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ABSTRACT   

Crossreactivityof Babesia rodhaini（B．rodhaini）and Babesia micro打（B，micr亡痛）  

antigensagalnStBabesjaqchronicaLlyinfectedmiceserawasexaminedusingindirect  
fluorescentantJbody（LFA）technique andwesternblo憤ing・TheefFectofmonocLonal  

antLbody＃7（nlAb＃7），WhichrecognizedbothB・microuandB・rOdhainiantlgenS，WaS  
aIso studied agalnSt Babesia－infections．Passiveimmunization wi廿1mAb＃7was  
Carriedouttoclarifytherelationshipbetweencross－reaCtiveanbgensandprogression  
OfBabesiainfect10n．ResultsoflFAassayshowedcrossreactJVityinB．microuandB，  
rodhainiantiseraatadilutionsofl：512andl：128，reSPeCtively．Eachtypeofantiserum  

exhibitedparasitespecificf［uorescence・lmmunob10ttJngde叩OnStratedthereactJVityof  
B＿microLland B．rodhainianti＄eraWith the70and32kitodaltons（kDa）B．rodhaini  

antigens，andwiththe70kDaB．microtlantigen，reSPeCtiveLy．111eSereSUItssuggesta  
StrOngerCrOSSreaCtivityofB・microtrantiserumcomparedto B．rodhajniantiserun．  

Monoc［onalantibody＃7TeaCtedwith70and30kDaantigensofB，micIV＃．andwith70  

and32kDaantlgenSOfB・rOdhaini・Passiveimmunizationuslng mAb＃7showed a  
delayeddeve10PmentinhighlevelsofparasitemiainbothBabesiaspp．．■COmParedto  

the controlgroups▲These results demonstrate the apparent role of mAb＃7in  
SUPPreSSlngtheonsetofparasitemia－   

1NTRODUCT［ON   

B・micIVかandB・rOdhainiare rodentformsofBabesia，theformercauslngChronic  
babesiosis．andthelatterspeciesbeingfatalintheabsenceoftreatment（Coxetal．  
1969）・SeveraIau廿10rShavereportedhostimmune「esponseagainstB．microdandB．  
rodhainjduringinitial，aSWe”asincasesofre－infection．Among B．IDdhaini－infected  
andB・microtlimmunemice，SimadaetaI．（1992）notedadecrease，andanincreas8  
inthe proportion oT ratio ofL3T4＋to Lyt2◆ce”＄．inthe spLeen．respectively．They  
hypothesizedthatinimmune mice．the suppressorceLIsmay have been activated  
duringtheinitia］stageofinfection．effectJngSUPPreSSion，thereafter，While，thereare  
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rePOrtSOntheadop血etransferofprotecbveimmunitywithB・rOdhajniimmunesp■een  

Cells（Robertsetal・，1968；Zivkovicetal・．1984），andofmiceprotected against  
babQSiosisrodhajnjusinganti－B・It，dhainimonoc10nalantibodies（C］averiaetal．，  
1992），detaiLedinformabonaboutcros＄－immunibybetweenB＿rOdhainiandB．micro打is  

S酬wantingllnthe presentstudyTWe anaLyzedthecross－reaCtⅣe antigensof且  
mdhainiandB・mjcrod・anddeterminedtheprotectiveeffectofheseantigensthrough  
PaSSiveimmunization．   

MATERIALS AND METHODS  

AnLmaJsandPara8ite＄‥BALBJtandlCRmousestrains．ages4weekswhichwere  
bredin the AnimalFaciIityofthe DepartmentofVeterinary Physio■ogy，Obihiro  
Universitywere used．The Munich sb・ain of B．microdand AustraLian sbain of B．  
rodhainiweremaintainedin micethroughintraperitoneal（lP）iniectionofinfected  
b100d．  

Babeslaimmune mice and8era PreParat10n：lmmune micewere prepared  
foIIowingthemethodofSimadaetal．（1992）＿  

PreparatJon ofBabesFa＄PP・antlgen＝Bloodfromsevere■yinfectedmicewas  
Obtained through cardiac puncture usIng heparinized syrlnge■To remove the  
SuPernatantandbuffycoat・b100dwascentrifugedatl，000xg．40CfoTlOminutes．The  

Ce”sedimentwas washed three times with phosphate buffered saline（PBS），  
resuspendedin50mMTris－HCl（PH7・4），0．1MNaCl，1mMPMSF，andthenfrozen  

