
J．P′∂わヱβOJ．朗∫．，5，JO－22（Jp95ノ  

C叩yrJg加◎J湘．T加如∫gαrC轟Cg〟βりわrア′〃J∂ZO劇〟ロJg仁山rJ〝m以乃βJβgγ  

PaLamSaniline－inducedAkinetopl摘鮎Tryranosomaevansi  
Formation and CharacteriEation  

MARY ROSE AGNES SILVA－TAHAT，HARUKT UEMURA  

AND TI三TSUO YANACI  

ハlTりrl伸バトニげハ心‾い・ふい∴J′・1血付・！りr‥ノー；－、－J∴リパ＝′l－・‥ヽ、：帖ハ揖J、侶、・・J・、、か  

〃βg皿！成上お2，ノ（p飢  

R比dYdl，D∝Cmk1994／Acc甲也d21J且nu町1995   

Keywords：Trypano∫OmaeVanSi，kinetoplastDNA，PararOSaJlillne，akinetoplasddy  

ABSTRACT   

A kinetoplastic strain of Tbpanoscma evansjwasindu⊂ed to become  
akinetoplasticbypararosaniline・Loss ofkDNAminicircles wasanalyzed by  
DAPIfluores亡enCe and Southern blot analysis prot光d withcloned kDNA  
fragments・Qpalitative changeSin thekine［oplast prior to akinetoplastidy  
include various fragmented f山orescence patternSand forma也on ofin［er－  
mediatefl110reSCenCeintensity．Thus，kDNAlossindu⊂edbypararosaninneis  
PreCededbya gradualdeereaseinitssize．Weshowtha［trypanOSOmeSWi［h  
in［ermediateamountofkDNAareunstable【ending tobe⊂OmeakiIletOplastic．  
Wefurther demonstratetha【the differencein populadon doubl血g time  
betweenkinetoplasticandakinetoplasticformsis4・7and5・5hrs，reSpeCtively．  
Ourresultsindicatethatalthoughthemutantshavemain［ainedtheirabilityto  
multiply，their slower doub止ng ratelimits them tD doininatein a gⅣen  

popula也On．Moreover，this feature may be one ofthe possible factors  
responsiblefortheirinferi0ritytO thosewith kDNA and for their selective  
disadvantageinna【ure．   

mRODtJCTION   

Thekinetoplast，WhichisauniqueintramitochondrialstruCture Situated  
nearthe base of the flagellum，eharac【erizes the members of the Order  
mnetoplas也da．Ⅰ［is composed of DNA molecules collectively c山1ed the  
kinetoplast DNA（kDNA）whichrepresents about7－20％ofthe totalcellular  
DNA（Stuart，1983；Stuart and Feagin，1992）．There are twotyPeS OfkDNA  
molecules，namely，themaxicircles（20L40kb）numberingfrom20tolOO，and  
血nicircles（1－2．5kb），from5，000tolO，000（Englundetal．，1982；Stuar【，1983；  

Simpson19861987；S【uar［andFeagin1992）．Maxicirelesareconsidered［Obe  
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analogousto eukaryOticmitochondrialDNA（Benneetal・1983；Feaginand  
S【uart1985；Benne1990）．Minicircles，Ontheotherhand，haveinitial1yben  
assumedtoplaystru〔turalrolesinprovidingascaffoldingforthemaxicircles，  
particularlyduringreplicadon，andintheorderedsegregahonoftheunitary  
mitochondrion（Cosgrove1973；Borst and Fairlamb1976；Borst and  
Hoeijmakers1979a，b）．Recen［1y，however，theminkircleshavebeenshownto  
ccde fbr guide RNAs（gRNAs）invoIvedin RNA edidng ofmicircular  
tranSCripts（Blum etal．1990；Sturmand Simpson1990）・Maxicir亡1es and  
minicircles formindependent catenanes whichare extensivelyinterlocked  
establishinganintricateand⊂OmplexkDNAnetwork（Shapiro1993）・   

Theseumiquefeaturesaside，thekDNAexhibitsvariousphenomenawhi〔h  
areording to number and arrangement may either be polykinetoplas也dy  
（FeVeralkDNA）or eukinetoplastidy（Single kDNA），Or pankinetoplastidy  
（dispersed kDNA）（Vickerman and Preston1976；Kallinikova1981）・In  
addition，thepresenceofanCillarykDNA（aDNA）ofunknownbiologicalprocess  
hasrecentlybeendemonstrated（MiyaharaandDvorak1994）・Furthermore，  
changesinkDNA patternSuChas variationin the dominanceorthe⊂Opy  
numberofdifferentmimicircleshasbeendescribedastranskinetoplasddy（Lee  
etal．1992）．Inextremesituations，however，thekDNAmayapparenuyexhibit  
deletionsincompositionwhethermaxi－Orminieir〔1esasindyskinetoplastidy，  
or deletionsin tx）thDNA asin akinetoplastidy．While mutantS eXhibiting  
deletionsinkDNAhavebeenreferred toasI－OrK－（Borst andHoeijmakers  
1979a，b），thoselackinganykDNAatal1havebeencal1edKO（Stnar［andGelvin  
1980）．Mutationmayeitherbespontaneousorinducedresul血gtoanimpaired  
replica【ionofthekDNA（Hajduk1978，1979；Kal1inikova1981）・   

