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ABSTRACT   

We haveI℃Cently reported the presence of a Babesiaova（alikelarge  
intraery山rocytlC ParaSite，Babesia sp・1inthe cattle populationofHokkaidoin  
Japan．A5．5kilobase（kb）DNAfragmentthatshowedcross－hybridizationwiththe  
BOZAP6，a DNA probe derivedfromB・OVata genOme・WaS Cloned fromthe  
Babeskzsp・lgenomeandcharacterized・Besideasequencethatconferredthecross－  

hybridization，the fragmentcontainedtheparasite－SPeCific sequence thatdidnot  
hybhdizewith DNAsfrom B・OVata，B・bigemina，B・bovis，Thei）eriaseTBenti・  
An甲LasmamaTginaLe，A：centrale，FperyEhTVZOOT”enyOniandbovinewhiteblood  
ce11s．TheBabesia sp・1speCific reg10nOnthe5・5kbfragmentwas excisedand  
subclonedintoaplasmidvectorasparasite－SPeCificDNAprobe（SpS7）・Babesia  
ovaLa－SPeCificDNAprobe（OvS9）wasalsoobtainedbydeletingasequencethat  
confヒrs the cross－hybridization withBabesla sp・lfrom onglnalBOZAP6DNA・  
SpS70rOvS9wassensitiveenoughtodetect5ngofDNAeitherfromBabesiasp・  
lorB・OVata，reSPeCtively・meSeDNAprobes，SenSjLiveandeitherspecificforB・  
ovataorBabe血sp・1，COuldbeusefultooIsinepidemiologlCalstudiestoanalyzethe  
variationsinthebovineBabesiaspeCiesinJapan・   

INTRODUCTION   
Recently，alargeintraerylhrocytlC paraSite wasisolated from the cattle  

population of HokkaidoinJapan（Ohta et al・1995）・rmeisolated parasite，  
tentativelyrefヒrredtoasBabesiasp・1diffbrsinthemorphologlCalcharacteTisticsof  
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plrOPlasmsfrom the descnptlOn OfB．ovaEa，amqjorcausative agentofbovine  
babesiosisinJapan（MinamiandIshihara1980）・Besides the moIT）hological  
differences，Babesia sp・1showed unlque biochemicalandimmunologlCal  
Characteristics comparedwithotherBabesiaspeciesincattle，SuChasβ．bovis，B．  
bigemina，B．mqjorandB．ovata（Ohtaelal．1995）．Furthercharacterizationof血e  

newlylSOlatedparasite，Babesiasp・1isnowinprogressinourlaboratory，butthe  
taxonomicstatusoftheparasiteremainsunclearatpresent・TTleePidemioIogyof  
theparasiteinrelationtothedistributionin cattlepopulalionofJapanandintra－  
SPeCificvariationwithinthespecjesB・OVa［a Should beconsideredfc．raprecise  

Class摘cationoftheparasiteL However，the characterization ofBabesia parasites  
fromdiffbrentgeographicalareasinJapanishamperedbythedifficultylnisolatlng  
the parasites showlng alow parasitaemia from mixedinfection with TheiZeria  
SpeCies．   

Inrecentyears，thehybridizationtechnoIogywithDNAprobeshasbeenfound  
tobeava］uablemeansofcharacterizlngSpeCiesandstocksofparasitesinanimals  
andinvectorticks（Jasmeretal・1990）・CombinationofLheparasite－SpeCificDNA  

probesaJldthehybridizatjontechnologythatisapplicableforsampleswithasmaIl  
numberofparasite（Bueningetal・1990，Petehpooet al．1992）may enable to  
OVerCOmethedifficultiesinstockcharactehzationofBabesiaparasjtesinJapan・  
Inthispaper，We describethepreparation ofDNA probes eitherspecific forBl  
OVaLaorBabesiasp・1・rnleSePrObescouldt光uSefultooIsinepidemi0loglCalstudies  
toclarifythetaxonomicstatusofthenewlylSOlatedBabesiaparasite，BabesLasp．1，  
inJapan．   

