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ABSTRACT   

We recently reported that the presence of a Babesia ovata－1ikelarge  
intraerythrocytlC ParaSite，Babesla sp．1jn cattle population ofHokkaido areain  
Japan，andthedeve］opmen［ofDNAprobe（SpS7）fortheparasite．Anucleicacid  
PrObeis a powerfultoolfor direct detection andidentincation of parasitesin  
animalsandvectorjnsects．HoweveIlpOlymerasechainreaction（PCR）technique  
has advantages over hybridization technique．In this paper we report the  
development of PCR and nested－PCR techniques fbr amplification of the SpS7  
SequenCefromBabesiasp．1DNA．ThePCRwithonesetofprlmerSWaSSpeCific  
for助besklSP．1，Since no amplification detectedwith DNA from bovine white  
bloodcell，T7zei［erLasergenti，An叩IasmamalgLnale，A・Centra［e，Ejフerythrozoon  

WenyOni，B．bovis，B．bigemina，andB．ovata，Thenested－PCR，Whichreamplined  
470－base－Pair（bp）intheinternalregionofthenrstprimerset（670bp），enabled  

thedetectionoflessthanlOparasitesoncalculation．ThetechniquewaslO－fold  

moresensitivethantheone－StePPCR，aJlddetectedBabesiasp・1in］arvalticksthat  
hadbeengeneratedfromtheparasite－infectedadultsHaemLPhysalislongtcoTVnis．   

INTROI）UCTION   

RecentlylSOlatedlargeintraerythrocytlCParaSiteofcattle，BabesEasp．l，Showed  
un．que biochemicalandimmunoLoglCa）characteristics compared with other  
Babesia speciesincattle such as B，OVata，B．bigemina andB．bovis（OhtaetaL  
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1995b）・FurtherstudiesontheepidemiologyandtickvectorofBabesiasp．1should  
becondtICtedtoclarifythe taxonomic status ofthe parasite・Forthese studies，  
SenSitiveandspecificmethodtodetecttheparasiteisrequired・RecombjnantDNA  
technology has provided hybridization reagents which can be used fbr direet  
detectionandidentincationofsomeparasiticorganismsintheirvectors，reSerVOir  
hosts，domesticlivestockandinhumans（Ihlerand Rice－Ficht1989；Wrth etal．  

1989）・The DNA probes are usedin a radioactive formin a mqjority of  
hybridizationassays・However，the useofradioactivltylnlabeling DNA probes  
makesthemless attractive for practicalapplication（MaJiwa et al，1994），The  
POlymerase chain reaction（PCR）is a rapid procedure forinvitro enzymatic  

ampli鎖cationofaspeci鎖csegmentofDNA（Saikietal．1988）．Saikietal．（1985）  

uslngtheprocedure，demonstrateda220，000－foldamp］incationofallO－base－palr  
（bp）region of the13－globin gene・The advent of this technique allowed the  
detection andidentification of a smallnumber of parasite without radioactive  
reagent（Barker1990）・Forthe southernhybridization，We have deve10Ped the  
DNAprobe（SpS7）fordetectionofBabesia sp．1（Ohtaetal．1995a）．Inorderto  
increasetheavailabilityofthedetectionmethod，WeattemptedtoamplifytheSpS7  
SequenCeuSlngPCRandnested－PCRtechniques．Thisallowedmoresensitiveand  
rapid detection of BabesklSp．1DNA as compared with the hybridization  

techniques・In particul叫tranSOVarialtransmission ofBabeskz sp・1in tick was  

evaluatedusingthenested－PCRteclmique．   

MATERIALS ANI）METHODS  
P（〃1J封J（－J、J川★＼（川（／／fぐ人、I   

Theparasitestoeksusedwereasfollows：＆zbe血sp．1isolatedfromJapanese 
BrowninOshimaareaofHokkaidoprefecture，Japan（Ohtaetal．1995b），B．ovaLa  
（Miyakestock；MinaTr［iandIshihara1980），B．bigemiTM（Kochindastock；FLtjinaga  
et al．1980），B．bovis（Australian stocks；MinamiandIshihara1980），  

