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Immunogenicity of Toxoplasma gondii Heat Shock Protein 70 

C，M．MILLER′N．C．SMITH′K．LUTON′C．A．DOBBIN  

AND A．M．TOHNSON  

MロJ“†√J〝rPβ川S如Jogy U”れUn血r5和好翫たr∫8Jβgy′5y血叩．  

Ⅳビ5伽〃川e5J．Gロrg〃りJN．5．Ⅳ．2065′A以5fr〟Ji■仔  

Receil・ed2鮎ptemt光rlり99／Acce匹d30Scp【emt埠r】999  

Ke）LWOrds：7bxoplasmagoTulif；heatsh（Xkproteirl；VaCCinaLion；immuneresponse・  

ABSTRACT  

Heatshockproteins（HSPs）areagroupofproteinsinvoIvedinmaintaining  
Ce11homeostasis・Theirsynthesisisincreased dramatical1ylnreSPOnSetOStimuli  

suchastemperatureshins，Changesinconcentrationsofglucoseandcalciumand  
alsoin response toimmune factors・HSP70has been found to be strongly  
expressedinvirulentstrainsofTbxoplasmagondiitakenfromimmunocompetent  
micebutpoorlyexpressedinavirulentstrainstakenfromimmunocompromised  
miceorvjru】entandavirulentstrainscultivatedinvitro．Hence，T．gondiiHSP70  
may help protect parasites agalnSt the host．simmune response，a1lowlngthe  
VirulentstrainstopersistastachyzoiteswithouttheenforcedencystationR）undin  
avirulentstrains．ThismakesT．gondiiHSP70anattractivesubunitcandidate・To  
investigate theimmunogeniclty Of this proteinit was afnnityPurified from  
tachyzoitesoftheviru1entRHstraimandinjectedintoBALB／cmicealongwith  
Freund－s Complete Adjuvant（FCA）．Abooster shotwithFreund■slncomplete  

A4juvant（FIA）wasgiven4weeks after theinitialirtiection and blood was  
collected aL8weeks．The RH strain HSP70DNA was cloned as a GST fusion  
protein，eXPreSSed and alsolrUeetedinto BALB／cmice to seeif theimmune  
responsegeneratedbytherecombinantproteinmatchedthatofthenativeprotein・  
Antibodyresponsewasmeasured byELISAstodetectIgGl，IgG2a，1gG2band  
IgG3・AnelevationofIgGlantibodies，butnototherlgGsubsets，WaSObservedin  
the miceimmunised withnative or recombinant HSP70．This suggeststhat the  
immuneresponseseenwiththerecombinantproteinissimilartothatseenwiththe  
nativeprotein・However，theresponsetoeitherproteinwasweak，SuggeStlngthat  
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theT・BOndiiHSP70maynotbeaparticularlygoodimmunogen・   

INTRODtrCTION  

Heatshockprotein70（HSP70）is amemberofagroupofheatshockor  
StreSS－induced proteinsinvoIvedinmaintainingcellhomeostasis．Alongwiththe  
OtherHSPfamilies，ithasanumberoffunctionsincluding：（l）bindingtosteroid  
receptorstherebypreventlngtheirbindingwithnuclearDNAuntilthesteroidis  
also bound；（2）faeiJitation of transPOrt，folding，aSSembly，biosynthesis and  

SeCFetionofproteins；and（3）bindingtounfolded，denaturedorabnormalproteins  

andactlngaSa‖molecularchaperone－1，allowlngtheproteinstorefoldcorrectly．  
Synthesisinereasesdramaticallyinresponsetostimulisuchastemperatureshifts，  
Chan＄eSinconcentrationsofglucoseandcalciumandalsoinre5POnSetOimmune  
faetors5uChasfreeoxygenradi、Calsandcytokines（reviewedbyKaufmann，1990）．  
HSfr70hasbeenobservedfrequentlyinparasitesand，despJteahighdegree  

Ofhomology with vertebrate HSP70，hasproved to be highlyimmunogemic for  
many helmirlthand protozoan parasites．ThisantlgenicltylS Very SPeCific．For  
example，antibodiesinduced to HSP7Os during SchistosomaJaPOtuCum and  

