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A】主STRACT  

Benignbovine771eiLeriuparasite，WhichispresumedtobeofTL Se愕enti／T  

b榔】JE／Tloienkllisgroup，isdistributedinAsia，EuropeandAustralia・An  

immunodomlnant mqjorpiropJasm surfheepro（ein（MPSP）geneoftheparasites  
WaSanalyzedand mostoftheparasite stocksandisolateswere丘）undtocontain  

more than two different allelic typesof MPSP Parasite populations ofa neld  

isolateofbenignT71eileriaspeCleSCO11ectedfromAustraliancalfwasanalyzedby  
usinga］lele－SpeCincpoLymerasechainreaction（PCR），DNArestrictionfragment  

lengthpolymorphisrn（RFLP）and DNA sequencing，MPSPtypes ofBl－and C－  
parasitesweredetectedintheAustraliansamples・Nucleotidesequenceofthegene  
OfAustralian C－typeMPSPwas similartothat ofJapaneseC－typeParaSite（T・  
S昭enti）wjlh98・5％homo）ogy ar nuc】eolide）evel．The sIudy showed that  
AustralianbenignT77eileriaparasitesarecomposedofacombinationwithatleast  

2typesofparasiteoneofwhichissimi1artoC一tyPeOfT．seTgenfi．   

INTRODtJCTION  

Benign777ei［eriaspeCiesincattLearedistributedinAsiancountries suchas  
China，Taiwan，Korea，Japan and alsoin AustraLia andin EuropeaIICOuntries．  
The classification and nomenclature ofthese parasites are stillindefinite・The  
SpeCificnameofT．i～・efgentihasbeenadoptedfortheparasitesinJapanandKorea  
（Minamietal．198O；Baeket al．1990aand1990b）andT．b牲脾IiforAustralian   
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isolates（Callow1984）・Theparasitesisolatedinmanyothercountries，including  
Europe，are SOmetimescal1edT・Orienfalis（Uilenberg etal．1985）．Tbavoid  
furtherconfusion・theseparasitesareof［enreferredtoastheT・SeTgenti／b＃Zi／  
OrientaLis group（FLりisaki1992），althoughT・OrientalEsand T．seTgentiare  
COnSideredtobeasynonymforT．bWuibyUilenberg（1995）．  

APCRmethodforampIificationofthegenesofm叫Orpiroplasmsurface  
pro［ein（MPSP）inatype－Orallele－SpeC摘cmannerWaSdeveloped（Kubotaetal．  
1995and1996b）・Byusingthismethodandsubsequentrestrictjonfragmentlength  
polymorphism（RFLP）analysis，thepresenceof4differentformsMPSPgenesin  
parasitesisolatedfromca血einJapanandKoreawasdemonstrated（Kakudaetal．  
Submitted）・Them毎OrityofT．seTgenti－infectedcalvesinthesecountriesharbored  
amixedparasitepopulationbearingatleasttwodifferentallelicformsofMPSP  

（Kubotaetal・1995）・PredictedaminoacidsequencesofMPSPalleJesfoundin  
Asian T・Sergenti／b托炉Jiisolates showed75to91％homologies（rIt可iet al．  

Submitted）．  

Thei［eria parasites were previouslyidentifiedin cattle which had been  
importedfromAustraliaandgrazedinJapan・Thenucleotidesequencesoftheir  
MPSPgeneswereidenticaltothatofT・bWelEWarwickstock．Becauseparasjtes  
WithC－typeMPSP（7lseTgen（iChitosestockClone L9rltype，Kubotaeta］．  

1996a）was also detected fromthe same cattle，thereis a need to determine  
Whethertheseparasites withC－typealleleofMPSPwastransmittedfromlocal  

