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AIISTRACT  

RhoptryproteinsofPlamodiumsp・particlpateinhostcellinvasionand  

intracellularparasitedevelopment・1nthisreview，them叫OrrhoptryproteinsofP  

hl［ciparum are discussed with respect to（heirimportancein the bioIogy of  

Plasmodium species and as malaria vaccine candidates・The morphology and  

OrganizationoftherhoptrleSinPlasmodiumspeciesarecomparedwiththoseof  

OtherapICOmplexans，andthecontributionsofapICalcomplexproteinstoinvasion  
inookinetesandsporozoitesarediscussed・Furthermore，thesignificanceofhost  

Ce】1bindingbyaplCalcomplexproteins，andtheirroleinhostcellinvasionamong  

thedj鈍rentinvasivestagesisalsoreviewed，  

INTRODIJCTION  

Apicalorganelles ofthe Apicomplexa are unlque amOng PrOtOZOanS．The  

Organe11esincludeamongotherstructures，therhoptries，micronemes，densegranules，  

Sphericalbodies，POlarnngs，andconoid・Theorganellesareelectrondense，COntain  

mostlyproteinsandparticipateintheprocessofhos（Cellinvasionortransmembrane  

nligration（Sinden，Hartleyand Winger1985）．Lipidsandcarbohydrates have aJso  
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beendescrlbedwithinthe organelles（Zineckereta］．1998；Foussard，Lericheand  

Dubremetz1991）．Proposedfunctionsofapicalcomplexproteinsrangefromho5tCell  

attachment duringlnVaSiorl，paraSitophorous vacuole formation and modification，  

escape from the vacuolar membrane and nutrient acqulSition throughenzym融ic  

activity（Dyson，Grahame and Evennett1994こ Carruthers and Sibley1997；  

Dubremetz et al．1998；Sam－Yellowe1996）．Much efhrt has centered on  

understandingthebio］oglCalroleoftheaplCa）organellesinApicomplexanparasites  

OfmedicalandveterinarylmPOrtanCeandilldeterminlngiftheapICalproteinshave  
diagnostic（｝r VaCCine potential・MorphologlCallyIhe apICalorganelles are simi1ar  

across the phylum（Dubremetz，FerTeira andl）issous1989：Etzion，Murray and  

Perkins1991；LericheandDubrem＄tZ1991；Machadoetal．1993；SamrYe1loweetal．  

199R；PetryandHarris1999）．IthasbecomeapParentthattheorganellessecretetheir  

contents sequentially during the process of invasion and that secretion might be 
triggeredbyspeCificstimuli（Carruthers，MorenoandSibley1999）・Organellessuch  

asthedensegranulesmayexistasdifferentsubpopulationswithsubsetsfunc‡ionlng  

during parasitecontactandothersfunctioningIb）towingparasite entry（Carruthers  

and Sibley1997）．Secondly，both humoralarld ce11ularimmune responses are  

generated to apICalcomplex proteinsin主nfected hosts，SuggeStlng their exposure  

duringparasiteinfection・Inthisreview，therhoptr］eSOfPla∫mOdiumspeCieswi11be  

discussedandcomparedwiththerhoptnesofotherapICOmplexans／rheroleofthe  
rhoptriesininvasionandparasitedevelopmentwillbeconsideredalongwiththerole  
ofmicrorlemeS and dense granulesin theinvasion process－The reviewwi11also  
eonsidertheimplicatioms／forstructuralcon、SerVationoforganelleproteinsamongthe  

invasivestagesofP山．1／乃〃d山肌  

MEROZOITEINVASION  

Erythrocyteinvasion by f触・mudium speciesislnediatedin paft by the  

specinc recognltion of receptt汀S OTlthe crvthrocyte surfaee by apICalcomplex  

proteins followinglnitialconLact orthe merozoitewith the host cel］・Tnvasion  

proceedsthroughamechanismresemblinginducedendocytosis・SpeCif7crecugnlLiom  

ofhostcellreceptorsbyapicalcomplexprotei－1SOCCurSinal1invasivestagesofthe  
Apicomplexa（COllectively called zoites）（Aikawa and Seed1980；Bannister and  

Mitchelllり89こSinden．HartleyandWinger1985）1rTlle ZOiteisahighly specialized  

stage designed to mairltain transmission between host cellsin vertebrates and  
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betweenvectorandvertebratehostsinhemoparasites・InP［asmodiumspecies，these  

include the ookinetes which penetrate the mosqultO mid－gut，nOnrinfective  

SPOrOZOiteswhichpenetratethesalivaryglandsinthemosqultO，infectivesporozoites  
Whichinvadehepatocytesintheliverandmerozoiteswhichinvadeerythrocytesfor  
the development ofthe blood stages・Alltheseinvasive stages possess an apical  

COmplexconsistlngOfrhoptrleSandmicronemes，andinsomecasesdensegranules，  

COnOid．polarrlngSandsubpe11icularlnicrotubules（BannisterandMitche111988）．1r［  

thethreeinvasivestagescontentsoftheaplCalcomplexorganellesarerequiredfor  
effectivehostceHinvasion・Motilityoftheinvasivestagesappearstobeanecessary  

COndition that enhaTICeSinvasioninto the host cell・Within the mosqultOmidgut  

OOkinetesactivelyescapethebloodrnealandhavetotraversetheperitrophicmatrix  
Chitin network，andmidgut epithelia where they comein close contact with the  

plasmamembraneofthehostcell（Sinden199S）▲Inookineteschitinasesarepresent  

Withinmicronemes and appear concentrated within anelectron dense co］1arof－the  

Subpellicular complex during the secretion process（Langer et al．2000）．Gliding  

motility has been described丘）r SPOrOZOites withtheinvoIvement ofthe CS and  

TRAPproteins（Menard etal．1997；Sultalletal．1997）．Merozoites exhibit reduced  

motility・Howeverlduringreorientationofthemerozoitetoinitiatehostce11entryand  

forenterinBthePV，merOZOitemotilityappearstobenecessary（Pinderetal．2000）．  

ThepresenceofP．舟Jciparum（Pf）myosinA（PfmyoA）whoseexpressionislimited  

Onlytothematuremerozoites，predominantlylntheapexarguesforitsinvoIvement  

inmerozoitemotility（Pinderetal．2OOO）．Figurelshowsaschematicillustrationofa  

Pl（LSmOdiummerozoiIeShowlngtheapICalcomplex，Withtheprominentpairednask－  

Shaped rhoptries・RhoptrleSandmicronernesarethoughttoparticlpatein hostcell  

recognltionandrhoptriesarealsothoughttoparticlpateinhostcel】recognltion，and  

parasitophorousvacuole（PV）Lbrmation（Sam－Yellowe1996；Dubremetzetal．1998），  

Dense granule components are alsoinvoIvedin host cellcontact andin PV  

modificationfollowingparasiteentryintothehostcelLlnPjtllciparum，merOZOite  

imvasionintolhehosterythrocyteoccl】rSinarapid（＜30sec），COmplex．multi－Step  

SequeneeinvoJvlngtherecognltionofspecificreceptorsontheerythrocyte surface・  

The sequenceis thought toincIL［de the following：i）reversibJe attachment of  

merozoitestotheerythrocytesL］rfacebythem年】OrmerOZOitesurfaceprotein－1（MSP－  

1），R）11owed by binding ofthemicroneme denved，175kDa erythrocyte binding  

antigen（EBA－175）・Theinteraction ofEBA175with the erythrocyte surface has  
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beenwellcharacterizedandthebindingdomainforEBA－175identined（Sim1995）．  

