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AI】STRACT  

Wehaveinduced（helossof kinetoplast DNAin TbpannL一〃′naeVanSiby successive  
treatmentofinfectedmicewithabasicfuchsindye．pararosaniline・  
The‖akinetoplasticr．clonesinducedfrorn a－1kine（OPlasticHstrainwerepropagated by  

s．nglecellinoculatjonintomice・InthecourseofassesslngakinetopIastidybyDAPIstain．ng  
afterpararosanilinetreatment，Variousfragmentationpatternsandsma”er－SizedkDNAwere  
detected．Semi－quanthtivemeasurementofkDNAfluorescenceindicatedthatpararosaniline  
causesagraduaLdecreaseoftheminicircleDNA・Weattemptedtoobtain（heparasites涙th  
intermediatekDNA，howeverthesewereunstableandtendingtobecomeakinetoplastlC・  
Wethen compared the growth rate ofthe akinetoplastic parasites wiLhthe onglnal  

kinetopLasticstrain・Thegrowthofthekinetoplasticswasrelativelyconstantinthepresence  
orabsenceofpararosani】ine・Onthe otherhand，（hekDNA－deficientmutantsshowed a  
delayedgrowthrateanditvmsretarded whentheyweresu句ectedLoincreaslngdosageof  
thedye．AccordingtotheseresultswespeculatethatminicircleDNAofTbpanosomaevansi  
isnotessentialfortheparasitegrowth・howeveritmayfacilitatethedivisionandsegregation  
ofthemit∝hondrionandthegenomeduringceltdivision・   

1NTRODUCT10N  

Thekinetoplast，anunuSualmitochondrialfeatureofthe OrderKinetoplastida，isthe  
organizednetworkofDNAmolecules（kinetoplastDNA）・1tiscomposedofapproximately  
50copiesofthemaxicircles（20－40kb）and5J）00tolO，0000fminicircles（1－2・5kb）・The  
maxicirclesare thehornologuesofothermitochondrialgenomes（Stuart1983；Simpson  
1986），andminicircleshavebeensholmtOenCOdeguideRNAmessagesinvoIvedin RNA  
editingofmaxicirc）eDNAtranscripts（SturmandSimpson1990）・Sequenceheterogeneity  
ofminicircIcDNAinseveralspeciesofTrypanosomesisexplainedbyRNAediting；genetic  
information of differentminicircle sequencesis requ］reS tO PrOVide sufficient genetic  
informationforextensiveediting（StuarLandFtagin1992）LThekinetoplastofTlevanslis  
unlqueamOng thosedparasiticprotozoa・ltlacksmaxicirclesandabseTICeOfminicircle  
sequenceheterogeneity（Borstetal．1987）．Tbpanos珊aeVanSi，thecausaliveagentofthe  
diseaseknomlaSSurraandundervariousIocalnames，istransmittedon］ymechanica）lyby  
bitingflies，andcannotcompletecyclicaldevelopmentin（heinsectvectors・Accordingto  
thehypothesisthatmolecular heterogeneltylnminicircleisforextensiveeditingofguide  
RNAto producemature mRNA ofsomemitochondrialproteins，loss of mi（OChondrial  
functionbymisslngthemaxicircleDNAwouldresultinlossofnecessityofheterogeneltyln  
minicirc］esandhencetominicirclehomogeneity・  
Weareinterestedintheroleofminicircle DNAinthisparasite、Whichmay not need  

functionalmitochondriaanddoesnothavemaxicircleDNA．1sthereanyadvanlagetothe  
ParaSitesinkeepinghoIT）OgeneOuS rninicircleDNA？We havetreatedinfec［edmice u＄ing  
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pararosaniline Loinduceakine10plasticparasitesbyfollowlng themethodoflnokietal・  
（1960），andcomparedthegrowthralesofkjnetoplas（icandakine［optasticparasites▲   

