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AIiSTRACT  
A cross－reaCtlng mab BIC4was obtained by fusion of x63－Ag8・653  

plasmacyiomace11swithsplenocytes・Tntheimmunoblotofsporozoiteproteins  
separatedbySDS－PAGE，bymabBIC4recogrlizedproteinbandsat94，66，60，  
45，and20kDa・AntigensrecognizedbymabBIC4werelocalizedinrhoptries  
andnucleiofsporozoitesasshownbyimmunoelectronmicroscopy，butalsoin  
nucleiofuninfected PCKcellsas shownbyIFAr・Beforecellinvasion BIC4  
Iabelledgranularstructuresin theapicalpolesandin themedialcytoplasmic  
reglOnOfsporozoites，StageJmerozoitesandstageIImerozoites・24hrsafter  
infectionBIC4labeledaneトIikeconnectionbetweentheintracellularsporozoite  
andthehostcellnucleuswhichwasobviouslyenlargedininfectedcells・   

INTRODUCTION  
Accordingtotwo－dimensionalgelelectrophoresis（Tomley1994），rhoptry  

organe．lesfromsporozoitesoftheaplCOmplexanparasi［eEimeriatenellacontain  
atleast60independentpo］ypeptides・1n PLasmodiumjblc函rum mostrhoptry  
proteinsidentified by monocIonalantibodies（mabs）also represent potential  
immunogensforinclusioninrecombinantsubunitvaccines（Ridleyetalr1990；  
Perkins1992）．Asubunitvaccinewouldprotectthehostagainsttheparasiteby   
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inductjonofahumoralandcellularimmunereaction（Li11ehqjandTrout1993），  
but wouldleadto autoreactive efftctsifthe componentsofsubunit vaccines  
COntainedcross－reaCtiveepitopesbetweentheparasiteandthehost（Kierszenbaum  
1986）．  

Ⅶrveldeetal▼（1993）recentlylabe）edgranulesintheapicalregionofchick  
CeCumePitheJialce11swithE．TENllM－2，arnabtoalow－mOlecularE．tenel  
SPOrOZOitesurfaceprotein，thusdemonstratingthatinvivojnthelowmolecular  
WeightrangeOf18－19kDatherearecommoncross－reaCtingepltOPeSbetweenE．  
tenelhzsporozoitesandhostcells・InthepresentworkweusedmabBIC4to  
l∝alizefurther cross－reaCtingepltOpeSin E・tenelhzrhoptries，SPOrOZOitecell  
nuclei，andnucleiofhostprimarychickkidneycells．Damian（1989）hasreferred  

tothepresenceofcommonantlgenicepitopesbetweenparasiteandhos［cellsasa  
phenomenon ofllmolecular mimlCry・l・Such molecular mimlCryleads to the  
inductionofautoantibodiesinmanaf（erinfectionwithTrypanosomacruzi．These  
COnSiderationsarealsoofmaJOrSigni負canCeforthedesignofasubmitvaccine  

agalnSt COCCidiosis，becauseinocu）ation with cross－reaCtlng determinants could  
haveunfavorableautoimmuneconsequencesfortheimmunizedchicken．   

MATERIALSANDMETHODS  
Eimeria（enella（Houghton strain）wasmaintainedin3－Week－01dchickens  

（WhiteLeghorn）・Recovery，SpOrulation，andsterilizationofoocystswerecarried  
OutaSdescribedpreviouslybyRaetheretal・（1995），andproteinfractionswere  

preparedfrom purinedsporozoitesuslngthemethodofDubremetzandDissous  
（1980）．For theimmunizatior）SChedule we used a fraction enrichedin  

micronemes，microsomalvesicles，ribosomes，andparts ofrhoptries■BALB／c  
micewereglVen7－8immunizationsintraperitoneallyat2－Weekintervalsandby  
叫ectionsintothetailveinpriortofusion．Monoclonalantibodies（mabs）were  

Obhinedbyfusionofx63－Ag8・653plasmacyiomamyeJomace11swithsplenocytes  
OfBALB／c rnice according to K6hler and Milstein（1975）．Rhoptry－SPeCi鮎  
antibody secretlng hybrids were detected byindirectimmunofluorescence  
antibody assay（1班Il）andthe Western blot technique．Positive hybrids were  
Subcloned bylimit】ng dilution・Immunodetection of rhoptry proteins on  

nitrocellulose（Westernblotting）wasdoneaftersporozoite－prOteinseparationona  

12％SDS－POlyacrylamidegelaccordingtoLaemmli（1970）andproteintransfer  
tonitroce11uloseaccordingtoTowbinetal・（1979）・ForimTnunOdetectionlabeling  
withundilutedhybrjdomasupematantWaSfbllowedbylabelingwithanti－mOuSe  
IgG alkaline phosphatase（1：2，000，Sigma A5153）and bromochloroindolyl  
Phosphate／nitro blue tetrazolium（BCIP／NBT）as substrate（Sigma）．Molecular  
WeightwasevaluatedbycomparisonwithmoJecularweightmarkers（PharmaCia，  

