
J．Pr（舶ヱββJ．加∫．．4，4β－5∫rJ9タイノ  

C∂のrfg加◎J9卯．r／ば地相「亡んCg几JgrルrPrロイβZOd〃肋Jビ仁山r／〝m“〝クJβgブ  

Characterizationand CheckofIdentityofDifferentStrainsof  
m∫叩J〟S椚α卯〝dff byEn町maticProfiliれg  

ANDREASHASSL］′MO＝AMMEDMANAFI2［RECINASOMMER2′  
M．KUNDI3，ANDHORSTASPOCKl   

旬卿眈机直肋肋Ⅷm血物日物離肌用l仙gr肌JF∂βd坤g血g〆  
血C肋cαJJ血山鹿げ〟γgfg〃g，胱Jケ心血勘所餌血叩脚血‖映画賭  
〃〃fvgr∫ゆげVfg〃町方上血gr草加Jgα∫∫gJ5，A一川夕5V昆〃闇，A沈∬rね  

Reccived 29 Novemkr1993／Åcc叩Id 良人pril1994  

Keywords：ToxopLasma gondii／Straindifferentiation′enZymePrOfile，  
ZymOgram analysis′APIenzymeresearchkit㊥  

ABSTRACT  

Zymogramanalys■SOfninestrainsofToxoplasmagondiia”highlyvirulentformicewaspQr，  
formedwiththeAPlenzymeresearchkits⑧・Theparasitestrainshadbeenmaintainedby  
continuousintraperitoneaIinfectioninmiceformanyyearsseparatelyindifferentEaboratories  
inEuropeandwereretracedtofiveisolates（RH，BK，928，KB，Alt）・TheAPIresearchkits㊥  
usechromogenicsubstratesforasemlquantitatived白teCtionof84enzymes，includingthe  
cLassesaminopeptidases，glycosidases，eSteraS8S，llPaSeS，Phosphatasesandphosphoamj－  
dases－FromthezymogramsManhattandistanceswerecaIculatedandahierarchicaltreeof  
theparasitcstrainswasestablish8dbycorTIPletelinkage・  
A‖strainscouldbeeas蓼IyintegratedintotwodistinctcLusters・However，thecorrectdesigna－  
tionof＄OmeStrainsasdirectdescendantofadefiniteisolateseemstobequestionable．  
ZymogramanaIysISissuitable†oraquickenzymaticcharacterisationofanymousevirulent  
Toxoplasmastrainandforasimplecomparisontodefinedreferencestrains・Thus，itaI10WSa  
rapiddetectionofanystrainconfusionduringisolationproceduresor10ngtermPrOPagation・   

INTRODUCT［ON  

Tbxopk7SmagOnd〟isanobligateparasiteofawidespectrumofmammaJsandbirdswithan  
intrace”ulargrowthandmultipllCation．butthetrophozoitesareviableandmetabolically  
activeoutsidehostcellsforsomehours．Thevariousstrainsofthisparasitepropagated  
throughoutlaboratoriesshowdifferentbio10glCalproper【ies．consideringvirulenceinmiceor  
temperatureTSenSitivityasshownbySuzukietaL・（1989）andWaldelandetaL・（1983）・All  
thesestrainsaremorphologlCallyindistinguishabLe．Thus，SOmeSimpLewayso†characterisa－  
tionanddiffeTentiationo†strainsorisolate＄havetobedeveloped・Moreover，Veryfewcom－  
ParativestudiesonbiochemicalcharacterisationofToxoplbsmagondiistrainshavebeen  
Carriedout，allofthemarebasedonanaLysingisoenzymepattems（Barnert1990，Barnertet  
aL．1988，Dardeetal．1988．1990，1g92）．AlthoughtheenzymaticequipmentsoftheToxo－  
PlasmastrainsseemtodifferconsiderablyasdemonstratedbyDardeetal・（1988，1992）and  
Manafietal．（1993），SeVeralinvestigators（Dardeetal・1990，SibJeyandBoothroyd1992，  
Harmeretal．1gg3，Manafietal．1g93）havenotbeenabletoestablishanycorrelation  
betweengenolype，enZymeZymOdemesandhostsLMoreover，themethodshavjngbeen  

