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A£STRACT  

The120kDaserine－richantigen（SERA）ofPlasmodiumβJciparumandthe  

highmolecularweightrhoptryproteincomplex（Rhop－H）bindtoerythrocytesand  

are co－eluted byhighsalt．Theirinteractionwiththe hosterythrocytemay beof  

CruCialimportance tomerozoiteinvasion and parasitophorous vacuole membrane  
（PVM）fcIrmation．WeinvestigatedthetimingofproteinreleaseintotheSCS・The  

releaseofRhop－HandSERAintoschizontSCSwasdetectedtwohoursafterremova1  
0fbiosyntheticlabelwithmaximumlevelsdetectedattwentyLfivehours・Optimal  

proteinbindingtoerythrocyteswasobtainedwithSCSco11ectedattwenty－nVehours・  

BothproteinsweredetectedintheSCSofschi；OntStageSbyjmmunoprecIPltBLtion，  
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but notin rlng and trophozoite stEfges．Theidentity ofSERAwasconfirmed uslng  

di什erent antibodies speciflC tO SERA and noimmumologlCalcross欄reaCtivlty WaS  

detected between SERA and Rhop－H，Afn－blue gelchromatography of SCS fbr  

enrichmentofbothproteinsfbrerythrocytebindingandanalysisbyimmunoblott】ng  

ShowedSERAandRhop－Hirlthesamefractions．Thetopologicaldisthbutionofthe  

PrOteins on the erythrocyte surface wasinvestlgated by chemicalcross－1inking  

analysIS uSlng DTSSP SERA and Rhop－H proteins bound at a distance of  

approximately12Åon the mouse erythrocyte surfacewith no other assocjated  

PrOteins，Similar results were obtained uslng CrOSS－1inked schizont extracts  

PreCipitated b）r SPeCific antibodies andanalyzed on two－dimensional（2－D）SDS－  

JnGEgels・SedimentationanalysisdemonstratedthatSERAandRhop－Hdonotform  

acomplexinvivo，andbothtypesofproteinspossessdifferentsedimentationrates・  

We conclude that pnor association of SERA with Rhop－His not required fbr  

erythrocytebinding・  

INTRODUCTTON  

Severalstudies have demonslrated theimmunogeniclty Of Plasmodium  

h／c桓urumRhop←HandSERA（BarTetal・1991；Tnselbergetal・1993；Siddiquietal・  

1987）．AntibodiesagainstnativeandrecombinantSERAinhibitmerozoiteinvasionin  

vitro and SERA specinc antibodies complexedwith native SERA have been  

identifiedinin vitroimmune complexes fo1lowinB merOZOite release（Lyon etal・  

1989），TheSERAantigenhasaIsobeenidentifiedinthelumenofthePVMandon  

the surface oftheinvading merozoite（Perkins and Zeifer1994；Liet al・1989；  

Delplaceetal．1998）．1tisthemaJOrPrOteinfoundinthePVMinschizontstages・1n  

addition，the Rhop－Hprotein complexconsistlng Ofproteins of140／130／110kDa，  

alsoimplicatedin PVM formation wereidentinedin the erythrocyte membrane  

following merozoiteinvasion（Sarr．一Ytllowe etal・1988）・BotTlgrOuPS Ofproteins  

bindphospholipidstyplCallylocatedintheinnerleafletoftheerythrocytewithSERA  

Showing a preference for shor［chain fatty acids（Perkins and Zeifer1994）・Both  

Rhop－HandSERAhavebeenidentifiedinal】isolatesofJ！jtFIcわarumexaminedso  

far（SamrYellowe1993；GoretaL．1998）．  

Littleis knownabouttheassociationofSERAandRhop－Hduring parasite  

development and during erythrocyte membrane binding. During merozoite release 

anderylhrocytereinvasion、SERAisprocessedintoa47kDaN－terminaldomain，a  
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50kDa centraldomain and an18kDa C－terminaldomain．The47kDa domain  

COntainsparasiteinhibitoryepltOPeSandassuchisofconsiderableinterestinvaccine  

Studies（Foxetal・1997；Debrabantetal・1992）．DuetotheimportanceofSERAasa  

VaCCinecandidateformalaria，theimportanCeOfRhop－Hinmerozoiteinvasionand  

theobservationthatboth proteinsare erythrocytebindingproteins，We Wantedto  

investigatetheorganizationandinteractionofbothgroupsofproteins．Ouroqective  

WaStOre－eXaminethe erythrocyte bindingpropefties ofRhop－Hand SERAin an  

attempttocharacterizein more detailtheinteraction betweenthetwo groupsof  

PrOteins・Thefollowingcentralquestionswereinvestigatedinthisstudy：1）Arethe  

Rhop－HandSERAproteinsassociatedinvivo？2）DotheRhop－HandSERAproteins  

associateonceboundontheerythrocytesurface？3）Whatotherparasiteproteinsbind  

incloseproxim．tytoRhop－Hand SERAon the erythrocyte surface？tnorderto  

addressthethreecentralquestionsofthestudy，theidentityoftheproteinsandthe  

SPeCincityoftheantibodieswerever抗ed・Inane飢）rttOinvestlgatethemechanism  

Ofproteininteraction between the two groups ofproteins and to understandthe  

biochemicalmechanisms bywhichtheinteractions occur，Weperformed difftrent  

biochemicalandimmunochemicalstudiesuslngChemicalcross－1inkingofextracted  

nativeparasiteproteinsandproteinsboundtomouseerythrocytes，andsedimentation  

analysis of both typeS Of proteins．Plasmodium jhlciparuminvades mouse  

erythrocytesandRhop－HandSERAproteinsbinddirectlytotheintacterythrocyte，tO  

membranesandtoinside－OutVeSicles・Thismouseerythrocytemodelestablishedin  

PreViousstudies（Sam－Ye1loweandPerkins1990；Klotzetal．1987）wasusedinthis  

Study toinvestlgate theinteractions of RhopLH and SERA with the erythrocyte  

Surface and theinteraction amoTlg the parasite proteins・For unequlVOCal  

ident摘cationofconlplexedproteins，antibodieshighlyspecificforSERAandRhop－  

HwereusedforimmunoprecIPltationandimmunoblottlnganalysIS・   

MATERTALSANDMETHODS  

J乃V血c〟仙d血〃α乃d椚ピーdムoJJcJd占gJf乃g可■PβJc¢〃r〟∽  

Synchronousculturesof7G8（Brazil）weremaintainedinvitroaccordingto  

themethodsofTragerandJensen（1976）．Pla∫mOdiumPllciparumwasgrownin  

humantypeA＋erythrocytes（AmericanRedCross，ClevelandBranch，OH）at5％  

hematocritinRPMI1640－＝epesrnediumsupplementedwith10％pooledhuman  

Serum（AmericanRedCross）and20mMglucose．LabelingⅥ′ith［35sILmethionine  
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andcoILecLionofculturesupernatantforerythrocytebindingassayswasperformedas  