CattleinJapanduringtheirshortgraヱIngPeriodinJapan，OrtheywereaIready  

infbctedwitha mixture ofBland Ctype parasites・In this study，772eileria  
ParaSitesinabloodsamplecollectedinafarminAustraliawasanalyzedbyal1ele－  
SpeCinc PCR and DNA sequence ofits MPSP gene was compared to those  

reportedinJapaneseparasites．   

MATERlALS AND METHODS 

P（肌山打∫  

ParasitestocksandisolatesusedinthisstudyarelistedinTablel．  

rrhblel・T7zeiLeTiaparasites10Cksandisolatesusedinthisstudy 

Parasites  Refer8nCeS  

Japan   
r▲－e愕g肋Chitosestock  

Au5tr山ia   

Sjxisolatesfromimportedca仕Ie   
T叫脾JiⅥなnYickstock  

Eng】and   

T．併如ぬ血Essexs10Ck  

MatsubaetaI．1993b   

Kubotaeta】．1996b  
Stewar暮etal．1987   

Morzadaetal．1974  

．・’ノ   
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PI印dr（‡rわ〃qrβ〃A〟〃dPC尺  

Parasite DNA was prepared from purified pjropJasms according to the  
methodofTamaka etal．（1993）．Theoligonucleotideprimers（20－25mers）for  
PCR，Ts－I，Ts－C，TbandTs－reVerSe（Ts－R）primerswerepreviouslydescribedby  

Kubotaet al．（1995）．Forthe reaction，50ト1lofamixture consisted50ng of  
ParaSiteDNAasatemplate，Primers（lr▲Meach），deoxynucleotidetriphosphates  
（200l↓Mcach）andl．25U of7「如POlymerase（GIBCOBRLLifeTもchologies，  
1nc，，MD，USA）inlXPCRbuffer［20rnMTris－HCl（pH8，4），50mMKCl，2．O  
mMMBCl2lwereused・Thereactionsproceededinaprogrammedtemperature  

COntrOIsystem（M（通elPC－700ASTECCo．，Ltd・，Fukuoka，Japan）for35cycles・  

Eachcycleconsistedofl．5minofdenaturationat940c（4minforthefirstcycle），  

l・5min oI■annealj－1g a〔570candl・5min oFpo】y汀1erization at730c，Wi一山an  

additiona13minat73Oc，afterthelastcycle．Afteramplification，eaChsamplewas  
Su句ectedtoRFLPana）ysIS．   

〃JイJ－．〃、J∫い∴  

PCRproductswhichwere amplifiedby uslrlgeaChprlmerSWere Purified  
withGENEClノEANII（BIOl（）1lnc．，CA，USA）．Fragmentsobtainedbydigestion  

WithBgl（，DftlI，EcoTt4I，EcoRVandIlindIIIweresub］eCtedtoagarosegel  
electrophoresis，and RFLP analysis of amplified DNA was carried out as  

describedbyKubotaetal．（1996a）．   

DⅣAcんフ〃‘〃gβ′扇・相可〟g〃CJ乃g  

PCRproductswhichhadbeenamplifiedfromAustralian且eldisolateuslng  
Ts－CandTs－RprimerswerecIonedintotheplasmidpGEM－Tvector（Promega，  
WT，USA）andtherecombinantplasmidDNAwasusedfornucleotidesequencing．  

ThenucleotidesequenceofplasmidinsertswasdeterminedbyuslngT7andSf鳩  

promoter primers（Promega，Wl，USA），gene－SpeCific primersand the Taq  

DyeDeoxyTMl七rmjnaIorCycJeSequencingSystem（AppJiedBiosysterns，Foster  

City，CA，USA）withanautomatedDNAsequencer（AppliedBiosystemsmode1  
373A），Tn order to obtain the complete sequence，SequenCing was carried out  
twice．  

RESULTS ANI〉DISCIJSSION  
TheresultsofpopulationanalysISOf6iso］atesfromAustralianimported  

Cattle，T．orientaLisand T．bquelistocksaresummarizedinTable2．Sixisolates  
from Australianimported cattleconsistedofa mixture ofBltypeandCtype，  