∴∵   
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LMW kit）．Immunoelectronmicroscopy was done as described previously  
（EntzerothetaJ．1993），uSingundilutedhybridomasupernatant，rabbit－anti－mOuSe  

lgG（1：1，000，SouthemBiotechAssociation，RAM－6120－01），andprotein－A－gOld  
（l：100in2％PBSO）．Productionandcultivation ofprimary chickkidney cel】  
（PCKC）cultures were performed according to Raether et al．（1995）on a  
Flexipermslidesystem（Heraeus）・InununOfluorescenceassays（IFÅr）ofinfected  
tissueculturesweredoneafterlOminof鮎ationincoldacetoneuslngundiluted  
hybridomasupernatantforlhrat3TC，WaShingthreetimesinPBS，incubation  
innuorescein－COnjugated rabbit－anti－mOuSeIgG（SigmaF－0257），WaShingthree  

times，and viewing under aZeiss ultraviolet epinuorescence microscope（ICM  

405）at400nm．   

RES一丁LTS  

J椚川〟…1J）／りJ  

FusionofspleencellsfromanimmunizedBALB／Cmousewithtumorcells  
ledtoarhoptry－SPeCincmonoclonalantibody（mab）A4C6（GreifandEntzeroth，  
1996）and toa cross－reaCting antjbody BIC4．The monoclonalantibody BIC4  

recognizedon theimmunoblots ofsporozoites aprotein complexat94，66，60，  
and45kDaaswellasaproteinbandatabou（20kDa（Fig．1j）．  

－DTT  

Fig・1Con丘忙alsectjon5throughasporozoiteofLhrhknelLaaRerfixat10TlarLdlJW  
labelirlg With mabBIC4（x4300）．a－h）Single sections O．5rrur）apart．i）：XZ－Sectjon  
through sporozoite neardle POSi【ion ofthewhite arrowin（f）．j）：ImmLlnOlabe11irlg Of  
SPOrOZOiteproteinsbymabBIC4af［erSDSLFAGEandWestemblottlng．  
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Fig. 2 Electron micrograph of an Eimeria tenella sporozoite. Immunolocalization of 
antigens with mab 8IC4 and protein-A-gold in LR－＼＼也ite ultrathin section. Clear lab巴ling
of rhoptry (rh), nucleus (n), and dense granules (dg), no labeling of amylopectin (a) and 
the anterior refractile body (rbv). x 38,000 (bar=lO µm). 

Immunofluorescence antibody仰の（！FAT)
In confocal sections through fixed E. tenella sporozaites, mab B1C4 labeled 

granular structures in the inner cytoplasm (Fig. la-i). The sporozoite was labeled 
with granular fluorescence for up to 2/3 of its length. The labeled granules were 
concentrated over large areas of the apical and medial region of the sporozoite, 
but also behind the refractile body at the posterior pole. A confocal section 
through the sporozoite's xz-plane shows that the granules are not connected 
together in this plane (Fig. li). 

Immunoelectron microscopy 
The monoclonal antibody B1C4 labelled rhoptry ampoules tightly bundled 

together in the apical region of LR-White ultrathin sections of purified E. tenella 
sporozoites. These intersected rhoptries were circular in cross-section (Fig. 2). 
However, in addition to rhoptries, mab B1C4 also recognized the nuclear region 
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of the sporozoite and granular inclusions located between the nucleus and the 
refractile body. There was no labeling of the pellicle, the refractile body, and the 
amylopectin inclusions in the apical region of the sporozoite. 

