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ABSTRACT   

TherecentepidemlCOutbreaksofvisceralleishmaniasishavecreateda  
major healthproblem血India・Whetherthese outbreaks and the drug－  
resis【anCeSeeninaboutaquarteroftheseeasesaregene【i〔al1ybasedremains  
unkn0Ⅶ1．Tbfacilitateabetterunders［andingofthesepossibilities，Wehave  
txgun toanalyse kine［oplast（k）and nuclear（n）DNA heterogeneity of  
LeLshmaD由isolatesfromBihar（DD8，RMRIandSS）andWestBengal（AGand  
UR6）．SchizodemeandSouthernblotanalysesoftheirkDNAseparatedthese  
isola［esintothreegroups，i・e・DD8，RMRIaJldSS；AGandUR6・Thisgroupingis  
consistentwith山eresultsofrestrictionfragmentlengthpolymOrphismsseen  
atthegp63andβ－tubulinl∝ibySouthernblotanalysisofnDNA・Theresults  
obtainedbetterdefinethegeneticheterogeneityOfIndianvis⊂eralLeishmanja  
isolates for further characterization of their rela〔ionships［o viru1ence and  
drug－reSistance．   

INTRODUCTION   

Thecausativeagen［ofkala－aZarOrVisceralleishmanlasis（VL）wasfirst  
discoveredandnamed Leishmanladonova山ineasternIndiain1903（Fig．1，  
shadedarea）．Sineethen，eXtenSivestudieshaveshownthattheIndiankala－  
azarisanthroponotlCandtraLnSmittedchieflybylor2sandflyspecies（Sanyal  
198S）．Theepidemi010gyisthuslesseomplicated血antha［OfVL血other  
endemic areas where mul亡iple reservoirs and vectors are ofteninvoIved・  
Consequendy，homogeneityOfIndian L．dono一′aLdisolates maybeexpected・  
Surprisingly，analyses of theirisoenzymeS，SerOloglC PrOperties of the  
excre［oryfactorsandkDNAhaverevealedconsiderableheterogeneityamOng  
Indianisolates（Schnuret al．1981；Barker1989；Dasguptaetal・1991）・We  
reporthereourinitialefforttofurtherdefinethegeneticheterogeneityof5  
Indianisola［eSfrom13ihaLrandWestBengalonthebasisoftheir〔hromosomal  
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aswdlaskinetoplastDNA polymOrphisms．   

MATERIALS AND METHODS   

FiveclinicalisolatesoriginallyffomnortheasternIndia（Fig．1；Tablel）  
Werekindlyprovidedby比RC．Mahqjan，PostGraduateInstituteofMedieal  
EducationandResearch，Chandigarh（DD8，RMRIandSSfromBihar）andDr．M．  
K Basu，IndianInstitute ofChemicalBiology，Calcutta（AGand UR6from  
Calcutta，WestBengal）・Allparasiteswereinitial1yobtainedbybnemarrow  
PunCtureSfromkala－aZarpa也entsandisolatedin5N medium・Theywere  
Subseqtlendyadap【edtogrowinMedium199contaiIlirlglO％heatinac丘vated  
fetalbovineserumand25mMHEPES，頭Ⅰ7・4．A11isolateswerepreviously  
donedbythedonors，eXCeptSS・ThisisolatewasthereLbreclonedbypla血gon  
agarmediumandoneelonewasrandomiyselectedforthepresentsrudy．   
KinetoplastandnuclearDNAs（kDNAandnDNA）wereisola［edasdescribed  
earlier（Luetal・1994）・Brieny，1－5xlO9promastigoteswerelysedat600Cwith  
lOO帽PrOteinaseR／mlandl・5％sarkosylinNETbuffer（100mMNaCl，10mM  
Tris－HCl，pH 8．0，10mM EDTA）for3－4hrs．The kDNA networks were  
Sedimentedbycentrifugationofthelysatesat50，000gforlhr．ThekDNA  
PelletswereresuspendedinTris－EDTA（TE）bufferandsubjeetedtoseveral  
cycles of phenolchloroform exuaction with vigorous shaking followed by 
resedimenta也onandethanolpredpita也on．TheoriginalsupernatantSlef［after  