Whilethat orT・bゆJiWarwick stockand T・Orientalis Essexstock contained  
SlrlgleparasitepopulationwiIhBltype，ThismjxedpatternDfmixtureissameaS   
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thoseobservedinstocksfromTaiwan（Kakudaetal・Submitted）・Sinceparasites  
withtheCLtypeMPSPweredetectedinca托1eimportedfromAustraliabutnotin  
piroplasmpreparationofT．b牲紳IIWarwick stock，WeCOuldnotexcludethe  
possibilitythatthesecattlemighthavebeeninfectedwiththisCtypeparasiteafter  
theirarrivalinJapaJICannOtbeexcluded・ThusIparaSitepopulationsinafield  
isolateco）lectedinafarminAustraliawereanaJyzedandconsequentlyC－type  
parasiteinthissamplewasdetected．  

職ble2・AnalysISOfT7zeLね血parasitestocksandiso］atesby  
山】ele－S匹CificPCR．  

MPSPa】Ieles  
Par且Sites   

I  C  Bl  

imp傭d  

Aus打al血1甫eIdisol且te  

J、Jりl叛ム＼＼こIll＼i、・L  

r（汀昆ノ血JムーEsseえStock  

NucleotidesequenceofPCRproductofanAnstra］ian蔦eldisolateamp－ified  
byTs－CandTs－RprimerswasdeterminedandcomparedwiththatofJapaneseC－  
type（L9－1）（Matsubaetal・1993a）・The nucleotidesizeofcodingregionfor  
PredictedMPSPregionofAustra）ianC－type（CloneT／AUST－C）was786bpwhich  
WaSequaltothesizeofL9－1（Fig・1）・Comparisonbetweenthesetwosequences  

uSlngCOmPuterPrOgram GENETYX－Homologyresultedin98・5％homologyat  
nucleotidelevel（Fig・1）and96・6％homologyataminoacidleveI（Fig．2）．The  

POtentialglycosylationsitesandputativeerythrocytebindingmotifs，Lys－Glu－14S  
and Lys－Glu－Leu．or Lys－GIuion pair（Molano et al．1992）were conserved  

betweenthesetwoclones（Fig．2）．  
SerologicalaJldgeneticalcomparisonsbetween T．bqqeliWarwickandT．  

OrientalisEssexstocksrevealedthatthe5etWOStOCkssharedthesameantlgenicand  
geneticproperties（Kawazuetal・1992aand1992b）．Benign772eiLeriaparasites  

distributedinAustra】iahasbeenoftenreferredtoasT．bugblior7二orieTualis．In  
EastAsia，SuChasChina，KoreaandJapan，I－andC－tyPeSOfT・SefgenEiwere  

generallydetected，WhileC－tyPeandBl－typeParaSiteswerepresentinTaiwanaJ）d  
Australia（rrhble2）・From the resultsofsystemic comparative studiesofthese  
parasitesit was eoncluded tha【Japanese T・SeTgentibelongs to a different  
taxonomicgroupfromAustralianT・b癖IE（Fujisaki1992）．  

ト   
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atgttgtccaagagatcatlcaacgtactttgcctag9ataCtlcctcatcglctct9Ca  6D  
gc9g∂rCCrC∂rC9rCrCrgC∂  