（－800C）andthawed（37◇C），threetimes・TlleSamPlewascentrifugedatlOO，000xgfor  
30minutesat4OC・Thesupernatantwaskeptat－80。Cuntiluse．  
SDS－POlyacrylaTTllde gelelectrophore＄i＄（SDS・PAGE）and WesIern・  
blotting：EqualvoIumeofeachBabesiaspp・PreParedan喝enandsamplebuffer  
（0・125MTris・HCl（PH6IB），20％glyceroI．10％2・merCaPtOethanol．4％（Wル）SDS，  
0・1％（Wル）bromophenolblue）weremixed．触enheatedto950Cfor4minutesina  
Waterbath・The samplewas centrifuged at15，000xg，25OC forlO nlinutes＿The  
SUPernatantWaS81ectrophoresedin alO％SDS－POLyacryLamide geI・Separate  
PrOteinsweretransb10飴dintoaPVDFmembrane（0・22Llm，GVHP；MilLipore．USA），  
andthetransb10tSWereStainedwi廿一amidobLacksoLution（0．1％amidoblacklOB，7％  
aceticacid），and廿1enWaShedwihdoubledis拙edwater（D．D．W．）．111emembTaneWaS  
fixedinaceticacid：methanol：D．D．W．（1：5：5）for5minutes，andthenwashedwith  
PBS＋0・05％Tween20・three肩mes，5minuteseachtime・BIockingwascarriedout  
OVernightinPBS＋10％skimmilkat40C，andeachmembran8WaSreaCtedwithB．  
mjcroTi・BLrodhainLantiserumoranti－Babesiaspp・mAb＃7inPBS＋0，5％skimmiEkfor  
two houTS at rOOm temPeratUre・The rnembranewere reacted with peroxidase－  
COnjugatedanb－mOuSelgG（BIot（ingGrad8A惰nityPu哺edGoatAnti－MouselgG（H＋L）  
HorseradishPeroxidaseConjugate；B10－RAD，USA）foTanOthertwohours，andthe  
bandswerevisualizedusin90・1MTris－HCl（PH7．4），3．3I－diaminobenzidine4HCIsalt  

andO・03％H202SOlutionorchemiJuminescencerea9ent（RENAISSANCETN；DUPONT  
NEN．USA）．  
1mnLJnOPreCipitatlon＝Babesjapreparedant．9en WaSmixed x2concentration of  
NETsoIu領On（300mMNaCrplOmMEDTAl100mMTris－HCI（P＝8LO））andlO－50LllB．  
microtr，B・rOdhainian鹿erum oT20－50pg mAb＃7Iand keptovernightat40C．  
Thereafter蓼50Ll10fproteinA－Toyopear1650M（Tsk－geIpTOteinA－Toyopear1650M；   
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TOSO，Japan）suspendedinNET（ProteinATToyopearl二NET＝1：2）wasaddedand  
incubatedforonehouratroomtemperature・Theimmunoprecipitatewascentrifugedat  
120xg，at250Cforfiveminutes，and thenwashedthreetimeswithsolut10nl（0．05％  
NP－40．1mg／mlBSAin NET），and anotherthreewashingwith soLutionlL（300mM  

NaCl，0・1％SDS，0・05％NP－40，50mMTris－HCl（PH8L6））・Totheimmunoprecipitate．  
anequalvolumeof2xconcentrabonofSDS－PAGEsamplebuffer，thenheatedto95OC  

for4minutesinwaterbath，Cent「ifugedat500xgforlOminutes．Thesupematantwas  
keptat－80QCuntiluse．  

