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A8STRACT  

TwosetsofpolymerasechainreactionprlmerSthatamplifyDNAfragments  

OfCTyPtOSPOridiumparvumorC・muriswereconstructedbyadaptingasimple  
method，namelyclonlngandsequenclngOfrandomlyamplifiedpolymorphicDNA  
（RAPI））ofcorrespondingspeCies．The primers successfu11y amplifiedgenomic  
DNAofC．parvumorC．muT・isaswellassampleDNAobtainedfromftcesofa  
humanPatieJlt，natural1yinfectedcatdeorexperimentallyinfectedmice．Andwe  
alsodevelopedthemethodtoobtainDNAofCryp（OjPOridium fromtheo∝yStS  
infヒces．  

INTRODUCTION  
Cryptosporidium卿．（Apicomplexa：CryptOridiidae）are commonenteric  

protozoanparasitesofhumansandotheranimals．Thereareatleas【sixrecognlZ  
dspeCies ofCT7PtO甲Oridium（C．parvum and C．muriswhichinfectmammals，  
C．baileviandC．meleagridEs whichinfectbirds，C．cfVtaltinfectlngreptilesand  
C・naSOruminfecting fish）．Among them C・ParVumis considered to be of  

particularimportancetopublichealthbecauseitcausesaseverediarrhealdisease  
inmanandlivestock．ALthoughmostinfectionsareprobablytransmitteddirectly  

fromperSOn－tO－perSOnbyfecal－Oralroute，thetransmissionbywaterborneroute  
isimportant，Whendrinkimgwaleriscontaminatedwithoocysts，largenumberof  
COnSumerSCanbeinfectedandcryptosporidiosisoutbreaksmayoccur（Hayesetal・  
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1989；Smith＆Rose1990；Current etal．1991；and Mackenzie et al・1994）・  
Procedures currentJy used for detection of CTWtO甲Oridiumin water are  
complicated，filterlngalargevolumeofwaterthroughacartridgefilter・releas）ng  
the o∝yStS fromthefiltermatrix，COnCentration theelute toasmal1volume，  
stainingthesamPlewithanti－CryptOSpOridiumantibodiesandnuorescence－labeled  
second antibodies on a membrane filter，and examinlng by fluorescence  
microscopy・Therecoveryrateof00CyStSby thismethodislimitedtoalow  
percentage．Thereforecriticallyneededisameanstodetectthe00CyStSWithhigh  
SenSitivltyandspeciIicity・  

RecentprogressingenetechnologyenabledustouseaDNAprobetoasslgn  
identityofpathogens■TheapplicationofmoleculartechniqueshassigniIicantly  
increased the specificity and sensitivlty Of diagnostic and research methods  
（Pershing1991）．PCRmayovercomethelimitationstodetectCTyPtO5POridium  
（Saikietal．1988）．InthispaperWerepOrtPrimersthatallowtoamplifyDNA  
什agmentsofC■ダdrV〟椚OrC・椚〟rf∫・   

MATERIALSANDMETHODS  
∫0〟汀eqfoocヅ∫J∫α′C■pdrγ〟m andC・椚“rJ∫  

CTTPtO岬Oridium parvum（Komagome strain）：00CyStS Were Originally  
isolatedfromanimmunocompetentJapanesepatientwithdiarrhea（Masudaetal・  
1991），andmaintained bysubiT10Culationintoimmunocompromised adultmice，  
including athymic nude and severecombinedimmunodeficiency（SCID）mice・  
00CyStSWereCOnCentratedandpurifiedfrom homogenatesofinfectedfecesby  
sugarnotationmethod（Isekietal・1989）・CTTPtO甲Oridiummuris（RN66strain）：  

oocystswereisolatedfromthehouserat，Rattusnon7eglCuS・andmaintainedby  
subinocurationintoadultimmunocompetentspeCincpathogen－freemice（1sekiet  
al．1986）．00CyStS Were COnCentrated and purined by same method asin C・  

