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A取5TRACT  

lnteraclio椚b巳tWeellparaSites and bos（Ce11＄ play animporLant rolei111he  
inrection pL・OCeSSIThe adhe＄ive protcin fibronectinl－aS been sllOWn tU bc  
hlVOIvqdinltlCitlLcraction beLween Trypan仇川ma（l，－L（Ziand t－OSt Cel）s・  
れ一弾脚叩細刑d ぐ州南∈PlmaSl】gOles grownil－a又e11ic cullure boundlユ5Ⅰイiho－  
necli［1illan e11ergyrdepcndcnt Tllanner・1Llilialbilldinginduced111C  
expression／acLivatiollOr rurltler ribrcmeclin receptors c・r aCtivation of a  
ribronecti－lLSPeCir■ic uplakc syste一一一・T7－is bindi－1g COtllしIbcinhibited by rixing  
the para＄iteS Win romla】in，111etabolicinhibiLors（C・g・dit一ilropbcIlOl），Cha11gCS  
in telllPerature aT－d by an excess or u一一Jabeled fibroncclin・The bin〔1ing was  
nolinl－ibited by EDTA－一打by the peplide Arg－Gty－Asp－Ser（RGDS）1W†licIlis  
the recogn．tiot”CquellCe rrOrn the m叩r Cellbindi一一g dc．mmiorfibronecIi－l・   

INTRODIJCTION  

Try］，a17（”珊a CIIIJZiis aninsccトborl－e paraSile round mainIyi■一Cenlraland  
Soulh America．Itis usua］1y trans一一一ilted hy the raeccs or aniIlfected triato－  
mineinsecL（Re（luviidae）．The n－ai－1PathoIogicalconsequeneeis Chagas’（liseasc  
wIlich arrects tllCll已art．Ther¢aTC aIleStimated）6－18m川ion peopleinre仁一cd  
aIld exisling、【rcaL川entis not very cFfecLive（Brencr，1973；WHO Experl  
Committee．1991）．   

Tnlheinsect vec10r，T．cruzihas2＄tageS Ofdevelopment・Oneis theinrcct－  
うous．non－dividi－1g metaCyClic stage and the otheris a non－infもcliousldividing  
eplmaS（lgOte Stage・l一一hurnansilalsohas2slages boLh ofwllich areinrec佃uS・  
0†沌islhe non－divitIing，8X（TaCe11ular trypomastigole Stage and Lhe oLtleris the  
replicaLin＆．inlracelluIar amastigote stage（Bre－1er▼1973）・Since only the  
illtTaCel′lular stage ca一一rePlicate、Cellinvasionis aniTnpOrtanlstepln thelirc  
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CyCleL rr′■．＼1J7（11仙T（・”t（T（7’，IZilryl－OmaSl】gOtCS have bcen shownlc・i［一Vad巳  

l■it－…】－tnSIs（（）uaissic＝l】－1りR5）al－dllea－▲tI－－yOt－taSIs（Vil】油a ct at，，19り（り，a】1（1  

i11IlaSligoICS tl；lVCl－CCn S］lOWn10i■一Va（lc macror）hagcs aTltl－11（川OCyteS（Noisi）一  

nn（lVil】nlLa，lt）H（））．w］liLe epil11乙IStig（IteS CこIrti］lVadcl11aCrOPt】agCS Ollly（Rimo】di  

c【aし1ウH9）．八11こICl川1Clll【oltlC一之IrgCIccl】h川c rirsIst壬IgCi】11heinvilSj…l  

l”・0しeSS・l＝hihiLio．10r auaCl”letltitllerrupIs tllC］ire cycIc a．一（lby rnai－1taiTling  

tllCl）araSiLcinllle bloo（Jallows t】leiml一一unC SySLe［llgrealer access Lolhc  
PalaSitcs．   