∴ヾ   
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appliedarenotsuitab［eforarapidcharacte鹿ationofstrainsofmicroorganismsoracheck  
Ofidentity．  
Duhngthela＄tyearSStandardizedenzynlaticprocedureshavebeendeve10Pedfortherapid  
identificationofmicroorganisms・TheAPIsystems◎（APISystemsSA，MontalieuqVercieu，  
France），Whjcharethernostfrequentlyusedmjniaturizedtestkitsforenumerationofbacteria  
（Manafietal・1991，ManafiandRotter1992），havebeenadaptedbyManafietal，（1993）for  
analyscsofenzymesofToxqp血SmagOndiLUsingtheAPrsystem㊥wehavecomparednine  
IaboratoryadaptedToxopIasmastrainsorlgrnarlyderivlngfromfiveisoIatesfromdifferent  
locationsinEurope・ThegoaIofthisstudywastoanaIysetheirdegreeo†dissimi［arityandto  
Checktheidentjtyofdifferentstrainsoftheparasite，eSP8CiaJlytheonesderjvedlromone  
isola旭．   

MATERIALSANDMETHODS  

The†oIJowjngstrainsofTbxopla8magOnd〟wereexamined：BK・V（BK・Vienna），RH・V（RH・  
Vienna），T，KB，928，AEt，BKfromBonn（BK－B），BKfromMagdeburg（BK－M），andRHfrom  
Magdeburg（RH－M）（SOurCeSandabriefcharacterisationofthestrainsaredrawnupin  
Tablel）．   

Tabl◎1：  

f year 

strai。a Vb s。。．C。   ．at． re．。re。Ce  

human braln 

human CSF 

unltnown 

cat heart 

human fetus 

Pig山n9  

193g  USA   43  

1948  NL  48  

＜1976  つ  43  
1966  N」   68  

1967  G  48  

1961  NL   43  

Sabin（1941）  
Binkho「St（1948）  

Thalhammerpers．comm．  
0verd山Ve（1978）  
Wemer（1967）   

Overdulvepers．comm．  
n  Seitzpe帽．COmm．  
M馴erpe帽，COmm．  

RH－V  十十十  
日K－V  ＋＋  

T  ＋＋  

K日  十  
Alt  ＋＋  

928  ＋＋  

BK－B ind8Pendentlypropagatedalleastsjnce1957inBonn；SOuTCeUnknow  
BK－M independent事ypropagatedsince19自2inMagdeburg；SOUrCe：Bonn  
RH－M inde  atedsinceabout1965inMa  SOUrCeUnknolⅥ1M山＝er  endent‡  

aThestrainshadbeenoblainedIromtheUniversityChildren、sHospilal；UnjversityofVienna；Austria（T）；ln－  
StituteofMedicalParasitology；UniversityBonn；Germany（BK－B）；lnstituteofME・dicalMicrobioIogyand  
Epid8rTlioIogy；MedjcalAcademyMagdeburg；Germany（BK－M，RH－M）；StaleUniversiIyo＝」trecht；  
Neth即Iands（KB，928）  

bThegradeofviru■encewasdefinedbydeteTJTlinationofthelOO％■etha■dose（LDlOO）ofthestrainnocu■a－ed   
intraperionea－1ylnOutbredSvJissnlice・十＋＋：LDlnO＜10；＋＋and＋ニLDlnO＞10and＜100Q・  

