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1NTRODt）CT10N   

lnrecent years considerable progress has been rnadein thecultivationorcyclically  
transmissibLestocksoftrypanosomes，bothprocyclicandbloodstreamforms，be］ong】ngtO  
thesubgenus7わPannこ0〃n・1n vitropropaga（ion nfIrypanosomeshasbecomeavaLuabLe  
tooIformanyaspectsofresearch・lnthispaper・methodsandtechniquesaredescribedfor  
theinitiationandpropagationoftrypomast■gO（ebloodstreamformculturesofTrypan…（）ma  
evansL・Thedevelopmentofbiphasiccl11turesystemsupLotheslageOraXenicpropagation・  
aswellasseveralappLications，arepreSented・   

FEEDERL＾YERCELLCULTURES  

ShortLtermCultivationofbLoodstreamt■ormsofT．hruceiinthepresenceoffeederlayer  
cellswasfirstreportedbyLePage（1967）・HeusedmouseL－CellsandN（TC］O9mediL■m・  
Underthesecondition，bloodstreamformsweremaintainedfor3days．Iltookanotherten  
yearsbeforelong－termCulturesofT・bruceibloodstreamformswereeslab】ished（Hirumiet  
al．1977）．This pioneering work，uSing mammaLian feeder Layer cells，rePreSen（ed an  
immensebreakthrough，and thenewmethodwassuccessfu”yextendedfrom r・bruceito  
o（hermembersoftheTbpano：00ngrOup：r，rhndesiense（Hi”etaL・1978），71gambiense  
（Brunetal，1981）aswellas・T・eVanSi（ZweygartheIaJ・L982；Zweygarthetal・1983）・   

FEEDERl．人YERClこLLS   

ManyditTerenlcellLinesofvariousor唱InShavebeenusedasfeederLayersforthein  
vi（rocultivationofT．evansi，ThefirstsuccessfulpropagationofT・et，anLYiwascarriedou（in  
abiphasiccultuJtSyStemuSingchickenfibroblasLsasafeederlayer（Zweygarthe（al・1982）・  
ThisisLheon】yreportofbloodstreamrormtrypanosomeswhichwerepropagatedonfeeder  
．ayercellsderivedfromawarmblooded，nOnrmammaliananimal・Otherce11swhichhave  
been usedinclude：rabbit fibrob】asTS（Zweygar（h et a］．1983）、Pig flbroblastoid ce11s  
（ZweygarthandR6ttcher）986），bovineembryothymuSCellsandbovineaortaendothelial  
cells（Zweygarthand Kaminsky）990a）．and mouseperitonealmacrophages（Baltzetal・  
1985）．   

1nitialJy，theexactfunctionoffeederLayercellswasnotknown・Bannaiandlshii（1980；  
1982）foundthathumandip］oidfibrobIastsLakeupしcystineintheculturemedium・lnthe  
cellsL－CyStineisimmediatelyreducedtoL－CySteinewhichisreleasedbackintothemedium・  
l，aterWe d］1see（in：．rAxenic cultures”）thattrypanosomescannottake up LLCyStine bul  
on■yL－CySteine，andthatthetatterisanessen（ialaminoacidfortrypanosomes・AlthoughiI  
hasnotbeenspecificallyshownfortrypanosomecultures，theprlnCIPtedescribedbyBannai  
andlshii（1980；1982）appearstobetherationaLe behindtheneeessi（yofusingareeder  
．ayerfortrypanosomecultures・AnycelltypereJeasingLcysteineispotentiallysuitableasa  
feederlayercellforT・eVan・Vicultures，PrOvidedildoesno（COmpetefornutrien†sfromthe  
medium・AslowgrowLngCelllineisthereforepreferable（Oafast－grOWlngline・  