rrlle a（Ihesivc protein rihroneclirt plays animporLa．1t rOlei■＝heiluaChment of  
l－araSilesIol…lcclls al”lllaS bce［一Sl10WrltO play a roleillT・C7・lJZiLrypomast－  
igote att；1CllnlenLlo hosL cCIIs（Ouaissict a］．，1985；Wirth and Kierszenbaulrt．  
1984）．Sludics oTILllC CCl）alLachmellt domaillS Or ribronectillShowc（11halin  
仙elma」t）r CC】トbill（】il】g（10m両町1l－C汀山一i－¶U■れSequCnCe rt）r reCugm【ion waslllC  

lelr叩叩血1c∧rg－Gl），－＾sp－Scr（RG［〕S）（Pierscllbacher…lnd RuoslahLi，1984b）・  

Thjs T－CPti（7c andits ana】ogueslほVe bcc－1Shownloinhibit plateIet aggregalion  
（RuggerieL a］，，19吊6）an（lcella（l】lCSion（Pierschbacher aLld Ruoslahli．1984a）・  
IlllaS a］只O bce11Sll（）Wn tO Play a roIcilltl】e atlachmenlof ribronecLin to T・  
＝1tZLlrypo．m”1ig（一Ics（Ouaissiel乙Il・，1986），alT・aStigoIcs（Noisin and VⅢalta，  
1989）at▲、：epi】－－aStigoIcs（Kanbara et aし19B6）・   

Sincc cplmaS†1g（｝les cat－eaSl】y bc grownin axenic cullure，We decided to sludy  
LtlC ribro”eCti■lbi一一Lling propel・ties orIl・C，1JZiep）TT）aSt．gOIcs tO（1etermineir  

lheyじan be usc（lillStead or trypo一一拍Sl】gO－esin binding sludies rorinhibitors of  
ribr（川CCLin biTl（1itlg・In particu］aL・・We Sludied the actions or RGT）S whicllhas  
been shuwnl（1il】11illit fibronecliIlbindiTlg tOlryponlaStigotes・Atlac71mCnt Or T・  
（lrTLZil（）Ce］1sllaS bcen shownlo bc dependen10n paraSite energy（ScTICnkman  
ct a．．．199］），SO WCi－1VCS－Tgaled the ro】e of parasjlc energy production on ribro－  
necLhlbjndiTlg・We als【）1ookcd at neinhibitoTy erfects of penlamidjne wllicll  
is a．1a一一t卜l－araSite agenlLllalwas or［gInally developed ror LreatmCIlt Ofitlfecト  
ions hy T・1・h（，dpLYie，Z・一e，T・gamhie′1Sea．1dLe［5hma，1（a doT701，aniand currently，  
iTllllC treatnlellt OrPlleLLm（）（1l，Sli5 CaT・iTTiipneumonia（Goa and Campoli，  
Ricllards，1987）．We haYe preViously showtltha（PCntamidineis aninhibitor  
of plaLelct GP‖b／］ITa（Cox elal・，1992）whicllis an RGD－dependent recep10r  
for fibrinogen・   

M人Tl王RIALS入ND METHODS  

CuItlmS and reagenls：T′・yI，a170L冒Oma Cr，JZi（Tulal－uen SLrain）was a girt  
rrom Dr．Il．Ka■lbilra．Dept■Or Protozoology・TnstiLute ofTropicalMcdjcine，  
NagasakiUnivers．ty，1lapan・Pentamidine and RGDS were5ynthesized bylhe  
Fujisawa Chemisl・・y DepaTtlnenL（＞98％pure）・Tryptose was purchased from  
Dirco（US＾），liverbroth rrom Oxbid（UK）and DE52ce＝ulose from Wllatma11  
（UK）．I・lernin，IIEPES and ribro［1eCtin weLre Obtained rrom Sigma，USA・Penicitlin  
／strept｛）．nyCin a・l（lMinimum EsscntialMedium（MEM）wcrc oblained from  
FIow Laboratories，Scotland and foetalcalf serum（FCS）was frorn CellCulture  
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TeehnoIo嘗ies，USA・Na125Iwas rrom Amersharn（UK）and EDTA was†’rom  
Hayashi，Japan．Atlothcr reagc［1tS Were PurCha、ed rrom Lshi7u Pharrnaeeulic、al  
Company，Japan・  