重

調

Fig. 3 IFAT labeling with BlC4 during parasite development in PCK host cells: a) 
Eimeria tenella sporozoite before invasion (x 3000). b) Noninfected PCK host cell (x 
400). c) Intracellular sporozoite in PCK host cell 24 h p.i. (x 1400). d) Intracellular 
sporozoite 49 h p.i. (x 3000). e) Two intracellular sporozoites 24 h p.i. (x 3000）.町
Multiplication of nuclei in the trophozoite stage 49 h p.i. (x 2200). g) Schizont I 72 h p.i. 
with merozoite stage I (x 2000). h) Free merozoite stage II 96 h p.i. (x 2000). ap = apical 
pole, hen = host 田ll nucleus, mz = rnerozoite, n = nucleus, pp = posterior pole ヲ pv = 
parasitophorous vacuole, pvm = parasitophorous vacuole membrane, rb = refractile body, 
rbh = posterior refractile body, spz = sporozoite. 

Localization of cross－陀αct的g antigens during invasion and development in
primary chick kidney cells 

Before cell invasion, B1C4 labeled granular structures in the apical and 
posterior pole as well as the nuclear region of purified E. tenella sporozoites (Fig. 
3a). The antibody showed a clear cross”reaction with antigens in the nucleus of 
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Ofthe sporozoite and granularinclusionslocated betweenthe nucleus and the  
refractilebody・Therewasnolabelingofthepe11icle，therefractilebody，andthe  

amylopeCtininclusionsintheapicalreglOnOfthesporozoite・  

Fig．3IFATlabeJingwith81C4durirlg ParaSitedeveLopmentinPCK hostceJIs：a）   
Eime血Lenelh7SPOrOZOitebeforeiJIVaSion（X30OO）．b）NoninfbctedPCKhostcell（x  
400）．c）1ntracelhllarsporozoitein PCK hos†Cel124h p・i・（X1400）・d）IntracelluJar   
SPOrOZOite49hp．i．（X3000）．e）Twointracellularsporozoites24h p・i・（X3000）・f）   
Mu）dplicabor10fnucleiinthetrophozoitestage49hp．i．（X2200）・g）Schizont172hp・i・   
Withmerozoitestagel（X2000）Lh）Freemer？2DitestagelI96hp・i・（x2000）・ap＝aPieal  
POJe，hcJl＝hostcellnucleus，rnZ＝merOZOlte，n＝nuCleus，pP＝POSteriorpole，PV＝  
parasitophorousvacuole，PVm＝ParaSitophorousvacuolernembrane，rb＝refractilebody，  
rbh＝pOSteriorrefractjlebody，SPZ＝SpOrOZOite・   

上〃C（‡Jfz（打わ〃 qf cJり∫∫－Ⅳαごr吻 d〃〟ge〃∫ 血rf乃g 加α∫わ乃8戸山dビVβJ叩mg〝Jf〟  

丹廿椚刷・＝・J抽・よよJ（／一汀、、－r〃、、、  

Before cellinvasion，BIC4labeled granular structuresinthe apicaland  
posteriorpoleaswellasthenuclearregionofpurifiedE．teneLkzsporozoites（Fig・  
3a）．Theantibodyshowedaclearcross－reaCtionwithantigensinthe nuc】eusof  

J、■ll   



CROSS－REACTINGEPITOPESINE．TENELLA   

uninfected PCK cells（Fig．3b）．24afterinfection there wereintracellular  
SpOrOZOites close to the nucleus ofthe host celland BIC41abeled a neト1ike  
eonnectionbetweenthesporozoiteadldthehostcellnucleus（Fig．3c）．Af［ercell  
invasionsporozoiteproteinsofapicalreglOnWereSeCretedintothelumenofthe  
parasitophorousvacuole（Fig．3d，3e）andwerelocatedbetweentheintracellular  
SPOrOZOiteandthe parasitophorousvacuolemembraneinthe form ofprotein  
aggregates・Inadditiontotheparasitophorousvacuolemembraneandthesecreted  

PrOteinaggregate，BIC4labeledanlamentextendingfromthelattermembrane  
intotheinftctedhostcellcytoplasm（Fig・3e）．MorphogenesisofyounBSChizonts  
With multiplication ofnucleiin the trophozoite stage commenced49h after  
infection（Fig・3f）・Of the motile stages of the development cycle，StageI  
merozoiteswerelabeledovertheirentiresurface（Fig．3g）andstageIImerozoites  
atbothapicalpolesandinthemedialcytoplasmicregion（FiB．3h）．Colourimages  
Ofin－Vitrodevelopmentshowthecross－reaCtionofmabBIC4withthehostcell  

nucleiofPCKCculture（Fig．4a－C）．Thechromatin ofthe hostce11nucleusin  
irLfectedPCKcellswasdistinctlydeeondensedTThehostcellnucleusthusappeared  
distendedandbecamethesizeofatrophozoite．InneighbourlngnOninftctedPCK  
CellsthechromatininthecellnucleiwasclearJycondensed－  

