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ABSTRACT   

Ninestrainsofthefree－1ivlngamOebaWiLlaerliamagnaandoneofNaegLeria  
jbwlen werecomparedbydetectionofwhole－Celland smal1subunitribosomal  
DNA（SSurDNA）restrictionfragmentlengthpolymorphisms（RFLPs）・Ailstrains  
ofW・magnaShowedidenticalPstIwhole－CellRFLPsIalthoughvariationinBglII，  
HaeIIIandKpnIRFLPswerefound・TheseRFLPsdidnotcorrelatewiththe  
geographicoriginofthestrains・PhylogeneticanalysISOfthewhole－CellRFLPs  
separatedtheW・magnaStrainsintothreedistinctclusters・However・thesewerenot  
sufncientlydiversetoindicateinterspeCiesvariation・HomologousssurDNARFLPs  
werefoundforailstrainsofW．tnagnaregardlessoftherestrictionendonuclease  
used．Boththewhole－CellandssurDNARFLPswerediffereTltforW．magna and  
N．jbwleriandcanbeusedtoidentifythespecies・Onthebasisofhomologous  
whole－Ce11PstlandssurDNARFLPS，thenndingsof（hisstudycon丘rmthatW・  
magnaisaslnglespeciesgenus・   

INTRODUCTION   
Wilhzertia magnais a smallfree－1iving amoeba（FLA）charaCterized by a  
trophozoite，CySt and flagellate stage（DeJonckheere etal11984；Page1988，  
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Robinsonetal．1989）．Althoughtheoriginalisolateofthespecieswasmadefroma  
bovineentericspecimen，W・magnaiscommonlyfoundinwarmfreshwaterhabitats  
world－Wide（DeJonckheereetal．1984；Dobsonetal．1993），Suchsitescanalso  
contain the thermophilic amOebo－flagellate nzegleria jbwlen，the causative  
organism offatalprimary amoebic meningoencepha）itis（PAM）in man（Carter  
1972；John1993；KilvingtonandBeeching1995）・Whilstthemorphologicalforms  
arelarBerin W・magna，the（rophozoitesofbothspeCiesshowlimaxmovement，  
haveporesinthecystwail，hrmtemporaryflage11atesthatinW・magnaCanalso  
divide（John1993，Page1988；Robinsonetal・1989＝naddition，bothspeciescan  
tolerategrowthupto45OC（DeJonckheereetal・1984）・Itisthereforeimportantto  
reliably differentiate the two species when monitoring environments for the 
presenceofⅣ・ルルJ川・   

Asinallmembersoftheschizopyrenidamoebae，theribosomalDNA（rDNA）  
genesofW．fnagnaarepreSentOneXtra占hromosomalplasmids（ClarkandCross  
1987）．Endonucleasedigestionofwhole－CellDNApreparationsenablesthedirect  
detection on agarose gelelectrophoresis of restriction fragmentlength  
POlymorphisms（RFLPs）derived frommitochondrialand rDNAF These RFLPs  
enablethedemonstrationofbothinterandintraspecificdifferenceswithingenera  
（DeJonckheere1986；DeJonckheere1987；KilvingtonandBeeching1995）・Most  
recently，amPlincation of tlle Small－Subunit rDNA gene（SSurDNA）by the  
polymerase chain reaction（PCR）and digestionwith restrictiorL endonucleases  
（riboprinting）hasalsobeenusedtodetectspeCiesvariationinbothparasiticand  
free－1ivingamoebae（ClarkandDiamond1991a；ClarkandDiamond1991b；De  
Jonckheere1994a；BrownandDeJonckheere1994）．   

MinordifferencesinRFLPsandisoenzymeprofilesTtavebeendemonstratedin  
strainsofWmagna（DeJonckheereetal・1984；DeJonckheere1986；Dobsoneta1  
1993）butthesearenotsufncientlydiversetoindicatethatthegenusiscomprised  
Ofmorethanasing】especies（DeJonckheereetal．1984；DeJonckheere1986）L  
DescriptionsofPTVtOnaegleriawesphall（MichelandRaether1985）andW・minor  
（Dobsonetal．1993）arenowconsideredtobesynonymsofW．magna（Robinsonet  
aI．1989；DeJonckheere arld Brown1995）．In this present study we have used  

Whole－Celland ssurDNA RFLPtyplng tOCOmpare9strains ofW．mag7uZ from  
variousgeographicallocationsandaclinicalisoJateofN．♪wleri・Theo叫ectives  
were to determine thelevelofgenetic variationin W・magna and to esta♭1ish  
WhetherthesetechniquescanreliablydifferentiatethespeciesfromN・JbwlerE・   