ac7gc∂GAAGAGAA仙GA＾GCTGCAAAGGCTGAIGAGA＾GAAGGATITAGCTCTTGA＾ ■20  

L91  

T／Aust－C  

GTAAACGCCACCCAGGCTGAAA＾TTITACAGTCAATGCA＾CCAATGCCAACGACGTCGTT 180  

TrTACTGCCA＾TGAGGGATACCGT＾TCAAGACACTTAAGGITGGAGATÅÅÅACITTGTAT 2LHj  

ACTGTAGATACATCCAAAITCACTCC仙CAGTCGCCCACAGACTGAAGCATGCTGA＾GAC  300  

CTGITCTTAAAO：TCGACCTITCCCATGCAAA＾CCACTmGTTCAAGAAGAAGAGCGAC 360  

AAGGA＾TGGGTACAGITCAGCTTCCCCCAGTACCTCG4TGAAGITCTCTGGAAAGAAAAG 420  

AAGGAATCCAAAGACCTCGATGCCTCCA＾GTITGC＾GÅAGCTGGTC＝＝lGCCCCIGAT  480  

∝AT「CGGTAC（：仙GGm／lCG／lCTTCGTCGG〟漬CTTCAAGGTCACCAAGGTCんAG 54D  

1TCGAGGAT仙GG勅GTCGGAGATTCAAAGAAGGCCAAATACACCGGAGTCAAAGmAC 60D  

GTCGGTACCGATGACAAGAAAATCGTÅAGACTCGACTACTTCTATACCGGTGATGAGAGA 66〔）  

rrCAAGGAAGTATACTTCAAAITGGTCGATGGAAAGTGGAAGAAGCITGAGCAGAGCGAC 720  
A．．．     ．＿．G  

GCMACAÅGGAmGCAC〔£TATG揖CAATGCTTGGCCTITGGACTACAAGCCTCTTGTC 780  

GACA＾GTTCTCACCACTT（℃CGTCCTCAGCGCTGITCTCATCGCCTTACTCGCAGTATCC 84D  

852  T＾CT＾TCTCTAG  
・r∂99C9C∂rrp∂grC†c∂C∂   

Fig．l・ComparisoEIOrnuCleotidesequcncesornlqOrPlrOPlasms11rraeer）r（一tCinき；CIleSbeL＼Veen  
JapaneseC－tyr）eCDNAcIonea■一d＾ustra】iar）C－1ypegenecIonc・NucleotidesequcncesofL91  
（JapaneseCtyPe）isshownfrominitiatio．1（ATG）10tem血Iio71（TAG）codons・SI一一al11e11ers  
indicatepredictcdsjgnalper）tidereglO【la■ldsmaLlitallCleltersi－1dicatePCRprimersequences  
WⅢc【－Wereu5edforgenea－－申i百cali（〉na■－dclon一口g▲  

EEKKEAAKADEKKDL＾LEVTJATOAENFIVNATNANDWFTANEGYRIKTLKVGDKTLYlV  60  L9－1  
T／AUSトC  

DTSKFTPTVAHRLKHAEDLFLKLDLSHAKPLLFKKKSOKEWOFSFAOYLDEVL冊（EKKE 120  

SKDしβASKF佐AGLFAPDAFGTGKWDFVGNFKl汀KVKF∈胱EVGDSKKÅKYTG〉XVWG 柑D  

TDDKKIVRLDYFYTGDERFKEVYFKLVDGKWKKLEO江）ANKDLHAkMNAWPLDYKPLVDK 240  
．‥V．．．        －    ‖．E‥．  

261  FSPLAVLSAVuALLAVSYYし  
．．．G．．．．．．S‥．   

Fig．2．ColnPanSOnO［predictedamirlOaCidsequerlCCSOfMPSPexccpIslgna］pePtidcreglDJl  
be【weenJapaモIeSe（L9一り川a【subae亡a】り】99〕a）andAl‘51ra】血＝γ一へU5T－C）C－Iype・Do15  
i【1dicalcidelltlCa】amiT10aL：ids．Underlinesindicatechargeda】一1inoacidnCllreglOnS・   
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Changesofparasiteppu］ationsduringperSistentinfectionoftwotypeS（Ⅰ－  

and C－typeS）ofT・Sergentiin cattle wereobserved，Which suggeststhe host  

immuneresponsescan selectacertainallelicvariant（Kubota etal．1996a）．  
Coexistenceofmultipleallelicvariantofimmunogenicsurfacemoleculesinan  
infectedhostmaydisturbhostde血1SemeChanismsandhcilitatetheparasitesto  
evadethem・Fromthispomtofview，theantlgenicdiffbrencesbetween4allelic  
PrOducts ofMPSP are now being analyzed・AsMPSPis one ofthe vaccine  
Candidates，analysIS Of pafaSite populations based on PCR－RFLP analysisis  
essentialfordeveloplngCOntrOlmethodsforT・Sergentiinfectionincattle．  

Note：Nucleotidesequencedatareportedjnthispaperhavebeensubmitted  
to DDBJ，EMBL and GeneBankTM Nucleotide Sequence Databaseswilh the  
accessionnumbersT／AUST－C：D78015．   
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