SchistosomamansonLinfectiollSdonotcrossreact（HedstrometaJ．1988）andsera  

frompatientswithPlasmodiumvivaxmalariadonotreactwithpePtidesunlquetO  
PlasmodiumjalciparumfiSP70（Kumareta］・1990）・Themostantigenicregions  
Ofparasite HSP70arelocatedin the variable carboxy－terminalreglOn Ofthe  
proteinandnolinthehigh1yconservedamino－termillalregion（Hedstrom，etal．  
1988；Wallace etal．1992）and，SO，there has beeninterestin parasite／HSPsas  

COnStituentsofanti－paraSitesubunitvaccines（Sharma1992）・  

H5WO has been found to be strongly expressed in virulent strains of 
Tbxtplasmagondiitakenfromimmunocompetentmicebutpoorlyexpressedin  
avirulentstrains．Furthermore，Virulentstrainstakenfromimmunocompromised  
miceorcultivatedinvitrodonotexpressHSP70（Lqons＆Johnson1995）．This  
impliesthatin T．gondii，HSP70expressionisinduceda5areSPOnSe tOStreSS巳S  
imposedbythehost－simmuneresponse．HSP70mayhelpprotectparasitesagalnSt  
the hostlsimmune response，allowlngviruLent strains to persist as tachyzoites  
Without the enforced encystation foundinavirulent strains・Suchanimportant  
functjonmakestTleT・gOndiiHSF70anattractivesubunitvaccinecandidate・The  
aimofthisstudywasto（1）purifynativeHSP70fromviru］entRHT．goluiii；（2）  
CIoneandexpressarecombinantglutathioneS－tranSferase（GST）fusionprotein  
VerSionて）ftheRHHSP70；and（3）investigatetheimmunogenicityofT・gOndiiRH  
strainHSP70andtodeterminetheLypeOfimmuneresponseactivatedbythisHSP  
in〔）rderIoindicateitsusefu1nessasavaccinecandidate．  
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MATERIALS AND METHOI）S  

A扇椚αJ∫  

FemaleBALB／cmiceof6－8weeksofage wereusedin theexperiment・  
TheywerehousedintheGoreHillResearChLaboratoriesona12hrslight／12hrs  

darkcycleat21Oc・FoodandwaterwerefreelyavailableT   

ハJr（山Jl－J  

ThevirulentRHstrainofT・gOndliwasusedintheseexperiments・Ithasbeen  
maintainedbyintra－peritoneal（i．p．）passageinmicesinceisolation・BALB／cmice  
wereinfectedwithlO5taChyzoitesl．P．ther）ki11ed4dayspostinfectionbycervica］  

dislocationunderanaesthetic・TheperitonealfluidswereharvestedafterlnJeCtion  
oflmlPBSintothe peritonealcavlty，Tachyzoites andred blood cells were  

pe11etedbycentrifugation（2，000rpmforlOminat4Oc）andresuspendedinlO  

mllysis buffer（150mM NH4Cl，0．1M TrisHCIpH7・4）forlOmin at room  

temperature．Tachyzoitesandhostcellswerecountedbydirectmicroscopyuslnga  

NeubauerCountingChamber，Parasites were pelletedby centrifugation（2，000  
rpmforlOminat4Oc）andpelletswerestoredat－70Ocuntilused．   

AJl一拍odfβ∫  

AntibodiesusedinWesternBlottinB Were：（1）arabbitderived polyclonal  

antiserum made against a cDNA clone（Ag63）which contains939bp of an  
HSP70－enCOdinggeneofPlasmodiumカZck，arum（Biancoetal・1986）・Thisserum  

WaSkindlyprovidedbyDr．RobinAnders（WEHI）andhasbeenusedpreviousIy  
todetecttheT．gondiiHSP70（140nS＆Johnson1995）；（2）acommercialmurine  
monoclonalantibody（MA3－007）spec浦cforanepitopelocatedbetweenamino  
acids122arld2640fhumanHSP70thoughttobetheATPbindingsite（Affillity  
Bioreagemts）；and（3）a commercialavian polyclonalantibody（Nerang  

Biotechnology）made against a rGGMPGGM13 repeat peptide conjugated to  

Diptheriatoxin（Auspep）．ThisrepeatSequenCeislocatedatthe3■endoftheT・  

gondiiHSP70gene（bons＆Johnson1998）．TheantibodiesusedintheELISAs  

（anti－IgGl，anti－IgG2a，anti－1gG2b and anti－IgG3）were obtained from The  
BindingSite・   

