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AIiSTRACT  
WehavesequencedthecDNAencodingthemaJOrSurfaceantigensP30and  

P22，andtheexcreted－SeCretedm叫OrantlgenP230fthevirulent RHstrainand  
avirulent Beverley and S－273strains ofTbxqplasmLlgOndiiby direct PCR・The  

ampl捕edsequencesofantlgenCDNAwerecompared．Completehomologywas  

foundin thecDNAs encodingthe P22antlgeninthe RHand S－273strains of  

Tgondii，and high homo】ogy but rlOt COmPlete was found betweenthe cDNA  
encodingP23alldP30intheBeverleyandS－273・Aninterestingllndingwasthe  
aminoacidsequencedifferencesrelatlngtOSurfacechargeofP30ofviru1entand  

avirulentstrainsofT．gondii．Thesephenomenamightbeassociatedwithinfectious  

differenceince11sand／orthedifferencesinpathogeniclty．   

INTRODlTCTlON  

Tbxqlasma gondi，an Obligateintracellular protozoan parasite js an  
importantubiquitouspathogeninveterillaryandhumanmedicine．1tisknownto  
CauSe tranSPlacentalinfections that canlead to abortion or severe neonatal  
ma）formation（RemingtonandDesmonts1983）．Congenitaltoxoplasmosisremains  
amaJOrhealthproblemindevelopedcountriesandalsocausesgreateconomicloss  
inanimalbreeding，ParticularlysheepandpigfarmingLAcutetoxoplasrnosishas  
been also observedin patientsimmunocorr）prOmised as aresultofdrug therapy  
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（Cohen1970），neOPlasticdisease（FrenkeletaI．1975），Orinfection（Luftetal．  
1984）andisacauseofseverecolnplicationsanddeathinAIDSpatients（Naviaet  
al・］986）・7br甲Iasmagondiiisasuccessfu1parasiteofjmmunocompetenthosts  
bec盆uSeitreadilyformscystswithinbrain andmuscIetissue．Thesetissuesare  

impervious totheimmunesystem，Whichotherwise effectivelycontroIs acute  
inftctionand diseasesymptoms・This organismisconsidered anopportunistic  
Pathogenbecausethecysts，Whichmayexistforthelifeofthehost，OCCaSionalJy  
ruPture and release thousands ofhighlylnVaSiveparasites whichmaycausea  
disseminated and potential1y fataldiseaseifthe hostisin a state ofimmune  
denciency・Therefore・thedevelopmentofavaccineagalnSttO又Oplasmosisand  
SPeCineknowledgeonthehostdefenseresponsewouldbeofgreatvaluebothin  
human andinveterinarymedicine．Twomajor su血ce ant）genS，P22andP30  
（SAGl）thatanchortheplasmamembraneviaaglycophospatidylinositolanchor，  
areexpressedonthesurfhcemembraneofT．gondii．（Kasperetal．1984；1989，  

Tomavoetal・1988，1992；Nageletal．1989）．SeveralinvestigatorshaLVeprOduced  
mon∝lonalantibodies（mAb）whichreactspec漬callywiththeP30antigen（Ag）  
（Kasperetal・1992；KimandJ】00throyd1993；MineoandKasper）994；Bulow  
andBoothroyd1991；Johnsonetal・1983；Rodriguezetal．1985；Burgetal．1988）  
and P23－24Ag（Cesbron－Delauw1989）・A m可or excreted－SeCreted major  
antlgen，termed P23，that has Ca binding domains，is suggested to be a  

POSttranSlationallyprocessedproductofthe24kDapoIypePtide（P24）（Cesbom－  
Delauwet．al．1989）．  

HerewereportthecomparisonofthecDNAencodingP30，P23andP220f  
threedifferentT．gondiistrains．   