Trypanosomesmos［susceptibletokDNAmutationareSpeCiesofthe Sub－  
genus77）p弧m．These kinetoplasdds possessa repressedmit∝hondrial  
activitythat may bea tranSientorpermanentfeature oftheirlifb cycle・  
Nevertheless，theyare excep也onalin［hattheymayexistas viabledys－Or  
膿inetoplastidswhichareequal1yinfectiveandprolificastheirkinetoplastic  
COunterpar［s（BorstandHoeijmakers1979b）．   

In the present paper，We induced theloss of the kinetoplast in  
7bpanoscma eYanSj，the causative agent of Surra diseasein camels，by  
SuCCeSSivetreatmentofinfectedmicewithabasicfuchsindye，pararOSaniline・  

Wepropose the nameakinetoplastic to describe themutantS．Althoughwe  
Were nOtable［O demonstratethe moleculareventsleading tomumtion，We  
Showtheeellularchangesand∝CurreneeOfintermedia［eStageSleadingtothe  
lossofkDNAaftertrea［mentOfthedye．Basedonthesequalita［ivechangesin  
the kDNA，We desぐribe the possible genesis of paraLrOS血1ine－indueed  
akinetoplastictrypanosomes．WefurtherdemonstratethatathoughthekDNAr  
deficientmutantShavemaintainedtheabilitytomulhply，theyhavealimited  
growthratewhich maysomehowsignifi⊂antlycontributeto theirselective  
disadvantageinnature．  
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MATI…R山u5AND METⅡ0Ⅰ）S  

加sLtes：The kinetoplasdc糎OSm eYaL］Sjusedinthe studyis a  
TanSuistrainisolated from a waterbuffaloin Chim Trypanosomes were  
maintained by passagein8LWeek－01dICRmice．For transmission eleetron  
microscopyandDNAanalysis，infectedbloodwaseollectedbycardiaepuncture  
and parasites wereisolatedand purined by passage through DE52anion  
exchangeCOlumn（hrlbamamdGdfrey1970）．  
血血cLEozzoFakiLZetq）Lasd4Y：Akinetoplastidywasinducedbysuecessive  
叫ecdons oflO－20lLg／g of pararOSaniline（NacaLaiTesque，Inc．，Japan）  
fonowingthemethcdofInokietal．（1960）．I．ossofkinetoplas［wasassessed  
by nuorescencemicroscopic（01ymPuS Resear亡h Microscope ModelAHBT  
VanoxT）examinationofparasiteslabledwith2，4－diamidino－6－phenylindole  
（DAPI）insmearsoftailbl∝dsamplesaccordingtoHajduk（1976）．Toobtain  
purifiedakinetoplashcdones，paraSiteswithou［kine【oplas［werepropagated  
bysingleceninoculationintomice．  
HerL7W皿fmscqLW Purifiedkine［Oplasticand a足IletOplasdc parasites  
Wereindependentlywashedinphosphate－Salineglucosebuffer（PSG），PH7．6，  
Priortofixadonwith2．5％gluteraldehydeandpost一且温色oninl％OsO．fbrlhr  
eaehatroomtemperature．Fixedsamplesweredehydratedinagradedseries  
OfedlanOIsolutionsandfinallyembeddedinEpon．Ultrathinsectionsmounted  
On・COPper grids were double stained with2％1ead citrate andl％uranyl  
acetate．ExaminationofthesecdonswasaccomplishedwithaJEOLJEM－100CX  
Ⅲec打OnMicroscope．  
kDMaDatySjs：Tb⊂OnnrmthelackofkDNAmimicirclesinclonedparaSites，  
【OtalDNÅfromnormalandmutan［fbrmSWaSisolated，purifiedandanalyzed  
bySouthernblotusingclonedfragmentsofkDNAfromparen［alkine【Oplastic  
Strain as prot麗S．Briefly，tOtalDNÅwas extracted from parasites by the  
Standardproeedure（Sambrooket al．1989）and wholekDNA from kineto－  
Plas也c parent wasisolated by CsCトE［hidium Bromide ultracentrifuga也on  
（TLN－100 vertical rotor，Beckman Optima Ul【racentrifuge），EthanoI  

PreCipitatedDNAsampleswereres11SupendedinTE（10mMTris，1niMEDTA，  
pH ＆．0）and stored at40 C untiluse．Restriction enzyme digestion and  