MATERIALS AND METHODS  
Pαr（才∫鹿∫柏でた∫α乃dク「甲αr血♂〃げpdr（Z∫如β〃A   

TYleParaSitestocksusedwereasfollows＝Babesiasp・1isolatedfromaJapanese  
BrowninOshimaareaofHokkaidoprefecture，Japan（Ohtaetal．1995），B．ovata  
（MiyakeStock；MinamiandIshihara198O），B・bigemLna（Kochindastock；Fujinaga  

etal・1980），B・bovis（Anstralianstocks；MinaTr．iandIshihara1980），T．sergenJi  
（7keda stock；Fujisakiet al．1992），AnEP［asma maTginale（Kochinda stock；  
Nakamura e［al・1991），A．cenEraLe（Aomoristock；Nakamura et al．1991）and  
EberyEhTDZOOn WenyOni（NaturaliIlfection；Kawazu et al．1990）．Blood was  

COllected丘om calves experimentallyinfected with either of the four BabesEa  

StOCks，andpiroplasmswerepurifiedbythenitrogencavitationmethod（Shimizuet  
al・19舶）・Genomic DNA oftheseBabesia stocks was prepared from purified  
piroplasmsbytreatmentwithsodjumdodecylsulfate（SDS）proteinaseKsolution，  
and phenolextraction（SaTT．brook et al．1982）．rrT］e genOmic DNA ofthe other  
ParaSitesusedwa5preParedinthesamemanner：  
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Ⅳ〃CJefc（】CfdfgcJz扇ヴ〟e∫   

ForSouthembJotting，0，3pgofgenomicDNAoracertainamotlntOf plasmid  
DNA was digested with restrictionenzymes and separated on O・8％agarose gel・  
TTlegelwastreatedwithultravioletlightat254nm，andDNA wastransferredto  
GeneScreenPlus（NENResearchProducts，USA）inO．5NNaOHandl．5MNaCl．  

ToevaluatethespecificityofDNAprobecandidates，0，1pgofparasiteDNAwas  
blottedontotheGeneScreenPlus aftershort－runagarOSe gelelectrophoresisLThe  
membranewashybridizedat650CovemightwithaDNAproberadiolabeledby  
the random hexanucleotide primer method（Ready一丁b－Go system；Pharmacia，  
Sweden）in5％sodiumdextransulfhte，0．5％SDSandO．5MNaCl．Tnemembrane  
waswashedtwicein2XSSC（1xSSC＝150mMNaCl，15mMsodiumcitrate）with  

O．1％SDS，andthentwiceinO．2XSSCwithO．1％SDSat650Candexaminedby  
autoradiography using Fujix Bio－imageAnalyzer BAS2000（FujiPhoto Film，  

Japan）．Cons（ruCtion oflibrary arld screening：Babesia sp・lgenomic DNA was  

COmPletely digestedwithEcoRI．Onemicro gramofdigestedDNA wasinserted  
irItO thephage vector，lZAPtIEcoRIamlS（StraLagene，USA）・A totalofl，000  
recorhbinant phages were plated out on Escherichia coListrain XLl－Blue  

（Stratagene，USA）with250plaqucsperpetridish，andgrowrlat370Covemight．  
DNAfromphageplaqueswastransferTedonfonylonmembrar．es（CoIony／Plaque  

Screen；NENResearchProducts，USA），andscreenedbyusinga3・6kilobase（kb）  
insertofBOZAP6（Kawazuetal．1993）ashybridizationprobe．Afterfurtherfour  
SCreenlngS，reCOmbinatedpBluescrlp【plasmidwasexcisedoutfromthephageDNA  
byinvivoexcisiontechnique（Stratagene，USA）．TheplasmidDNAwasprepared  
On alarge－Seale according［o the method previously described（Sambrook et al・  
1982）．   

RESUlllS   
Southem blot analysIS OfBabesLa DNAswith BOZAP6：A3L6kbinsert of  

BOZAP6hybridizedwithgenomicDNA fromB．ova［aandBabesiasp．1，butdid  

nothyb、ridize withgenomicDNAsfromB．bigemina，B．bovLs andbovinewhite  

bloodcells▲Vhriouslengths ofEcoRIfragmentsfrom B．ovaEa andBabesia sp．1  
genomic DNA hybridized with the DNA probe．rrYlere Were differencesin the  
number and sizes of thehybridizedfragmcnts betweenB．ovaEaandBabesiasp．1  
BenOmic DNA．BOZAP6hybridizedwilhB・OVata genOmic DNAmoreintensely  
thanBabesia sp．1genomic DNA（Fig・1）・The pa（tern Ofhybridization observed  
indicaled the presence ofa cross－hybridizing sequenceinthe form ofmultiple  
COpiesinB．ova（a ar．dBabesiasp・1genomes・Sincedifferences wereobservedin  
thesizesoflhehybridizedfragmentsandtheirhybridizationintensitiesbetweenB，  