Bothproteinsbindtosialicacidsonglycophorin・ii）irreversibleattachmentofthe  

merozoitetotheerythrocyteattheapicalendleadingtomerozoitereorientadonand  

discharge ofrhoptry contents．iii）erythrocyte membrane deformation andmoving  

junction formation；a 60 kDa merozoite cap protein－1（MCP－1）with an  

oxidoreductase domainislocalized tothe junctions（Hudson－Taylor et al・1995；  

Ladda，Aikawa and Sprintz1969）．No elear function tlaS been established forthe  

PrOtein．iv）merozoiteintemalizationaccompaniedby processing andsloughingof  

MSPLlandparasitophorousvacuolemembrane（PVM）fbrmation；a19kDafragment  

Of MSP－1is carriedinto the newlyinvaded cell．v）erythrocyte resealingand  

modincation of the PVM．Additionalmerozoite surface proteins namely MSP－2，  

MSP－3，MSP－4andMSPr5，mayparticlpateintheinvasionprocess．However，their  

functionremainsunknown（BarnWe11andGalinski1998）．  

Figure】．Schematici仙stratiol10f  
theaplCalcomplexinaf，山肌βdf〟肌  
merozoite．  

PlasmodLum jblciparuminvades the host erythrocyte using multiple  
erythrocyte receptors and parasite ligands thereby arguing for the presence of 
alternateinvasion pathways bythe mefOZOite（BamwellandGalinski1998）・The  

mostcharacterizedpathwayisthatdependentonsialicacidsonglycophorins（Perkins  
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andRocco1988）．Parasi（eproteinsbindingtothehumanerythrocyteindependentof  

thi5Pathwaymayserveasligandsforasialicacidindependentpathway・Thesialic  

acidindependentpathwaymayrepresentanimportantroute正）rmerOZ・Oitesinvading  

thehosterythrocyteinnature（Okoyeh，Pil］aiandChitinis1999）・Parasitemolecules  

invoIvedinthesealternatepathwaystogetherwiththoseinvoIvedinglycophorinand  
sialicacidbindingwouldconstitutecomponentsofeffectivevaccinesagalnStmalaria・  

ln other P［aLmOdium species；SuCh asin P vivax and P knowle5i，the Duffy  

glycoprotein，aChemokinereceptor，SerVeS aStheessentialreceptorformerozoite  

attachment．In these speCies subsequent steps ofinvasion may be mediated by  
reticulocytebindingproteinsland2（PvRBP－1andPvRBP－2），locatedattheapical  

endsofPvivaxmerozoites（BarnWe11andGalinski1998）LAproposedlocationofP  

jblciparum apicalcomplex proteins participating during erythrocyteinvasionis  
ShowninFigure2．  

Figure2．ProtejnsjnvoIvedillmerOZOiteirlVaSion．  
l．MerozoiteattachiTTlenttOtheery［hrocytewj（hMSP－1  
2．MerozoitereorientationwithTT）icronemeandrhoptrydischarge；beginn］ngOf  

」unCtionformatio11  

3．MerozoiteinternalizationandPVMformatjon  
4．ReseaLlngOf（he erythrocyte membrane；densegranu］e dischargeand PVM   

modifLCationintheyo11ngrLngStageparaSite  
★sERAisnotanapJCalco［nPLexproteinproteinbutislocalizedtothePVM・  
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SimilarproteinlocalizationisthoughttooccurinotherPlasmodiumspecies・  

Followlng merOZOite entry．the formlng PVMis modified by rhoptry and dense  

granule proteins to accommodatethe growlng ParaSite and tointeract with the  

intrace11ularnetworkformacromoleculartransportthatsoondevelops（Haldar1994）．  

Dense granuleproteinsundergoexocytosis and becomeass∝iatedwiththePVM・  

Proteins such as thering－infected erythocyte surfhce antigen（RESA）shown to  

associatewithspeCtrininthecytoskeleton（Foley，MurrayandAnders1990），andring  

infectedmembraneantigen（RIMA）aretranslocatedtotheformingPVM（Trageret  

al．1992）fbllowingmerozoiteentry．Recentlysubtilisin－1ikeproteases．PfSUBland  

PfSUB2fromasubsetofthedensegranulesweredescribed（Blackmanetal・1998；  

Baraleetal．1999）．Theproteasesmayfunctionintheinitialstepsofinvasionduring  

processlngOftheMSP－1fragment，MSP－1．2tOMSP－1】9andleadingtosubsequent  

formationofthePV（Baraleetal．1999）．Theapicalcomplexproteinsarethoughtto  

functiorLinaregulatedsequence．Inf！廓lゆarLim，invasionmaybeinnuencedbyan  

apicallylocated calcium－Calmodulin complex（Matsumoto et al・1987）・In  

7bxoplasma gondii，the sequence ofinvasionis regu】ated by secretory pathways  

invoIvingthemicronemes，rhoptriesanddensegranules（CarruthersandSibley1997）・  

Densegranuleandmicronemesecretionisregulatedbyintracellularcalciumlevels  
followinB ParaSite attachment and parasite entry（Carruthers，Moreno and Sibley  

1999）．In777eElariaparvadischargeoftherhoptry－microTlemeCOmplex，upOnentry  

Ofthesporozoiteintoalymphocyteoccursindependentlyofcalcium（Shaw1997）・  

However，itappearSthattheinitialsporozoitecontactwiththehostcellsleadsto  
htrasporozoitecalciummobilization（Shaw1997）・Thesedatas11gBeStthatsignals  

associated with a specific type ofhost cellmayinnuence theinvasion process・  

Furthermore，the data suggest that the apicalcomplex proteins may be usedin  
difftrent ways during host cellinvasion by the di批rent parasites to achieve  

intrace11ularparasitism・  

SeveralproteinshavebeenidentiBedandlocalizedtotheaplCalcomplexin  
Plasmodium species，uSlng mOnOClonaland polycLonalantibodies・However・the  

organe11esarethoughttocontainmanymorepro（einsofasyetunknownfunction・  

Thishasbeenclearlydemonstratedintherhoptries，WhereSDS－PAGEanalysisof  

isolatedrhoptriesfromPlasmodiumspeciesshowsthepresenceofacomplexmixture  
ofproteinsexceedingthemmbercharacterizedintheliterature（Etzion，Murrayand  

