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ABSTRACT  

TbpuT2nSOma eVanSiis morphologlCallyindistinguishable from T．brucei．  
Closerelationship betweenT evansiand T．br〟Ceiwasfurther documented  
Gibson，Wilson andMo］00（1983），MasigaandGibson（1990）and Stevenset  
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（1992），SuggeStingthatT・eVanSiis derivedfrom T．brucei．However，T．evansE  

hasbeendistinguishedfromT・bruceibytheirlackofmaxieircleDNA，minicircJe  

DNA homogeneityandlackofdevelopmentalstagesinitsinsectvecIors（Stuart  
1983）・Although severalfeatures of the minicircle DNA sequence have been  
reported to be specinc for T evansi（Masigaet al．1990；Artama，Agey and  

Donelson1992），WerepOrtherethattwo strainsofT．bruceE（T．b．gambiefLSe  

Welcome and T．b．rhodesienseIL1501）also possess Tlthe T．eva7LゞE speCific’■  
minicircleDNAsequence，  

Furtherm（）re，Artama et al．（1992）have reported a simi1arity of PCR  

amplificationpatternsoftheprocyclicacidicrepetitiveprotein（PARP），Whichis  
knowntobeamaJOrSurfhceproteinofprocyclicformsofT．brucei（Mowattand  

Clayton1987；Richardson etal．1988），between T．eva7LSliand T．brucei．1n［his  

Study，WeCOnfirmedtheexistenceofthe similarlty andsugges（edthe useofthe  
PARPprimerasadiagnostictoolfortheT．evansiinfection．AlthoughthePCR  
detectionuslng（hispr．merwi11notstilldistinguishtheT．evansiinfectionfrom  
theT・bruceiinfection，itwi11bespecia）1yusefuloutsideofthetsetsebel（inwhere  
boththekinetoplasticandakinetoplasticstrainsofT・eVanSiarewidelyprevalent   
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butnotr．わ川Ce∫．  

Moreover，the PARP Arα gene Of T．evafLゞJwas sequenced，and the  
expressionofthePARPgeneinT．evansiwas，forthefirsttime，demonstratedby  
means ofRT－PCR，aLthoughT．evansiislacking theprocyclic stageinitslife  
CyCle．   

1NTRODUCTlON  
Trwanosomaet｝anSiisacausativeagentofsurrawhichisawastlngdisease  

ofdomestic animalsin SouthAmerica，Northern Africa，MiddleEastand Asia，  
Theparasiteistransmitted mechanica）lyby bitingflies，SuChasTabanidaeand  
SEOmOXyS，andvamp－re，anddoesTlOthaveanydevelopmentalstagesinitsinsect  
vec【ors，anditsbloodstream forms are morphologlCallyindistinguishable from  
thoseofT．brucei．CloserelationshipbetweenT．evansiandT．bruceEwasfurther  
documented by Gibson et al．（1983），Masiga et al．（1990）and Stevens etal・  

（1992），SuggeStingthatT．evansihasbeenderivedfromT・brucei・  

On theotherhand，the differencebetweerL T．evansiand T．brucei，Which  
liesinthekinetoplastDNA（kDNA），hasbeenalsowelldocumented・ThekDNA  
Of T．bruceiconsists of50－100homogeneous maxicircles and5，000－10，000  
heterogeT）eOuS mirlicircles（Borst andHoeijmakers1979）・The maxicircleDNA  

resemblesaconventionalmitochondrialDNAinwhichitencodesribosomalRNA  
andasmallnumberofproteins．While，theminicircJeDNAencodesguideRNA  
Whichplaysanimportantroleforpost－tranSCrlPtlOnaleditingofmaxicircleDNA  
transcripts（Benneetal．1986；Bhatetal．1990；Vander Speketal・1990）・ln  
eontrast，T．evansilacksmaxicircle DNA（Borst etal．1979），anditsminicircle  
DNAsofT．evansiarehighlyhomogeneousandfX）SSeSSthesame，Ornearlythe  
same，DNAsequences（Songaeta］．1990；Ou，GiroudandBaltzr1991）・ltwas  
furtherreportedthatseveralfeaturesofthesequenceofminicircleDNAswere  
speci蔦cforT・eVanSi，andthatsuchsequenceswouldbeofusefulindistinguishing  
T・eVanSifrom T・bruceiby means of DNA hybridization teclmique and  
po）ymeraSe Chain reaction（PCR）（Masiga et al・1990；Artama et al・1992）・  
However，itisnece5SarytOCOnSiderwideprevalenceofakinetoplasticstrainsofT・  
evafWiwhen such a T・eVanSispecific minicircle DNA sequenceis used as a  
diagnostictool．Moreover，iforigin（S）ofT．evmsiwasT・bruceispp・，itwouldbe  
possible that certain strains of T・bruceimight have the T・eVanSispeCific  
minicircle DNA sequencein theirheterogeneous minicircle DNA・Inthis study，  
weexaminedsuchapossibilitylnVariousstrainsofT・brucei，inc）udingofr・bl  
あr〟Cd，r．ム．gd肌みJβ〃∫βandr．あ．「九β（お∫よe朋e・  

