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Babe扇a旦処isoneoftheimportantorganismthatpromotesanaemiainthe  
presenceofmixedinfectionwithTheileriaspeCiesincattleoJIPaStureinJapan  
（MinamiandIshihara1980）・ThepathogenicityofB・9ginfectionhasgenerally  
beenfoundtobelowerthanthatofotherpathogenicspeCleSOf旦恕由suchas旦・  
塾虚andB・蜘・However，Withincreasin芦1ntemationaltradeofcattlethereis  
highpossibilitythatthelattertwopathogenlCSpeCies may spreadinthe cattle  
POpulationofJapan，AnimalsdiagnosedaspositiveforB．如由or旦bi要eminaare  
Culledtofacilitatethenationalcontrolanderadicationprogramme・Consequently，itis  
皿perativethattheacctJrateidentificationofthecausativeorganistnsisdonerapidly．  
Altbughdiagnosisofbabesiosisushgughtmicroscopyofstainedbloodsmearisone  
Ofthemostreliabletechniques，itrequiresagkillfulnes5andexperience印Oughto  
detectandidentifytheBabesiaparasiteatlowparasitaemiclevels（LarLaretal．1989）．  
Serologicaldiagnosisofbabcsiosismayfai1todetectinfectionsandtoiderLtifythe  
SpeCiesinsomecases，eSpeCiallytheearlystageofinfection（Minamietal．1979，  
Fltiinagaetal・1980）・Thus，itislmportanttodevelopimprovedtechniqueswhichcan  
diagnoseB・g芝生迫infectionforsurveillanceandepidemi010gicalstudiessothaueliablc  
COntrOlmeasurescanbeimplementedtocontrolanderadicafethemorepathogenic  
disease，旦・迦由and旦・bigemi血inf6ctiorLS．aSWellashelplnearlytreatmentofB．  
⊆些邑担infectionsin℃attle・Withtheadventof biotechnology，itism）WPOSSibletouse  
DNAprobesasafaPidandsen＄itivetoolforthedetectionandidentificationofother  
塑造墨由speCies（Bueningetal・1990，Petchpooetal・1992）・Inthispaperweatlempted  
tousetheDNAprobe／tOdetectandidentuy塾．Qiこ虹旦．  
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塾由堕近地（Miyakestock；Minamiandhhihara1980）wasusedinthisstudy・  
BloodwascollectedfrornacalfexperlmenLallyinfectedwiththeparasitestoek，and  
merozoiteswerepurificdbythenitrogencavitationmethod（Shimizuetal・1992）・  
GenomicDNAoftheparasitewaspreparedrrompurifiedrnerozojtesbytreatmentwith  
sodiumdodecylsulfate（ST）S）LPrOteinaseKsolution・andphenolextraction（Sambrook  
etal・1989）・The声enOmicDNAofotherparasitesusedwerepreparedinthesam？  
marmer．TheparaslteStOCksusedwereasfo1lows＝旦垣虫（Australianstock；Minaml  
＆Tshihara1980）；旦bigemim（Kochindastock；Fujinagaetal・1980）；Theileria  
星型呈（Ikedastock；Fujisakietal・1992）；王・地主（Warwickstock；Fujisakietal・  
1992）；工．0rientalis（Essexstock；Fujisakietal・1992）；Anaplasmamarginale  
（Kochindastock；Nakamumetal．1991）；皇．centrale（Aomoristock；Nakamuraetalr  
1991）；Epcrvthrozoon塑聖迎皇（Naturalhfection；Kawazuetal・1990）・Thegenomic  
DNAof旦．迦（2．7pg）wasdigestedwith80unitsof旦拉RIat370Cfor2h・The  
digestedDNAwasthenfractionatedbythesizefractionationcolumn（Amersham  
Japan，Japan），andfracLjonscontainingthefragmentsofnlOrethanlkilobase（kb）were  
p001ed・TheDNAfragmentswcreconcentratedbyprecIPltationunderethanolat－80OC  
wjthO．3Msodiumacetate．andwereinsem元＝nto入ZAPⅢ旦⊆旦RIarms（Stratagene，  
U．S．A．）．The．ibrarysizepackagedinvitrowasl・1x107・Approximately99・7％ofthe  
resultingplaqueswererecombinantphagesasshownor15－bromo－4ヾh10rO－3－indolyl－b－  
r）－galactosideindicatorplatc・Atotalof894recombinantphageswereplatedoutoヮ  
EschcrichiasQiiXLIJBlue（AmershamJapan，Japan）withlOO－2OOplaquesperpetrl  
dish，andgrownat370Covernight・DNAfromphagcplaqueswereabsorbedo？tO  
nybnfilters（Hybond－N＋；AmershamJapan．Japan）inreplicate，ardscreenedbyusmg  
B．姐and旦．塾虫genomicDN＾ashybridizationprobs・TheDNAwaslabelled  
byrandomhexanucleotideprimingTnCthodwithdigoxigenin（DIG）－dUTP（DNA  
labelinganddetectionkit，nOnradioactlVe；BoehringerMannheim－YamanouchiJapan）■  
HybridizationandimmunologlCaldetectionofhybridizedDIG－labelledprobewere  
alsoperformedwiththiskit・Twophageclones，nanlely，BOZAP6andBOZAP7that  
showedintensivesignalwhenhybridizedto塾・地genomicDNAbutnotdetectable  
to旦．址genomic DNA were selected as possiblc candidates for probe・  
RccombinatedpBluescrlPtPlasmidwasexcisedoutfromthephageDNAbytheinvivo  
excisiontechnique（Stratagene）．BOZAP6andl∃OZAP7had3・6kband5・Okbinsert，  
respectively（data notshown）・Theplasmid DNAswerepreparedinlarge－SCale  
（Sambr00ketal．1989），andapproxirnatelylmgofDNAwaslabelledwithDTG－dUTP・  