described（Salll－YelloweandPerkins1990）．  

Stage－Spe亡ific SCS collection and time－COurSe Of protein release was  

PerformedtomonitortheappearanceoftheRhop－HandSERAproteinsintheSCS・  

PlasmodEum．舟Ic画r〟mCulturesweredot）bJysynchronized，initiallyby5％sorbitol  

（P社SVOletaL．1978）toobtainrlngStageparaSitesandthenby65％Percoll（Lambros  

and Vanderberg T979）when the parasites had matured〔o the schizon［stage．The  

COnCentrated schizonts（approximately 80％ parasiLemia）were dividedinto two  

aJiquots，Onealiquotwasbiosyntheticallylabeledwithl．OmCit35s］－methionine（0．1  

mCi／ml），distrlbuted equallyinto5wells ofa24－Welltissue culture plate（2ml  

Culture／welL）andcultured・Fortimecourseco11ectionoftheSCSfromsynchronized  

ParaSi（es，labe】was removed by centnfugafion at 4 h，the ma（ure schizonts  

resuspendedin2mloffreshlO％completemediumandtheculturecontinued，SCS  

WaSCOllectedatintervaIsof2，4，6．8and25hrespectivelybycentrifuga亡ioTl．The  

SCScollectedwiththeadditionofproteaseinhibitors（Sam－Ye1lowe1993）wasused  

inerythrocytebindingassays．Thesecondaliquotwasalsodistributedinfivewells  

but remaincd unlabeled and served as controIcuLtures・Synchronized schizont－  

infectedcellswerealsodilutedtol－2％parasitemiawithuninfectederythrocytesand  

dis一山butedin4we】1sora24－Wel】microtiterplate■Thenngsねgeparasitemiawas  

approximately2（）％・Attimepointscorrespondingtorings（6h），T＝0，trOPhozoites  

（22h）∴r＝1，earlyschiz・OntS（32h），T＝2，1ateschizonts（42h），T＝3andsegmertted  

schiz（｝ntS（48h），T＝4，rj5sl－methionineatO・25mCi／mlwas addedandparasites  

labeledfor2h■Attheendofthelabelingperiodinfectederythrocyteswerecollected  

fromeachwel］into15rnlcentrifugetubes，Centrifugedfor5minatl，500rpm，the  

SCS collected andaproteaseinhibitorcocktail（Sam－Yellowe1993）addedandthe  

SCSstoredat－700CuntiJused丘）rbinding5tudies・TheinfectederythrocytepeJlets  

Werelysed withlOmMTris pH8．8andthepelletsobtained alsostoredat－70Oc．  

SmearsR）rGiemsastainlng，fixedinabsolutemethano［andfbrTFA，fixedinice－COtd  

acetonewerepreparedfromtheunlabeledculturestomonitorparasitedevelopment．  

ル免）榊CJ〃〃〟J〟〃dβ0匝山乃dJαJ招占（）d′g．l・  

AsummaryofthedifferentantibodiesusedinthisstudyisshowninTablel．  

Due to the differeTICeSin epllope recogmtionin a g）Verlbiochemical or  

immunochemicalexperiment，SeVeralantibodiesspecificforRhop－HandSERAwere  
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tlSedtounequlVOCaJlydetectandcon鏑rmtheidentityofproteins・Elevenmonoclonal  

antibodiespreparedagalnStthe47kDaN－terminalfragmentofSERAweretlSed・The  

antibodieswerepreparedagalnStthefollowlngtWOPePtides；YIDVDTEDTNIELRT  
TLKKT－fusion15landFESNSGSLEKKKYVKLPSNG－fusion152．Bothsequences  

werederivedfromthep126（SERA）proteinfromtheCAMPstrainofPjb［cLparum・  

The antibodies were checked for reactivlty tO SERA byimmunoblottlng，  

immunoprecipitationandimmunofluorescence（IFA）・Theantibodieswerealsoused  

todetectSERAinerythrocytebindingassays・Allcloneswerepositiveintheassays  

listed．Mab152．3F7．l．1（fusion152）wasselectedformoredetailedcharacterization  

duetoitsstrongerreactivity．Amonoclonalantibody5E3speci坑cforSERA（Lyonet  

al1989）wasalsoused．Inaddition，antibodiesagainstavacciniarecombinantvP870  

（generouslyprovidedbyDr・EnzoPaoletti，VirogeneticsCorp・，TroyNY）（Tineetal・  

1996）wasalsoused．PolyclonalantibodyagainstSERAl（aminoacids24－2850fthe  

completeSERAmoleculeof989aminoacids，generOuSlyprovidedbyDr・Joseph  

Inselburg，Dartmouth，MedicalSchool，Hanover，NH），antiserum＃685wasproduced  

inaNewZealandWhiterabbitbyintrasplenicdeposition（Nilssonetal・1987）of  

SERAlantigen（20LLg）（SeeThblel）・SERAIwasdissoIvedinPBScontaining  

O．05％ SDS．Forimmunization，aneSthesia wasinducedin the rabbit by an  

intramusculariTtiection ofacocktailof5mlketamine（100mg／ml）（Fort Dodge  

AnimalHouse，FortDodge，IA），5mlxylazine（20mg／ml）（BoeringerIngelheim  

VetmedicaInc．，St．Joseph’s，MO）andlmlAcepromazine㊥（10mg／mi）（Boeringer  

Ingelheim）Thedosewaslml／kgbodywもight・Thesurgicalsjtewaspreparedby  

clipplng，SCrubbingwithBetadine㊨surglCalscrubandanapplicationofBetadine⑧  

SOlution・AsepsISWaS PraCticedthroughouttheprocedure・A midlineincisionwas  

made beginnlrlgatthe xiphoidand continulngltapprOXimateJy3cmposteriorly・  

Thespleenwasexposedandimmobilized・Asmallslitwasmadeinthecapsuleand  

twoantlgenimpregnatedsterile nitrocellulose paperdiscs，eaChcontainmglO ug  
SERAlinO，05％SDS，1mMEDTAinlXPBS wereplacedbeneaththecapsule．  

Theslitwasc】osedwithaslnglesutureof4－Optaingut・Theperitoneumandmuscle  

】ayers were cIosed with simpleinterTuPted sutures of2－OVicryl㊨・The skin was  

Closedwith simp］einterrupted suturesof2－Obraidedstalnless steelwire・Booster  

iq）eCtions were administeredintravenously（i・V・）at two to three weekintervals・  

Bloodwascollectedbeforeeachboostforserumco11ection．Thefollow］ngRhop－H  

Specincantibodieswereusedinthissludy：MablB9speC摘cfbrthellOkDarhoptry  

Jgg   
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proteinRhop－3coprecipitatesRho声1／140kDaandRhop－2／130kDa（Sam－Yelloweet  

al．1988，Antiserum680（Sam－YelJowe etaI．1995）prepared againstthe Rhop－H  

complexandspecificforthethreeproteinswasused，antiserum686（Yangetal・  

1996）spec浦cforaRhop－3recombinantproteinRH33－5wasusedandantiserum  

K15（generouslyprovjdedbyDr・GeorgeS・N・Hui，UniversityofHawaii，Honolulu  

Hawaii）specificfortheRhop－HcomplexwasaIsoused（SummarizedinrIbblel）・  

TableL．Summaryofantibodiesusedinthestudyr  

Antjbodies  Specificity  References  

Currenlstudy  

CurrentStudy  

Curr¢ntStudy  

CurrentStudy  

CurrerltStudy  

CurrentStudy  

CurrentStudy  

Cu汀entStudy  

Cu汀entStudy  

CurrentStudy  

CUrrentStudy   

Lyonetal．1989  

Tineetal．1996  

CurrentStudy  

Sam－Yelloweetal．1988   

Sam－YelloweetaL．1995   

Yangetal・1996  

47kDaNterminusSERAfragrner．t  

47kDaNtermirluSSERAfr且gment  

47kDaNtermirluSSERAfragment  

47kDaNterminus6ERAfragmer［t  

47kDaNtermirluSSERAfragment  

47kDaNterminusSERAfragment  

47kDaNterminusSERAfragmerlt  

47kDaNterminusSERAfragment  

47kDaNterrninusSERAfragmen（  

47kDaNterminusSERAfragment  

47kDaNterminusSERAfragmer［t  

SERA  

vacciniarecombinant  

SERAI  

Rhop－H＊  

Rhop－H  

Rhop－3recombinant  

Rhop－H  

15】．1F2．2．2   

15】．2F乙1．1   

151．2F8．1．2   

t51．4F7＿4．1   

15l．7D6．4，1   

15l．12G9．1．】   

152．2AlO．i．】   

152．3Dl．1．】   

152．3D3．2．1   

152．3F7．1．1   

152．5E6．1．1   

5E3   

YP870   

＃685   

1B9   

＃68（）   

＃686   

K15＊＊  

＊MablB9speCincfortheRhop－3／110kDarhoptryprotejnoflミ  
β／cJクαr〟mCOpreCipit且【esRhop－H・  

＊＊AntiserumK15wasgenerouslyprovidedbyDr・GeorgeS・N・Hui，University  
ofHawaii，Honol山厄，Hawaii．   