Procyclicacidicrepetitiveprotein（PARP）isamajorsurfaceglycoprotein  
of procycIic form ofT．brucei（Mowatt et al・1987；Richardson et al・1988）・  

ま夕   
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AlthouBhthefunctionofthePARPgenejsnotfullyunderstood，itmayplayarole  
inthe protectionoftheparasite agalnStprOteaSeS PreSentinthemidgutoftsetse  

VeCtOrS（GlossEna spp■）（Roditiand Pearson・1990）・The PARP expressionin  

bloodstreamformsisdown－regulatedrelativetoprocyclicformsatseveraJlevels  
（Hotzetal・1998）・However，arelativelyhighleveloftranscriptionoccursfrom  
theprocyclinpromoterintheb］00ds［reamforms（Paysetal・1990；Vanhammeet  
al．1995；1血nhammeandPays1998）．InconsiderationwithlifecycleofT・eVanSi，  
thePARPseemstobeunnecessaryinT．evansi．However，interestlngly，theFARP  
A－αgeneWaSfoundbyPCR－basedanalysesofT・eVanSi（Artamaetal・1992）－1n  

thisstudy，pOtentialuseofthePARPprimersasadiagnostictoolforT・eVanSiwas  

exp】ored，SpeClalIyltSaPpllCationoutsideofthetsetsebeltinwherebo（hofthe  

kinetoplasticandtheakinetoplas（icstrainsofT．evafLFiareknowntobewidely  

prevalentbutnotT．brucei・Moreover，furthercharacterizationofthePARPA－α  
geneofT．evansiwasmaderegardingltSgeneeXpreSSioninT．evarzsi・   

MATERIALS AND METHODS 

什り…い、州い  

Histories of the strains of T．evansiand those of T，b．brucei，T．b．  

gambiense，T．b．rhodesiense and T．congolense arelistedinThblesland2，  

respeCtively・Thebloodstreamformsoftrypanosomeswerepropagatedinnormal・  

Semi－1ethalyirradiated（600rad）or severe combinedimmunodeficient（SCID）  
TTlice（Tnoueetal．1998），andseparatedfromthebloodcellsbymeansofDE－52  

Cellulose column chromatography（Lanham and Godfrey1970）・The procyclic  
forms of T・b・rhodesienselL2343were producedin vitro followlngthe  

PrOCedurebyHirumietal．（1991）．  

1五ble］．His（OryOf叶伊an（，ArOmaeVanSLstrajnstested  

Strain  Place  Year  Host  Tketse  

1978  Camel  Negative  

1971 Capybara  Negative  

1988  Camel  Negative  

1988   Camel  ND  

1980  Camel  Negative  

197（i Camel  Neg且tive  

ND  Vvhterbufralo  ND  

lL】695  Kenya  

lL1934  South Amenca 

lL3354  Mali  

lL3382  Mali  

IL3960  Kenya  

lL39（）2  Sudar1  

1もnsui  Taiwan  

Place：PlaceofisoLation．Year：Yearofiso】ation，Tsetse：（SetSetranSmissibility，ND：Nodata．  
ExceptfordataofThnsui，a］LinfonT）ationwasobtainedfrornlLRJ，sBiologlealServiceUnit・   
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且抽●乱■〟0乃qf∂〃A．・  

Kinetoplast DNA wasextractedfrom thetrypanosomes as describedby  
Waitumbiarld Young（1994）with miTlOr mOdifications．Brieny，isolated  
trypanosomes（＞107）wereincubatedinlysing buffer（1％SDS，100yg／ml  
PrOteinaseK，0・2MNaCl，10mMTris－HCl，10mMEDrrA，pH8．0）at500cfor  
24hrs・ThegenomicDNAwasshearedbyrepeatedlypasslngthelysatethrougha  
27Gneedle，andkDNAwaspe1letedbycentrifugationat12，000g at200cfor30  
min・KinetoplastDNAnetworkswerewashed3timesinTEbuffer（10mMTris－  
HCl，1rnM EDTA，PH8．0）．The puri且edkDNAnetworks were storedinTE  
buffer at4Oc up to use．Genomic DNA was extracted as described elsewhere  
（Kaiser，MurrayandWhittaker1995）．  

