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ABSTRACT  

Biochemicalandreslrictionen′ymeanalysISWCrCCarricdoul10COmparetWOIndian  
andonePLrrtland（USA）isolaleofGiardiaZamblLa・Electrophorcticisoenzymcpallcr？SOf  
fourenYymCS namCly，Acid phosphatasc（ACP），Alkaline phosphalヱISe（ALP），IsocltratC  
dehydrogenaゝじ（tCDH），and Phospho g］ucomutase（PGM）revealed three dirrcTCnl  
zymOdじrnCSamOngStthreeisolatesin5％po）yacryJamidcgel・EachisolatediffersrTOmLhc  
otherin LwoormoreenzymeSOutOrrOurenZymeS Studied・Significantdifrcrcnceswcrc  
obscrvedwjthinthetwoIndianisolatじSinICDHandALPenzymes・Diffcrenccswcrealso  
noticedbctweentheJndiarlandPortlandisolatcsinLhcclectrophoreticlnlgrationpatternsin  
PGMandlCDHenzymesystems・HetcrogeneltyamOngG・JambLiaiso］atesisっtherefore，  
postulated within the samc area andin dif［crcnlgeographicallocations based on the  
isoenzymCStudies・IC上）HandALPenzymeswcrcuscd［orfirsttimeinthestudyandfound  
useru＝ndifferelltiationorG，Jamh［iuisolates．The restrictioncnzymcdigcslionpatternof  
DNAfromtheisolalesshowcdnoTTlarkeddifferences，Lherebysuggcsllnglhedevelopment  
orgじnCS匹Ciricprobeforsuchstudies・  

INTRODUCTION  

Giardia［aTnhlia，anintcslinalprotozoanparasiLt＝，isawcLLkno、ⅢCauSativeagentof  
diarrhoeain humansand animals（Nash1989）・DcspiLt；lhc high prcvalence ofG・lamblla  
infection．vcTylillleis known about thc hosILParaSite relationship，pathogeniclty and  
immunol（，gyOrLhcdisea5e・Theexislenccor′OOnOtic reservoir（MelonieLaL・1988）and  
conrusionoflhetaxonomyofthegenusGiardiu（Bertrame（aL1983）madeitimpossib］ett｝  
ascertainwhetherthehumanG．／amb［iaspeCleSishomogenousorconsistsofrnultip］csLrains  
withantigenievariationandbiologicalactivily（EyビLaL・1993）・   
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AntigenicvarialionsinstrainsofGiardiaisolatedfromhumansand／Oranimalsfrom  
differentgeographicorjginhavebccr）rePOrted（SmiLhetaZ・1982；Aggarwal＆Nash1987；  
Stibhsetal－1988andNasheEGl・1988）．Biologica］differencessuchasabilityofGiafdiato  
growinculture（Meloni＆Thompson，1987），infec（ivily10gCrbilsandhuman（Fauberlel  
al・1983，VisvesvaraeLal・1988）andtheabi】i（yo（且Giardia RNAvirustoinfec101her  
GiardLaisolates（MilleretalL1988）wcrcalsoobservcd・PheTIOtypicDifferencesamongdlC  
Giardiaisolates weredemonstratedinisDZymeStudiesby（KormaneLaZ・1986；Bav可aet  
al・1986；MelonieLal・1989；Eyetal・1992arldAndrewsetaZ－1993）．Simi1arly，Variation  
inGiaTdiaisolatesatthemo】ecularlevelhasbeendemonstratedbyThompsonandMeloni  
（1993）andvariationinlhernet且bolismamongtheisolateshasbc川SuggeStedbyHalletal．  
（1992）▲lnrormationarcalsoavailablewherercslrictionerldonucleasedigestionpatternso［  
thegenome（NashelaL1985；DeJonckheereetaL・1990andEyetal．1992），SOuthcrnblot  
hybridizationwithcloncdDNAprcIbes（NashetaZ．1985；DcJonckhccrcetaL．1989，199O；  
andEyetal・1992），Pulse［ieldgclelcclrophoresisforbiotyping（SarafisetaL1993）and  
heterogeneityofchroヮー？SOmeSizes（UpcrofteEaL・1989andDeJonckheereeLal・1990）were  
usedin the differentlatlOI】Of GiaT・dia slr扇r）SisolaLcd rrom human and animals of same  

COmmunltyanddifferentgeographi℃areaS・5incestraindiffcrenccsconlributctothevariation  
in pathogeniclly，C】inicalmanifestation andimmune responsc，thc prcscnL sludy was  
undertakenwith the objective10COmpare biochemical，且nd rcslriction enzyme digestion  
patterns of three humanisolates ofG・lambZia fromIndia（PDland PD2）and abroad  
（Portland－1）withaviewtounderstandthcexisIcnccofvarjationsamongthestrainsofG－  
lambLidfromdirrcrcnLgt！OgraPhicorlgln・  