J椚椚〃〃（沼〟〃rg・†C印Cgd〝dJm∽〟乃〃ピノどCJm〃肌∫cro∫COクツ  

ForIFA，thin smears ofP．hlcLparum schizont－infected erythrocytes were  

prepared，nXedinacetonefbr5min at4Dc andincubatedwith SERAspecinc  

Jご∫J   
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antibodies as degcribed（Sam－Ye1lowe etal．1988）．Smears mountedwith50％  

g］ycerolinPBSwerevisualizedbyultraviolet（UV）fluorescencemicroscopyona  

NikonLabophotmicroscope・ForIEMPjhLciparumsegmentedschizontsfixedfbr  
30minat48Cwithl％formaldehyde，0．1％gluteraldehydeinO・lMphosphatebuffer，  

pH7・4werewashed，dehydratedandembeddedinLRWhiteresin（PolysciencesIncリ  

Warrington，PA）asdescribed（Yangetal・1996）LThinsectionswereincubatedwith  

Mab152．3F7．1．1andantiserum＃685dilutedl＝10・NegativecontroIsincludedpre－  

immune rabbit serum or PBT applied as primary antibody. Following pnmary 
antibodyincubation，15nm goldrlabeled goatanti－mOuSeIgG（Amersham Life  

Science，Arlington），dilutedl＝20inPBTwasapplied・Sampleswereexaminedin  

ZeissCEM902electronmicroscope（Zeiss，Oberkochen，Germany）・  

gけJん和り虚抽d血gd∫∫αγ  

Mouseandhumanerythrocyte♭indingassayswereperformedaspreviously  

deseribed（Sam－Yellowe and Perkins1990）．Brief］y BALB／c mouse erythrocytes  

collected by cardiac bleeding and human erythrocytes were incubated with 
biosyntheticallylabeledSCS．T伽ohundred－500LAl（100L＾Ci）ofSCScollectedfrom  

synchronized segmented schizont cultures at80－90％parasitemiawere used for  

incubationwithlOOL1lofery［hrocytes（1xlO9cells／ml）pereppendorftube・Binding  

wascarriedoutatRTforlh，theerythrocyteswerewashedwith500Llloficecold  
RPMIoverasecondoilgradient，Centrifugedandboumdproteinselutedbyadding80  
plofO・5MNaCltotheerythrocytepellerpertubeandincubatingfor15minatRT  
Inpreviousexperiments，incubationtimesof3rC・RTand40cwereinvestlgatedfor  

proteinbindingandRTfoundtobeoptimal（SJam－YelloweandPerkins1990）・In  

addition，arangeOfO・2－1MNaCIwasusedforproteinelutionatvarylng］nCubation  

times（0－30min），andO．5Mat15minfoundtobeoptimal・Elutedproteinswere  
ana］yヱedbySDS－PAGEandlluorography・ImmuoprecIPltationofelutedproteinswas  

perhrmeduslngRhop－HandSERAspeCificantiserapreviouslycomplexedtogoat  
antirmouseIgG（Cappe1）orpro（einA－Sepharose（Pharmacia）・  

血槻肋叩m和血血川即止血勒肋元町厨血川∫り，∫   

lmmul10preCIP．tationofbiosynthetical1ylabelledstagespecincparasitesand  
elutedproteinswasessentiaJlyasdescribed（Sam－Ye1loweetal・1988；Sarn－ⅦLIowe  

andPerkhs1990）．Brieflystagespecincpara3itesmetabolicallylabeledwithL35s］－  

／，■り   
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methionine（0．5－lmCi／ml）weree文tractedwithl％NP－40／0．1％DOC（l％Nonideト  

P40／O．1％sodium deoxycholatein PBS）．Aliquots（0．1ml）of the extract were  

incuba【ed with goat anti－mOUSe tgG sepharose（0・03ml）or protein A－Sepharose  

previouslycomplexedseparatelywithMabsIB9speCincforthel10／100kDaRhop－  

3protein（Sam－Ye11owe etal．1988），Orrabbitantiserum＃685speCinc払rSERA，  

respectiveIy．Pre－immune rabbit serum WaS uSed as negatjve control・Immune  

COmPlexesweresolubilizedbyboilingfor2mininO・05m10felectrophoresissample  

buffer（0．1MTris－HCl，PH6．8，10％glycerol，2％SDSandO・001％bromophenol  

blue）withlOOmMDTTforSDS－PAGEandfluorography，  

lmmunodepletionexperimentswereperformedtoinvestlBateimmunologlCal  

CrOSSreaCtivltyOfSERAandRhop－Hspecilicantibodies・SpentCulturesupematant  

（500ド1at100トICi／mi）丘ombiosyntlleticallylabeledschizont－infectederythrocytes  

collectedasdescribed（Sam－Yellowear山Pemins1990；Sam－Ye1loweetal．1995）atld  

Rhop－HandSERAproteinsboundtoandelutedfrommouseerythrocytes（SeemOuSe  

bindingassay），Wereincubatedwithgoatanti－mOuSeIgGrSepharosebeads（Cappel）  

previouslycomplexedwithMabsIB9（Sam－Yelloweetal・1988）or5E3（Lyonsetal・  

1989）speCinc hr RhopL3／110kDa and SERA proteins respeCtively・MablB9  

COpreCipitatesRhoprl／140kDaandRhop－2／130kDa（Sam－Ye11oweetal・1988）・The  

mouse eluate was dilutedl：2inice co】d distilled water beforeincubation with  

Sepharosebeads．Threesuccessiveincubationswiththebeadswerecarriedoutusing  

theSCSormouseeluate，for15mineachincubationatRT．Af（ereachincubation，the  

beadsweresedimentedbycentrifugationinamicrofugefc・r2minat14，000rpm，and  

thesupernatantWaStranSferredtoafreshtubecontainlnggOatanti－mOuSeSePharose－  

1gG．Followlngthethirdincubationtheflow－throtIghwascollectedfbranalysisand  

thebeads washedasdescribed（Sam－Yelloweetal・1988）・Theimmunecomplexes  

什omeach successiveimmunoprecIPltation，thestartlngmaterialSCS，mOuSeeluate  

andthenowthroughwereseparatedona5－15％SDS－fAGEgelandanalyzedby  

nuorography・  

4併－わ／〟ege／c／1柑mα′ogr呼，力γ摩rg〃rfc鳥肌e〃Jがクdr（王∫血βrOJe血  

InordertoenljchforSERAandRhop－HfromSCSforthepurposeofprotein  

Purificationanderythrocyte binding unlabeled SCS（5mlcontaining12－16mg／m］  

totaIprotein）wasloadedonanAfn－bluegel（Biorad，Hercutes，CA）chromatography  

COlumn．Serum prOteins such as albumin would be removed and any protein  
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associationsdetecteduponproteinelution・TheAffi－bluegelchromatographycolumn  

WaSPreParedbypacking5mlofAfnrbluebeads（Biorad）intoa6cmcolumn，and  

equi】ibratingwith PB5・fbrasite SCS wasIoaded oT）tO（he column aJld bindjT）g  

a）lowed to occur for45min at40c・TweLvefractions ofthe now throughwere  

CO11ected，followed by washing with PBS to remove unbound proteins．Bound  

proteinsweree］utedwithlMNaClandcollectedintwelvefractionsof2．5mleach．  

FollowlngaSeCOndwashinPBS，albuminwaselutedwithO．5Msodiumthiocyanate  

（NaCNS）andsamplescollectedaIsointwelveftactionsof2．5mieach．The什actions  

WereStOredat－700C，1yophilizedandreconstitutedinO．5mlPBS．Fractionswere  

anaJyzed for the presence of the RhDP－H complex and SERA by SDS－PAGE  

electrophoresis，Coomassieblue stainlngandwesternblottlngwithMabsIB9，5E3  

and a polyclonalantibody specific for the Rhop－H complex，K15．Protein  

deteminationwasperformeduslngtheBioradassay．Duetothereducedlevelsof  

protein recovery for Rhop－H only SERA wasfurther pu浦ed・Fractionsl－7  

COntainlngSERAwerepooled，Separatedona5－15％gradientgel，andstainedinl％  

Coomassie bluein distilled water・A band corresponding tothe120kDa／SERA  

PrOteinrecogrlizedbyMab5E3frombother）dsofthesamegeJthatwastransfbrred  

to nitrocellulose paper，WaS eXCised丘om the acrylamide geland the protein  

electroelutedaspreviouslydescribed（Sam－Ⅵさ1lowe etal，1995）forusein binding  

Studies，Thepurifiedprotein wasanalyzedby silverstainlngandwestemblottlng．  

ProteindeterTninationtoquantitateproteinrecoverywasperfotmedusingtheBiorad  

aSSay・  

C毎朝読・α／c仰∫∫－／ノ〝揖′7gげ斤力‘甲－〟〟〃dぶ左方月ク用Jg∫〃∫β月〝∽〟∫gピサ血相qJg∫  

InordertoinvestigatethetopologlCaldistributionofboundproteinsonthe  
erythrocyte surface，Chemicalcross－1inking analysis wasperformed・Plasmodium  

