseketal.,2000].Ampl捕edcDNA

wasclonedintoprIbrgeTvector(Promega)accordingtothemanufacturer'sinstructions,and

the DNA sequence was ver浦ed using the
ABIPRISM310DNA

sequencer(Applied

Biosystems).

ZPBIcDNAfragments codingforN-terminaldomain(nucleotides8ト593)and

approximatelythreefburthofrepeatregion(nucleotides594-1475)wereamplilledbyPCR

uslng the ZPBI cDNA as a template with a sense prlmeち 5'

-CCArGGCTCTGCTGCAGTACCÅTTACGAC-
3',and an antisense prlmer,5'

-TGTGCCjmAGTGACTCTG-3'(NtoIsitesintroduced
and existedin the primers,

respectively; Were
underlined), and

with a sense prlmer, 5'

-GGATCCGCACACACTCAÅTCCATCCTG-
3',and an antisense prlmer,5'

-GGJWCCGACAAACCCTGCTTGTGrI13'(BamHIsitesintroducedin
the primers were

underlined),reSPeCtively.ResultantDNAfragments,NandrqpeatdigestedwithNtoIand

BamHl,reSpeCtively,WereinsertedviathesamerestrictionsitesintothepETし32a(+)vector

(Novagen,Darmstadt,Germany)(ルわE732a什)andrqpeatbE732a什),reSPeCtively).The

Nqterminaldomain几hioredoxin(N/Trx.)and the repeat region/thioredoxin(repeat/Trx.)

fusionproteinswereexpressedinE･COliOrigamiTMB(DE3)pLysS(Novagen)andpurinedby
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a stepwise elutionwith variedimidazole concentrations according to the manufhcturer's

instructions(Novagen).The solutions of the fusion proteins were dialyzed against

Phosphate-buffbredsaline(PBS)andstoredat-200Cuntilusefbrimmunization.

Similarly,DNAfragmentcodingmatureZPC(nucleotides282-10470ftheZPC

CDNA)withouttheN-terminalsignalsequenceandtheC-terminalputativetransmembrane

region was ampl捕ed by PCR usingthefu111ength cDNA[rIbkeuchietal.,1999]as a

template,Cloned,andinsertedintopET32a(+)vector(Novagen).Thethioredoxinfusion

PrOteinwasproducedandprocessedasabove･

ElectrQPhoresis,immunoblotting and lなand blotting- Sodium dodecyl

Su肋te-POlyacrylamide gelelectrophoresis(SDS-PAGE)and
Tricine SDS-PAGE were

PerfbrmedaccordingtothemethodofLaemmli,andSchaggerandⅥ)nJagow,reSPeCtively.

Protein samples were boiledfor3minin SDS-PAGE sample bu能rin the presence or

absenceof2-merCaPtOethanol.rrbdetectproteinbands,gelswerestainedwithCoomassie

brilliant blue R-250(CBB).Forimmunoblotting,PrOteins were electroblotted onto a

POly(vinylidene dinuoride)(PVDF)membrane(Immobilon;Millipore,Bedfbrd,MA).

A氏erblockingwith2.5%gelatin,themembranewasincubatedwithprlmaryantibodyand

then with horseradish peroxidase-1abeled anti-mOuSeIgG or anti-rabbitIgG antibody

(Cappel)asdescribed[AokiandMatsuda,2000].ThesignalwasdetectedbytheECL㊨

(enhanced chemiluminescence)Westem Blotting Detection Reagents(Amersham

Biosciences).For aligand blotting analysis,electroblotting,blocking,incubationwith

antibodies and detectionwereperfbrmedin the same manneras
above,eXCeptthata魚er

blockingthemembranewasincubatedwithZPBIsolution(1%LHSintheincubationbu能r

Of150mMNaCl,5mMEDTA,50mMTris-HCIpH8.0,0.05%TritonX-100andO.25%

gelatin)orl%丘talbovineserum(FBS)intheincubationbuf7br,at40cfbr24h.

T[ansient e埠フreSSion QfZPC,ZPC一朗andZPX2一朗in
COS-7celLs- Thefu1l-1ength

CDNAoftheZPC[1もkeuchietal.,1999]wastransfもredintoanexpressionplasmid,PrTbrgeT
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(Promega),byrestrictionenzymedigestionandinsertion,andtheresu)tantplasmidnamed

pZPCwasusedfbrcel)transftctiondescribedbelow･

Expression plasmid ofHA-tagged chicken ZPC(ZPC-HA)was constructed by

PCR-based strategy using overlapping PCR
method[Ho et al･,1989].One primer set,

C一朗一S,5'/TACGACGTGCCCGACTACGCGCGCTTCCGTCGTGATGCC- 3'and

C一月オAS,5'-GTAGTCGGGCACGTCGTACGGGTAGCGGCTCTGCCATCTCTC- 3'

includingpartsofthe崩sequence(underlinednucleotides),Which18nucleotidesfromeach

5'terminalwere complement,and another prlmer Set,gene-SPeC捕c pnmers LFSI,5'

-TGGAAGCAGGCGGGATGCAA-3'andL朗S,5'-TGCACTCACACCGCAGCTGAG-3'

wereusedforPCR.ThenrstPCRwasperfbrmedatanannealingtemperatureof500Cfbr

25cyclesusingtheZPCcDNA[rIbkeuchietal･,1999]asatemplatewithtwoprimersets,

one,LFWandC-mAS,andanother,C-LL4-SandLmS.ThePCRproductswereannealed

to fbrm hybridin those complementary sequences and pnmer extension reaction was

perfbrmed･Theresultantmutantproductwasampli坑edbythesecondPCRatannealing

temperatureof55OCfbr25cycleswiththepnmerpair,L撒andL用S･Ampl浦cationand

primerextensionreactionwerea11carriedoutwithPyrobest㊤DNAPolymerase(rIbkaraBio

Inc.,Otsu,Japan).The吊nalPCRproductwasclonedintoplbrgeTvector(Promega)and

SequenCed as above (ZPC一明乃1官e7t namely pZPC一月d)･ HA-tag

(-｢吋r-Pro-Tyr-Asp-Val-Pro-Asp一乃r-Ala-)wasplacedupstreamofconservedfurincleavage

site,betweenaminoacidsArg367andArg368･

Expression plasmid ofHA-tagged chicken ZPX2(ZPX2-HA)was constructed

similarly･ The pnmer setincluding parts of HA-SequenCeS,D-IL4-S,5'

/IACGACGTGCCCGACTACGCGCTCTGGAGGAGCAAGCGG- 3'and D-mAS,5'

-GTAGTCGGGCACGTCGTACGGGTAAGTGGGACATTGCTTGGC-
3',and another

Prlmer Set,gene-SPeC浦c primers A-FS,5'-TGGGCAAGTGTGGAGTGGTCl13'and

A-FAS2,5'-GCCACÅmGGAACCGGC-3'were used.The坑nalPCR product

was clonedinto plbrgeT vector(Promega)and sequenced(ZPX2-mnfgeT namely

pzm一朗)･HA-tagWaSplacedupstreamofconservedfurincleavagesite,betweenamino
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acidsThr341andLeu342.

Africangreenmonkeykidneyepithelialcells,COS-7wereobtainedfromAmerican

Type Culture Collection and culturedin DMEM(Sigma-Aldrich,St･Louis,MO)

supplementedwithlO%FBSorlO%LHS,100units/mlpenicillin,0･1mg/mlstreptomycln

at370Cinahumid浦edatmospherewith5%CO2.TheplasmidDNAbZPC,PZPC-H4,

pZPX2-IL40reTWO)P乃rgeT4pg/well)wasintroducedintothecellsaccordingtoChenand

Okayama'scalciumphosphatemethodasdescribed[AokiandMatsuda,2000].Thecells

werewashed3timeswithice-COldPBSandculturedinlml/welloffreshmediumcontalnlng

lO%FBS orlO%LHS fbr additiona148h.The cells were washed3times withice-COld

PBS,1ysedonicewithlOO Lll/we1loflysisbuffbr(1%TritonX-100,5mM
EDTA,10%

glycerol,150mMNaCland50mMHEPES,PH7･5)supplementedwithlOOトIg/mlleupeptin

andlmMphenylmethylsulfbnylnuoride(PMSF).Cell)ysates
were then centrifuged at

13,000x g fbrlO mln,and resultant Triton X-100insoluble precipitates and soluble

SuPernatantS Were
Subiected

to subsequent analyses･The culture supernatants collected

WereCentrifugedatl,200xgfbr15mintoremovedetachedcells,andimmediatelysubjected

toimmunoprecipitationexperiments.

Fortheexperimentsonthebindinge用ciencyoftwomAbs,theculturesupernatant

oftransfbctedCOS-7cellswaspooled,mixedwithl/10volumeofLHSorFBSasacontrol,

andincubatedat370C fbr60minfbllowedbyfurtherincubation at40c fbr22h.Each

SOlutionoftheculturesupernatant/LHSmixturewas
dividedintotwoandthenthey were

Su切ectedtotheimmunoprecipitationuslngtWOdistinctmonoclonalanti-ZPBlantibodies,

5G9and8El,reSpeCtively.

ForanexperimentanalyzlngSPeC摘cinteractionsbetweenZPCandZPX2,tWOOf

three distinct culture supernatantSfr0rnthe three transfもctants(transfbctedwithpZPC,

pZPn-IL4ande〝甲O;P乃fge7)culturedintheFBS-SupPlementedmediumweremixedand

incubatedat370Cfbrlhtbllowedbyfurtherincubationat40cfbr24h.Eighthundred

microliterofthemixturewassubiectedtoanimmunoprecipitation.
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1h7munQPreCなフitation- Protein G Magnetic Beads(25ト1lof50%slurry,New England

Biolabs,Beverly,MA)waspreparedaccordingtothemanufacturer'sinstructionsandrotated

fbr24-48hat40cin80plofbindingbu能r(0･1Msodiumphosphate,PH8.0)witheach

antibodydescribedabovetocoupleIgGtothebeads,Pulledbymagnetic坑eldandwashed3

timeswith500トIlofthebindingbu能r･Eighthundredmicroliteroftheculturesupernatant

OfCOS-7describedabovewaspre-Clearedwith25plofthebeads(50%slurry)byrotating

fbr24-48hat40c･Thebeadswerepulledbymagneticneld,andthesupernatantSWere

incubatedwiththeantibody-boundbeadsfor24-48hat40c･Theimmunoprecipitatewas

WaShedtwiceasdescribedaboveanddissoIvedin25トLlofSDS-PAGEsamplebu能rinthe

absenceof2-merCaptOethanol(non-reducingconditions)andsu切ectedtoelectrophoresis.

/`山〟匪"/ん椚√〆//′し′//'〟J/町〃/ん人り恒叩〃州/′･ハ･√仰～とど`/叶･ヾ上り`仙/椚`上ヾ.ヾ.ヾ/肌■//･りWり/)ん･

ana桓ねQfthe antiienicpqptidb-
The egg envelope(3･6mg

by wet weight)was

SOlubilizedin O･1%SDSwithout2-merCaPtOethanolanddigestedwithtrypsin fbr6has

describedabove･Thedigestwasreducedwith2-merCaPtOethanolfbllowedbyacrylamide

treatmentfbrblocking[Brune,1992]andsubjectedtoTricineSDS-PAGE(16.5%lt6%C)

under reducing conditions･The peptide bands were detected by CBB stalnlng Or

immunoblotting usingthe anti-ZPBlantibody(8El)described above.The8El-pOSitive

bandwasexcisedandcutintosmallpleCeSfbrthefbllowlngln-geldigestion･Afterbeing

destainedwitha50%acetonitrile/25mMNH4HCO3mixture,thegelpleCeSWereWaShed

WithlOOトLlofacetonitrile,driedbyvacuumcentrifugation,andthenrehydratedinbu能r

COntaining25mMNH4HCO3andl･1unitsoftrypsin(TrypsinGold,MSGrade;Promega).

Fo1lowlngthedigestionat370cfbr17h,thepeptideswereextractedfromthegelstepwise

withO･1%trinuoroaceticacid,0･1%tr用uoroaceticacid/50%acetonitrilemixture,andlOO%

acetonitrile･The pooled extract was concentrated by vacuum centrifugation･The

extractedpeptidesweresubjectedtoMALDImassspectrometryasdescribedabove.

1mmunQPuorostaining and coゆcallaser mic7VSC御L- COS-7cells were plated onto
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POly-L-1yslne-COated coverslipsin the6-Wellculture plate,tranSiently transfもcted and

Cultured under the same conditions as described above.The cells on coverslips were

WaShedwithPBSand月xedwith3%parafbrmaldehydeinPBSfbr30minonice.Thecells

fbrpermeabilizationwerewashedagalnwithPBSandincubatedwithO.1%TritonX-100in

PBSfbr30minonice･Thepermeabilizedandnon-Permeabilizedcellswerewashedagaln

withPBSandblockedwith2%BSAinPBS(2%BSA/PBS)fbr30minatroomtemperature.

The cells wereincubatedwith2%BSA/PBS contalnlng the mouse anti-ZPC,the rabbit

anti-HA,Orthemouseanti-ZPBlovernightat40c,WaShedwithPBS,and甫nallylnCubated

with2%BSA仲BScontainingAlexaFluor㊤488goatanti-mOuSeIgG(MolecularProbes,

Eugene,OR;6.7pg/ml)andAlexaFluor㊨568goatanti-rabbitIgG(MolecularProbes;6.7

Pg/ml)fbr30minatroomtemperatureindarkness.A魚erwashingwithPBS,thecellson

COVerSlips were mounted onto glass slides containing a drop of90%glycerolin PBS.