Figurel，Mapoflndiashowing endemic aLreaS Ofkala－aZar（Shaded areas）  

and（heoriginofthe爪veisolatesusedbrthepresen［Study．  
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Tablcl．Differentiation ofIndian Lejshmanja donovanjisolatesinto  
three genot〉’peS  
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thefirstcycleofkDNAsedimentationwerefurtherdigestedovemightat600C  
forisolation of nDNAs．The subsequent pr∝edureS Were eSSentially as  
describedforkDNAs，eXCePtthatcarewas［akentoavoidshearingnDNAs・The  
kDNAsweredigestedwi［hAluI，HaeIII，andMspIfollowedbyelectrophoresis  
inl．5－1．8％agarosegels・ThenDNAswerediges［edwithPstlorPvuⅡand  
eleetrophoresedinO・75％agarose・StandardprocedureswerefollowedforDNA  
blottingasreeommendedforZetabind）（Cuno，Inc・，Meriden，CT）・ThekDNAs  
fromindividualisola［eSWereuSedasprobes・TheprobesusedfornDNAblots  
includedal．79kbgp63geneelonedfromL・amaZOnenSLsandal・7Kbβ－  
tubulingenefromthesameSpeeies．AllprobeswerelabeledwithPZp］－dCTP  
usingrandomhexanucleotideprimers（UnitedStatesBi∝hem・Corp・，Cleveland，  
Ohio）．Prehybridizationandhybridizationwerecarriedoutunderstringent  
conditionsinpresenceof150pg／micalfthymuSDNA（Sambrooketal・1989）・  
Fil［erSWereWaShed4timesat65OCwith O．1xSSCandO．1％SDS．Blotswere  
strippedoffthe［32p］1abelwithO・4NNaOH andreprobed af［erPrehybri－  
dizadon．  

RESULTS   

The5Indianisolateswereseparatedinto3groupsa⊂COrdlngtOtheirkDNA  
mimicircleheterogeneity．ngeSdonoftheseDNAswithal1theendonucleases  
used yielded restriction fragmen［s，allbeing smallerthanlkbinsize，  
indica〔iveoftheiroriginlargelyfromkDNAminicircles（e・g・Fig・2A）・Three  
restrichonpatternSSeengrOupedDD8，RMRIandSSastyPeI（LaneSl－3），and  
AG（Ⅰ，ane4）andUR6（Lane5）astypeslIandIII，reSPeCtively（Tablel）・This  
grouplng WaSfurther substantiated by Southernhybridization of HaeIII  
digestedsamPleswithrepresenta亡ivekDNAs（Fig・2B－D）・Thus，thekDNAfrom  
eachofthegroupIisolateshybridizedonlywithothermembersofthesame  
group（Fig．213，bnesl－3），butnotwithei［hergroupII（AG）（Ⅰ一且ne4）orgroup  
III（UR6）（IJane5）．Simi1arly，kDNAsfromAGandUR6hybridizedsignificantly  
onlywithhomologoussamples（Fig・2C，Lane4；2D，Lane5），butnotwithea⊂h  
other（Fig．2C，I，ane5；Fig．2D，IJane4）orwithaJlymemberofgroupI（Figs・2C－  
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Figure2・Kinctoplastl）NAheterogeneityof5IndianL．donDVanjisoJates．kDNAswere  
digcstedwithHaeⅡIandelect7－Ophoresedonl．S％agarosc．＾，t：tBrstaining；B－D，Thegel  
from＾wasblotted andprobed withkDNAsfroml）l兼，＾Gand UR6su⊂CeSSively after  
removing thepreviotlS prObe・MWmarkers，PGFM fT’agrnents；Lanel：DD8，Lanc2：RMRl，  
kIle3：SS，Ⅰane4：AG，1且ne5：UR6．   