hlciparum SCS（200L11）biosynthetica11ylabeledorunlabeledwasincubatedwith  

10O匹1（1xlO9ce11s／ml）mouseerythrocytes良）rll”tRT．Thecellsuspensionwas  

layeredonaO・5mlsiliconeoilgradientfollowedbycentrifugationat14，000gfbr2  

min（Sam－YelloweandPerkins1990），Theunboundsupernatantwasco11ectedand  

抽eoi】discarded・The ceJ］pe］letwas washed wjth O・5mJoficercold RPMIby  

layenngandcentrifugationonasiliconeoilgradient・Boundproteinsonthesurface  

Ofmouseerythrocyteswerecross－1inkedwithdimethyJsulfbxide（DMSO）orwaterT  

SOluble homobifunctionalcrossrlinking reagents（Pierce、Rockford，IL），dithiobis  
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（SuCCiniimidylproprioJlate）（DSP）：12 Å（DMSO soluble），dithiobis（Sulfosucci－  

nimidylproprionate）（DTSSP）－12Å（wateT－SOluble），disulfosuccinimidyltartarate  

（DST）－6．4Å（Water SOluble）and ethylene glycolbis（Sulfocuccinimidylsuccinate）  

（Sulfo－EGS）T16Åfor7minatRT．Fordeterminationofoptimalconcentrationofthe  

CrOSS．1inking reagents，COnCentrations of2．5mM，5mMandlOmMimPBS were  

evaluated，and5mM丘）und10be optlmal・This concentration was used for all  

Subsequentexperiments・Thecross－1inkingreactionwasterminatedbyaddingO・1M  

glyclne，1％BSAinPBS．Boundandcross－LinkedproteinswereelutedwithO・5M  

NaClor solubilizedwithl％，0．5％or O．25％Trl（On X－100in PBS．Solubilized or  

eluted proteins were analyzed byimmunoprecipitation（SamrYellowe et al・1988）  

With Rhop－H orSERAspecincantibodies，On SDS－PAGEgels underreducingor  

non－reducing conditions fo1lowed by fLuorography・Cellsincubated with prc4eins  

Without cross－1inking or detergent alone served as controIs・Ce11s without bound  

PrOtein，treatedoruntreatedwithcrossrlinkerswerealsousedascontroIs・  

Cんビ机上（・αJcrクエ■∫一助点J〝g q／朗叩－〃α円dぶE尺AノbJわwビdわ加ローd油川∫わ乃αJr2－βノ  

5Dg一件1GE  

Inordertoconfirmthatthecross－1inkedproteincomplexescontainedSERA  

andRhop－Handtodeterminethenatureoftheirassociation，SChizontextractswere  

PreParedinTETbuffer（10mMTris－HCIpH7．5，20mMEDTA，1％TritonX－100），  

as described（Howard and Reese1990）and used br cross－1inking experiments．  

Proteinswerecross－1inkedwith5mMDTSSPbyincubatingonice氏・r30min．The  

reactionwasteminatedbytheadditionofO・1Mglycine－HCl，pHlOfo1lowedby  

incubating for an additiona］30 min onice．The cross－1inked proteins were  

immunoprecIPltaLed with MabsIB9，152・3F7■1・1and rabbit antisera vP870，＃680，  

＃685and＃686uslng gOat anti－mOuSeIgG sepharose or Protein A sepharose as  

described（Sam－Yellowe et aI．1988）andimmune complexes solubilizedin  

electrophoresisbufferandseparatedona5％SDS－PAGEgelinthefirstdimensionat  

50mA for3h．Entirelanes containlng SeParated proteinsfrom5％gels were  

CarefullycutintostrlPSthewidthofthelane，uSlngaCLeanrazorblade，incubatedin  

electrophoresissamplebuffercontainlng50mMDTTforlhratRTandthestnps  

layeredhorizontallyonan8％preparativeSDS－FAGEgel（OzawaandKemler1992）・  

Electrophoresiswascarriedoutinthesecomddimensionat50mAfor3h．  
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馳血脚軌血肌肌叫血  

In order to evaluate compIex formation between Rhop－H and SERA  
sedimentation analysis of proteins wasperformed，Biosyntheticallylabeled or  
unlabeledschizontswereextractedinTETbufferbyincubationonicefor30min・  

fol】owed by sonicationin a Branson sonicator fbr30s・The suspension was  

centrifugedinaT”irfuge（Beckman）fbr30minat90，000rpm・Thesupernatantwas  

collected，POOledanddilutedwithTETbufferandlayeredona5－20％continuous  

sucroseBradient・The gradientwascentrifugedat37，552IT）mfor14hrat4□C・  

FractionswerecoIJectedbycarefu11ypunctunngthebottomsofthegradienttubes  
withan18Gneedleandco11ectingtwelvefractionsof325ulpertube・Thefractions  

weredilutedwithTETbufferandincubatedwithMablB90rrabbitantiserurnVP870  
previouslycomplexedwithgoat－antimouseIgGandproteinAsepharoserespectively・  

lmmunoprecipitation wasperbrmedas described（Sam－Yellowe et al・1988）・For  

unlabeledextracts，fractionswerelyophilizedandmixedwithelectrophoresissample  
buffer．FractionsseparatedonSDS－PAGEwereanalyzedbywesternblottlnguSing  

SERAand Rhop－3specinc antibodies・Hlghmolecularweight protein standards  

Myosin（H－Chain），200kDa．phosphorylaseB，97・4kDa，Bovineserumalbumin，68  

kDa，OValbumin，43kDa，Carbonicanhydrase，29kDa，beta－lactoBlobulin，18・4kDa  

andlysozyme，14．3kDa，（Gibcol∋RL）weresedimentedinparallelgradientsandthe  

fractionscollected，analyzedbySDSrPAGEandCoomassiebluestainlng・  

ForSDS－PAGEandfluorographyofbiosynthetical1ylabeledsamplesina11  
experiments，thespecincactivityofsamplesloadedperlanewasintherangeof30－  

80LICi．ForunlabeledparasiteproteinsanalyzedbySDS一匹GEandwesternblottlng，  

protein concentra（ionsloadedperlaneofgels wereintherange of60－90匹g Of  

protein．  

RESUI－TSANDDISCUSSION  

乃gJ20んβ〟∫E凡4‘】〃d斤ゐ叩－〃ク「（′Je血口作rgC（鳩〃‡zgdあプ叩gC挿cα〃Jfみod～ビューd〃d  

d州〃′∫んα柁CJⅥ∫∫－rどαC如e叩上呵）ビ∫  

Plasmodium廓Iciparum erythrocyte binding proteins originatingfrom the  

aplCalcomplexplayanessentialroleduringmerozoiteinvasionandPVMformation・  

Itisconceivablethattheap．ca）complexproteinsfunctioninassociationwithother  

Parasiteproteinssuchasthemerozoitesurfaceproteins，MSP－landtheS－antlgenand  

OtherproteinslocatedinthePVsuchasSERA，EXP－1and－2（PerkinsandRocco  
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1990；Guntheretal．1991）．The SERAproteinisacandidateantigenforvaccine  

deveIopmentagainstmalariacausedbyf！jblciparum（Inselburgetal・1993；Lietall  

1989；Delplaceetal．1998）・Anumberofinvestigatorshavedescribedproteinswith  

similar structure and homology to SERA，but with differencesin the molecular  
weightoftheproteins・1naddition，SERAisthoughttopossiblyfunctionasacysteine  

PrOteaSe（Goretal．1998；Knapetal・1991）・  

溢
臍
 
 

urelA．Mouse erythrocyte binding assay，  
】methioninelabeledたβJc上戸αr〟椚Rhop－H  
竜  

＋SERA andSERAproteinswereincuba（edwithrnouse  
erythrocyles and bound proteins eJuted with  
0．5MNaCl．Lanel，Startirlgmateria］（SM）；2，  
Rhop－H bouJld to and duted from mouse  
erythroey（eS；3，Rhop－H eluted from mouse  
erythrocytes and immunoprecipitated with 
MablB9：4SMimrnu710PreCIP］tatedwithMab  
5E3；5、SERAboundtoandelutedfrommouse  
erythrocyles；6，SERA eluted from mouse  
erythrocytes andirnmunopreclpltated with  
Mab5E3．  