ImaglngWaSPerfbrmedonaZeissAxioplan2microscopeequlpPedwithaLSM5PASCAL

laserscanningconfbcaloptics(CarlZeiss,Thornwood,NY)inthemultitrackmode.For

imag.ngAlexaF.uor㊨488,aneXCitationnlterof488nmanda505-530nmband-paSS

emissionnlterwasused;andfbrAlexaFluor㊥568,aneXCitationnlterof543nmanda560

nmlong-PaSSnlterwereused･Di8もrentialinterfbrencecontrast(DIC)microscopyimages

Weretakenonthesamesystem･Three-dimensionalimagereconstructionandorthogonal

SeCtioningwerecarriedoutusingtheZeissLSMlmageBrowserVersion3.5software(Carl

Zeiss).

tHtracentrgiLgation- Onemi11iliterofsamplewascentrifugedatlOO,000xgfbr60min

using Micro Ultracentrifuge himac CSlOO(HitachiHigh-1t:Chnologies)with a rotor

RPlOOAT1268(HitachiHigh-1tchnologies)･Aftercollectingsupernatant,500plofPBS

WaSaddedintothecentrifugationtube,andcentrifugedsimilarlytowashtheprec.pltate･

The precipitate was dissoIvedin25lllofSDS-PAGE sample bu能rin the absence of

2-merCaPtOethanol(non-reducingconditions)andsu切ectedtoelectrophoresis.
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Results

ZPβ1,ZPCandZttX2arecon甲OnenLsqrmaturedchitkenqggenveJ岬ピー-Icon坑rmed

WhetherZPBl,ZPCandZPX2proteinswerecomponentsoftheeggenvelopeby

electrophoreticmethods(Fig･2-1)･SDS-PAGEoftotalenvelopeproteinsunderreducing

COnditionsfbllowedbyCBBstaining(lanelofA)showedtwomqjorbands,ZPBl/gp97and

ZPC/gp42,Whichisconsistentwithourpreviousreportrrhkeuchietal.,2001].No

additionalZPX2-1ikebandwasidentinedundertheseconditions･Undernon-reducing

COnditions,however,tOtalfburm毎orproteinbandsweredetected(lanelofB).rIbidentify

thesebands,immunoblottingwithantibodiesagalnStZPBl,ZPC,andZPX2wereperfbrmed･

Theuppertwobandsundernon-reducingconditions(97kDaand180kDa)werestainedwith

anti-ZPBlantibody(datanotshown)[rIbkeuchietal.,2001].BecauseZPBlfbrms

homodimercovalentlylinkedwithdisulndebonds[Thkeuchietal.,2001],thetwobands

CrOSS-reaCtedwithanti-ZPBlantibodywerejudgedtobeZPBldimerandZPBlmonomer.

Undernon-reducingconditions,ZPCmigratedmuchfaster(COmparethelanes20fAandB)

SOthattheZPCbandwasobservedasa35-kDabandatthebottomofthegel(lanelofB).

Immunoblottlngwithanti-ZPX2antibodyrevealedthatthecross-reaCtivematerialsof42kDa

and38kDaexistunderreducingandnon-reducingconditions,reSPeCtively,andthatthe

proteincross-reaCtivewithanti-ZPX2antibodyco-mlgratedwithZPCunderreducing

COnditions(lanes30fAandB)･Thesetwobandswereseparatedundernon-reducing

COnditionsmainlyduetothedrasticshiftoftheZPCbanddescribedabove.Thesedata

indicatesthatZPX2isincludedintheeggenvelopeasitsmainconstituent.TheN-terminal

aminoacidsequenceR)rtheZPX2bandcouldnotbedeterminedevenwhenalargeramount

Ofproteinwassu切ected丘)rtheanalysIS･Therefore,ZPX2wasdigestedwithtrypsln,

resultingintheproductionofa37-kDafragment･TheN-terminalaminoacidsequencewas

determinedtobeSSDAXVPNIミwhichcorrespondstothesequenceSer43-Pro51inthe

deducedaminoacidsequenceofZPX2.

Furthermore,Whole egg envelope was degraded by tryptic or Lys-Climited
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hydrolysis,and resultant peptidefragments were
su切ected

to MS
analyses(Fig.2-2).

PaneLsA andBshowstypicalmassspectraofthetrypticandlJyS-Cdigests.Ninem往lOr

MS-Peaksweredetectedinthetrypticdigest(2h-digestion),Whileonlytwom毎oronesin

thelJyS-C digest(18-h digestion)･Almost the same mass spectrawithlower mass

intensitieswereobtainedbytheproteolytichydrolysis fbrlongerorshorterperiods.As

Shownin C,allthese MS-Peaksexcepttwowereidentifiedtobepeptidefragmentsfrom

ZPBl,ZPC orZPX2by MS/MSsequenclng,Whilethemassdataoftheexcept.onaltwo

Peaks(handk)agreedwellwiththeoreticalmassesofZPBlandZPCfragments.Thus,all

tryptlCandlサS-CpeptidescouldbeasslglledtoZPBl,ZPCorZPX2.

boLatibnq/LheZPgb)C叩rVteblSjhmthematureL7ggenVeJ如eニーーーーInordertoexaminethe

associationsbetweentheseZPglycoproteinsinthenativematureeggenvelope,andto

PreparetheZPglycoproteinsforlaterexperimentsonthesperm-egg-enVelopeinteraction,the

ZPglycoproteinswereisolatedfromthematureeggenvelope(Fig.2-3).Asmentionedlater

intheDiscussionsection,Ifbundthat,distinctfromotherZPglycoproteins,ZPX2was

quantitativelyreleasedfromtheeggenvelopebysonicationintheabsenceofurea.ZPX2

preparedbythismethod(fractionX)wasalmosthomogeneousasjudgedbySDS-PAGE

fbllowedbyCBBstaining(lane20fB)･AftertheremovalofZPX2fromtheeggenvelope,

ZPBlandZPCweresolubilizedsuccessfu11ybysonicationatpH5.Ointhepresenceof8M

urea(undernon-reducingconditions),andcouldbeseparatedeachotherbygelnltration(d).

AsshowninB(lanes3-5),theSDS-PAGEundernon-reducingconditionindicatedthat

Pactionsl,1I,and上〃containeddimericandmonomericfbrmsofZPBl,mOnOmericZPBl,

andZPC,reSpeCtively･However,thej[actionl,aSWellthePactionlI,Showedasingleband

OfmonomericZPBlontheSDS-PAGEunderreducingcondition(datanotshown),

indicatingthepresenceofintermoleculardisulndebond(S)inthedimerfbrm.The

ident摘cationofallZPglycoproteinswascon吊rmedbyimmunoblottingwiththeirspeciflc

antibodies(datanotshown)･Then,thesefburPactions(1,1I,1HandX)wereusedas

dimeric/monomericZPBl,mOnOmericZPBl,ZPCandZPX2inthefbllowlngeXperiments･
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Theyieldsoff㌢actionI(dimeric/monomericZPBl),PactionlI(monomericZPBl),Paction

lH(ZPC),andj[actionX(ZPX2)werel･70,0･92,1･67,andO.88mg,reSPeCtively,from89.3

mg(WetWeight)oftheeggenvelope.

CharacLerizatibn q/asoLubLbjbrmZPβ1ih L4ybzghenなserumL Chicken ZPBlhas

beenreportedbeingsynthesizedinlaylnghen,sliverandtransportedtotheovarythrough

bloodstream[Bauseketal･,2000]･Byimmunoblottingandimmunoprecipitationanalyses,

ZPBIwasdetectedactuallyinlayinghen'sserum(LHS),butnotinnon-1ayinghen,sor

COCk'sones(datanotshown)･rIbcharacterizethemolecularnatureofserumZPBl,LHS

WaSSubjectedtogel-ⅢtrationchromatographyandthedistributionofZPBIwasanalyzedby

immunoblotting･As shownin Figure2-4,eaChfraction elutedfrom the gel一創tration

COlumn was subjected
to SDS-PAGE

undera non-reducing condition fbllowed by CBB

Staining(lWerPanel)orimmunoblottingwithanti-ZPBlmonoclonalantibody(8El)(lower

Panel)･TheLHSandtheeggenvelopewerealsosu切ectedascontroIs.TheZPBIprotein

bandwithmolecularmassof97kDawasdetectedinthefractions31-34byimmunoblotting,

butnotCBBstaining･AnotherZPBlbandofabout180kDacorrespondingtothedimeric

fbrm through disuⅢde bridge(S)[職keuchiet al･,2001]was neither observed by

immunoblottlngnOrCBBstalnlng,thoughitwasintheegg-enVelopepreparation.Mqjor

PrOteincomponentsofLHS,SuChasvitellogenin(耶),immunoglobulinY(なY)andserum

albumin(SA)[Yamamuraetal･,1995],Wereelutedwiththeirpeakfractionsofno.28,33and

37,reSPeCtively･TheZPBl(97kDa)andimmunoglobulinY(なY;～200kDa)wereeluted

innearlythesamefractions(如ctionsno･31-34),implyingapparentmolecularsizeofthe

ZPBlinLHSwasapproximately200kDa.Thisapparentmolecularmassof200kDais

muchlargerthanthatofZPBlmonomer(97kDa)estimatedfromthemobilityinSDS-PAGE

(Fig.2-4).

伽∫g`卸g〟庇〝J加ゎrαCJわ〝ムg加gg〝甜r〟朋ZPβJα〝〟ZPCタ′り,α〝〟ノわ朗助g曙g

envekpe- rIbexaminewhetherZPBlintheLHSinteractwithZPCseparatedfr0rnthe
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eggenvelope,LHSwasfractionatedbygel-nltrationchromatographyafterincubationswith

SeVeralamountsoftheZPCpreparationfromtheeggenvelope(Fig.2-5).Mixturesofthe

LHS(100ul,COntaining=10トIgOfZPBl)withO,0･163,1.31,10.5and41.8LlgOfZPC

PrOteinpreparedfromeggenvelopeand41･8トLgOftheZPCwereincubatedfbr48hat370c

andsu切ectedtogel-nltrationchromatography･Theelutedfractionsweresubjectedtothe

UV-detection(d)andtheELISAwiththedomain-SPeCi坑cantibodiesfbrZPBl(BtoE)and

theanti-ZPC(F).IntheUV-detection,tWOm毎orpeakscorrespondingtoIgG(180kDa)

andserumalbumin(66kDa)weredetected(brokengrqylinesandsolidgrqylines,

respectively).IntheELISA,ZPBIwasdetectedasseveralpeaksthatourZPBトspec捕c

antibodiespresentwithdistinctintensitiesofELISAvalues.Byuslngtheanti-ZPBl

(N-terminaldomain)(B),Singleweakpeaksweredetectednearthevoidvolume,andthe

intensitiesofthepeaksdidnotchangeastheamountoftheZPCincreased.Byuslngthe

anti-ZPBl(repeatregion)(C),tWOpeaksweredetectedinhigh-mOlecular-Sizefractionsand

nearthe180-kDaones,andtheintensitiesofthetwopeaksdecreasedastheamountofthe

ZPCincreasedtolO.5Llg(panelslto40fC).Theintensitieswererecoveredwhenthe

ZPCamountincreasedto41.8pgbanels4to50fC),andthatofthehigh-mOlecular-Size

peakwasobviouslyhigherthanthe180-kDaone･Byusingthe5G9(D),tWOWeakpeaks

Weredetectednearthevoidvolumeandthe66-kDafractions,andtheintensityofthelatter

decreasedastheamountoftheZPCincreasedtol.31Llg(paneLslto30fD).AstheZPC

amountincreasel.31to41.8Llg,tWOpeaksinthehigh-mOlecular-Sizefractionsandnearthe

180-kDaoneswereappeared,andtheintensitiesofthosepeaksincreased(paneLs3to50fD).

Byusingthe8El(E),am毎orpeakwasdetectednearthe66-kDafractionsbanelslto30f

E).AstheZPCamountincreasefroml･31to41･8pg,theintensitiesofthe66-kDapeaks

diminished(panels3to40fE),andtwopeakswereappearedsimi1arlytothe5G9(panels4

to50fE).Additionalpeakswerealsoappearedaroundfractionsno.36to38(panels3to5

0fE).Byusingtheanti-ZPC(F),ZPCwasdetectedaroundafractionno.36(pane160fF).

TheintensityofZPCpeakincreasedsuddenlyastheamountofZPCincreasedfromlO.5to

41.8トIg,andtwopeakswereappearedinthehigh-mOlecular-Sizefractionsandnearthe
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180-kDaones(panelslto50fF)･Byusingtheanti-ZPBIs(N-terminaldomainandrepeat

region),anti-rePeatand5G9,nOPeaksweredetectedwhenZPCwasincubatedand

fractionatedwithouttheLHS(クanels60fB,CandD),butbyusingthe8El,thereweretwo

peaksnearthehigh-mOlecular-Sizefractionsandaround什actionsno.37and38(pane160f

E).WhentheLHS(100L11,COntaining=10LlgOfZPBl)wasfractionatedwithoutthe

incubation,reSultsweresimi1artothepaneLsl(datanotshown).Theseresultssuggested

thattheserumZPBlandtheegg-enVelopederivedZPCinteractedwitheachotherinadose

dependentmanner,andthatthebindinga爪nitiesoftheZPBlandZPCwiththespec摘c

antibodiesortheELISAplateswereinnuencedthroughtheZPBl-ZPCinteraction.

即gc押ム加肋gq/∫gr〟椚ZPβJわ喝g-g〝γg毎gZPCα∫α〝α少zg〟卸晦α〝〟ふ血〟加g-

TheZPBlinLHSwasexpectedtobindtotheotherZPglycoproteinswhenitjoinsthe

fbrmationofegg-enVelopematrixintheovary･rIbidentifyegg-enVelopecomponents

interactingwithZPBl,atypeOfligandblottinganalysiswasperfbrmed(Fig.2-6).

Egg-enVelopeproteinsweresolubilizedwiththeSDSsamplebu能rundernon-reducing

COnditionsandsu切ectedtoSDS-PAGEfb1lowedbyelectroblottingontoaPVDFmembrane.

ThemembranewasincubatedinthepresenceorabsenceofZPBlasaligand,andthebound

ZPBIwasdetectedimmunologlCallywithanti-ZPBlantibody.A35-kDaband

COrreSpOndingtoZPC,butnot40-kDaZPX2,WaSClearlydetectedwithanti-ZPBlantibody

OnlyonthemembraneincubatedwithLHS,indicatlngthespecincbindingofZPBltoZPC.

Exceptfbrthis35-kDaband,therewerenoslgn描cantdi能rencesintheanti-ZPBl

immune-StalnlngPatternbetweenthetwomembranesincubatedwithandwithoutLHS

COntalnlngZPBl.

且坪〝∬わ〝,p〝Cg∬加gα〝〟∫gC〝Jわ〝q/朋一句ggg〟ZPC卸加〝草々Cお〟Cα㌻7cg肋エー

FortheinvitroanalysesofZPBl-ZPCinteraction,anePitope(HA)-taggedZPCwas

expressedtransientlylnamammaliancel11ine,COS-7.rTbconnrmwhetherthe

recombinantZPC-HAwasprocessedcorrectlyandsecretedintotheculturemedium,thece11
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lysateandtheculturesupernatantweresu句ectedtoimmunoblottingand

immunoprecipitationanalyses,reSPeCtively(Fig.2-7).A42-kDaband,Whichisexpectedto

bepro-fbrmofZPC-HA,WaSClearlydetectedinthecelllysateeitherbyanti-ZPCoranti-HA

antibody.lncontrastwithce111ysate,a35-kDabandcorrespondingtothematurefbrmof

ZPC(seeFig.2-6,lanel)wasdetectedintheculturesupernatantbythespec浦cantibodies.

Nomaturefbrmwasdetectedinthecelllysates･TheseresultssuggestedthatHA-tagged

ZPCexpressedasapro-fbrmwithitscarboxy-terminalhydrophobicreglOnintransfbcted

COS-7cellswasprocessed,atleastinpart,tOaneXPeCtedmaturefbrmandsecretedtothe

culturemedium.

