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ABSTRACT  

Thcoccurrenceanddistributionofcjrcumsporozoitc（CS）pro【einofPI（tSm（）diumyuelii17X（1ethal）  
WaSObservedduringsporogonjcdcvcLl）pmCntinAncphelessEq，henstmosqultOeS・TheCSprotmi  
ya＄Visualizcdbyusingapol）■CIonalantibodyagains［syntheticpeptidcs（OGPGAP）．of【he  
】n－munOdomjnantrepeatsofthcCSproteir］andh－munOgOldlabeling・ThcCSprotcinissynthcsizcd  
inimmature【｝nCy舶fromday5aftcrinfcctivcbloodmca）whensporozoiteformationhasnotyc（  
S【arted・TheCSprotcjI”PPCarSOntheplasrnalcmrnaofooqstsandassociateswiththesurfaceof  
SP（汀Obhsts；mdbuddiTlgSPOr（詑Oites■Micmncmcsandthepellicleofma［uresporozoiteswere  
immしtnOlabeled．  

1NTRODUCTION  

ProtcctivcimmunltytOmalaTiacanhe油tahlCdbyimmunizationwithirradjatcdsporozoites  
andithasbcenshownthatthehostantibodyrcsponsctothesporozoiteismainl、・direc［已dagains＝hc  
circumsporozoitc（CS）protein（Nussenzwc短andNusscnzwcig1984；Nardinet 
1983）・ThcCSproteinisbelievedtobeinvoIvcdintheinfectionofhosthcpatocytes（Hollingdaleet  
al・1987）LTherefore：OnCOfthcprjmこIryStrategiesR）rmalariavaecinedevelopmenthasbeento  
dcsignsubunitvacc－neSthatinduceprotectivelev已1sofantibodiesaEalnSttheCSprotein・ThcCS  
protcinwasfoundnotonlyonthesurfaceofsalivary－glandsporozoj【est）utalsoontheimmaturG  
OOCyStSpOrOZOitcs（Potocnjaketal・19BO；Ajkawactalt1981）・Theseresults wcrerecently  
COnfirTnCd乙Indexpandedwithrnonoclonalilntibodiesandimmunogoldtcclmics（Aikawaetal．1990；  
Harniltonctal・1988；Nagasawaetal・19R7，19只8；Posthumaetal，19B邑）．Tbknowtheonsetandthc  
SiteofCSproteinsynthesishdetaiI，WCObservedtheappeararlCCandlocalizationofCSprotcin  
duringsporo苧Onyl－yuSingapantibody…lgainstthesyntheticpcptidc（QGPGAP）．，nnC／Ofthe  
immurmdomlnantrCPea［reg】OnSOrlhcJh（）e／iiCSprotein．   

MATERTALSANDMETHOD5  

月）ノ〃gJ～～の〃｛ツ・由〝乃〟煎〟血〃：血叩カビ／ピ∫∫呵，ゐピ〃．、・7mDSquitoeswereallnwed【ofccdonICRmjce  
bloodinfec†edwithPy〃e］ii17XIcthal（L）strain・Thcmosqui［ocswcTeCOllected4－】6daysafter  
fccdingandmidgutsweredisscctcdintol・O％parafomaLdEhyJcandO・2％gIutaraldchydeinO・1M  
PBS（P【王7・4）andfixcdfor3（）minatroomtemperaLuTC．Spccimenswe∫ethenwashcdthreetimesin  
O・1MPBS（Aikawa＆Atkin野けnlり90）．  
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劇画瑚断A呼油頭叩頑dぢCOmpnSβdo沌ure叩iesorGln－Gly－P沌一Gly－Ala－P一口（OGPG  
AP）4andanadditidnalPTOattheSTendforstru已turalstabilityw之ISuSCdusanantigcn・Theamino姻d  
sequeJICeOfthcs）・ntheticpeptidewasderivedfromthcDNAsequcr）CCOf［hcirnmunodomjnant  
repeatofLh70eltiCSprotein（LalctaL1987）・Antiscrawcrcproducedbyimmunizing嘩頗rswith  
thesynthcdcpeptidccoqiugtI（CdtobovincsTumalbumin（BSA）・  
bnmuTTOelec（rnnTT7icrosct）W：Fixedmosqu）tOmidgutscontairlingPy〃eLiLoocystswじredehydrated  
throughagradcdseriesofethanolandcmbeddedinLRWhitcrcsin（LondonResinCoLtd）．  
Scctionswcrcblockedfor30mininO・1MPBScontaining5％nonfatdr），milk，incubatedovemight  
at4Ocinrabbitanti－S）IntheticpePtideserumOrprepimmuncrabhitscrumandther］，incubatedforlh  
Wilhgo融anti－TabbitlgGconjugatedto卯Idp加鹿tes（］椚拙深爪Pisc引頗WayコNJ）・Sectionswcre  
Staincdwith2％ufanylacctiltCin50％m8thanolandexaminedwithaHitachiH一弘Ouelcc加n  
micrnscl】pC（瑚i顧81．1り糾）．  