SM a b c d e f g h i j k I m n o p q 

．欝  

⊥二∴  

肴＝  
－  

1■F・  

Figure［B．lmmunodepletion ofRhopLHandSERAfrom SCS and NaC］eluates from  
moLJSe ery（hrocytes・BiosynthetlCa”ylabeled SCS or NaCleluates from rnouse  
erythrocytesTereSequentia”ylnCubatedwithMablB90rMab5E3previously［nCubated  
with goatantJ－mOuSeASePharo5e beads・lmmunecomplexesandthefIow－through（Fr）  
Wereana］yzedbySDS－f％GEandfIuorography・Thestar（ingmateri且l（SM）SCSisshown，  
1anea，mOuSeeLuate；b－d，Rhop－Himmunoprec）P］tatedbyMabll】9fromSM；1anee，F－T  
after Rhop－H dep［etion；f－h，Rhop－HimmunoprecIPLtated by MablB9from NaCJ  
eluates；i．F－TafterRhop－HdepIetion；jLJ，SERAimmunopre叩ItatedbyMab5E3from  
SM；m，F－TfollowlrLgSERAdepletionfromSM；rl－P，SERAimmunoprecLPLtatedbyMab  
5E3fromNaCle［uates；q，F－Tfo＝ow】ngdep］etionofSERAfromNaCIeluate・  
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Our aimin the present study was toinvestlgate the nature of protein  

association betweenthe high molecular weight rhoptry proteins of PPllciparum，  

Rhop－H andthe120kDaerythrocyte binding protein，SERA・Theidentity ofthe  

individualparasite proteins bound to and elutedfrom mouse erythrocyte were  

COn坑rmed byincubating eluateswith Rhop－H and SERA specinc antibodies・The  

resultsin FigurelA，Show that eluted Rhop－H（1ane2）and SERA（lane5）are  

precipitatedbyRhopLHandSERAspeC拍cantibodies（1anes3and6，reSPeCtiviely）・  

Antibodies prepared to native and recombinant SERA，SERAland monoclonal  
antibodiespreparedagalnStthe47kDaimmunogemicN－terminaldomainwereused  
inthisstudyandeachreactedwiththe120kDaproteinwhichweconfirmedasSERA・  

TheRhop－HandSERAproteinsbindtotheerythrocyte5urfaceandarecoelutedby  
O．5M NaCl．However，SERA and RhopLH proteins do not share cross reativ  

epltOPeSaSdemonstratedbyimmunodepletionandimmllnOpreCIPltationexperiments  
usingantibodiesspecificfbreachtypeofprotein（FigurelB）・MablB9reactingwith  

Rhop－HdepletedRhop－HproteinsinSCSandine】uatesrecoveredfromthemouse  

erythrocyte surface（Fig．1B，1aTleS a－d and f－g、reSpeCtiviely）・The now－through  

following Rhop－H depletion contained predominantly SERA（Fig・1B，lane e）・  

Similarly，fo1lowingdepletionofSERAfromSCSandNaCleluates（Fig・1B，lanesj－1  

andn－P，reSpeCtiviely），theRhop－Hproteinswerethepredominantproteinsremaining  

irltheflow－throughofSCSandeluates（Fig・1B，1anesmandq）・Theuseofspecinc  

antibddiesinimmunopreclpitation of SCS and eluates before and af（er protein  
depletioncon負rmedthelackofcrossreactiVityofproteinscontainedinthesamples・  

ぶ且尺AJ▲－わc〟／如dgo抽gJ〟me〃げJ毎PV財，α乃d占orん朗叩－〃d乃d∫g凡4JフrOrg血∫dre  

reJeα∫gd～〃わー力ビゴC∫7乃J加∫C如こロ〃用βgビ血ri〝g／乃ビ川ヱ〃血rどJビd∫g  

We studied stage specinc protejn releaseinto the SCS uslng high1y  

SynChronizedparasitecultures．WealsoinvestlgatedthetimlngOfproteinreleaseinto  

the SCS，Parasitemiawas maintained atapproximately20％followlng dilution of  

Synchronizedsegmentedschizonts・Fig・2showsthattheSERAantlgenandRhop－H  

WerenOtPreSentintheSCSofring（R）andtrophozoite（T）stages，Onlyinmature  

SChizonts（S）andsegmentedschizonts（Seg）・Bothgroupsofproteinswerereleased  

into the SCS accompanying schizont burst and merozoite release（Fig・2）・The  

amountsofproteinpresentintheSCSofschizontsbeforemerozoitereleaseprobably  

representsreleaseofproteinsfromasma11perCentageOfrupturingschizonts（＜0・5％）  

asobservedbyGiemsastainingofsmearsfrom払eculture・OptimalbindingofRhop－  
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HandSERAproteinstohumanandmouseerythrocyteswasseenwithSCScollected  

at25haftertheremovaloflabel（Fig．2），Theproteinsidentifiedbindingtomouse  

and human erythrocyLes were Verified to be Rhop－H and SERA byimmuno－  

PreCipitatiorlWith specilic antibodies（results not shown）・The Rhop－H and SERA  

proteinsbimddirectlytomouseerythrocyteswhileMSP－1andEBA175binddirectly  

tohumanerythrocytesas5hownpreviously（PerkinsandRocco1988；Sim1995）・In  

previous studies，We have established the mouse erythrocyte as a heterologous  

erythrocyte modelfor useininvestlgatlng the role of Rhop－H and SERA dudng  

merozoiteinvasion．Mouse eryLhrocytes areinvaded by different strains of P  

βlcIparuminvitro with the secretion ofthe Rhop－3and RESA proteinsiTltO the  

mouse erythrocytemembrane（Sam－Yel］owe andPerkins1990；Sam－Ye】lowe1992；  

Klotz et al．1987）・We have obtained similar protein binding results using human  

erythrocytesperturbed withMSP－1derivedpeptidesand sublyticconcentrationsof  

detergents and Tnembrane modulating．agents（Sam－Yellowe and Perkins1991；  

Ndengeleetal．1995）．  

乱 叫剛胆  

二 

． ■■  

■  
「tE  

Figure2・Kinetjcsofbiosyr．theticalJyLabeledRhopLHandSERAsecretionintoSCSofsegmented  
SChizonts．Mat11reSChjzor．tssynchronizedon65％Percol】to＞90％parasitemiawere］abeledwith  
t35s】methioninefor4h，labelwasremovedandSCSco］lectedat2，4，6，8，and25h．TheSCS  
CO］］ectedaftercentrifugationwasusedinbindingassaysofirltaCthumanandmouseerythrocytes．  
Optimalt）indingofRhopnHandSERAtomouseerythrocyteswasobtainedwithSCScollectedat  
25h－ThetwoproteinsindicatedwereshowntobeMSP－1ar．dl三BA－175inotherstudies135，36］  
andSERAwereseenbindingtohumanerythrocytes．InstagespeCincexperimerltStOdetermirlethe  
timlngOfexoan（］genSeCretionintosynchrorlizedcultures，Predominantproteinsecretior］isseenin  
theschizonl（S）andsegmentedschizontstage（Seg）▲  

JJJ   



耽劇痛通船帆楓ば脾臓潮間均一托＆5BRA  

FigⅥr¢3．Immun両地細や執OfSERA離婚脚Wき鷺han鵬細坤扇鱒血相一正川加肌成拇l由粕M血糊鱒町 
A，SE払j＄1¢組Ii、盗edt¢髄1umemぱ鮎pV．PV甲貯猥i暮Oph脚u＄Y柳Olち鞍rh碑酸鼻，SC＝洩柳  

