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ABSTRACT  
ThegenesencodingforimmunodominantplrOpJasmproteins32and33／34  

kilodalton（p32andp33／34）wereusedasmarkersforbenignT7zeileriaspeCies・  
Thesegenesyieldthe875and868bpfragmentsuslngpO）ymerasechainreactlOn  
（PCR）amplification・ThreeuncIassifiedTheileriaparasites，namedasTheiLeriasp．  
（Thung Song），neiZeria sp・（Kamphaeng Saen）and T7zeileria sp．（Ban Pong），  
WereCOllectedfromdifferentgeographicalareaofThai1and．GenomicDNAsof  
these3parasiteswereanalyzedbyPCRusing2difftrentsetsofprjmers which  
COuldamplify875bpand868bpfragments．ThedatasuggestedthatT．sp．（Ban  
Pong）showed positive PCR fragments of875bp（p32）and868bp（p33／34）．  
Thetlel・ia sp・（nung Song）DNA wasampJinedby onlyoneprimer sefwhich  
COuldampli年T．seTgenEip32withnodetectableamplincationofp33／34gene．In  
COntraStT・Sp・（KamphaengSaen）showednoamplificationfragmentsusingeither  
Sefofprimers．A血igeniccompariso刀ktweenr5p．（B蝕PongaれdThungSo喝）  
andbemignT77eileriaparasites（T・SeTgFntiandT・bWui）revealedtheantigenic  
CrOSS－reaCtivityofThai771eiLeriaparaSlteStOT・S？rgenfiandTrbLnui・Thedata  
indecatedthafbeLlignTheilerla，genetica）1yandantlgenjcallysimi1artoT・SeWn（i  

andT・bWeli，aredistributedinTh叫嬰d＿．  
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mTRODIJCTION   
Thei）eriaaretick－tranSmittedprotozoanparasitesthatinftctbothBovidaeand  

domesticani皿alsthroughoutmuchoftheworld（Dolan，1989）．General1y，the  
ParaSites丘■equently cause anemia due tothe presence ofintraerythrocytic  

PiroplasmiJICattle which caninduce abortionand mortalityinthe ahimals  
（Uilenberg，1981）．One group ofthe parasitesisthe benign Theileriqwhich  

includes many specleS Of vetemarylmpOrtanCe．Benign Theileria species  
generallyre危rredtoa5Tsefgenti．Tb鱒脾IiandTorientaZiswhicharemainly  
dlStnbutedintropicalands11btropicalarea（Su鮮血OtOetal，1991；Kawazuetal，  

1992；Fitiisakietal．1994）．Basically，the morphologiesofbenign T7zeileria  
ParaSitesareindistinguishabletmdermicroscopicobservation．Hence，thismakes  
itd雌culttocontroltheparasitesandassesstheirdistributions．   

Atpresent，identificationofThei）eriaspeciesandtheirvectorsinThai1andare  

StilllmCertain．However，itis proposedthat benign T7zeile7・ia groups are  

potentially abundant throughoutthe country，To clarifythe distributlOnand  
identity ofthe5e paraSites，SOme the preliminary expehments have been  
unde正aken．   

Recently，thegeneser［COdmg伽riⅡ皿tmOdomlnantPlrOPla釘nSu血ceproteins  

Of32（p32）and33／34kDa（p33／34）havebeenrepoItedtobepotentialmarkers  

fbrbenlgnParaSitesgroup（KawaLZuetal．1992；Matstlbaetal，1993；Tanakaet  
al．，1993）．Thegenesproduced875and86Bbpfragmentsuponusingpolymerase  
Chain eaCtion（PCR）ampliBcation，reSpeCtively・Here，We repOrted the  
discrimlnationofmei］eriap訂aSitescollected丘omdifEtrentgeographicalarcaof  

ThailandbyuslngP32andp33／34PCR舟agmentsasmarkers－ Thispaperalso  
PreSentStherestlltsofantlgeniccomparisonsamOngVarioussera危■Omnaturally  