1ndirect fluorescence antibody test（lFAT）：Babesia PRBC were coatedinto  
We＝sonaglassslideandlfnecessary，thepreparationswerefixedwithcoldacetone  
OrCOld methanolforlO minutes・Antigenson welIs wereincubated with antisera．  
supernatantfromhybridomas，OrnOrmaJsera（2‾1to2‾11dilutioninPBS）for30minutes  
at370C，fol10WedwiththreetlmeSWaShingwithPBS．Thewe”swere廿1enincubated  
WithfJuoresceinisothiocyanateconjugatedanti－mOuSelgG（GoatF（ab’）2Antj・Mouse  
lgG（H＆L）－FITC；TAGO．1nc．．USA）for3Ominutesat370C．washed threetimeswith  
PBS．and mountedinglycerolbuffer（90％gIycerolin PBS）for examination using  
fruorescencemicroscope．  
Product10nOfmonoc10nalantibodies（mAb）：BALB／Cmicewereprimedthrough  
lPinoculationoflx106B・mjcro〟PRBC，andonemonthlater廿1eyWereChallengedwith  
lxlO8B・rOdhajnjPRBC，一P・Atexact■ythreedayspost－Cha”enge，immunesp■eence”s  
Were Obtained and processedfor hybridoma productJOnfoJIowing the methodsof  
VernonetaF・（1980）andGalfreeta卜（1977）．Briefly，immunespreence＝ssuspended  
inRPM11640werefusedwithSP2仙Ag14，aBALBノCmye10maCeIIIine usln950％  
POIyethylene glyco11500（BoehringerMannheim，Germany）．Hybridized ce”swere  
SuSPendedin S－C10ne（S－C10ne CM－B：SankyoJunyaku Co．，Ltd．．Japan）＋0．2％  
hypoxanthine，aminopterin and廿1ymidine（HAT）medium（HAT Media supplement  
500x；BoehTingerMannheim，Germany），andwereplatedinto96－We”stISSuePIates  
（1x106cellsJり．1m仙ell）．andincubated at370C．Wells with healthy growth cell  
C（〕lonieswerecheckedforantibodyproduction usIngLFAT，Thosethatwerepositive  
COJonies were cuJtivated to generate specific and relevant anti－Babesia spp，  
monoc10nalantjbodies．   

PositivecLoneswereexpandedinvivousing BALBJcmicewhichwere LP－injected  
incompleteFreund’sadjuvant7－10daysprlOrtOIP－inoculationoflxlOThybridoma  
Cells・MAb dilutedin PBS were precipitated from mouse asciticfluid，uSlng50％  
Saturatedammonjum surfateand diaIyzedin threechangesofPBS at40C．Protein  
COnCentrationwasestimated usingaspect「ophotometer・lsotypingofmAbwasdone  
WiththemAbisotypingkit（Amersham．UK）．  
Pas＄iYeimmunization with mAb：Sixteen5weeksoldfemale BALB／Cmicewere  
djvjdedjntogroupsnamely＝G－1．G－2．G－3andG－4・MicewereexposedlPtolxlO6B．  
microd（G－3）．andBrrodhainj（G－4）PRBCwhjchwereincubatedwithlOOト唱mAb＃7in  
PBSat37QCfor30minutes．priortoinoculation．Thereafter，in G・3，tWOmice were  
intravenousFyinjectedlOOドgmAbh10uSedaily．startingthedaypriortoexposureto  
PRBC，Untllthe14thdaypost－infectiDn（Pl），andtheothertwomiceuntlIthe21stday  
Pl・Allmicein G－4were treated sim＝arly as thosein G－3，and two mice were  
mAbrtreated untilthelOth day Pl，and the remaining two mice were passively  
immunizeduntilpriortoonsetofdeathLMicecomprisingcontrolgroups（G－1andGT2）  

∴．■．・・   
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were exposed to i x106 
B. microti and B. rodhaini PRBC, respectively, which were 

incubated with PBS at 37°C for 30 minutes. Parasitemia was assessed every two days 
interval by counting the number PRBC divided by the total erythrocyte count. 

RESULTS AND DISCUSSION 
Antisera obtained from B. rodhaini and B. microti chronically infected mice showed 

cross reactivity with the heterologous species (Fig. 1 ). With westernblo凶ng (Fig. 2), B.

microti antiserum reacted strongly with B. rodhaini antigens of molecular weights 70, 
32 kilodaltons (kDa) and less strongly with 46 and 39 kDa antigens 目 Interestingly, B.

rodhaini antiserum reacted only with the 70 kDa B. microti antigen. Our findings 
demonstrate a higher cross-reactivity of anti田 B. microti serum. 