CULTURE MEDIA 
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Twoculturemediawereusedforthepropagation ofT，eVanSiinthepresenceoffeeder  
layercells：RoswellParkMemorialInslitute medium1640（RPMlr1640）（Zweygarthetal．  
1982；Zweygarth et al・1983）and RPMT1640supp）ementedwith10％Leibovitz L－15  
medium（ZweygarthandR6ttcher1986）・  
Foraxenic growth of Tlevahsisevera］other basic culture media were used：EagJers  
minimumessentialrnedium（BaJtzetaL19＄5；KaminskyandZweygarth1989；SutherLand  
etal，1993：RossandTaylor1994；RossandBarns1996），equalpartsoftscove■smodiried  
Dulbecco■s medium and RPM）－1640，aS Wellas DulbeccoTs modified Eagle’s medium  
nutrientmixtureト12Ham（DMEM／FT12）（Zweygarth，unpublishedresults）．  
For axenic growthin serum－free medium，Hirumiet aL．（1997）used anlscove’s  
modifiedDMEM－based medium・Bloodstreamformsof71gambiense and71rhodesiense  
areincapableofdenovopurinesynthesis（FishetaI・1982）andculturesofTlevansiTequire  
themediumtobesupplementedl両hanucleotideprecursor，uSual】yhypoxanthine．Baltzet  
al・（1985）foundthat．dependinguponthe sourceofserum，hypoxanthinewasnotalways  
required：horseandratserumhadtobesupplemented，WhereasTabbitandhumanserumdid  
nOt．  

SERUM  

SerurrlisanindispenSablecomponen（fora11mediausedfortheinvi（ropropaBation of  
TlevaTISi．1tistheonlysemi－defnedcomponentoftheculturemedia．Severalanimalsources  
Ofserumhavebeen usedsuccessfuIly：horse．rabbit、rat，fetalbovine．andevenfeta）horse  
SerumtOgetherwlthadulthorseserum（Zweygarthe（al，1982：Zweygarthetal．1983；BaItz  
Cta［・1985；SutherJand etal・1993）・Theconcentration ofserurninthecompleteculture  
mediavariedfrom10％to20％．AttemptstogrowKenyan stocksofTlevansiin medium  
COntainlng SamPles of camelserum derived from differentanimalsinvariably failed to  
SuppOrtinvitropropagation（Zweygarth，unpublishedresults）．   
Baltzetal・（1985）triedhuman serum，withnegativeresults，Whichisnot surprising．  
Hawking（1978）testedlwo Tevansistabilatesfortheirsensjtivib，tOhumanplasma，both  
StOCkswerehighlysensitive・AlthoughbloodstreamformtrypanosomescanbepropaBated  
inmediumcontainlngfreshserum，itisadvisable，eSPeCiat］yintheprescnceoffeederlayer  
Cells，tOinactivatetheserum・HeteroJogousantibodiescouldnegativelyinlerferewithfeeder  
layerceIIs，Whichintummayhaveanegativeimpac（Onthesur、べvalofthetrypanosomes・  
Thisreactioncouldbeaggmvatedfurtherbythepresenceofcomplement．  
A serious disadvantage of the use d■serumin the mediumisitsundefined nature．  
Batchesofserum，eVenifobtainedfromthesamedonoranimal，mayVaryCOnSiderably．so  
thatlaboriousLestingisnecessarytoidentifysuitablebatches．RecentlyHirumietal．（1997）  
presentedaserum－freemediumfortheirLVitropropagationofT．bruceiandTeyansiwhich  
COuldovercometheseproblems．However，althol］ghserum－free，itstiJ］containssemi－defined  
COmPOnentSSuCh asbovinc a2rmaCrOglobulin，♭ovineβ－1ipoproteinandfattyacid－free  
bovlneSerumalbumin・Fur（herexperimentsareneededinorder toshowwhetherthe new  
mediumcansupportgrowthofawidervar）etyOftrypanosome stocks．   

CULTURRE¶YIROMENT   

Atemperatured■37℃isrequiredtopropagatebloodstreamformsofT．evansi．and  
CO2atmOSPhere of4to5％isusually usedin orderto controlthe pH of the culturc  
medium・The candle jar method used for the propagation of PLasmodLLLmカkl如rum  
（TragerandJensen，1976）wasalsousedfortheinvitrocultivationofAfricanstocksof  
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evunsi（Zweygarth and R仁〉ttCher，］986）・Culture platescontaining the trypanosonleSWere  
Putinto adesiccator wlth a burmng candle to produce a CO2－enriched and O2－dep］eted  
atmosphere（（hisprocedure wasanimprovisation and notdueto a scientific curiosity or  
necessity，becauseat（hetimewehadnoCO2incubator）．   

INITIATIONTECHNIQUES  
Theinitiation of T．evun．†ibLoodstT・eam form cu］tures hasbeen achieved afterisolation  

