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ABSTRACT Todeteminethegrowthandmorphogenesisof   
Trwanosomacruziinmammalianhostcells，Wehaveexaminedthe   
COTlditionsforinvitropropagationofamastlgOteSandtrypomastlgOteSOf   
T．cruzijnHeLacells．Withinonedayaf【ertheinfection，the   
developmentalstageofparasiteschangedfromthetrypomastlgOteformto   
amastlgOteforminthehostce11s．TherateofinfectionbyT．cruziofthe   
hostcellsincreasedinaninoculum－andtime－dependentmanner．The   
amastlgOteSprOliferatedrapidlybybinaryfission，reaChingapeakofthe   
averagenumberofabout20amastlgOteSperinfcc（edHeLacello11day6   
afterinfection．Simultaneously，山ealterationofrnorphologyfrom   
amastlgOteStOtryPOmaStlgOteSalsotookplacewithinthehostcells，the   
latterdisruptlngthehostcellsandagalnaPPearlngintheculturemedium．   
Onday8，thenumberofamastlgOteSdecreasedandthatof   
trypomastlgOteSincreased，insideandoutsideofHeLacells，reSPeCtively．   
Thesystemestablishedinthisstudymayfacjlitatel）thequantitative   
PrOpagationofamastigotesandtrypomastigotesand2）thestudyof   
molecularandcellularmechanismsthatunderliestage－SpeCific  
transfomation orr．（二「エJZ∫．  

INTRODUCTION  
TfTPanOSOmaCruZi，theetiologlCagentOfChagasrdiseaseinmanin  

CentralandSouthAmerica，eXhibitsthreemajordevelopmentalstages  
duringltSlifecycleintheinsectvectorandinvariousmammalianhosts  
（Brer？r1973，deSouza1984）・Tntheinsectvector・thisprotozoan  
ParaSlteOCCurSaStheeplmaStlgOtefbrm，WhileitshowstwofomlS，  
trypornastlgOteandamastigote，inmammals・ThetrypomastlgOteform，  
WhichhasafIagellumforlocomotion，Circulatesintheblo（）dstreamandis  
believedtobein111enOndividingstage．OntheoLherhand，the  
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amastigoteform，Whichhasnofreenagellum，paraSitizeslhecytoplasmof  
hostcellsandproliferatesintracellularly・Littleisknownaboutthe  
molecularandce11ularmechanismsinvoIvedinmorphologlCalchanges  
fromoncstagetotheotherandthcinteractionsthatmustexistatthe  
interfacebetweentheparasitesandhostcells・Tounderstandandanalyze  
thebiologlCalandbiochemicaldifferencesbctweenthesedevelopmental  
stagesorT・CruZiandmammalianhostcells，Wehaveattemptedto  
construCtaninvitrocultureofhostcellsinfectedwithT・CruZE・  
Severalresearchgroupsreportedtheinvitroinfectionofvarious  

typesofhosICCllsbyT・CruZitrypomastigotes（DvorakandHowe1976，  
BertelliandBrener1980，Schenkmanetal．1988）．AlthoughT・CruZi  
preferstoinvademusclecclls・Particularlyheartmusclecellsinvivo・the  
parasiteisalsocapablcofinfectlngdifferenthostcelltypesinvitro・  
Sincethemammaljancclllinesadaptcdtoliquidculturearemore  
advantageousthanprlmaryCulturecellstoyieldthereproduciblegrowth  
undcrdefine（lconditions，WehavcusedHeLaccllsasthehostforinvitro  
infectionbyT．cruziinthisstudy・DvorakandCrane（1981）alsoused  
HeLaccllsfortheanalysISOftheeffcctofhostcellcycleontheT・CruZL  
itlfcction．rn－epurpOSeOfourstudywas，howevcr，aimedto  
quantitativelydetemlinctl－etimecourscofamastlgOtegrOWthandof  
rnorphoIoglCalchanges什omamastlgOleStOtrypOmaStlgOteSil－Sidehost  
Cells．  

MATERIALS AND METT10DS  
Materials  
Thehumancancercel］1inc，lIeLこl，andtheinftctioncomplexofthe  

HcLacells（Kanedactal．1986）andTbpanosomacruzl，Tulahuenestrain  
（TaliaLt7TO＆Pizzi1955），WCrCSuCCeSSivelysubculturedevery3to4  
daysatcelldensitiesof3－5xlO5cellspermlin25em2plasticnasks  
（Corning－IwakiGlass，Tokyo）・EagleTsminimumessentialmedium  
（MEM）wasfromNissuiSeiyakuCo・，Ltd・，Tokyo，andfetalbovine  
serumfromDaiicllil】ureChemicalsCo．，Ltd．，Tokyo．Dirf－Quikwas  
purchasedfroITIKokusaiSeiyakuCo・，Ltd・，Tokyo・Otherchemicalswere  
commercialproductsofthehighestgrade・   