OVaEa and Babesぬsp．1genomic DNA，We aSSumed that the cross－hybridjzing  
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Fig．1－Hybridizadonp甜msofclondg8nOmk  
DNAorβ血血∂V（】rd，BOZAP6withEcoRI一曲g8Sted  
genomicDNAs（0・3トが卸e）丘om鮎加血朗ge戚′∽  
（1ane′1），β．あovJ∫（lane2），玩〉Vinewhilebl∝dcells  
（1ane3），β．〃V（】ぬ（lanc4），弧d凡慮岨血‖p．1（1ane5），  

Sizes批giveninkilobases（kb）onthelef（・  
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A）pBU  Fig・2・Res扇ctionmapsofcloned  
β8鮎∫JdSp．1genomicDNんpl∋U  
（A）andcloned且のV8J鞘enO血c  
DNA，BOZAP6（B）．RestrictlOn  
enzymessi【eSaredesignaledas  
ね1lows：EcoRl，Ec；Mlul，M；  
DraII，D；ⅩpnI，K；EagI，E；PstI，p．  
Theha（Cheda陀aSindlCatethe  

C－りSS－hybddizingre騨OnS．ne  
陀釘OnSelectdbrthep訂aSite－  
SPeCificprotcisindicatedasSpS7  
（β慮甜fdSp・l）inAorOvS9（臥  
OV（7ぬ）inB，托SpモCdvely．Sizesof  
【herglOnSaYeindlCa（edinkilobases  
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fragmentsoneitherparas主tegenomescontainedboththecross－hybridizjngsequence  
and山e sequencewhichdidnotconferthecross－hybndization・CIoningofDNA  
fragments either speCinc forB・OVa［a OrBabesia sp・1：Forclonlngthesequences  
thatdonotconfercrosshybridizationwithB・OVafagenOmicDNA，aSubgenomic  

librarywasconstruCtedinlZAPIIfromEcoRI－digestedBabesiasp．1genomicDNA．  
Four phage clonesthat showed strong hybridization slgnalsin screenmg with  
BOZAP6wereselectedfromthelibrary．Recombinatedplasmidswereexcisedout  
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fromthephageDNAandanalyzedfortheirI℃StrictionenzymeSSites・Oneofthe  
fourclones，PBUthatcontaineda5．5kbinsertwithsuitablerestrictionenzymes  
sites，WaS Selected forfurther characterization．TbdelineaLe the reglOnWhich did  

notconfer cross－hybridizationin the pBU，the plasmid DNA was digested with  
variousrestrictionenzymes andhybridizedagajnwithBOZAP6・AO・7kbEagU  
PstIfragmentwherecross－hybridizationwithBOZAP6wasnotobserved（SpS7in  
Fig．2A）was subcloned from pBU DNAintothe plasmid vector・A O・9kb  
EcoRI爪pnIfragment of pBU DNA showed cross－hybridizationwith BOZAP6  
（btchedareainFig．2A）．rrTleregionwhichdidnotconfヒrcross－hybridizationwas  
also delineated jn the same mannerin BOZAP6．AO．9kbDraTT爬coRlfragment  
whichdidnotshowcross－hybrldizationwithpBU（OvS9inFig・2B）wassubcloned  
from BOZAP6DNAinto theplasmid vector．Al．O kbEcoRIルIluIfragmentof  
BOZAP6DNAshowedcrossThybridizationwithpBU（hatchedareainFig・2B）・  
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Fig．3．HybridlZationpatterr）SOfclonedgenomicDNAofBabesEasp・］，SpS7（paJlelA）andcloned  
genomicDNAofβ．ovaEa，OvS9（PanelB）withEcoRトdigestedBenOmicDNAs（0・3llgnane）丘om  
BabeJiabigemfna（1anel），B．bovIs（1ane2），bovinewhiteblodcells（1ane3），B－OVaEa（1ane4），  
且ndBabesLasp．1（lane5）．Sizesaregiveninkilobases（kb）ontheleft・   