、i鵬緬蜘m刷臥恥湘島S托血勅y  

bofdertoも彿窮廿日鵬廊ati帥戚＄ERAw池th8neWS匹Ci鮎摘tibo8穣当  

群n8離di弟鵬e鵬汚！蝿軌如泄yspeci鮎an‡i坂道iぷpmduedby摘ぬSpl班ic  

呵購iii8n¢fpu浦組SERAl油dMabsp8攣翫肋血47蛸aN－kmi由1蝕邸涙畑  

w¢托u5ed触im丑山n細ら蛭ぢti洩byIEM・馳bbitands肌m，．摘草5speぢi丘cぬrSERAlナ  

妃8CtedwitbSE鼠Åimt鹿1脚i組ばtbepV卿dPVe鹿p如ns師OWS）（Fi磐・3Aand  

l）し＼－l、・r…、rJ山i、恒“・：－、いいlこ■i‖山、、仙－l－ぐrl－叫血、、tr、l…＝、uト‖、両＝l】i、  

胡1線紺rum．Mab】52．笠田．1．1細sわ皇脚色Bim血f托船頭V晦如濫u触Ⅱ鵡Sh珊n）・8ぬ  

St浪Asp邸i鮎a撼も8血s als¢fe据旭Wi仏銀鼠A b細注d to為替d如鹿d触m  

坤如卿鹿細面馴OtShow鳴   

動叩－〃α〃dぶg凡4ク和才g∫乃∫肋drec甲れ1∂〝血∽0〟∫ど叩∫ゐr肌つ）rg∫〝痴cピ〟Jd  

dよ∫加Cgげノ2Åα乃dαrビ乃〟gC叩rビCf函rβ′ピdわ〉岬gC匪d乃J伽dfe∫  

TbemichfbrparasiteproteinsforthepurposeofpurifyingRhop－HandSERA  
fromtheSCSandbindingtomouseerythrocytes，A仔トbluegelchromatographywas  

used．SERAandRhoprHproteinswereelutedinthesamefractionswithlMNaCl  
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andweredetectedbyantiserumK15（resultsnotshown）andMablB9reactingwith  

theRhop－3proteinandwithMab5E3specincforSERA（LyonetalL1989），InFig．4，  

theresuLtsofwesternblottlngwithMabsIB9and5E3areshown．SERAwaseluted  

infractions2－4withasma11amountofproteinseeninfraction5．SimilarlyRhop－3  

WaS Seenin fractions2and3・The SERAprotein emiched，and gelpurifiedfrom  

SDS－PAGE gels retained binding properties to erythrocytes．The purified protein  

boundtoerythrocytesandwasrecognizedbyspeciRcantibodies（resultsnotshown），  

SuggeStlngthatSERAboundtospeci丘creceptorsontheerythrocyteindependentlyof  

Rhop－H▲WeinvestlgatedthetopologlCaldistributionofboth groupsofproteinson  

the erythrocyte surfhce uslng membraneimpermeant chemicalcross－1inkers with  
am－1ength5ranglngfrom6・4to16Å・WewantedtoestablishwhetherRhop－Hand  

SERA are“nearest neighbors”on the mouse erythrocyte and alsoif they are  

associated on the erythrocyte surfacewhen bound・The results shownin Fig・5  

demonstratethatbothgroupsofproteinsbindatadistanceofapproximately12Å  

fromeachother，theyformedacross－1inkedcomplexof＞300kDaseeninunreduced  

CrOSS－1inked samples（Fig．5，1ane 3）which was resoIvedinto theindividual  

COmpOnentS OfRhop－H，Rhop－1／140kDa，Rhop－2／130kDa，Rhop－3／110kDaand  

SERA／120kDaたI11owingreductionbyDTT（Fig．5，1ane4，SeearrOWS）．Thedistance  

Of12ÅbetweenproteinsdemonstratesacIosespatialassociation．Nocross－1inking  

WaSObservedwithamllengthsof6．40r16Å（resultsnotshown）andnoadditional  

ParaSiteproteinswerecross－1inked・DTSSPreactscovalentlywithaminogroupson  

theproteins・TheresultsdemonstratetlmtRhop－HandSERAarenearneighborsand  

become cross－1inked when bound on the erythrocyte surface，formlng a  

heteroo】igomeric compIex・However，eaCh protein appears tointeractwith an  

independenterythrocytereceptorinverycloseproximlty，Whichaccountsforthelack  
Ofco－PreCIPltationbyspeCi鮎antibodiesandthedi能rencesinerythrocytebinding  

Observed on enzyme treated erythrocytes（Sam－Ye1loweand Perkins1990）．ln  

experimentstoconnrmtheidentltyOfcross－1inkedproteir［SinNaCleluatesuslng  

SpeCific amtibodies丘）rimmunopreclpltation，prOtein signals were weak or absent  

follow．ngnuorographysuggestlngthatantlgenepltOPeSWerePrObablyaffectedby  
thecross－1inkers・Altematively，CrOSS－1inkingmayhavemaskedepitopeSbyachange  

inproteinconformation・Inaltematecross－］inkingexperiments（discussedbelow），We  

demonstrated thatthe cross－1inked proteins areindeed RhopLH and SERAusing  
SpeC摘cimmunopreclpltationwithspec抗cantibodies・lnpreviousstudiesweshowed  
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thattheerythrocytebindingandantibodybindingdomainsoftheRhoprHproteins  
are distinct（SamTYellowe1993），allowingforthe possibility ofantibody binding  

sites to be exposed and afftcted by the cross－1inker・Immunopreclpltation and  

immunoblottlng Of cross－1inked proteins have been usedin other studies to  
demonstrateevidenceofproteinassociation（OzawaandKemler1992；Perkinsand  

Rocco1990；A］ietal．1997；MurrayandOhJendieck1997；HowardandReese1990）・  

Moreover，incross－1inkingstudiesofmerozoitesurfaceproteins，SERAwascross－  

1inkedwithMSP－1andthe130kDag】ycophorinbindingprotein（GBP，130），butwas  

notdetectedbyaniibodieswhenthecomplexwasanalyzedpossiblyduetothecross－  
1inkerused（PerkinsandRocco1990）．Wecurrentlydonothaveevidencetoconnrm  

theloss ofantibody binding by speCi董ic epltOpeS・However，in studies by other  

inves11gatOrSalterationsinproteinepitopeSfbllowlngCrOSS－1inkingresultedinlossof  
reactivitywithinantibodybindingdomains（PerkinsandRocco1990；Murrayand  

Ohlendieck）．Controlbinding experiments without cross－1inkers fo1lowed by  

immunopreclpltationshowedthepresenceofRhop－HandSERAasseeninFig2and  
reportedpreviouslyinourotherstudies（Sam－YelloweandPerkins1990；Ndengeleet  

al．1995），WhereRhop－HandSERAareprecipitatedbyspeCificantibodies・  

1鳳帥触戯  

l脚  
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Figure 5．Chemica［cross－1inking  
analys■S Of Rhop－H and SERA  
proteins bourld to mouse erythTO－  
CyteS USlng DTSSfモ Rhop一打 and  
SERA proteins bol］nd to mouse  
erythrocytes were cross－1inkedwi血  
DTSStミe［utedwithO．5MNaC］and  

SeParated on a5－15％SDS－PAGE  
gel under reduced and unreduced 
COnditioIIS，LaDel，Startlngmaterial  
Culture superna（ant（SCS）cross－  
1iJlkedandsolubilizedwitho／utDTT；  
lane 2，SCS cros5－1inked and  
soJubiljzed with DTT；Iane3，NaCl  
eluate CrOSS－1inked and solubilized  
Withou（DTT；1ane4，NaClelu且te  
SOlubilized with DTT．Rhop－H and  
SERA prot¢ins bindin close  
PrOXimityatadist8月ceof12Å．  

くI  

STACK】NG   
G亡」  

・q  
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Weperformed cross－1inking ofparasite extracts followed by precIPltatioJI  