即gc師ム加肋gq/∫gr〟椚ZPβJわZPCぶgC〝お〟卸助g加〝申Cお〟C仇㌻7cg肋ユーー The

CulturesupernatantSOftheCOS-7cells,Whichhadbeentransfbctedandthenculturedinthe

PreSenCeOfserumZPBl,WereSubjectedtorecIPrOCalco-immunoprecipitationanalysISuSlng

anti-ZPBlmonoclonalantibody(5G9)andanti-HAantibody(Fig.2-8).Theprobable

matureZPC-HAsecretedintothemedium(QPenarrOWheadk)wasco-preCipitatedwithZPBl

(closedarrowheadk)byimmunoprecipitationusingtheanti-ZPBl@)and,COnVerSely,ZPBI

WaSCO-preCipitatedwiththeZPC-HAbyimmunoprecipitationusingtheanti-HA(B),

indicatlngthepresenceofZPBl-ZPCcomplexesintheculturesupernatantOf

ZPC-eXPreSSlngCellsculturedintheZPBl-COntainingmedium.A180-kDaband

COrreSPOndingtodimericZPBl(str4,edarrowheadofB)wasalsodetectedparticularlyinthe

immunoprecipitatebytheanti-HA,WhichwasexpectedtobericherinZPBl-ZPCcomplexes

ascomparedwiththeimmunoprecIPltateSbyanti-ZPBlbecauseanexcessoffreeZPBIwas

PreSentintheculturemedium･This180-kDabandwascon甫rmedtomlgratetOthesame

POSitionof97-kDamonomericZPBlonSDS-PAGEunderreducingconditions(datanot

Shown)asthedimericZPBlofeggenvelopedid[rIbkeuchietal.,2001].Theseresults

indicatedthatZPBlinteractedspec捕callywithZPC-HAsecretedintothemediumand

fbrmedZPBトZPCheterocomplexes.

TbdeterminewhethertheZPBlandZPCfbrmedthehigh-mOlecular-Weight
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COmplexes,theculturesupernatantSWere什actionatedbyultracentrifugation(Fig.2-9).The

ZPBl-ZPCcomplexescomposedofdimericZPBl(di-ZPβ1;Str4)edarrowhead),mOnOmeric

ZPBl(mono-ZPBl;Closedarrowhea4)andprobablematureZPC-HA(QPenarrOWhead)

WerePreCipitatedbyultracentrifugationoftheculturesupernatantfromthe

ZPC-HA-eXpreSSlngCe11sculturedintheZPBl-COntalnlngmedium.Accordingly,1tWaS

SuggeStedthemolecularsizeoftheZPBl-ZPCheterocomplexeswashighenoughtobe

PreCIPltatedbyultracentrifugation.

Cbntributibnq/ZPβ1CltermblaL昭ibntoLheassocLhtbnwiihZPCM rIbcomparethe

bindinge用ciencyofthetwoanti-ZPBlmonoclonalantibodies(5G9and8El)[lbkeuchiet

al･,2001]totheZPBl-ZPCheterocomplexesmorequantitatively,theculturesupernatants

WerepOOled斤omtheZPC-HA-eXpreSSlngCOSq7cells,mixedwithZPBl-COntalnlngSerum,

andincubatedtoinducethecomplexfbrmation･TheZPC-HA-ZPBlmixturewassubjected

to theimmunoprecipitation by each monoclonal antibody,5G9 0r8El(Fig.2-10).

Interestlngly,OnemOnOClonalantibody,5G9,e能ctivelylmmunOPreClpltatedtheZPBトZPC

heterocomplex,Whereasanotherone,8El,didnot.Themonoclonalantibody8Elofcourse

immunoprecipitatedfree ZPBIparticularly from the culture supernatant of the mock

transfbctants.

Nobindingof8EltoZPBlassociatedwithZPCsuggestedthatZPCboundtothereg10n

nearbyan8El-bindingsite(epitope)inZPBl･rIbmapthe8Elepitope,8El-pOSitiveZPBl

斤agmentswerescreenedamongthetryptlCPeptidesofwholeeggenvelopeby

Tricine-SDS-PAGEfbllowedbyimmunoblotting(Fig･2-11A)･A5.5kDa-bandwasclearly

Stainedwith8El.TheMSanalysesonthein-geldigestofthisbandrevealedthatthis

8El-POSitivefragmentcontainedtwoZPBl-derivedsequences(peaksaandb.inFig.2-11B),

andthatthetwosequenceswereidenticalexceptfbroneresidueatposition897(ValorLeu

PrObablyduetoZPBlisofbrms).TheproproteinofZPBlhasaconsensussequence,RARR

(from900to903)fbrthefurincleavage.Accordingly,the5.5-kDa-fragmentwasfbundto

containadecapeptide(Pro891-Arg900)correspondingtotheputativeC-terminusofmature
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ZPBl(Fig.2-11B,C),SuggeStingthatthe5.5kDafragmentwasPhe852-Arg900with

theoreticalmolecularmassof5258.82and5272.84(COntainingthepeakaandbsequences,

respectively).Thepeaksc,dandfwerederivedfromZPC,Whilethepeakewasfrom

ZPX2(datanotshown)･Thus,the8ElepitopewasmappedinaC-terminalpeptidewithin

ZP-domainofaZPBlmolecule.

Cゎーわcα勉α`わ〟q/ZPβJα〟〟ZPCα〝〟〝〟助gZPCかα〝草々cお〟Cα㌻7cg肋c〟肋I〝〟血助g

ZPβ1-COnLaihihgmediu〝トー rIbdetermhewhetherZPBlisaccumulatedwithZPConthe

SurfaceofZPC-eXPreSSlngCell,thetransfbctedCOS-7cellswereculturedinthepresenceof

SerumZPBl.A魚erbeingculturedfbrtwodays,thecellswere甫xedwithandwithoutthe

Permeabilizationtreatment.The坑xedcellswerestainedwithanti-ZPBlandanti-HA

antibodiesfbllowedbyincubationwithnuorescence-COl刃ugatedsecondaryantibodies,and

Observedunderaconfbcallaserscanningmicroscopy(Fig･2-12).BothZPBl(green)and

ZPC-HA(red)weredetectedonthesurfaceoftheZPC-HA-eXPreSSingcellstreatedwithout

permeabilization･AstrongZPC-HAsignalwasobservedinthecytoplasmofperrneabilized

Cells･Three-dimensionalgraphicimagesconstructedfromthemultipleconfocalimages

demonstratedthatnotonlyZPCbutalsoZPBIwereaccumulatedonthealmostwholepartof

thecellsurface,andthatlocalizationofthetwoproteinswasidentical,indicatlngthat

ZPBl-ZPCcomplexeswerefbrmedandaccumulatedonthecellsurface･Asexpected,

ZPBlaccumulationwasnotatallobservedinthecaseofmocktransfbctants.

d鮎g〝Cgq/ZPC〃〟助g∫〟ゆCgq/加〟革βcお〟Cα㌻7cg肋c〟〟〟〝〟血助gαふ∫g〝Cgq/

ZPβ1- AsshowninFig.2-12,ZPCwasrequiredfbrZPBlinthemediumtobe

accumulatedonthecellsurface.Then,anOtherexperimentwasconductedtoelucidate

whetherZPC-HAaloneaccumulatedonthesurfaceoftransfもctedcells.Thetransfbcted

COS-7cellswerecultured丘)rtWOdaysintheabsenceofserurnZPBl,nXedandstainedwith

anti-ZPCantibodyaswellasanti-HAantibody.AsshowninFigure2-12,Whenserum

ZPBIwasnotpresentinthemedium,nOZPCaccumulationonthesurfhceof
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non-permeabilizedcellswasobservedbyuslnganti-ZPCinadditiontoanti-HA.The

intracellularslgnalofZPC-HAwasdetectedinthepermeabilizedcells,andthestainedimage

withanti-ZPC(Breen)wasidenticaltothatwithanti-HA(red).

且坪閻わ〝,タ〝Cg∬血gα〝〟∫gC〝Jわ〝q/朋一物g〟Zm2如かα〝草々cお〟Cα㌻7cg肋-

Next,reXaminedinteractionsofZPX2withZPBlorZPCuslngthecell-Culturesystem･As

atoolfbrtheinvitroanalysesfbrinteractionofZPX2withZPBlorZPC,anepltOPe

(HA)-taggedZPX2-eXpreSSingsystemwasestablishedusingamammaliance111ine,COS-7.

rIbcon石rmwhethertherecombinantZPX2wasprocessedcorrectlyandsecretedasasoluble

mature-fbrmintotheculturemedium,thecelllysateandtheculturesupernatantWere

Su切ectedtoimmunoblottinganalysis(Fig.2-14).COS-7ce11sweretransfbctedwithan

expressionplasmidforZPX2-HAbm一朗)oracontroIplasmid(mock)andculturedfbr

l-2days.Approximately47-kDaand40-kDabands,eXpeCtedtobepro-fbrmandmature

fbrmofZPX2-HA,reSpeCtively,WaSClearlydetectedinthecelllysate(bothTriton-insoluble

andsolublefractions).NativeZPX2fromeggenvelopewasdetectedasa38-kDaband(See

r#tpanelandFig.2-6).Incontrastwithcelllysate,Onlya40-kDabandofthemature

fbrmwasdetectedintheculturesupernatant.TheseresultssuggestedthatHA-taggedZPX2

COuldbeexpressedasapro-fbrmwithitscarboxy-terminalhydrophobicreg10nintransfbcted

COS-7cells,PrOCeSSedtoanexpectedmatureform,andsecretedasasolubleproteintothe

Culturemedium.ItisnoteworthythatthematureformoftheZPX2-HAwasalsodetectedin

thecelllysatesofthetransfbctants,WhereasthematureformoftheZPC-HAwasdetected

Onlyintheculturesupernatant(SeeFig･2-7)･Thesefもaturesontheexpressionandthe

SeCretionoftheHA-taggedZPCandZPX2expressedbythetransfbctantswereagreedwe11

withthatofnormalZPCandZPX2(datanotshown).

坤gc押α∫∫〃C血書わ〃q/ZPX2ぶgC〝Jg〟加わC〟肋J〝∫岬g用αね〝Jq/かα〝革βcJg〟C仇㌻7cg肋

WiihZPβ1LhL4yihghenなserumq｢IbdeterminewhetherZPX2expressedinandsecreted

fromZPX2-eXPreSSlngCe11sinteractwithZPBlinlaylnghen'sserum,theculture

34



SuPernatantSOftheCOS-7cells,Whichhadbeentransfもctedandthenculturedinthepresence

OrabsenceofserumZPBIweresu切ectedtoco-immunopreclpltationanalysISuSlng

anti-ZPBIpolyclonalantibody(N-terminaldomain)(Fig･2-15).Theprobablemature

ZPX2-HAsecretedintothemedium(closedgrqyarrowhead)wasco-PreCipitatedwithZPBl

(closedblackarrowhea4)byimmunoprecipitationusingtheanti-ZPBl,indicatingthe

PreSenCeOfZPBl-ZPX2complexesintheculturesupernatantofZPX2-eXpreSSlngCells

CulturedintheZPBl-COntalnlngmedium.TheseresultsindicatedthatZPX2-HAsecreted

intothemediuminteractedspec浦callywithZPBlandfbrmedZPBl-ZPX2

heterocomplexes.

Cゎーわcα勉g〟血p〃∫肋〝q/ZPβJα〝〟ZPX2α〝〟〝〟助gZPX2-かα〟申Cね〟Cα㌻7cg肋

CuLturedinLheZPβ1-COnね加h2gmedi〟m-- TheZPBl-COntalnlngSerumWaSaddedtothe

CulturemediumfbrtheCOS-7ce11stransftctedwiththeZPX2-HAexpressionplasmid

bZPX2-H4),andlocalizationofZPBlandZPX2-HAaroundthece11swasanalyzedby

immunonuorescencemicroscopy(Fig.2-16).Afterbeingculturedfortwodays,thecells

were月xedwithparafbrmaldehyde(withoutpermeabilizationtreatment),Stainedwith

anti-ZPBlandanti-HAantibodiesfbllowedbyincubationwithnuorescence-COrUugated

SeCOndaryantibody,andobservedunderaconfbcallaserscannlngmicroscopy.BothZPBl

(green)andZPX2-HA(re4)weredetectedaroundtheZPX2-HA-eXpreSSingcellsculturedin

thepresenceofserumZPBl,andlocalizationofthetwoproteinswasidentical.ZPX2could

accumulateonthecellsurfacebyitse)fregardlessofthepresenceofserumZPBlinthe

medium.Asexpected,ZPBlaccumulationwasnotatallobservedinthecaseofmock

transfbctants.ItisnoteworthythatZPX2-HAwasaccumulatedonthesurfaceofthe

transfbctantseitherinthepresenceorabsenceofZPBlinthemedium,Whereasthecell

surfaceaccumulationsofneithernormalZPCnorZPC-HAweredetectedintheabsenceof

ZPBl(SeeFigs.2-10andll).