Fig・41tW Labding of aninfected PCKC－CuJture with mab BIC45hows the  
decoJldensatlOnOfinfectedhostce］］nuc］eus（hcn）（xlOOO）．ThechromatlrIinthenucleu5   
0f nonir）fected cellsis condensed（White arrow）・a）IntraceIlular sporozoite spz＝  
SpOrOZOite，hcn＝hostcellnucleus，t＝trOPhozoite，SCh＝SChizont．   

DISCIJSSION  
Antigensinrhoptries，granularinclusions，SpOrOZOitecel］nucleiandnuclei  

Of prlmary Chick kidney cel】s werelocalized with the aid of mab BIC4．This  
labeling shows that there are common antlgenic epltOPeS between parasitic  
Eimeriasporozoitesandthehostcells．  

▲■〔ノ   
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ThepossibleoccurrenceofmolecularmimicryLnCOCCidialinfectionshas  
stillhardly beeninvestlgated・Some metabolical1y or struCtural1yimportant  
polypeptidessharingahighdegreeofhomologywithcorrespondinghostcell  
polypeptideshavebeenidentinedinPjhLc＊arum，includingheat－Shockprotein  
（Matteietal．1989），aldolase（Certaetal・1988），tubulin（SenandGodson1990），  
andactin（WeselinBetal．1988），buttheformationofautoreactiveantibodieshas  
onlybeendemonstratedfor single－StrandDNA（Greenwoodetal・1970），heaト  
shockproteinhsp70，andAg332，alsolocalizedinPjblciparum（Matteiand  
Seherf1991）．TheinvoIvementofautoreactiveantibodiesinautolmmunediseases  
。fnervetissuehas becndemonstrated unambiguouslyfor Tbpanosomacruzi  
infections（VanV）OrkisandEisen1989）．ThepathologicalpictureofPlasmodium  
vinkeimalariaalsoseemstobecausedbymolecularmimicryoftumornecrosis  
factor（Clarketal．1992）．Thereisasyetnoknownevidenceoftheoccurrenceof  
autoimmunediseasesafterEimeriainfections．   
IntheimmunoblotofsporozoitesmabBIC4recognizedproteinbandsat  

94，66，60，and45kDa．Recently Tomley（1994）compared electrophoretic  
profilesofrhoptriesfromseveralaplCOmPlexanparasitesandfoundtheyallhad  
clustersofpolypeptidesthatmlgrateinthe45－tO65－kDarangetogetherwitha  
numberofhigh－mOlecular－Weightproteins・However，BIC4differs frommab  
A4C6（GreifandEntzerothI996）byalsolabelingaproteinbandatabout20  
kDa．SinceA4C6（SPeC摘clabelingofrhoptries）andBIC4（CrOSSrreaCtionwith  
rhoptries，nuClei，andhostce11nuclei）onlydifferbythe20kDaproteinband，We  
concludethatthespecialpropertyofclearnucleuslabelinglnSpOrOZOitesandin  
prlmarykidneycelLsisprobablyduetothe20kDaprotein・  
Vbrveldeetal．（1993）recentlylocalizedalow－mOlecularpolypeptideof18－  

19kDainbothsporozoitesandhostce11s・Theauthorssuspectthatthisproteinis  
invoIvedintheparasite－hostcellinteractionbecausein－vivoimmunocytochemical  

methodsonlylccateitinhostce11swhicharespeCincallyinvadedbyE・  
sporozoites・Bymimicryofhost－SpeCincpolypeptidesparasitestagescanimitate  

ligandsforwhichthehostceIIshavespecihcreceptors・Thus，thegenesequenceof  
a sporozoite surfaceantlgenin771eileria‘椚nuhtais homoIogous withthe  
extrace11ularmatrixproteinelastin（Hal］etal・1992）・Elastin－1ikeligandscanbind  

to theelastin receptors ofmacrophages，Which are preferentiallylnVaded by  
meileriapa”aSPOrOZOites・Inmalanalparasitesthereisasimilaritybetweenthe  
extracelh）1ar matrix g．ycoprotein thrombospondinand the surfaceproteins of  
freelymotileparasitestages（GoundisandReid1988，Robsonetal・1988）・There  
areapproprlatereCePtOrSforthrombospondindomainsinthelivercellsofthe  
host・MolecularmimicryofcelladhesionmolecuJeshasalsobeendiscussedforE・  
Eenella sporozoites（rIbmley et al・】991）and for SaTrOCyStis muris aJltigens  