Perkins1991；Sam－Yellowe et al．1995；SamrYellowe etal．1998；Sam－1七1lowe，  
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FujiokaandAikawa1999）．Forafewoftheapicalcomplexproteinsidentified，SuCh  

asthering－infected surface antigen（RESA），Rhop－3，RAP－1／2・apicalmembrane  

antigen－1（AMA－1）andMAEBL，geneSenCOdingtheproteinshavebeenisolatedand  

Characterized，amd homologuesidentinedin other PlaL一′nL）dium species suggestlng  

thattheproteinsprobablyhaveasimilarfunctioninthedifferentspecies（rIbblel）・  

Tablel．S11mma町Ofrhop叩prOteinsofPJα∫′”Odg〟∽SpeCies  

Rhoptry proteins Plasm（）diLLmjP・  RefereIICeS  

Borreetal．t995；  
Preiser 1999 

Kappeetal．1998  

Sam－Yellowe，etal．1988こ  
Lusligmaneta】．1988  

Howardetal．1998   

Thomasetal．1990こ  
Kappe＆Adams1996；  
Duttaetal．1995   

Grelliereta】．】994   

Ⅵねrllereta】．1998   

Murakami＆Tanabe1985   

Heinneeta】．t998  

HeinI】eetaI．2000  

Rogeretal・1987  

Smytheetal．1988  

S拍reyelal．1992  

Barnwell＆Galil】Ski】998   

Bamwe‖＆Galinski1998  

Rayneretal．2000  

RayneretaL．2000  

rodent．human  

rodent．hlLman   

roden［，human  

human．rodent  

Py235   

MAEBL  

Rhop－1／2／3  

（Rh（〕p－H）  

RAP一】／′2ノ′3  

AMArl  rodent，human，Sjmian  

hulmall   

rodent   

rodent   

rodent  

rodent   

humaTl   

llunlan   

human   

human   

human   

hul¶all   

hulm別l  

Pf60   

ROPE  

PY 160 

町6軋SO，105，  
1う0，140kDa  

PyAG I 

Ⅳ225   

Pr55   

Pf52   

PvRBP－L   

PvRBP2   

円＝RBPlHa   

PfR8P2Hb  

Pla5mOdium．h／ciparum rhoptryproteins such asthehigh molecularweight  

rhoptryproteins（Rhop－H）bindtotheerythrocytemembraneandrnayparticipatein  

merozoite entry（Sam－Ye1lowe and Perkins1990）・Furthermore，AMA－1with  

epltOpeS eXPreSSed on the merozoite surface may also have a roleininvasion  
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（Thomas，Waters and Carr1990）．In recent studies，a neWly described chimeric  

rhoptry protein，MAEBL，POSSeSSeS Shared domainsfrom the Duffy－bindinglike  

（DBL）erythrocytebindingproteinfami1y，derivedfrommicronemesandtheAMA－1  

rhoptryproteinfamily（Thomas，WatersandCarr1990；Kappeetal．1998）．TheDBL  

fami1yplaysanimportantroleinerythrocytebinding（Sim1995）．   

MORPHOLOGYANDORGANIZATIONOFPLASMODltJMRHOPTRIES  

In PlasmodEum jblcIpaT・um Six rhoptry proteins have been molecularly  

Characterized（SeerIbblel）・Thegenesencodingtheproteinsdonotshareanyobviou5  

0Veral1struCturalfeatures・However，AMA－land MAEBL share cysteine rich  

domainsofDuHy－1ikebindingproteinsprobablycontainingtheerythrocytebinding  

domainandtheextracellulardomainofAMA－1（Kappeetal．1998；NoeandAdams  

1998）．AconsensusmotifKNVfoundima11rhoptryproteinswaspreviouslyreported  

（SuareZetal．1994）．Notypicalrepetitive sequencesarefoundjnrhoptryproteins．  

ThenumberofrhoptrleSfoundininvasivestagesofthedi能rentaplCOmplexanSVary，  

asdothenumberofproteinslocatedinthem・0nlyaslnglerhoptrywasidentifiedin  

SPOrOZOitesofCりptOSPOridiumparvum，andasmanyasfburormorerhoptrieshave  

beenidentinedin sporozoites and tachy乙OiLes of 7T gondii，This unlque  

morphogenesisisintrlgulngandraises主mportantquestionsconcetTlingtheregulation  

Oforgane11ebiogenesis．Forexample，a）howisorganelledistributionregulatedinthe  

di能rent zoites？and b）do the rhoptries and microneTr）eS SeCrete their contents  

throughacommonduct？Howissecretionregulated？Apicalorgane11eshavebeen  

isolated and characterizedfrom severalapICOmP］exans．MorphologlCally rhoptrleS  

fromdifferentspeciesappearsimilar；theyareelectrondenseandsurroundedbya  

limitingmembrane（LericheandDubremetz1991；Etzion，MurrayatldPerkins1991；  

Machadoetal．1993；Sam－Yellowe，FLtiiokaandAikawa1999）．Whensporozoitesof  

C・ParVumWerefractionated，therhoptrieswerenotseparatedintoadistinctfraction  

butremained associatedwiththeapICaltlpOfthe zoiteinfractionsofl・2rlr3M  

sucroseconcentration（PetryandHarris1999）・Noproteinshavebeenidentinedin  

thelimitingslnglemembraneoftherhoptryorganelle・lfanyproteinsareinserted  

intotheorgaTlellepostranslationally，1twi11beimportanttoidenti年proteinsonthe  

su血ce ofthe organelle that may beinvoIvedin proteinimport and sequences  

responsiblefortargetingtheorganeLle（Johnson，LahtiandBradley1993）・Rhoptry  

PrOteinsidentifiedsofararedistributedtothebodyorneckoftherhoptTies・  
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Immunologicalmethodshavebeenusedtoidentifysucrosegradientfractions  

