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Kcyw－Or血：C・匹m耽町Pt5；lノaCCiniavirus；SubunitヤーaCCine．  

AI事STRACT  

The gene encoding P15 0f Cryp（0岬Oridium parvum（C．parvum）  
SPOrOZOites was amplined from Mito strainisolated from calfinJapan，and  
insertedintothethymidinekinasegeneofvacciniavirusLC16mOstrainunderthe  
COntrOlofthe early－late promoter for the vacciniaviruS7．5－kilodalton（kDa）  

POlypePtide．TheP15expressedbyrecombinantvacciniavirusinmammalianceJIs  
（RK13）had apparent molecular masses of18－22kDa．The vacciniavirus－  
expressed P15wasglycosylatedandtransportedtothesurfaceofinfectedce”s・  

Miceinoculated withthe recombinant VaCCinia virus produced high titers of  
antibodiesagalnStSPOrOZOitesormerozoitesofC．parvum．Ournextstepwi11be  

toexaminetheabilityoftherecombinant P15asapotentialsubunitvaccineto  
COntrOIcryptosporidiosisinanimals．   

INTRODUCTION  

Crypto5POridiumparvum（C・ParVum）isanintrace11ularcoccjdianparasite  
thatinfectsintestinalepithelium and causes diarrheain humans and animaIs．  
Cryptosporidiosisis charactcrized byself－1imitedinfectioninjmmunocompetent  
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hosts，butpersistentinfectioninimmunodencienthosts．Thereare、Currentlyno  
vaccination or specific therapeutic regimens for control of cryptosporidiosis. 
Controleffortsarehamperedfurtherbythefactthatoocystsareinfectiveatthe  
timeofpassageinfecesandarenotinactivatedbycommonlyuseddisinfectants・  
However，reCently severalstudies haveshownthatadministration ofpolyclonal  
antibodies agalnSt Whole C・PaT・Vum Orgar．isms，Can COnfer passiveimmunlty  

againstcryptosporidiosisinmice（Arrowoodetal・1989；Riggsetal・1989；1997）・  
Furthermore，Tilleyetal．（1991）haveshownthatamonoclonalantibodyagainsta  
slngleimmunodominantproteinP150fC・ParVumSpOrOZOitecanneutralizethe  
parasites▲Therefore，the P15isconsidered tobe animportantcandidate for  
developmentofaneffectivesubunitvaccineagalnStCryPtOSPOridiosisinanimals  
andhumanS，ThegeneencodingP150fC・PaTVumSpOrOZOiteswasclonedand  
sequencedbyJenkinsetal．（1993）・However，theproductoftheP15genehavenot  
yetbeencharacterizedindetai1．   

lnthisstudyweestablishedahigh－1evelproductionsystemforP150fC・  
parvum uslng a VaCCinia viruS eXPreSSion system，and demonstrated that the  
recombinantP15wassimilartothenativeP15inbothstructureandantigeniclty・  
OurresultsindicatedthattherecombinantP15antlgenCOuldbeusedtoimmunize  
cowsforproductionofhyperimmunecoIostrumthatmayconfereffbctivepassIVe  
immunltytOhumansandanimalsagalnStCryptOSpOridiosis・   

MATERIALS AND METHODS  

几那加如．・  

C．paTVumisolate（Mitostrain）usedforallexperimentswasobtainedfrom  
NationalInstitute ofAmimalHealth，Japan．Calffeces containlng00CyStS Were  
storedinanequalvolumeof2・5％potassiumdischromatesolutionat4OC・   

l、J川、、．、．〃h／‥Jい  

1血cciniavirusLC16mO（mO）strainanditsrecombinantswerepropagated  
in RK130r143TK‾cellsin Eaglels minimum essentialmedium（EMEM）  
supplemeTltedwith8％heat－inactivatedfetalcalfserum・   