Figure3・Ⅰleterogencity of5Indian L・donovaDjisola【es a【gp63 andβ－tubulin  
ehromosomalloci・ThenDNÅsweredigestedwith Ps（l（IJaneSlr5）andPvulI（Lmesl■－5r），  
ele〔［rophoresed onO・75％agaLrOSCand Southem transkrTed・A，EtBrstaining；J3andC，Gel  
fromAwas blot（ed arIdprobedsuccessively withgp63geneandβ－tubulin geneaf［er  
removing the previous probe．  
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D，Ⅰ＿aneSl－3）．   

The grouping ofIndianisolates based（弟their kDNA heterogeneityis  
furthersupportedbytheirnDNApolymOrPhismsattheehromosomallociof2  
multigenefamilies．The totalnDNAswere cu［tO COmplehon by either PstI  
（Lanesl－5）orPvuII（Lanesl一－51）（Fig．3A）．Southemhybridizationofthese  
digestednDNAswithgp63andβ－［ubulingenes（Figs．3B－C）revealedmutiple  
bandsofdifferentintensity atlx）thl∝ityPicalofmulticopygene fa∫nilies．  
Three banding patterns emerged fromthe5isolates which corresponded  
exacdyto血e3kDNAりpeS，i．e．DD8，RMRJandSSastypeI（Figs．3B－C，Lanes  
l－3andll－3r），AGastyPeII（LaneS4and4’）andUR6astypeIII（LanesS  
andS■）．   

DISCUSSION   

Inthepresentstudy，S Lejshmamadono血isolatesfromnortheastern  
Indiawere groupedin［03geno亡ypes．Previously，he［erogeneity ofhdian  
Lejshmanjaisolateshasbeenrecognizedonthebasisofdifferentcritena，e．g．  
kDNAmimicircle scquencehe［erOgeneityalone（Barker1989；Dasguptaetal．  
1991），isoenzyme mObiiiⅣand serologic differences of excre［Ory faeu）rS  
（Schnure【al．1981）．0∬grOupingisbasednot onlyon血ehybridizadonof  
their kDNA minlCircles but also on the restriction fragmentleng血poly－  
morphismof2nucleaLrgenefami1ies．Identicalconclusions derived加m血e  
Studyofbo血kDNA and nDNAlendcredence to this grouping．Althoughthe  
genomic sites examinedarelimi［ed，theyal1contain genes offunctional  
Significanceandthoughttocontributedirectlyorindirec叫′tOViru1ence（Chang  
etal．1990）．ThekDNAminicirclesproduce打anSCriptscrucialfbrRNAediting  
andmay undergo profound changes orl’transkineto－plas亡idyllunder certain  
Selective condilions（Lee e［al．1992）．It awaits fur血er study ofadditional  
Indianisolates to determineifwe canrelatethe differ－enCeS amOngthe3  
genotypes a［these sites to their clinlCalor epidemi0logic phenotyPeS．Cf  
Par〔icularintcrestisUR6，Whichispentamidine－reSistantinvitro（unpublished  
Observations）andresemblesisolatesfromPKDL（Dasguptaetal．1991）．   
ThethreetypeIisolates（DD8，RMRIandSS）wereallfrompatientsnative  
toeentral】∃ihar，WhiletypeIandIIIwerefromtheCalcuttame【ropolitaLnarea  
OfWest15engal（Tablel）．HomogeneityofLeishmmjaisolatesfromBiharvs．  
heterogeneity of those from the West Bengalhas been no【iced previously  
（Schnur et al．1981）．Possibly，the presence of genetical1y heterogeneous  
isolatesinthelattercasemighthaveresultedfromtheirintroducbonintothe  
metropoli［anCalcut［afrom［heaq】aCen［areas，eSPeCial1yEangladesh．   
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