COntainlng rhoptriesin different apICOmPlexa，However，with theidentification of  

PrOteaSeSand otherenzymeswithindifferentorganelles，itwi11become possibleto  

distinguishmorecarefullyfractionscontainlngaSpeCincorganeJle．Amongthemost  

COmmOnly studied organelle，the rhoptrleS pOSSeSS a densltyln the rangel，12－  

1．18g／ml．IrnrnunoIoglCalcross reactivlty WaS Observed arnong merozoite rhoptry  

proteinsofrodentPlasm（，diumspeciesandPjiEIciparum（Sanl－Yel】oweetal．1998）  

suggestlngthecohservationofrhoptryproteinsacrossPlasmodiumspecies．Recent  

evidence sl］ggeStS that this cross reactivlty may be shared by the ookinete and  

SpOrOZOite（T．Y．Sam－YelloweandC．Perry，unPublishedobservatioms）．1nEimeria  

［ene／la，limited cross reactivlty WaS C．bserved among the di能rent zoite stages  

（Tomley1994）・ThePf7／ciparumrhoptryproteinPf60・1encodedbyamultigen  

fami1y has homology［o Babesiu sp．RAP－1（Grellier et al．1994）．Unlike other  

rhoptryproteinsidentified，Pf60，1possessesahighlevelofgenetic polymorphism  

thathasbeenfoundusefulintypingF！ja［c¢arumstrains（Carcyetal・］995）．  

RKOIITRYpROTEINSOFR∫A上C〃ミ4月〃〟  

TbblelsummarizesrhoptryproteinsofP！asmodiumspecies，Rhoptryproteins  

OfPlasmodium speciesaregenerallynonppolymorphicanddonottyplCal1ypossess  

themuJtip［eaminoacidrepeatSaSSOCiatedwithotherasexua］stageproteins．Someof  

the pr（一teir）S are］ost duTjng merozoite release，SOrneperSist on the merozoite and  

Others are carriedinto the newly brrned ring stageindicatlng distirlCt rOlesin  

merozoite rclease and host cell invasion. Protection afforded by purified rhoptry 

PrOteinsofP．舟IciparumhavesincebeendescribedA）rSeVeralproteins，withTandB  

CellepitopeSiderltifiedinproteinssuchasAMA－1，Rhop－3andRAP－1／2／3（Ho、I′ard，  

JensenandFranklin1993；Jakobsenetal．1993a；Jakobsenetal1993b；Jacobsonetal．  

1998；Laletal・1996；Yangctal・1996；Perrinetal・19H5；Ridleyetal．1990a；Ridley  

et al，1990b：Brown and Coppel1991；Siddiquletal．1987；Stowers et al，1996；  

Thomaselal・1994）・RelativetoAMALlandRAP1／2／3，Verylittleisknownabou（  

theimmunoIoglCaL propertiesoftheil－djvidualRhoprHproteins．80thBandTcel］  

epitopesofP＆llck，arumantigensareesselltialわrtheinductionanddevelopmentof  

SuStained protectiveimmunity to Fリtl／cIparum・Thc maJOr rhoplry proteins ofP  

jb［ciparumarediscussedbe］ow，  
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RHOPTRY－ASSOCIATEI）PROTEINS－l，・2and－3（RAP－1，RAP・2RAP・3）  

TheRAP－1protein，Synthesiヱedinthetrophozoitestageasan84kDaprotein  

isconvertedtoan86kDaprecursorprotein（Pr86）thatisprocessedsequentiallyfrom  

theNrterminustoproteinsof82kDa（p82）and67kDa（p67）intheschizontstage・  

TheRAP－1／2／3proteinsarelocatedinthebodyoftherhoptrleSbyIEM，Bothp82  

andp67arelocalizedtothemerozoitesurfaceandmay beinvoIvedinmerozoite  
invasion（Howard etal．1998）．The N－teminus ofRAP－1contains anoctapeptide  

repeatofthestructureKSSSPSXT／VdQTSGS／Landisconservedamongdi触rent  

geographicstrainsof11．頑Iciparum（HowardandPeterson1996）・RAP－lassociates  

non－COValentlywithproteinsof39kDa（RAP－2）and37kDa（RAP－3）toforma  

stablecomp］ex・Thep67fragmentisthoughttofunctionfollowlngmerOZOiteentry・  

before sealingofthePVM（Howardetal・1998）L Gene－targeteddisruptionofthe  

RAPqlgenehadnoe舵ctonmerozoiteinvasionintothehosterythrocyte・Similarly  

targeteddisruptionoftherhoptryproteinROPl（Kim，SoldatiandBoothroyd1993）  

in7二gondiihadnoelTectonparasiteinvasion・However，themutantP  

parasitesproducedtruncatedRAP－1whichfailedtotranslocateintotherhoptries・The  

RAP－2proteinwasalsonottransloca工edtotherhoptr］eSSuggeStlngthatRAP－1is  

essentialfortargetingofRAP．2totherhoptries（Baldietal・2000）rNomorphological  

changeswereobservedintherhoptryorganelleintheabsenceofRAP－1・  

TheIackofaneffectonmerozoiteinvasionresultingfromRAP－1disruptlOn  

isintrlgulnglnlightoftheimmunogenicltyOfRAP－1ininfectedindividualsandin  
animalstudies（Fonjungo，StuberandMcBride1998；Foqungoetal・1999；Jacobsen  

etal．1998；Alifrangisetal．1999）．RAPrlmayhavearolenotinhostcellentrybutin  

thebiologlCalfunction oftheparasite・Human antibodyresponses toRAP－1and  

RAP－2appeartobeage－dependentandareinfluencedbyspecincHLA（HLADRand  

DQ）allelessuggestingthatHLAa11eleproductsexpressedatdifferentagesgovem  
the antibodylevels achievediTladults andtherate atwhich RAP－1immunltylS  
acquiredbyanindividual（Johnsonetal・2000）・   

APICALMEMBRANEANTIGEN－1（AMA－1）  
Apicalmembrane antlgen－1，Synthesized durinB thelastfoul・hours of  

schizogony，is an approximately83kDaprotein，thatis processed to a66kDa  

moleculewith epltOpeS eXPreSSed on the surhce of the merozoite・AMA－1is  

localizedto the neck ofthe rhoptries byIEM amdistypICalofatypelintegral  
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mernbrane proteln，With a hydrophobic slgnalsequenceinthe C－terminus and a  