1solatioTlOf T．crzLヱi： Six mice（ICR，a］bino）wcrcinocuLatcd wilh T．（▲用＝i  
trypomastigotes froln frozen stocks. Parasitemia was monilored by serial tail 
bleeding aIld eount■一Ig by microscope・ALIHut”equerllprocedures were  
Performed aseptlCally・When pこIraSitemia reachcd a peak the mjce．under  
ether anesthesia，Were bledinto heparin．Thc b】ood wasincubaled with6％  
（W／v）dextran fbr 45 min at roけrn temperalure ro1lowed by centrirugation at  
60xg for20min（De Titlo elal・．1986）・The parasiteィiellSuPerTlatant WaS  
centrifuged to pcllet the cells and resuspended in culrure medium. The 
parasite＄11SpenSion waslhen passed over a DE52cellulose co）ulT）n tO remOV  
corltaminatlng CeuS．The yield or ce11s was6・OxlO6pal■aSites aTld3・3xIO8b】0／Od  
cells befoTe ChromaLograPhy and 2，6xlO6parasites and6・OxlO5blood cells  
after cllrOma10graPhy・The parasites were then adj肌tedlol・7xICI6／mlin  
culture medium．  

Clllture of T．cr〟Zi： The medium used ror cu】ture was Liverinfusion  

Tryptose（Bonc and Steiner（，1956）which contains4g NaCl，5g Na3PO4・12H＞20．  
0．4g KCl，2g glucose，15g tryptose and3gliverbroth，PH7鼠inllilre・This  
was stirred for30min，filtered and autoclaved．Berore use，it was supplement－  

edwith20p．g／mlhemin（100x stockin O■lM NaOH、and autoctaved），20％FCS，  

100U／mlpeniciTlin，andlOO pg／mlslrePtOmyCin（lJrT mediurn）－ Th巳trypO－  
mastigotes jsolated from blood wereincubated at roomlemperalure（RT，2、5OC）  
in LIT．Arter a few days，the trypomastigotcs tT－an汀ormedinto the arnastlgOte  
stage・The amastlgOteS Were eaSily culturedinlargc numbersin uT by  
changlng the rnedium every2days・Am耶tlgOte Cultures that werelefIwith－  
out feeding，i・e・，aged for abou11week，tranSformedinto ep】maStlgOteS  
（Rondinelliet alリ1988）．A pure epimastigote culture could be maintained with  
regular f¢eding・   

125I・fibronectin bindjng studies：Fibronectin waslabeled by the ehlorT  
amine－T method（Greenwood ct alリ1963）．The speciric activity was6mCi／lT）g・  
For binding studies，ePlmaS11gOteS Were SuSPendedin either MEM or HEPES－  
Tyrode buffer（137mMNaCl，2・7mMKCl，0・5mMMgCl2，0・5nlMCaC12．3mM  
NaH2PO4，3．5rnM HEPES，5．5mM gluco′Se，pH7・5，COntaining O・35％w／V bovine  
serum albumin）at a concentratior）Of aTOundlxlO嘗parasites／ml・The125ト  
fibronectin conceJltration was 2ドg／ml．Forinhibition studies，live parasites or  
parasites fixed witt11％（V／v）formalin（30min at RT）and washed with buffer，  
wereincubated with drug for30min at RT，Onice or at370C・For time course  
studies，125I－fibronectin was added to a‖ tubes alT＝O and a＝heindicated  
timeintervals，l／1O volurne of formalin（37％ v／v）was added－ Separation of  
free from bound（60min after the addition of］25トfibronectin） was achieved  

by centrifugation oflOO ulofsampleon200直or20％（w／v）sucrosein HEPES－  
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llyrodes burrcI■乙111〔），（）00rp川rt）■■5川i－1i】10・4111】reacliol＝ubes（SarsIc軋  

