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A艮STRACT  

Tbpan〃LW，maeVanLYiandthethreesubspeCiesof7二bruceiareindistinguishablefrom  
eachothermorphoIoglCallyandarethoughttobeverycloselyrelatedevolutionari］y，The  
mos（notable moleculardifference between r．evansiand the TIJ，r〟Ceisubspeciesis the  
StruCtureOftheDNA molecu］esfoundintheir kinetoplast．asubceLlularorganellelocated  
nearthe flagellar pocket，We have exploited this differencein kDNA sequence and  
Organizationtodeve］opapolymerasechainreaction（PCR）－basedassay thatcandistinguish  
betweenT．evansiandTlbr〟Cei．0】igonucleotideprlmerSSpaCedabout370bpapartonthe  
T．evan5ikDNAsequencegenerateaPCR－amplificationproductwhentota17二elJa血DNA  
isusedasthetemplate，両IereaSnOamp】ificationproductoccurs whentotaJDNAfrom Tl  
br〟Ceior LeisFmuniais the template．Jn contrast、WhenⅨ二R primers speCific for three  
differentnuclearDNAsequencesofT・bTuCei－a177－bprepeat，theprocyclinge11eOrthe  
SPlicedleader gene－are uSedin similarⅨ二Ramplifications，identica］PCRproducts are  
O♭tainedfromtheT．br〟CeiandTevansitcmplatcDNAs・Thus，thenuclearDNAsequences  
OfT．evansiandT．bruceiareveryshTlilar，buttheirkDNAsaresufncientJydifferenttoserve  
asthebasisforPCR－baseddiagnosisof（hetwotrypanOSOmeSpeC）eS－   

INTRODUCTION  

nTPanOSOmaeVanSiisthespeciesoftrypanosomesthatcauses’surral，aWaStlngdisease  
Ofdomesticlivestock．ThisprotozoanParaSiteistransmi（tedmechanicaLlyfromoneanimaI  
toanotherbybitingfliessuchasthetabanids，butitdoesnotappear10POSSeSSanySPeCific  
developmentalstagesintheseinsectvectors．MorphologlCa11y，reVanSiisindistinBuishab］e  
fromthethree7二bruceisubspeCies（SpP．）which undergoseveraldevelopmentalstagesin  
AfricantsetsefliesandcausethefataldiseasesofsleeplngSicknessinhumansornaganain  
domesticlivestock．The generalsimilaritybetween T二evansiand T br〟CeiwasnotedlOO  
years ago by Kanthack，Durham and Blandford（1898）who coTTlmented that’rrhe  
Haematozoonofnaganahasalready beendescribedby8ruce，andiscloseLyalliedtothe  
乃ブPan〃SC・nLaOfsurra，■（Stephen1986）．More recent］y．isoenzyme analysisand nuclear  
DNApolymorphisms（Gibson，Wilson and MoIoo1983；Masigaand Gibson1990）have  
beenusedtodemonstratethiscloserelationshipbetweenthetwotrypanosomespeciesona  
molecularlevel．   

［nadditiontothedevelopmentaldifferencesbetweenTlevansLandtheT，brLLCeLSpp・1n  
theirtransmittlnglnSeCtS，they arealso known to differinthe molecular structure ofthe  
DNAmoJecuIeswithin（heircytoplasmicallylocated kinetoplast・I几the TbruceLspp・this  
kinetoplastDNA（kDNA）isalargeinter】ockednetworkofabout10．000copiesofl－kb  
minicircleDNAsofheterogeneoussequences，and about50copleSOf23－kb maxicircle  
DNAswhichhaveacommonsequencethatisgenetical1yequivalenttomitochondrialDNA  
ofotherorganisms（Borstetal．1976；Simpson1986）・Incontrast，thekDNAnetworksof  
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71et｝（ln．Yilackmaxicircle DNAscompletelyand possessonlylnterlockedl－kbminicircle  
DNAstha（appear（ohave thesame，Ornearly（hesame，SequenCe（Borst、FaserFowlerand  
Gibson19g7）．   