Fig・1＝hm血†C？OCySt4daysa鮎rinfbdiYe蝕di略PlasInalemma 
． 

篭手芸q笥監  
1ノJm）  

－day－Uldoocyst－Imersuぬ00r）f打D町StW州（払仔OWいnvagfma血g山一o伽∋呼tOplasm（（軌‡s   
labeledwithgoldp細血1cs・（B町equ且1sl／叫）  
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RESUIJS  

Ma【urecLOCyStSCOntainlngfullydcvelopedsport）ZOitesappearedbehvccnSto12davsafter  
theinfectivefeeding，althoughoocysldcvclopmenttendstooccurasynchronousl）・・Four－dayr【）1d  
OOCyStSWereSOlidstnlCtUreSSurrOundedbyaplasmalcmmaandaneLcc［ron－densewall．Thc  
Plasmalemmawassmoothanddidnotpr（｝trudeintotheoocystcytoplasm・LittlcirnmuI］Olabelingwas  
Observedonthcplasmalemmaorcytoplasmoftheヮoc〉′StS（Fig・1）・Fivc－day－Oldoocystsstartedto  
ShowsyTlthesisofCSar）tigen・GoldlabelwasscenlnaSSOCiationwiththeplasmalcrnmawhich  
Startedtoprotrudeintothecytoplasm・TheamountofLabelpresentatthisstagcofdevelopmentwas  
rathersmall（Fig・2）・Sixdaysaflcrthcbloodmcal，PCripheraLvacuoleswereforrnedjnthevicinityof  
theoヮcystwalL（Fig・3A）ATheplasrnalemmaandthemembraneofthcpcripheralvacuoleswere  
heavIIylabeledwithgoIdparticles・GoLdpartjcleswerealsoseeninassociationwiththcnucIcar  
membranesandendoplasmicreticulum・Aspacewasformcdbctwecntheoocystwallandtheoocyst  
Plasmalemmain6－tO7－dayroldoocysts（Fig・3B）・Atthesametime．cleftformationwasobscrved  

・ 
．‖ a1  

紆慧…し烈紆…詣≡甲蒜㌍）bctweentheoocystwa‖（Ow）andthesolidcytoplasm（Cp）ispresent・  
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慧島慧慧認識ヲ葦置忠誠諾認諾悪霊禁詑盟三‡…慧慧粒㌘Sd  
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一一  

飛雲璃「、撃  
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鵬離地榊  

irlthcso）jdcytoplasm・Themembraneoftheseclef［sshowedjTTITnunOreaCtivJtyindicatingCSproteh  
Synthcsis，Ascleftbrmationprocecded，thesizeofthecleftsincreased．T71emembraneoftheclefts  
finallyfusedwiththeplasmalcmmaandinvag血hnsofthcopcyヲtCytOplasmwereformed（Fig・4）・  
Thccytoplasmwassubdividedintosporoblastsl）y［heseinvaglT｝atlOnS・ThesuJlacemEmbraneofthe  
SpOrOblastwasheavilvlabeledwithgoILIpartjcIcs・Atdily8，SPOrOZOitesstartedtol）udo71thc  
sporoblastsurfaceantheCSprotehlWaStr＝1nSferrcdtothesurfaeeofthebuddj。gSpOr。Z。i［cs（Fig．  
5）LWhcr］SPOrOgOnyWaSCOmpletedaboutlOdaysafter［hebloodmcal，theoocystwasfilledwith  
ma【uresporozoi［esandoneormorcresidualbodies（Fig・6）LThepellicleofthematurFSPOrOZOites  
WaSdenselvlabeled，andthcnucIcarenvclopewaslabeledwithgoldparticlesLThcmlCrOnCrneSinthe  
sporozoitealsoshowedimmunorcac【jvity，butrhoptrleSWerenOtimm。nOlabeled（Fig．7）．  
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DISCUSStON  
Duringthepastdecadc，theprlmaryStrategyforTnalariasporozoitevaccincdevelopmenthas  

