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AtlSTRACT  

The nucleoside triphosphate hydrolase（NTPase）o  
demonstrates an unusually highlevelofÅTP hydrolysIS，Which，amOng the  
aplCOmplexan parasites，has only been observedin r・gOndiiandthe closely  
related Neosporacaninum・In T・gOndii．NTPase has beenshown tobe highly  
expressed（eonstituting up to 8％ of the tachyzoite protein）andis an  
immunodominantantlgeninmiceandhumanS・TwoisoforTr．SeXist－NTPaseIand  
NTPase11・NTPaseIdemonstratesa4・5fbld greateractivltythan NTPaseIIwith  
respecttoArPhydrolysis・Paststudiessuggestthaton］y virulentstrains tx）SSeSS  
thehighlyactive NTPaseIisoform・Wehave recentlyidentinedaBce11epitope  
（aa484－502）on the NTPaseisoforms which，despite some cross reac［ivity，is  
differential1y recognisedby a natura11yinfected human serum sample・In this  
Study weused competitive antlgen ELISAsandhaveidentined thatthis serum  
Samplereactsspeciiica11ytotheNTPaselepltOPe，WhilstthecorrespondiTlgreglOn  
OnNTPaseIIisoformisthelessspeCificcrossreactiveepltOpe．Theseresultsare  
COnSistentwiththehypothesisthatthispatienthasbeeninfectedwithavirulent  
StrainofT．gondii．   

1NTRODUCTlON  

Although T，gnndiEis the only speCleSin the genera TbxLPlasma，  
pathogenicltyStudiesinmicehaveidentifiedtheexistenceofmousevirulenLand  
mouse avirulent strains（Ferguson and Hutchison1981）・The classification of  
Virulentand avirulent sLrainsbased onboth Beneticamdantlgenic variabilitylS  
becomlngLnCreaSLnglylmpOrtant，aSreCerltStudieshavesuggestedapredominance  
Ofvirulent strains associated with congenitaltoxoplasmosis，Whilst avirulent  
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StrainsappeartObeassociatedwithtoxoplasmicencephalitis（Cristinaetal．1995）．  
Whilst genetic studies haveidentined numerous virulence／aviru］ence ass∝iated  
loci（reviewed byJohnson1997），fewer markers have beenidentified at the  
proteinlevelbyimmunoIoglCalmeans・Usingmonoclonalantibodies，Grossetal・  
（1991），identifieda23kDamembraneantigenwhichwasonlydetectedinvirulent  
Strai†S，WhilstBohneetal・（1993），identineda27kDacytosolicantigenpresent  
OnlylnaVirulentstrains．Meiseletal．（1996）alsousedamonoclonalantibodyto  
identify an epitopeSequenCe Onthe GRA4antlgen aSSOCiated with viru1ence．  
RecentlywedescribedaBcellepltOpeSequenCeOntheNTPaseofT・gOndiiwhich  
isdifferentially recognisedbetweenthetwo NTPaseisoforms byuslng Synthetic  
PePtidesrepresenting eachisoform（aa484－502）in anELISA with anaturally  
infected human serum sample．This serum Sample had a signi坑cantly greater  
reactivltytOtheNTPaseIpeptidethantotheNTPasellpePtide．Thiswasofsome  
interest because a previous study byAsaiet，al．（1995）whiehidentified the  
presence of the twoisoforms（NTPaseland NTPase11），also found that only  
virulent strains possessed the NTPaseIgene，Whilst allstrains possessed the  
NTPaseIIgene．Nakaaret．al．（1998）were able to confirm that onlyviru1ent  
StrainsexpressedtheNTPaselgeneproduct，Whilstallstrainstestedexpressedthe  
NTPaseIIgeneproduct．InadditiontothistheisoforrrlSarea］sodistinguishableby  
the remarkable differencesinsubstrate specincity and enzymeactivlty，Withthe  
NTPaseIisoformshowing4．5foldhigheractivityinthehydrolysisofÅrP（Asai  
etal．1995）．Infact，theregionresponsibleforsubstratebindingandspeC摘city，  
WhichwasrecentlyidentinedbyNakaaretal．（1998），alsorepreser．tstheare且Of  
greatestvariabilitybetweenthetwoisofor？S（aa488－499）andcorrespondstothe  
reglOninwhichwejden祀edthisdifferentla］antibodyresponse・  