Gcrmatly）．The pel】cL was tllC【lCuL O什with a bladcこ＝l（lcoul－1edin a γ－COunter・  

RI王SしIL′tlS AND DISCUSSION  

Cati（川・i－－del｝e■ld川t ril汀l川eぐtit－ 仙－di■lg：仙titlcxl－Crj】－1C＝1s、石川  

ep＝一一iISL）gOIcs comP；1■・i＝g hill（1j［lg OLl？5ト】、itlrOneCli■一in Tvro（lc buf［er L”1d  

M半M sh冊・C（1tllilL bjrlLl‖1g V川ぶilt、…yS hlgherill［yro（le bしLrrCr（Tilb】cl）－ This  

（1irrerence cou）dllC al）Olislle（lbvlhe LIdditiol10l■101TIM El〕TA，in（】icaling thaL  
div乙11cl11calioTIS Wereit一日bjtL．1glllC bi71（I．ng・TtlC uSC OFilTris－Saline burrcr，  
vL／ith ol・WjlllO111I三Ⅰ）T∧．pl■OしIuce（lsinlilar billding tolhalwi111Tyrode（data110t  

sllOWn）．SiIICe T）／［・Odc butlfer c（川lこ1i・le（1Ca2＋and Mg2＋ISOmC divalent cationin  
MEM olher Lh泄CalciuTll（n’nlagneSjuTll PrObably．nllibitc（11llel－indi一一g・   

Tab】el：Ef－recLs（一r burrcr（Tyrodc（Tyr）＝11－d Mi．1imum Esscntia］Medium  
（MF抽t））．rixatio（1Witll「（）＝Tlali＝，EDTA，a］ld excess unlilbcLcd「ibronecLin（XS  

hlCl）（〕l11：uト「it）rOnCCtinl－i－1Ji■一g tO Tl｛17JLLZicpimastigotcs・Bindingis  

rcIrrCqeTl（C（1aslnO］ecuLcs hou一”l／TWaSile±Sl三M・The SEMis calculate（1（）一一1he  
】¶Ca‖Or3 sal－1P】csl「0r CaCtlCX【）Cl■i【11etlt・  

Molecules／  

Buffer  Treatment  Parasite  Expt n（】  

387±2  

710±10  

733±44  

662±7  

513±2  

f、ixed  

rixcd  

rixc（1  

fixed  

rjxcd  

MEM  
MEM＋EDT＾  

T）′r  

Tyr＋EDTA  
Tyr＋XS rnCt  

rixe（1  2，262±33  

fixed  l，699±12  

しIl汀ixcd  4，064±6  

u】1rixed  l，514±10  

Tyr  
Tyr十XS「nCl   

’11yr  

rllyr十大S r∫－Cl  

Time－dependent fibrone亡tin binding‥ Figurelshows the time coursc of  
ribronec（i一一 hi71di）lg・Epj■¶a吊1gOle㌔ Wereincubaled with125ILribroncctin fo）・l  
hr at RTir］eaChlLLbc． Formこ1Lin was addcd to fix the ell］maStlgOteS at timcd  
intcrvals．Tlle figLJre StlOWS（hallo（albit－dingis（1Llilc diffLerenti］leaCh prepL  
aralio］lbutlhulhiTl（1iTlg alwaysi－1ぐre乙ISCS WiLt＝iT一一e・ Tllis was probilb）y due  
lo a dirfercncein the growlh phasc or the ce11sL Si［lCe eaCh sampIc wasi］lCub－  
ated with L251－f．ibrolleCLin ror60丁†1in，lhe difrerenceis unlikcly（O be due Lo  