Withspecific antibodies and then separated the TCs by2－D SDS－PAGE・These  

experimentsweredesignedtoinvestlgatethespatialorganizationofnativeSERAand  

Rhop－Handtodetermineifbothgroupsofproteinsareassociated・Sedimentation  

analysIS Of Rhop－H and SERA on sucrose gradients was also performed uslng  

SChizontextracts．Wewantedtoknowifbothgroupsofproteinsareassociatedina  

COmPlexinvivobefbrebindingtheerythrocytesurface，andsecondlywewantedto  

knowif both groups of proteins have different sedimentation ratesin sucrose  

gradients．CrossLlinkedproteinsanalyzedby2－DSDS－PAGEareshowninFigure6．  

Followlng reductionin the second dimension，three proteins representlng  

individualRhop－H proteins wereidenti鮎d withRhop－H speCificantibodies，Mab  

lB9（Fig．6，Pamell），antiserum686（Fig・6panell，inset）（Sam－Yelloweetal・1988；  

Yangetal．1996），andantiserum680（Sam－YelloweetalL1995），（resultsnotshown）・  

Inthelaneswithproteinsseparatedinthe抗rstdimeTISion，a］1threeantibodiesgavea  

Simi1arpatternOfreactivity（Fig・6，Pane11，1anesc－e），withprecipitatedproteinsseen  
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inthe same positions observedin the startlngmaterialeithernotcross－1inkedor  
cross－1inked（Panell，1anesaandbrespectively）・Inlaned，followingreductionof  

immune complexes containlngCrOSS，1inkedextracts，the140／130／110kDaproteins  

were seen resoIved．However，immune comp】exes with cross－1inked extracts  

solubilized without DTT showed very faint proteins reso］ved．Most ofthe cross－  

1inkedcomplexformed，remainedatthetopofthestackinggel（SG），1aneeanddid  

notenterthegel・Immunecomplexesseparatedintheseconddimensionshowthatthe  

Rhop－Hproteinswerenotassociatedwithanyotherparasiteproteins・Duetothe  

absenceoftheICinthenrstdimension，insamPlescontainlngCrOSS－1inkedproteins，  

unreduced befbre electrophoresis，there were no proteins detectedinthe second  
dimension（pane12，laneC）・ControlimmunoprecipitateswithMablB9，uSingnon  

cross－1inkedextracts，1aneAandantiserum686，1aneC（inset）showsimilarbandsof  

140kDa，130kDa andllO kDa．1mmune complexeswith cross－1inked extracts  

reducedwith DTT（1ane B，inlarge gelandinset）also showed Rhop－Hproteins  

withoutSERAassociated．  

When SERA specific antibodies were used cross－1inked products were  
identinedin unreducedandredllCedstarting materialsamples（1anesaandb）and  

theseresoIvedtoasingleproteinof120kDafo1lowingreductionofICs（1aned），  

suggestlngthatthe120kDaSERAproteinformsoligomericcomplexeswithother  
120kDaproteins（Fig．6，pane12）・The120kDaproteininthecross－1inkedextract  

wasidentinedwithMab152．3F7．1．1，antiserumVP870（FiB．6，pane）2，1argegeland  

inset，reSPeCtively），andantiserum685（resunsnotshown）・TheRhop－Hproteinsdid  

notco－preCIPltateWithSERAasseeninimmunodepletionexperiments・Incontrol  

extractsbeforecross－】inkingandincross－1inkedextractsimmuopreclpltatedbyMab  

152・37・l・1the120kDaproteinwasseenimmunoprecユpltatedbyspecificantibody  

（pane12，lanes c and d respectively）・Inlane e，TCswith cross，1inked extracts  

unreducedwithDTTdidnotenterthegel・Followlngreductionby DrIllofcrossq  

linkedIC，the SERA protein was seen resoIvedinlane d・The partially resoIved  

SERA proteininlane d shows thatthere werenootherproteinsa5SOCiatedwith  
SERA．Similar results showing the SERA protein were obtainedin the second  
dimension（pane12，］aneB，1argegelarldirLSet）・However，alargeamountofthe  

cross－1inkedcomplex＞300kDaremainedatthetopofthewellanddidnotenterthe  

gelrForthesamereasonsindicatedabove，theSERAproteinwas notseenintf）e  

seconddimer）Sion（Fig，6，pane12，laneAandC，i71setandlargegel，reSPeCtively）・  
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Figure6．2－DSDS一臥GEan叫SIS㌦thモSp細■a】0聯m血tion¢fRhop－H8ndSERAin  
parasjteextr孔CtSfol］owingchemicalcross－1inkingwithDTSSFtSchizontextractswere  
cross－1inked with5mM DTSSPAndimI皿TtOPreCipitated両thdifferent antibodies  
speCincforRhop－Har．dSERA・1rnmurleCOmPlexesofRhop－HandS／ERAwithspecifie  
antibodi8SWereSep摘td？n5％SDS一助GEgelin血f加dimensioh且nd如8S  
contain】帽pre叩旭tedprqtelnSWereeXCised紬d叩甜aledinthes¢00nddimモmSiQnOn  
an8％preparatiYeSDS－PAGEgel・Panell，Controlgelilanesa，Sta血grnaterial（SM）  
extract before cross－1inking；b，SM cr卵SJir）ked血th DTSSP；C，SM b＄forE）CrOSS一  
柚kinglmmunOpfe叩it＆tedwithMablB9；dlCross－1inked畠Mimmunoprecipitated  
withMablB9and redueedwithDTT；e，Cross－1iJlked SMimmunoprecIPl【Btedwith  
MablB9and separ迂ted withoulDTT reduction・SG＝StaCkiTlg gel・La曙e gel：  
immun叩血pita山）¶With鵬ぬop－Hspe引如antibodie＄雌蕊6【21】a几dMablB9酎  
SM．§tartJngmaterial；A，COrltrOIICwithlB9soluilizedwithDTT；B・ICwithcros5－  
1ink由extr始timmunopreeipitatedw仙1B9and＄0Iub山認dwjthmT；CIC with  
crossLlir［kedextractimmunoprecipllatedwilhlB9andsolubili粥dwithoutDTT・1ⅡSet  
geltA，1C wi（h仁rOSS－1inked e鵬ract血munopreclpltatedwith＃6g6and so】ubiIi乙ed  
without DTT；B，lC withcros盲－1inked extractirrlmunOpreClpltated wilh稚868nd  
soLubiLizedwithDTT；C，eOTltrOLICwrth稚＄6solubilizedwithDTT．Pane12，Control  
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gel，1anesa，Star［ingmaterlal（SM）extractbeforecr？SS－】inking；blSMcross－1inkedwith  
DTSSPこC，SM before crossLlinking］mrnurIOPreCIPltaled with Mab152・3F7・1・1；d，  
Cross－1i11kedSMimmunoprecIPltatedwithMab152・3F7・l・landreducedwithDTT；e・  
Cross－1i11ked SMimmunoprec］p】tatedwith Mab152・3F7・l・1and separated wi（hout  
DTTreduction・SG＝Stackinggel・LargegeJ：Immunoprec■P■tationwithSERAspeCific  
antibodiesMab152．3F7．1．1andvP870119］，SM．startingmateri且1；A，COntrOllCwith  
Mab152．3F7．1．1solubilized with DTT；B，IC with cross－1inked extract  
immtJnOPreCIPltatedwithMab152・3F7・1・1且ndsolubjlizedwithDTT；C▼ICwithcross－  
1irlkedextractimrnuno－preCIPltatedwithMab152・3F7・1・1aTldsolubilizedwithoutDTT・  
lnset geJ・A，1C with cross－1irlked extractimmunoprecIPltated with vP870and  
SOlub”ized without DTT；8，1C with cross－1inked extr且CtimmunoprecIPltatedwith  
vP870andsoIubilizedwithDTT；C，COntrOlICwithvP870arldsolubi）izedwithDTT．  
Pane13Controlgel，ianesa，Startingmateria】（SM）extractbeforecross－1inking；b，SM  
cross－1inkedw抽DTSSPandunreduced；C，SMcross－1inkedwithDTSSPandreduced  
withDTT．SG＝Stackinggel・A，lCwithcross－1inkedextractimmunoprec】Pltatedwith  
Mab152．3F7．1．larld solubilized without DTT；B，IC with crossLlinked extract   
immunoprec］PltatedwithMab152・3F7・1・land solubilized withDTT；C，COntrOllC  
with Mab152．3F7．l．1and solubilizedwithDTT．Par且Site proteinswerelabeled with  
high specific activlty rnethionine arldimmunoprecIPitated with high titer Mab  
152．3F7．1．l．Gels wereovcrexposedto de（ectany aSSOCiated proteins・Asterisksare  
indicatedrleafprOteinbandswithlows■gnalsfollowingfluorography・   