恥bte2・Historyo一物α′妙∫∂〝∽Strainstested  

Species  Strain  Ref．Stock P】ace  

rん．占r〟Cg～  

rトトJ・仙・（イ  

rわ．g（】椚わf川∫g  

J∫・∴ご．い・J・、、．  

rあ．g〟椚あ血∫e  

rわ．脚扉血悦  

r力・g（抑わ椚Ⅰ∫ピ  

rわ．邸叩動血卵  

rれg（才椚抽旧ビ  

rあ．g8〝l掃∽．亨e  

r占．rJlβdビ∫～g乃Jg  

7∴卜J■Jlり．Jぐ∫Jt・JJJ（、  

rc‘）〃gOJg旧ど  

GU’ht3・l ND  Uganda  

221  427  ND  

IL1922   Il一泡tlLI  lvory Coast 

lu248   1L3248  Nigeria  

】L3250   1L3250  Nigeria  

lL3253  T．g．2565  South Sudan 

lL3254   T．g．2571   South Sudan 

JL3301  1L3249  Nigerja  

ILユ707   1L3247  Nigeria  

Welcome ND  ND  

IL1501   KETRl 2503 Kenya 

lL2343＊   STIB3g6AA lvory Coast 

lL3〔氾O  TransMara） KenyarTbnzaniaborder  

蠣
N
。
瑠
如
㈱
減
配
㈱
附
N
。
9
8
。
銅
瑚
 
 

Ref．Stock：RefereTICeStOCk，P）ace：Placeofisolation，Year：Yearofisol且tion，ND：nOdata，   

＊：】L2343wasorJglna”y■SOlatedfromargambiense’sleepingsickrleSSpatientbu（WaSlater  
C】assifほdas7▼占．r／Ⅰ仇お∫fe〃∫g（Hideetat．1990）．   

β〃A〔血乃川g‘〃一山坤附加w  

ThekDNAnetworksofT・eVanSiwasdigestedwithTbqlandthefragment  
Separatedbymeansofhighperformanceliquidchromatography（TSKgelDNA－  
NPR，TOSOJapan）・Thefragmentendswereconvertedtobluntbyusingklenow  
fragment・Thenthefragments wereligatedintotheunlqueSmaIsiteofpUC19   
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Plasmids（Kaiser，Murray andWhittaker1995）．TTleC］onedfragmentsofkDNA  
WereSequenCedbymeansofdyeprimercyclesequencingmethod（ABIPRTSMTM  
DyePrimerCycLeSequencingReadyReactionKit，Cat．No．402113，ThePerkin－  
Elmer Co．，U．S．A）．The PCR products frorn genomic DNA of trypanosomes  

（describedbe）ow）weresequenceddirectly・   

PoJ）憫どrd∫ピCゐd～〃redCJわ〃げ〔：刷．・  

PCRampl捕cationofminicircleDNAandPARPA－CLgeneWerePerformed  
asdescribed（ArtamaetaJ，1992）．ForthePCRamplifi已ationofminicircleDNA，  
PARPAgeneandPARPcoreprornoter，thefollowLngOligonucleotideprlmerSetS  

WereuSed．  

MinicjrcJeprL［TlerS：  

5l－CAACGACAAAGAGTCAGrt二3Iarld51－ACGTGTTTTGTGTATGGT3■  
PARPAgenep‖merS：  

5▼LCACAATGGCACCTCGTrCCC－3－arld5’－TTAG＾＾TGCGGCAACGAGA－3’  

PARPcorepromoterprlmerS：  

5rGCAGTCAGCCTTTGTTGTCA－3▼且nd5ITTAGAATGCGGCAACGAGA3’  
Theamplificationswereconductedfor30cyclesinaDNAThermalCycler  

（The Perkin－Elmer CoリU，S，A．）in which eachcyclecarried out by successive  

incuba（ionsof940cfor30sec，600cfor30sec，72Ocfor30sec．   

尺ピソgr∫ピ什α〃∫Cr¢Jわ〝PCノi叩rPC尺ノ・－  

TotalRNA was extracted by an acid guanidium thiocyanate－phenol－  
chluroform method（ChomczynskiandSacchi1987）・rIbdeletecontaminationof  

genomic DNA，10Jig Of the totalRNA was treated with 200units of  
deoxyribonucleaseI（rIbkaraShuzoCo．Ltd．，Japan）．Oligo－dTprimedcDNAwas  
Synthesized by usimg kit（ReadyrTb－GoTM You－Prirne First－Strand Beads，  
PharmaciaBiotechLtd．，U．S．A．）．PCRamplificationsofcDNAwereconductedin  
a50ylreactionmixturecontainlnglvIcDNAreactionmixture，0・5FLMeachof  