MATERIALSANDMETEODS  
J山・・J・／山一仙川■りいいヾい灯油  

TachyzoiteoftheRH，BeverleyandS－273strainsofT．gondiiweregrown  

in tissue culture uslng a Heb cellmonolayerin vitro culture systemwith  

modi鮎dl〕ulbecco’sMEM＋10％heatinactivefetalcalfserum（FBS）（Vhlkoun  
1983）・Purifiedparasiteswereobtainedaspreviouslydescribed（Katoetal，1994）  

andwashedwithicecoldl）hosphatebuffersalinesolution（PBS）▲   

・、ハ．＼●・l．ヾ、、≠漬‥∴  

Approximately5xlO7T．gondiiandHeLacells（negativecontrol）wereused  
forcDNAsynthesis，TotalRNAofeachT．gondlEstrainwaspreparedusingRNA  
Isolator（Genosys，Houston，USA）・MessengerRNA（mRNA）waspurif］edusing  

BioMagOligo（dT）20（NihonPerseptive，Tokyo，Japan），Asa templateforthe  

amplificationreaction，CDNA were preparedfromlmg ofmRNA usingOligo  
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dT12primeramd200UofStlPerSCriptIlreversetranscriptase（LifeTbchnologies，  
Tokyo，Japan）in20mlof reaction mixture according to the manufactures’s  
instructions．ThecDNAreactionmiⅩtureWaSheatedat70ロc，15minanddilutedto  

lOOmlwithTEbuffer（10mMTris－HCl，1rnMEDTA，pH7，4）andstored－20Oc  
u皿tiluse．   

PC斤A／乃pJ節c〟血〟q／rか胴g〃どβ励g朗Jなg那  
AllPCRprimersweresynthesizedbasedonpreviouslyreportedsequences  

（Prince etal．ユ990；Cesbron－Delauw etal・1989；Burg et alL1988）using  

CycloneDNAsynthesizer（MilliporeCoりTokyo，Japan）andpurifiedonTSKge1  
01igo DNA－RPHPLC coIuJT）n，4．6x150mm（TOSOH，Tokyo，Japan）．A nested  
PCRwasperformedforP30cDNAamplificationtoimprovespecincity・Forfirst  

SfepPCR，100mJPCRreactionmixturecontainlng5mlofdilutedcDNAreaction  
mixture as a template，50pmoleach primer（P30Fl：AATGTGCACCTG  
TAGGAAGCTG，P30R2：GCACArGCTGCACGAAGTGTG），0．2mM of each  
dNTPs，10mMTris－HCl（pH8．85），25mM KCl，5mM（NH4）2SO4，2mM MgSO4  

and2・5UofPwoDNApolymerase（BoehringerMannheim）wasprepared・For  
thenestedPCRstep，100mlPCRreactionmixturecontainlng5mloffirstPCR  

alnpliliedmixtureasatemplate，50pmoleachprimer（P30S2nd：GTACAGTTTT  
TGTGGGCAGAGC，P30AS2nd：TTGTCGAJTTGA－GAAGTGAGCA），0．2mM  
OfeachdNTPs，10mMTris－HCl（pH8．3），50mMKCl，1．5mMMgCl2and2．5Uof  

TaqDNApolymerase（Perkin－Elmer，Tokyo）wasprepared．PCRreactionforP22  
andP23cDNAampl沌cationwasperformedwith5mlofdilutedcDNAreaction  
mixtureandspecincprjmers（P22Fd：ACAÅITGCGGTGTGACACCTTC，P22Rv：  

GGTGCÅrArCTTGGTGTGACCT for P22cDNA amplincation，P23Fd：TGT－  

TTGGTGGCTGGCCAAÅTCA，P23RvこGCAGGTGAAGTAACÅrGGGGTÅfor  
P23cDNAamplification）intlleSamemanner aSP30nestedPCRreaction．All  

amplificationreactionswereperformedasfo1lows：denaturation，at930cfor3min  

inthefirstcycleandforlnlinina1125subsequentcycles：annealing，at54Dcfor  
lmin：eXtenSion，at72Dcfor2minandforlOminintheonJylastcycleonQuick  
Thermoll（Nippon Genetics，Tokyo，Japan）．10mlof PCR mixture was  
electrophoresedin2％agarosegelanddetectedbyethidiumbromidestainlng．   