1n血亡tio¶Orakinetoplasticrβ用〃∫J：   
Tbpanosoma evansE（Tansuislrainisolated from a vmter buffaloin TaiⅥ敬n）ⅦS  
induced to akinetoplastic by successive treatments ofinfectedmicewithlO－2011セOf  
pararosaniLirle．Loss ofkinetopIast DNA was assessed by fluorescenccmicroscopy after  
staining the parasite smear with 2A－djamidino－6－phenyLindole（DAPl）・The mutant  
akinetopLastic clones，Which are the parasites w油out kinetoplast，Were purified and  
establishedbysinglece11inoculationintomiee・ThecompleteabsenceofkinetoplastDNA  
Ⅵ耶COnfirmedbyDAPIstaining（Fig．1）andSouthernhybridizationusingprobesofcloned  

Fjgu’el．DAPISlalnlT）gLluorescence  
micT（瑠ー白鴎S・B8m，1ルm・  

（A）r．evanLTjkinetoplastcloneswithalarge  
nucle釘DトJA（alTOWllead）and∂Sma11kDト：A  
（am〕W）．  

（B）Anakil－etOplasticmulantwilhanl】C血r  
Dト：A（a汀Ol～りOnly 

▼  

kDNAfragments（Fig．2）．Theminicircle  
DNAfragmentcouldtcdetectablein  
血ebn¢tOplasdc姐mpleslessthan25ng  
loadingofwholeparasi（eDNA．No  
COrreSpOndingbandcouldbeseeni11  
akjnetoplasticparasite DNAeveninthe  
laneor4仏書loading．  

ngwe2・Sou山絶rnblolhybridl柑IioI10†  
kinetoplastidatldaklnCtOPIastiduslngtOtal  
k】）NAcl〔，眠aSaPrOk・bctlね皿eW鮎1血  
0・4ルg，0・1J▲g．0・025仏字．0・0（詭ルg，＝・，4  
1imesseriesofdllutlOZISOfH）nfIlinearlized  
WholeDNAfromkil】8tOplasti‘匹mSites（K－1  
2，3．4，．．・，8），TotalJつNAofakinetoplastic畠  
W世代loaded．4〟き弧dl甚g（AK－1，2）．   
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Thekinetoplasticand akinetoplasticparasites wereappLiedlbrelectron microscopICal  
Observations・Thetyp7Caldisk－Shaped kDNAnetworkofkine10Plastids（Fig．3A）Ⅵ胤SnOt  
PreSentin akinetoplasticcells・Onthe otherhands，electronopaque bodieswereobserved  
Wlthin（hemitochondrionofthemutan（ParaSites（Fig．3B）．Thisdifferenceinmi（OChondrial  

S（ructuremayref］ectthetota1lossofminicirclel）NAintheakinetoplasticmutant．because  
both of the parasitesexamined were grown andobtainedin the absence of the drug・  
Howeverlfurtherstudiesonelectronmicroscopyofspontaneousakinetop）asticceLIsmay  
helptoruIeoutthepossibilityofunexpectedactionsofpararosaniljne．  

Figureヨ・1’mnsmission elecけOnInicro2r叩hs ol■kinel叩】出1ic（八）andakinetoplastic（B）r．どl〉劇止1’he  
diskLShapedkI二削＾mctwork（arrow）ofkinetoplastidandlhe eleclron－OPaqtX・bodies（am州he叫Ⅵilhinlhc  
mi10Ch（一口d血nprtheakimetoplasticparasit巳  

Figl∬e4・（）此1itali、’CCllanぎCS Or  
kinetoplast 上）NA．f）ÅPトs（由ncd  
r■ピー・α〃∫ish（）Ⅵ71ngthelarge  

Iluoresccnt11u（血二釘DNAand  
Rnla】＝m㌦†eSCent kmノl  
（am）Whead）・Trypanosomes with  
nomalkD＼A（A）．mdium  
k】つ＼A（R），Smallkl〕NA（C）、  
WilhouLkDNA（D），Various  
patIemsol’kp㍉Arragmcn【atic・n  
（E一Il）．nr〉maIandiIltemediat（：  
ヒDNAori山ialsbgcorcell  
divisi（1爪りandJ），nOr丑は1amd  
intemcdialcse即egaldkDNA  
（1enandrightinK）．  