Primers．2．5unitsofTbqDNApo】ymerase（ThePerkin－ElmerCo・，U・S・A・），10  

rnMTris－HCl（PH8・3），50mM KCl，1・5mMMgC12，20OJLMeachofdArR  

dGTtミ dCTP and dTTP The oligonucleotide prLmerS and the temperature  

COnditionsfortheamplificationwerethesameasdescribedabove・   

REStJLTS  

Cんフ〃f〃g（ブタd∫叩〟ど〟CL叩q′椚i〃～ci汀JeβM．■  

Firstly，thedelerminationofthecompletesequencesofminicircleDNAof  
alltheT．evansistrainsweremade，eXCeptforakinetopLasticT．evansEZL1934・A11  
minicircleDNAsequences werealigned from theGGGGTTGGTGTAsequence   
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Figurel・AlignmentsofdleerltlreSequenCeSOftheminicircIeDNAfromTbparwsonze  
Strai几SIL1695，IL3354，IL3382，lL3960，lL3962and7hnsui．Nuc］eotidesidenticaltothoseirl  
lL1695sequerlCear¢jndicatedbydashes（－）．IkJetiorlSa陀markedbyas（erisks（＊）．  
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WhichistheputativereplicationorjginofminicircleDNA（Birkenmeyer，Sugisaki  
andRay1987：Ntambietal・1986）（Fig・1）・MinicircleDNAsequencewashighJy  
COnSerVedamongT・eVELnSistrainswhichisoLatedindifferentcountriesorplaces・  
Attempts toisolate the kDNAnetworks ofthe akinetoplastic T evansiIL1934  
were made several times but were vain as expected. Sequence hornology was 
Calculatedamongnewlyde（ermined6minicircleDNAsequencesand4previously  
reported（Ouetal・1991）completeminicircteDNAsequencesofT．evansi（Thble  

3）・Thehomologywasmorethan96％amongallthesamplestested．  

Thb】e3・PairwiseanaLysisoFsequence homoJogy（％）amonBthe minicirc］e DNAfrom  
7わpα仰∫0椚〟ピー・朗∫～strai】1S．  
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＊Ouetal，t99l．  

Secondly，pOSSibleexistence ofthe”T．evansispeC浦c－r minicirclet）NAin  

the kDNA networks of various strains of T．bruceiwas examined．TotalDNA  

and／or kDNA were prepared from7strains of T，eVanSi（IL1695，IL1934，  
1L3354，IL3382，IL3960，IL3962andTanstJi），2strainsofT．b．brucei（GUl五t3．1  
and221），8strainsofT．b．gambiense（IL1922，lL3248，IL3250，IL3253．1L3254，  

IL330l，IL3707and Vhlcome），2strains of T．b．rhodesiense（IL1501and  
IL2343）andT・COngOlenseIL3000．Andthen．minicircleDNAwasamplifiedby  

meanSOf‖T．evansiminicirc］eDNAspeei坑cPCR’1（Artamaetal．1992）．Positive  
reactionwasobtainedfromtotalDNAand／orpurified kDNA of6strainsofT．  
evansi（1L1695，IL3354，IL3382，IL3960，1L3962and Tansui），T．b．brucei  
GUrIbt3・1，T．b．gambiense Welcomeand2strains ofT．b．rhodesiense（IL1501  
and7L2343）－NucleotidesequenceofthesePCRproductsweredeterminedandthe  
SequenCe homology was calculated among them（Thble4）．The homology was  
more than93％among T・eVanSistrains，T．b．gambiense Welcome and T．b．  
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rhodesienJFelL1501．While，the homology wasless than62％among T・eVanSi  

s（rains，71．b．bruceiGUTht3．1andT．b．rhodesienseIL2343．  

Table4．Pairwise analysisofsequence homology（％）among the  
minicirc】eDNAfragmentsfrom7bpaTZOL”maeVanSiand7二brLLCeL  
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Figure2．AJignrnentsofthepredictiveamirlOaCidsequencesofdlePARPA－α（Ml‾Al00）   
fromTbpanoso〝MeVanSi（1L1695，lL1934，lL3354，IL3382andIL3960）andTbrucei（427，   
22］，We［comeandlL2343）strains．Aminoacidsidenticaltothosein427sequenceareindjcated   
bydashes（－）．De）elionsaremarkedbyastedsks（＊）・t）Mowatt，WisdomandCIayton1989・   