即gc押α∬〟C血書わ〝q/ZPX2w助ZPCム〃助ぶgC〝お〟加わC〟〟〟〝ぶ叩Ig川αね〝加q/
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dan薫仲CtedCα㌻7ce肋- rIbdeterminewhetherZPX2andZPCbothexpressedinand

secretedfromexpresslngCellsinteractwitheachother,theculturesupernatantsfromthe

distinctCOS-7cellstransfbctedwiththeZPX2-HAexpressionplasmid(pZPX2一月u)orZPC

expressionplasmid(pZPC)weremixedeachother,incubatedandsubiectedtoreciprocal

CO-immunoprecipitationanalysesusinganti-HAandanti-ZPCantibodies(Fig.2-17).The

PrObablematureZPCsecretedintothemedium(QPenarrOWhea4)wasco-PreCipitatedwith

PrObablematureZPX2-HA(closedBrqyarrOWhead)byimmunoprecipitationusingthe

anti-HA,indicatlngthatZPX2associatedwithZPCbothsecretedintoculturemediumto

fbrmZPX2-ZPCcomplexes.However,theZPX2-ZPCcomplexwasnot

immunoprecIPltatede能ctivelyuslngtheanti-ZPC,althoughtheanti-ZPCcould

immunoprecIPltatefreeZPCsecretedintothemediume能ctively,SuggeStingthatthe

accessibilityoftheanti-ZPCtoZPCwasdecreasedthroughassociationofZPCwithZPX2.
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DiscⅦSSion

Inchicken,CDNAsofthenveZPglycoproteins,ZPA(notsubmittedtodatabase)[Kohno,

2000],ZPBl(GenBank㊨accessionno.AJ289697)[Bauseketal.,2000],ZPB2(GenBank㊧

accessionno.ABO25428)[Tbuda,1999],ZPC(GenBank㊥accessionno.D89097)[職keuchi

etal.,1999]andZPX2(GenBank㊥accessionno.ABl14441)[Okumuraetal.,2004]are

Cloned.Furthermore,itissuggestedthattheZP-glycoproteincompositionsintheegg

envelopearechangedthroughthefb11iculardevelopmentbyimmunoblottlnganalysesfbr

wholefblliclesoreggenvelopespreparedfromseveralimmatureandmaturefbllicles,and

thattheeggenvelopesurroundingthematureoocytejustbefbretheovulationwascomposed

OfZPBl,ZPCandZPX2[Iwata,2002]･HoweveちtheSDS-PAGEofZPglycoproteinshas

usuallybeenperfbrmedunderreducingconditionsinourpreviousstudies.Wetherefbre

havenotbeenabletoseparatethebandofZPX2-PrOteinfromthatofZPCintheSDS-PAGE

gelanddemonstratethepresenceofZPX2inthematureeggenvelopeclearly.Inthe

PreSentStudy,theZPglycoproteinsinthematureeggenvelopewerefurthercon重rmedby

immunoblottingandMSanalyses(Figs.2-1and2).AsshowninFigure2-1A,ZPX2

CO-mlgrateSwithZPCinSDS-PAGEunderreducingconditionsandisnotident捕edasa

Separateband.Furthermore,inthepresentstudy,theN-terminalaminoacidsequenceof

ZPX2cou)dnotbedeterminedprobablyduetoα-aminogroupblocking,indicatlngthat

ZPX2hiddenbehindtheZPCbandhadescapedthedetectionbytheaminoacidsequenc.ng

analysisR)rZPCinourpreviousstudy[lbkeuchietal.,1999].ZPCandZPX2are

Separatedundernon-reducingconditions(Fig･2-1B)･Thisdi能renceinelectrophoretic

PatternSiscausedmainlybyadrasticincreaseinmobilityofZPCintheabsenceofa

reducingreagent･AlthoughIdonotknowexactlywhythismobilityshiftoccurs,ZPCmay

haveacompactstructuresupportedbyintramoleculardisu捕debonds.Actually,theCD

SPeCtrumOfZPCpur浦edhereshowedastrongnegativepeakat210nm,SuggeStingltS

β-Sheet-richstructure(datanotshown).

AlthoughZPX2isacomponentofthehardeggenvelope,ZPX2iseasilyreleased
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andseparatedfromtheegg-enVelopematrixbytheultrasonicationtreatmentintheabsenceof

urea(Fig.2-3B).ThisunexpectedpropertyofZPX2renderedusdifficulttoevaluatethis

proteinasamaincomponentoftheeggenvelope･Inourinitialexperiments,SOmeamOuntS

ofZPX2werelostduringunnecessarilyharshwashofthecollectedenvelopesothattheyield

ofZPX2variedfrompreparationtopreparation･Ithenfbundthatthisproteinwas

quantitativelyandspecincallyreleasedundertheconditionsdescribedhere(gentlewashand

sonicationwithouturea).Accordingtothisprocedure,theyieldofisolatedZPX2hasbeen

constantandcomparabletothatofotherZPproteinsineverypreparation.Therefbre,lnow

believethatZPX2isamqorcomponentofthematureeggenvelope.Becausenoother

distinctbandsandspotsweredetectedinSDS-PAGE(Fig.2-1),itisunlikelythatyet

unident浦edproteinexistsasamqorcomponentofthematureenvelope.Thisconclusionis

supportedbythefactthatalloftheproteolyticpeptidesfromwholeeggenvelopewere

assignedtoZPBl,ZPCorZPX2(Fig･2-2)･However,aPOSSibilitycouldnotcompletelybe

ruledoutthateggenvelopecontainssuchunidentinedprotein(S)asthosewithresistance

againstproteolyticdigestion･lnfacttheZPX2-derivedpeptidewasonlyoneofthell

identinedpeptides,SuggeStlngthatproteo)yticdigestibilityofZPproteinslargelydi能r･

AmongtheZPfhmilymemberschickenZPBlisunlqueinitsdomainstructure.

InadditiontoacommonZPdomain,anN-terminaldomainwith5(anoddnumber)cysteine

residues,atrefbildomaln,anda"repeat''reglOnCOnSistingof15repeatsequences,eaChof

whichhasabout24aminoacidresiduesrichinGlnandArg.Basedonthischaracteristic

dornainstructurepredictedsimplybythededucedaminoacidsequence,anOn-globularbuta

linearconfbrmationwasspeculatedfbraZPBlmolecule.However,Onlylimited

biochemicalorphysicochemicalinfbrmationoftheZPBlmoleculehasbeenobtainedsofhr

[Basuseketal.,2000and2004;rrhkeuchietal･,2001]･ZPBlinthehen'sserumwaseluted

斤omthegel-nltrationcolumnasanabout200-kDaproteln,1.e.,Simi1arlytoserum

immunoglobulinbutmuchfasterthanserumalbumin(SeeFig･2-4)･Thisapparent

molecularmassof200kDaagreeswellwithaZPBldimerestimatedbySDS-PAGE(SeeFig.

2-1B,lanel),SuggeStingthepresenceofsolublehomodimerintheserum･However,
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furtherstudiesareneededtoclarifywhetherZPBlexistinbloodasamonomerora

homodimerwithoutanycovalentcross-1inkages･Apossibilityofheterocomplexfbrmation

withsomeserumproteinsalsocouldnotberuledout･

Asdescribedabove,ZPBIwassolubilizedfromisolatedeggenvelopewithSDSor

aureasolutionwithoutreducingagents,andwaselutedasmonomeranddimerintotwo

separatefractionsfromagel-nltrationcolumninthepresenceofurea(Fig･2-3)･By

contrasttotheegg-enVelopeZPBl,theZPBIsecretedfromlivercellswassolubleitselfin

bloodevenintheabsenceofsuchdenaturlngagentSOrStrOngdetergents.TheZPX2was

releasedfromtheenvelopewithoutureaandotherZPglycoproteinswerenotasdescribed

above,StrOnglysuggestingthatZPX2waslooselyassociatedwithstrongmatrixstructure

composedofdimericandmonomericZPBlandZPC･Accordingly,itwasindicatedthat

non-COValentassociationofZPBlwiththeotherZPcomponents,eSPeCiallyZPC,WOuld

importantfbrthematrixfbrmation･Interestingly,itwassuggestedthattheserumZPBland

theegg-enVelopederivedZPCinteractedwitheachotherinadosedependentmanner,and

thatthebindingafrinitiesoftheseproteinswiththespec描cantibodiesortheELISAplates

wereinnuencedthroughtheZPBl-ZPCinteraction(SeeFig･2-5)･Furthermore,theZPBI

spec浦cal1yboundtoZPCbutneitherZPX2norZPBlitselfblottedonthemembrane(Fig･

2-6),anditaccumulatedaroundthecellsonlywhenthecellssecretedZPC(Fig･2-12)･

These月ndingsareconsistentinpartwiththeresultsofarecentworkonJapanesequailegg

envelope[Ohtsukietal･,2004]thatZPBlintheegg-enVelopelysatewascoprecipitatedwith

ZPCsecretedbyculturedgranulosace11s･Inthisimmunoprecipitationexperiment,however,

thewholeegg-enVelopelysatewasusedasaZPBlorlgln,andonlyZPBldimerwasshown

beingcoprecipitated.Therefbre,thispreviousexperiment[Ohtsukietal･,2004]couldnot

ruleoutapossibilitythatZPCinteractedwithZPC-ZPBIcomplexesorsomeunknown

component(S),WhichhadassociatedwithZPBl,alreadypresentintheegg-enVelopelysate･

InthepresentstudyuslngSerumZPBl,bothZPBlmonomeranddimerwerecopreclpltated

withZPCinaproportionsimi1artothoseoftheeggenvelope(SeeFig･2-8B)･Thisresultin

additiontothefactthatserumZPBlismonomer[Bauseketal.,2000]suggestthatserum
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monomericZPBlinteractswithZPCsecretedfromgranulosacellsandthenZPBl

dimerizationbyintermoleculardisulndebondinglSinducedduringthefbrmationof

ZPBl-ZPCheterocomplexesandfurtherpolymerization.

Thedisulnde-1inkeddimerofZPBIpresentinpartintheisolatedeggenvelopeis

believedtoplaylmPOrtantrOlesintheconstructionof斤brousmatrixofeggenvelope.

Presumably,atleastsomeconformationalchangesinZPBlmoleculesarerequiredtbrafree

Sulnlydryl-grOuptObeexposedfbrasulmydrylordisulndegroupofanotherZPBl.The

monoclonalanti-ZPBl,8El,COuldprecipitatefreeZPBlbutnotZPBl-ZPCcomplexesin

theculturemedium(SeeFig.2-10).Asimpleexplanationfbrthisresultisthatthe

C-terminalreglOnOfZPdomaininaZPBlmoleculewasmaskedwiththeassociatedZPC

resultinginthepreventionoftheantibody,8El,frombinding.SuchZP-domaindependent

interactionbetweenZPBlandZPCmightbereasonable,becausetheZP-domainproteins

includingtheegg-enVelopeZPglycoproteinsaresuggestedtoassociateviaZPdomains

[Jovineetal.,2002].Alternativespeculationisthatacertainlevelofconfbrrnational

ChangesintheC-terminalreglOnOfaZPBlmolecule,1nCludingthe8ElepltOpe,WaS

inducedthroughZPBl-ZPCinteractionorcomplexformation.Furtherstudiesareneededto

determinehowZPBl-ZPCpolymerizationandinter-ZPBldisulfidecross-1inkingareinduced

duringtheegg-enVelopeconstructioninthelaylnghen'sovary.1twouldbeofspecial

interesttoexamineapossibleC-terminalprocesslngOfserumZPBlafteritstransportto

OOCyteSurfhce,becausesuchaprocesslnghasrecentlybeenreportedonnshZP

glycoproteins[Darieetal･,2005],Whichisalsosynthesizedinliver･

AftertheseparationfromZPC,ZPBIcouldremainsolubleevenafterremovalof

ureabydialysisatleastinalowconcentration(microgrampermllevel)solution(SeeFig.

2-3).Inadditiontothispreviousobservation,thebindingspecificityofZPBltoZPCas

demonstratedbyuslngtWOdistinctmonoclonalantibodiesinthepresentstudysuggeststhat

theassociationbetweenZPBlandZPCisnotsimplyduetohydrophobicaggregationbut

SOmeSpeC摘cassociationincludinghydrogenandelectrostaticbonds.Ihavesuggested

abovethatthechickeneggenvelopeisconstructedwithZPBlandZPC,andZPX2associate
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looselywiththeZPBl-ZPCcomplex,becauseZPX2isreleasedfromthecomplexeasilybya

mechanicaltreatmentsuchassonication(Fig.2-3)orvigorouswashing[lbkeuchietal.,1999

and2001;Bauseketal.,2000].Thissuggestionontheegg-enVelopeconstructionbyZP

proteinswouldbeconsistentwiththeresultsofthepresentstudythatZPBlassociatedwith

ZPC,nOtZPX2,andonlythetwocomponents,ZPBlandZPC,COuld丘)rmatypeofmatrix

onthesurfaceofculturedce11s(SeeFigs.2-8andll).

HA-taggedZPCwassuccessfu11yexpressed,PrOCeSSedandsecretedinpartbythe

transftctedCOS-7ce11s(SeeFig.2-7)･MaturenativeZPCintheegg-enVelopewasdetected

asa35-kDasignalinnon-reducingSDS-PAGE(Fig.2-1and6)andthecalculatedmolecular

massofC-terminalhydrophobicpeptidederivedftomtheprocesslngOfproZPCatthe

conservedfurincleavagesitewasapproximately7kDa.ThesumofmassesfbrmatureZPC

andtheC-terminalpeptideagreeswellwiththatofprobableproZPC(42kDa)(SeeFig.2-7).

SuchatransientexpressionofZPChasbeenreportedalsoonCHOcellsbyuslngJapanese

quailZPC[Sasanamietal･,2003a-C]･Theintracellularaccumulationofproproteinsandthe

extra-Cellularsecretionofprocessedandprobablymaturedproteinsarecommoninbothof

thetwocell-1inesorlg)natedfromdi脆rentorgans,kidneyandovary.COS-7cellsare

knowntoendogenouslyexpressaprocesslngenZyme,furin,andcanprocesssome

ectopicallyexpressedpro-hormonesresultinginthesecretionofbioactivehormones[Warren

andShields,1984;Galanopoulouetal.,1993;Yanagitaetal.,1992;Hayashietal.,1994].

rTbkenthesetogether,the35-kDaZPC-HAsecretedintoculturemediumbyCOS-7cellsis

expectedtobematuredandcorrectlyfbldedZPCwithHA-tagatitsC-terminus･

TheconfbcallaserscannlngmicroscoplCanalysesclearlydemonstratedthatZPBI

WaSdepositedandaccumulatedtogetherwiththesecretedZPConthecellsurface(Fig.2-12).

NoaccumulationofZPBlonthemocktransfbctantswasasscheduled,butitshouldbe

noticedthattheZPCsignalwasalsounderdetectablelevelonthesurfaceofpZPC一朗

transfもctantsculturedintheabsenceofZPBl(SeeFig.2-13),Whichactuallyexpressedand

secretedZPC-HA(seeFig.2-7).TheseresultsindicatethatZPCproproteinwiththe

transmembranereg.ondoesnotstablyexistonthece11surfaceandthematureZPCwas
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releasedfromthecellsimmediatelya魚ertheremovalofitsputativetransmembranereg10nby

furincleavage.Thus,itwouldbeunlikelythatZPBIwasaccumulatedaroundthecellby

bindingtoZPCwhichhadbeenlocalizedorpre-depositedaloneonthecellsurface.The

ZPBIwouldratherassociatewiththesecretedZPCnearbythecelland/orthece11surface

PrOZPCjustbefbrefurin-Cleavage,WhichleadstotheaccumulationofZPBl-ZPCmatrix-1ike

COmPlexesaroundthecell･

Althoughbiochemicalandphysicochemicaldi月もrencesbetweentheZPBl-ZPC

COmPlexespresentinthemediumandthoseaccumulatedonthecellsurfacearestillunclear,I

SpeCulatethatapartoftheZPBl-ZPCcomplexeswasdi飢ISedintothemediumasasmall

COmPlexesorparticlesbeforelargerparticlesormatriceswerefbrmedonthece11surface.

Infhct,1nPreliminaryexperiments,IhavefbundthattheZPBl-ZPCcomplexeswere

precipitatedbyasimpleultracentrifugationatlOO,000xgfbr60min(Fig.2-9),indicating

thatZPBl-ZPCcomplexesintheculturemediumwerepresentassmal1particles.lnhen's

OVarythesecretedZPCwouldbeaccumulatedinanarrowspacebetweenagranurosacel1

1ayerandanoocyte,andtherefbre,SuChsmallparticleswi11alsoparticipateinthe

constructionoftheegg-enVelopematrix.

