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AI主STRACT  
A method for purifying merozoites of BabesEu caballiwas developed・  

Infectederythrocytespreparedfrominvitroculturewasenrichedtoatleast60％  
by Perco11Lgradient centrifugation．Enrichedinfected erythrocytes werelysed  
With O．83％ ammonium chloride and then thelysate was su叫ected to  

CentrifugationinaPerco］1densltygradient．Freemerozoiteswererecoveredfrom  

abandhrmedattheinterfaceofl．018andl，053g／mlPercollsolutions．These  
merozoites were revealed to be morphologically intact by the electron 

microscopICObservation．Themerozoiteswerenotcontaminatedwitherythrocyte  

membrane protein as detected by sodium dodecylsulfate－pOLyacryLamide gel  

electrophoresis．   

INTROI）UCTION  

Babesia cabalLiis one of haemoprotozoan parasite tha（CauSed equlne  
babesiosis andis djstributed world wide．This parasite causes fever，anemia，  

jaundice and edema，andin sorne cases，death to horse（Schein1988），and  
therefore equ．ne babesiosisis economicallylmPOrtantin the horseindtJStry  
（Friedhoff1982）・Thelowpercentageofparasitizederythrocytesinexperimental  
infectionofhorsehasbeenpreventedthebiochemicalandimmunologlCalstudies  

（Schein1988）・ALthoughcontinuousinvitroculturesofB．caballiwasestablished  
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PURIFICATlON OF BABES［A CABALL］MEROZOITES  

bytheuse ofthemicroaerophilous stationary－Phase（MASP）cuJturetechniques  
（Levy and Ristic1980），paraSitemia has generaL］y beenlow（Cjssoko1989）．  
Recently，Avarzed etalr（1997）deve10Pedtheimproved methodforincreaseof  
parasitemia（usually8－10％）invitroculturebytransfeJ・ringculturesfromalow  

OXygentO5％CO2inair・However，theseparasitemiainvitrowasnotsuitabJeto  
Prepare enOugh quantlty Of materials for biochemiealandimmunologlCaland  

SerOloglCalsludieゝOnthispathog£m  

Percolldenslty gradientshave beenusedin order toenrich erythrocytes  

infectedwithseveralhaemoprotozoa，SuChasB．caballi（Bhushaneta］．1991），B．  
叫押両肌（＼廃a et al．1986）」粕血適卸町如・卸血血（Kramer et al．19g2），P  

OValeandP viva・て（Andrysiaketal．1986）．However，themethodofpurifyingof  
B．cabal／imerozoites has not been established．111PreSent Study，We describe a  
Simp］e and rapid method to obtain pure and morpholog］eallylntaCt B．  
merozoites uslng COmbination of ammonium chloride soLution and two－SteP  

PercoIldenslty－gradientcentrifugation．   

MATERIALSANDMETIIODS  

／）（7n7∫／Jl，  

The Babesiacaballi（USDA strain）was grownin equine erythrocytesiJI  
COntinuousmicroaerophilous stationary phase（MASP）cultures asde／seribed by  
AvarzedetaJ（1997）・PercentparasitemiawascalculatedfromonGiemsa－Stained  
thinsmears，   

鞠ぬ蛸壷那均一押通励机戚血加  

Anaqueous solutionofPercoI＝density，1．130g／ml）waspurchasedfrom  

Pharmacia（Upsalal，Sweden），and diluted according to the manufacturerls  
i′nsLruCtionwithinO．15mM NaCltoachievedensitiesofl．018andl．053g／ml，   

勒矧溺血判Ⅶ酎扉血涙如旬月醜画一g和dJg〃f（・肌両軸咄血  
ParaSitizedery（hrocytes fromin vitro culture were enriclled by denslty  

gradientcentrifugaticnonthefirststepofPercollgradient（Bhushanetal・1991），  
andwashedonceinRPMl－1640ti、SSueCulturemedium．Theinfectederythrocytes  
were then mixed with n主ne volume of ammonium chtoride solution（0．83％  

NR4Cl，0・17MTrisbuffer）／andthemixturewasincubatedat37Ocfor3minto  
lys巳erythrocytes（Martin etaL・1971）・TheerythrocytelysatewascentriftIgedat  
15，000gforlOminat4Dc、，andtheresultantsedimentsweresuspendedinl．Oml  
OflO mM TRIS－HCl150mM NaC15mM EDm buffer（TRIS－NaCl－EDTA  
buff眈pH7，4）．Onemlofsediments wascarefullylayeredon topof2mlthe  
diseontinuousdensltyrgradientsolutionandcentrifugedaI3，600g for20mir）at  
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4Oc・TheresultanteachbandwascollectedwithaPasteurpIPetandwashedthree  
timeswithTRJS－NaCl－EDIAbuffertoremovePercoll（15，000g，10min，40c）．  
Thinsmearsweremade，StainedwithGiemsasoJutionand examinedwithlight  
microscope．   

即ビ〔■r′り′仁椚Jc・柑∫e叩γ  

Sampleswere fixedwith2・5％（v／v）glutaraldehyde，foJlowedwith2．0％  
（w／v）osmicacid，dehydrated and embeddedin Spurr Resinmixture（rmAB）．  
utrathinsectionswerestainedwithuranylaeetateandleadcitrateandexamined  
WiLhatransmissionelectronmicroscope（JEM－1010；JEOIJ，Tokyo，Japan）．   

ぶ（）〟血椚ゐd叩ノ川拘J叩叫，〟L・りイ〟∽～dビgピノピJビC佃〝加佗∫～．†「∫β∫胡GEノ  

Samples were boiled for5minin SDS－PAGE sample buffer（Laemmli  
1970）arldwereelectrophoresedin12％SDS－PAGEslabgelwitha4％stacking  
gel（Laemmli1970）．ThegelwerestainedCoomassiebrilljantblue．   