Weset out（O determineif speCifie nucleotide sequencesin the nuclear DNA or  
minicirc］ekDNAofT二eva雨andtheTlbruceispp・COuldbeidentifiedthatwouldpermit  
theuseofthepolymeTaSeChainrcaction（PCR）todistinguishbetweenthesetwospecies・ln  
thecasebfnuc】earDNA．weexpectedthatT．bruceLrepetitiveDNAsequencesorTlbrLLCeE  
nucleargenesknowltObee叩reSSedonlydurirLga SPeCificdevelopmentalstagein tsetse  
niesmightbemissingintheTleVanSigcnome・OnthekDNAJeveLweanticTPatedthatthe  
Sl噌eTlevanLdminicircJesequence，OrPOrlionsof（hatsequence，mighIno【berepresented  
amongthemanyheterogeneoussequencesintheT・bruceiminicircles・Wefound，SOmeWhat  
SurPrisingly．thatthenuc）earrepetitivesequencesandtsetseflystage－SPeCificgenesof7二  
bruceja］sooccurhltheTl・eVanSZger10me，renderin筈IhemunsuitableforPCRdiagnosis，but  
didfindthatther．evansiminicircleDNAsequencecanbeusedin F℃Ramplificationsto  
distinguish between T二evansiand Tlbru亡・ei・Mos（Ofthe datadescribed here havebeen  
PreSentedinanearlierpublication（Artama，AgeyandDonelson1992）・   

MmDSandMATERIALS   

拘ゎ抑個＝血血糊血如ば岬用妨RRamplifica扇onswereconducedina50ル1  
reactior）mixturecontaininglOmMTris－HO．pH8．3、50mM KCl，1．5mMMgC12，0．0］％  
Behtin，8％dimelhysulphoxide，200FLMeach ofthe fourdNTPs，10（M eaeh of the  
O］jgonucleotide primers．10ng of totalgenomic DNA andI，25uT］itsof－7bq（TheTm〟L†  
aquatLcus）DNA polymerase（Ptrkin－EITner Ce（叫Norwa比，ConnecticIJL，USA）．TTle  
amplifieationswereeonductedfor20cyclesitlaDNAThermalCycler（Perkin－ElmerCetus）  
according（Othefollowingthree－StePregirt7e打【：94℃forlmin（denature）．55℃foT2min  
（anneal）and72℃for2min（extension）．Forthesplicedleader（SL）geneamplifications  
theannealingtemperaIurewas50℃ins暮eadQf55℃．  

TheoligonucleotidepnmersetsusedforthePCRarnpLificationswere：  

SLgeneprlmerS：  
5一－TAGCGTTAGTrGAAAGC－31and  

5’－TATTATTAGAACAGTrrTCTGTAC－3’；  

t77－bp代peatpnmerS：  
5’－CGAATGAATATTAAACAATGCGCAGT－3’and  
5▼－AGAACCATTTATllAGCTrTGTrGC－3．：   

pr彿yclingencpnmers：  
51－CACAATGGCACCTCGTTCCC，3、一and  

5’TTAGAATGCGGCAACGAGA二31；  
minicirclepnmers：  

5LCAACGACAAAGAGTCAGTq3rand  

5－ACGTGTTTTGTGTATGGT－3t．  

GeJWmicDN＾iso血LLons：PrimarylSOlatesof7二evansiwereobtainedfromtheb100d  
oftwoinfectedⅦlerbuffa］oinKulonfh・OgO district，Yogyakarta，Indonesia，agdescribed  
PreViously（Artama、AgeyandDonelson1992）・AbIoodsLream TlevansicIonewasisolated  
fromeachofthetw）PrlmaryISOlatesby passagethroughlaboratory rabbi旭followed by  
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serial dilution to about I parasite/400 µ, I solution and passage through X-irradiated 
laboratory mice, also as previously described (Artama, Agey and Donelson ] 992). The two 
bloodstream clones w ere named YogTat 1.1 and YogTat 2.1. 

The two T. evansi clones were grown in X向irradiated mice弓 purified by DEAE column 
chromatography (Lanham and Godfrey 1970) and their total genomic DNA isolated as 
described (Laurent, Van Assel and Steinert 1971 ). Genomic DNAs from the African 
trypanosome T. b. rhodesiense (Lenardo et al. 1984), the Latin American trypanosome T. 

cruzi (Silva and Nussenzweig 1953) and Leishmania donovani, Sudan SI strain (F. Neva句

unpublished observations) were generously provided by Ying Lu, Kwang S. Kim and Louis 
V. Kirchhoff at the University of Iowa. Salmon sperm DNA was purchased from Bethesda
Research Labs, Bethesda, Maryland.