・ヾ・●岬－′！‥、・∫仙や・、ハ・ソ 
． 

genomicDNAof5strainsofT．evansi（IL1695，IL1934，IL3354，IL3382aJId  
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JL3960），T．b．brucei22l，T．b，gambiense Welcome and T．b．r・hodesiense  
lL23431Then，thedeterminationsoftheDNAsequenceofal1the PCRproducts  
WeremadeinordertocomparePARPAgeneofT．evansiwiththatofT．brucei．  
Sincethe PCRwastargetedtotheopen reading frameof（he PARPA－αgerle，  
nucleotidesequencehadtxentranslatedtoaminoacidsequence・Then，theamino  
acidsequencesofthe5strainsofT・eVanSi，T・b・brucei221，T・b・gambiense  
Welcome and T・b・rhodesienseIL2343were aligned（Fig．2）．Exeept for the  
JlumberofGPEETrepea（，theaminoacidsequencewas（mearly）identicalamong  
T．evansiandT．bruceistrainstested．  

工L16，5 G亡AGTCAGCCでででGTTGTCAででGGGG℡rAAGCGG入場G8TGでGでGでCAGT 50  

工L169ら AGGでTGtGAGG℡GAAAG⊂GT℡でで亡AGAでGCÅでAG℡GÅGC℡mm℡⊂亡Tで 川0  
I12ユ43 ÅGG℡℡G℡GAGGTGÅAAGCGでTTでCAGÅTGCA℡AG℡GAGCで℡九九TGTCC叩 エロ0   

エい695 Tr亡Ae九GTA℡ÅTCGTGTCTGA℡AGGTATCT⊂TT▲mmTAGでCG丸亀でA150  
工L23q3 でrCA⊂MTAで員TCGTGTCTGATÅGG℡A℡C℡CでTATr▲G℡AT員GTCGA且でA158  