Southern hybridization analysis likewise followed standard methods 
（Sambrooketal．1989）．  

地aがα皿αr上8ⅣA da月ge∫Jead血g‘o aよ血erqp血g血わ′ニTa山bl∝通  
SamPlefromaninfeetedmo11Setreatedwith40帽／gpararosaniline stained  
withDAPI．ThedifferentialeountofceusaceordlngtOVariouskinetQPlastform  
and size per hundred parasites was recorded．Ce11s were groupedinto S，  
na皿ely：（a）parasitesl扇thnormalkDNAfluorescenceintensity（Kn，Fig．1A）；（b）  
trypanosomeswithintermediatekDNAfluorescenceintensity（Kintermed，Figs．  

1B，C）；（c）akinetoplastic forms（AK，Fig・lD）；（d）kinetoplastic parasites（Kn）  
undergoingcelldivision（Rdiv，Figs．1I，），Kleft）；and（e）odleruγpanOSOmeS  
With various kDNA fluorescent spotsandthose withintermediate kDNA  
fluorescenceduringcelldivision（Kothers，Figs．1ⅠヨーH，Krigh【）．Thedifferencein  
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theintensityOfDAPInuorescenseamong nomlal，mediumand smal1kDNA  
WaS meaSured uslng an OlyIl岬uS BH－2microscope equipped with OSPT  
OPU／PMU／MBIaccessoryunitsformeasuringfluorescenseintensity・I・ikewise，  
fluorescenceintensityOfthenucleus，SuppOSedsiteofkDNAinmutants，and  
backgroundwereno［edfbrcomparison・   

Tbdetermine thestability and tendencyof trypomastigoteswithinter－  
medatekDNAfluorescenceintensity，ParaSitespreviouslytreatedwi［h40腫／g  
werein∝ulatedinto2gro11PSOfmiceintriplicate：（1）withoutand（2）with  
dailypararOSaniline（40帽／g）in5ecdons at24hrsintervalsforZ days．The  
ParaSi［ePOpuladoninitia11y containedabout16％trypanosomes withinter－  
mediate kDNA and 32％ akinetoplashc formS．Prior to drug treatment，  
Subsequen［differentialcellcountsweredeterminedat24hrsintervalsfor3  
days・  

GroⅣ止∫Ⅵre（）f肋erqpJa∫庇a月dak血erqpJa5鮫dαne∫〟月der月maJ  

COJ7diLloz7S aL7d paTaTOSaLLiljL）e S岬TeSSioLZ：The growthbehaviour of  
kinetoplas【i〔andakinetoplasti〔〔lonesinvivowasfo1lowed・Celldensityof  
lO6／miwasin∝ulatedintotriplicatesamplesofmieethat（1）didno【receive  
pararOSanilineand（2）those【ha〔wereSubsequen【1yinjectedwirh（a）20LLg／g  
and（b）40LLg／gpararosanilinedailyfor3days．Thetotalnumberofparasites  
WaSCOuntedfor3days．Growthcurveswereestablishedandthepopulahon  
doublingtimewasdeterminedbyinterpolationofthegraphs．   

REStJLTS   

Pararosanilinewas used toinduce mu［ationinkDNAleading toitsloss．  
DAPIfacilitatedthedistinctionbetweennormalandmutanttrypomas【igotes．  
InFig・1，a11fluorescent bodiesrepresent DAPI－StainedDNA∴m血e［Oplastids  
always have2fluorescen［parti⊂1es，alargenuclearDNA anda sma11kDNA  
（Fig・1A）・Akincroplasticforms，Ontheotherhand，haveonlythelarge nuclear  
DNA（Fig．1D）．Transmission electronmicrographs showed the disk－Shaped  
kDNAnetworktypicalofklne【Oplastids（Fig．2A）．Ontheotherhand，electron－  
Opaquebodieswereわundwithinthemi［OChondrionofakinetopias也C Clones  
（Fig．2B）．These electron－Opaque bodies，however，Were nO【Seeninthe  
kine【qplas［ic cells・The absence of DAPIfluorescen⊂ein血e akinetoplastic  
parasitesimpliesthattheseelectron－Opaquebodiesdonotnecessari1ycon血n  
DNA．TocorLfinnthelossofthekDNAintheestablishedpurifiedakinetoplasdc  
dones，tOtalDNA was extracted andisolated力■Omlx）thkinetoplastic and  
akinetoplasticparasites．TotalDNAwas diges［ed with enzymes（AluI，HinfI，  
MboI，TthHB8I）known［OreStrictTこevansLmimicircles（Borstetal．1987；Songa  
etal．1990；Masigaand Gibson1990；（九et al．1991；Lun e［al．1992）．Tne  
ParentalkinetoplastickDNAwaslinearizedwithTthHB8I（lNkbTfragmen［）or  
With Mbol（1Tkb M）．TheITkbTfragmentwas furtherrestrictedwithMboI  
ylelding a O．6－kb and a O．4－kb MboI－TthH138Ifragments．Allofthese  
fragments were clonedin pBluescript SK＋ and eventuallylabeled wi［h  