lime reLluircd fo［・the bil－dinglo rcacl－Cqui】ibrium・RLlther・Lhc dirrerence may  
rerlect the timc TleCeSSarylo ac（ivalc or cxpoSe the ribronectin reccptors on  
the surflacc o川1C ePlmaS11gOIC・Tlis possiblelhatlhe addition or formalin  
disrupled the bin〔ling or L25l－rihronectin・Howcverlthisis un】ikely as para－  
silCS that were rixed and waslled to remove［orma）in before binding sludics  
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aJso bind tesslhan unfixed parasites（Tab［e t）．  
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FIGl：Effect of rormalin flXation on the time course o［115トfibronectjr】binding  

to eplmaStlgOteS・AH tubes wereincubated fol・bO min with125Hibronectin  
but formaJin was added at differen（StageS during theincubation・Each polnt  
represents the average or a Lrlplicate from one experimenL Two scparate  
experiments are shown・   

Temper且ture－dependerLt ribronectjn t｝inding：Binding was shown10bc  
temperature dependent（Fig・2）・Tt wasinhibitcd at both4DC and370C・  
1nhibition a14OC probably rerlectsinhibitjon of energy dependenL prOCeSSeS・  
EpimastlgOteS are allinsect slage and thus，370Cis probably noILheir optlmurn  
temperatureL Thus，eplmaSt】gOlesllaVe been shownlo decl・eaSe tOtalprotein  
synthesis when exposed to temperatureS Or37－4lCC（AIcina eIal・，19R8）and  
to have different surface antigens when culture conditions are increased from 
300C to340C（0’Daly andPo7anco，1990）・   

Energy－dependent ribrDnee（in binding：Studies wilh rormalin－fixed and  
unfixed eplmaS11gOteS Showed that whilelhe amount of L25l－fibronectin that  
bound varied between preparations，unfixed eplmaSllgOteS aLways bound  
more125I－fibronectin than fixed epimastigotes（Tablel）・Thisincrease  
wasin speCific binding onlyっsincelhe bindingln－lle preSenCe Ofexcess un－  

ノ．タープ   



Flf3RONECTINTうINL）1NCTO’r．CI（L［∠lEPIMASTIC〔〕TES  

Treatment  

EDTAlOmM  

RGDSlmM  

PENlmM   

AZIDElmM  

DNPlmM   

CVO．01mM   

DOGlOOmM  

370C  

4〇C  

X■SFNCT  

No DRUG 

■
ヽ
‥
 
∵
 
 

40  60  80  100  120   

％ControIBinding  

FIG2：EfLfect ofEDTA，tetraPePtide RGDS，Pentanlidine（PEN），SOdiutT”Zide  
（AZIDE），dinjtrophじnOl（DNP），CrySLalviolet（CV）．2－deoxyglucose（DOG）11OO－  
fo］d excess or un］abeled ribrolleCtin（XS FNCT）and．incubation aI37OC and40C  
onlユ57－fibronectin bindillg tO T・（：rIJ＝icplmaStlgOteS－ Error barsi－1dicale tlle  
SEM of3separale experi一一一e．1tS・P Vi11ue was ca】culated with respecl10thc non－  
drug contrt）1using al－teSl▲   

labe）ed fibroneeljn was sir11iLal・jn boIh fixed and unfixed parasites．Binding  
wasinhibitcd by＞R（）％wjth a】OO－fold excess or unlabc］Led fibro－1eCtin・］n  
unfixed eplmaStlgOles，bit－dingincreased wilhlime，i一一dicatjng an activati【｝n Or  
exposure of thc ribr（”eClin receptor・TTICSe Cha■一geSin the recepIor arC depend－  
ent on a metabolically active parasi［e・The proccssis energy dependenlaSilis  
il－hibited by r（川一1a］in・Cryslalviolet（CV），Which acIs oI－tl－C rnitochondrion  
（Gade］ha et乙Il．，1989）a－1d dinitrophcnoL（DNP），Which uncoupIcs oxidative  
phosphorylatiollin mitocho・一dria aLsoinhibiLcd binding・5；odium azide（AZIDE）  
and2－dcoxyglucose（DOG）・aTlinhibitor of glycolysLSla］soinhibited binding  
（Fig，2）＿11is unl沌ely that synlhcsis ofnew recer）tOrisinvo］ved since the tirne  
scaleis so short．Thus，itis due eiLher to activation of tlle fibronectin rcceptors，  
or tral－SPOr【or ncw rCCePIors10the、し1rraCC・Ar－01l－er POSSibiLityis that thcre  