SergentL（Ikedastock；Fujisakietal．1992），An甲LasmamaTginale（Kochindastock；  
Nakamura et aJ．1991），A．centraLe（Aomoristock；Nakamura et al．1991）and  
Eberyth7VZOunWenyOni（Naturalinfection；Kawazuetal．1990）．Abovinecalfwas  
infectedwithBabesiasp．1bysyringalpassageofinfectedblood．Afterthelevelof  
ParaSitized erytrocytes had reached＞1．5％，aduJt ticks of a parthenogenetic  
OkayamastrainofEhemLPhysalLslongicoronis（Fujisakietal．1976）werefedorL  
thecalfinanearbag，ErlgOrBedadultswerecol】ectedandallowedtolayeggsinan  
incubator urLderthe controlled coJlditions（250C，100％RH continuous darkness）．  

LarvaethathatchedfromtheseeBgSWereuSedinthisstudy・  
J－ハ・J，・州Jい′J・てり’l、〟い一JJ・いざハ   

Genomic DNA oflhe parasite stocks was preparedwith previous procedllre  
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（Ohtaetal．1995）．1nbrief，Partiallypuri貞edparasitefrominfectedbloodbythe  
nitrogencavitationmethod（Shimizuetal．1988）wastreatedwithsodiumdodecyl  
sulfa【e（SDS）－prOteinaseKsolution，andphenolextraction（Sambrooketal・1982）・  
Thepooledlarvaltickswerefrozenwithliquidnitrogenandgrintonnepowderin  
mortar and pestle keeping the tlssue frozen throughout this procedure by 
occasiona11y addingliquid nitrogen（Richards et al・1994）・The totalDNA was  
extracted from frozen powder for PCR amplification・Nucleotide sequence  

determination：TheSpS7fragment（700bp）wassubclonedintothepBlueccriptII  
plasmid・SequenceanalysISWaSPerformedbythedideoxychainterminationmethod  
usingtherecombinantp）asimidDNAasatemplate（Sangeretal・1977）andthe  
entiresequenceswereobtainedonbothstrands．DNAsequencewasanalyzedby  
geneticinformationprocessingprogram（GENETYX；Sof［wareDevelopmentCo・  
Ltd．，Japan），  

A  
cG6【℃Grt．1GCAAGCGllCCG∧C＾JGTCCCTTICT6TC6TATIAACCCITGTGAAClrlCrCCTGAATT66JTCGTTCGCTGT13CICGAG6ATGTAGACT  
8CT6GICTCTTGTC8GACTGGAGGJCIG†cGGICTG†CG7A6GJCTTC61GTTGTAGCCTGAT勺GTTG6TGGCAGGGGAAGGGGTT6CGC6TG6CJTICC  
AACICGGTACGCT馴TCCA6GGAAGTTT6GAGJTTTICGATC＾G（℃†どCGTTGTTCT6GCTGAC6GCGCTCTCTAACCGCCACCAGAGITTGGIGGTTGJ  
GG16GIGCCTGGCCCGGIGTGGATGTCTCAGGCTTAGG6AACATTT6BtX，GTCTCTATLCTCATGIATTGGAITG小GTAGTCCATAAATCC6AATAATA  
ITl†TCrGAllTT6TCTTTTGTTGG＾SGCJCCTTC6T6CCGTTTTTIGTTG61TTLTAT†CTTCIN，AGCTTGTTGllTCTTCTGAA6CAl＾TTCTTA66  
8CIGATGCTTGC6ACt．CIGACGGGCCTTGCGCA6C捕MGATGAIG∧CTGTCCTTGTTCCTC捕CIGGTAGA∝ACIATCACTGCTTAC6CC＾aCATC  

LCTCTCATl小CC（rTTGuGCCTATCTGGIGATtXTTCTCilTCIGGTCG6GC▲GATCCTT（：ACCTC8TJ：TTGGICCTTCC6t．GC8AA㈹ACTGCA6  

用
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加
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8ユリKl   

85UKl  

B5Ulく2  

2ndPCR  

C  
B5UKl：5’－GTCAGCAAGCGAACCGACAA－3■  
B3UKl：5’－CCAAGACGAGCTGAAGGATC－3’  