P〟r折c（‡血乃qr〃∫P7P  

Native HSP70was pur浦ed from tachyzoite pellets usJng a Slngle step  
method（Nandan1994），Tachyzoites were reduced to protein extracts by  
resuspensjonofthepelletsinlysissolution（20mMTrispH7・5，0，15MNaCl，1％  
TritollX－100，1mMethylenediaminetetraaceticacid，1mMbenzamidimeHCland  
2mMdithiothreitol）anddisruptionbysonicationat50W／20KHz）ror4x30sec・  
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The resulting preparation was centrifuged at2，000rpm forlO min andthe  
SuPernatantretained．  
Adenosinetriphosphate（ÅrP）agarose（Sigma）wasswo11enin20mMTris  

pH7．5，0．15MNaClandaddedtothe supernatantandthe mixture rotatedon a  
Wheelfor2hrs at room temperature・TheÅrP agarose was collected by  
Centrifugationat500gfor5minandwashed3timeswith20mMTrispH7．5，0・5  
MNaCl，1％TritonX－100thenoncewith5mM HEPESpH7．5，Nativeprotein  
WaSelutedbymixlngtheATPagarosewith5mMHEPESpH7・5，1mMMgC12，3  
mM ArP for2x15min at room temperature and collectlng the elua（e by  

Centrifugation at500gforlOmin・The protein concentrationwasdetermined  

usingtheBradforddye－bindingassay（BioRad）．   

Cわ乃加gqr月〟〟5P70  

Genomic DNA was isolated from tachyzoite pollets by standard sodium 
dodecylsulphate（SDS）／proteinaseKlysis．ForamplincationoftheentireHSP70  

AGGÅrC CÅr GGC GGA CTC TCC  gene，forward primer HSPBF（5’AAG  
TGCTG31）andreverseprimerHSPBR（5’CGT  TTGGArCCT TAATCAACT  
TCCTCCACG3■）weredesignedbasedupontheRIIHSP70genesequence（Lqons  
＆Johnson1998）andincorporatingaBamHIsite（underlined）foreaseofcloningr  
The reactionmixtures L67mM Tris－HCIpH8．8，16．6mM（NH4）2SO4，0・45％  
Triton－XlOO，0．2mg／mlgelatin，2mMMgCl2，2007EMeachdNTIミ1unitTaq  

（Fisher－Biotec），50pmoleachprimerandlOOnggenomicDNAinlOOJJlfinal  
volume］underwent30cyclesofdenaturingat930cfoTlmh，annealingat61Oc  
for2min alld extensionat72Qc for2．5min withtheinitia］denaturationfor3  

minandthennalextensionfor5min．Asingleproductofthecorrectsize（2，028  
bp）wasamplinedundertheseconditions．ItwasdigestedwithBamHlandligated  
intopGEX－1九t・PositivecloneswereidentifkdarLdexpressionoffusionprotein  
inducedwith O．lmMisopropyl－β－D－Thiogalactopyranoside（IPTG）・Fusion  

protein was affinity purified uslng glutathione agarose followlng the  
manufacturerlsinstructions（Amersham）．   

且D∫一月4Gg都dWg∫ferJlβわ〟i柁g  

Purified native and recombinant HSP70 was analysed by SDSLPAGE  
（Laemmli1970）using8％Tris glycine gels（Gradipore）under denaturing  
conditions・AfterelectrophoresIS，PrOtein wastransferredto PVDFmembrane  
（Millipore）asdescribedbyTowbinetal■（1978），Themembranewasincubated  
with phosphateTtnlfferedsaline（PBS）with Tween20（140mM NaC），2・7mM  
KCl，10mMNa2HIt）4．1．8mMI往Ⅰ2PO4，0．3％Tween20）containing5％nonfat  
drymilkfor30mintoblockthemembrane・AfterwashingwithPBS汀ween20・  
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themembranes wereincubatedwitllprimaryantibody（POlyclonalserum Ag63，  
polyclonalchickenantiLrepeatOrMA3－007）atadilutionofl／1000forlhr・After  