The＄trainshadbeenobtainedfromdifferentIaboratoriesinEuropefromlg74－1989and，  
WiththeexceptionofRH－VandBK－V，hadbeenstoredinEiquidnitrogen（－192OC）・Be†ore  
examinationintheAPIsystem⑳allstrainsweremaintainedbyserialintraperitonealpassage  
inoutbredTTlice（female；20g；Him：OFl（Swiss）SPF；SOurCe：VersuchstierzuchtHimberg，  
Austria）．ForreducingtheriskofanaIysinginhomogeneouspopulationseachstrainwascon－  
tinuouslymaintainedforatleastthreemonths，eaChtimepassag［ngtheperitonealexsudate  
Ofoneslnglemousefu11her．Rightafterharvestingonday2p，i・Orday3p・i・．reSPeCtively，  
th8ParaSites，WhicharelocatedalmostexcltJSivelyextrace”ularatthismoment，Were  
washedthreetimesin145mMsterileNaCl（10min，3000g），Checkedforpurity（hostcells／  
tachyzoites＜0．001，nObacterialcontamination），COuntedandcheckedforintegrityafler  
StainlngaSmaJIportjonwithDiff－quick・ThereaRer，thetachyzoitesweresuspendedinsteriLe  
lOmMphosphatebufferpH7・5toadensityo†1X106ce”s／mlpreciseLy・  
MacrophagesrajsedinmouseperitoneaLcavitiesweretreatedthesamewayandusedasa  
negativecontroILTheresuJtsofacomparisonbetweenToxopIasrTlatrOPhozoitesandhost   
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celLsenzymeequ■PmentSandtheconsequencesforanycontro10fpurityaredescribedin  
detailbyHamleretaLL（1993）・  
Thecommerc■allyavailableAPIZYM⑪andtheexperimentalAPlgalleriesaminopeptidases  
APl－AP6，AP10Sidases，andAPlesteraseswereusedforenzymeprofiling・Theenzymekits  
aresem．quantitativemicromethodsusing84chromogenicenzymesubstrates・including62  
foraminopeptidases，8forgLycosidases，10foresterases，andoneforalkalinephosphatasel  
acidphosphatase，Y－g■utamy■transferase，andphosphoamidaseeach・ForAPIZYM㊥on［y  
theresu■tsofvalinearylamidase．1eucinearylamidase，CyStinearylamidase，tryPS［nelChymo－  
tryps■ne，alkalineandacidphosphatases・andphosphoamidasewerereported・  
TheteststripswereplacedintheirmoistenedpIasticincubationtraysandlOOリ10fthetro－  
phozoitesuspensionswereaddedtoeachcupule・Allgallerieswereincubatedfor13hat  
370C．Enzymereactiondevelopmentwasperformedaccordingtothemanufacturerlsreconl－  
mendationsandtothedescriptionofManafietaI・（1993）■Theprin？ipleo†thesetestsis  
basedupontheenzymaticIiberationof臥naphtolandr3－naPhtyFam■negrOuPSfromaryI－  
substitutedsubstrates．Thechromogenreleasedisdetectedbycouplingwithadiazotized  
indicator＿Alltestswererepeatedatleastonce・Thetestreadingwasperiormedbyeyeina  
semiquantitativemannerwhichisthemostsensitiveandreliableevaLuationpossibLe（four  
intensitiesofcoLoration：tranSParent：0，Orange：1．violet：2，PurPle：3）・  
ThedatawerestatisticallyanalysedbycalculatingthecitybEockdistancesand・thereafter，by  
hierarchicaIcIustering（84casesandfourvariables）inapersonalcomputerwiththesoltware  
“compIeteStatisticSystem咽（Statsoft；USA）・TheamalgamationruLefortheconstructiono†  
ahierarchicaltreewasacompletelinkage・   