digoxige血bbeusedasprobesforSouthemhybridizationanalysisofinde－  
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Figur8】 DAPトstained rり〝卯丁〝叩胴…け∫′ showing】arge rluorescEnt  
l－し■Clear DN∧a¶【】small仙ores亡亡州kDN∧（arrowhca（l）・S－－QWn are prorilモS Or  
trypal－OSO－neSW川－（A）－－即！¶alkDNA・（B卜n巳diun－kDNA．（C）月m川和NA，（D）  
Witl桝L kDNAt（E－H）var－Qu占Pal■ertlちOr kDNA rragm訓Ialion．（l、J）no′rmal  
k【〉NA during 砧Iial帥鳩那 Or djvi由一－，（K）se針e即l亡d 叩‖mal（】erl）ahd  
illほ川間diale（ri帥）kDNA priDrt口Cy10kjne鳥is，往－－d（L）吊■Ⅵal】kl）NA prjor101別  
口r■－OnC■1diYi月間－・A】】【orI－1S W町C封氾n汗■円けraSile popL■－a－i【〕∩－l柑t WaS daiIy  
lrea【eJw仙40llg／gl）ararOS凱－i】in℃a124I－j－－1ervills ror2days．xlヱ月00．   
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Figじre2・ El造血珊mi8rO即aphs or ki能【叩ほ融ご終）きdd aki服k坤1a頭ぢ  
匝触廟料］机順 一擁」明ical離sk－Sbap唸d kD′NA 蛸WOrk 練昭和）翁r  
kinあpl巌流卜拍美肌山裾l¢血∈】8信助nペ坤叫ue如dies（8r摘両髄呵簡瑚血  
m如c如‡ぬrialY髄icle8rthe akin郷関紬c cel1，Bars，1匹m．  
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Figure 3・ Southern blo【s oF（OtaL DNA digests of kinetoplastic（K）and  
akinetoplastic parasi【es（AK）－Each）ane contains approximateIylトg Of enzyme  
restricted kine【oplasLic（OtalDNA and4ug or digested akine（Oplas［ic to（alDNA  
PrObed with approximatTey 50 ng of digoxlgenin－labe（ed cloned kDNA  
minicircle rragments：（A）who】e kDNA（l．O kb）linearized with MboIand（B）  
0・4 kt）MboI－T［hHB8T rragnlentL（a，g）undigested 亡OlaJDNA；（b，h）AJuI；（C，i）  
Hinfl；（d，j）MboIこ（e，k）TthHB8I：（F，］）BamHl．  
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pendentAluI，Hinfl，MboIandTthHB8IdigestsoftotalDNA・ABamHIdigestof  
totalDNAofbothkinetoplasticandakinetoplasticparaSiteswasindudedasa  
COntrOl．Representative blots pro旭with1－kb totalrnimicircle and O．4－kb  
MboI－TthHB8Ⅰ丘agment，〔lones are showninFig・3whereinno qpparent  
SequenCehomologywasdetee【edbetweenakinetoplas丘cDNAwiththekDNA  
PrObes．Thisresultsuggeststhatthemutantweinduceddoesnot havekDNA  
血icircles．   

Various attempts toisolate and purifythe residualkDNA of a上ineto－  
PlasticparaSiteswerenotsuccessful・PolymeraseChainRea亡hon（PCR）using  
Primersbasedonpublishedseq11enCeSOfT：ev加SjkDNAminicircles（Songae［  
alt1990；aletal・1991；Ar【amaetal．1992）wasnegativefortheakine［0－  
plasdc totalDNA・Preliminary Southernanalysis using CsCl－EB－ultracentri－  
fugationqpuriBedsamplesofwholekDNÅfromparentalkineto－plasticformS  
demonstratedthepresen〔eOfasmal1amOuntOfhomologoussequenceintotal  
DNAdiges［sofakinetoplasticformSandwasl∝alizedbyelec【rOnmicroscopic  
in siru hybridizationinthemi【∝hondrion as wellasinthe nucleus（not  
Shown）・Toru1eoutthepossibili［yofnuelearcontaminationandassurepurity  
Ofprobes，kDNAclomingwasaccomphshedaspreviouslydescribed．Theuseof  
theseclonedminicircleprobeseliminated〔rOSS－hybridiza【ioninsubsequent  
Soudlemblots．   