TheiLeriain克ctedcattlebyindirectfluorescentantibody（IFA）testagainsttwo  

unClassifiedThaiThei／eriaparasiteantlgenS．  

MATERIALS AND METHODS 

八川心〃し・い，んJい   

Threel皿Classi五edspeCiesofTheileriaparasitesnamedasTsp．（ThungSong），  
T．sp．（Kamphaeng Saen）aJld T，SP．（Ban Pong）were eollectedfrom three  

di鐙brentgeographicaldistrictsinThailand．T．sp．（ThungSong）inftctedblood  
wasobtained丘omanaturallyinftctedindlgeneOuSCOW（BosindtczLT）atThung  
Song dlStnCtL The parasite was subsequent）y tranSferred byintravenotlSly  

iQjectioninto splenectomized normalcalves，The percent ofinfbction was  

fblloweduntilthenberofparasitesreachthehighestpeaklTheb）00dwere  
COllectedandparaslteSWereisolatedashdicatedbelow・T・Sp・（Kamphae  
Saen）wasisolated丘omnaturallyTheileriainfectedsplenectomizedmaleHoIsteln  
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FnesiancalfwhichwaspurchasedfromKamPhaengSaendistrict・Thecalfwas  
Splenectomizedtoaidparasitegrowth・TIsp－（BanPong）wチSisolatedfrom  
naturallyTheileria－infbctedbloodcollected負■OmHoIsteinFrieslanCOWatBan  

Pongdistnct・ParasiteDNAwaspuri鮎dasdeschbedbelow・   

／い′J＝川‖Jハ〃い′ノー・、．仙／丹l・ハ爪〃い〃・！／＝－・l   

FivehundredmlsofhlghpeakparasitemiaTheiLeriainfbctedbloodfromeach  
oftheinfbctedanimalswerecollectedinsteri1ebloodbagcontainlng7mghnlof  
EDTAasaJlanti－COagulantagent・Theinftctedanduninfbctederythrocyteswere  

washedinphosphate－bu脆r saline，pH7．0（PBS；OL137M NaCl，10mM  
Na2fIPO．，3．2mMKH2PO．）andcentnfugedat3，000ⅩgfbrlOmin・A鮎r  
centrifugat10n，thebu御coatlayerwas removedasfu11yaspossible・This  
washingandcentrifugationwererepeateduntilnobu的coatwasobserved・The  
remainedpackedredbloodcellwereresuspendedinPBSbu鮎rtotheoriginal  
volunebeforeapplicatlOnthroughCFllcolumnChromatographytoeliminatethe  
remainingleukocytes and bloodplatelets・The eluents containlng RBC were  

collected andlysedbyaddingO・25％NaClfor30min onicefollowedby  
centrifugationat12，000rpmforlOmin・ThesupernatantWaSdiscardedandthe  
parasite－emichedpel】etwaswashed3tlmeSwithPBSbu飴r，pH7・Opnorto  
digestioninTEbu蝕rpH8－OinthepresenceofproteinaseK（0－3mg／mi）at370C  

for12L14hours＿ Thelysateswerefurtherextractedwithanequalvolumeof  
phenol－Chloroformand chloroform・The DNAin the aqueous phase was  
preclpltatedwith2voluIneSOfcoldabsoluteethanol，thencentnfugedatlO，000x  
gforlOmin・ThepelletwasairdriedandredlSSOIvedinTEbu蝕r・   

PC尺α叩）研c【山0〃q／亨j2劇d〆j′ノjイgビ〃ピ∫   

PCRampli丘cationwasperformedina50ulreactionmixturecontainlnglOmM  
Tris－HCl，pH8．3；50mMKCl；1．5mMMgC12；0．001％gelatine；200uMeachof  
thefburdNTPs；0．51iMeachofthe oligonucleotidepnmers；2・5uJlltS OfTbq  
（Thermusaquatjcus）DNApolymeraSe（PerkinTElmerNorwalk，Conn）・Twosets  

ofprlmerSWereuSedforPCRampli重cationsoftheparasiteDNAs・Firstset  
COmprisedof5’－CACGCTATGTTGTCCAAGAG－3’aJld5’－TGTGAGACTCAA  
TGCGCCTA－37synthesized oligonucleotides as sense and anti－SenSe prlmerS・  