RESULTSANDDISCUSS［ON  
TheintensitiesoftheenzymicreactionsarelistedinTable2・   

Table2：  

Strain  

/me RH－V T KB 928 A】t BK－V BK－M BK・B RH－M  

AMINOPEPTFDASES  
L－Tyrosinearylamidase  
LPyrrolidonearyIarTljdase  
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L－PhenylalaninearyIamidase  
L－Lysinearylamidase  
L-Hyrouyproline aryiamidase 
LHistidine arylamidase 
Glycinearylamidase  
L－Asparatearylamidase  
L－Argininearylamidase  
L-Alanine arylamidase 
NrBenzoyトIeucinearylamidase  
SrBenzyl－CySteinearylamidase  
Methlonine arylamidase 
GlycylLglyc■neaTylamidase  
GlycyトPhenylalaninearylamidase  
GlycylLPrOlinearyamidase  
Leucyl－glyclnearylamidase  
LSeryltyrOSinearyIamidase  
N－CBZrarg［nine4methoxyarylamidase  
L－GlutaminearYlamidase  
d－L－GlutamatearyLamidase  
L－lsoleucinearytamidase  
L－Ornithinearylamidase  
LPrDlinearylamidase  
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L一丁hreonineary】amjdas8  
L－Tryptophanearylamidase  
NLCBZ－gLycyト91ycyl－aFglninearylamidase  
β－AIaninea「ybmidase  
しAlanyルargjninea叫amidase  
しAlanyルphenylalanyルpro血8a叫arnid8Se  
L－Alanyl．L・Phenyralanyl－L－PrOlyL－LaIanjn8ary［amidase  
L－ArginylLL－ar9ininearyFanlidase  
q－しA5Pany卜しalaninea「yJamjdase  
q－しAspa「tyルarginin白a†γlamidase  
Q－L－Glutamyl－8卜L－glutamicaryEamidase  
α－L－Gl血amy卜しhjstidinl∋a叫amjdase  

GlycyトL－al訓1in‘≧a吋amidas8  
GIycyトL－ar91ninearyl包mid舶8  
G吋cyルーryptophanea吋amidase  
L－Histidyl－L－leucyl－しhistidin8aTylarTlidase  
LHistidyr－L－SerinearylalTlidase  
L－Leucyl，L－alaninearylanlidase  
L－LeucyトL－leuq小L－Valyl－L－tyrOnyl－L－Serineary［amidase  
しLysyルal8njnea「ylamjdase  
L－Lysy（－Llyslnearylanlidase  
LPhenylaEanyL，L－argininearyIamida＄e  
LPhenylaEanyL，L－PtOlinearyLarnidase  
LPhenylaranyr－L－PrOlyL－L－a［aninearylamidase  
し－Proly卜しarglnmearylamidase  
L－S‘呵トL－m白thionin8aⅣlamidas白  
L－ValyI－LtyrosyトLserinearylanlidase  
N－BenzyF－LaTanine－4rmelhoxyaryEamidase  
N－CBZ－arglnyト4－methoxyarylamidase  
N－Acetyl－glycyトL－1ysinearylarTlidase  
L－HistidyL－L－PhenylaLanir．earylamidase  
L－Lysyl－Lserine－4－melhoxyarylamidase  
Leucine alylamidase 
Valinea叫amidase  
Cystlne atylamldase 
Trypsin  
Chymot「ypsln  

ESTERASES  

Esterases－C4  

Est8raS8S－C5  

Eslerases－C8  

Esterases－C8  

Estera＄eS－C9  
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Est（〉raSeS－ClO  

∈sterases－C12  

∈st（汀aSeS－C14  

Esterases－C16  

Estera＄巳S－C18  

API ZYM 
Alkalin8Phosphatase  〔
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Acid phosphatase 
Phosphoamidase  
Y－Glutamytt「anslerase  
GLYCOSIDASES  
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α－Galactosjdase  
β－Galactosidase  
β－Glucuronidase   
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化－Glucosidase  

β－G山c（】Sidase  
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N－Acetyトβ－g［ucosaminidase  