One monoclonal antibody designated as mAb #7, isotype lgG2b was isolated from 
immune spleen cells obtained from B. microti-chronically infected mice challenged with 
B. rodhaini. Monoclonal antibody #7, exhibited specific reactivity with unfixed Babesia

spp. PRBC (Fig. 3), but showed no reactivity against either acetone or methanol”fixed
PRBC. Using electrophoresed Babesia spp. antigens, mAb #7 did not recognize any of
the Babesia spp '. antigens used in the study (Fig. 4). However, westernblot analysis of 
immunoprecipitated antigens using mAb #7, yielded antigen bands of molecular 
weights 70 and 30 kDa of B. microti, 70 and 32 kDa of B. rodhaini reactive with anti-B. 
microti serum, and only with the 70 kDa B. microti and 32 kDa B. rodhaini antigens 
using antトB. rodhaini serum. 

A-1 A-2 A-3

B回 1 8圃2 8-3

Fig. 1, IFA of un蜘fixed Babesia-infected erythrocyte smears reacted with Babes降antisera Babesia
microti 勾ainst B. microti (A胃1）即d B. rodhajni (A・2) antisera, or normal se川m (A-3). Babesia rodhajni
against B. microti (B-1) and B. rodhaini (B-2) antisera, or normal serum (B-3). x400 
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Fig. 2, Westemblot 田alysis of Babes,a
antigens. Babesia rodhajni (lane 1）釦d B
microti (lane 2) antigens detected using B
micro ti anitserum. Babesia rodhajni (lane 3) 
叩d B. microti (I田e 4) antigens detected 
using B. rodhaini antiserum. Babesia rodhaim
(lane 5）田d B. microti (lane 6）加tigens
detected using normal mouse serum. 
Molecular weight markers （ー）coπespond to 
200, 116.25, 97.4, 66.2 and 45 kilodaltons. 

5 6 

2 

Fig. 3, IFA of un-fixed 
Babes焔 infected e削hrocyte
smears reacted with 
monoclonal anitbody #7 
Babesia microti (1） 加d B
rodhaini (2). x400 

A 8 

anti-B.m. anti 骨B. r.
0 1 2 0 1 2 
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1 －ー麟繰綿織縦鱒t麟鱗糊繍i働機 1·

Fig. 4, Western blot analysis of the immunoprecipitate materials from Babesia antigens with mAb #7 (A;
lane 0, B; I釦e 1 田d 2) or ant i

卜 Toxop匂sma gondii mAb (A; l釦e 1 and 2). Normal erythrocyte (I釦e 0), B.
micro ti (lane 1）加d B. rodhajni(I叩e 2) antigens detected with B. micro ti （釦t卜B. m.) and B. rodhajni(anti-B.
r.) antisera. Molecular weight markers （・）correspond to 200, 116.25, 97.4, 66.2 and 45 kilodaltons 

Figures 5 and 6 summarize the effect of mAb #7 against progression of parasitemia 
in both control and experimental groups. A 100% motality was noted among
non-treated B. rodhaini infected mice within 1 o days post”exposure, with percent
parasitemia ranging between 82.0-86.8%. In the experimen泊I group, all treated-B. 
rodhaini-infected mice exhibited about 1 % parasitemia at 8 days Pl, however two mice 
succumbed to death on the 13th day Pl, and the remaining two mice died between the
17th・19th days. 
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Passiveimmunization ofinfected micewith rTIAb＃7clearlyshowed aslgnificant  
delayintheprogressionofbothB，mEcrodandB．rodhainiinfectIOn．Suche肝ectcould  
beattTibutedtotheki”ingofextrace‖ularparasitesviacomplementandJorinhibitionof  
ParaSiteentryintoerythrocytes．lnthepresentstudy，thecros＄－TeaCtLVe antjgensof  
molecularweights70kDacouLdhaveprovidedsignificantprotectiontomiceagajnst  
SeVereinfectionwithB．micro吼aconjecturethatissupportedbythereportsofBautlSta  
etal．（1979），Kurtzhals etal．（1988）and M8eUSenetaL．（1984）．WhiIea”rnAb＃7  
treatedB．rodhainiinf8Ctedmic8died，therewasadelayintheprogressofinfectiQn  
and＄ubsequentpro10nga也on ofsuTVival，a findingthatis consistentwith those of  
Roberts引al．（1968．1975）．  
1n summary，Our findings demonstrate廿1at mAb＃7recognizes cross－reaC舶V8  

antigensofB．microdandB．It）dhaini．Thus．furtherclarificalionofthedifねrence弓nthe  
CrOSS reaCtivity ofanti－B．micrDdand anti－B，tVdhainis8ra，and the analysis of机e  
natureoftheantigensrecognizedbymAb＃7．warran＝urtherinvestigation．   
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