Ofthe parasiteirlanin（ermediate rodent host．Successfulinitia（ion of r．evansIcultures  
requiredaminimuminocuJumof5x1030rlx105（rypanosomes血11frommouset）lood  
duringarisingparasitaernia（Baltzetal．1985；Zweygarthetal．1982）．The trypanosomes  
WereSeParatedfrombloodcomponentseitherbydensitygradientcentrifugation（Hirumiet  
al・1977）orbydifflerentialcen（rifugation（Hil］etal．1978）．Thesecumbersomeprocedures  
WerelatershowntobeunnecessarybyZweygarthetal．（1989），Whodemonstra（edasirnple  
and rapid TTlethod for theiniliation ofbLoodstream form culturesfrominfected blood  
avoidingbothcentrifugationandanion exchangeprocedures▲Bloodsamples，forinstance  
fromthetLpOfthetaiIofaninfectedmouse，WereaSPlratedwltha50rlO FLIEppendorf  
PIPetteandtransferredintoawe”ofacultureplatecontainlngfeederlayercells．Theblood  
WaSdepositedinthecorneratthebottomofthewells．  
Thelowlevelsofparasitaemiausually presenlinnaturalhostswereinitiaLlyconsidered  
insufficient10initiate cuJtures．However．trypanosome cultures were subsequerltly  
estabLishedregardlessoftheparasitaemicstatus ofthebloodinoculumandirrespective of  
Whetherlhebloodcamedjrectlyfromananimalorfromastabilate．CulturesofT．evansI  
WereSuCCeSSfu”y］nitiatedbothunderaxenicconditionsandinco－Cultivationwlthavariety  
Offeederlayers（ZweygarthandKaminsky］990a）usingthemethoddescribedabove・   

AXENIX CULTURE  

Blitzeta］．（】985）deve］0ped ananemiccu】ture systemwhichsuppolledthecontinuous  
propagationofseveralmembersofthe7bpanoニ00n grOup，1nC］udingacloneofa Sou（h  
Americanr．evansi．TheyfoundthatthepresenceinthemediumofareducingagentsucTl  
as2－merCaPtOethanol（2－ME）orthioglyceroIwascrucial（0thesurvivalofthetrypanosomes  
in anemic cultures・They assumed that（he role ofthe reducing agen（“吼S tO StabiLize  
differentessentialcomponen（SOfthemedium．suchasvitaminsandglutalhione．1nthesame  
yearDuszenko etal．（1985）foundthat T．bruceicultures wereable10Survive and grow  
without feederlayer cellsifしcysteine was addedlo the medium，Smallamounts of  
L－CySteine had to be added to the cuLtures t血ce daiLy，depending on（he trypanosome  
density・ThislaboriousprocedureisilT．praCtlCa】forcontinuouspropagationofparasites，but  
asolutionwassoonfoundtotheproblem．  
Lcysteineisreadily oxidize and has ahalf1ife ofabouL2h under cuLture conditions  

（Toothye（al．1975）．Copperions，PrOVidedbythe supplementalionofthemediumwith  
Serum．Catalyse（his reaction which produces hydrogen perOXide，Whichis toxic to  
trypanosomes・Wth mouse Lymphoma celLs，the addition to the cullure medium of  
bathocuproinesu］phurate（BAs），a SpeCificcopperion chelator，PreVentedautoxidation of  
L－CySteine and thuspromoted growth（Ishiiand Bannai1985）・A similar approacTl職S  
Chosen♭y Yabu et al．（1989），Who added BAsto thecuJture medium for7T gambiense，  
PreVenttng the autoxidation and thusthe trypanotoxic effectof L－CySteine．Hirumiand  
Hirumi（1989）added2－MEaswellasL－CySteineandBAsfortheaxenicpropagationof  
brucei・Combinations of2－ME，しcysteine and BAshave been used for thein vitro   
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CultivationofTIcongolense．T．vivaxand7二simiae（HirumiandHirumi1991；Zweygarthet  
al．199laand1992）andalsorecentlyforlheserumTfreecultivationof7二evansi（Hirl】miet  
al．1997）．   