Minicircle DNA cloning and sequencing: Total DNA (20 µ, g ) from T. evansi clone 
YogTat 1.1 was digested to completion with Sαu3A and the fragments separated on a 0.8% 
agarose gel (FMC Bioproducts, Rockland, Maine) followed by ethidium bromide staining. A 
smear of DNA fragments was detected from which loomed a band of DNA fragments whose 
sizes corresponded to a standard length DNA marker of 1 kb. The DNA fragments in this 
band were electroeluted, ligated into the unique BamHI site of plasmid pBluescript and the 
recombinant plasmids transformed into Escherichia coli (Sambrook, Fritsch and Maniatis 
1989). The recombinant plasmids in three E. coli transformants were purified and found by 
partial DNA sequence determination to contain the same DNA insert. The complete 
sequence of one of the inserts w as determined by the step-wise procedure of end-sequencing 
followed by the use of new primers whose sequences were located about 250 nucleotides 
downstream of the previous primers. 

RESULTS 
PCR αmplifications of the repetitive spliced leader (SL) genes αnd 177ゐp re peats of T. 

brucei: One of the many unique features of Trypanosomatids is the presence of a 
3与nucleotide SL sequence at the 5 ’ ends of all of their mRNAs (Walder et al. 1986). This 
SL, w hose sequence differs slightly among the different Trypanosomatids. is encoded by 

y 
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Figure 1. Agarose gel stained with cthidium 
bromide showing the PCR amplification products of 
the SL primers using as the template total DNA 
from Tη＇patwsoma evansi clones YogTat I. I (YI) 
and Y ogTat 2. I (Y2), a T. brucei done (B), a T.

cruzi done (C), Leishm仰iαめnovat1i (L), salmon 
sperm (P) or no DNA (n). Lane s contains standard 
length DNA molecules. 

tandemly repeated genes that are transcribed into precursor RNAs which donate the SL in a 
trans同RNA splicing reaction to the 5 ’ ends of all RNAs destined to become mature mRNAs 
(Nilsen 1995). In the T. hrucei genome there are about 200 SL genes located within 1.35 

kb repeats. The SL genes of T. evansi have not been examined so we used PCR 
amplifications to investigate whether these genes were similarly organized in T. eναnsi and 
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the T. hrucei spp. Figure l, lane B, shows that when T. hrucei genomic DNA serves as a 
template for a PCR amplification with oligonucleotide primers specific for the SL gene 
repeat司 an amplification product of 1.35 kb is obtained as expected. Likewise� when genomic 
DNA from either T. evansi clone YogTat 1.1 or YogTat 2.1 is used as the template, the same 
sized amplification product occurs (lanes Yl and Y2 respectively). A weak amplification 
product of a different size can also be observed in the T. cruzi DNA lane, but none occurs in 
the L. donovani or salmon sperm DNA lanes、indicating that this primer set does not 
hybridize sufficiently to these DNAs to generate a detectable amplification product. 
Collectively, these results demonstrate that the genomic DNA repeat containing the SL gene 
in T. evansi is similar if not the same, as that in T. brucei.

Another tandemly repeated sequence in the nuclear DNA of the T. hrucei spp. is a 
sequence of 177 bp that occurs in the one hundred or more minichromosomes in the 
nucleus - small linear DNA molecules of 50 to 150 kb that serve as repositories of 
telomere-linked genes for the variant surface glycoproteins (VSGs). No other genes have 
been detected in the minichromosomes and no other function have been ascribed to them. 

B C L p n 

Figure 2. Agarose gel stained with ethidium 
bromide showing the PCR amplification products 
of primers specific for the 177-bp nuclear repetitive 
DNA of T. bmcei. The template DNAs were the 
same as those indicated in Fig. 1. 

The center portions of these minichroinosomes are thought to be composed primarily of 
177-bp repeats, of which more than 10ρ00 copies exist in the haploid genome (Sloof et al.
1983). Figure 2 shows a ladder of 177-bp PCR products that are obtained when primers that
hybridize to the 177 bp are used for amplification of template DNA from either T. brucei or
T. evansi. The ladder results from the primers being extended through multiple tandem
copies of this short repeat during each PCR cycle. If the extension time of the reaction is 
reduced, the higher multimers of the 177 bp disappear (not shown). Elution of the 177-bp 
repeat band from the YogTat 1.1 lane and direct sequence determination of the mixture of 
fra巴ments from both ends revealed the same basic sequence as reported for T. brucei.