PαrV〟〝l・   

＼州ハ・・・ゾ汀、J、・…∫才一f・、、   

】二Fecesfrommiceinfectedwith the Komagome strainofCparvum・2：  
Feces from aJapaneseimmunocompetent patientwith diarrheain which feces  
Crypto岬Oridium oocysts were microscoplCa11y detected・The patient was  
suspeCtedtobeinfectedduringa［wo－WeektravelinIndia・3＝Fecesfrom mice  
infectedwiththe RN66strain of C muris．4：Feces from a cattle naturally  
infectedwithCrwtov，L）ridlum・   

凸印ⅦⅦ正昭可’gg乃Omわβ〃Aq／C．クαrV〟md′dC・m〟rJ∫  

GenomicDNAwaspreparedfronlOOCyStSOfC・ParVumand C・muris・In   
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brief，SamPleswerefrozen，meChanica11yhomogenized，anddigestedwithPronase  
K at370c for3hrs．The DNA was preclpLtated after a phenol／chlorofbrm  
extraction，andsuspendedinTEbuffer（1mMEDTAinlOmMTris－HCl，匪Ⅰ  
7．4）．   

Cわ乃玩g8乃d∫叩〟ど柁CJ乃gqr如曙eJβ〃A  

RandomlyamplifiedpolymorphjcDNA（RAPD）wasproducedwithlObp  
priIner（5l－GCAAGTAGCT131）．PCRprofilewas92Qcfor30sec，360cfor60sec  
and720cfor60sec，for45cycles．ThePCRproductswere electrophoresedin  
l・5％ agarose gel・Ascriteria for targets of DNAidentification，the DNA  
fragmentsshouldtxsharedbyDNAsamplesoftheintendedstrains，Shouldbeof  
appropriatelength（around5（氾bp）andtheeopynumber should behigh・DNA  
fragments that satis吋 sllCh criteria wereisolated from agarose geluslng  

Ultrafree－C3HVunit（NihonMi11iporeLtd．rIbkyo，Japan），andampli丘edagain  
withthe same AP－PCR condition．Resulting PCR prodllCtS Were pmined with  

Ultrafree－C3TKunit（NihonMilliporeLtd・Tokyo，Japan），andligatedtopGEM－  
TplasmidvectorwithpGEM－Tvectorsystem（PromegaCorporationMadison，  
WT，USA）．The recombinantplasmids wereintroducedinto competentCells of  
E5cherichiacoliJMlO9．TheplasmidDNAwasiso］atedfromE．coILbyusingthe  
alkalinelysismethod，andsu切ectedtoTaqcyclesequencingreactions usingDye  
PrimerCycleSequencjngKit（PerkinElmerCorporationNorwark，USA）・The  
SequenCeprOductswereanalyzedwithan automatic seqL）enCer（mode1373AL，  
AppliedBjosystems，USA）・  

Basingonthis DNA sequen∝data（Figl），primers were desighedand  
Synthesized．SequenceofprlmerSWereaSfoIJows：PrimerSB48forC・ParVum：，  
Forward5一－TTTTAGArGGTGAAGrrGGTAq3＼Reverse5I－GGArGTAGTGAA  
CCTGAAÅTGTG－31；PrimerSB50forC．muris：，Forward5、rAGTCTTTGTCTT  
TGCGTCAG－3I，Reverse5一一TCGTArTTGTmGGÅrTCA－3．．   

PC月“）乃dfJわ〃  

PCR reagents were pllrChased from Takara Co Ltd（KyotoJapan）and  
regu）arPCR wascarriedoutaccordingtomanufacturerlsinstruCtion uslngthe  
prlmerSSB480rSB50withapronlebeing；StePl－920cfor3min，Step2－92Dc  
for30sec，5lOcfor30secand72Ocfor60sec，with30cycles．   

・＼／小一柚、侶、・り／りて〃い・′、  
Tb check speC摘cityOfprimers，PCRwas carried out－The tested DNA  