Bothwere used to amplifythe gene encodingfor32－kDaintraerythrocytic  
piroplasmsurfhceprotein（p32）ofT seTgenti（Tanakaeta］・1993）・Secondset  
consisted of5，－TATGTTGTCCAAGAGATCGT－3’and5’－TGAGACTCAGTG  

CGCCTAGA－3’01igonucleotides．The prlmerS ampli鮎dthe genes encoding  
33／34kjlodaltonmqJOrpiroplasmantlgen（p33／34）ofT se7gentiand T b鱒節／i  

（KaaAletal・1992）・TemplateDNAaddedtothereactionswerelOOngforeach  
react10nmixturesandPCRwereproceededinanautomaticDNAthemalcycler  
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（Perkin－Elmer）for30cycles・Eachcycleconsistedoflinofdenaturahonat  
950c，1minofannealingat558c・andlminofpolymerizat10nat730c，  
additional3minat730caAerthelastcycle・TheampliBcationreactionmixturcs  
Were叩pliedto al，5％agarose geland stained withethidiumbromide after  
electrophoreticseparation．   

JJ∴】古・∫J   

The pl∫Oplasm antlgenS Ofthe Z72eiZeria parasitesfortheIFA test were  

mo血丘ed丘om也eme也odsdescribedby8血dgeandK血ber（1973）．Onean極地  

WaS preParedfromthe parasitized erythrocytes ofthe splenectomized calves  
experimentallyin飴ctedwiththeT sp，（Th皿gSong）．Theotherwasobtained  
fromnaturallyT sp．＠anPong）infecteddaiIyCOW．Thinsmearofthewashed  
erythrocyte5Were 

． 

∫eTgentiwere klndly providedby Dr．S．B，Morzana，htematlOnalLivestock  
Researchhstitute（ILRI），Nairobi，KenyaandDr．T．Kami0，Nationalhstituteof  
AnimalHealth，Tsuknba，Ib訂aki，Japan＿ The conjugateusedinthlSteStWaS  
rd）bitanti－bovineIgGlinkedtofhoresceiniso仙10Cyanateatthedi］utiol）Ofl：100  

hPBS．  

REStJLTS   
Speci丘campli鮎ationofp32andp33／34genesofthreeunclassi鮎dTheiZeria  

parasitesandcontrolparasitesDNAs（TseJ苫en（iandTb娩／i）wereachleVedby  

usingPCR，ThalTheilerLaparasitesshowed3di飴rentampliBedproducts as  
ShowninTablel・Tsp・（BanPong）g0micDNAwasampli五edwith2setsof  
Primers which can amplifyT seTgen（T and T b叫旅Ii．T sp．（Thumg Song）  

PrOduced only875bp（p32）PCR丘agnent but not868bp（p33／34）PCR  
打agment，hlCOntraSt，neither875bp（p32）nor868bp（p33／34）PCRfragments  
WereObservedfromTsp（ⅩamphaengSaen）．   

TherelativespecificityofTsp．（ThungSong）andTsp．（BanPong）piroplasm  
antigensweretestedagainstotherTheileriapaSitesbyusingIFAtest（Table2）・  
Theresultsshowedcross－reaCtivltyOftheplrOplasmantigensofT sp－（Thg  
Song）andTsp．（BanPong）withseratoTseTgentiaLndTb柳IibutnegatlVetO  
Tmutm7SandTpaTVa，Holvever，thepiroplasmantlgenOfT sp．（ThumgSong）  
couldnotdetectserumandbodyagainstTb柳Jiathlgherdllution（＞1＝64）・  

Thetwoantigens（ThungSong＆BanPong）werealsotestedbyIFAtest  
against6lofT7zeileria－POSitive－bloodsmearsamples．Thedatarevealedthat45．9  
aJld80・3％ofsplesshowedpositiveatl‥160rhigherdilutionofIFAtiterto  
thepiroplasmantlgenSOfT5p．（ThtngSong）andTsp．（BanPong），reSPeCtively．  
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Td）1el＿ AmplificationofimmunodominaJ）tPiropla弧PrOtein（p32，P33／34）genesofThai  
TheiZerjaparasitesbyPCR  