CytOplasmic tail．MqJOr StruCturalfeatures ofAMA－lare conservedin allAMA－1  

genescharacterizedfromdifferentPlasmodiumspeCies，makinglhisoneofthemost  

promislngVaCCinecandidatesofthe bloodstage・However，antlgenic polymorphism  

among parasite strains has been describedinAMA－1and strain specificimmune  

responses have been descrlbedin studies with P chabaudi（Marshallet al．1996；  

Good，KasIowandMil】er1998）．  

Naturally acqtliredimmunlty tO AMA－loccursininfected jndividualsin  

differentgeographicareasandage－relatedchangesinarltibodylevelstoAMA－1were  

Observed（Thomas ct al・1994）・1mrnunodominantTしcellepitopeSin AMA－1TlaVe  

beenmapped（Laletal・1996；Amanteetal・1997），andnineofseventeenputativeT－  

Celldeterminantsinduced PBMC proliferationin a Kenyan study．Cells from  

individualswithJife－1ongexposuretomalarlareSPOndedLhemost，COmParedtocells  

fromdonorswhowerenotpreviouslyexposed，Someofthemostpotentproliferative  

TcellresponseswerefrompeptidesJocatedinthehigh1yconservedreglOnSOfAMA－  

1（Laletal．1996）．  

THE HIGH MOLECULAR WEIGt7T RHOPTRY PROTEINS OF P  

m上CJ凸1月川（Rhop－H）  

The Rhop－H proteins or f！jak：iparum existil－allOllCOValent complex  

COnSistlngOfgenetical］yunre］atedproteinsof140kDaRhop－1，130kDaRhop－2and  

llOkDaRhop－3・（Sarn－Yellowe，ShioandPerkins1988；Lustigmanetal．1988）．The  

Rhop－Tiproteins are secretedinto the erythrocyte membrane durlng merOZOile  

invasion suggesting a role for the proteinsininvasion（Sam－Yellowe，Shio and  

Perkins1988）・Similarsecretionandassociationoftherlnginfectedsurfaceantigen  

（RESA）withhumanandmouseerythrocyteshasalsobeeIIShown（Klotz，etal．1987），  

The three Rhop－H proteins are erythrocyte binding proteins・They bind the  

erythrocyte membranein association with the serine rich antigen（SERA）（Sam－  

Ye】loweetal・199l，PerkinsandZeifer1994；SaIr）rYe］loweetal，illPreSS，b）．Gene  

SequenCeinformationisunavailablef（）rRhop－1and－2・Like（heRhop－1andRhopL2  

PrOteins，theRhop－3issynthesizedinthetrophozoitestageasanapproximately‖O  

kDa polypeptide thatis processed tolOO kDairlthe segmented schizont stage・  

Processlng Ofthe mature Rhop－3protein to thelOO kDa fragment occurs by C－  

temlinalprocessing（Douryetal・1997）・TheRhop－3proteinishighlyhydrophobic，  
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1acks typlCalmembrane spannlng reg10nS，and possesses an unusualmolecular  
struCturebrFモカIck，arum・Sevenexons（‡womini－eXOnS）andsixintronsmakeLup  

theRhop－3gene・Humanserafromdifferentendemicareasreactedstronglywiththe  

C，tetminusofRhop－3（Yangetal．1996；BrownandCoppe11991；Wang，T・andSam－  

Yellowe，T．inpreparation）．Rhop－3speCificantibodiesinhibitinvasioninvitroandin  

vivo（Sam－Ye1loweandPerkins1990；Siddiquietal．1987），SuggeStmgthatRhop－3  

mayplayaniTrlPOrtantrOledurinBlnVaSion・WerecentlyidentiliedtheRhop－3gene  

homologueinrodentPlasmudiumspeCies（Anthonyetal，2000；Sam－Yelloweetal・in  

press，C），SuggeStingasimi1arityinthebio）0／gicalroleofRhop－3amongPla5mOdium  

SpeCies・  

OTHERfミ凧4エC〃地点川RHOPTRYPROTtミINS  

AGP）（g］）′COSylphospatidylinositol）anchoredrhoptryproteinof55kDawas  

describedin Fミ．わIciparum（Smytheetal．1988）．The properties ofthis proteinin  
merozoiteinvasion are unknown．A52kDa rhoptry protein was describedin f！  

．声IcLparum（St（汀ey1992）・A rabbit polycIonala11tiserum but not a monoclonal  

antibodyspecincforthe52kDaproteininhibitedmerozoiteinvasioninvitro（Storey  
1992）．A225kr）arhoptryproteinsynthesizedasa240kDaprecursorproteinand  

localizedtotheneckorPhlciparumrhoptrieswasalsodescribed（Rogeretal・1987）・  

AntiseraagalnS†arhoptryproteinofβabesiadive愕enL～■identineda60kDa（Pf60・l）  

l！julciparumproteinencodedbyamulti－geneLhmily（COntainingapproximately140  

members）（GrelIiereta］．1994）．ThePf60genefamiJyishigh1y polymorphic，and  

・geneproductsmayhavearoleinmerozoiteinvasion（Carcyetal・1995）・Restriction  

fragmentlengthpolymorphisrrlS（RFIJPs）ofPf60hとIVebeenusedtoidentifyisolates・  

Recentlytworhoptryproteins；Plasmodjum舟／（・iparumreticulocytebindingprotein2  

homoIogues（PfRBP2－Haand－Hb）．encoding proteins of370kDaa■ld383kDa  

respeCtively．weredescribed（Rayneretal・2000）・BotllPrOteinspossesshomoIogyLo  

thePvRBP2andtothef｝yL）e／ii235kDarh〔一Ptr）IPrOtein（Galinski、XuandBarnwel1  

2（）00）．  

RHOPTRYPROTEINSOFOTHERPLASMODIUMSPECIES  
The role or PlaL～・mOdium rhoptry proteinsin meroz・Oi（einvasiollandin  

conferringlmmunitywasdemonstratedinpassiveimmunizationstudiesbyFreeman，  
TreJdosiewiczandC■ross（1980）・MerozoitespeCiflcantibodies，SLLbsequentlyshown  
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tobe specificfbra235kDa（Py235）Jh＞OelilrhoptryproteininhibitiedJh〉Oelii  

parasitemia・ImmunizatiollWiththepurified235kDarhoptryproteinrrlOdifiedhost  

cellspeCificity froln erythrocytes to reticulocytes andled to parasite clearance  
（HolderandFreeman1981）．ThePy235isencodedbyalarger11ultigenefamilythat  

mayberesponsibleformaintainimgclonalvariationofFh｝Oeliimerozoites（Borreet  

al，1995；Preiseretal．1999），Py235possessesadomainwithsimilaritytoapartial  

sequence or［he P vivaxrhoptry protein PvRBP－2（Keenetal・1994）andbinds  

preferentia11y to mouse erythrocytes（Ogun and Holder1996）・The repetitive  

organellarprotein（ROPE）isa229kl）aproteinidentinedinPchabaudiandshown  

to reselnbJe a cytoskeleta）protein（Werner，Taylor and Holder1998）due to the  

presenceofdimerie alphahelicalcoiledrcoilsreminiscel－tOfspeCtrin・Apotential  

leucine histidine（LH）－Zipper WaSidentilledinthe primary sequence・ROPE  

recombinants were recognized by postinfection antiserum argulng．n favor ofa  
possibleinvoLvementoftheproteininmerozoiteinvasionandPVformation・The  

chimericproteinMAEBl■describedini！yoeliistrainYM，isalsothoughttofunction  

duringmerozoiteil－VaSion・BothROPEandMAEBLwerelocalizedtotheapicalend  

of merozoites followlng TFA with recombinant specific antibodies・The rhoptry  

protein AMA1has beenidentifiedin allJ，la5mOdium species（human，rOderlt，  

simian）examined so hr（Kappe and Adams1996；Thomas et al・1994；Dutta，  

Marsha］1andChauhan1995）．lnaddition，Rhopr3、RAP－1／2andPy235geneshave  

beenidentifiedin PLh／cLparum，P vjvaxanddifferemtrodentPlasmodium species  

basedonESTsequencesavailableinthepublicdatabases・AFh，Oeliirhoptryprotein  

of160kDawasidentifiedbymonoclonalantibodies（Murakamiand「Ibnabe1985）・  

ItshlnCtionis unknown．Heinne etal．（2000）ident浦ed a68kDaFh7（）e／iirhoptry  

protein，PyAGlpossesslngArf－L－GTPaseactivity・ThegeneencodingPyAGIwas  

identinedusingarhoptryspeCificmonoclonalantibody（Heinneetal・1999）・  

RHOPTRYPROTl工INFUNCTION  
The rhoptries are secretory organe］］es・Their biogenesis through the  