B5UK2：5’－GCCATGTGAAGATACTCCTG－3’  
B3UK2：5’－TCGCAAGCATCTCCACCTAA－31  

FigtJrel．Thenuc］eotidesequenceofSpS7（parlelA）．Schematicdiagrarnofamp］incationofthe  
SegmeTltintheSpS7bynested－PCRlechnique（pane＝】）．Theopenboximtopcorrespondstothe  
SpS7regiorl．ThethickLydoub］elinescorrespondtothefirsトPCRproduct（middle）andthesecond  
PCRproduet（bottom），Thesequenceofo）igonucleotideprlTTlerSuSedinthissIudy（P且rle］C）・  
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P′●血ハ・／高車   

ThenrsIprimerset（B5UKlandB3UKl）wasdesignedtoamplify670bp  
regionoftheSpS7sequence．Thesecondprimerset（B5UK2andB3UK2）was  
designedtoamplify470bpregioninbelweenthenrs［primerset（Fig．1）．  
タCだd〝甲J節cαrわ〝   

PCRampl捕cationwasperfbrmedinalOO匹1reactionmixturecontainlnglO  
mMTris－HCl（pH8A3），50mMKCJ，1・5mMMgC12，200pMeachofthefour  
dNTPs，0・5J‘MeachoftheoligonucleotideprlmerS，and2・5unitsofrrhqDNA  
POlymeraSe（PerkinElmerCetus，USA）．Positionsandsequencesoftheprimerused  
areindicatedinFigs・1BandC，reSpeCtjvely・ThetemplateDNAaddedtothe  
reactionswasindicatedinthengurelegend，Thereactionmixturewasoverlaid  
withparaffhoilandsuqectedto35cyclesofamplincationinaprogrammable  
heatingblock（PerkinElmerCetus）．Theprogramusedwasbllowed；2minof  
denaturationat94OC（5minforthenrstcycle），2minofannealingat600Cand3  
min ofpolymerizationat720c，With additional5miTlafterthelastcycIe・For  
reampIificationofthesamplesamplifiedwithprimersB5UKlandB3UKl，alドI  
POrtionofthepnmaryamplincationreactionwasamp】inedasabovewithprimers  
B5UK2andB3UK2（thenestedLPCRtechnique；Fig．1）．  

・・l仙南、ヾf、、イ刷岬裾－－Jハ．＼、、・1   

0ne ten【h of reaction（10 ul）was fractionated by 2．O％ agarose gel  
electrophoresisandvisualized by UV fluorescence af（er stainlng With ethidium  
bromide．  

RESULTS 
馳押助乳肋叫融   

TheSpS7sequenceconsistedof697nucleotides，anddidnothavesignincant  
homologywitho（herknownsequencesstoredinIheGenBankTMdatabase．This  
SequenCeCOntained200bpofopenreadingframe，andtheanalysisofmessenger  

RNAfromtheSpS7sequenceisnowinprogress．SpeCincityandsensitivltyOfthe  
PCRandnested－PCRtechnique：ThefirstprlmerSB5UKlandB3UKlgenerateda  
PCRproductof670bpfromBabesuESP．1DNA（Fig，2，lane9）．Theprimersdid  

notgenerateanydetectablebaJld byethidium bromide s（ainlng，When100ngof  

DNAisolated from T・SeTgenti，A・maTgLnale，A・CenlraLe，E・WeTZyOni，bovine  
Whitebloodcell，B・bovEs，B・bigemina，OrB．〃VataWaSuSedastemplateinthe  

PCR（FiB・2，1anesIL8）．The PCR with second primers B5UK2and B3UK2  
PrOduced a470bp t）NA band from Babesぬsp，lDNA，and did not produce a  

visibleDNAbandfromotherparasiteDNAsexceptforA．cenfraLeDNA，inwhich  

aweaklyvisiblebandofdiffbren（Sizewasseen（datanotshown）．rrbdeteminethe  

lowerlimitofdetec【iomofBabesiasp．1DNAin our experiments，10Afold serial  
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M12 345 67 8 9M Figure2．ThespecificityofthepoJynerase  
Chainreac（ionwi（hpr］merSB5UKland  
B3UK］．Thereactionswereconducted  

Onl（氾pgoftotalDNAfrom  
脚脚咄A叫血仙川町押通，A・Cg門打d由，  
印叩血・択靴椚晰叩叩憫bovinewhite  
b】00dcell，βαムg∫≠αあ0Vi∫，β．的阿血叫β  

州叫and助わど血sp．1（1anesl－9，  
respectiYely）▲Thele魚andrightlanes（M）  
COntainsizemarkers（ThelOObpDNA  
IAdder；GI8COBRL），thesizesare  
indicatedinbasepair（bp）・  