GモneSOr  

刀ぉ品汀ねparasites  

rsp．（Banpong）  
rsp，（ThungSong）  
r叩．（KmphaengSaen）  
r∫gJ苫g刀〟（C出tose）  

rあ饗脾〟（Warwick）  

＋‥Amplifiedproductsofeither875bpfbrp32orS68bpforp33／340rbothcouldbedetected・  

TabIe2．CrossreactivityofThalTheihriaparasitestoTseTgenti．Tb饗脾Ji，Tmulm7SandT  
卿antiser8  

Antisera喝乱nSt  

／、l′ざ川J′  ／・妬〃こイー   JJ州仙…   ／／ヽJ圧l  

1ニ1（〉1：321：64 1：16l：321：64   1：1（i  l：16  

rsp．（ThungSong） 十十 ＋＋ ＋＋  ＋  ±   

rsp・（B弧pOng） 十十十十＋十＋ ＋＋  ＋＋＋＋十＋＋＋＋＋十  

PiroplasmantlgenSOfThaiTheihriaparasiteswerereactedwithal＝16tol＝64  
dilutionofantiseraagainstdlffbrentspeciesofTheikriaparasites・  
＋＋＋＋to十：Stre喝thorreactivity   

DISCtJSSION  

InthlSStudy，Wedemonstratedthedi飽rencesamongthreeunclassi丘edThai  
TheiZeriaspeciesandotherThei）eriaspeciesbasedonthep32andthep33／34  

markergenesandtheantigenlCSpeCificity．BothPCRandrFAtestwerecorrelated  
witheachothersuchthatT sp．（BanPong），T sp．（ThungSong）consistedof  

di鮎rentimmunodominantpiroplasmsurfaceproteins．AccordlngtOthedata，itis  
POSSiblethatTsp・＠anPong）maycontamtwospeciesofp竺aSites・TseTgenti  
andT b娩IiwhereasT sp．（ThungSong）hasonlyonespecleSOfparaSlte，T  
∫e′苫e〝れ  

Inordertodi任ヒrentlatemixedThei］eriaparasitepopulations，Wedevelopedthe  
al1ele－SpeCi鮎PCRmethod（Kubotaetal，1995，1996）．UsingthisPCRmethod，  

J．■i   
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WeteStedthedistnbutionofbenignTheileriaparasitesineastemAsiancounhies．  
MostoftheisolatesweremiⅩedparasiteswithdi蝕rentallelicformofparasites，  

（Wangetal，1997；Kakudaetal，1997；Sugimotoetal，1997）．Some Thei［  
ParaSitesamplesinThai1andhavealsobeenprel血1naryteStedbyallele－SpeCi丘c  

PCRandreYealedthatparasitesinThailandcontatnedCtypeofTsergenti，T  
bWbliandalsoTsp（KamphaengSaen）type．   

FromtheresultofnegatlVePCR ampli丘cationofT．sp．（KanPhaengSaen），this  
parasite may tlOt COntainthe p32and p33／34as the mqorimmunodominant  
Phoplasmsurhceproteins・hourprel血InaryeXperiments，WeCanamPIifyT・  
Sp■（KamphaengSaen）byusingaspeCialprlmerSetWhlChcannOtamPlifybothT  
SeTgen［iandTb鱒脾Ii．Thus，thlSTheileriaparasitemaydiffbr斤omotherbenign  

TheiLeriaparasites．Compansonofnucleotidesequencesanddistnbutionofthis  
typeofparasjtearenowinprogress．  

lnsummary，itcouldbeconcludedthatthemixedpopu］ations ofIheiLerja  
parasitesoccurinThailand・Hence，theonlyPCRdetectionuslngSPeCificprlmerS  
forp32andp33／34genesandIFAtestmayrlOtbesufBcientinidenti鮎ationof  
Thei［eriajnfbctjoninthiscountry．Thedetermlnationof smal1andlargesubun1t  

ribosomalDNA，thehouse－keeplnggeneSaSWe11asspacersequencesshouldbe  
the alternatlVe targetS fbr studying and designlngthe potentlalprlmerS fbr  
detectionofmixedpopulationsofmeileriaparasites．   
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