P山r所c（血0〝q′PC尺P和血cf  

The PCR Reaction mixture waspurified directly on TSKgelDNA NPR  
anionexchangecoJumn，4・6x7・5cm（ElenaDKatzet．aJ．1990）usingCCPMHPLC  
SyStemandUV－8020micronowcellUVdetectoroperatedat260nTn（TOSOH）at  
O・9rnl／minnowra［e・The90jL】ofPCRproduc【ionmixturewereiTtiectedontothe  
COlumnequilibratedwith55％ofBufferA（10mMTris－HCl，1mMEDTApH9．0），  
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and45％ofBufferl】（BufferAcontaininglMNaCl）．Theeluantconditionswere  
fb1lowedbyO・5minlineargradientfrom45％to55％and12mingradientfrom  
55％to65％J3・The2・5volumesofethan01，0・1volumesof3MSodiumacetate卵  
5・2andlOrng・ofglycogenwereaddedintothepur捕edfractionbyHPLC．The  
purified produc［s were allowed to precipitateat－20Dc for severalhours and  
Centrifugedat15，000rpm15minat40c・Thepe11etwaswashedwith1mlof70％  
ethanolanddissoIvedinTEbuffer（10mMTris－HCl，0．1mMEDTA，PH7．4）．   

・ヾt－1／仙・仙－・・、l′叫l山  

Sequencesofal1PCRamplifiedantlgenCDNAwereanalyzedbythe373A  
automatedDNA sequencer（Applied Biosystem，Tbkyo，Japan）usingthedye  
terminatorcyclesequenclngkjtandseveralinterna］prlmerS・Thesequencedata  
were analyzed and compared by Genetyx Mac and Geneworks program 
（Inte11iGenetics，U．S．A）．   

RESVuS  

The commonlaboratory strain，RH，is wellknown forits exceptionaJ  
Virulenceinmiceanditsunusuallyrapidgrowthinvivoandinvitro．Therefore，  
itmaynottN＝an aPprOpnate mOdelfor experimentalinfection and protection  
Studies・TheS－273strainisawi1d－tyPeisolatedfromainfectedpiginJapan・Asit  
iscapableofinfectingpigs・Showsthetypicalpropeftiesofslowgrowthintissue  
Culture，and，atlowdosesresultsinanonlethal，Chronicinftctioninmieewiththe  

appearanCeOfbraincysts severalweekspostinfection，itis atypicalT・  
strain found in nature. To determine the homology between several cDNAs 

encodingmaJOrantlgenSOftwoaviru1entandatyplCallyvirulentT．gondiistrain  
WeSequenCedtheP22，P23andP30cDNAfromBeverley，S－273strainsandthe  
RIIstrain・ThesequencesofthecDNAencodingP22，P23andP30ofthesestmins  

areshowninFig・1・AminoacidsequencestranslatedfromthecDNA sequences  

areshowninFig．2．  

ThecDNAandaminoacidsequenceoftheP22，P23andP30cDNAfrom  
the RH strainin ourlaboratory wereidenticalwiththose ofprevious repor［s  
（Burgetal・1988；Cesbron－Delauwetal．1989；Princeetal．1990）．  

Therewereatotalof14ntdifftrencesamongl135ntwhichresultedin12  
AAchangeS amOng336AA［hatdiffered betweenthe RHand S273strainP30  
CDNAintheregion sequenced．NineAAofthose，POSition＃78Phe－Ser，＃195  
Asp－Asn，＃213Lue－Phe，＃251T－Ser，＃263Lys－Asn，＃270Lys－Asn，＃298Lys－Gln，  
＃311Ala－Ser，325Jle－Thr，Wereinthe portion encoding mature peptide．The  
Sequence ofthe Beverley strain P30cDNA revealed dif艶rencesin18nt which  

resultedin12AAchangesfromthatoftheRHstrain＝pOSition＃67Ala－Gly，＃195  
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SEQUENCE ANALrSIS OF TOXOPLASMA GONDI［  