hthecourseofmi〔rOSeOPicassessmentofakinetoplastidy，Variousforms，  
Shapesandsizesof血ekDNAwereobservedinadditiontodifferent stagesof  
Celldivision whichmaybedue tothe asynchronous nature oftheinitial  
POPulationofbl∞dstreamtryPOmaStigotes・FluorescencestainingwithDAPI  
faeili［atedtheobservationanddis血1Ctionofthequali［ative changesinthe  
kDNA after pararosardline treatment（Fig．1）．A n11niber of fragmented  
nuorescence pat［erns were observed（Figs．1E－H）．Two to three equalor  
unequalfluorescentpardcles，a［tachedorscattered，OfkDNAwereseen．These  
WereSmallerinsizethanthenornulkDNAofkinetoplas也ds・Cellst光aring  
Smal1erkDNAparticleswereconsideredtobeintermediatebetweenkineto－  
plas丘eandakinetoplasti⊂forms．A［1east2intermediatekDNAsizes，medium  
（Fig・1B）andsmal1（Fig．1C），WereObserved．Theaverageintensi【yOfDAPI  
fluorescenceofnorm軋mediumandsmal1kDNAwasmeasuredtobe131，67  
aLnd36・8，reSPeCtively・Inotherwords，thefluorescenceintensityOfnormal  
kDNAwasl．95xmorethanthemediumkDNAwhichwasinturnl．82xmore  

intensethanthesmal1kDNA．Inaddition，theseformSWereObservedtohave  

ken divided and segregated into 2 almost equal portions（Fig．1K）．  
Ocassionally，［rypan0－SOmeSWithasmallkDNAanddividednuclearDNAwere  

紀en（fig．11」）．   

We a［tempted to seleet br trypaLnOSOmeS Within［ermediate kDNA．  

However，differentialcellcountanalysisofpreviouslydrug－trea【ed（40帽／g  
PaqarOSaniline）parasitesrevealedthattheycons【itutedaminority（3－16％）in  
theentirepopulation・In the absenceofpararosanuine，tryPanOSOmeSwith  
intermediate kDNA decreasedinnumber（ffom16％atOhrto3％at72hrs）  

ノ∂ 
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0  21  48  72  

Tlm81h）  

Figure4・（；raphicalrepresentationoftheakinetoplasli（tCndcncyof［ryPanOSOmeSWith  
intermcdiate kDNA．Dirrercntialcell仁Ount Or ParaSites without（A）and with（B）  
pararosaniline trealment・Drug－treatedtrypanosomcs received4）帽／g pararosanilineat  
24hrsil－terValsdailyfor2days．Arrowsdcno（Ctimeatwhichdrugwasinjectedinto  
mice．■normalkDNA；□dividing normalkDNA；DinlermediatekDNA；Ddividinginter－  
mcdiatekDNAalld variouskDNAfragmenlalionpattcrns；□akinetoplasticcel］slacking  
kl）N∧．Valucs represell［mean Oftriplicatc samples・土S・1）・isdesignatedbybars・  

Tll＝〉 t町  

Jligurc5．Logari［hmicgraphi（a］rcprcscntationof【hegrowthrateorkinetoplastids（A）  

a皿dclonedakine［oplastic rorms（L；）undcrnormalconditions andwjth pararosaniline  

exposurc．Arrowsdeno［etimcalwhi〔hthedrug、、・aSinje〔tedintomice・一口ーWithout  

pararosaniline；一”◇”－20LLg／g；”－○”一心ug／g；＝－△－”％AKat20購／g；”－EE］－－－  

％∧Kat40LLg／g・Values reprcscn［meanof［rip11（1ateSamples・土S・D・isdesigna［edbybars・  

／7   



TRYZnNOSOM4 El現NS］：PARAROSANILINE AND AKTNETOPL＾STtDY  

andgaverisetomoreakine［oplas也cforms（from32％atOhrto42％at72hrs）  
（Fig・4A）・Ontheotherhand，thepresenceofthedrugaPpearedtomaintainthe  
numberofbYPOmaStigoteswithintermediatekDNAin［heppuladon（from  
16％atO hr to15％at72hrs）（Fig・4B）．The presence ofpararOSaniline  
like血seenhancedtheformadonofmoreakinetoplas血こforms（from32％atO  
hrto42％at72hrs）・However，underboth normalanddrug COndi也ons，it  
Seemedtha［trypanOSOmeSWithintermediatekDNAwereunstableandvery  
transient・Inlieuoftheirverylowcountsandinstability，itwasnotpossibleto  
isolateandclonethesetr）唱anOSOmeforms．   

Wefinal1yfocusedourattenti0110ntheakinetoplas也cclonestoestablish  
thebiologicalsignifieanceoftheabsenceofkDNAminicircles・Weperfomled  
parallel experiments to determine the growth rate of kinetoplastic and 
akinetoplasticparasites・鮎IletOplastidsexhibitedashorterdoublingrate（4．7  
hrs）whiehwasrelativelyconstantevenunderpararosanilinesupression（4．8  
and4・5hrsat20and40帽／grespeetively）despiteamoderateincreasein  
akinetoplastic popula也on（Fig・5A）．In contrast，mutan【s reproduced at  
Slowerrate（5．S hrs）undercondi也onswitho11tpararOSanilinetreatmentand  
the rate became more markedly retarded whenthey were subjec【ed to  
inereasing dosages ofthe dye（5・6and7・16hrs at20and40帽／g，  
respectively）（Fig・5B）・Therefore，thegrowthof血eakinetoplasticformswas  
Slower byapproximately16－18％at normalandat20pg／g pararosaniline  
COnditions，andeven60％a［adrugCOnditionof40pg／g．   