莞三三；；田芸…器器；慧器器≡≡三言  

工Ll銅5 GGG℡℡ÅT⊂GGGTGAGでACTGAGでで℡AÅCA℡G℡℡C℡CGT乱丁亡G亡TGCÅCG 308  

ェLココq3 GGGTrÅTTAGGmGでAC℡G九G℡℡℡MATGTTC℡CGm℡CGCでGCACGユ○（）   

Ⅰい695 CG⊂CtTCGGGででmでTTT★CC℡℡℡℡CC（：nmCAA亡γM℡ コ49  

IL234】 CGC（：でT⊂GAGTTTTでTTでTCCでTでTÅCCCA℡℡℡T℡℡TCAMTでGAAGACT350   

Ⅰ乙1‘95 TCAAでTACACCAAÅAÅG℡A姐A℡℡⊂A捌TGG⊂ACC℡C¢mCC℡で℡Å℡C ユ99  

1L2343 TCl且でTACACCÅÅÅAAG℡A姐A℡T⊂A⊂九九TGGCACCTCGTrCCCTででA℡C 400  

H A P R S L Y L   

工L16，5 でGC℡CGC℡A℡でCT℡CTGT℡⊂九G亡G⊂G員ÅCCでCででCGCTGGCG℡GGG入℡T℡ “ウ  

ニL2343 TGCでCGCでG℡TC℡℡C℡GTTC入GCG⊂G九■C⊂T⊂TTC∝でGGC（；℡QGGÅ℡℡℡ 4ら0  

1 A ＝ L L ア S A Ⅳ L F A G V G F  
V  

IL1695 GCCGCÅG⊂⊂GCTGAでG入GTCGGCTÅGCAÅCG℡℡Å℡CG℡GAAGGGÅGGCAÅ49チ  

エエ2】4］ GCCGCÅGCCGCTGATGAGTCGGC℡且GC入札CGで℡ATCGTGÅAふ3GAGGC姐500  

A A A A D E S A S Ⅳ V 工 Ⅴ Ⅹ G G 】く   

工い695 AGG抽入GGAGAGGGÅGGA⊂GG亡⊂CTGAGGAG亡CGGÅ九3AGÅCCGGACCÅG 549  

工L23－3 AGGÅÅ入GGÅGAGGGÅGGÅCGG亡く’CTGÅGGAGCCGGÅAGÅAAe亡GGACCÅG 55く）  

G I（ヱ R 窟 D G P E E p E E ℡ G p E   

Iい‘95 A鋸；ÅGÅCCGGACCAGÅAGA眠亡く；GACCAGÅAGAGACGGGGCC6GAAGAG599  

工Lコ34ユ AAGAGÅCCGGÅCCAGÅAGAAÅCCGGÅCCAGA且GAG加＝GGGGCCGGAAGÅG‘80  

E ℡ G p 月 E T G P E E T G P E ヱ   

ユL16，5 ÅCGGGÅC亡ÅG▲GG▲AA⊂TGA▲CCTGAÅCCTGÅÅCC℡GG℡GC℡GCMG亡T 649  

工LZ343 ACGGGAC（：ÅGÅGGAÅ九亡TGAACCでG賊C℡GÅÅCC℡GGTG⊂TGM¢CT‘50  

℡ G P E E で E ♪ ヱ や E P G A 員 ℡ L   

工11丘9ら G入A入代mで℡GCAC℡℡CCG℡TワGCAG℡⊂G亡GG亡TGCTGCでC℡CG℡℡GCCG石99  

IL234ユ G入姐TCでG℡mCÅC℡℡⊂亡G℡†TGC▲GTC¢亡GGCTGCTGCTC℡CG℡℡∝亡G780  

F S V A ⊥ P F Å Ⅴ 入 Å A A   

Il1695 CA℡でC℡AA  

＝L2j4⊃ ⊂AT℡CTA軋  

十  

Figure3・Comparisonof（henucleotidesequencesofaPARPcorepromoter（boxedsequences）  
from7bpalWSO7Zaet，an▲9j［L1695andTbTWeirhodesienselL2343・Arrowsshowthesequences  
OfsenseandantトSenSep再mersforthePCRamp‖fication・Deletionismarkedbyas！erisks（＊）・The  
PredictiveaminoacidsequencesshownunderthenucleolidesequencesaretheentlreSequenCeOf  
theRARPA－OL  
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APARPpromoterisoneofthewellkJlOWnprOmOterinT brucei（Brown，  
HuarlgandvanderPloeg1992；Shermanetal．1991）．Oligonucleotideprimerpair  
WaSdesignedtoamplifyfromthePARPcorepromoterreglOntOtheendofthe  

Open reading frame of the PARP A－CLr The PCR products were cloned and  
SequenCed．The mRPcore promotersequencesof T・eVanSiIL1695and T・b・  
rhodesLenseIL2343werethesame（Fig・3）・   

rゐg用尺PA一αge乃ビど埠，化∫∫わ乃f乃r．gV（】那f．■  

TotalRNAwasobtainedfromprocyclicformsandbloodstreamformsofr・  
b．rhodesienseIL2343，andT．evansiIL1695．Theoligo－dTprimedcDNAwas  
employedasatemplateforPCR．RegionsofthePARPAgeneprlmerSandthe  
PARPcorepromoterprlmerSareillustratedinFigure4・SinceoneofthePARP  
COre prOmOter Prlmer reglOn WaS Out Of the transcrlPtlOninitiation site，this  
Prlmerpairhelpedtodiscriminate betweenpositivereactioncausedby genomic  
DNA contamination and realpositive reaction．The results are shownin the  
Figure5．TheRT－PCRbyusingthePARPAgeneprlmerWerepOS）tiveintheall  
the cDNA samples，andthe sameamplincationpatternS Were Observedinthe  
genomic DNA samples．Expectedly，there were no amplincationin the cDNA  
SamPleswiththePARPcorepromoterprlmer・  

ニコ  ニコ ■⊂  ニコ ⊂二   
FP  F  R  F  R  
Figure4，MapofthePARPAgeneshowingthepositiozISOfthebi11dingsites（arrow  
head）forthcPARPgenFPrimers（FandR）andthePARPcorepromoterprimers（FP  
and R）．TranscriptionlS SCheInaticaJly represe11ted by arrowedline・Closed boxe5  
irldicateopenreadingframesofthePARPA－α（α）anddlePARPA－β（β）・Open  
boxesindkatethePARPcDrePrOmOterreglOrl・  

Figure5．TheRT－PCRamplificatlOnpatternSOf  
primer pairs specific for PARPgene（P人足P）  
and PARP core promoter（ProI¶Oter）of  
7わPanOSOmabrucei，andtemplatecDNAofT  
ム．r力〟血iJg旧glL2343pr∝yClicfonⅧ（TbP），  
Tlb．rhodesLenselL2343bloodstream forms  