J申′t〟ん・JJいざ．両・いJ＼．・  

Amodifiedetherextractionprocedurewasusedtoseparateoocystsfrom  
calffbces（Riggsetal．1987）．Theftcal－POtaSSiumdichromateslurrywaswashed  
fivetimesin10volumesofphosphate－bufferedsaline（PBS；1，400×g，10min）  
andsuspendedin5volumesofl％sodiumbicarbonatesolutionandaquantltyOf  
etherequaltol・2timestheoriglna）fecalpelletvolume・’Theresultingmixture  
wasvlgOrOuSly shakenfor30secIFollowlngCentrifugationatl，400×gforlO  
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mln，the ether－eXtraCted fecal1ayer wasremoved，and the00CyStpe11et was  
SuSpendedinPBSandsievedwithafilter（poresize，45ym）．Sievedoocystswere  
WaShed5timesinPBS．   

比価摘弼げ卯Ⅷ南瓜M．・  

A hundred million oocysts werelysedin O．1M Tris－HCl（PH8．0），  
COntainlngl％SDS，0．1M NaClandlO mM EDTA，and then treated with  

proteinaseK（1007Lg／ml）for2hrat550c．TheparasitesDNAwasextractedwith  
phemol／chloroformandprecIPltatedbyethanol．TheDNApe11etwasresuspended  
inTEbuffer（10mMTris－HCl，pH8．0，1mMEDTA）andstoredat48cuntiluse．   

Cわ〃f乃g（巾如PJ5gg乃gご  

Two oligonuc）eotideprimers（5r－ACGGÅTCCAAACÅrGGGTAAC－3’and  

5T－ACGGÅrCCCCTGm171GTTAA－3I）were designed by the published  
SequenCeOftheP15geneofC・PaTVum（Jenkinsetal．）993）．PCRwasperformed  

in50J）lofamixturecontainlnglJJgOftemplateDNA，50pmolofeachpr］me7；  
2007LMofdNTPs，1．25UofTaqGoldDNApolymeraseinlxBuffer（10mM  
Tris－HCl，pH8．3，50mM KCl，1．5mM MgCl2，0．001％gelatin）．PCR was  
PerformedbylOminat95CctoactivatetheTaqGoldDNApolymerase，andthen  
thereactionwasrepeatedfor40cyclesunderthefol10WlngCOnditions：1minof  
denaturationat940c，1minofannealingat500c，and2minofextensionat72Oc・  
TheamplinedDNA wasloadedontol．5％agarose geleletrophoresis．ADNA  
bandoftheexpectedsize（479bp）wasrecoveredfromthegelandinsertedinto  
the BamID site of pUC19vector．The resulting plasmid was designated as  
pUCP15．   

か凡4∫eヴ昆g〃C‘‡′∽恒‡∫ご  

NucleotidesequenclngWaSPerformedonbothstrandswithdouble－Stranded  
plasmid template pUCP15，uSlng the Taq DNA polymerase cycle sequenclng  
methodsupplied by AppliedBiosystems（ABl，USA）andthen analyzedwith a  
mode1377AABIautosequencer．   

P仰血crわ乃q′d〃J∫－Pノ5（】〃曲クめ，i〃∽～cg．・  

TheP15genewasrecoveredfrompUCP15afterdigestjonwithBamHI，and  
ligatedintotheBamHIsiteofbacterialexpressionvectorpGEMEX－2，andthen  
theP15wasexpressedasafusionproteinofthebacteriophageT7genelOprotein  
inE・COliJMlO9（DE3）according tothemanufacture’sinstructions（Promega，  
USA）・One hundredyg ofthe recombinantfusion protein wa5injectedinto a  
mouse（BALB／c、8weeksold）intraperitoneallyinFreund’s complete叫iuvant．  

．掴   
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ThesameantigeninFreundlsincomplete叫iuvantwasi11JeCtedintraperitoneal1y  
intothemouseondays14and28・SerafromimmunizedmicewerecollectedlO  
daysafterthelastimmunization・   

C∂乃5什〟C〟〃〃qr加乃¢rvgcわrご  

TheP15genewasrecoveredfrompUCP15afterdjgestionwithBamHI・aJld  
ligatedintotheBamHIsiteofvaccimiavirustransfervectorpAK8（Yasudaetal・，  
1990）．ThestruCtureOfrecombinantplasmidpAKP15wa5Checkedbyrestriction  
enzymeanalysis・   