Ⅰ膨bbilityoftrypan㈱meS  
wi也imtemdia鹿kDNA：  

1n thecourseor  

microscoplC aSSeSSment Or  
akinetoplastidy，Various  
わms，Shapes，Sizesof  
kDNAwereobserved．  

Typical fluorescence 
microscopical pictures with 

difrerentintensityofkDNA  
areshowninFigure4．DAPI  
什uorescenceintensltyWaS  
measuredusinganOLympus  

BH－2microscopeequlpPed OSP－OPU／PMU／BM7accessoryunit＄・Thcaverageintensity of  
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normal（Fig．4A）．mediurn（Fig．4B）andsmall（Fig・4C）kDNAwere13），67and36・5units  
respeCtive］y・Inotherwords，relativeintensitiesoftheseinlermediatekDNAwerehaJfand  
quarterofthenormaloner WealsoobservcdpatternsofkDNAfragmentationsasshownin  
Fig・4EJ；VariousweakerkDNAfluorescentspotswcreseeninsomeoftheparasitesduring  
initialstageofcelldivision・1naddition，ParaSites扇thtwonuclearandtwoequalintensities  
ofkDNA（Fig．4K），Smallintensityofonekine（OpJastwithtwonuclear（Fig・4L）couLdbe  
detectable．Fromthescobservations，Weunderstandthatparasitesweregraduallydecreasmg  
kDNAin conten（S during the process of celldivision，and then finallylost kDNA  
COmpletely・   

Weattempted to se］ect trypanosomes containlnginterTnediate contcnts of kDNA・  
However，differentiaJceLIcountanalysISOfpreviously drug－treatedparasitesrevealed thal  
parasiteswithintermediate kDNAwerealwaysminorityinthe entirepopulation・Tn the  
absenceofpararosaniline（Fig．5A）、tryPanOSOmeSWithintermediate kDNAdecreasedin  
numberfrorn16％attheO［o3％at72hrs．1ater，eVenakinetoplasticformswereincreased  
from32％to42％．On theotherhand，trypanOSOmeSkeptinthedrug PreSSure（Fig・58）  
maintainedthepopulationofparasites涙thintermcdiatekDNA（16％atOhr・and15％at72  
hrs．）．Akinetoplasticformsl帽realsoincreasedfrom32％to42％intlliscondition・Ineither  
case，under both TlOrmaland drug conditions，tryPaJlOSOmeSwithintermediate kDNA  
seemed to be unstable and tend to lose minicircle DNA completely. 
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FlgⅦ℃5・心血血叩l粥tic－endencyoftryp且nOSOmeSwi（hintermediat kDN九 Di晩Ten（ialcellcounls or  
previ9tZ；lydrug－trea（edparasilcs－kepliAtheabsence（A）orp†eSCnCe（Fl）ofp町arOSaniline・AKakinetoplastic  
Pa・舶・le】acki爪gkl）NA；Kolbc指†dividingimte皿ediate皿dl′adol扇y丘昭mCnledkmA；Kintemeヰ  
1mtCm¢dialekDNA；Kdiv，dividingno－malkDNAこKmrm扇kDNA・  

GroⅥ仙ra血ofakhモbpl舶鮎clome；  
Wethen considered the bioIoglCalsigT撼cance of kDNA minicircles by companng  
growthbehaviorofkinetoplasticandakinetoplasticparasites・Normalkinetoplasticparasites  
exhibitedashorterdoublingrate（about4．7hrs．），COmparedtoakinetoplasticones．ThisⅥaS  
relatively constantcvenin the presence of pararosaniline（FiB・6A）・1n contrast，mlltant  
parasitesduplicatedatalittIe slowerrate（5・5hrs・）undcrnormalcondition、andthc ratc  
becamemoredelayedwhcntheywere 

． 
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nature. 