汀bB）andT evarzsi］L1695（1七）．L鮎IeTbG，P  
andTヒGareT b．rhodesLenseIL2343genomic  
DNA，thePARPA－ageneClonedintoT）UC19  
PJasmid ar）d T evansilL1695genomic DNA  
respectiYely．bneト）jsn巳gativecontroIw仙out  
t¢mP廟eDNA，andlaneMisl（氾bpladdeこ   

nⅦ加血r  PARP   
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加減刷血可■擁牒即挿画明用肌礼肝A叩血  
ToassessapotentialuseofthePARPAgeneprlmeraSadiagnostictoolfor  

T．evansiandT．bruceiinfection，thePCRwasperformedbyuslngVariousspecies  
of protozoan parasitesincluding Tbpanosoma，Babesia，Neoq  
7bxqplasma．GenomicDNAwasextractedforrn7strainsofT・eVanSi（IL1695，  
TL1934，1L3354，lL3382，IL3960，IL3962and Tansui），10strainsofT，brucei  
（IL1922，IL3248，TL3250，IL3253，IL3254，IL330l，IL3707，Welcome，IL150l  
andGUTht3．1），T．congo［enseIL3000，BabesiaequiUSDAstrainandB・  
USDAstrain（agiftofDr．Ikadai，TheResearchCenterforProtozoanMoJecular  
Immunology，ObihiroUniversity，Japan），Ne叩OraCaniTZuTnNC－1strain（agiftof  
Dr．Dubey，USDA，USA）and Tbxqplasma gondEiRJIstrain（agift of Dr・  
Nishikawa，TheResearchCenterforProtozoanMolecularlmmunology，Obihiro  
University，Japan），and used astemplatesforthePCR・Asa result，thesame  
amplificationpattems wereobtainedfrom allT・bruceiandT・eVanSistrains  
tested．WhilethePCRwasnegativeintheotherspeCiestested（Fig・6）・  

Figure6・ThePCRamplification  
匹仕emsof pnmerpa＝ちSpeCinc  
for PARP gene among severa】  
specleS Of protozoan parasites■  
Lme Misl（抑bpladder，and  
lme（－）is negative controI  
without template DNA. 

DISCUSSION   
Inthepreviousstudies，thekDNAminicircleofT・eVanSiwascharacterized  

byrestrictionenzymedigestionpatterns，andpartialandtotalsequencing（Borst，  
Fase－FowlerandGibson1987；Songaetal．1990；Ouetal・1991）・Accordingto  
theanalysesofrestrictionenzymedigestionpatternsofkDNAminicircles（Borst  
etal．1987；Songaetal．1990），T．evansikDNAminicircleshavebeenclassi鮎d  
into4c10Selyrelatedtypes（Al，A2，A3andA4）andonedifferenttype（Bl）・In  
thisstudy，WehavedeterminedtotalsequenceofkDNAminicirclesof6T・  
strainsisolatedfromseveralcountriesorplacesofAfrica，andrIbiwan（Fig・1）・lt  
wasreportedthatthekDNAminicircleofT・eVanSilL1695belongedtothetype  
Alminicircle（Borstetal．1987）．Theresultsofthetotalsequencingobtainedin  
thisstudyshowedthatthefivestrainsbelonBedtothetypeAlorA2minicircle  

βg   
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（Al：IL1695，IL3382、IL3960andIL3962，A2：IL3354），andtoonenewrelated  
type（Thnsui）．1btalsequencesofkDNAminicircleofT．evansIstrains（NJand  

SH：China，MÅ‥ThePhilippines，ET：Ethiopia）alsoreportedbyOuetal．（1991）．  
We calculatedthe sequence homoIogy amonglO T．evan5istrainsincluding4  
Previously reported sequences（Thble．3）．Theresults clearlyindicated thatthe  
kDNAminicircleofT．evansiishighlyconservedamOngthestrainsisolatedfrom  
SeVeralcountriesorplacesofAfricaandAsia．  

1thasbeensuggestedthatT．evansiwas Flrecently”evoIvedfrom T．bru  
Moreover，it was reported that putative guide RNA sequences were codedin  
minicirc）eDNAofT．evansi（Gajendranetal．1992）．Therefore，Weinferredthat  