rx－Mannosidase  

α一Fucosidas8  

Outof84enzymereactions50（59，5％）wereequa”yeitherpositiveornegativeinaIlinvestj－  
gatedstrains・24enzymeswerepr8SentinthetrophcLZOitesofa”straInS：15arYFamidases，7  
esterases，alkalineandacidphosphatases・26enzymeswerenotdetectedinanyofthe  
SamPIes．52enzymicreactionsquantitativelydifferwithintheninestrains．Thecityb10Ckdis・  
tancescalcuねtedfromthesedataar（∋ShowninTab・3・ThehierarchicaItreeconstructedby  
amalgamationisdispZayedinFig．1．  
ManafietaJL（1993）haveshownthatthemethodofenzymaticprofilingbyAPトSy＄temS◎can  
besuccessfullyadaptedtoanenzymaticcharacterizationofToxoplasmagond（i，Thereby，  
SeVeralpeculiaritiesintheenzymepattemsofthisparasiteweredetected．Thepresentstudy  
WaSdevotedtothequestionofidentityordegreeofreLationshipofvariousstrainsofTbxo・  
PIasmagond（ikeptindifferentEuropeanlaboratories．TheAPトsystems⑳areminjaturised  
testkitsforaquickdemonstrationofanyactivityofalargenumberofmetabolicenzymes  
WithinareIatjvelysma‖numberofviablecelEsandforaroughestimationofthequantityof  
theactivity．Thenon－Standardisedfactorsofthi＄teChniqueIikee．g．thereadingofresultsare  
COmPenSatedwiththeJargenumberofenzymeso†differentenzymefamiliesincludedinto  
thestudy．Moreover，SyStematicerrorswithintheappllCationofthesetechniqu8areOfno  
relevanceasIongassimiFaritiesofc10nedmicroorganismstrainsareinvestigated．  
WecorTIParedninestrainsof7bxop庖smagondiia”ofwhicharehighlyvirulen＝orTTliceand  
al10fwhichhavebeencuItivatedbyserialintraperitonealinocurationinmice．0urstudyhad  
toberestrictedexc［usivelytovirulentandintraperitonea”ymaintainedstrains，aSStrainsthat  

areavirulentinmicecan  

beproducedinhigha－  
mountsintissueculture  

Only．Y吼thereare  
SOmehintsthatisoen－  
ZymePatternSmayde－  
Pendonthegrowthsys－  
tem（mice／tissuecuI－  
ture）atleasttoacertain  
degree（Dardeetal．  
1990，Harmeretal 
1993）．Toexcludea  

Table3：  

City－block（Manhattan）distances  
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26   21  

21  

COntaminationofthe  

trophozoitesuspensionwithhostce”sorbacteria，COntrOlexperimentswithperitoneaIce［ls  
aswe”aspurebufferweredonesimuItaneously，lmPureSuSPenSionswere（∋XCludedfrom  
theanalysis・AnotherpointoffFawsmayresultfromdifferencesoftherateofenzym8degra－  
dationafterliberationofToxoplasmatrophozoitesfromhostcelFs．Thus．carefulattentionhad  
tobeg．ventothetim［ngO＝1arVeSting，andtheoptimalcycletimeforamaximumyieJdof  
liberatedtrophozoiteswasdeterminedasdemonstratedinTabl・1－Afterharvesting，further  
PrOCeSSlngWaSdoneasquickaspossible，foIIowrngthestandardprocedureforbacteria［e－  
numerationbyAPl－SyStemS＠・Moreover，thjsproceedingeliminatestheriskofintroducing  
bacteriaintothetestsystem・AnybacterialcDntaminationwaspreventedbytheuseofsterjle  
buffersonly．  
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ENZYME PROFILES OF TOXOPLASMA STRAINS  

ThemethodeappliedinthisstudyisdesignedthedetectthequantityofactivityofaEarge  
numberofdifferentmetaboEicenzymesofanymicroorganismstrain，butitisnotdesignedto  
attributeenzyTTleaCtivityqualitativeFytoasetofisoenzymes．Nevertheless，genealogica［  
COnClusionsdrawnlromtheappllCationso＝heenzymaticprofilingando＝soenzymestudies  
rnustshowsomecorrespondencetoproovevalidity・Fromtheninestrainsexaminedinour  

SyStemSixhadalreadybeenstudiedbya  
COmParisonoftheisoenzymepattems．This  
PreViousstudybyBarnertetaI．（1989）hasled  
toahierarchicaltreereflectingthepossjbIe  
Phy10geny・Someofthebasicresultsobtajned  
byanalyslngtheisoenzymeswereconfirmed  
inourrecentstudy；inparticu－ar，bothstudies  
haverevealedtwobasicgroupsofToxoplas－  
mastrains．Moreover，thelar9eramOuntOfour  
dataalIowedanimprovedinterpretationand  
thusEedtosomemodificationsinthehierarL  