RESULTS  
ln order to enrich parasitized erythrocytes from cultured materials，B．  

CaballiparasjtizederythrocyteswerecentrifugedonPerco11gradient．Parasi．（emia  

OfjnfectedcellswereinereasedfrornaboutlO％to60－90％infeetedeellsbyfirst  
Step Centrifugationwith PercollrBradient solution（Fig．1）．Emichedinfected  

erythrocyteswerethenincubatedwithO．83％ammorliumchloridefor37Ocfor3  

mintoreleaseparasilesfromerythroeytesandeompletehemolysiswasoccurred  
With this treatment・Relea5ed parasites did not show any al（ernationir）their  

normalmorphoIogy as determined bylight rnicroscopy，but they were sti11  
COntaminatedwifhlysederythrocytemembrane．  

Fig・1・助如≠〟（て血肛in良cted  

erythrocytesenrichedbydenslty－  
gradienteentrifugationstainedby  
Giem5aSOlutiom．   
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Fig・2・Density瑠radient centrifugation．show】ngatubegradient（densities，  
1－O18a11d］・053g／mJ）and sedimentsaftercentrifugation（20minat3，600g  
anし140c）resuLtingin丘vedifferentlayer．  

Fig．3．Micrographsofpurified  

lme】■OZOites stajned with Giemsa  

so】ution，  

Centr汀uga［ionofreleasedparasitesonPercolldensLtyrgradientsresultedin  
five distinctlayers（Fig．2）．The firstlayer was on the top gradient solution，  

consistingmainlymedjum，andthesecondlayerofconsistedofl．018g／mlPercoll  
solution．The thirdlayer wasformedattheinterfacebetweenl・O18andl・053  
g／mldenslty and contained free merozoiteswithout colltamination oflysed  
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erythrocytes membrane（Fig．3）．The sedimentatthe baseofthetube contained  
mostofuninfectederythrocytes anddebris oferythrocytes membrane・Electron  
microscopICStudy showedthatthemerozoites retainedtheirintactu】traslructure  

（Fig．4）．  

Fig．4．Electr（－■nkrographsof  

purified meroioites. Merozoites 

代tain theirintac【u】trastmcture．  

Bar＝5（X）nI¶．  

Theanalysisofthepuri土1edmerozoitesbySDS－PAGEisshowninFig16・  
lntheproteinpatternofthepurifiedmerozoites（Fig．5，1arLel），TIOObviousbands  

COrreSPOndingtotheproteinbandsoferythrocytemembrane（Fig．5，1ane2）were  
detected．  

Fig．5．SodiurTldodecy］stllfater  
PO］yacry］amidege］electrophoresis  
andCoomassiebriJ［iantbltleStainlng  
OfproteinsofpurifJedmerozoites  
anderythrocytemembranes・し1nel，  
merozoitespurjfiedfromammonium  
ChJorideso）ution－treatederythrocytes  
byPercol】denslty－gradierlt  

Centrifugation．hne2，equ■ne  
erythrocytemembraneLApprox・5  
lLgPrOtejnwasappLiedtoeachLanel  
Molecularmassmarkersare  

indicaledonlhe】eftinkilodalton  

（kDa）．  

DISCUSSION   
lnthe present study，the combination of two centrifugation on PercoIL  
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gradient and the hemolysis with ammonium chloride was developed for the 
isolation of merozoites without contamination of ery［hrocyte membrane・  

Enrichment of B・Cab（Ll［i－infected erythrocytes uslng Percollgradient was  
reported by Bhushan etal・（1991）and they obtained more than95％infected  
erythrocytes・ⅥねalsogotsimilarenrichmentofB・Cabal［i－infectederythrocytesin  

thepresentstudy・CentrifugationofparasitesonPercollgradientwasrepeatedto  
removedebris oferythrocytemembrane from merozoitesafter hemolysISWith  

ammonium chloride. Resultant merozoltes were free of erythrocyte membrane 
andkeptnormalultrastruCture，COnfirmedbylightmicroscopeandSDS－rAGE  

analysis，and electron micmscopy，reSpeCtively，Centrifugation ofinfected  
erythrocytes on Percollgradient did not affectinfectivlty Of PercolトisoJated  

parasitizederythrocytesforinvitroculture，perhapsduetoit．sIowosmolality  
（Bhushanetal．1991）．  

Thetreatmem（OfinfecLederythrocyteswithammoniumchlorideforrelease  

Ofmerozoites wasalsoknowIltO glVelessdamage tomerozoitesand easierto  
CarryOutCOmParedtothe treatmentwithhemolysin（Sugimo（Oetal．］991），Or  
Othermethodssuch asusing Frenchpress（Martinetal，1971；Hamburgerand  
Kreier1980）・Therefore，thisisolationmethodofmerozoitemaynotimpairthe  
bioIogLCalactivltyOftheparasitesassuggestedforTheileriaseYgentibySugimoto  
eta］・（1991），althoughwedidnotexaminetheviabililyofthemerozoitescolleeted  

inthisstudy・1nconclusion，thepurifiedmerozoitesbythismethodmaybeusefu1  
andapplicableforthefurtherstudiesonBLCabauiinbioIoglCal，biochemicaland  

immunologJCalaspects，includingparasiteinvasiontoerythrocytes，prOductionof  
monoelonalantibodies，antlgenPreParation ofserologlCaltests，PrOteinandgene  

analysls of the parasites. 
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