Thethirdegg-enVelopeZPglycoprotein,ZPX2wouldbeassociatedwiththe

ZPBl-ZPCmatrixintheeggenvelopeasdescribedabove.TheZPX2secretedbythe

transftctedCOS-7cellsboundtotheZPBladdedtoitsculturemediumtofbrmZPBl-ZPX2

heterocomplexes(SeeFigs.2-15and16),althoughtheserumZPBlboundtotheZPX2

blottedonamembranewasunderdetectablelevel(seeFig.2-6),indicatingthatZPX2bound

toserumZPBlwithlowera用nity.Theconfbcallaserscanningmicroscopicanalyses

ClearlydemonstratedthatZPBIwasdepositedandaccumulatedtogetherwiththesecreted

ZPX20nthecellsurfhce(Fig.2-16).NoaccumulationofZPBlonthemocktransfbctants

wasasscheduled.Interestlngly,thesecretedZPX2wasaccumulatedonthesurfaceofthe

celleitherinthepresenceorabsenceofZPBl(Fig.2-16),incontrastwithZPCaccumulated

OnthecellsurfaceonlywhenZPBIwasinthemediumanddidnotaccumulatebyitself(Figs.

2-12and13).Actually,thematureZPX2wasdetectedinthelysateofZPX2expressing
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Cells(SeeFig.2-14)butnotdetectedinthatofZPCexpressingcells(Fig.2-7).rTbkenthese

together,itissuggestedthatZPX2fbrmshomocomplexesandbindstoZPBIweakly,While

ZPCdoesnotfbrmhomocomplexesbutfbrmsolidZPBl-ZPCheterocomplexesasdescribed

above.

EitherZPCorZPX2wassecretedintotheculturemediumofeachexpresslngCe11

asamaturefbrm(seeFigs.2-7and14),althoughinthehen'sovary,itisunknownwhether

ZPCandZPX2arecoexpressedinhomogeneousgranulosacellsortherearetwotypesof

granulosace11sexpresslngZPCorZPX2,reSpeCtively･Inthisstudy,theculture

SupernatantSOfZPX2-HAexpresslngCe11sandZPCexpresslngOneSWeremixedand

incubatedeachother,andthespecincassociationofZPX2withZPCwasdemonstratedby

immunoprecipitationana)yses(SeeFig.2-17).FreeZPX2-HAandZPCwere

immunoprecipitatedefftctivelyuslngtheanti-HAandanti-ZPCantibodies,reSPeCtively.

However,anti-ZPCantibodycouldnotimmunoprecipitatetheZPX2-HA-ZPCcomplexes,

WhereasantトHAantibodycouldimmunoprecipitatedonese能ctively(Fig.2-17).

ConsideringthatZPX2secretedfromtheexpresslngCellswouldfbrmhomocomplexesby

itself(SeeFigs.2-14and16)andZPCcouldnotfbrmhomocomplexes(SeeFigs.2-7and13),

itissuggestedthattheZPX2secretedintothemediumwouldfbrmsmallparticlesor

homocomplexes,andsurroundsZPCmolecule(S)tofbrmtheZPX2-ZPCcomplexes.

Recent studies on disul坑de bridges of ZP glycoproteins mapped by mass

SPeCtrOmetry[Bqiaetal.,2003;Darieetal･,2004;Zhaoetal.,2004;Hoodbhoyetal.,2005],

SuggeStthattherearetwotypesofZPdomainhavingpartiallydistinctpositionsofconserved

CySteineresiduesanddisuⅢdebridges,ZP3-typeandZPl/ZP2-type･Itispredictedbythe

alignment between amino acid sequences of
ZP domainsin mouse and chicken ZP

glycoproteins(data not shown)that
ZP domains of chicken ZPBland ZPX2were

ZPl/ZP2-typeandonesofchickenZPCwereZP3-type,althoughintermoleculardisuⅢde

bondsofchickenZPglycoproteinshavenotbeenanalyzedyet.Fromthesesuggestionsand

revealedassociationsbetweenZPglycoproteinsofnsh[Darieetal.,2004]andmouse[Greve

andWassarman,1985;Rankinelal.,1996,1999and2001】eggenvelopes,itishypothesized
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thatproteinshavingtheZPl/ZP2-typeZPdomainfbrmhomocomplexesorheterocomplexes

withotheroneshavingtheZPl/ZP2-typeZPdomain,Orheterocomplexeswithoneshaving

theZP3-typeZPdomain[Jovineetal.,2005]･Thishypothesiswouldbefurthersupported

bythepresentstudiesontheavianegg-enVelopestructure･

IamstudyingonthematrixarchitectureofanavianeggenvelopeincludingltS

fbrmationmechanism(S)fromtheZP-glycoproteincomponents.Theresultsinthepresent

StudiesspeculatethatZPBltransportedtotheovarythroughthebloodstreamandZPC

SeCretedfromthegranulosacellintoanarrowspacebetweenanoocyteandagranulosacell

layerinteractprefヒrentiallywitheachothertofbrmtheZPBl-ZPCheterocomplexesor

matrices,andZPX2secretedfromthegranulosacellfbrmshomocomplexesbyitselfandbe

boundtobothofZPBlandZPCintheZPBl-ZPCmatrix.Themechanismofthe

PrefbrentialfbrmationoftheZPBl-ZPCheterocomplexesisunclear.Thepredicted

StruCtureOftheavian(Chicken)eggenvelopeislargelydi能rentfromthatofthemammalian

(mouse)one[GreveandWassarman,1985;Rankinetal.,1996,1999and2001],andthe

egg-enVelopeZP-glycoproteincompositionsvaryfromspeciestospecies,1mplyingthatthe

egg-enVelopestructuresanditsfbrmationmechanismswouldbestrong)yrelatedtothe

OOCytematurationprocessesandthe氏血ilizationpathwaysofthevertebrates.The

investigationsontheegg-enVelopestruCtureSanditsfbrmationmechanismswouldgivenew

insightsintounderstandingtheevolutionofvertebratereproduction,inadditionthemolecular

mechanismfbrconstructionofnon-COllagenousextracellularmatricesbyZP-domain

proteins.
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Fig･2-2･Identi瓜cationofpeptidesderivedfromtrypticandLys-Cdigestsof

egg-enVelopeconstituentsbymassspectrometry･Thetrypticdigest(2-h

incubation)@)andtheLys-Cdigest(18-hincubation)@)wereanalyzedbyusinga

MALDI-TOF-TOFmassspectrometer.Them毎orpeaks(arrowheadsatok)were

furthersubjectedtoMS/MSanalysIStOObtainsequencedata･Themassand

SequenCedataforthemqorllpeptidesaresummarizedinC･

*TheN-terminalendfragmentofZPCmatureprotein.

**Asfbrthese2peptidesnosequencedatacouldbeobtainedbyMS/MSanalysis.

47



A
0.15

(kDa)

0 30 40 50 60 70 80 90

l
_｣
] ｣ l

l lt ‖

1 2 3 4 5

一

ル

緬

fraction no.

dimeric

一←zpBl

一←mOnOmenC
ZPBl

ィ←ZPX2

→←ZPC

Fig･2-3･PreT)arationofZPg]ycoproteinsfromthccggenve]ope･FractionXwas

obtaincdasthcsupernatant什actionoftheeggenvelopesonicatedintheabscnccorurca･

ThcprecIPltatCdmaterialwasthensonicatedinthcacctatebuffbrcontainlng8Mureaand

ccntrifuged.Thesupcrnatant(什actionY)wassuqectedtogelfmration･A,GeLⅢtratioll･
Fractionswerepooledasindicatedbythchori70nta]bars･ChromatogTaPhicconditionsare

dcscrjbedinExpcrimental･B,SDS-P^GEorthe什actionsfhusobtained･Protcinswere

separatcdonlO%gelundernon-rCduc】ngCOnditionandstainedwithCBB･Them喝ration

positio)lSOrlhcprotcil-markersareshownonthcIcllofthepune/･^typlCalP∧GEpattcm

oreggenve)or)Cundtheproteinb乙In(1sident浦edbyimn-unOblottlngWithantibodiesagal】lSl

eilChZPglycoproteinareindicとItCdo71theright･

LL(FulT:/,n-ilCtionY三2.rmctioIIX;],n･aCtionl:4,什actjon‖二5,11'actionTT].

4H



Fraction number

(kDa)∃ 25･27･29･31･33･35･37･4g･51

㌔
♂

l l l ll l

VTG lgY SA

ZPBl

Fig･2-4･Gel-nltrationanalysisofhen'sserumZPBl.Theelutedprotein什actjons(4pleach)weresub-

jectedtoSDS-PAGEundernon-redueingconditionsfbllowedbyCBBstaining(L仰erPane[).Anothergel

WaSuSedfbrimmunOblottingwithanti-ZPBlmonoclonalantibody.8El(lc)11PerPa]7e[).Proteinbandsand

fl'aCtionsofimmunogrobulinY(なY),Vitellogenin(VTG)andserurnalbumin(S4)detectedbyCBBstaining

areindicatedontheJeftandthebottomofL仰erPanel,reSpeCtively,andthen'aCtionsofZPBldetectedby

immunoblottingareindicatedol-thebottomof!抑TerPune[.ThelTlOnOmeric(〔l[osed(LrrOt41heuds)and

dimeric(･u'r¢edarr()lllheu`叫ZPBlbandsofegg-ellVelope(EE)areindicatedontheright.



0

山

一く

_________Z____
華葦時∃野

r

ll

■雲蓉舅離渾瀧媒

田
ll

量･･照･=講･≡三等』ヨ

田
Il

競頭詐彗鮭淋毒鮮

寸
ll

溺踏∃鮭苫鍍蝉

ln

ll

琳【野∃壁髄

く○

l】

く○ 寸 N O 寸 N O 寸 N O 寸 N ⊂〉 耳
0 0 0 (⊃ く⊃ ⊂I ⊂I 0 0 く>

匝帥Ⅴ)∂nl管∧∀S11∃

ON
.
〇

寸
.
〇

〇Nd

溺露和漁潮

▼■

ll

.■m■■が=m.■卓;く:

田
ll

搬 墨≡モこ::鳥目■■結･塁

田
ll

書:≡きけ=:車重く蕃;=

寸

ll

;≡呈喜害票=き≡

ln

】l

;≡;蕃〉;.黒■■皇:･･

く○

ll

く○ 寸 N O

く⊃ ⊂〉 く>

tつ N ▼■ ○

くっ く⊃ ⊂I

寸 N O

⊂〉 ○

寸 『 ○ 寸 N ⊂〉

(Z帥∀)anl甘∧VS11∃

N ▼- O N ▼- ⊂〉

⊂〉 く⊃ ⊂I ⊂〉

朋ほ∀

N r O

く⊃ ○

寸 N

0 0

N ▼-

⊂〉 く⊃

Fig.2-5.HeterocomplexfbrmationofserumZPBlwith

ZPCatvariousratiosofZPC/ZPBl

50

OL
.
〇

N
.
〇

〇

誌
占
∈
⊃
u
u
O
岬
l
U
空
]

○寸

OC

ON

OL

L
む
q
∈
⊃
u
u
O
岬
1
0
空
]

0寸

OC

ON

O

OM

L
¢
q
∈
⊃
u
u
O
;
0
巴
L



l⊥

l.u

【⊃

________呈
亜軒並艶舅荘

▼■-

llll

章票幸≡､=i≡.軍･･.害毒

田
llll

=芸=…三省=爛■墨.≡皇;≡雲

田
llll

我臣覇鹿≒隅至誠妊∃鮨

寸

llll

Ⅱ敬並葺壮

ln

llll

呈呈1莞皇窒票至

く○

ltll

r の ⊂〉 ▼- の ⊂I r ln O ▼■ の ⊂〉 ▼- 1の ⊂〉

d d d 占 d

(Z帥∀)anlモ人∀S11∃

ノ
･香≡､･L･=･■=.裂く

r

llll

~凍灘鄭重Ⅱま源

田
llll

灘≡並巨誠E羽建初L薫

田
llll

拡≡磁巨課∈掬u闇さ朔

寸

ll】l

至萱苧≡§=彗;::誉;く

四
lltl

聴韮妻批髄

く○

llll

▼- 1∫) ⊂〉 ▼- の (⊃ ▼- 1n O ▼- 111 0 ▼-

d 占 d d

(Z帥V)∂nl曾人∀S11ヨ

OS
.
〇

LOS
.
〇

+プ+++
聖■.･.･･洋.･誉､.･･::･:･

▼■

lll

郁:縮:轟≡渦≒瑚

田
lll

麻縄瀾召群淋

田
lll

･…≡亘･垂･巻描;虞ヨ

寸

lll

≡嘉垂≡歪書害

四
tll

;萱;･･･≒-≡塁:･;余::･,*

く○

llt

N ▼■ 0 ▼■ ⊂〉 ▼■ く⊃ ▼- ⊂〉 ▼- ○

(Z6ケ∀)anl管人∀S11ヨ

Fig.2-5.HeterocomplexfbrmationofserumZPBlwith

ZPCatvariousratiosofZPC/ZPBl
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Fig.2-5.HeterocomplexfbrmationofserumZPBIwithZPCatvarious

ratiosofZPC/ZPBl.LHS(100pl,COntaininglOLLgOfZPBl)andZPC

PrOteinpreparedfromtheeggenvelopewereincubatedandsubjectedtogel一

丘1trationchromatography.TheelutedfractionsweresubjectedtotheUV-

detection(d)andtheELISAwiththedomain-SPeCi丘cantibodiesfbrZPBl;

POlyclonalanti-ZPBIs(N-terminaldomainandrepeatregion)岬andC,

respectively),mOnOClonalanti-ZPBIs(5G9and8El)(DandE,

respectively),andtheanti-ZPC(F).TheamountsofZPBlandZPCinthe

LHS-ZPCmixturewereindicatedontherightofCandF.Fractionswhich

IgG(180kDa)andserumalbumin(66kDa)wereelutedwereindicatedby

brokengrqylinesandsolidgrqylines,reSPeCtively.
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Fig･2-6･^1igand-blottinganalysissIIOWingthcspct:ificbindingofserum

ZPl引Ioelect-1叩b{IreIicallyseparatedegg-e--VeIopeZPC･Aliquots(汀egg

ellVelor)e(67OLlg~ft)r/uncLaI-dllLlgCaChLbrl`〃佗､12r4bywetweight)wcrc

SOLubi)izedbytheSDSsamplebu■rfもrandseparatedbySDS-P∧GEundcrnon-

reducingconditions･OncluneofthegelwasstこIinedwithCBB(/un(,/)andthc

Otherlanes(/LJf7C･､■2r4)wereusedlbrcIcctrob】ottjng.AftcrbeingillCubLltCdwjth

(;;!LZPIL}2)orwitl-Out(二Iuj7Lノ▲､･jand4)ZPlil-COntai‖ingserum.thebloLLcd

membraneswel~ei111mul10-St∂inedwithanti-ZPBl(/(171(}.＼12ilnd3)an(1unri-ZP(l

(!("7L}4)aI-tiboしiiじゝ1-eSPeCfively一丁hemlgralionp(,Siti州SOrthepr(}teinI-111rkers

ilrCShownonLherighl.Thcb;1Ildsofmonomcric-(m(Nl√)-ZPβ/)anddinlCric-

ZPBl(di-ZPβ/).7PCandZPX2と1reindjcatedonthc)e代,
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ZPC･HA
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ZPC･HA

Blot:anti-ZPC

Fig｡2-7.Expression,PrOCCSS]ngandscerctionofHA-taggCdZPCbytransftetcdCOS-7

CeuS.(10S-7ceJIsweretraI-Sfectedwjthanexr)reSSionplasl-1idLbl~thcepltOPe-Laggcd7T}C

(PZP(一JIA)oranemT)ry､′eCtOr(""ノL･k)andculturcd･Thecu]turesupcrnと1tantSWereCOl)ected､

whilcthccellswerelysedwjththcTritonX-100cL)ntailllnglysisburfcrandharvested.The

celltvsateswcrcscparatcdjnlotwo什actjons.solublcsupcmatantandillSOlub]epcl】et.The

Tl･itonXLIOO-inso]uble(J,1/5ofthctいtalccl‖ysates)andrsoluble(S,1/6oftlletOta】cell

lysates)丘actjonswercsu叫ectedtoSDS-P∧GEunde]-nOnrreducjngco-1ditions坤/l-/W()

/)(川(}[v)､it)l]owc(1byimmunobtottingwi[llu一一ti-ZPしt(/(}/,)orLmtl-Il∧(/)りIl()m)と1ntibodics.