Samplesincluded C・ダαrV混m，C．肪如お，rOズOCd相Cα7血Df呵言Jdr払わ酬ぬね  
ね釧如棚卸血，Trf亡んfれe地坪J和独and飢摘叩刷射血油血  

J■、り   
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PC飢叫卿血  
TemplateDNAfortestswaspreparedfromfecesaslistedabove・Inbrief，  

SamPles（aboutO．1g）weretreatedwith390山0．1MNaOHat370cforover  
nightandneutrizedby500tLlofO・1MKH2PO4，anddigestedwithPronaseKand  
precIPltatedaccordingtothemethoddescribedabove．  

DNA samPlesthus prepared weresupposedtohave very smal1amOuntOf  
target DNA．DNA samples of fbces contaminatedwith CりptOV，Oridium were  
mostlyofbacterialorlgln．Inthesecases，SlnglePCRwasnotsensitiveenoughto  
PrOduce DNA bandsvisible after gelelectrophoresis and ethjdjum bromide  

Stainlng．WeadapteddoublePCRusingthesamePCRmethodtoampJi年thefirst  

PCRproducts．   

RESlTLTS  

・＼・・tJ抽・抽‥・川〃；・りハ十けぺ川川J、、、  

Target DNA sequencethusobtained was shownin Fig．1．Other sequence  

Withsignificanthomologycouldnotbedetectedinsearches（hroughthedatabase．  
ThesequencewasreglSteredinGenBank．Theaccessionnumbersforthesequence  

arethefragmentofC．paTVum，U42052，andthefragmentofC．muris，U42050・  

A  
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Fig・1A・ThesequerlCeOfDNAfragment  
d‥C／Wわ甲Or～d山肌βdⅣ〟椚．Desigmed  
forward pnmerisatposition28－47，姐d  
reverse pnmeris at匹｝S】tion346－365・  
Theamplifledfragmentis338bp．  

8  

1●  ll  州  ●●  さ●  i●  

’【AAGTAG【T ATAGT粥AGT ACTAAA（TTG AAAAATATTA TA（ATT＾T（亡AT▲TGTA〔AG  

Fig．1B．ThesequenceofDNAfragment  
Of Cりpわ甲Or～d血m m〟r～∫．Desi卯ed  
forw且rd prlmeris釦POSltion73－94，and  
reverse pnmeris at position319－341・  
TheamF）［inedfragmentis269bp・   
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AsshowninFig・2A．baれdswith338bpwasobtainedinthePCRproducts  

WiththeprlmerSB50andDNAofC．pal・Vum，butnotthoseoftheotherparasites  
includingC・murisLTheresultsuggestedthattheprlmerWedevelopedseemstobe  
PrOmislngtOdetectDNAofC．parvum．   

PC尺rビ∫〟J′w肋J力叩r刑er∫β胡  

AsshowninFig．2Rbandswith269bpwasobtainediTlthePCRproducts  
withtheprlmerSB48andDNAofC・m〟ris，butnotthoseoftheotherparasites  

includingC．parvum．TheresultsuggestedthattheprlmerWedevelopedseemsto  

bepromislngtOdetectDNAofC．muris．  

MWl 之 】 1 5 ‘ 7  MW】 2  ユ  ヰ  5 ‘ T   

Fig2．ThespeCi甫cityteStOfprlmerSforC・ParVum OrC・murEs withPCR，The  
DNAsamplesorC．m沫rj5（lanel），C．き氾Ⅳ以m（laneZ），Tbm和C‘∽hO帥e3），  
肋r伸也血刑血（血e4），払邪ぬ朋giJ血¢肌e5），mC揖w肋甲frαJざ∫（1弧e6），  
andBlastocystishominis（1arle7），WereuSed．PaJlelA：PdmerfbrC・PaTVum・  
PanelBこprimerfo†C．m〟rf5．  