SL．汀l  

TC■Ilぐ■rCGTTCCAATCT‘r’1、Gl、CTT（；R∈CG∧AC■」  
S∵ 一  

B：・  

180  
；’（：（；■1’CCACCACCC人〔】Ar（；CCAG、CGCeCノl’f■「r；AGTGCAぐTC〔二Cて；（jCG（†ÅAC（コ  

24r）  
匡∴互AG．むCTCTT（つ∧T（iぐÅ£CCTCC／iCTぐ；く；TTCCGTケGTCTT（：CAA‘rGTじCG㌫∧TAÅACTAAで戊  

3ロ0  
：＾T（∴九（；rt’じCCAGT（；CC（：＾＾（；（；′L◆（i．丸rrL3TCT十rT∧T（；（；しÅAGGA＾TGc．へ（ニAC．互CTCG，u；tiAAG  

こミ¢しl  

良ざTTC八CH．互（：■「u■1◆じC7｝TCC几Cr；T（；（二（；し；●1’C▲【、TCACAGCTAAGGTCC人GCÅ（；（二CCCCC几、へA片G？  

略：  

lモ：（：（：‾丁く】C－rACCT」lC  

42（）  

CT（；′J‘C’rTA（1ニAC（1〔；TA（二rrCCeGAG＾九∧C（：’rCAGGTTr’）LCTGTTAC  

477  
CTCeT（1（：（：丘r」■GGTCG＾＾八丁．互Arl■GA－－rTG（；Trre‘r．札（；eGC～T  

537  
TCC（：］＼C（＝∵（二rrAAJIGACT（ニC＾＾八CT（二ArllGllTCGC（1TTC〔：tiGGTGCC（二八T（；（iCCこe；T（：Te／1eA  

597  
rCTGGCTT’r（1L＼C．C（：rrGTGTCTeTC＾C（；（；（；t＿＾A（；CTTCTT（；（：、TCCCr；GT（；rr［〔二（；〔二A（；GでTT仁  

SmP  魔7  
へ八C・へ∧八（；じGCTGAT什∧TTAA烏↑ヰぷ寸てAA∧ホわGTt、ACACごA九C  

666  
】そこA■rATC仁AC〔、  
S：■  

じ：・  

田8■1acONAScquence00Inparisonof招2an【廃n，Amwsa貯＄わロWingprimers血ぬrl℃R  
anlp】incationandsequcnelng・R‥RtlsLrain，S＝S－273strain，B＝Bever］eystrair）．  

Asp－Asn，＃251Thr－Ser，＃263LysLAsn，舵70Lys－Asn，＃280SerrGly，＃298Lys－  

GLn，＃311Ala－Ser，3251le－Throftheportionencodingmaturepeptides・  

FortheP22cDNAcomparison，nOdifferencewasobservedbetweentheRH  
straln andthe SL273strain，however，P22cDNA be（Ween fhe R〃strainand the  

Beverleystraindifferedin6ntanda3ntinsertionamong666nt．Asaresult，5  

A人positior）＃46Asp－Glu，＃93Thr－bs，＃97Gln－Glu，＃100A］a－Prointhe  

COmmOn SequenCe and＃138Glyintheinsertion occurredinthepePtideofthe  
Beverleystrain．  

ThesequenceoftheP23cDNAoftheS－273straindifferedin9ntamong  
691nt（whichresultedin6AAdifferencesamong190AA）fromthatoftheRH  
S［rain：POSition朗・2Phe－Lue，＃60Asp－G】tl，＃86Ala－T，＃991ぬ1－MeI，＃114Asp－  
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¢O  
AÅAG8¢TA℡TだATTT耶tCAQ■r・「鐸CT（；TT（；TT琶T、TでGAA8  