FiguI℃6・Growlhratcorkinetoplastic（A）aLld止IneLoplasLic（B）eloncsundcrm）rnlulu）ndilj（mSimdllilh  

PaⅣOSuli］ineexposure・AtthetimeofOELnd48hTS・（a爪川ノS）71hcdmgナV鮎叫ecLcdinLomjcc・・・・・・・一亡トー  

WithoutpNarOSanilinc；一－く：－2OFLg／gand‾⊂）‾4（）FLg／go（paTurOSanjline－Thepet∝nL埋C OL  
new］yappearedaklnetOPla5ticparasitcswasalsosh（）“ノn，atlheconditiono（－rJ二ゝ－20ルg／gand   
ヱ｝双）ルgせ   

DISCUSSION  

Wehavepresentedinduction and characterlZation ofakinetoplastict－orrn of7二evarzsi  
usingpararosaniline（SilvarTahatetal・1995b）・Pararosanilineisa basicfuchsinstain dye  
usedinFeulgen reactions anditis known tointeractwith aIdehyde groups of DNA  
（DuijndamandvanDuijn］975）Llthadbeenalsoshownthatsomeoftrypanocidaldrugs，  
pentamidine，diminazene aceturate．isomeLamidium chloride．andethidium bromide couLd  
producecleavageinminicircleDNAofTbpano∫Omaequ中eTdum，andselectiveinhibition  
Oftopoisomerase typeIlisinvoIvedinthis breakage（Shapiroand Englund1990），Our  
Observation ofsome weakerfragmentation patternsofminicircle DNA suggested simi1ar  
mechanismofpararosarliljne．WethenantlCIPatedthatakinetopLasticparasiteswouldbeless  
SenSitive to the drug and grow faster than theorlglnalkinetoplastic ones．However，the  
ParaSitesmisslngkinetoplastminicircleDNAshowedsLowergrowthbehaviorin（hepresence  
andabsenceofpararosaniline．SimiLareffectwasreportedusinglSOmetamidiumchloride．a  
effective（rypanocidaldrug，thatdyskinetoplasticT evansiand T二equ¢erdum were more  
SuSCePtibletothedrugthantheirparentalkinetoplasticstrains（Kaminskyetal・］997）・The  
primary target of these drugs is thoughr to be kDNA resulting to production of 
akinetoplasticforms・lntheproducedakinetoplastlCmutantS，thedyeexertsitseffectonthe  
OthertargetssuchasnuctearDNA．   
Wenowunderstand ourobsetvationsasonafo1lowlng．Pararosanilineisincorporated  

into parasiLesandinterferein the processofkinetoplast replication・Ttproduces smaller  
COntentSOfminicircleDNA・OncesuchaparasiteofdecreasednumbersofkDNAminicircle  
isappeared，itisunstableandtendtolooserninicircleDNAandfinal1ycompletelosswi”  
producetheakinetoplastictrypanosome・Hornogeneouspopulationofkinetoplaslminicircle  
DNAisnotessentialforTlevansigrow［h，howevertheparasitescontainlnglhisorganel］e  
have some advantagesin the division arld segregation ofmiLochondrialarld cytosolic  
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PrOteirLSandge110meStruCtureS・   

Furthercharacleh2：ation ofakinetoplastic clones uslng SCannlng electrommicroscopy  
revealedthemarked morphologicaldifferencesin surfacetopography（Silva－Tahatetal・  
1995a）．Uniqueconcavitiesorpocketscouldbeseenonthesurraceofmorethan90％of  
themutantparasites・ThccavitiesvarylnSize，depth，numberandlocationonthe surface  
membrane，MosIweTefoundatthe posterjorpotionofthetrypomastlgOte・Wecould not  
explain thebiologlCalslgnificanceofthesecavitieslhoweveritmay beproducedas鵬  
absenceofthecontentminicircleDNAinthekinetoplastpos］ttOn．   
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