Thesec一■etCd7P(:-Il∧wこ1SimmunoprccipitLltCd什omtheculturesupcrnこItuntS(H()()い1,4/5(汀

theculturesupcrnatant)usjnganti-ZPC,andsu旬cctcdtotheSDS-P∧GE/jmmunobLotting

ana】ysis(righ[rハtY,P`"1C/LV)･Thcmigratiol-POSitionsofp】■OtejnmarkersarcshowllOnthc

righl･ProteinbandsestimalcdtobeproZP(∵H^(urr()WL､･)andmatureZPCrHA(()],L}n

(lF7･()l･一:h'}`((Ly)乙1realsoindiciltedontheZeF[andtherighいCSPeCtivcly.∧sterisks(;ト)1'Cl)rじS(:Ilt

11州一SPじしi】1cslai11hg,

5J]
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Fig･2-811mmunopreelpiIationorZPBl-ZPCheterocompLexesfromIhecultul･eSupCrnatantOfthctransfeeト

edCOS-7eellseulturcdinthepresenceofZPBl.COS-7cellstransfヒctedwithanexpressionplasmidR)rZPC-

IIA(PZPC-ILJl)oracontro11〕1asmid(m()Ck)werccultしIredinthcpresel-Ce(+)orabsence(-)ofZPBl･Theculture

SuperllatantS"~ereCOllectedandsubJeCtedtotheimmunoprecipitation(IP)usinganti-ZPBlmonoclonalantibody.
5G9(.J),andanti-HA(B).TheilT1111unOpreCipitates(1/5andl/20ftheprecipitatesinL押erandIc>WerPane/s.

respectively),WeI'eSubJeCtedtoSDS-PAGEundcrnon-reducingconditionsfbl)owedbyimmu110blotti】1gWithanti-

ZPBl(岬Pe7･Pune!s)andanti-HA(/(理erPane/s)antibodies.ThemigrationpositionsoftheproteiI-markersare

ShovL!uOlltheright.Proteillba】1dscoll-eSPOndillgtOdimerieZPBl(d/-ZPB]:5fr¢(･dar′て川Iht)(L孔monomericZPBl

(m(刷り-ZPBl二L･/0Å1edar7･(川rheucた)andnlatureZPC-HA(()j,ef7'1rr(川Theudりareindieatedonthele董1･
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mOnO-
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Fig.2-9,PrecIPitationof-ZPBl/Zl}C-HAheIcroeompIcxcsbYu圧r良一

ecntrifugation.(て)S-7cellstrallSfectedwithexpressionpLasmidlもr

ZPC-1Ⅰ∧(J)ZPC-J]/1)orilCOntrOtPlasmid(m()(･k)wereculturedinthe

PreSCnCe(+)orabsenceト)ofZPBl･theculturesupcrnatantswere

CO)lectedundsu叫CCtC(‖ouhtaccntriLtIgiltioniltl()0,()()OxgLbr60min.

Thcprccipitatcs(P､】/5ortheprecjpitatcs)alldthcsupernatants(S.

t/250oftIICSLLPClll11tLIntS)"′CrCSしIbicctcdtoSDS-P^(_;Eundcrnollr

rcduciI唱COI-d山o.1SibJ[owedbylmmunObloumgwithanti-ZPBl

(uIy,erl)`(nL,!)andantiLZPC(/uwc･rPune/)･Tllemigrationpositionsor

thcproteinmこIrkersareshownontherightofp(Ln')[Y.Protei]lbands

CO汀CSPOl-di--呂tOd血cl■icZPfil(〟/-Z/)βノ∴-呵相加仰州/zピ〟J),nl(HlO-

mericZPT31(fJZ()Fl()LZPB/二(･/().､lピ(/urr()t/t7hL}ud)andmatureZP〔'-1TA

(叩川〔′′一′て川1ム=ノ`ハ11reiI-し!jcと1te(tOnthelcIl,
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lP: 5G9

ZPBl: +

Transfection:

anti-ZPBl

antトHA

Blot:

l I l l

`苺♂専コ■.-`ニ､-■

Fig.2L]0.DifttLrentialaeL･eSSibilityofhYOdistjnetm一)nOelona】anti-

bodjestoZPBIofthcZPtilTZPChctcrocomple7LeS,Theculturc

SuPCrnatantSOfし1()S-7cellstransfectedwithanexprcssionplilSmidfor

ZPC-H^(PZl,C-/L/1)orこ1COntrOLplasnlid(m()`･k)wereco11ectcd,

mixedandincし1batedwith(l)orwill10ut(-)ZPBl､andsu句ectedto
imnlunOr)reL:lPlliltionし1S.nglheantiLZPBlmonoclon;IIi111tibodics,5G()

a11JRL仁'nlCinlI--=-OprCCIPttこIteSWCrCSしl叫ccfedtt)SDS-PAGEしInし1cr

non-reducingcondilionslbIIowcdbyimmunoblottlngWithantj-ZPBl

(lI[γ)E,r/,un(′吊andanti-†tA(/()WerP〟nt･lLY)antibodics.
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Fig･2-11･Epitopemapplngfbrananti-ZPBlmonoclonalantibodyナ8EIIby

usingmassspectrometryanalysis･A,Thetrypticdigestofeggenvelope(0.81mg

bywetweight)wasreducedwiththeSDSsamplebuffbrcontainingl%2-

mercaptoethanol,andresultant丘eesulmydrylgroupswereblockedwithacrylamide･

PeptidefragmentswereseparatedbyTricineSDS-PAGEunderreducingconditions.

PolypeptidebandsweredetectedbyCBB(l弓βlane)orimmunOblottingwith8El

(rdtlane)･ThebandintheCBB-Stainedgelcorrespondingtothe8EIpositiveone

OntheimmunOStainedmembrane(arrowhea4)wasexcised.Themigrationpositions

Oftheproteinmarkersareshownontheleft.B,Polypeptidesintheexcisedband

WerefurtherdigestedingelwithtrypsinandanalysedbyusingaMALDI-TOF/TOF

massspectrometer･Thesixmqjorpeaks(a〝OWheadsatoj)weredetected.C,Each

PeakshowninpanelBwassubjectedtofurtherMS/MSanalysIStOObtainsequence

data,andtypicalCIDspectraandsequencedataofthepeakgaandbareshown.The

SeCOndValofpeakawassubstitutedbyaLeuinpeakb.A11Cysweremodi丘ed

Withacrylamide(C*).Molecularmassofeachpeakwasshowninbracket.
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Fig･2-12･Co-)oca]izeddepositionofZPBIwithZPCaroundthe
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TritonX-100:

10lJm

Fig･2-12･Co-】ocalizeddepositionofZPBIwithZPCaroundtheZPC-tranSfeetedCOS-

7celJsculturedinthepreseJICeOfZPBl･A,COS-7ce11stransfectedwithanexpression

plasmidforZPC-HA(クZPCTLL4;PanelsJ,2,4､5,7,8,10and]])oracontrolplasmid

(mock;Panels3,6,9and12)werecu)turedinthepresenceofZPBl･Thecellswerefixed

with(+こ1,4.7and]L))orwithout(一二2,3,5,6,8,9,11andJ2)thepermeabilizationtreat-

ment,treatedwithacombinationofanti-ZPBl(green二AlexaFluor巨488)andanti-HA(red二

AlexaFluor良568),andthe110bserveduIlderalaser-SCanningconfocalmicroscopeequlPped

withanexcitationnlterof488nm伊a77elsl,2and3)or543nm伊〟ne]s4,5and6)･Super-

imposedimagesconstructedfromthetwocolorimagesareshown(ComposiTe;PaneLs7,8

and9).Lightimagesofdifferentialinterfヒrencecontrastmicroscopy(Light-DIC)ofthecells

arealsoshown(βaneた10,JJand12)■Bar:10巨nl･B,COS-7ce11stransfectedwithan

expressionp】asmidfbrZPC-HAwereculturedinthepresenceofZPBl･Thece11swerenxed

with(十)orwithout(-)thepemleabilizationtreatlllent.Stainedandobservedasabove･A

seriesof13-18horizontal(XY)eontigしLOuSSeCtions,0.74TO.78LtmaPartWereCOllectedat

eachdepthalongthevertjcal(Z-)axisofeachcellfromitsbottomtotop(seerightpane[)･

Basedonthesedatatheimagesofverticalsections(XZandYZ)wereconstruCteddigitally

uslngtheZeissLSMImageBrowserVersion3･5software･TypicalXYscctionswereshown

inb!L(e.fi･(uneS.TheconstructedXZandYZsectionsatapositionshownbygree,T7andred

/ine▲†′OntheXYsections(inbllIe./用meLOwereilldicatcdinthegrt>enandJ'ed/i'`lmeL､■,reSpeC-

tively･DepthoftheXYsectionswasindicatedasb!l[e!inebothintlleXZandYZsections･

β肝:lnト川1.

い1
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Fig･2-13･ContributionofZPBlfbrZPCaccumulationonthe

surfaceofZPC-eXPreSSlngCOS-7cells.COS-7ce11stransfected

WithexpressionplasmidforZPC-HA(pZPC-m)wereculturedinthe

absenceofZPBl.Thecellswerefixedwith(+;PaneLsl,3,5and7)

orwithout(-;PaneLs2,4,6and8)thepermeabilizationtreatment,

treatedwithacombinationofanti-ZPCはreen;AlexaFluor㊥488)

andanti-HA(red;AlexaFluor㊥568),andthenobservedundera
laser-SCannlngCOnfbcalmicroscopeequlPPedwithanexcitation丘Iter

Of488nmQ?aneLyland2)or543nm(paneLs3and4)･Superim-

POSedimagesconstruCtedfromthetwocolorimagesareShown

(Cbnposite;PaneLs5and6)･Lightimagesofdiffbrentialinterftrence

contrastmicroscopy(Light-DIqofthecellsarealsoshownQ,aneLg7

andβ).βαr:10トLm･
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Ce"lysates

Transfection:翳X2mock

Culturesup.

B10t: anti･HA

(kDa)

42

38(ZPX2)

anti-ZPX2

Fig.2-14.Expression,PrOCeSSlngandsecretionofHA-taggedZPX2bvtransfectedCOS-7cells.COS-7cellswere

transfectedwithanexpressionplasmidfbrtheepitope-taggedZPX2bZPX2-H4)oranemptyvector(mock)andcultured･

TheculturesupernatantSWereCOllected,Whilethece11swerelysedwiththeTritonX-100containlnglysisbuf托randharvestL

ed.Thecelllysateswereseparatedintotwofractions,SOlublesupernatantandinsolublepe11et.TheTritonX-100-insoluble

(J､1/60fthetotalce111ysates)and-SOluble(S,1/60fthetotalcelllysates)丘actions(l官βpaneり,andtheculturesupernatants

(16トLl.2/1250ftheculttlreSupernatant,middlepane[)weresub)eCtedtoSDS-PAGEundernon-reducingconditions,followed

byimmullOblottlngwithanti-HAantibody.Thelysatesandculturesupernatantswerepreparedftomindividualcultures.Egg

envelope(11いgbywetweight)wasalsoanalyzedfbrcomparison(immunoblottedwithanti-ZPX2antibody,rightpanビ0,

Themigrationpositionsofproteinmarkersareshownontheright.ProteinbandsestimatedtobeproZPX2-HA(arroIVS)and

matureZPX2-HA(closedgr叫arrOWheads)arealsoindicatedontheleft.Asterisk(*)representsIlOn-SpeCificstaining.



lP:anti-ZPBl

(N-terminaldomain)

ZPBl:

Transfection:

mature

ZPX2一日A

S
〓
｣

鼠
〇
一
望
u
む
D
D
]

Blot:anti-ZPBl｣66
1

1

l

BIot:anti-HA

Fig･2-15･1mmunoprceipitationorZPB]-ZPX2hetcroeomplexesfromtheeulturc

supernatantofthctransfcctedCOS-7eel]seulturcdintheprcscneeofZPBl･

COS-7ce11stransfbctcdwithanexpressionplasmidforZPX2-トⅠ∧(PZPX2-iL4)ora

controIplasmid(m(,(･k)werecu)turedintheprcsence(十)orabsence(-)ofZPBl･The

cultt)reSuPernatantSWereCOllectedandsutりeCtedtotheimmunoprecipitation(TP)using

ilnti-ZPB)(N-tCrmina】domain)polyclonalantibody.Theimmunoprecipitates(l/8and

l/2oftheprccipitatcsinu"erandl()tl,erPunel･Y､reSpeCtively),WereSutりeCtedtoST)S-

P^GEundcrnon-reducingcol-ditionsfbllowedbyimmunoblott.ngwithanti-ZPBl

(ttpperpaneJ▲Y)andanti-1I^(/0-VerPaneh)antibodics･Thelayinghenつsserum(LFLn

andcggenvclopewcrealsoanalyzcdfbrcomparison･Themigrationpositionsofthe

protcinmarkersareshownontheright･Protcinbandscorrespondingtomonomeric

ZPBl(m()fl()-Z])B/;〔･I().WJ(/hIa〔･kurr()Wheu`=andmatureZPX2-l~Ⅰ∧((]肌ノ`1gr{†l:

urr()Wht･udY)arcindicatedonthete魚･
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Fig.2-16.Co-localizeddepositionofZPBlwithZPX2aroundthe

ZPX2-tranSfbctedCOS-7cellsculturedinthepresenceofZPBl.COS-7

CellstransfヒctedwithanexpressionplasmidforZPX2-HA@Zfm一朗;

PaneLsl,2,4,5,7,8,10andll)oracontroIplasmid(mock;PaneLs3,6,9

and12)wereculturedinthepresence(2ml+)orabsence(ml-)of

ZPBl.Thecellswere丘Ⅹedwithparaformaldehyde(withoutthe

Permeabilizationtreatment),treatedwithacombinationofanti-ZPBl

kreen;AlexaFluor㊥488)andanti-HA(red;AlexaFluor㊥568),andthen

Observedunderalaser-SCannlngCOnfocalmicroscopeequlPPedwithan

excitationfilterof488nmbaneLsl,2and3)or543nm(pαneLs4,5and6).
SuperimposedimagesconstruCtedfromthetwocolorimagesareshown

(Cbmposite;PaneLs7,8and9).Lightimagesofdiffbrentialinterfbrence

COntraStmicroscopy(上#t-DIC)ofthecellsarealsoshownbaneLslO,11

andノ2).βαr:10い′m･
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Fig.2-17.lmmunoprecipitationofZPX2-ZPCheteroeompIcxcsfromtheeuIttlre

SupernatantmixturefmmtheZPX2-eXPrCSSingCOS-7ce]1andthcZPCr
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(PZPX2-FLA)orZPC(J,ZPC),OraCOntrOIplasmjd(m()Ck)wasculturedintheabsence

ofZPBl.ThecultしLreSuPen-atantSWereCOl)ected､andtwoorthcmweremixcdand

incubatcdat37DCforlhlbllowedbynlrthcrincubationat4['Cfbr24h.Theincu-

batedmixtllreSWCrCSu叫ectedtot】一eimmunoprecipitation(TP)usinganti-11A(lq/i

P(Lne･LY)orantj-ZPC(righ/Pane吊antibodies･Theimmunoprecipilates(1/2ofthe

PreCjpitatcs)weresuhleCtedtoSDS-P∧GEundernon-reducingconditionsfbJIowedby

immunoblottingwithanti-I[^(l(FWer/)anelLY)andanti-ZPC(l()WCrPune･[Y)antibodies.