TJ・．川ヾいりトナト川．J、（lイ＝・JいIトりい什州l／－JJ＝IIJ＝－・－イJ血l、汀Jハ、 
RK13ce）lsinfectedwithvaccihiavirus（mOstrain）weretransfectedwith  

therecombinanttransfervectorpAKP15byusingLipofectinreagent・Thymidine  
kinase－negative（TK‾）viruSWaSisolatedbyplaqueassayon143TK‾cellsinthe  

presenceof5－bromo－2I－deoxyuridineataconcentrationof100jLg／ml・TKJplaque  

waspickedandafterthreecyclesofpur浦cation，areCOmbinantvacciniaviruS  
VV／P15wasobtained．   

J椚m〟乃げ〟0柁Cg和Cピーe∫rご  

Indireetimmunofluorecencetestwasdoneasdescribedpreviously（Xuanet  
al．1997）．   

桝血糊鋸鳳肌ゆ血  
SDS－POlyacrylamid gelelectrophoresisand Westernblot analysis were  

carriedoutasdescribedinourpreviouspaper（Xuanetal，1997）・   

RESUIノrS  

CJα〃f〃g（か血Pノ5gg眠t■  

ThegeneencodingP150fC・ParVum WaSamplinedfrom Mitostrain  
isolatedinJapan・AsshowninFig・1，theexpected479bpfragmentwasamplified  
only from C・ParVum DNA，but not from negative controIDNA・The PCR  
productwasinsertedintopUC19，andthensutuectedtoDNAsequenclng・The  
sequenceofPCRproductwascompletelyidenticaltothepub］ishedDNAsequence  
oftheP15geneofC，ParVumksuqlstrainisolatedfromcalfinUSA（Jenkinset  
al．1993）．The predictedamimo acid sequence appeared to contain a signal  
sequence（1－17aa），tranSmembrane region（26－47aa），and two N－1inked  
gJycosylationsites（25－27aaand148－150aa）・  
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l帆 1 2  Fig・L AmplificatlOn Of the gene  
encodingP150fC．pa川LLm．Ethidium  
stained agarose gel of PCR products 
from C．pan，um MltO Strain DNA  
（1anel）且nd11egative controIDNA  
（laJle2）．blleM，100bpDNAladder  
marker．   

一耶馴叩  

聴 ン 岬   轡 
還芸編お  

J－ツー■、冊、 竜  

／こ、J…・、、～・車・イJリi∫ナノ／∴＝Ⅵリ・、、、J・りJ∴lJJ∴＼∵・、t＝・り－  

TheP15genewasligatedintothebacterialexpressionvectorpGEMEX－2，  
andtTlenP15wasexpressedasafusionproteinofthebacteriophageT7genelO  
proteininE・COli．AsshowninFig．2，themolecularweightsofgenelOandgene  

lO－P15 fusion protein were estimated as35kDa and50kDa as expected，  
respectively・MiceimmunizedwithgenelOrP15fusionproteininducedspecific  

antibodiesagainstC．parvum sporozoite（datanotshown）．  

M 1 2  
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Fig．2．SDS－PAGE analysIS Of  
化COmbinant P15 expressedin且  
C∂丑 The protein expressed by  
FGEMEX－2 vector withoutinsert  
（1anel）orpGEM／P15（lane2）was  
detectedbyCBBstainlng．  

蟻醸醸  
43■  
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The P15genewasinsertedintotheTK geneofvacciniavirus mO5train  

under the controlof the early－1ate promoter for the vaccinia viruS7．5rkDa  
POlypePtide・To determine whether the P15was expressedin RK13ce］1s by  
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recombinantvaccimiavirus，theVV／P15－infectedcellswereexaminedbyindirect  

immunofluorescenceanalysisusinganti－P15serum（Fig・3）・Specificfluorescence  

was observedin VV／P15－infbcted cells，butnotin VV／WT－infectedcells．AIso，  

theresultshowsthattherecombinantP15waslikelyexpressedonthecellsurface・  

o  b  

Fig・3－ImmunofhorescentobservationofrecombinantP15exLPreSSed  
inmammaJiaJICe11suslngantirP15serum，a，VV／P15－infecledRKcells；  
b，VV∧VT－infectedRK13ceLLs．  