Se;eral nucleotide positions on the sequencing gels contained multiple bands on both 
strands, indicating the presence of nucleotide heterogeneity at these positions, a finding 
consistent with the earlier studies of the T. brucei sequence (Sloof et al. 1983). Figure 2 also 
shows that DNA from T. cruzi and L. donovani (lanes C and L) do not serve as胞mplates for 
this primer set. Salmon sperm DNA (lane P) does serve as a template for a very small PCR 
product that was not investigated further. 

PCR amp／.ザ'ication of the procyclin genes of the T. brucei spp: Procyclin is a 
well-studied abundant protein that occurs on the surface of T. brucei during the procyclic 
stage development in the tsetse fly (Roditi et al. 1998). Although its precise function is not 
known, it is thought to participate in the attachment of procyclic trypanosomes to the lumen 
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of the insect gut. There are about 10 million copies of procyclin on the procyclic 
trypanosome surface and it is the only protein known to be present on the surface during 
this developmental stage. Since T. evansi is transmitted mechanically and does not appear to 
undergo different developmental stages in its insect vectors, we decided to search for the 
existence of procyclin genes in its genome using PCR primers derived from the procyclin 
coding sequence. Figure 3 shows that the presence and sizes of the T. hrucei procyclin genes 
are completely preserved in T. evansi. The multiple bands in the 300-400 bp range 
represent different procyclin genes. The largest amplification band in the YogTat l. l and T.

brucei lanes is likely generated by amplification across two adjacent procyclin genes. A 
similar faint band, not apparent in the photograph, was present in the YogTat 2.1 lane on the 
actual stained gel. When the same procyclin-specific primers were used on DNA from T.

cruzi. L. donovani and salmon sperm DNA, no PCR amplification product was generated 
(not shown). Thus, genes for procyclin occur in the T. eνansi genome despite the fact that 

procyclin is not known to be required during the T. evansi life cycle. 
y 

Figure 3. Agarose gel stained with ethidium bron ide 
showing the PCR amplification products of primers specific 
for the procyclin genes of T. brucei and template DNAs from 
T. evansi clones Y ogTat 1.1 (Y 1）組d2.l (Y2）如d T. hmcei
(8). Lane s contains standard length DNA molecules.

Determination of the T. el仰si kDNA minicircle sequence: At the time this work was 
begun, it was thought that, in contrast to the T. brucei spp., the kDNA minicircles of T.
evαnsi all contained the same, or nearly the same, nucleotide sequence (Borst, Fase-Fowler 
and Gibson 1987). Since this sequence had not yet been determined, we cloned and 
sequenced several kDNA minicircle molecules from T. evansi clone YogTat 1.1. In 
anticipation that the 1-kb band observed in an agarose gel of a Sau3A digest of total DNA 
from clone YogTat 1.1 (see Methods and Materials) contained the linearized kDNA 
minicircles, the fragments in this band were eluted and cloned into plasmid pBluescript. The 
complete 994-bp sequence of one cloned insert was determined and is shown in Figure 4A. 
Portions of two other cloned 1-kb inserts were sequenced and were identical in the 
sequenced regions to the one that was completely sequenced. 

Several features of the sequence are similar or identical to minicircle sequences reported 
in other Trypanosomatids (Simpson 1986) and in particular to those described for T. brucei
spp. (Chen and Donelson 1980; Jasmer and Stuart 1986a). The 13 bp sequence thought to 
be the minicircle replication origin (Ntambi and Englund 1985) occurs w ithin a 120 bp 
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the T. hrucei spp. Figure l, lane B, shows that when T. hrucei genomic DNA serves as a 
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likelytobederivcdfrom th牟kinetoplastofYogTatl・1trypano師mCS・Thelocationsof  
山e紀GOmmOn minicircle托a仙resinthe YogTatl．1紀quenCe且托且umma血din呵帥re．  
48．WhiIethe s6qu用C¢detぢ汀扁隕a由n wa川nderway．伽閉摘d seq関nCぢばamimi¢irdg  
frqmamo一触rlndonぞSian71gv脚∫J81（ゴme，RoTat2／】，WαSpublish畿d（Songaモ暮d・1990）諷d  