endoplasmicreticulumandGolgisupportthisview・Futhermore，aSdemol－Stratedin  

Tgondli，therhoptriesareacidic，furtherevidencefortheirsecretoryproperty（Shaw，  

RoosandTilney1999）．Rhoptricsofotherapicomplexanswi］1need10beinvestigated  

to confirm the simi1arLtyln Organelle pH・RhopLry proteins areimporlant VaCCine  

candidates for malaria due to their high1y conscrved struct11re・Threeleading  
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Candidates for an asexualstage malaha vaccine are AMA－1，RAP－1and RAP－2  

（FacerandThnner1997）・The collective data sofhrindicatesthatrhoptry proteins  

havediverseroles・Rhoptryproteinsareexpressedonthemerozoitesurface，bindto  

the host erythrocyte，are SeCretedinto the host ce11membrane duringlnVaSion  

（Thomasetal．1994；Howardetal．1998；．Sam－Yellowe，ShioandPerkins1988；Sam－  

YelloweandPerkins1991）andrhoptryproteinswithproteolyticactivityhavealso  

beendescribed（Braun－Breton，RosenberryandPareiradaSilva1988）．  

Rhoptryspecificantibodiesinhibitinvasioninvitroandinftctedindividuals  

make antibodies that recognize rhoptry proteins，a StrOngindicationthatrhoptry  

PrOteinsareaccessibletothehostimmunesystem．  

RhoptryproteinsofTgondiEparticlpateinhostce11entry，PVMmodification  

andporeformationinthevacuolefbrsolutetransport（Dubremetzetal．1998），andas  

SuChpresentagoodtargetfbrimmunologlCalresponses■Tbxoplasmagondiiproteins  

Of36kDato38kDarecoBnizedbyamonoclonalantibodyandlocalizedtorhoptrleS  

anddensegranulespossessacidphosphataseactivity（Metsis，PettsersenandPetersen  

1995）．In addition，reaCtivity ofT gondilapicalorgane11e specific antibodies was  

Obtainedin F！amm（，ndia hammondiand Ne（）SPura Caninum，SuggeStlng a  

COnSerVationofmanyorgane11eproteinsacrosstheapicomplexa（Riahietal・1999）▲  

Plasmid DNA vaccines encoding GRAl，GRA7 and ROPr2 provided partial  

protectionagainstchal1enBeWith7：gondli（Vercammenetal．2000），SuggeStingthe  

POtentialusesofotherapICa］complexgenessuchasthosefromPlasmodiumspeCies  

in DNAimmunization studies・A22kDa merozoite specific rhoptry protein of  

Eimerianeischulziwithanunspecifiedrole，isTeleasedduringlnVaSionandlocalized  

tothePV（Rick，DubremetzandEntzeroth1998）．Inaddition，nOfunctionhasbee  

described forRAPproteinsofBabesiatIn Babesia multiple copleS Ofthe RAP－1  

rhoptrygenefamilywerereportedina11speciesofBabe5iaexamined（Dalrympleet  

al，1993）．TheimmunogenicityofRAP－1andtheinhibitionofBabesiainftctionin  

vitrousingRAPLIspecificantibodiessuggeststhatRAP－1mayplayasignificantrole  

duringbovineerythrocyteinvasion．Tnaddition，a48kDaB・Caballirhoptryprotein  

WaSinvestlgatedasamarkerproteinforserologicELISAtoidentifyinfectedhorses  

（lkadaietal．2000）．When whole rhoptries ofBabesia were used forimmunizing  

Cattle，partialprotection was observed，SuggeStlng that other rhoptry proteinsin  

additiontoRAP－1mayinduceinhibitoryantibodies（Machadoetal．1999）ininfected  

animals．1nTheilariaparvawhichparasitizesbovinelymphocytestheapicalcomplex  
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organellesdonotfunctiondirectlylninvasion・Theorgane11esdischargedurtngthe  

escapeoftheparasitefromtheencloslngVaCuOlefbllowlngCe11entry・ThreeapICal  

complex proteins ofTparva have been describedandtheylnClude alO4kDa  
rhoptry，micronemeproteinandtwomicrosphereproteins（1amsetal・1990；Skiltonet  

al．1998）．Theirroleininvasionisnotknown・   

BINI）INGOFRHOPTRYPROTEINSTOERYTHROCYTES  

The erythrocyte binding proteins（EBPs）ofPLasmodium speCies can be  

classinedinto丘〉urgrOupS；1）Thevariab］e merozoite surfaceprotein－1（MSP－1）  

which binds to sialic acids on glycophorin（Perkins and Rocco1988）；2）The  

micronemederivedEBPs，SuChasEBA－1750fPPllc¢arum whichalso bindsto  

sialicacidsonglycophorin（Sim1995），theDuffyantigenbimdingproteinsofPvivax  

andP knowlesiwhichare alsoofmicroneme origin；3）The reticulocyte binding  

proteins，PvRBP－1and PvRBP－2a］so aplCal1y derived，particIPatein P vivax  

merozoiteinvasionintoreticulocytes（BamwelIandGalinski1998）・Py2350fI！  

yoeliiwhichsharesamareaoflimitedhomologywithPvRBP－2bindspreferential］yto  

matureerythrocytesandnotreticulocytes・However，thespeCincbindingdomainfor  

Py235hasnotbeenidenti坑ed・4）ThehighmolecularweightrhoptryproteinsofP  

Pciparum，Rhop－Hthatbindshumanandmouseerythrocytes，rr・OuSereticulocytes，  

membraneghostsandinside－Out－VeSicles（IOVs）（Sam－Ye1loweandPerkins1991）▲  

TheRhop－Hproteimsbindtheery［hrocytemembraneinassociationwiththeserine  

richantigen（SERA）．TheP廓JciparumRhopLHcomplexandSERAalsobindto  

liposomes，ShowingapreferenceforphosT）hatidylserine（PS）containingliposomes  

substitutedwithshort－Chainfhttyacids（PerkinsandZieferJ994）・NativeMSP－1and  

peptidefragmentsfromMSP－1inducethebindingofRhoprHandSERAtointact  
humanerythrocytes（SamrYelloweandPerkins1991）・TheRhop－3genehomologue  

wasrecentlyidentifiedintherodentPlasm（）diumspecies，Fh，Oelii，PbeT7；heiandP  

chabaudi（Anthonyetal，2000；Sam－Yelloweetal・inpress）・TherodentPlasm（）dium  

Rhop－3geneproductshareseryLhrocytebindingpropertieswith the F！Pllciparum  

proteinsuggestlngaSimilantyln thefunctionoftheproteinsamongPla▲一mOdium  

SpeCies  

ThereceptorbindingdomainoftheRhop－3proteinhasnotbeende玩1ed・No  

typicaladhesionmolifswereidentifiedintheproteinsequence（BrowllandCoppe1  
1991）．Ft．舟Iciparuminvades mouse erythrocytes and the Rhop－3proteinis also  
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SeCretedintothemouseerythrocytemembraneasseeninhumanerythrocytes（Sam－  