Sub（：ulture  

Atthelateexponc▲一tialphaseorgrowth，thetrypsln－treatedHeLa  
CCllswere 

． 

flasksr rmehost－ParaSiteinfectioncomplex・i・eリtheHeLacellsinfected  
withT．cruzi，WaSalsocultivatedinthesamemanner・rnleSeSubcultures  
weremaintaineda［370Cinahumidiriedatmosphereof5％CO2inair・   
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In vitroinrection  
ExponentiallygrowingHeLacellswereharvestedfromthe  

Subculturesandinocu）atedinto24－Wellplates（Coming－IwakiGlass）with  
aninoculumsizeof5xlO3cellspermlperWe11，followedbyincuba（ion  
for2daysat370Cin5％CO2inair．TheHeLacellsweretheninfected  
WithTcruzilrypomastigotes（1xlO4，1xlO50rlxLlO6parasitesper  
Well）・Trypomastigoteswereobtainedasfbllows．rmemedium（5ml）  
Oftheprecedingsubculturesofhost－ParaSiteinftcIioncomplexeswas  
transferredinto15－mlcentrifugetubesandtheinftctedcel）sattachedto  
thesurfaceoftheflaskwerewashedwith5mlofphosphate－buffered  
Saline（PBS）・rmeCOmbinedmediumandwashcontaining  
trypomastlgOteSWaSCentrifugedatlOOOxgfor3minatroom  
temperaturetoremovelhecontaminatedhostcellsandtheirdebris．  
Trypomastigoteswerethencollectedbycentrifugationofthesupematant  
at1600xgforlOmin，SuSpendedinlOOLLlofMEM，andcountedona  
Neubauerhaemocytometeruslngaljghtmicroscope・AfterdilutlngWith  
anapproprlateamOuntOfMEM，10plofparasitesuspensionwasaddedto  
eachwellcontaimngpreculturedHeLace11s．   

Determination or the rate oril】托ctiom and the number or  

parasite5  
0ndays2，3，4，6，and8afterinfection，themediumineachwell  

WaSWithdrawntodeterminethemmberoftrypomastlgOteS，aSdescribed  
above．1neHeLace11sremainlngatthebottomofthewellwerefixed  
andstainedwithDiff－Quikforobservationusinganinvertedlight  
microscope．rr71eperCentageOfinfectedhostcellsthatcontainedmore  
thanoneamastlgOte，andthemeannumberofamastlgOteSPerinfectedcell  
WeredeterminedbyanalyzlngmOrethan200HeLacellsdisttibutedirl  
randomlychosenmicroscopicfields．  

RESULTS AND DISCUSSION  
ChangesirL the rate ofinrectioTl  
AsshowninFig．1，therateofinfectionbyT．cruziofHeLacells  

increasedcor．stantlylnaninoculum－Size－dependentmannerand，Onday8  
afterinfectiorいeaChed82and51％inthecasesoftheinDCulationwithl  
XlO5andlxlO4trypomastlgOteS，reSPeCtively．7nfbctionwith1叉106  
trypomastlgOteSCauSedmuchdamagetothehostHeLacellsbyday4，and  
thisinoculumwasthusthoughttobeinadequateforthetime－COurSe  
ObservationofT．cnLZiinfectiontoHeLacellsundertheconditionsused，   

Changesinlhe number ofamastigotes perinfected HeLa ce］l  
Figure2showsthetimecourseofchangesintheaveragenumt光r  

OfamastigotesperinfectedHeLacell．Thenumberofamastjgotes  
reachedapeakofabout20inaninfectedhostcellonday6，afterwhicha  
decreasewasobserved・Theseresultsstronglysuggestthattheamast】gOteS  
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Fig．1ChangesintherateofinfectionofHeLacells・HeLacells（5x103）  
werepreculturedfor2daysasdescribedirltheMaterialsandMethods，andon  
dayO，dirferentnumbersofT・CruZitrypomasdgoteswereinoculatedJ，1xlO4  
parasites；口，lxlO5parasites；◆，1チ106paTaSitesIThevaluesarethe  
rneansoftriplicates，thebarsrepresentlngSD・  
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describedinFig・1・ThevaluesarethemearlSOftriplicates・（hebars  
representlngSD．  
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Fig．3 ChangesinfreqtJenCiesof（henumberofT・CruZLamaBtlgOteSPer  
享nfectedHeLacell・TrypomastigoLeS個，1モ1D4and□・lx105cellp）weTe  
lnOCulatedasdescribedinFig．1，andn－equenCleSOfthenumberofamastlgOteln  
theindividualinfcc（edhostcellsweretabulated．Thevaluesarethemeansof  
trlPlicates，thebarsrepresentlngSD・  
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proliferaterapidlybybinaryfissioninthehostcellsuntilday6，andthat  
theparasitesthentransformintotrypomastlgOteS，reSultinginthe  
breakdownofhosLce11sandthedecreaseofamastlgOteSinnumberper  
infecLedHeLace11．AlthoughjnoculumsizesoftrypomastlgOteSdiffering  
bylO－foZdwereapplied，0nlyaboutl・2－folddifferenceinthemaximum  
numberofamastigoteswasobtainedonday6（Fig．2）．  
Fjgure3showsfrequenciesofthenurnberofamastlgOteSper  