TllCmlgrationpositionsoftheproteinmarkersaresllOWnOntheright･ProLeinbands

corresponding【omlltureZPX2rl-1A(L･/()上Iedgr(1川rr()1･t,hcud)undmとItureZPC(()/)(n

(げJて川ゾ7川(/)こIrCin(1icこ1te(1いnlhelell.
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CHAPTER3

IdentiJicationoftheAvianEgg-EnvelopeComponents

InvoIvedintheInductionofSpermAcrosomeReaction
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Summary

Fertilization begins withinteractionbetweenthe sperm andthe egg.The surface ofthe

vertebrateoocyteiscoveredwiththeeggenvelope,Whichiscomposedofzonapellucida

(ZP)glycoproteins･Ihaveelucidatedthematrixarchitectureofavianeggenvelopeand

proposed a mechanism fbrits fbrmationin the Chapter2･Through the egg-Sperm

interaction,the egg-enVelope component(S)trigger
the sperm to releaseits acrosomal

COntentS(acrosomereaction).Theacrosomalcontentsdegradatetheegg-enVelopematrix

andenablethespermtopenetratethehardmatrixpr10rtOfusewiththeeggcell.Indeed,in

vitro degradation ofthe egg envelope was observed throughincubationwith art浦cially

qaculated sperm･Thein vitroincubation ofchicken sperm with a calciumionophore

A23187inducedspermactivation,reSultinginthefragmentation andreleaseofa4トkDa

Peanut agglutinin(PNA)-POSitive glycoprotein and the decrease orloss of sperm

PNA-Stainability.Theincubation with ZPX2 and dimeric ZPBl,but not ZPC and

monomericZPBl,alsoinducedthedecreaseorlossofspermPNA-Stainability,SuggeStlng

thein vitro sperm activation by these ZPcomponents.Collectively,ZPX2and dimeric

ZPBlmightplayakeyroleintheaviansperm-egginteraction.

70



Introduction

The fヒrtilization processinmammalsconsists ofnumerous events;CapaCitation ofsperrn,

meioticmaturationofeggs,bindingofacrosome-intactspermtotheeggenvelope,thesperm

acrosomereaction,fusionofacrosome-reaCtedspermwitheggplasmamembrane,andthe

eggcorticalandzonareactions[%nagimachi,1994;Hardy,2002;Wassarman,2003].The

latterparticipateintheestablishmentofablocktopolyspermicfbrtilization.Comparedwith

themarnmalianftrtilizationprocess,theavian(Chicken)spermdonotrequireaperiodof

CaPaCitationwithinthefbmale reproductivetract[Howarth,1970],and polyspermyinthe

Chickenegg-SPerminteractionisgeneral1yconsideredtobephysiologlCalinnature,although

an additionaltertiaryinvestment,refヒrred
to as the outer perivitellinelayer,preVentS

excessive penetration ofthe egg envelope[Bakst and Howarth,1977].Accordingly,

inducingthespermacrosomereactionisthemostremarkablephysiologlCa)roleoftheegg

envelopethroughchickenfbrtilizationprocess･

ltissuggestedinmammals(especiallyinmouse)thattheO-1inkedsugarchainson

ZPC areinvoIvedinthebindingofspermtothe eggenvelope,andthe bindingtoZPC

inducesspermtoundergotheacrosomereaction[PrimakoffandMyles,2002;Wassarman,

1988].On the other hand,theル1inked sugar chains on the chicken egg-enVelope

COmpOnent(S)inducedacrosomereactionalthoughthecarrierofNlglycanswasnotident描ed

[Robertsonetal.,2000]･

Inthisstudy,Iconstructedanimmunohistochemicalassay fbrinvitroacrosome

reaction basedonthereactivityoftheintactsperm with peanutagglutinin(PNA).This

assayuslngtheZPBl,ZPCandZPX2preparedfromchickeneggenvelopeintheChapter2

revealedthatZPX2anddimericZPBIstronglyinducedacrosomereaction.
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MaterialsandMethods

Chickenspermprq)aration- SemenwascollectedfromWhiteleghorncocksafter

qaculationinducedbylumbermassage･Thespermconcentrationwascalculatedbyuslnga

haemocytometer(NITIRTN,lbkyo,Japan)underaphasecontrastmicroscope(IM｢ト2;

OLYMPUS,rrbkyo,Japan).

血血c√わ〃q/甲er〝7αCrO∫0椚ereαC√わ〃毎wゐoJeegge〃γeJ(peOrCαわわJ椚わ〃qP力ore-(Ⅰ)

Semen(200pl)includingapproximatelyl.OxlO9spermatozoawascentrifugedat250xg

for10min.Theprecipitate(SPerm)waswashedtwicewithcoldPBS,Centrifugedat250x

gfbrlOmin,and重nal1yre-SuSPendedinlOOO plofcold PBS.Each20ト1lof20トIM

Calciumionophore(A23187;Wako
Pure Chemicallndustries,Osaka,Japan)or the egg

envelopesuspension(PreParedinChapter2)wasaddedto40トLlofthespermsuspension.

ThisspermsuspensioncontalnlngA231870rhomogenizedeggenvelopewasincubatedat39

OC fbr O-60min toinduce sperm acrosome
reaction[Bleiland Wassarman,1983]and

Centrifugedat13,000xgfbr5min.TheprecIPltateSandsupernatantSWereimmediately

Su切ectedtoSDS-PAGEandthemeasurementoftrypsin-1ikeactivity,reSPeCtively.

(II)Semen(200pl)including9.7xlO8spermatozoawascentrifugedasabove,andthe

SuPernatant WaS COllected as seminalplasma･The precipitate(sperm)was washed,

Centrifugedasabove,andnnal1yre-SuSPendedin500トLlofcoldPBS.Halfofthissperm

suspensionwascentrifuged,andtheprecipitate(4.9xlO8spermatozoa)wasusedastheintact

Sperm･Anotherhalfofthespermsuspensionwascentrifuged,andtheprecipitatedsperm

WaSSuSpendedincoldPBScontaining20トIMA23187･Thisspermsuspensioncontalnlng

A23187wasincubatedat390Cfbr30mintoinducespermacrosomereaction[Bleiland

Wassarman,1983]andcentrifugedat13,000xgfbr5min.Theprecipitatewasusedasthe

A23187-treatedsperm.

GelelectrQPhoresis,immunoblottinglandlectinblottingL Sodiumdodecy1
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Su愉te-POlyacrylamidegelelectrophoresis(SDS-PAGE)andimmunoblottingweredescribed

inChapter2･ForlectinblottinganalysIS,electroblottingandblockingwereperfbrmedas

describedinChapter2.ThemembranewasincubatedwithpeanuturachisjりpO卵ea)

agglutinin(PNA;SeikagakuCooperation,Tbkyo,Japan),Withrabbitanti-PNAIgG(ICN

Biomedicals),and坑nallywithperoxidase-1abeledanti-rabbitIgGantibody.Detectionwas

perfbrmedusingtheECLreagents(AmershamBiosciences)･

MbasurementQrtTWSin-1ikeactivめ｣-- Twentymicroliterofsamplewasincubatedwith150

ulof2mg/mlα-Nlbenzoyl-L-arginine-4-nitroanilidehydrochloride(BAPA)dissoIvedinPBS

at370C.Thetimecourseof405-nmabsorption-Valueswasmeasuredfbr30minbyuslnga

microplatereader(SpectraMax㊥250;GlobalMedicalInstrumentation,MN).

/JJ`/仇･/血J(イー.ヾ/九り･川`…･り.…′仇′′･しⅧ■/ん椚叶//〉t･り′叩り/…山`JJJ(//九ⅥJ川/(Jぷ㌣/lJ血山//,八′.･り

stainlng- Sperm washedwith PBS was prepared as described above.The sperm

suspension(1xlO6spermatozoainlOpIPBS)wasmixedwithanequalvolumeofeachZP

preparationandincubatedat390Cfbr30min･AsthepositiveandnegativecontroIs,the

SPermSuSPenSionswereincubatedwithlOplofPBScontalnlng40トIMA23187andPBS,

respectively.rIt,nmicroliterofthespermsolutionwerethensmearedontoapoly-L-1yslne

COatedglassslidesandkeptfbrlOminatroomtemperature.Thespermatozoaonslides

WereWaShedwithPBSandincubatedwithPBSinthepresenceorabsenceoflOトIg/mlPNA

fbr60minatroomtemperature.AfterwashwithPBS,thespermatozoaonslideswere吊xed

with2%parafbrmaldehydein PBSlbr15minatroomtemperatureandthenwashedwith

PBS.The坑xedspermatozoaonslideswereincubatedwith3トIg/mlanti-PNArabbitIgG

antibody ovemightat40C,WaShedwith PBS,and重nallyincubatedwith2トIg/mlAlexa

Fluor㊥488goatanti-rabbitIgG(MolecularProbes)ovemightat40Cinadarkplace.After

washwithPBS,thespermatozoaonslideswereexaminedunderanuorescencemicroscope

(BX-60;OLYMPUS)･ThenumberofspermatozoawhoseheadswerelabeledwithAlexa

Fluor㊥488(=PNA-POSitive)wascountedfbreachneld.Thetotalnumberofspermatozoa
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(43-185perfield)wasalsocountedunderphasecontrast･

Cift:ulardichroism仰measurement- EachproteinsamplewasdissoIvedinPBSata

concentrationof280and171トLg/mlfbrfractionsIandII,reSPeCtively,andtransfbrredtoa

quartzce11with al-mm Pathlength･The CD spectrawere recorded on aJascoJ-720

SPeCtrOpOlarimeterwithJascoJ-700SpectraManagerversionl･35so魚ware(rTbkyo,Japan)･

TheCDspectrumofeachsamplewasmeasuredthreetimesinaccumulationmodeatroom

temperaturein the wavelength range of200-240nm,COrreCted
by subtraction ofthe

background soIvent spectrum obtained underidenticalexperimentalconditions,and

smoothedfbrclarityofdisplay.Allthedatawereconvertedtogivemolarellipticityvalues

([0],degcm2decimole.1)basedupontheconcentrationsofthesamples.
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ResⅦ1ts

D曙radbtbn qrthe曙genVehpeihcubatedwiih thepermh2Vitro- Tb conflrmthe

egg-enVelopedegradationbeingessentialfbrthatthespermpenetratetheeggenvelope,the

homogenizedeggenvelopewasincubatedwiththeart浦ciallyqjaculatedsperminvitro(Fig･

3-1).Wholeeggenvelopewashomogenizedbyan u)trasonicationtreatment(Chapter2)

andincubatedwith the chicken sperm at39 0c fbr20-60min andfractionated by

centrifugation.SDS-PAGEoftheprecipitatesandthesupernatantSShowedthatthelimited

PrOteOlysIS Ofthe egg envelope produced some soluble peptides
being resistant to such

PrOteOlysIS･Thefragmentsunder20kDaandbetween30and20kDainthesupernatantS

were gradually disappearedthroughtheincubation,indicatlngthatthe egg envelopewas

degradatedthroughtheincubationwiththesperminatime-dependentmanner･

jkc〝Jわ〝q/甲g〃〝αC川∫〃椚αJc〃〝お〝加助〝喝鳥助g q指｢g〟γピノーgr甲g〃〝血c〟ムαJわ〝血

viirv- rIb con石rm the secretion ofthe acrosomalcontents,eSpeCially the proteolytic

enzymes,from the sperm through theincubationwith the egg envelope or a calcium

ionophore,A23187,thetrypsln-1ikeactivitiesinthesupernatantsfromtheincubatedsperm

weremeasured(Fig.3-2).Thespermwasincubatedwiththehomogenizedeggenvelope

describedaboveortheA23187at39OC R)rO-60minandcentrifuged.Thetrypsln-1ike

activityin the supernatant was measured by uslng an art摘cialsubstrate,

α-Nlbenzoyl-L-arginine-4-nitroanilidehydrochloride(BAPA),aS
the rate of risein the

absorbanceat405nrn.Thetrypsin-1ikeactivityinthesupernatantOfthespermincubated

eitherwith the egg envelope
or A23187wasincreased through theincubationin a

time-dependentmanner.Theseresultssupportedthatspermacrosomereactionwasinduced

byin-Vitroincubationofthespermwiththeeggenvelopeinadditiontocalciumionophore

[BleilandWassarman,1983]･

ZPX2α〟d伽g′わZPβJα〝点呼C〃〝甲〃〃g〝血q/甲g〃〝曙g-g〝γgJ如g加ゎ′〟C〟わ〟-
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Becausea11mqjorZPglycoproteinsinchickeneggenvelopewereident浦ed(Chapter2),T

startedtoexaminewhichoftheenvelopeglycoproteinswasinvoIvedinspermegg-enVelope

interaction.Forthispurpose,Iconstructedaquantitativeassayfbrspermactivationor

spermacrosomereactionutilizingthereactivityofPNAtothesperm[RobertsonandWishart,

1996],Whichshowshighamnitytothedisaccharidestructure,Gal(βl-3)GalNAc-[Lotanel

al.,1975].First,biochemicalchangesinPNA-pOSitivespermglycoprotein(S)were

examinedbythelectinblottinganalysisbefbreandafteractivationwithcalciumionophore,

A23187,Whichwasreportedtobeachemicalinducerofacrosomereaction[Bleiland

Wassarman,1983](Fig.3-3A).BythePNA-Staininga41-kDabandwasdetectedfromthe

lysatesoftheintactsperm,butbecameundetectableafterincubationwithA23187fbr30min,

(lanes2and3).This41-kDabandwasnotdetectedfromtheseminalplasmaofuntreated

SpermSamPles(lanel),eXCludingthepossibilitythatthe41-kDaglycoproteinwasa

contaminatedseminalplasmaprotein.Furthermore,tWOPNA-pOSitivebandsofabout24

kDaweredetectedinthesupernatantOftheA23187-treatedsperm(lane4),indicatingthat

the41-kDaglycoproteinwasdegradedandreleasedfromspermduringspermactivation.