Toinvestlgatethegenomiccrrganizationofclonedsequences・Weperformed  
Southern hybrjdization usingtwoprobes・Thegenomic DNAsof旦▲型旦！旦，旦・  
bigemina．andB．出立weredigestedwith塾迫RTandelectrophoreticallyfractionated  
inaO・8％agarosegelinduplicate・1≠eDNAsweretmnsferredontonylonfilters  
（Nytran－N；Schleicher＆Schuell，F・R・G・）andhybridizedwithBOZAP6ardBOZAP7  
PrObes．ThepattemsofhomoIogoushybridizationbetweerltheprobesand旦・旦処  
gcnomesuggestedthat旦・型二旦迫genomeCOntahedmultiplecopiesofthesequence  
（Fig．1）．TherewasnodetectablehybrldizatiorlbetweentheprobesandtheDNAof  
OthertwoBabesiaspeCjes（Fig．1）・   
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Fig・1 Agarosegelelectrophoresisof宣型Rl－digestedgenomicDNA（0．3膵／1ane）  
fromBabesia班旦払（1anel），旦・bigemina（1ane2）and旦．』辻由（1ane3）；（panelA）．  
HybridizationpattemsofSouthernblotsofpanelAwithBOZAP6probe（parlelB）and  
BOZAP7prol光（panelC）t Filterswere 

． 

kilobases（kb）ontheleft．   

ThespecificityOftheseprobeswithlOOngofDNAfromvariousorganismsthat  
maycontaminateintoafieldsampleandfrombovinewhitebloodcellswereassessed  
bydot／blothybridization・TheDNAwasb10ttediLlduplicateontotheHybond，N＋  
filtersbytheBio－Dotappara［uS（Bio－RadLaboratoriesJapan，Japan）・AsshowninFig・  
2，StrOnghybridizationslgnalisnotedonlywith旦．週睦DNA．   

The旦・旦処DNAwasdotblottedinduplicateontotheHybond－N＋filtersin  
Serialdilutions and hybridizedwith BOZAP6and BOZAP7probes・Thelimit  
detection立1thisassaywasat62pgandat125pgforBOZAP6andBOZAP7probes，  
respeCtively（Fig．3）．  
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A ●  
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Fig・2・ReactivityofclonedgeTmicDNAof塾恕由gnLa・BOZAP6（columnA）  
andI】OZAP7（columnB）withvanousorganismsandbovinewhiteblodcellDNAat  
lOOng・TheDNAsamplesarealignedasfo1lows：1anel，Babesia旦竺旦睦；lane2，旦，  
地；lane3，旦bigemina；lane4，Theileriasergenti；1ane5，工．地Iane6，工．  
Orientalis；1ane7，Anat）1asmamargirLale；1ane8，A．centraLe；1ane9，Eoervthrozoon  
WenyOni；1anelO，bovinewhitebloodcell．Filterswerewashedinthesamecondition  
那Figu陀1・   

1 2 3 4 5 6 7 8  
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Fig・3・ SensitivityofclonedgenomicDNAofBabesiaQ竺旦垣，BOZAP6（columnA）  
andBOZAP7（columnB）todecreasingamouTltSOfpurified塾．9竺旦迫genomicDNA．  
TheamountofDNAblottedareasfollows；lanel・10ng；lane2・1ng；1ane3，500pg；  
1ane4・250pg；1ane5，125pg；1ane6・62pg；1ane7，31pg；1ane8，15pg・Filterswere  
WaShedinthesameconditionasFigurel・  

These resultsindieate that the selected clones，BOZAP6and BOZAP7were  
Suitableforprobesinthediagnosisof旦・建過払infection・Theseprobesarealsocapable  
OfdistinguishingthecloselyrelatedspeCieswithcertainty．However，theusefulnessof  
theseprobesshouJdbeevaluatedtotestsamplesfromthefieldaswellastofollow  
experimenta11yinducedparasitaemiasincattleespeC】a11ywheretheparasitaemiclevels  
arelow・TheseexperimentsarenowiLlprOgreSSinourlaboratorytoestablishaDNA－  
baseddiagnosisof旦．塑旦迫infections．Thiswi11aidintheeffectivecontrolofthe  
diseaseswhichwillintumreducelossesincurredthroughbabesiosiscausedby旦．  
Q3こ堕旦，B・b塾虫andB，bigemina．   
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