Similarresultswereobt且inedintheseconddimension（1aneB，1argegelandinset），  

WheretheSERAproteinwasseenunassociatedwithRhop－H・Col］ectively，thedata  

ShowsthatSERAwascomplexedwithitselfinlargeoligomericcomplexes・Theuse  

ofschizontextractslabeledwithhigherspecificactivityofL35sJmethionine（Fig．6，  

pane13，lanes A，B and C）precipitated by higher titer Mab152・357・1・1and  

OVereXPOSed connmed these results and showed very clearly that SERAis  

COmPlexed with other SERA proteins and not Rhop－H by cross－1inking・In this  

experiment，theamountofproteinthatenteredthegelwasdetectedbyfLuorography・  

These resultsindicatethatspatially，Rhop－Hand SERA proteins are notinclose  

COntaCtinvivo．Itispossiblethatthepresenceofdetergentsusedinthepreparationof  

extractsfor example，Triton X－100，may have also disrupted any associations  

between SERA and Rhop－H，Alternatively，amino acid groups required わr  

interactionwithreactivegroupsonthecross－1inkersonbothgroupsofproteinsmay  

not have beem accessible，preVentlng aSSOCiation ofthe proteins by cross－1inking．  

Fufthemore，intheanalysisofcrossLlinkedproteinsinstruCturalstudies，thetypeof  

CrOSS－1inkerused andthe conditions under which cross－】inking was perbrmed are  

CruCialin obtaininginterpretable da【a（Wood and O’Dorisio1985；Wang and  

Richard51974；Beckersetal，1994；PetersandRichards1977）．  

Inthecurrentstudiesweuseddifferentantibodiesspecific払reachgroupof  

proteins to analyze cross－1inked products and to overcomeinconsistencjes・  

Furthermore，eXPerimentswith each antibody yvere performed amd analyzed by  
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immunoblottlngandimmunopreEipltation・Crossrlinking ha5the advantage of  

demonstratingthestructuralrelationshipofproteitlS（WoodandO’Dorisio1985；  

WangandRichards1974；Beckersetal・1994；PetersandRichards1977；Howard  
and Reese1990）．For the RhopLH proteins，thelC appeared to be composed  
stoichiometricalJyoftheindividualRhop－Hproteins・Howeverthe datadoesnot  
indicateinwhatformtheproteinsareassociated・Inpreviousstudies，WeShowedthat  
thebinarycornplexof110／130kDaproteinsandthe130／140kDaproteinsmaybein  

association whilethellOkDaand140kDaproteinsmaynotbeassociated（Sam－  
Ye11owe1993）．Sincethe Rhop－H complexis assembledimmediately following  
synthesisoftheindividualproteinsitsassociationmusteyistinYivo・TheSERA  
antlgenissynthesizedintheschizontstagebutitdoesnotassociatewithRhop－H・   

肋両日血 ∫肌＝畑血＝加＝櫛闇＝泌脚融加 〝甲南も 彿  

路肋附加細別血狛矧川蝉血川血加ゆ1れ毎rdCJ血  

TheresultsinFig・7showthatpnorinteractionofnativeRhop－HandSERA  

doesnotocctlrinextractssimilartotheobservationwithSCS．Proteinsedimentation  

occurredintheabsenceofspecincantibodies・TheRhop－Hproteinsof140／130／110  

kDa sedimented at the denserregionofthe gradient（fractionsl－3）inthe same  

fractions as myosin（200kDa）and phosphorylase B（97・4kDa），above carbonic  

anhydrase（29kDa，2．8S）andbovineserumalbumin（68kDa，4・6S）・Thecomplexof  
proteinssedimentedtogetherandwasnotdistributedthroughoutthegradient・A11  
threeproteinswerecoprecLPltatedbyMablB9・Diffbrentialsedimentationofthe  
individualRhopqH proteins was not observed，SuggeStlng that there was no  
dissociationoftheproteinswithinthecomplexduringultracentrifugation・Itappears  

thatthestoichiometriccompositionoftheRhop－HcomplexisonemoleculeofRhop－  
l，Rhop－2andRhop－3associatedinacomplexasseeninourpreviousstudies（Sam－  
Ye1lowe1993）．Asimilarsedimentationpattemwasobservedforthelowmolecular  
weiBht rhoptry protein complex，Rhop－L／RAP－1（Howard and Reese1990），  
suggestlng that the protein complexes within the rhoptrleS POSSeSS Similar  
eharacteristics．InthecontroIIC，pane12lanea，Rhop－3／110kDaappearstobemore  

abundant．However，thisdidnotaffectthesedimentationrateofthecomplexandno  

dissociationofthecomplexwasobserved．We observedahighmolecularweight  
proteinbandinthelighterdensitiesofthegradient（pane12，lanesejcorresponding  
tofractions4－8）．HowevertheproteinwasnotseenassociatedwithRhop－HinlCs  

（pane12，lanesb－d）．AtthistimetheidentityOftheproteinisnotknown，andsince  
theproteinwasobservedinthelighterfractions，itseemsunlikelythatitisrelatedto  
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RhopLH・TheSERAantlgenWaSdistributedoverseveralgradientfractionsfromthe  
densetolightregionsofthegradientinfractions4r9（Fig・7，pane13，1anese－j）but  

wasnotassociatedwithRhop－HproteinsinlCsformedwithantiserumVP870・We  
conclude from the sedimentation data that the RhopLH complex and SERA have  

di脆rentsedimentationrates・TheRhop－Hcomplexformationwasnotaffectedby  
extraction，disulfide bond reduction，Centrifugation or by antibodies as observed  

previously（Sam－Yellowe1993）・1t appears that SERA and Rhop－Hfunction  

independently，andthatpnorassociationofSERAwithRhop－Hproteinsinvivois  
notrequiredforproteinfunction・8asedontheresultsofcross－1inkingonthesurfhce  

oferythrocytes，WeCOnCludethatRhop－HandSERAbindincloseproximitytOeaCh  

otheruslngdifFerentreceptorsandmayprobablyfunctiontogetherduringmerozoite  
invasion，witheachtypeOfproteinplaymgaSpeCincrole・Furtherinvestlgationswill  

benecessarytoidentifゝthespecificreceptorsusedbyeachprotein・  

l川l  
3．vP870  

a b¢d o f g hi j kIm ab¢delg h＝kla b＝Ed8†g  

RHOPtH   

Figure7．SedimentationofRhop－HandSERA声oteinsandanalysisbyimmunoprecIPltadon   
withspeCincantlbodies・BiosyntheticallyLabeledschjzontsextractedasdescribedinTET   
buffer．Sorlicated，Centrifuged andloaded on a5－20％contir．uous gradient・Fractions   
collecledwereirnmunoprecipltatedwithMabll〕9specificforRhop－Hproteinsandrabbit   
antiserumvP870speCif．cforSERA・Panell，］anea，SMextract；lanesb－m，SMoffractions   
co”ectedfromgr且dient；Pane12，1且neSMimmunopreclpltatedby MablB9；】anes b－）   
（fraction12wasinadverter）1ty cut and was simi1且r tOlane L），individu且】fractions  
immunoprecIP］tatedbyMablB9；PanelC・1anea・SMimmur．opreclp血tedbyvP870；1anes   
arm，individua】fractionsirnmunoprecIPitaedbyantiserumvP870・  

lnsummarywehaveshownthatbothRhop－HandSERAproteinsaresecreted  
into the SCS at the schizont stage and during merozoite release. Both group of 
proteinsbindtospeCificirLdependentreceptorsontheerythrocytesurfaceandare  
nearestneighborsonthece11surface，bindingatadistanceofapproximately12Å・7n  

previous studies weand others showed that both groups ofproteins also bind  
liposomesandassociatewithmembranes（Ndengeleetal・1995；PerkinsandZeifer  
1994；Sam－Ⅵ∋1loweandPerkins1991；Raggeetar，1990．Speci鏑cantibodiesfbreach  
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typeOrprOtein showed no cro品－reaCtivity orcoprecIPltation withheterologous  

proteinsconnrmingthatbothRhop－HandSERAdonotinteracttoformcomplexes  
andthattheirinteractionwiththeerythrocyteisbyseparatereceptors・Thkentogether  

the results showthaLRhop－Hand SERArnayplayspecincrolesduringparasite  
development，rnerOZOiteinvasion and PVM formation・The erythrocyte binding  

dornainsonbothgroupsofproteinsmaybeimportanttargetSOfimmuneattackinthe  
infectedhost．ThesedomainsandthespeCincepltOpeSparticlpatlnginbindingand  
invasionarecurrent】ybeinglnVeStlgatedusingrecombinantprOteins・   
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