・iご：～：ご  

1000－  
808－  

600－   

」0（l1  

200・一  

dilution ofpurified genomic DNA ofthe parasite was analyzed by PCR with  
PrlmerSB5UKlandB3UKl．AvisibleDNAbandofexpec［edsizeof670bpwas  
observedunderethidiumbromidefluorescenceinal1samplescontainlnganinitial  
quantityof≧1pgofDNA（Fig，3A），ThePCRwithprimersB5UK2andB3UK2  
Werealsosensitiveenoughtodetect≧1pgoftheparasiteDNA（da（anotshown）・  
Af［er the PCR amplificationwith prlmerS B5UKland B3UKl，eaCh reaction  
mixturewasreampl捕edwithpnmersB5UK2andB3UK2・A470bl）DNAband  
WaSdetectedinthesamplecontaininganinitialquantity≧100fBOfDNA（Fig・3B）・  
Thenested－PCRwaslO－foldmoresensitivethantheone－StePPCRforthedetection  
of Babesia sp.l DNA.. 

M1234、56  M12 345 6  

Figure3．ThesensitivityofthepolyrnerasecIlair［reaCtion（PCR）andnested－PCR・Purified  
Babesiasp．1DNAwereamp［ifjedwiththefirstpTimerse（B5UKlandB3UKl（PCR：Panel  
A）．Thereactionswereconductedinthepresenceoflng，JOOpg．LOpg．1pg．100fg，and10  
fgofBabesiasp．1DNA（1anesl－6，reSPeCtive］y），OneperceTlt（1匹1）of（hefirst－PCRproducts  
inpanelAweTereamPJifiedwiththesccondprimerse（B5UK2aLldB3UK2（nested－PCR＝Pane］  
B）．TheleftLane（M）contai11SSizemarkers（The100bpDNALadder；G］BCOBRL）▲  
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伽血液肌妨馳ぬ南平・古れ励り矧Ⅷ由山J痴cJed一正如   

Ten－foldserialdilutionofDNAfromlarvalticksamplewasanalyzedbyPCR・  
ThenrstprimersetB5UKlandB3UKlgeneratedmanysizesPCRproducts（Fig．  
4A），and・thesecondprimersetB5UK2andB3UK2didnotgenerateddetectable  
PCRproducts（Fig・4B）insamPlescontaininganinitialquantityof＞325pgofthe  
DNA・WheneaehofthePCRproductsgeneratedwiththefirstprlmerSetB5UKl  
and B3UKIwas reampl沌ed with the second primer set B5UK2and B3UK2，  
SamplecontaininglnitialquantltyOf3．25FLgOftheDNAproducedavisib）eDNA  

bandofexpectedsizeof470bpbyethidiumbromidefluorescence（Fig．5）．  
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Figure4．Thepolymerasechainreaclioncorlduc量edwithprimersB5UKlandB3UKl（PanelA）  
OrB5UK2andB3UK2（PanelB）onthetickDNA，preParedfromprogenyofHaemaphysalis  
longlCOrOniswhichhadfedontheBabesiasp・1－infectedcalf・Thereactionswereconductedin  
thepresenceof3．25トIg，325ng，32．5ng，3．25ng，and325pgoftheDNÅ（1anest－5，  
respec（ively）．The］eftlane（M）containssi2Cmarkers（The100bpDNAl．adder；GIBCOBRL），  

Figure5．ThedetectionofBabesLasp・lDNA  
frornthe（icksDNAsamplebynested－R：R・The  
SeCOnd－PCRreactions，inlanesl－5，Were  
COnductedonthepresenceofomeperce軋（lJ‘t）  
Ofthenrst－PCRproductsinFig・4（F）anelA）・  
Th¢1ef＝ane（M）containssizemark名指汀hel（泊  
bpDNALadder；GIBCOBRL）・  
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DISCUSSION   
Mqjiwaetal．（1994）describedtheapplicationofnon－radioactivehybridization  