Chicaltree．  

Oneresultofourstudyisanelucidationofthe  
reJationshipo†theTstrain．Duetoitshistoryof  
PrOPagation，itsattributiontoeithertheRHor  
theBKclusterhasalwaysbeensuspected・  
Accordingto（〕UrreSUltstheTstrainismore  
SimiIartotheVienneseRHslrainthantoany  
Straino＝heBKcJuster．Anotherinteresting  
resu霊tfocusesonthepositionofKBstrajn・  
Bamertin1990hadloundadistinct【ylSOLated  
POSitiono＝hisstrainwhereaswecouldnow  
CtearLycIassifytheKBstrainwithintheRH  
CIuster．  

FIGUREl．Hierarchica＝r8eCOnStruCtedlromthe  
City－bLcckdistancesoftheenzyrneprofileofTbxo－  
P／ash7agOndiivvithcompletelinkageastheamalL  
gamatbn「ule 

LookingcJoseratthe8KstrainskeptinvarjousEuropeanLaboratorjeslaJIstudiedBKstrains  
haveprovedtobemembersofasingIec（uster（Fig・1）1areSullconfiTmingtheircomrncr．ori・  
gin・Moreover，theBKstrainfromMagdeburgseemstobecloserrelatedtotheBKstra－n  
fromBonnthantotheVienneseBKstrain．Thisresultcorrespondstothestrains、historyas  
knownsofar．TheBKstrainwastransferredfromBonntoMagdeburgIn1982，Whereasit  
hasbeenpropagatedinViennaforatleastei9htyearsLonger・However・thestrainAltand－  
surprlS．ngly－thestrainRHfromMa9deburgalsofitinthisBK－Cluster・Duetotheseresults  
onemightpogtulatethatsomeconfusiorlduringsirnuFtaneouspropagationofBKaTldRH  
strainsinMagdeburgandtheAltstraininViennamayhaveoccurred・  
Astudypublish白dbySibleyandBoothroyd（1992）demonstratedanessentia”yidenticalgQ－  
notypeinToxop■asmastrainsvirulentformiceisolatedfromdifferenthostsonthreeconti－  
nents．Thissupposedpartia】equarityinthegensequencedoesnolnecessanlycontradict  
ourresults．asasem■qUantitativeenzymedeterminationdependsontheleveLo†enzyme  
expressionandonenzymedegradationmorethanonanydifferencesinthegensequences・  
Untilnow．therearenotanydataavailableontheenzymeequ．pmentofavirulent  
Toxop■asmastrains・Zymodemesbasedonanalysesofafewisoenzymesarenotslgnificant  
†oravirulencedetermination（Dardeetal，1992）・  
BaseduponacalculationofcitybIock（Manhattan）distancesacoTTIPletclinkagewascarried  
outinordertoobtahlahierarchicaltreedemonstratingsjmilaritiesbetweenthestrains（Fig・  
1）．Weareofcourseawareofthe†actthatacompleteIinkagetestdoesnotne，CeSSarilylead  
toatreewhichreflectsthegenea10gyO＝hemembersincluded・Nevertheless，itmaybeacr  
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ENZYME PROFILES OF TOXOPLASMA STRAINS   

CePtedasareasonableassurnptionthatmostofthesimiEaritiesaretobetracedbacktoevo－  
1utionaryeventsandthusareofsomephy10geneticaIs■gnificance・ThetreeinFig・1dem－  
OnStrateStha‖heninestrainsformtwolargegroups，OneOfthemconsistingo†thestrains  
RH－V．T，928，andKB：theotheronecomprrsesaLIBKstrains，thestrainA‡t，andstrainRH－  
M．1fthedistancesbetweenbranchesinfactreflectanygenealogyhastoremainunans－  
wered．Yet，thistechniqueprovidesatechnicalsimple，inexpensiveandquickwayforcheck－  
■ngtheidentidyofanymousevjrulentToxopEasmastrainbycomparisonofitsenzyme  
activitytotheactivitiesofdefinedreferencestrainsL   
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