inFectedIIeLace11．Morethan呂0％oftheinfecLedfIeLacellscontained  

lto5amastlgOteSOnday3・IleLacellscontainlngmOrethan20  
amast】gOteSmayindicatethatmorethanonetrypomastlgOLeSiscapableof  
inva（lingthcsamehostce11，althoughthedoublingtlmeOfamastlgOteSin  
thehostHeLacellswasnotdeterminedinthisstudy．Onday6，the  
frequenciesoftheinrec【edhostcelZscorl（aimnglto5amastlgOteS  
decreasedto30－40％，Whereasthoseofinfectedcellsthatcontainedmore  

than25amastlgOteSWCreincreased．1¶efrequencypattemonday8  
resemblcdthepattemobtainedonday3．Theincreasedfrequencyof  
HeLacellswithlto5amastlgOteSOnday8isprobablyjndicativeofthe  
SeCOndariJyinfec貢onofnon－j∫］fecfedhostcelJsbytrypomastlgOteSraised  
intheinitiallyinfcctedhostcells．  
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Fig・4 Cha一一geSinthenunlberoftrypc・maStlgOteSinculturemcdium，  
T仰a，冊nmaCruZLrrypomastigotes（q，1xlO4and□・1xlO5cellsper  
We11）werelnOCulaL巳dondayO，andthenumberof打ypOmaSligotesinthe  
mediumwasdeterrrLinedasdescribedjntheMaterialsandMethods＿ Thevalues  
arethemeansof雨plicatc㍉thebarsrepresen【】ngSD．   
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Changes in the number of trypomastigotes in culture medium 
WhenlxlO5trypomastlgOteSWereinoculated，alargenumberof  

parasitesstillremainedintheculturernediurnondays2and3（Fig．4）  
andweresp？ntaneOuSlytransforpledintoexFraCellularamastigotes（data  
notshown）；lnaSeParateprelimlnaryeXpenment，WeCOnfimledthat  
theseamastlgOteSneitherinfectedthehostcellsnortransformedinto  
trypomastlgOteS．Ontheotherhand，theinfectionwithlxlO4  
trypomastlgOteSdid110tyieldparasitesremainlnginthemediumondays  
2，3and4（Fig・4）・Onday6・tryPOmaStigot？SaPPearedagaininthe  
Culturemediumand，Onday8，丘eshlyappearlngl・7xlO5  
trypomastigotes（about17times）wererecovered．  
Theresultsobtainedinthisstudyareconsistentwiththefollowlng  

Observations・HeLacells（5xlO3ce11s）wereincubatedfor2daysand  
theninftctedwilhT・Cru＝itrypo？aStigotes（1xlO4parasites）・Withinl  
dayaftertheinfection，tryPOmaStlgOteSinvadedHeLace11sandchanged  
morphologlCallytoamastlgOteS．Ondays2，3，4，6，and8，therateof  
infectionofhostce11sincreasedto6．6，11．6，14．3，16．9，and5l．3％，and  
theaveragenumberofamastlgOteSperinfectedcellalsoincreasedtol．0，  
3・3，10・2，18・6，andlO．6，indicatlngtherapidgrowthofparasitesupto  
day6afterinfbcLion．ThenumberoftrypomastlgOteSinthemedium  
werel・0不105andl・7xlO50ndays6and8，reSpeCtively・Theseresults  
indicatethat，arOUndday6，thealterationofmorphologyfrom  
amastlgOteStOtryPOmaStlgOteStOOkplace，thelatterdisruptlngthehost  
Cellsandagalnappearlngintheculturemedium．  
WehaveconfiTmedthattheresultssummarizedaboveare  

reproduciblewithinarangeofexperimentalerrorsinourinvitroculture  
SyStemOfthehostandparasitece11s．Thissystemincludeslhefollowlng  
StePS：1）thepre－CultivationofhostHeLacells（5xlO3／ml／well）in24－  
Wellplate、Sfor2daysat37ロCin5％CO2inair；2）theinfectionofthese  
hostcellsbyT．cruz‖rypomastigotes（lxlO4～105／weJI）；3）the  
determinations oftherateofinfectionofhostcells andofthemean  

numberofamastigotes／infectedHeLacell，and4）themeasurementofthe  
numberoftrypomastlgOteSinthemediumafterinkction．Itcanbe  
expectedthatoursystembringshighyieldsofamastlgOteSOnday6andof  
trypornaStlgOteSOnday8aflerinfection．Tnaddition，theobservationof  

thetransformationfromamastlgOteStOtryPOmaSt．gOteSmuStbedone  
aroundday6aftertheinftction．Consequently，Wehavesucceededin  
establishingaculturesystemofhostCellsinfectedwithT．cruziandin  
determinlngqUantitativelythetimecourseofgrowthofalTlaStlgOteSand  
trypomastigotes，Thesystemestablishedin（hisstudymayfacilitatel）  
thequantitativepropagationofamastigotesandtrypomastjgotesand2）the  
StudyofmolecularandcellularmechanismsthaLunderljestage－SpeCific  
transfomation ofr．cr〟Z∴  
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