Thesedatasuggestedthatthe41-kDaglycoproteinrecognizedbyPNAcouldbeusedasa

markertodiscriminatetheintactspermfromthespermactivatedbyinteractionwithegg

envelope.

Next,ahistochemicalmethodwasadoptedforinsitudetectionofthebindingof

PNAtothesperm.Namely,SPermatOZOaWere甫xedonglassslidesandtreatedsequentially

withPNA,rabbitanti-PNAantibody,andA.exaFluor㊨488goatanti-rabbitIgG

PNA-boundspermatozoawerevisualizedunderanuorescencemicroscope.Figure3-3B

ShowstyplCalmicroscopICviewsincontrolexperiments･Fluorescencewasstrongly

detectedfromtheheadofintactsperm,eSpeCiallythetipportionわaneLs9,10,11and12).

SuchPNA-Stainabilitywasdiminishedfromtheactivatedsperm,Whichhadbeentreatedwith

A23187.ThesesuggestthepreftrentialbindingofPNAtotheintactspermthroughthe

41-kDaglycoproteindescribedabove･ThePNA-Stainabilityofspermwaslostbythe

A23187treatment,prObablyduetotheinductionofmorphologlCaland/orbiochemica1
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changesinthespermsoastodegradeandreleasethe41-kDaglycoprotein(Fig･3-3A)･The

quantitativedataofthesecontrolexperimentsaresummarizedinFigure3-3C･Thenumber

ofPNA-POSitivespermobviouslydecreasedinspermsamplestreatedwithA23187,aS

comparedtoPBS-treatedspermsamples･lbkentogether,itwasconcludedthatsperm

activationbyacalciumionophoreA23187resultedinreleaseofaPNA-POSitiveglycoprotein

fromspermsurface･

TheZPglycoproteinswerepur捕edfromtheeggenvelopeasdescribedinChapter

2(SeeFig.2-3).Thereactivityofthepur浦edZPglycoproteinswiththespermwas吊nally

analyzedbythePNA-Stainingassay(Fig･3-4)･IncubationofspermwithdimericZPBland

ZPX2,butnotbymonomericZPBlorZPCinducedthelossofPNA-Stainabilityfromsperm.

The斤actionIcontainedthedimericZPBlasthemqorconstituentandthemonomericZPBl

astheminorone.Interestingly,nOinductionwasobservedfbrmonomericZPBl(fraction

II),SuggeStingthatdimericZPBlorthemixtureofdimericandmonomericZPBIswasthe

activecomponentsinfractionI･Tbgetherwithdose-dependentinductionby

dimeric/monomericZPBlandZPX2,theresultsuggeststhatthisinductionbydimericZPBl

andZPX2isdirect.Becausesma11amountsofdimeric/monomericZPBl(3.6Llg)and

ZPX2(1.6ト1g)triggeredthespermactivationorspermacrosomereactionascrudeegg

envelope(400トIg,WetWeight)andA23187did,dimericZPBlandZPX2areconsideredto

betrueinducersofspermacrosomereactiononspermegg-enVelopeinteraction.

Figure3-4suggeststhatZPBlinducesthespermactivationwhenitrefbldsa氏er

removalofureaby dialysIS.rTb analyzethe struCturalfbature ofZPBl,Imeasuredthe

far-ultra violet
CD spectra of theisolated dimeric and monomeric ZPBIs(Fig.3-5).

Becausethefar-ultravioletCDspectraprovideinfbrmationaboutthepolypeptidebackbone

andits confbrmation,CD analysIS Can be a sensitive assay of changesin protein

confbrmation[Adler et al.,1973].The
CD spectrum ofZPBlinfractionIshowed a

negative peak around205nm(solidline)･No such peak or other apparent peak was

observedinthespectrumofZPBlinfractionII(brokenline),SuggeStingthatmonomeric

ZPBlisrichinunorderedstructure.Thus,thedimericorpolymericZPBIwasestimatedto
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have ordered secondary structure morethan the monomeric one.Although,due to the

limitation
ofthe pur浦ed materials,nuClear magnetic resonance or other high-reSO)ution

analysisfor three-dimensionalprotein structure was not applicable,di能rencein CD

SpeCtrum SuggeStS that conR)rmationalchangeis accompanied by ZPBldimerization or

polymerization,in addition to covalent disulnde bond fbrmation between monomers

rIbkeuchiet al.,2001],Which may contribute
to the biologicalactivity ofdimeric and

POlymericZPBl･
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Discussiom

Theinteractionbetweenspermandeggenvelopeisanessentialeventtostartthefbrtilization

processsuccessfu11y,andisconservedamongvertebrates･However,thepapersontheinitial

sperm-egglnteraCtioninvertebrateshavesuggestedthatthereisnoparadigmregardingthe

ZPglycoproteinthatinteractwithandinducethespermacrosomereaction･Inmice,ZPCis

anabsoluteplayerfbrtheinductionofacrosomereaction[Wassarman,1988]･PigZPChas

thespermbindingactivityonlywhenitfbrmshetero-01igomerswithZPB(ZPB2)[Yurewicz

etal.,1998].7nXbnqpus,gP69/64(ZPA)worksasaspermreceptor[Tianetal･,1999]･

IhavehereprovidedtheevidencethatZPX2aswellasdimericorpolymericZPBI

stimulatesspermactivation(Fig･3-4),thoughmechanismsofsuchstimulationbytwo

di能rentcomponentsremaintobeinvestigated･1tisunclearthatthesedi能rentinteractions

maycontributetospeciesspeci月city･FortheactivationassayusingthePNA-POSitive

glycoproteinasanindicator,ZPproteinswerepreparedherefromtheeggenvelopeby

classicalbiochemicalmethods(Fig.2-3inChapter2).Anotherpossibleapproachfbr

preparationwastheuseofrecombinantZPproteinssinceZPBl,ZPC,andZPX2werecloned

(seeChapter2).However,SugarChainsofZPglycoproteinshavebeenindicatedtobe

importantfbrthesperm-egginteractioninmammals[PrimakoffandMyles,2002;Wassarman,

1988]andthefrog(jおnQPuS)[Tianetal･,1999]･TheinvoIvementofenvelopeNlglycansin

SPerrn-egginteractionhasbeenreportedalsointhechickenalthoughthecarrierofN-glycans

wasnotidentined[Robertsonetal.,2000].Inthepresentstudy,ZPX2andZPBl,Which

hadfburandthreepotentialNlglycosylationsitesintheirsequences,WereShowntostimulate

sperrnaCtivation･GlycosylationofchickenZPproteinsisindicatedalsobymolecular

heterogeneityrevealedbyisoelectricfbcusing[Okumuraetal･,2004]･Therefbre,itis

skeptlCalthattheresultsobtainedbyuseofchickenZPproteinsproducedinbacteriawould

beconclusive.Interestlngly,WhereasN-glycansaresuggestedtobeinvoIvedinthechicken

【Robertsonetal.,2000],0-glycanshavebeenreportedtobeinvoIvedinthesperm-egg

interactioninmice[Wassarman,1988]andthefrog[Tianetal.,1999].Therefbre,diversity
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inspermreceptorZPglycoproteinsappearsquitecomplex,inc)udingstructuraldi能rencesin

sugarchainsandtheircarrierpolypeptides･Thiscomplexltymayberelatedtothecurrent

unconvinclngknowledgeonthespermproteinsthatinteractwiththeeggenvelope･In

mammals,rnOrethantenspermproteinshavebeenpublishedasthecandidate.However,

thebiologicalimportanceoftheseproteinsisstillcontroversial[PrimakoffandMyles,2002;

HowesandJones,2002].Microgram-OrderamountsoftheisolatedZPglycoproteinswi11

directlybeutilizedforfurthermolecularexplanationonthesperm-egglnteraCtion,SuChas

theidentificationofreceptorsfbrdimericZPBlandZPX20nthespermsurface.

Morerecently,ithasbeenproposedthatthesupramolecularstructureofthe

egg-enVelopematrixincludingthethree-dimensionalstructureoftheZPglycoproteinsand

sugarchainsonthemareinvoIvedinthesperm-egginteraction[HoodbhoyandDean,2004]･

However,thepossibilitythattheegg-Sperminteractionisdependentonaparticularglycan

hasnotbeenexcluded[Wassarman,2005].TheresultsthatdimericZPBlbutnot

monomericoneinducedthespermacrosomereaction(Fig.3-4)andtheZPBl-dimerization

wasaccompaniedbycertainconfbrmationalchangesinZPBlrn01ecules(Fig･3-5)supported

thefbrmer'supramolecularmodel'･However,theresultsthatNlglycanisolatedfromthe

eggenvelope[Robertsonetal･,2000]andZPX2(Fig･3-4)inducedspermacrosomereaction

agreedwiththelatter'single-glycanmodel'･IthoughtthattheNlglycansonchickenZP

glycoproteinspossesstheactivitytoinducespermacrosomereaction,andtheactivitywas

regulatedbymatrixarchitectureoftheeggenvelope･

Ineukaryotes,besidestheegg-enVelopecomponents,SeVeralextracellularproteins

sharingtheZPdomain(ZP-domainproteins)havebeenreported[Jovineetal･,2005]as

describedinGenerallntroduction(Chapterl).Theseproteinsaredetectedascomponents

ofthenon-COllagenousextracellularmatricesinseveraltissuesandorgans,andwouldplay

importantrolesinintercellularslgnaltransductionpathways･Studiesonegg-enVelope

functionsintheegg-SPerminteractionwouldgivebetterunderstandingofthemolecular

mechanism(S)fbrtheextracellularmatrix-mediatedintercellularsignalingincludingthe

inductionofspermacrosomereactionbytheegg-enVelopeZPglycoproteins･
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Theegg-CnVCIopcsuspension(0■41mgbywctwcight)wasincubatedwith

ar)PrOXimatcly4.OxlO7spen一一之It390cfbr20-60min,ands叫ectedto

SDS-T)AGEundcrnon-reducin邑COnditionsfb11owedbycentr爪Igatiollat

13,000xg.Themlgrationpositionsoftheproteinmarkersarcshownonthe

rightofl)une[･Y･Bandsofpcptidcsdcrivcd丘omZPBl,ZPCandZPX2in

thesupernatiIntS(urr(}W･､I)Ⅵ′ereidentifiedby[1wataビ/uL(2CIO2)].
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Centrifugedat13,000xg.Thetrypsin-1ikeactivityinthesupernatantWaS

measuredbyuslnganarti丘cialsubstrate,α-Nlbenzoyl-L-arglnlne-4-

nitroanilidehydrochloride(BAPA),aStherateofriseintheabsorbanceat

405nm(△A405).
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Fig･3-3･Establishmentofaspermactivationassay･A,Lectin

blotting.Proteinsfromseminalplasma(lanel),intactsperm(lane

2),SPermincubatedinthepresenceofA23187(lane3),andthe

supernatantOftheA23187treatedsperm(lane4)weresubjectedto

SDS-PAGE(12%acrylamidegel),electroblottedontoPVDFmem-

braneandstainedwithPNA.Themlgrationpositionsoftheprotein

markersareshownOntheleftofthepanel.B,TypICalobservation

byfluorescencemicroscopy･Detailedassayconditionsare

describedinMaterialsandMethods.SpermSamPlestreatedwith

A23187@aneLsland2),andintactspermsamples(paneLs3and4)

WereVisualizedbyphasecontrastQ?aneLgland3)andstainingwith

PNAandimmunOfluorescence(paneLs2and4).Typicalstaining

PattemSOfPNA-negative(クaneLg5,6,7and8)andpositive(paneLg

9,10,11and12)spermWereShown.Bar,12pm･Theratioofthe

numberofPNA-POSitivecellstototalcellnumberissurrmarizedby

SOlidbarsinC.Thedatarepresentthemeansandstandarddeviation

fbr丘ve丘elds.Anotherindependentexperimentwasperfbrmedwith

similarresults.
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Fig.3-4.SpermactivationassayfbrtheZPglycoproteinpreparations.A,

SpermaCtivationinducedbythefourZPproteinpreparations･Dimeric/monomeric

ZPBl(2mlTI,3･58い･g),mOnOmericZPBl(ZPβ1rHi2･19い･g),ZPC(1･56リノg),

ZPX2(1.61匹g),andtheeggenvelopesuspendedbyultrasonication(400い′gbywet

Weight)wereusedforeverymeasurement.BandC,Dose-dependentinductionby
dimeric/monomericZPBlandZPX2.TheamOuntSOftheseproteinsusedforthe

assayareindicated.ThecalciumionophoreA23187andPBSwereusedinsteadof

theZPproteinsaspositiveandnegativecontroIs,reSPeCtively.Thedatarepresent

themeanSandstandarddeviationforthree@andB)orfive(C)fields.Another

independentexperimentwasperformedwithsimilarresults.D,Typicalobservation

byfluorescencemicroscopyforA･DetailedassayconditionsaredescribedinMate-

rialsandMethods.SpermSamPlestreatedwithdimeric/monomericZPBl(ZPβ1-I,

PaneLsland2),mOnOmericZPBl(ZPβ1rH,PaneLg3and4),ZPX2(わaneLg5and

6),ZPC@aneLs7and8),egg-enVelopesuspension(短envelqpe,PaneLs9andlO)

andA23187@aneLslland12),andintactspermSamples(PβS,PaneLg13and14)

WereVisualizedbyphasecontrast(odd-numberedpaneLs)andstainingwithPNA

andimmunOfluorescence(even-numberedpaneLs).Bar,12pm.
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Line)andII(brvkenLine).Thedimeric/monomeric
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WeredissoIvedinPBS,andsubjectedtoCDspectrum

measurement.DetailedconditionsforCDanalysisare

describedinMaterialsandMethods.
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