this㌍融¢nCei＄¢Omparedl由htheⅥ）gTatl．1seque11CeinRgur841き．Oftheapprox′i血a‡幽  

∴り   
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890nucleotidesin which the two sequeneescan be directly cornpared，they have93％  
iden（lty・The mos†distinctive difference among the two sequencesis the presence of  
SCattereddele（ionsintheRoTat2／1sequencerelativetotheYogTat仁】minicircIe、incLuding  
Oneintheputative13－merrePllCa（ionorlgin．Bo（hofthesesequencesareverysimilartothe  
Par（ia］orcompleteminicirc］esequencesofT，eVanSifromseveralotherareasoftheworld  
（Songa et al．1990；Ou and BalIz199］），Thus，it seems clear（hat a relativeLy unique  
minicirclesequenceisconservedinmostT，eVanSiisolatesaroundtheworld．incontras暮（O  
thehigh】yheterogeneouspopu）ation ofT二hruceiminicircles，bothwithins．ngle T・brucei  
ClorleSandamongdifferentisolates（Donelson、M勾iwaandWi”iams1979）・   

PCRampL節cationqftheT・eVarSLmiTdcinLe：Twoof（heoligonucleo（ides 
． 

DNAfrom7Tel′anSiandscveralotherorganisms・Oneprlmerhybridizes血thinthe120bp  
r’origin”region thaLhasconsiderablesequence simihrjty between TL eVanLViand7’hrLLCei  
minicircles（Seeabove），and（heotherprimerbindswithinoneofthe（hreesegmentsflanked  
bythevariationsoftTle18bprepeats（「ig■4）・ThesePCRprimersgeneratetheexpeCted  
minicircleampJification product from r・eVanSj totalDNAlbut somewhat surpr．s．ngLy・  
underthe condi（ions useddo notamplify（heminicircLe sequencefromT・brucelorthe  
other organisms（Fig・5）・Controlres（riction digests of the T・bruceL DNA and（rial  
amplificationsofDNAsfromotherr．bruceLSPp・lSOlatesavailabletousdemonstratedthat  
the minicircle DNAswere presentin the totalDNA preparations but did not serve as  
tempJatesforthePCRswiththesepnmers．Fur（hermore，inspeCtionofthepartialorcomplete  
minicircleDNAsequencesfromother TTeソanSEisolates（SongaetaI・1990；Ouand Baltz  
199］）suggest thatthis primer se（Wil】arnplify theminicircte sequencefrom the other  
isoJatesaswe］］・Thus、thesetwoPCRprimersappeartobespeCificforTevansiTbutnotfor  
Tlbrucei．Sinceoneof（heprlmerSisderivedfromareglOn COnSerVedbetween7二evansi  
andTlbruceiminicirc］es，thesimplestinterpretationoftheresultsisthatacompLementary  
sequence for the other prlmer does not exist withinlhe heterogeneous popu）atjon of  
minicirclesintheT，brucelSpP・  

Y  

1    2    E L P  

Figure5，Agarosegc）stalnedwitheLhidiumbrorr］ideshowing  
thePCRarnpLiricationpT（XlucIsorLhcYogTatl・lminicircle  
PCRprlmerS（SeeFig▲4）usingasLcmplatcsthctotall）NAs  
ltomT．e・VEZnSiclonesYogTatl・l（Yl）andYogTat2・1（Y2）－，  
T．bTu（Lei（B）、L，LbnovLqli（L），Salrnons匹rlT］（P）ornoDNA  
（n）．bnescontainsa）－kblaLIdcrofstan血rdlcngthDNA  
molecules，Theトkbmarkcris thejsoLatedbandnearthecerlter  
Orthepht）tUgraPhinlancs・   
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DISCUSSION  

TheDNAcharacterizations describedhere sup匹｝rt theorlglnalpredictions ofaclose  

evo】tJ（ionary rela（ionship between these two species of salivarian trypanozoan（Stephen  
1986）・lnparticuIar，theeonsensussequenceofthe177bpnuclearDNArepeatisidentica］  

in the two organisms，andthe PCRamplification pattern ofprocyclh genesis the same．  

Likewise，thesplicedleadergenerepeatapPearS（OtXVerySimi1arinthetwoorganisms．  
OftheDNAsequencefeaturesexamined、themostdiffercnces appearinthcminicircle  