MATI王RIALSANI）METHODS  

Axeniヱ血tiom且□dCultiYationorpar鮎itt：  

StooIssamplesfrompatienlsadmjtLedtothelnfecliousDiseasesHospital．Calcutta，  
India，withvariousgastrointestinaldisordcranddiarrhoeawereroutinelyexaminedforthe  
PreSenCeOfdiarrhoeagenicpathogens・Tensuchp且tjents，agedt㌍tWeenlO，18yrs■Whohad  
abdominalpalnlflatulence，diarrhoea，fevcTandste，01examinationrepeatedlyshowedthe  
presenceofGLardiacystsandtrophozoiteswer¢SelccIcd［orduodenalintubation・Abou＝）・1  
mlofthcaspiratcdduodenalfluidconLaimingabou12xlO5GiardiaLrophozc・itcsworeinjcctcd  
immedi且tClylntOthceulturetubescontainlngfiltersterilizedTPS－1mcdium，StlpPIcmented  
withlO％feta］calf serum，1O％NCTC135（Sigma chemicalCo・USA）and different  
COmbinationsofantibiotics（GordtseEat・1984）・AtlemplsweremadetoaxenizeallthelO  
isolates．However．onlytwostrAms（PD－1andPD－2）survived・ThesetwoIndianisolatesand  
Ponland－1（P－1，ATCCNo，3O888）wereroutinclymaintainedinfillersIcrilixedTYT－S－33  
mcdium（DiamondetaL．1978）conta血ngvitaminmixtureandlO％heat－inactivatedadult  
bovine scrum．Thcscisolales were／Sllbcultured twice aweek．   

Isoem麗yme且malysIS：  

Actjve［rophonitesfrornlalclogphaseofgrowthwereharvestedandcentrifugedaL  
600xgforlOmin・ThepelIe（WaSWaShedthreetimcswithT10rrnalsalinesupplementedwiけ1  
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25OrnMsucrose－l■ySaleswerc made bv freezlngaト700Cand thenthawingat40Cfor  
severalLimcs，tillnointacttrophozoitescouldbescen underLhcmicroscopc・Thelysed  
malcrialwas ccntrifuged at20，（）OO x g fbr2（）min・arld（he cellfr℃C SuPernalar7L was  
collectcd，SLoredal－70LICwithcqualvolumeorstahilizingreagenL（25OmMsucrose．1mM  
DTT．2mM amjnocapronic acid and bromophcnoL bluc）unliluse・For elcclrophoresis，  
proLcincontentorcachlysatcwaseslimaled（Bradford，1976）andrunon5％polyacrylamide  
gel（Sicj】iano＆Shaw，1976）in ahorizontalelectrophoresis apparatus（PharmaciaLKB  
Bmlcchnology，Swcdcn）丘汀5hrs・at j00vin c（｝ld conditjon・F‘）ur enZymeS name】y，  
AIkalineph（一叩hatase（ALP－E・C、3■1・3・1），Acidphosphatase（ACP－E・Cr3・1・3・2・），lsocitrate  

dehydrogenasc（ICDH－fl・C・1・1、1・42）and Pho叩hoglucomutasc（PGM－E・CL2r7－5・1）were  
SludiedandlhcirstainlngWCreperrOrmCdaccordingtothemelhodsofSiciIianoandShaw  
（1976）andHarris＆1IopkinsoTl（1978）・Completeax川ICmedium（Diamondeta［・1978）or  
bovinest：rumandstandardenzymeswcreusedascontroIsandrunwilhthesameexperimenl・  

PreparationorAntigen二  

AT）1igen5were PTCPared according to method described caTlier（ChaudhurieE aZ・  
1992）・Bricny，nOrmalsa】jncwashedpじ11cto［G－（amblialrophozoilL＝SWaSreSuSpendcdin  
lOmMTris－HClp117・4cor）tain】nglmMPheny】－methylsulfonylnuoridcandO・5％Tritor］  
X－10（1；SOnicalcd w出1Six30scc bursts jn anicc baLh．The soTIicE（ted malcl・ials were  

Centrifugcdat15，OOOxgJIor3Omin，10rCmOVedebris（Ortegaeta［・1988）．Proteincontcnts  
OfthcsupernatantwasdじIcrminedbythcmethodofBradford（1976）．   