beer［tOprOduccsul－unitvacchleSthatinduceantfbodiestothcrcpeatreglOnSOftheCSpro［cjn  
（YouTgCtal・y1985；Ballouetal・，19B5；MazieTetal・，1986）and，m？rere9ently，StimulateCS  
pzt）rell）－SPeCjficTJcellactjvitywhichpreventcffectivesporozoite・1nVaSIOnOfhepatocytes（Romero  
etalL，1989；Weissetal・，199O）・SynthesisanddistributionofCSprotcinduringsporogonyhasbeen  
describedforseveralspeCiesofPlasmodiabyuslngmOnOCIonalantibodiesandimmuTlOelectTOn  
micr8SCOpy（Aikawactal．199O；uamiltonetal・19B8；Nagasawae【al，1987，1988；Pos伽mae［alL  
1988）．Accordingtothesereports，CSproteinbeginstoappcarcarLyinsporogonybefore  
Segmentationoftheooeyst・Posthumaetal・（1988）andAikawaetal・（1990）observedthesynthesisof  
CSantigcnin6，and7－day－01doocysts，TeSpeCtivelv・ThjsfindinglSSuPpOrtedhyindireet  
nuorcscentantibodytestsshowingthatooeystsstarttorcactwithantトCSprotejnmor）OClonal  
andbodies丘8m7da）・＄a丘crtbejn氏Cかebl頒拍閻岬融血・eetal．19鱒）・職印嘩仰摘udyhas  
demonstrated［heappearanceofCSimmunoreactivltyaSearlvas5daysaftertheinfectiveblood  
meal．Atthisstage，CSimmunoreactivitylSPreSentOntheoocystplasmalemma・CShT）munO－  
reactivltyWaSalsoobscrvedonthemembraneofthcperipheralvacuoIes・AssuggcstedbyNagasawa  
ctal，（1988），thisimmunorcactivitymayindicatetheappcaranceofprccursorstotheCSpfOteinto  
f加jr加00甲Ora血刀i血伽spDrObユastmembran¢・  

Posthumaclal．（1988）suggestedthatsporoblastswcrcformedbytheinvaginatjonofthe  
plasmalemmaandpcnetrationintothesolidcytoplasmoftheoocysts・Wedemonstratedthe  
appearanceofcytoplasmiccieftsir）thcsolidoocystcytopJasmbyimmunogoJdlabeling・Theclefts  
fusedtoeachother，increasedinsizc，andfina11y丘ISedwiththeplasmalemmaofthcoocyst．We  
reconfirmpreviousstudiesby竺anSmissionelectronmicroscopy（SindenandStrong1978）withthcsc  
findings，andbelievethatinvag】nationsbetweenthesporohLastsareformedbyfusionandcxpansion  
Of血ECytOplasmiccIEfts．  

Ⅵ七ObseⅣCdabunda雨CSimmunofぢaC抒vitylndll血reepeユ1icul∂rmeⅢbra刀CSOf汀Iature  
OOeyStSpOrOZOites．Simi1arimmunoreactivityhasbecndescribedonmatureoocystsporo2：OitesofP  
malwiae，f！ovaLe 
OOCyStSOfP舟Ic如rum，howcvcr，Onlythecxtemalpellieularrnembraneofthespor【】ZOitcISlabeLed．  
Bycontrast，allthreepellicularmembranesofPβJc如rumsporozoitcdisplayabundantCS  
izrImUnOZ℃aCtivjryinEhesaLjvaTyglar）d（PosthumaeIal．19RB，1989）．Thesefjndingsmightindicate  
thatsporozoitematurationisdiffcrcntbrRh［cわarumL   
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