Fig．4shows the result of Westernblot analysis for P15expressed  
recombinant vacciniaviruS VV／P15・The P15 expressedin RK13 cells  
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 recombinantvacciniavirus hadapparentmolecularmassesof18－22kDa・Mice  

inoculatedwiththerecombinantvacciniavirus VV／P15producedhightitersof  

antibodiesagainstC．parvum sporozoite（datanotshown）・  

1 2  

kD0  

94■  

8丁ト   

43ト  

Fig・4■ WesterT．blot arLalysIS Of  
recombinant P15 expressedirl  
mammalian cells usLng anti－P15  
serum．1anel，VV／P15－infected  
ceLlextTaCt；Lane2．VVrWT－infected  
Cellextract．  

31】ト  

：：：鱒t・  

DISCUSSION  
7nhost－ParaSiteinteraction，thesurfaceproteinsofbothhostandparasite  
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cellsplayanimportantroleandthesurfaceanhgensoftheparasitesaretherefore  
】ogicaltargetsforsubunitvaccinedevelopment・SeveralsurfaceantlgenS，SuChas  
P15and P230f C．parvum sporozoites or merozoites have been reported  
previously（Jenkins etal．1993；Perrymanetal・1996）・Since the monoclonal  
antibodjes agalnSttheseantigens can neutralize the C・ParVum SPOrOZOites，the  
antlBenSWerePrOpOSedasacandidatesfordevelopmentofrecombinantvaccineto  
controlthecryptosporidiosis（Tilleyetal■1991；Enriquez etal・1998）・1nthe  
PreSentStudy，WeCOnStruCtedarecombinantvacciniaviruswhichexpressesthe  

P150fC・ParVumanddemonstratedthattherecombinantP15wassimilartothe  

nativeP15instructureandantlgeniclty．  

ThegeneencodingP150fC・ParVumWaSClonedfromMidostrainisolated  
inJapan・ThenucleotidesequenceoftheP15geneofMidostrainwascompletely  
identicalto that of kus－1strain．This resultindicates that the P15gene was  
Perfectlyconserved betweenUSAisolate（kus－1）andJapanisolate（Mito）・The  
P15producedin mammalian cells by recombinant vaccinavirus had apparent  
molecularmassesof18－22kDa，WhichwaslargerthanthenativeP15（15kDa）・  

This size difference may be due to the differencein post－tranSlationa）  
modifications，SuCh as differencein glycosylationlevelbetween parasite and  
mammalianCells．In addition，immunofluorescence analyses showed thatthe  
recombinantP15waslikelytransportedtoandanchoredintheplasmamembrane  
ofVV／P15－infectedcells．   

1ぬcciniavirushasbeenwidelyusedasalivevectortoexpressforelgngeneS  
mainly from other viruSeS・In general，immunizationoflaboratory animals or  
naturalhostanlmalswiththeserecombinantvacciniaviruSeSinducedneutralizIng  

antjbodiesandprotectedtheanimalsfromchallengewithcorrespondingviruses・  
Recently，VaCCiniavirus vectorhas beenalso used as alive vectorto express  

forelgngeneSfromparasites，anddemonstratedthattheanimaLsimmunizedwith  
recombinant vaccina virusesinduced protectiveimmunlty agalnSt paraSite  

infections（Hondaetal．1998；Mjyahiraetal．1998）．Inthepresent study，mice  
inoculated with the recombinant vaccinia virus expressing P15 of C. parvum 

producedhightitersofantibodiesagalnStSPOrOZOiteofC・ParVum・Ournextstep  
Wi11beimmunizationtrai1s withcowstocheckthe potencyofthehyperimmune  

COlostrum to confer effective passiveimm11nlty Ofhumans andanimals agalnSt  
CryptOSPOridiosis．   
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