TheNTPaseofT．gondiiisaveryabundantprotein，aSitconstitutesupto  
8％ofthetotaltachyzoiteproteinandisalsoanimmunodominantantlgeninboth  
miceandhumans（Asaietal．）987；1992）．Althoughthe functionofthis highly  
activeenzymeremainsunknown，areCentStudyhasdemonstratedthatrepression  
OfNTPase activlty byantisense RNAleads toinhibitionofparasitereplication  
（Nakaaretal．1997）and，aSSuCh，NTPaseisessentialtoparasitesurvival．Reasons  
for the existence ofthe twoisohrms also remain unknown，however，further  
immunologicalandfunctionalstudies ofthisimportant enzyme may shed new  
lightonthefunctionofNTPaseisoforms．Tn（hisstudywehavefurtherevaluated  
the reactivity of a naturally infected human serum sample to the differential 
epitope（aa484L502）ofNTPasebytheuseofcompetitiveantigenELISA・   

MATERIALS AND METt70DS  

、・lI沼・Jりハ  

Recombinant NTPaseIpGEXl九T was expressediTIE，COliand pur浦ed  
frominclusionbodiesasdescribedpreviously（Johnsonetal．1999）．20aapeptides  
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encompassingaa484－502，NH2－CKAPMIVTGGGMLAAINTLK－OHonNTPaseI  
（NTPIpep） and NH2－CKAPMFITGREMLASIDTLK－OH on NTPaseII  
（NTPIlpeP），WereCOmmerCiallymanufactured（ChironmimotopeS）・Theresidues  
CK at the n－terminus ofthese peptides are not part ofthe T．gondiiNTPase  
SequenCebutwereincludedforpeptidestability・   

Co〝甲g血vどβ励ge〃gエJぶA  

RecombinantNTPaseIandpeptideantlgenSWere dilutedto5JLg／mlinO，1  
Mcarbonate／bicarbonatebufferpH9．6andlOOylwasusedtocoateachwellofa  
natbottomEuSAplate（Costar）．Theplateswereincubatedovemightat40cand  
thenwashed4timeswith PBScontaining O．03％Tween20（PBST）．Theplates  
Werethenblockedwith2・5％w／vskimmilkpowderinPBSTandincubatedforl  
hr at37Oc・The serum WaS dilutedl／100inl％w／v skimmilk powder and  
Preincubated at37Oc forlhr with2fbld serialdilutions ofthe competlng  
PePtide・No peptidewas added to the negative controIserum．1（MFLloftreated  
SerumWaSthenaddedtoeachwellandtheplatesincubatedandwasheda5before・  
Anti－humanIgcortjugatedtoalkalinephosphatase（Dako）wasdilutedinl％w／v  
SkimmilkpowderandlOOjLladdedtoeachwell・The plates were washedand  
incubatedasbefore・Onehundredmicrolitresoflmg／mlp－nitrophenylphosphate  
Substrate（Sigma）dissoIvedinlO％diethylaminebufferwasadded to eacJIWell  
andil】Cubated at22Ocin the dark．The O．D．values were measured at405nm  

agalnStaCOntrOIwellthathadnotreceivedserumbutdidreceivecoruugate，thus  
aJlowlng forJlOn SpeCific reactivlty Ofthe conJugated．Percentinhibition was  
determined bydividingthe respectivetestwells（serum pluscompeting peptide）  
by thenegative controJwe11．This figure wa5multipliedbylOO toglVe PerCent  
inhibition．  

／＝〟／t・（・JFJ＿J∫′l  

PeptideantlgenSWeredjlutedto2．5JLg／mlinO．1Mcarbonate／bicarbonate  
buffer pH9・6・Flat bottom EuSA plates were coatedwithlOOJilofantlgen  
SOlutionperwe11．incubatedovemightat4ロCandthenwashed4timeswithPBST・  
The coatedwe］ls werethen blocked with2，5％w／v skimmilk powderin PBST  
andincubatedat370cforlhr，hllowedbyfourwasheswith PBST．Theserum  
WaS dilutedinl％w／v skim milkpowderin PBST andlOOJiladdedto each  
respeCtivewell．Theplateswereincubatedandwashedasbefore．AntiThumanIgM  
Or TgG conjugated to alkaline phosphatase（Sigma）was dilutedinl％w／v skim  
milk powder andlOO FLladded to each well．The plates wereincubated and  
WaShedasbefore．Onehundred microlitres oflmg／mlpLnitropheny］phosphate  

Substrate（Sigma）dissoIvedin10％diethylaminebuffer was added to each well  
andincubated at22Ocin the dark．The O，D．values were measured at405nm  

agalnStaCOntrOIwe11thathadnotreceivedserumoreonJugate・  
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RESUIノrSANDI）ISCUSSION  
C（フ〝甲e～fかed〃Jなβ〝g⊥J∫A∫  