DISCUSSION   

Inthepresentpaper，lossofthekDNAwasinducedusingpararOSaniline  
andthetermakinetoplasticisaptLyproposed［odescribethesemutantS．This  
isincontras［topreviousstudiesinwhichparaJ・OS釘1iline－inducedrnu［an［sof  

TlevansLstillretainedtheDNAintheirkinetoplastalthoughno【inanetwork  
COnformation（Ono et al．1971）．Twolines of evidence show that our  

establishedpurifiedclonesofakinetoplas【icparasitesaredevoidofkDNA：（a）  
thelackofafluorescentkDNAinDAPI－Stainedparasites，and（b）theabsence  
Ofsequencehomologywith〔lonedwildtypc kDNAminicircle fragmentsin  
Southemblotanalysis・丁りPanOSα1】8eVanSlisrepor［ed tohave5，000－10，000  

homogeneous minicircles，the samenumberas T：bn）Cej（MasigaandGibson  

1990）・IfO．1％ofthekDNA（approximately5minlCircles）ofasingleparasiteis  
theamount enough to bede［ectable（Degrave1992），thepresence ofmini－  

CirdesinthelargeexcessofakinetoplastictotalDNAin0urSouthemblotsas  
WellasI℃Rwould havesurely beendetected．Likewise，a COmPle【eloss of  
kDNAsequencesinTlequjpetdumhasbeenac⊂OmplishedbyRioue［al．（1980）  
usingethidiumbromideandacrinavinewhiletheabsenceofkDNAmimicir⊂1es  
in other dyskinetoplastic trypa皿OSOmeS has been sho†Ⅵ1by others as well  

（StuartandGelvin1980；nletal．1991；IJunetal．1992）．Inaddition，tWO  
Strains of r二evansL Zwart（－196）andAnTat－1，have been characterized as  

lackinginDAPI－S［ainablekDNA，Organizednetwork，andminicircles（Borstand  

・■1   
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Hoeijmakers1979a）．OurakinetoplasticITyPanOSOmeSareSimi1arwithand  
mayberelatedtothesestrains・   

PararosanilineisabasicfuchsinstainusedinFeulgenreactionswhereit  
interactswiththealdehydegroupsofDNA（Duijn血IlandVanD叫n1975）・  
However，itsm（deofaehoninvivoisasyetnotunderst00d・Nevertheless，  
1ike other trypaJ10CidaldrugS Which may either beintercala也ng or  
nonintercala也1g，PararOSaniline preferential1y binds to and selectively  
repressesthe repli〔adon ofkDNA asindicated byits abilitytO prOduce  
dyskinetoplasticforms（Inokietal・1962；Hajduk1978）・也1alitativechanges  
suchasfragmentationordisintegrationoe〔urinthekinetoplastresultingtoits  
damageorloss（Ddainetal・1971；KaLinikova1981）・Wehaveobserveda  
numberoffragmentedfluorescence pattems（Figs・1E－H）andin［ermediate  
kDNAfluorescenceintensi［y（Figs．1B，qimplyingthatthekDNAhasseveral  
pararosami1inesensitiveregions・TheseregionsmaybeAT－richasotherdrugS  
havebeenshowntohaveaffinitytoAT－richsegmen［sOfthekDNA（H4jduk  
1978）．Theformationofmediumandsma11kDNAinadditlOntDtheirincrease  
innumberinthepresenceofpararosanillne（Fig・313）suggestthattheremay  
beseveralfragmentationcycleswhichmaybeenhancedbycominuousdrug  
exposure・Theintermediate kDNA with decreasingfluores〔enCeintensity  
indicatesthatthe kDNA progressively diminishes insize pnor to the  
prcxluc也OnOfanakinetoplasticparasite・Thelowerfluorescenceintensity1n  
additiontofinding thesegregatedportionsoftheintermediatekDNAina  
dividingcell（Fig．1K）impliesthatitissd11divisibledespi［eitssize・Thesmall  
kDNAmaynothavea pararosaniline－SenSitivesiteandmaylacktheabilitytO  
divide，therefore，an”a1lornonel’mi［Otic pro〔eSS（Cosgrove1966；Hajduk，  
1978）ensues as suggestedby Fig．1L．ln this■一al10r nOne’’division ofthe  
parentcell，thesmallkDNAispresumablyunequa11ydis［ributedtodaughter  
cellsafterlongitudinalbinaryfission，thus，PrOducingakine［oplasticanda  
mutant akinetoplastic〔ell・However，although theintermedia［e kDNA may  
retainitsabilitytodivide，thestabilityandviabili［yofthe trypomasdgotes  
bearingthismaybeshortlivedasindicatedbytheirlowcounts（Fig・4）・These  
formssoonbecomeakine［oplas【1C．   