Duszenkoetal・（1992）finallyshowedthatcysteineisanessentialgrowthfactorfor T二  
bruveibloodstreamforms，Sincetrypanosomescannottakeupcysleinewhichisanessential  
aminoacid．Cet］growthwasonIyobtainedifcysteinewaseitheraddedtomediumor was  
reducedfromcystinebytheactionofrcduciJlgagentS．   
The supplements of choice for scveralapplica（ions of the axenicin vitro culture  
technique of r．evansiwere2－ME or thiog）ycerol（Kaminsky and Zweygarth1989；  
ZweygarthandKaminsky1990a；SutherLandetaL・］993；Hangetal・1993；FangetaL．1994；  
RossandTailor1994；RossandBarns1996）．AcombinalionofしcysteineandBAsaloneis  
alsoaviableop（ion（Zweygarth，unpublishedresults）．   

1TNVITRODlrFERENTt＾T］ON tlETWEEN T．BRt・rEL＾Nt）T．l’E．l：ヽ■SL   

Themonomorphic T．evansLismorphoIogica）lyindistinguishablefromthelongslender  
formofpleomorphicTbrucei．OneofthemaincrjteriatodistinguishT．evan∫ifromother  
mernbersofthesubgenusTbpanozoonisitsinabili（ytoundergoacycleofdevelopmentin  
GLossina，This may be dtJe tO the fac（that the kinetoplast DNA of T．evansilacks  
maxicircles（Bor＄t et al・1987）．Zweygar（h and Kaminsky（1989）used a modified  
Semi，defncdmaintenancemedium（Cunningham1977）andasuitablecullureenvironment  
forcultureexperimentsdesignedtoallowbloodstreamformtrypanosomestotransforminto  
procyclics．Theassumpt10nWaSthatTlevansicannottraTISformintoprocyclicforms，andit  
WaSfoundthatanstockspreviouslyidentifiedaspleomorphicTbruceibylightmicroscopy  
OfGiemsa－Stained blood smcarstransformedinto procyclicforms，Whilenoneofthe Tl  
evansistocks did so．01ahorMukaniet al．（1993）confirmed these observationswith a  
greater number of parasite stocks．Allthe stocks they had previously classified as Tl  
祓〝dg∫fe乃∬．rgαmムig〝∫eand7こ占′〟Cg吉相anぱoTmedintoprocyclicrorms，Whereasnoneof  
T．evansistocks did so．Three out of64fieldisolates from camels transformcdinto  

PrOCyClics，COnfirmingTlbruceiinfcctjonsincamelswi1ichⅥ喝rekeptclosetotsetse－infcsted  
areaS．  

LONG－TERM］NINVITROCULTLY＾TLONOFT．El’．JINSI   

Ast（光kofTlevansiⅥ職SprOpagatedinvitroformorethan14months（Zweygarthetal．  
1991b）．Afterthatperiod，aChangeofsomebiologicalpropertieswasobservedascompared  
toeaTlycultuTeSOfthesames10Ck・Allorganismsweredyskinetoplastic，PrObablybecause  
the shorter generationtime of dyskine10plastic formsled，aner mOnths of continuous  
propagation，tOthedisappearanCeOfkinetoplasticforms．Simultaneously．acompletelossof  
infec（ivityformiceⅥ筍SObserved，althoughanintactsurfacecoatwasdemonstratedelectron  
microscoplCally，Thelatterphenomenon remairledunexplained・  
Thedyskinetoplastic7二evansishowedareducedsusceptibilitytodiminazeneaceturate，  
Whichwas probably a resultofthepreferentialinhibitionofextranuclear DNA synthesis  
Whichisa kJlOWnfeattJre OfthistrypanocidaJdrug（Newton andLePage1967）．Drug  
SuSCePtibility toisometamidium chloride，however，WaSunaltered．Itis known that  
isometamidium chLorideinduccsthe destruction of the kinetoplast of TlbfuceLin vitro  
（Kaminskyctal．1988）andintcrfereswithtopisomeraseTIinthekinctoplast，thuscau＄ing  
linearisationofDNAminicircles（ShapiroaTldEnglund1990）．Sinceitwaseffectiveasainst  
dyskinctoplasticforms，ilwascomcludedthatisometamidiummusthaveothertarget＄forits  
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antitrypan∝idalaction．Thiswasreconfirmed recen（lybyKaminskyetal．（1997）．   