WaShingwith PBS／T伽een20themembraneswerethenincubatedwith goatanti－  
rabbit－，rabbitanti－Chicken－OrgOatanti－mOuSe－horseradishperoxidasecoItJugated  
SeCOndary antibody at al／1，000 dilution forlhr・The membranes were  
Subsequentlyincubated with eTlhanced chemiluminescence（ECL）reagents  
（Amersham）forlminandexposedonfilmfordevelopment・   

ImmtmisationwithnativeandrecornbinantHSP700fT．  
Micewere dividedintogroups andinjected with10FLg Ofnative protein  

emulsifiedinFreundlsCompleteA4juvant（FCA），10JigOfrecombinantproteinin  
FCAorlOJJgOfacrude extractofT・gOndiiinFCA・ControIsincludedmice  
lnjectedwithPBS／FCAandmicelnJeCtedwithGST／FCAornotlJtIeCtedatall・  
Booster shots of allproteins were administered at4weeks uslng Freund．s  
Incomplete Adjuvant（FIA）．Blood was collectedvia cardiac puncture under  

NO2／02／halotharLeat8weeks．  

Jい‥ヾ‖りいり、川J，什＼ソー‥り＝〟JJ一．一ミJ∫，＼  

SerafroTr［immunisedmicewereassayedforIgGl－，IgG2ar，IBG2b－and  
IgG3－reaCtivltytOT・gOndiiHSP70usingamodificationtoapreviouslydescribed  
enzyme－1inkedimmunosorben（assay（ELISA）（Smithetal．1997）：ELISAplates  
WereCOatedwithO・1JJg／wellofnativeT・gOndiiEISP70；SeraWereaSSayedata  
dilutionofl＝100；antiLIgGsubset／biotinconJugateS WereuSedatadilutionof  
l：6，000（determinedin a checkerboard assay）；alkaline phosphatase－COnjugated  

extravidin（Sigma）wasusedatadilutionofl：5，000．Mean±SEweredetermined  
foreachgroup andsignificantdifferencescalculated uslngMann－Whitneynon－  

Pararnetricstatistics．   

RESUIJS AND DISCtISSION  
The native protein purined by the slngle－Step method described was  

analysedusingSDSHPAGEandVhsternblottlng，Itwas丘，undtobeaslngleband  
Withan apparentmolecular weightofabout77kDaandwasrecognised by the  
POlyclonalrabbitantiserum to Pjblciparum HSP70，the polyclonalchicken TgG  
raisedaga．nsttheGGMPGGMrepeatandthecommercialmonoclonaltotheATP  
bindingsiteofhumanHSP70（Fig．1）indicatingthatitisHSP70fromT・  
RHstrain．1tcorrespondedto aproteinobservedin acrude protein extractof  
tachyzoitesofT．gondliRHstrain whichwasrecognised bya11antibodiesused  
（Fig．1）andwhichwasnoIongerfoundinthecrudeextractfollowingpurincation  
（datanotshown）．  
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SDS－PAGEand Westernblottlng aJlalysIS Oftheexpressed fusion protein  
recoveredfromgluta［hlOneagarOSeShowedaproteinofapproximately96kDa  
i・e・GSTplusHSP70（Fig．1）．ThisproteinwasrecognisedbytheantiserumtoP  
jhlc＊arumIISP70andthechickenantibodytothe［GGMPGGM］3repeatOftheT．  
gondiiHSP70；both oftheseantibody preparations recoBnised thenative HSP70  
Showingthatthe96kDafusionproteinistheproductofacloneofT，gOndiiRH  
StrainHSP70DNA．Twosmallerproteinspresentinthepreparation werealso  
recoBnised by the polyclonalrabbit antiserum．These seem to t＊trunCated  
VerSionsofthefusionproteinasthechickenIgGtotherepeatlocatedatthe3rend  
OftheproteinonlyrecognlSeSthefu11lengthproduct■ThemonoclonaltotheArP  
binding site does not recognlSe the recombinant version of the protein at alI  
SuggeStlnBthatitisnotfoldedproperly．However，theresponseseenwiththeother  
twoantibodiessuggeststhatthisdoesnotaffectit’simmunogeniclty．Themurine  
monoelonalantibodyalsorecognisedsomelowermolecularweightproteinsinthe  
T．gondiiRHstraincrudeproteinextractwhichappeartobeotherArPbinding  
PrOteins．None oftheantibodies usedrecognised thepeptide specific to human  
indueibleHSP70（Fig．1）suggestingthattheHSP70isolatedfromRHtachyzoites  
andtheclonedversionarenotrelatedtotheinducibleformofhumanHSP70．  