systemincombination withthe PCRto breakthroughthelimitations ofnon－  
radioactiveprobe・However，hybridizationtechniqueisexpenSive，time－COnSumlng  
andinvoIvesseveralcriticalsteps・Wepreviouslydemonstratedthatthedetection  
limitsforBabe血sp・1DNAwas5ngbyradioactivehybridizationassayuslngSpS7  
（Ohtaetal．1995a）．Thenested－PCRwhichwas5xlO4Tbldmoresensitivethan  
hybridizationassay・Itmayenablethedetectiomofparasitesin10JLlofbloodwith  
O．00002％parasitaemia（Thnakaetal．1993），ifthegenomesizeofBabesiasp・lis  
assumedtobeaboutlO7bp，SimilartothatofT．parva（MorzariaandYoung1992）・  
ThislevelofsensitivitylSuSefulfordetectionoftheparasitenotonlylnaCtual1y  
infectedanimals，butalsoincarrieranimalswithlowplrOPlasmparasitaemias・The  
nested－PCRcanbecomp］etedinldayevenifbothPCRcyclesare35・Moreover・it  
wasalsoproducedexcellentresul【swhenthesecondPCRcyc］ewasreducedto15  
（datanotshown）．   

ThefirstprlmerSetB5UK2andB3UK2producedaweaklyvisiblebandinA・  
centrale．However，thesizeofbandseenwasdifferen（fromthesizeexpected（670  
bp）．The specificityisincreased by nested－PCR，Since requiring fbur separate  
primingeventstotakeplace（MuJlisetal・1986）・Thenested－PCRmaybemore  
efftctiveinsomecases＝theone－StePPCRgeneratesnovisib］eproductsbecauseof  
absoluteorrelativequantltyOftargetissmall，Oritgeneratesvisibleunsatisfiable  
bands．  

Inthisstudyone－StepPCRwithprimersetB5UK2andB3UK2didnotgenerate  
PCRproducts．detectablebyethidiumbromidestainlng，fromlOOfgofBabesia  
Sp・1DNA・InreamplificationforPCRproductsgeneratedwiththefirstpnmerset  
B5UKlandt】3UKl，thesecondprimersetB5UK2andB3UK2generatedvisible  
PCRproducts・Successiveampl摘cationinthesecomdPCRcouldbeaproofofthe  
presenceofsecondprimersequences，Whicharespecificfortheparasite，Withinthe  
nrstPCRproduct．   

AtransovarialtransmissionofBabesiasp．1in H・longECOrOniswasevaluated  
uslng SpS7sequence as thc parasite－SpeCific DNA marke11DNA sample was  
PrePared fromlarvalprogeny offemale ticks which had fed onBabesia sp・1－  
infected calf・No detectable slgna］was observedin tick samples by southern  
hybridizationanalysiswithradiolabe11edSpS7probe（datanotshown）・Theprimer  
setB5UK2andB3UK2didrlOtgeneratedvisibleproductsinone－StePPCR・The  
expected band was observed from the tick sample by nested－PCR technique・  
Therefore，itwasindicatedthatBabesiasp・1wastransovaria11ytransmittedfrom  
adultsofH．／ongjcorvnis toeggsandresultantlarvae・Aftersamecolonyofthe  
larvae were fed on a calf which had been splenectmized，the appearanCe Of  
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PiroplasmswererecognizedinbloodsmearsstainedwithGiemsa（datanotshown）・  
AparasitiinfectionrateinticksarellSllallylow，andlargenumberofticksand  
transmissionexperimemtsarerequiredinvectorstudies．Preliminaryassessmentof  
tick－bateh占suslng［hePCRwouldallowusto、Selectthetickswithhigherinfection  
rate如rtheparasitetransmissioz）eXPeriments・   

The characterization oftheJapanese Babesia parasite regarding the parasite  
distributionincattlepopulationofJapanishamperedbythedifncultylnisolatlng  
the parasites showing alow parasitaemia・The PCR and nested－PCR、Should be  
powerfultooIsin suchcpidemio10glCalstudies，becauseoftheirsensitivlty・They  

ShouldbealsousefultooIsintheelucidationforthelifecycleofBabesklSp．l．In  
partict］lar，tO COmbine the extreme sensitivity PCR／nested－PCR with the ce11  
localizing abilityofin situ hybridization（Nuovo etal・1991）would be greatly  

enhanCeOurunderstandingofthese．ThePCRandnested－PCRtechniquereported  
inthisstudy，Shouldfacilitatestudiesaimedattheclassificationofthis助besia  
parasite．   
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