S；′  

田ご一・  
1：三0  

；丁くiぢ、£叩く¢T（；A¢G6ぢT乱丁TGTC〔i（；A（iCT（ミど↑睾でAでCC〔；TGTY澄、GTG  R；Å九九T℃AA（；CAAG  

1鱒  
TCぢAGCGCeぢT£でく∈A  尽こTG∈CTくうTC’1－GCCG（iCく；野TTβeGCT二¢C66ÅA月牒沃㍑招封㌣甘ACA一へC、琶  

2元鱒  
良＝賃八γcGαG′Cぢ・Ⅰ・CTCTCTT′Tq肴Tママ、GGTGÅGT、¢、GAじ．GGACÅG（ミ（iだ汎6Gr．八丁TÅGGAAT＆㌫、8A  

二‡い0  

寧÷ぢAAT亡↑㌫T′筏録丁了TFqAG新榊7耶G¢AA£鼠¢GTATC℃TGTて；や塾GÅ㌫此Cじ八CA電8¢丸秘  
Sい、・       ・．GC t・  

8三人   ・・・・・－・ロC‥  

3餅  
空：鎚G＄ACTTm㍗1■こ・互A（；八丁膵∈C′ATT典AÅGCT‘ドeA（；A■l、〔；l拍TCGTÅeAぢC㍍AAG、TC6GだÅ÷Aγ  
S・■・‥・・・‥ ‥・‥ ‥ ‥・‥ ‥・‥・＼  
B，・、・・・‥・・・・・・・‥ ‥ ‥ ‥ ‥・＼・・‥  

・・－－  

R：′GTT九AC㌫T£；く；Al；人ぐこ几G【；TGAアアぢ、ATAぢTAT8．亀ÅA．丸G£｝ATく；CAGA（；GG三島CCA、eにACAT、T譜T℃  

・柑0  
接＝CTT（：GT（；C6′1、■】■毛；AA（三ÅAA綜ぢ成澤A∧A恩Aぢ、TA¢AG（．1AAくム£′GA’1’（こ（；AAG丸CれTG8C乍こÅACCÅ  

540  
射やみ雉塙引TT九ATl’Cノ（；GA6ぢAA掬鍔（：泉‡′VG．C、AAGTぢ（；AA¢AT℃iCA  

鍼8  
ACGAGA‘1、（三人Aぐ；ぐ；乎G八丁≡CGA∈6AT（；TGCA丈；CA（1C－1‥「（iAA．互、∧（ミ（；ÅcAÅÅCÅA  

T蔦。A。恕†A。。TT  

嘩1  
A宅ンこ℃CA■r〔，′」’■r．へし■1t■】tCAこCT資jG  

Fig・1bcDNASequencecomparisonor陀3a血g肌Amws札陀Showing  
pnmersitcForpCRamplificationa爪dseque阻ng 

Glu，＃163Lys－Asn・Therewereatotalof15ntamong691nt（WhichresultinlO  
AAamong190AA）thatdifferedbetweentheRIIstrainandtheBeverleystrain  
P23cDNA（＃42Phe－Lue，＃60Asp－Glu，＃86Ala－Thr，＃99Ⅶ1－Lue，＃109Met－Lue，  
＃110Gin－Pro，＃114Asp－G）u，＃l17Lue－Phe，＃122Lys－Gln，＃163Lys－Asn）．   

DISCUSSION  
Ⅵ屯describeherethesequenceanalysisofthecDNAencodingthem叫Or  

SurfaceAgs（P30andP22）andESAg（P23）oftheRH，Bever】eyandS－273strain  
Ofr．併職茹．  

TheP30andP23cDNAsequencesfromtheS－273strainandtheBeverley  
StminwhicharebothavirulentT－gOndiiwereobservedinhighsimilarityand  
homology・Aninteresting findingln tWO Ofthe three strains studiedwasthe  

据   
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し1しl  

人GA（「Cぐ（；r、くrGT（1CAGCTl、TCく－G’llTぐT′l’〔：■1◆だGGTl－し；′J’GTrACA■r  

C（ニ●（；  

R：t；T（i■1■CATT〔；モT（二くjrll〔；1◆AÅACACノヽCGGl‾’」■GT  

188  
R：rTTC’l－C．〔こTT’rT－11TGACGA〔；rrAT〔iTTTCCGA＾（1（；（：AGTC∧GACGe（ニC（二（；’rC．AC（ユ（；〔：九CGC（；  

240  
R；T（；TTl■LiCじ（1C（；CL：CAC＾C’rく；Arl、GTCて；Trr⊂T’rCC〔；A■rGTG（1C（；Tl‘ATC；GCA’1てGG＾TCE：e／C  

30（i  
R：こ：TC‘【、‘rGTT（；亡二C／しITC八人（；7■で1′（ンTC几Cて：7、（iCC（∴もGAl、ccCCCCl’C占ACA〔；（ニ亡CCC（；－reA‘rTe  