∴7／   
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is an cneLrgy－dcpendctlt ribronectin uptake sysIcmin cpTmaStlgOles．  
The p飢tern（）f■i11hibiti（川 Of．＾i■jbr（）EICCtillbindjng reporlCdllerCis simiTarl（）the  

illhibilio】10r′／＼「‖†Z／trypomas【噌Ot巳 attaCllnlent t（1汀ほmmaliallCC11s  

（Schenkmal】Clal．．1991）．Schcnkman and c0－WOrkcrsindicaLedlh糾し SOme  
unknown energy dependenlprOCeSSin thc parasitcisinvt）lved．Our data  
SuggeS′t thallhjs crlergy depeTldellt PrOCeSS111ay be†he activation／e叩reSS－  
ion orlhc ribrotlCCti11reCep10r Or Ofa specific uptake system．   

RGl）－indepemdenL ribronectin bjnding；In rccent ycars．thcre has beerL a  
lot of researcllOn Ce11adhesionl‾nOleeu1es．ln paTlicular，ribronecLin can bind to  

One fanlily oT ce11adhesiol－mOlecules．theinlegrins（Ruoslahti，1991）・Fibro－  
nectin contains a TILLmbcr of cett artachme71t Sites（Aota et al＿，1991），tt C、an  

attach10intcgrinsi11a■一RGD－depend巳nt mar）ner，eg・，α5β】andin an RGD－illde－  

pendent man■沌「，α津】（Ru（｝Slahti、19射）・The attachment or amast痩OteS tO  

macropha匪Si11fhe presence or fibronectin wasinhibired when pre－incubaLed  
wiLh RGDS（2mg／ml）（Noisin and Villalla，1989）・T・（・rlJZilryPOmaStigotcs  
were shownlo bind fibronectinin an RGD－depelldel】t TTlannCr（Ouaissiet aJ．，  
1986）． Our data showedlhalRGDS（1IllM）had n（1effect on fibronectin  
binding to ep＝T．aStlgOles，WhiIe pentamidineinllibitcdit・bu10nly at vcry high  
collCentratio耶（Fig2）．1n a simiLar assay，RGDS aI－d pcntamjdirleinhibited125l－  

ribronec【in binding to pLate／1et、S WithlC50Valuesof42uMand O・16p M，  
re＄PCCtively（Cox eL al．．199乳 AIso，RGD－dependent rcccptors are usually  
Cation－dependent（Ruoslahtj and Pierschbacher，t987）・   

Thus，T．L7，〟ZL efnmaStlg、OteS bind fibronec由一in an RGD－independenlmanner・  
This bindingiIlduees the activalion／expression of－tlle fibronectillreCePtOr On  
tl沌 Surface or activation of a specifc fibronccliI－ uptake sy5tem，tnrOugh an  
energy－depende（llmcchanism・ This suggcsts that epLmaStlgOteS bind  
fibronectinin a dir［erent manrler（O LryporTlaSllgOteS and anlaS（lgOteS・ As  
eplrrLaStlBOteS arC a n醐－infectiotl／S forrn，the acqu］Sition or RGD－dependenl  
fibrolleCtin bi－－di－－g apPearS10 b忠 司m jmp即1aI－【stepit－ the transrormalion to  
theinfectious rorms．   
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