∫ヾ．一   
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（Eschenbacheretal．1993）．AtpresentitcannOtbesaidwhetherthecross－reaCtion  
OfrhoptryantlgenSWithcomponentsofPCKhostcellnucleiisresponsibleforan  
autoimmunereaction，eVaSionofthehostlsimmuneresponse bytheparasite  
（Damian1989），OrSPOrOZOiteinvasionintothehostcells（ヽ屯rveldeetal．1993）．  
Since the nucleus reg10nis a membrane－delimitedintrace11ular compartment，  
CrOSS－reaetion with nuclear epltOpeS may SerVe tOimproveintracellular  
developmentofthe parasite・AnotherpossibilityisthatantlgenSreCOgnized by  
mabBIC4belongtothefamilyofheatshockproteins（HSPs）．Thisisasma11  
group of highly conserved polypeptides that appear to be produced under  
COnditions of stress，including protozoaninfection（Nagasawa et al．1992；  
Rondinelli1994）・HSPsappearPrimarilyinthenucleusandhavebeenfoundin  
Eimeriabovissporozoitesandmerozoites（RobertsonetaL1988）．Cloningand  
SequenClngOfBIC4relatedantlgenSandsequencecomparisonwi11benecessaryto  
provethisassumpt10n．  
SimultaneOuSlabelingofhostprlmary kidneycellmucleiandintracellular  

SPOrOZOites reveals a remarkable changeinthe nucleus ofinftcted host cells  
COmparedwithTlOninfectedcells，ThenucleiofnonfbctedceJIsappeardistended，  
asifthechromatininthenucleushadbecomedecondensed．ThismorphologlCal  
impression mayindicateactivationofthece11nucleus byE．teneILaspomzoites．  
EnlargednucleiwerefoundinPCK cellsinfected withschizontsinparticulaII  
Activationofthehostcellnucleuscouldbeconnectedwiththehighnlltritional  
requlrementS Of growlng SChizont stages．Parasites may exert a regulatlng  
in伽enceonthehostcellnucleustopreventearlydivisionofthehostcell，Which  
WOuldinterferewiththeirreproductionandgrowth．Enlargednucleiininfected  

Cellshave）ongbeenknownmorphologicallyforc∝Cidia（Doran1982）．  

Shortlyafterinvasionsporozoiteswerelocatednearthenucleiofinfected  
Cells，and started their further developmentin close contact with the nuclei．  

AdamS and Bushell（19漫9）have also reported that Eimeia veruゆrmis  
SpOrOZOites arefrequentlylocahzed closetothe host celllspennuclear reglOn・  
This reg10nis particularlyrichin cytoplasm and contains the microtubule－  
organizing centre of many eukaryotic cells. The localization of sporozoites 
Observed by Adams and Bushell（1989）was connectedwith a changein the  

Organizationoftheintraee11ularcytoskeletoncausedbythem．  
In early stages，Shortly after theinvasion of PCK ce11s，intrace11ular  

SPOrOZOites seem to be connected to the host ceLlnucleus by重1amentous  
StruCtureS・Whereasatpresentthereisnoexplanationforthiskindofconnection，  
it seems particularlyinterestingthat Stewartet al．（1986）have demonstrateda  
Vi＄ible connection between rhoptry proteins andthe nuclear membrane of P  
jhlcbarum by electronmicroscopy：after鮎ation with tanmic acidthe authors  

・l、11l   
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observedamembranouswhorlonbothrhoptrleSandthenuclearmembraneofP  
jblc画rum．Theauthorspostulatedthatthenuclearmembraneformspartofthe  
rhoptryrmicronemesysteminparasites・This，tOgetherwith theendoplasmatic  
reticulum，WOuldinturnformacontinuousendomembranesysteminvoIvedin  
cellularsecretion，Theauthorsdiscussedthedevelopmentofrhoptriesfromthe  
Golgiapparatus，Whichderivesfromthenuclearmembrane・   
InthepresentworkmabBIC4unambiguouslydemonstratedthepresenceof  

commonepltOpeSinrhoptriesandthenuclearreg10nOfsporozoites，aSWellasin  
the nuclear reglOn OfPCK hostcells・FutureinvestlBations must clarify the  

functionaJconnection between nuclearepltOPeS and rhoptry epltOpeS andthe  
significanCe Ofthese ep．topes forintracellular development of aplCOmplexan  
parasitesinvivo・   
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