Sodiumdodeeylsll］phatepotyaerylamidegelc］ectrophoresis（SDS－PAGE）：  

Thc proteillCOnStituじnlsofthc thrじCisolatcswerc comparedin SDS－PA（〕E using  
djsct）nLiTluOuSbuffersystemasdcscrjhcJbyLaemmlj（1970）＾Brieny，alOO．ugofantigen  
PCrWellwasapr｝liedande］ectrophorcsedinlO％s叩aratlnggeIonPTOu：anHVerticalslab  
gcl（B10－RAD，USA）ror4hrs・at25mAconstanlcurrenl・Thege）wasrixじdinmethanoト  
aeeljcacjdso加jonandsIainedwithO・2％coomussicbrilliantblue・ThじmOIccularweights  
OrG・［ambLiutrophozoilL，POl），PePtideswcrcdcterminedbycomparlnglheire】ectrophorctic  
mobiliticswilhstandardprt－Lejns（SigmこIChcrnicalCo・USA）・   

DNAiso】aIiom：  

DNAwasist－1aled fromlatじLogphase ol－1hc Ciardia LambLiatrophowitcs・The  
tTOPho川ites werc harvcsIcd by chillir唱thc culture tuhesinice forlOmins．alldlhen  
CCnけiruged a1600Ⅹgわr川mins・A如＝岨前座1wjce w仙co】d PBS（PH7．0），lhe  
harvestedccllswerビrt号uSPt：ndedinlrnlo［PBS▲Nucleif－TOmthccellswereobtainedbycel1  
1ysisin2mlorNP－40（Sigm；1Chcmicals，US＾）soLution（1％NP－40jn PBS）followedby  
CenlrifugatioTla15（）Ox皇・for3Tnins・Sut－SequCnllvnuclefwere［ysedby2mIoL、1ysisbuffer  
COntujning20mMTrisHCIpH－8EDTA－50mM，5％N－laurylsarcosinc（Sigmachemical  
Co・，USA）and5OO鵬／rnlproteinase－K・Thじmixturewasincubaledovcmighta15OOC，Thじ  
1ysalcwasmixedwithCrAB／NaCIsoluLion（Mul■rayeEaZL19鮒）andincubatedat650Cf（rr  
lO minL Suhscquじrltlyancqualv‘一l－O［chl（一rOform＝isL）amylalcohol（24＝1）wasadded，  
mixed呈亡n11yandccntrHuged上1－r5mha＝Ⅶ－mlemr把rafure・Thcdqueく）U5Pムa5e、l′aSIakcn，  
じXlractedwithequa】volumL＝Ofphcnoトchloroformrisoamylalcohol（25：24：1）and DNA  
WaSethanolpreclpitated・  
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DNA且nalysis：  

Thefollowmgfivercstrjc（ionendonuc】easesAユu－1，Bam－Hl，Bgl一札Hind－ⅠⅠⅠ且ndPsト  
Z（BRL，USA）wereusedtodjgesttheDNAIApproximately4FlgOftheDNA／lanewas  
diges（edwithanexcessoferlZyme（normaJlylOunitsofenzym叫唱OftheDNA）undcr  
COnditionssuggested by the manufaclurer・Digested DNAwas electrophoresedinO．7％  
agarosegela160voltsjnaminigelapparatus（Pharmacia，Sweden）・Bandingpattemswere  
VisibJ¢afterstainlngwithethidiumbromideunderUVlighl 

RRSUlllS  

蝕朋野me5tudy：  

Diagrammaticrepresentation offourenYyrneSreVCaIedthrecdifferentzymodemes  
amongstthethreeisolatesofGiaTdia（Fig・1）・Electrophoretichcterogeneilyw2LSdisthctly  
Observedintwoen町meSviz・PGMandICDH（Fig・2a）・Three bandswcreobservcdin  
PGMen野meinboththelocalisolatesi・e・PD－1andPD・2whercasonlyonet）andwasseen  
inP－1isolate．Theelectrophoreticmobjliliesofstrain P－1wasroundsIowerthanPD・1and  
Pl）－2inTCDHenzymeanalysis．Fig・2bdemonstratesthezymo＆raPhorothertwoenzymes，  
ALP and ACP．lsol且te PD－1showed two ALP bands whcfeaS Only one band could be  
Observedwith PD－2and P－1strai11S・However，Simjlar handing patlerns were observed  
among dltheisolatesin ACP enzyme・No crLZymatic acLivlty WaS Observedin axenic  
medium、Orbovirle Serum．  
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Figu柁1．Dhgrammalicrep嘩n血10nOfis∝nZymep班ems  
ofAudinephosphaLaSe（ALP）．Acidphosphatase（ACP），  
Ⅰ双方血比血hydm辞職策（ICD叫帥dPlⅦSPhoghcomu鹿  
（叩M）showingu帖8混yme匹0馳畠Ore鉱h血b拇S¢凋min血  
Amw5indi血tkd他山onormく）Y¢mCnl恥m血8血gin（0）．  
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