Rg・3・PCRdiag血SisorC・卵n明椚弧dC・  
muris．The DNAobtaiJled fromoocystsin  
the feces of miceinfected widlC．  
（1anel），Orinlmun∝0叫匹tent P釦血tw止h  
diarrhea（1ane 2），Were detected using  
primerfor C．paTVum（PanelA）orprirner  
ねrC．椚〃r≠ぶ（PanelA）．   

∴り  
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TheprlmerS，SB48andSB50，WereteStedforapracticaluse・DNAwas  
isolatedfromfecesofinfectedhosts，andamplifiedbythedoublePCRmethod．  
Thetestsamplessuccessfu11yproducedaslnglebandwithexpectednumbersof  
basesasshowninFig・3・AlthoughthetargetDNAfragmentsaresupposedtotx  
VeryftwintestsamPlesofDNA，doublePCRwithourprlmerS WaSSenSitive  
enoughtodetectthem．  

SamewastruefortheisolatesofCTyPtO甲βridiumfromftcesofthehuman  
CaSe Which was positive by PCR for C・ParVum・but negative for C・muris・  

Therefore the parasite wasidenti鮎d as C．parvum．Theisolate of  
CTTPtOSPOridium fromca仕Ie ftces resultedinthe equlValent result thatit was  

POSltive forC・muris butnegative for C・ParVum・Therefore theparasite was  
ident摘edasC．murEs．  

DISC一丁SSION  

ThuswehavedevelopedtwosetsofprlmerSthatcanamplifygenomicDNA  
OfC・ParVum Or C muris・Mostlikely application oftheseproblesis DNA  
djagnosisofC・ParVumandC・muris・Althoughcurrenttechniquesofdiagnosisof  
C・ParVum byidentifyjng oocystsin stooIsamples with acid－fast or  
immunofluorescentaregenerallyconsideredadequatefortheroutinedetection，  
thethresholdof50，00000CyStSPergramOfLecesofthemethodsisconsidered  
undesirablesensitivity（Garciaetal．1987；Rusnaketal．1989；Weberetal．1991）．  
DoublePCRwithourprlmerSWaSSenSitiveenoughtodetectCりpfojPOridiumin  
fecesofpatientorinfectedanimal．  

Themonitorlng Ofwaterforthe presenceofcryptosporidialo∝yStSis  
necessary，butitjsnoteasyatpresentbecauseoftheirsmallsize（4．5－5．5岬Iin  
diameter），Smallnumbers of oocystsin sample，and the difficultyin  
morphologlCalidentjncationofthemamongstotherparticlesanddebris．  

AvarietyofprotocoIsarecurrentlyavailablethatdifferentiateC・ParVum  
fromother strains（Ninaeta】．1992；Awad－El－Kariem etal．1993）．However，  
these methds requlre alarge number of oocysts and are mainly usefu1for  
researchpurpose・PCRwithourprimersisasuitabletechniquetodifferentiateC．  
クdrV〟椚andC．椚〃rね．  

Ttis worth notlng thatDNA ofCr）ptOV，Oridium can be obtained from  
OOCyStSinfecesbyourmethod，WhereNaOHtreatmentisusedtodestroyo∝ySt  
Wallof CりPtOSPOridium・After neutralization by KH2PO4，the samples are  
Su旬ectedtothestandardproceduresforDNAextraction．  

AlthougTlthe high discriminatory power of the PCR methodsin  
ident浦cationofparasjtesrelyuponDNApolymorphism，nObodycandenythe  

／．ケ♂   
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POSSibilitythattheDNApolymorphismmayhamperpracticaluseofPCR，tkCauSe  
evenpolntmutationofDNAat31endoftheannealingsitemaycausefailureof  
PCR，thuslikelyleadingtofhlsenegativeresults．  

SameistrueforthePCRprimer thathasbeenreportedpreviouslyby  
Laxeretal・1991），WhichwasdesignedtoamplifシDNAofC．parvum．Therefore  
moreextensivetestus】ng）SOlatesfromdifferentsourcesare neededtoconvince  
usefulness of these primers. 
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