SequenCeSL ThesedifferencesareOfinterestfortworeasons．Firs（，thePCRamplifications  
Shownin Figure5suggest thatminicircle－SPeCific prlmerS Can be used to distinguish  
betweenTlevansLandTlbrucelSpP・inPCR－basedassays・TheexaminationofawiderranBe  
OfTlbruceispp・］SOJatesthanisavai】abletouswi11benecessarytoconfirmthisPCRresult，  
butifitcanindeed beextended，Simihr托二RamplificatiorlSCOuldserveasanimportant  
djagnostictoolinportionsofAfricadlereOVerlap bet㈹enTlevansiand T．br〟Ceispp．  
exists（Gibson，WIsonandMoIoo1983；MasigaandGibson1990）．1nlndonesiaandother  
reg10nSOfSoutheastAsja，Simi1arPCR－basedassaysuslnganyOfthepTlrnerSetSdcscribed  
herehave（hepotentiaIofprovidingamuchmorethoroughsurveyofTlevansidistributi（】n  
andpreva］encethancurrently］SaVai1able．   

Theminicircle sequencecomparLSOnSarealsoofinteresttx：CauSetheheterogemeous Tl  
bnLCeiminidrclesaretfanSCribedintosrnal1RNAmoleculeswhichcanpotential］yserveas  
temp】ates for guidinglnSertions and deletions of uridinesin maxicircle LranscrlptS．a  

POSトtramscriptionalprocesscal）edRNAediting（Benne1989；Fbuardet．al，1990；Alfonzo，  
ThiemannandSimpson1997）・TheonlyknownfunctiorlOfminicirclesistoencodesuch  
guideRNAs（gRNAs）、arOlethatseemsunnecessaryin TlevansEwhichdoesnotpo＄SeSS  
maxidrc］eDNA（Borst，Fase－FowlerandGibson1987）・Anothersalivariantrypanozoanwith  
a homogeneous minicircle sequenceis TleqLL¢eFdum．whichis transmitted venereal）y  
amonghorsesintheabsenceofanillSeCtVeC10r（Barrois，RiouandGalibert1981）．However，  
incontrastto7二evansi，thisorganism appears10POSSeSSmaXicircle DNA，albeitwith a  
deletiontTlatmayhaveeliminatedseveralprotein－enCOdinggenes（Fraschetal．1980）．The  
Teq〟如rdumminicircleundergoestranscrlPt10Jlfromthreereg10nSd［hin18bpinverted  
repeats，Similartothe71bruceiminicircletranscrlP（S，SuggeS11ngthatthesetranscriptsalso  
mayserveasgRNAs（Po11ardandH勾duk1991）．   

Whenthe7二evansiandT：eqゆerdumminicirclesequencesarecompared（notshown），  
94％identityoccurswithinaJ40bpreglOnCOntainlng（heputativerepLicationorlglnand  
theadjacentrrbentDNA’一，Whereastheremainderofthesequencesshareabout50％identity．  
The50％identl（yextendsthroughthethrecsegmcntsf）ankedbythevariationsofthe18bp  
repeatS・Whenthesequencesbetweenthese18bpinvertedrepeatsinTlevansiarecompared  
bycomputeranalysISwiththe7：bruceimaxicirc）esequences，（heIargestreg10¶Ofcomplete  
COmPlementarily a1lowing Grr basepalr＄islO nucleo暮ides，COnSiderably fewerthan the  
30－50nucleotides foundin7二br〟CeEminicircles（rbllard etal．1990）．Although thi＄  
negativefindingdoesnotcontributetoan under釦andingofwhythe TevansiminiciTCle  
SequenCehasbeenmajntained，itnaysuggestthatprovidinggRNAsisno（thereason．   

FinaJly，itshouldt光nOtedthatthe23－k♭kDNAmaxicirclesequenceofTlbr〟Ceicould  
alsoserveasatemplatein PCRamplificationtodistinguish betweenT evansLaTldthe  
bruceispp・1nthiscase，aPCRproductshouldoccurwhen T：bT・uCeiDNAisthe template，  
butnoproductshouldappear雨tenTlevarzsEDNAisLhetemplatebecauseofthelackof  
kDNAmaxicircIcsinr・eVanSi・ThisresultwouldbetheoppositeofthatshowninFiBure5  
WhereaⅨ’R productis obtainedwith T二evansltemp］ate DNA，butnotwith TlbTuCel  

ヱノノ   
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