Yellowe，ShioandPerkins1988；Sam－Ye1loweandPerkins1990）．  

1n additionalstudies the Rhop－H and SERA proteins bound tointact  

erythrocytes fbllowhlg treatment Of the erythrocyte with membrane modl11atlng  

agents such as 2－（2－methoxyethoxy）ethyl－8－（Cis－2－n－OCtylcyclopropyl）octanoate  

（A2C）andmyristoleylalcohol（MA）（Ndengeleetal・1995）．Theseresul（SSuggeSt  

thatmembranepertubationmightbearequlrementfbrRhop－H protein bindingto  

erythrocytesduringmerozoiteimvasion・TheEBPsingroup2arecharacterizedby  

CySteinerichmotifsreferredtoasDuffybinding－1ike（DBL）domainswhichmediat¢  

binding to the erythrocyte membrane・AdditionalEBP homologues with the  

COnSerVedcysteine－richmotifshavebeendescribedintherodentP／asmodiumspeCleS，  

P berghei，P chabuudi，j！vinckeiandP y．yoelii（Kappeetal．1996），andin  

Cyan｛，m（，［gi（Okenuetal・1997）．Furthermore，regionscontainingtheadhesionmotifs  

havealsobeenrnappedinJミ庵n（，WLe∫iandJミvivax（RanjanandChitinis1999）．  

TheEBPsoftherddentPla5mOdlumspeciesinvestlgatedinF！be堵heiandP  

yoe／Li，pOSSeSSSequenCehomologytotheDuffybindingdomainoftheDBLfamilyof  

EBA－175・ÅnewchimerlCprOteindesignatedMAEBLpossessessequencehomology  

to the ectodomain fragment ofAMA－1（duplicatedin the chimera）and the Duffy  

binding domain of the DBL family of EBA－175．MAEBL bound to human  

erythrocytesinarosettlngaSSay，followlngeXPreSSionoftheproteillinCOS－7cells  

（Kappe et al・1998）・M勾Or queStions stillunresoIvedinclude the following：a）is  

apICalcomplexproteinbindingtothe erythrocyte／byitseIfnecessary formerozoite  

invasioll？；b）are EBPs of apicalorigin necessary for parasite survival？Further  

investlgationsarerequiredtoaddresstheseimportantquestions．  

RHOPTRYB10GENESIS  

Studies have shown that rhoptrleS are R）rmed and distributed concurrently  

WithotherstLbcelullarorgane11es，Withproteinsdestinedfortheorgane11esynthesized  

androutedthroughtherouBhendoplasmicreticulum（RER）andGolgii－1aregulated  

SeCretOry Pathway，Treatment of parasiteswiththe fungalmetabolite BrefeldinA  

（BFA）which blocks anterograde transportfrom the ERIo the Golgi，and paraSite  

ineubationat150Cblockprotein transportinthecisrGolgi，furtherevidenceforthe  

Golgiand functionalsecretory pathway（Haldar1994）・In f！．舟Iciparum，uSing  

transcr］PtanaLysISOfdifferentdeveJopmentalstagesin the schizontand subcellular  
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丘actionationofrhoptriesatdifferentstagesof“matunty”，aSSemblyoftherhoptries  

WaSfoundtobe staggered，With thedetectionoftranscnpts encodingthehighand  

】ow molecularweight rhoptry proteinsatdifferenLtimes（Jaikaraetal．1993）．Pre－  

rhoptrycompartmentswere alsoidentified suggestlng thatthe rhoptriesareformed  

fromvesicularcompartmentsthatmaycontainoneormoreproteinsattheonsetof  

SChizogony（Jaikaraetal．1993）．  

ForRAP－1，Py235andMAEBLpost－tranSlationalprocesslngandimportof  

theproteinsareinhibitedbyBFA，WhileforRhop－3，POSt－tranSlationalimportintothe  

Organelles，butnotprocessingisinhibitedbyBFA（HowardandPeterson1995；Ogun  

and Holder1994：Sam－Ye1lowe1996）・The Rhop－H and RAP－1／2／3proteinslike  

MAEBLaresynthesizedbeforethefbrmationoftheorganelles，MAEBLandRhop－3  

are observed as part of theintraceIlular network pnor to their presencein the  

rhoptries（Sam－Ye11oweetal・inpress，a；Noe，FishklndandAdams20OO）・MAEBL  

accumulatesin a short－1ived tubularreticular network ofthe ER（TuRNER）at the  

OnSetOfschizogony（Noe，FishkindandAdams2000）・AnERchaperoneprotein，BiP，  

and Pf39（an ER resident calcium binding protein）co］ocalized with MAEBL．Tn  

additionthecis→GolgimarkerERD2alsocolocalizedwithMAEBL（Noe，Fishkind  

andAdams2000）．DisruptionoftheRAP－1generesultedintheretentionorRAP－2in  

the ERlumen（Baldiet al．2000）．A rhoptry gene encoding a protein withADP－  

ribosylationFactor－1GTPase－aCtivatingprotein（ArflLGAP）wasrecentlyidentined  

inJミ），Oelii．GenehomoIogueswereidentifiedinotherPLasmodiumspecies（Heinneet  

al．2000）．The presence ofArflLGAP and the datafrom RAPLlgene disruption  

Studies providesfurtherevidence forthefunction ofaclassicalsecretory pathway  

invoIvlng the Golgi，ERand coated vesiclesin the biogenesis ofthe rhoptrleS．rIb  

fullyunderstandthemechanismsinvoIvedinrhoptryproteillSeCretionandsortlnB，  

Subce11ular fractionation of the rhoptrleS，electron microscopy and molecular  

techniques such as genedisruptlOn Willberequired・Processlng Ofrhoptry proteins  

OCCurS Within the pre－rhoptry compartments or within the mature organelle to  

“activate”therhoptryproteins・EvidencefromTTg〃ndiiinassociationwiththeROPl  

rhoptryproteinsupportstheformerhypothesis（SoJdatietal．1998）．  

APICALORGANELLESOFOOKINETESANDSPOROZOITES  

The ookinete amd sporozoite make up the otherinvasive stages of  

PLusm（，diumspecies・Theookinetetraversesthernid－gutePitheliulllOfthemosqultO，  
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whilethe sporozoitesdevelopwithintheoocystandpenetratethe salivaryglands  
where they attaimirlfectivity・Followlng a blood mealthe sporozoitesinvade  

hepatocytes．DeゝPitethesimilarityiJlmOdeofhostce11entryandtheimplicationof  
aplCalcomplexorganellesintheinvasionprocessoflhemosqultOinvasivestages，  
aplCalcomplex organe11e morphology，StruCture andorganization hasbeenpoorly  
studied．Earlier studiesindicatedthat ookineteslacked rhoptries（Aikawa1988）・  