Fortheevaluationofspecificjtyandsensitivily，SpS7andOvS9wereusedasDNA  
PrObesin Southem blottlngwith genornic DNA fromBabesia sp・l，B・OVata，B・  
bigemina，B．bo血andbovinewhitebloodceJIs．SpS70rOvS9detectedeithera  
5．5kbEcoRTfragmentofBaheLmisp・1genomicDNAora3・6kbEcoRIfragment  
OfB．ova［agenOmicDNA，reSPeCtively・Nohybridizationwasdetectedforboththe  
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PrOt＊swith genomic DNA什omB．bigemifla，B．bovLs andbovine whiteblood  
Ce11s（Fig．3）．Speci爪ciqTOfSpS7andOvS9forO．1pg ofgenomic DNA from  
Oぬer haemoparasites，SuCh as r．∫e瑠g〃rf，A■ 椚d曙血αJe，A・Ce〃JmJg and g．  
WenyOniwasalsoconfirmedbyhybddization（Fig．4）．SpS70rOvS9wassensitive  
enolIghtodetect5ngofgenomicDNAfromeitherB．ovaEaOrBabesiasp．1（Fig．  
5）．  

Fig・4・Rぢ拡tivl【yofclonedgen（）micDNA  
Orβ血血sp∴SpS7（pan81A）釘dcl｛爪ed  
genomicDNAor且ovα晩OvS9（p狛61B）  
WithYadoushae打めpamsilesDNAatD．1鵬  
TheDNAsamplesarealigr（edasfb1lows：  
1anelJ伽砲血＝明野戚1ane2，  
AJ叩血紺闇けは愕加βJe舟ne3，A．α血相壇  

1anc4，印ビワーかロZ∂P乃W朗ブα〃f；l諷e5，  

β亜g∫i〟Sp・t（p抑elA）andβ．0V助匝弧81  
B）；1ame（I，bvinewhitebl∝dcells．  
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Fig．5．Sensidvityofclonedgen8micDNA  
Orβ血e血sp・1，SpS7topqdfiedB．叩．1  
genomicDNA（COlumnA）andcl（】ned  
genomicDNAofB．ovaTa，OvS9topurifi＄d  
B，OVaLagenOmicDNA（COIumr）B）．The  
且mOuntSOfDNAblottedareindicated  
above．  
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欝サー構  

DISCUSSION   

The cross－hybridizatjonobservedinSouthemblottlngOfBabesiasp．1genomic  

DNAwithBOZAP6，a DNAprot光de－ived fromB・OVa（agenOmeSuggeStedthe  
PreSenCe Ofa geneticalrelationshipbetweenthese two parasites．Since the cross－  
hybridization wasless pTOnOunCed than homologous hybridizalion，bothin the  
numt光rOfhybridizedfragmentsandintheirhybridizationintenslty，theresultsalso  
indicatedthepresenceofadifferenceinthegeIlOmearrarlgementbetwce11Babesia  
SP・1and B・OVaEa・Based on the hybridization profiles observedin Fig・1，We  
assumedthatthecross－hybridizingfragmentsoneitherparasitegenomescontained  
both the cross－hybridizing sequence andthe sequencc which did notconfercross  
hybridization．Thereわre，DNA probes eitherspecific forBabesiasp．lorB．ovaLa  
Wereprepared by separatlng and subcIoning the reglOnS Whichdidnotconferthe  
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cross－hybridization fromthe onglnalfragments・The obtajned probe，SpS70r  

OvS9，WaShigh1yspecificforBabesiasp・lorB・OVaEa，reSpeCtively，becauseno  
hybridizationwasdetectedwithgenomicDNA丘omB・bEgemina，B・bovis，bovine  

whitebloodcellsandotherhaemoparasitesthatmayhavecontaminatedtheblood  
samples．TYIeSePrObes were sensitiveenoughto detect5ngofpurifiedparasite  
DNAjn50ト11，WhichisequlValenttoabloodsamplewithaboutO・5％parasitaemia  
estimatedfrom the calculation ofMcLaughlir）etal．（1986）．Bovinebabesiosisis  
distrlbutesthroughoutthecounlTyinJapan，andexceptforthesouthemareawhere  
B・bovis and B，bigemina are endemic，B・OVatais considered to be a maJOr  

BabesiaspeCies ofcattle（MinamiandIshihara1980）・Howeverthe variationin  
bovineBabesiaparasitesinJapanhasnotbeenfullylnVeStlgated，becauseofthe  

difficultiesin theisolation ofthe parasites showlng alow parasitaemia from a  

mixedinfection with Thelleria speCies・The DNA probes sensitive and either  
speCificforB・OVataOrBabeslasp・1couldbeusefultooIsinepidemiologlCalstudies  
toanalyzethevariationjnbovine Babesiaspeciesir）Japan・   
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