AnelevatedIgGlre5pOnSe WaSSeeninmicelrueCtedwith nativeHSP70  
（p＜0．002）andin mice／叫ectedwithrecombinanL HSP70（p＜0．002，Fig・2a）・No  
SlgnincantlgGlresponsewasobservedinmicei叫eCtedwithPBS，erudeT・gOndEi  
RHstrain extractorGST orinuntreatedmiceL NosignificantIgG2b orIgG3  
antibodyresponsesinanygroupwasobserved（Figs・2b，2cand2d）・OveraI】，the  
absorbancesat405nmwerequltelowindicatlngafairlyweakresponse・  

1 2 3 4  1 2 3 4  1 2 3  4  

FiBurel・lmrunoblot analysis ofcrudeand pu浦ed protein preparations using（a）  
potyclonalantlSerumtOAg63；（b）monoclonal如Itibody MA3－007aJld；（C）chickenlgG  
raisedtothe［GGMPGGM13repealpeptideconjtJBatedtoDiptheriatoxin・LaIlelineach  
blot contains3FLg Of purined tlative RH strain HSP70，1ane2contains12fLg Of  
reeombinantRHstrainHSP70，1arLe3containslOILgOfacrudeproteinex（ractofTgofuHi  
RHstrainandIane4contai［1Sl（氾ngofa匹ptidespecificforhumaninducibJeHSP70▲  
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Figure2．Antlbody resF）OnSeS StimulaIed byiTtleCtion of BALB／c miee with10〃gOf  
native7tgondiiRHs（rainHSP7O，10FEgOfreeombinantRHstrainHSP7（lorlOFLgOfa  
CrudeextractofTlg（）ndiiRHtachyzoites．SerumWaSaSSayedbyELISAsusirLB（a）anti－  
；gGl，（b）anti－LgG2a，（c）anti－IgG2barld（d）lgG3assecon（laryantibodies・  
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Simi1ar results were obtainedwiththe recombinant prOteini．e．only a  
SignincantlgGlresponse was seenin micelnJeCted with the recombinant RH  
HSP70（Fig・2a）・Theresponsetotherecombinantproteinwasashighasthatseen  
Withthenativeproteinconnrmingthatthelackofproperconformationdoesnot  

affecttheimmunogenicltyOfthe recombinal－tr NosignificantIgG2a，IgG2bor  
IgG3responsewas seen（Figs．2b，2cand2d）．Therefore，the responsetothe  

recombinant HSP70was very similar to the response to the native protein．  
However，tWOfactsarislngfrom this studym］tlgate aga］nSttheuseofT・gOndii  
RHHSP70asavaccinecandidate・First，PrOductionofIgGlindicatesstimulation  
Ofinterleukin4productionandsuppressionofinterferonLY（indicativeofaThr2  

response）．Thisiscontrarytocurrentevidence，Whichsuggeststhatinterferon－Yis  
VeryimportantinthecontrolofT，gOndliinfection（Alexander＆Hunter1998）．  

Therefore，it seems that，althoughHSP70may beimportantin the parasite  

responsetotheattackmountedbythehost’simmunesystem（LyonsandJohnson  
1995），itdoesnotseemtot光OneOftheantigensprovokingaprotectiveimmune  
response and sois oflimited use as a vaccine candidate．Second，the overall  

responseisfairlyweak，indicatlngthattheT，gOndLiRHstrainHSP70isnotavery  
immunogenicprotein・ThisissupportedbythelackofresponsetoHSP70seenin  

SerumfrommicelltJeCtedwithacrudeextractofT．gondiiRH．Thisissurprising  
glVentheimuunogenicltyObservedinothel・ParaSiteHSP70ssuchasthosefromS・  
fTumSOniand S．japonicum（Hedstromet al．1988），However，anOther studyhas  
foundthatanti－HSP70antibodiesreachonlyamodestpeakatl－2weeksfo1lowlng  

infectionofmicewithanlow virulentstrainofT．gondiiandthendeclinetobe  
nearlyundetectableaftersixweeks（Ⅵlietal，1998）・   
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