Additionalstudiesindicatedthepresenceofrhoptriesinfhoeliiookinetes（Sinden，  
Hartlt：y andWinger1985）．00kinetes can betransformed easilyinvitro（Sinden，  

HartleyandWinger1985）andmethodsareavailabletoisolatetheapicalcomplex  
Organe11es鮎r further study．Future morphologlCalinvestlgations are required to  

clari年theorganizationoftheaplCalcomplexjnookinetes・Thereareindicationsthat  

rhoptriesamdmicronemesaremorenumerousintheookinete（Sinden1999）thanin  
meroヱOitesorsporozoites．Fo1lowmgcontactofookineteswithce11softhemid－gut  
epithelia，rhoptryandmicronemecontentsaresecreted，aPVvacuoleisformedbut  
soon afterdegraded（Sinden1999）．The ooklnete tranSfbrmsinto anoocyst upon  

reachingthebasa11amina・Atransmissionelectronmicrograph showingtheapical  
complex organelles ofP gallinaceum ookinetesis shownin Figures3Aand B・  
Unlikethemerozoiteandsimi1artothesporozoitetheookinetehasawelldeveloped  
conoidalring（R）and polar ring（P）structure associated with a network of  

microtubules（MT）thatmakeextruSionoftheapicaltippossible（Figs・3AandB）・  

Thiswouldcertainlyfacilitate“burrowlng”oftheookinetethroughthemid－gutWalll  

Figure3・T「ansmission舶出棺nmic－OgraPhofPねs〝10d山川g8〟摘c餌椚00kin（きt合S．  
PanelsA8ndBshowtheapic81regioncontainingapicaIcompLexorganeJres．OM＝Outerunit  
memb（ane；lM＝innerrnembraneeomplex；MT＝m虹和tubuIes；P＝POtaTnng：Rて＝COnOidaJ血g；  
Barニ0．5mわron  
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In the sporozoite stage，the circumsporozoite（CS）protein and  

thrombospondinanOnymOuSPrOtein（TRAP）0riginatingfromthemicronemeshave  

Signincantfunctionsinthedevelopmentoftheoocystandsporozoites，mOtitityofthe  
SPOrOZOites，andinvasionintohepatocytes（BeierandVanderberg1998；Frevertand  

Crisanti1998）・Amicroneme protein circumsporozoite－andTRAP－related protein  

（CTRP）wasidentifiedin P beTgheiookinetes（Dessens et al．1999）．CTRPis a  

micronemeproteinandrepresentsthenrstapICalcomplexproteinidentifiedinthe  
OOkinetes（Dessensetal．1999）．DisruPtionoftheC777Pgeneresultedinreductionin  

OOkinete motility andinfectivity of the midgut epitheliumleading to poor  
development ofoocysts・Theinc】usion ofCTRPin thelarge family ofadhesion  

PrOteinsduetothepresenceofspecincstruCturalmotifssuggeststhatCTRPmaybe  
invoIvedince11adhesion（Dessensetal・1999）・InvestigatiomsusingspeCincgene  

deletionoftheCS（Menard1997），77uP（Sultanetal．1997）andC77Ugenesinf！  

b叩heisporozoitesandookinetesconnrmtheirroleintheoocycstaTldsporozoite  

developmentandintheactivltyOftheookinete・However，invasionofhostcellsby  

OOkinetes・SpOrOZOitesandmerozoitesresultsintheわrmationofa山parasitophorous  

VaCuOle”whichin the case oftheookinete rapidly di5appearS Since theookinete  

transformationintooocystsoccursextracellularly（Sinden1999）．Themicronemesin  

theookinetealsocontaimandsecretechitinases（LangeretaJ．2000）whichareused  

brpenetratlngthechitin－COntainlngperitrophicmatrixastheookinetemakesitsway  
tothemidgut．Thechitinases unlikeCSIミTRAPandCTRPlackadhesivedomains．  

Allthreemqjorapicalcomplexorgane］1esarederivedfromtheERandGolgi（Sinden  

1999）・Rhoptries andmicronemes of ookinetes form aggregated eIectron dense  

particlesthatTTLOVeanteriorlywithinthecytoplasmoftheookinetefollowlngtheir  
fbrmation（Sinden1999），  

CONCLUSIONSANI）FUTURECuALLENGES  

Apicalcomp］exproteinsareunlqueamOnBtheprotozoa・rrbfu11yunderstand  

theroleoftheorganelles，isolationoftheorganelles，mOlecularcharacterizationof  

OrBanellecontenlsandidentincationofconservedmotjfsamongthegenes willbe  
required・Furthermore†thebasis丘汀SPeCinctypesofprotein－prOteinassociationsi・e・  

PrOtein complexes and protein－membranein［eractions willbeiderltined．  

lmprovementsinthetechniquesR）rOrganelleisolation，andestablishmentofinvitro  

targetlngandimportexperinlentSareneeded，Futureresearcheffortsshouldcontinue  
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to utilize the techniques of targeted gene deletiom，gene disruptlOn and parasite  
transfbrmationtodeteminethefunctionofspeCificrhoptrygefleSandgeneproducts・  

With theavailability ofgenomic databases and expressed sequence tags（ESTb），  

newlyidentified genes can be rapidly analyzed，The use of bioinformatics，  

proteomicsaTldmicroarraytechnologywillundoubtedlyenhanceourunderstanding  
Oforganellebiologyatthemolecularlevelandfurtherprovideanexplanationforthe  
mechanismoforganellefunctionduringhostcellinvasion・ItappearsthatmanyFl  

jbLcfparum 重eldisolates caninvade the host erythrocyte using mechanisms  

independentofsialicacids（Okoyeh，PillaiandChitinis1999；Cowmanetal・2000）・  

This observation underscores the need to detemine what role the non－Sialic acid  

bindingproteinsplayduringlnVaSjon・Furthermore－PePtidesinMSP－1andEBA－175  

havebeenreportedtobindindependentlyofglycophorinAandsialicacid（Jakobsen  
etal．1998；NikodemandDavidson2000）．ThesedatasuggestthatproteinsinvoIved  

in mqorandalternateinvasionpathwayswi11berequiredinthe developmentof  
e脆ctive vaccines agalnSt malaria・The new technologleSwi11permit rationale  

vaccine design that takesinto accountimportant domains of apicalcomplex  
molecules．  
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