TheeffectofpararosanilineonthekDNAofkinetoplas【icT：eva刀Sjparal1els  
thatofacriflavineonthekDNAofLejshmanlatmtdae，Tmzj，7：mega，and  
C打出djalucLlaesuchthatagradualdecreaseinthesizeofthekine【oPlastwas  
observedtoprecede’’allornone‖division（IkaneandKLoetzel1969；Steinert  
andVanAsse11967；H勾duk1978）．Inaddltion，SCanningelectronmicroscopic  
s【udy of pararosaniline－induced akinetoplastic parasites has revealedthe  
presenceofuniquesurfaceconcavitleSWhichmightbeanodlerpOSSibleeffe〔t  
Ofthisdye（describedelsewhere）・   

Thekine［oplastnetworkof7二eva月Sjisdis血Ietfromthenetworksofother  
trypanosomesbecause of the absen〔eOfmaxicircles and［hepresence ofa  
homogcneouspopulabonofminicircles（Borstetal・1987；MasigaandGibson  
1990；Songae［a］．1990；Ch etal．1991；Lunetal・1992）・Thisisexpec【edof  

／、リ   
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trypanosomesunabletodevelopcydical1yinTabarddfLies，theinsectvectors  
Of71eYaE］SL Function－Wise，reSPiratorypr∝eSSeSOfKrebscycleandoxidative  
phosphoryladondonot∝Curin themi［OdlOndrion ofthese trypanosomes．  
FurthermOre，althoughthreep11tative guide RNA（gRNA）genes have been  
foundintheirmimicircles（G勾endranetal．1992），thela⊂kofmaxicirclessheds  
SOmedoubtintherole ofthe mihicirclesinRNAedidng．Whatis dlenthe  
functionofamhicircularkDNÅnetworkin T eⅧSi7memostplausible  
anSWerisastruCturalroleincelldivision（Cosgrove1973；BorstandFaidamb  
1976；Steinertetal．1976；liors【andHoeijmakers1979a，b）．   

ThekDNAnetworkisspeculatedtofacilitatethedivisionandsegrega仕on  
Ofthemitochondrion andits genome during celldivision・We sought to  
establishany biologicalsigniLicanCe Of the completeloss ofthe kDNA by  
determiningthe growthrate oftx）thkinetoplasdcandakinetoplasdcclones  
undernormalconditions aswellasunderpararosanilinesupression．If血e  
kDNAfunctionsduringcelldivision，thentherateofgrowthofkine［oplastidsis  
expeetedtobefasterundernormalconditionsandsloweraspararOSaniline，  
W山chsdecdvelyaLfectskDNA，increasesindosage；Whereastheakinetoplasde  
fbrms should have a slower rate under normal⊂Onditions and a constant  

growthrateunderpararOSaninnetreatrnentconsideringthattheylackkDNA．  
We obtained the results expected under normalcondihons and dissimi1ar  
res111tsunderdrugSuPreSSionsudlthatdlekinetoplas也cpopulationdoubled  
atarelativelycons臨ntratewhilemarkedretarda也oninthegrowthrateof  
akinetoplas也CtryPanOSOmeSWaSObserved（Fig．5）．IncreasingpararosarLinne  
dosageresultedtoamodera［eincreaseinthenumberofakinetoplasticforms  
inthekinetoplasticpopulation・Thesedataindicatethat（1）【heprimarytarget  
Ofpararosむ止血1eisindeedthekDNAresuldngtoprcduc也OnOfakinetoplasdc  

fbrmsand（2）thekinetoplastidalwaysover⊂OmeStheakinetoplashcparasite  
inagivenpopulation．Theseresultsagreewiththoseofhokietal．（1962）．Ql  

theotherhand，inkDNALdefieientmutantS，thedye exertsitseffects upn  
Othertarge【Sinthece皿suchasthenuclearDNÅAsotherdrugS，thereis  
Certain amount of pararosaniline required to affect the kDNA thereby  
increasingakinetoplasdcpopulation．Inaccorda皿CeldthInokietal．（1960），the  

multiplicationpotentialofakinetoplasticformsisretaineddespitetheabsence  
OfkDNAimplyingthatkDNAisnotvitalbr血eexistenceoftheseorganisms．  
However，the rateatwhichthey doubleis general1yslower（by16－18％in  
normaleonditions or18－60％underdrug SupreSSion）than normaltrypan0－  