＾SSESSMENTOF DRt）GSUSCEPTIJ）1LITY  
Theintroductionofaxenicculture systemsforthepropagationof T，el・anSi（Ba】lze（al．  
1985）opened up possibililiesfor（he deveIopmentofconvenienlinvitro drug screening  
SyStemS．Thisisprobably one ofthe mostimportantapplications ofthe culture system  
today・KaminskyandZweygarth（1989）describedafeederlayer－freeinvitroassayforthe  
SCreemngOfantitrypanosomalcompounds．Samplesoftrypanosomesinlogarithmicgrowth  
Phase wereincubated with various concentrations of commercialand experimental  
COmpOunds．Growthinhibitionwasmorlitoredafter24handquantifiedbycomparlngthe  
numberofgenerationsofcontroIsanddrug－（reatedcuI（ures．Thisprlmarydrug screentng  
assayhasa number of advantages：Only sma”amountsofdrug are required，reSults are  
Obtainedrapidly．andanimalsareunnecessary．Sutherlandetal．（1993）introduced（WOin  
Vi（ro systems for the measurement of drug SenSitivlty：incorporation of radio－1abe”ed  
hypoxan（hineandpyruvateproduction・Bothwerecomparedwithassaysdependent upon  
COuntlngnumbersofmotiletrypanosomes，Theyfound（hateachassaysystemdistinguished  
betweensuramin－SenSitiveand resistantstocks．  

There have been severalapplications of these assays．A new arsenicalcompound  
（Cymelarsan）hasbeenevaltJatedforitsactivity against susceptibleand drug－reSistant Tl  
evansi（Zweygarth and Kaminsky1990b）；anin vitro determination of trypanocide  
resistanceprofileshasbeenpeTformed（Zhang etal・1993）；the（ryparLOCidalactivityofa  
myristicacidanaloghasbeenestlmated（RossandTay］or1994）；and thealterationofan  
adenosine transporter whichis associated with resistance to Cyme］arsan has been  
demonstrated（RossandBarns1996）．InafurtherdevelopmentFangetal・（1994）usedin  
vitrocuLturestoinducesuraminresistanceincJonesofT evansi．Byexposuretogradually  
increas］ngCOnCentrationsofsuramininanaxenicculturesystem，Suraminィesistantclones  
Werederivedfromsurarnjnrsensitiveclonesoverapericdof550days・   

CONCLUSIONS  

St∝ksof TlevansifroTlla11geographicalreg10nSWherethe diseaseis endemic were  
PrOpagatedinvitro．InitiatioJlOfcultureswasachievedfrombloodwith verylowparasite  
COuntSand even from cryopreserved stabilates・Anintermediate host to generate Large  
numbersofparasitesis therefore not abso）utely necessary．Tbpannsnma evansineeds a  
SOurCeOfLcysteine（OSurviveinculture、WhichcanbeacllievedbyprovldingL－CyStineand  
a suitable feederlayer whjch convertsit to L－CySteine and secretesitinto the culture  
medium．In afeederlayeトrree SyStem，しcystine from the medium can be reduced to  
L－CySteine by the addition of reducing agents such as2－ME or thioglycerol・Another  
POSSibiIjtylStO addL－CySteine directlytothe mediumtogether、血hthe copperChelating  
agentBCSwhichpreventsitsautoxidation・  
Thein vitroculture of trypanosomes ofrers a rarLge OfvaluabJe applications，One Of  

Whichis（heiIlvitro transformation technique，Thisisa simple method to differentiate  
betweenTlbruceiand Tlevan．viinreg10nSWherebothspeCiesoccur，althoughthemethod  
Wi11notworkwithmixedinfections．SinceT．evansldoesnotundergoadevelopmentaJcycle  
inGLossinaitwi1lnotgrowinaculturesystemfavourlngthetransformationofbloodstream  
formstoprocyclics．AnotherorganismwhichcouldbemistakenforT・bruceior7二eva椚iis  
Tlequipenlum．However，its occurrenceis restricted to equlneS，and may therefore be  
excludedbythecasehistory．Furthermore，theparasitaemiaisusuallyextremeJylow，SOthat  
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mechanicaltransmission ofthis speciesisvery tJnlikety，aIthoughllstableinfections”have  
beenreported・   
Another major area of application of culture techniques lies in the field of 
Chemotherapy・Theinvitrocu］turesystemoffcrsarangeofdifferenttestsforprlmarydrug  

SCreenlng，fortheestablishmentofdrugsusceptibilityprohlesofvariouss（OCksorclones，Or  
evenfortheinductionofdrugreSistanceinvitro．   
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