When NTPIpepand NTPIIpep were used ascompetitorantlgenS agaInSt  
wellscoatedwithrecombinantNTPaseIinanELISA，itwasclearlyevidentthat  
NTPIpep competes for antibody reactivity at muchlower concentrationsthan  
NTPIIpep（Fig．1）．However bothpeptides yielded about the samelevelof  
inhibitionatthehighest concentration（125FEg／rnlinhibitor）・Thisis consistent  
Withourprevious鎖ndingsthatthispatient－sserumdisplayssigni丘cantlygreater  
antibodyreactivitytotheNTPlpePtidethantheNTPIIpeptide・Inordertogalna  
more precise representation ofthis differentialactivity we used competitive  
antigenELISAIsuslngNTPIpepandNTPIIpePaSthecoatedantlgenS・NTPIpep  
andNTPlIpepwerethenusedasthecompetitorantlgenagalnSteaChofthecoated  
antigens．ThisprotocolallowedustostudytheafnnityOftheserumforeachof  
thepeptides．WhenNTPIpepwas usedas thecoatedantigen（Fig・2），it was  
observed that NTPIpeP COmPeted forantibody agalnStitselfat muchlower  

‖此  
鈍  
10  

70  

氏】   

％l鵬bidon  劇  
1旧  

ユ0  

；0  

10  

0  

Figurel・CompetitiveantiBen  
ELISA．門地 CO細ed with  
recombinarLtNTPaseI．  

一班 ○ 三0 40 の ∽ 1Ⅸ〉1遡140   

トか山地bl10I mI阿  mE匹p  
・○・  －∇－  

ほ8  

1ロ：〉  

息0  

（苅  

ヰ8  

ユ0  

0  

・ヱロ  

Pigure2・Compe山ivea鵬gen  
ELISA，P】ate coatd wi血  
NTPIpep・   

一三  0  2  1  6  E lO l：己 1ヰ  

け〟山h出bl10r  Ⅳm匹p mⅡ叩  
－○－  －Ⅴ－  

．r1ヽ  



EPITOPE RECOGNITION OF THE TOXOPLASMA NTPase  

閲
 
州
 
別
 
0
0
 
S
 
側
 
 

n
 
 

皿
 
 

％
 
 

Figure3．Compe血ve  
andgen ELISA，Plate  
COa（edwithNTPIIpep・  

d8  

ユ8  

0  

．ユ8  

・2 0 ヱ 4 6 8 IO ほ 14  

ド如11血柚r ト町中甲 mロ匹p  
’○● ・▼－  

COnCentrationsandthereforemuchmoreefflcientlythanNTPIIpep．Thiswouldbe  
expected since NTPIIpep has only70％homology with the NTPTpeP COatlng  
anhgen・HoweveritisinterestlngtOObservethatwhenNTPIIpeplS uSedasthe  
COatedantigen（Fig．3），NTPIpep，Whichhas only70％homology tothecoated  
antlgen，COmpeteSfor antibodymuchmoreefficiently thanNTPIIpepcompetes  
agalnStitself・ThisisevidentbythelowerconccntrationsofNTPIpepneededfor  
COmPetition・These results clearly showed that NTPIpepis high1y efncient at  
COmpetlng for antibody agalnStitself and also agalnSt NTPlIpeP．Whereas  
NTPIIpep competeS for antibody with muchless efnciency for both coated  
antigens・ThehighantibodyafnnitytotheNTPlpeptideindicatesthattheNTPI  
peptideisthehomologousepltOpethathasstimulatedtheantibodyresponse，Whilst  
thelowerafflTlityNTPIIpepisthecrossreactiveheterologousepltOPe・Sinceonly  
Virulent strains contain the NTPIepltOPe，it would suggestthat this patient was  
infccted by a virulent strain of T．gondii・The use ofthis competitive antigen  
ELISA strategy needs to be assessed uslngSera from arange Ofvirulent and  
avirulentexperimentalinfectionsbeforesuchastrategycouldbereliablyusedto  
detectinfectiol－byvirulentstrail－SOfT．gondii．However，theresultspresented  
OfferprelirninaryevidencethatsuchtechnoIogylSPOSSible．   

J〃d～J℃C・JgエJ∫A  

BecausetheexperimentsusedtoidentifythisepltOpeuSedanantiIgA，TgM  
andIgG pooled co再ugate，We havealso used a standardindirect ELISA to  
determinethcisotypeoftheantjbodydjrectedatthisepltOPe・UsingNTPIpepand  
NTPIIpep ascoated antlgenS，Serialdilutionsofthe prlmary Serum andal／500  
dilution ofeither antirhumanIgG or antivhumanIgM，it was found thatIgG  
antibodiesweredetected，WhereasIgMantibodieswerenot（datanotshown）・This  
establishesNTPIpepasadifferentialepltOpeWhichinducestheformationofIgG  
antibodies．  
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