360  
AAC／＼nC（；C■いこAだ．キ（；Aぐi⊂CTて  

．j二しI  
R：C己At二TCl■T（i〔：じ－1∴斗【ご1■cÅ（：（二CAAC．へ（；（；（∴1AATCT（；CcCA（；CG（；（；‾1、ACT八C∧．へじ■」、A〔てCごー（；－rA  

480  
ュて（；∧r；C’r〔：（二◆】■TG－iTT（二（二TGAACC∧（i．・1A（；A？」～【1（こ’1■（；モ1Tこ1（i．1CG〔ユ  

5朋  TcAA八CTCAC．斗Cl’T（ニCAATCr；′＼（1A，互GTTCC  

。£（汀。J…亀“；CÅ。∧錯▼．】・1仰】〔；T。〔制・Ⅲ。∧T。AA。。。A。A。甜。（制雄湘拙  

β60  
ノl′」1AAT（1T【二（；C．互AHr Tり【∵1－  

1（）1軒）  
T（；じCノ1′rGl∵1‘（；ATC（1（1J＼〔二」■l∴・1T▼ll（ミ（；（二T（二‘「A  

い一〔．、。1・T（＝・r〔二′、．八八lて（；八豪‥璃  

Rき・1c cl）NASequencecomp8nS加OrP30aれdぎCn・Arrowsareshowlng  
Primcrsiteh－rPCRampLiflcationandsequencln筈・   
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細  
・  

！TISl⊃S（1ECDVFY（jKECTDSRKLTTVLPGAVl■TAKV緋へt（、GP八丁YTLS、・一冊・ⅢKP。  

CYKCVAl：＾GAPAG比NN【トCSSAPT一，KI）CKL－ 

1釘  
こGlノⅠ．ITFV  

：・  

Hg・2aAminoAcidSeq脚CeぐOmpanSOnQf陀2anhgen．軸爪al匹p仇敵拍川nder】incd．  
A汀OWSSbow山eresiduetha－cha¶野S鵬ionicd如gc・lnsendGlya∫ebxed．  
R＝RHstmn・S＝S－273s【血n，B：Beverleyst血n．  

68  
－ －」ニ⊥．＿＿ 」 こ、・＿．＿＿＿＿＿」＿．   、、、 ・        、  ・・卜  

．：  

‾ 
＿ ＿＿＿  

；  ∴ 
・ 

■  ‥ 
、 

Fig・2bAminoAcidSequenαCOmPanSOれOr陀3anligen・SignaJpept血js  
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changeinthesameAAin＃263and＃270Asnand＃298Gln，WhiletheRHstrain  
was丹S，Whichmayresultinareduc【ionjnrhemo】ecularsu血ce匹Sltivech打ge  
inthisreg10n・Ontheotherhand，thechangeof＃195Asp－AsnfoundintheS－273  
andBeverleystraiTISreSultedinaTIAsm－X－Thrcomposition，Whichmayresultin  

gLycolizationofthe＃195Asn・P30hasbeenreported asanimportantparasite  
LigandiTIVOIvedintheprocessofattachmenttohostcells（Mineoetal・1994），and  
this differenceinamiTlOaCid sequencemaybeassociatedwiththeinfectiorland  
PathogenicltyOfT・gOndii・SeveralobservationssuggestedthatP30isacomplex  

PrOteinwithconsiderablehigherorderstruCtureand multipleforms（Handman  

andRemington1980；Kasper1987；Rodriguesetal．1985；SantoroetaI．1985；  

Lawrence－Burgetal．1988）・  
Here，WehaveconnrmedthatthemaJOrSurfaceAgsP30andP22，andESAgP23  
0f T．gondiiare appropriate for further studies producing transgenic animals，  
Whichwi11beextremelyvaluabletoexamirlethehostimmunemechanismsagalnSt  
TbxoplaslnaiIl托ctioll．   
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