T・eVanSitypekDNA minicirclemightexistin severaJstrains ofT．brucei．To  

elucidate this speculation，tOtalDNA and／or purined kDNA networks from  

VariousstrainsofT・bruceiandastrainofT．congolensewereexaminedbymeans  
Of’’T・eVaTZSiminicirclespec摘cPCR”（Artamaetal．1992），Theresultreveakd  
thatT・b・gambienseWelcomestrainandT，b．rhodesEeTZSeIL1501alsopossessT．  

evansitypeminicirc）eDNA（Table4）．ThissuggeststhattheminicircleDNAofT  
evansihas a potentialfor a source ofguide RNA（althoughit might be not  

functional）whichmightbeunnecessaryinT．evansi，andthatthetwoT．bl・uCei  

strainsseemtobeinaclosedrelationwithT．evansiintermsofrninicircleDNA．  

ComparativestudyofthePARPA－ageneSequenCeSamOng4strainsofT．  
bT・uCeiand5strainsofT．evansirevealedthatthePARPA－ageneOfT．evaTrSiis  
highlyconserved－ApredictiveaminoacidsequenceofthePARPA－αinT．evansE  
and T・brLLCeiwere（nearly）the same（Fig．2）．Ⅵ屯also examined n11Cleotide  
SequenCeSOfaPARPcorepromoterregLOnOfT．evtzfLSiIL1695．Interestlngly，the  
PARPcorepromotersequenceofT．evansiIL1695andT．b．rhodesEenseIL2343  

Were thesame（Fig・3）・ThePARP expressioninbloodstream formsis down－  

regulatedrelativetoprocyclicform5．Ilowever，ithasbeendemonstratedthatthe  

PARPpromoterisactiveinbloodstreamforms（Paysetal．1990；1ねnhammeetal．  

1995，1998）．Therefore，WeinferredthatthePARPgeneexpressedinTlevansi．  
TheRr－PCRamplificationpatternsclearlyindicatedthatthePARPgeneexpresses  
iJlthebloodstreamformnotonlyofT．bT’uceibutalsoofT・eVanSi（Fig・5）．The  
SeVeralbandsin eachlane are caused by different PARP genes・The PARP  
expressionhasbeenshowntobeup－regulatedbydifferentiationtrlggerlngfactors  
SuChasIowtemperatureandmildacidstress（Paysetal．1990；Rolinetal・1998）・  
SinceT．evarLSisurviveforafewdaysinitsinsectvector（Woo1977），thePARP  

expressionmaybeup－Tegulatedduringthisperiod，althoughduetotheabsenceof  
maxicircleDNAandthelossofminicircleDNAheterogeneity，T．evansimaynot  
beabletodifferentiateintotheinsectform．  

Tn conclusion，this study also strong］yindicated that T，eVanSiwas  
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T．recentJy’’evoIvedfrom T・bruceionthebasesof（l）thefindingoftheT・brucei  
strainswhichhave‖T．evansispeCinc■’minicircleDNAsequencesintheirkDNA  
networks，（1Ⅰ）afurther evidencethatthePARP geneis notonly conserved but  
alsoexpressedinT．evansi，in additionto theprevious firldings（Gibson etal・  
1983；Masigaetal．1990；Stevensetal・1992）・Untilnow，itisnotclearifthe  
impalrmentOfkDNAistheonJyreasonwhyTevansldonothavedevelopmental  
stagesinitsinsectvectoL ComparativestudyofresponsesofT・bruceiandT・  
evansEtodifferentiationtrlggeringfactorsmayclarifythemolecularmechanisms  
tha（underliethedifferentiationduringthelifecycleofT・brucei・  
Althoughl－T・eVanSispecificr一minicircJeDNAprimerisausefultoolfor  

diagnosisofT，eVanSZ（Artamaetal・1992），itmayoverlookakinetoplasticstrains  
inwheresuchstrains，SuChasT・eVaTLyiIL1934，arePlevarent・ThefindinBOfthe  
‖T・eVanSitype1．minicircleDNAsequencein25trainsofT・bruceialsosuggest  
needofprecautionindiagnoslngT・eVanSiinftctionparticularly．nareaswherea  
criticaldistinctionofT．evansiandT．bruceiinfectionsisrequired・  

AlthoughthePCRdetectionuslngthePARPgeneprlmerSisalsounableto  
distinctT．evansiinfectionfrom thatofT．brucei，itdetectstheinfectionwith  
akinetoplasticstrainsofT・eVanSi・Therefore，thePARPgeneprlmerSTr．aybea  
usefultoolforthediagnosisofT・eVanSiinthetsetse－freereglOnS，andmaybe  
aJsousedinsideofthetsetsebeltifthedistinctionbetweenT．evansiandT．brucei  
infbctionsarenotsocritical．  
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