SOmeS・Thisshowsthatalthoughthefundamentalfuncdonofmultiplicationis  
retainedinakinetoplasticformS，theygrowataslowerrateandare，therefore，  

dominatedbytheirkinetoplas也ecounterpartsinagivenpopulation．Thismay  
t光OneOfthepossiblefActorsthatsignificandyaccountfor血eirinferiorityto  

thosewithkDNAandfortheirselec［ivedisadvan【ageinnature．However，Since  

kDNAmutationisirreversibleandstable（Hajduk1978；Kal1inikova1981），i［is  

possible to select for the akinetoplastic parasites albeit their moderate  
num加r．  

リ／j   
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Iightmicros〔OpyhasdemonstratedtheproximityOfthekDNAtothebasal  
txxlyoftheflagellum（VickermanandPreston1976）whereastransmission  
electronmicroscopyhasshownthepresenceofkinetoplastfibri1sconne〔tingto  
theinnermitochondrialmembraneadjacenttothebasalbody（DeSouza1984）・  
Weinmanetal．（1984）andTakeo（1987）havealsodemonstra［edbyelectron  
microscopyamicrotubulareonn∝tingsystembetweentheflagellumandthe  
mitochondrion of7：Iucknotd and T eyansj，reSpeCtively．FurthermOre，We  
haverecentlylo〔alized T mLdminicircles atthemitochondrialmembrane  
）uXtapOSed to the basalbody oftheflagellum byinsi［u hybridization  
（describedelsewhere）．NohNithstaJlding，RobinsonandGu11（1991），nOtOnly  
demonstratedinT bruceithe eonnectionofthekDNAto the basalb∝ly but  
also provided evidence on the dependence of kDNA sepaTation urx）n  
movemen［ofbasalbodies．Hence，basedonthesepremisesandifweassume  
thatthebasalbodya〔tSaSaCenUioleandthataphysicalrelationshipexists  
betweentheflagellar apparatusand themit∝hondrion，the kDNA network  
whichisadjacenttothemitochondrialmembranefacing【hebasalbodymay  
facilltatetheproperdivisionandsegregationoftheunitarymitochondrionof  
trypanosomesregaLrdlessofthepresenceorabsenceofmaxi〔ircles・Wemay，  
therefore，infer dla［thekDNAminicirclesplayaroleinmit∝hondriogenesis  
andthatits absence somehowimpedesmit∝hondrialbiogenesis thereby  
consequentlydelaylngnOrmalmitoticprocesses・Itseems probablethatin7こ  
eYmSj，afterpararosanilinehasinterac【edwiththekDNAfollowedbyitsloss，  
mitoehondriogenesisinresul［antakinetoplasticformSisnotefficientenough  
払rtheparasitestomultiplyatthesamerateaSthekine［oplastids．   

Basedonpublishedreportsonrelatedstudiesandourresultsputtogether，  
we，【hus，prOPOSethefollo、Ⅵng：thekinetoplasticcell【akesup pararosami1ine  
attheflage11arpOCketwhereendocytosisisd∝umentedto active（Vickerman  
aJldPreston1976）．Duetothestrategiclocationof山e kine［oplast，thedrugis  
transportedthrough themitochondnalmembrane followedbyitsinterac也On  
WithpararOSaniline－SenSitiveAT－richreglOnSinthekDNA・Theeffectofthe  
drugonkDNAeventuallyresultstofragmentationfollowedbya progressive  
decreaseinitssize．”Allornone‖divisionofdleparen［celltakesplacewhen  
thesmal1estkDNAsize，unabletodivide，isachieved，thus，prOducinganormal  
andamutan［daughtercell．Theeffec［ofpararOSanilineonthenuclearDNAis  
unknowIl．However，inlieuoftheexistenceofakine［OPlast－flagellumcomplex，  

mutantcellswithou［a kDNAnehvorkhave slowdivisionand segregationof  
theirunitarymit∝honddon（mitochondriogenesis），retardedcytoklneSis，and，  
hence，delayed doubling time．1［isperhaps because of［his feature whythe  
山止netoplastictrypanosomescannotbeselec［edinna［ure．Conversely，kineto－  

Plastic T二eYanSjwithintactkDNAminicirclesispreadaptedtosurvive．   

WehavedemonstratedinthepresentpaperthedynamicsofthekDNAof  
T evansjincludingits progressive reduchonin size prior toloss after  
PararOSanilinetreatmen［・Wehavealsoshown【hegrowthlimitationofkDNAT  
deficientakinetoplasticparaSi［eSthatmaypossiblyaccoun［fortheirselective  

，   
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disadvantageinnattm．However，furtherstudiesonthemechanismofaction  
OfpararOSanilineareneCeSSarytOrenderinsightsα1itsmoleculareffectson  
the kDNAas wellas nu⊂1ear DNÅoftrypanosomes and血e evoludon aLnd  
natureoftranSientintermedia［ekDNAformS．   
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