MATI王RIALS ANDMETIIODS  
Orなf〃〟〃dC〃J血相qf∫什dJ乃・9   

StrainsofW．magna，N．jわwLeriandN・IovanEensisexaminedinthisstudyare  
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1istedinTbblel・Trophozoitesweremaintainedbycultureonnon－nutrientagar  
PlatesseededwithliveEscherichiacoli（NNA－E．coLi）at37OC（Page1988）andalso  
adaptedtoaxenic growthat32CCinserum－CaSein－g）ucose－yeaSteXtraCtmedium  
（Au年etal・1986）．Strainsweretestedforgrowthtoleranceinairat420Cand440C  
OnNNA－E・COLE・Abilityofthetrophozoitesto transformintoflagellateswastested  
byresuspendingNNA－E・COliculturesindistilledwaterandincubatingat300Cin  
airfor5．5－22hrs．  

J、りノりJい′川＝J〟t、Hγいf・・〃上川／川川－イ川、－・力＝恒パイlりいJ卜（▲／JJハ、I   

ApproximatelylxlO81atelogphasetrophozoiteswereusedR〉rtheisolationof  
WhoJe－Ce11DNA・Tbtalnucleicacidsisolatedbystandardmethodo】ogyofdetergent  

IysIS，prOteinaseKdjgestion，phenolextractionandiso－PrOPanOlpreclpltation，aS  
describedpreviously（DeJonckheere1987；Kilvingtometal．1991）．The且malpellet  

WaSdissoIvedin200B1lofTEbuffer（10mMtris．HCl－1mM EDTA，pH8．0）  
COntaining5匹g／mlRnaseA（SigmaChemicalCompany，Poole，England）．DNA  
SamPles（2－3mg）weredigestedat370Cfbr2hrswith5－10Uoftherestriction  
endonucleases BglTI，HaeIII，KpnIorPstIuslngapPrOprlatereaCtionbuffers  

provided by the supplier（Northumbria Biologicals Limited，Northumberland，  
England）．SampleswereloadedontohorizontalO．8－l．2％agarosegelspreparedin  

trisborate－EDTA（TBE）buffer for electrophoresisin TBE buffer atl．5V／cm  

OVemight（Sambrooketal．1989）．DNAstandardsof†－HindI7T／◎X－174RF－HaeTIT  

digests（Pharmacia LKB Ltd，Milton Keynes，England）wereincluded as size  
marker5・Gelswerestainedwithlmg／mlethidiumbromideindistilledH20and  
photographedundershortwaveWtransi11uminationusingPolaroid665filmanda  

KodakWratten＃23Aorangefilter（Sambrooketal．1989）．  

1もbIel．Species，Strain．sourceamdyearofisolation．  
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nl＝拙・‥J甘川J川L・   

The ssurDNA for each strain was amplified using the universal eukaryotic 
prlmerSforthegene：5TAYCTGGTTGArYYTGCCAG；3’TGATCCÅrCTGCAG  
GTTCACC（Embley et al．1992a）．Theletter Y denotes either a cytosine or  
thyminepyrimidinenucleotide・Eachamplificatjonreactioncomprised：300ngof  
Whole－CellDNA template；0．2mM each dNTRlmM ofeach prlmer，2mM  
MgCI2，1xlbqpolymerasebufferand2・5UofTaqDNApolymerase（Advanced  
Biotechnologies，Surrey，England），inannalvolumeoflOOml・Afteraninitial  
denaturationstepof950C丘）r5min，theamplificationcomprised：10cyclesof940C  
forlmin，550Cforlmin，720Cfor2min；fbllowedby30cyclesof920Cforl  
min，550Cforlmin，72OCfor2min．AfterafurtherlOminat720CthetlJbes  
Were Chilled to40C．TheamT）l摘ed ssurDNA was puri鮎d by spln COlumn  
Chromatography with SephacrylS400（Pharmacia Biotech Ltd，Hertfordshire，  
England），digestedseparate］ywiththerestrjctionenzymesAluI，CR，I，HaelIl，  
MspTandSau3A，andseparatedonl・2％agaroseTBEgelsat90voltsfor2hrs  
（Sambrooketal．1989）．  

川、、い……・・・神車、古   

Thewhole－CellRFLPsobtainedfortheW．magfu7Strainswerecomparedfor  
thepresenceorabsenceofcommonrestrictionendonucleasesites．Jaccard（1901）  
similarltyindexes were generated and the matrices analysed by the Neighboト  
Joining programme within PHYLIP（PhylogenyInference Package）Version3・4  

（Felsenstein1989）．   

RESUI．TS   
Restrictionendonucleasedigestionofwhole－CellDNAwithBglll，HaeIII，Kpn  
IorPstIenabledthedetectionofRFLPsdirectlyonagarosegelelectrophoresis  
（Figs．1－4）．A】］W．magna strainsshowedidenticalPstIRFLPs（Fig14）・WithBg］  
II，VariationinRFLPswasfound（Fig．1）．StrainsA－2，AL3，A－8andA－10た■rmed  
OneRFLPprofi］e，andA－4，A－5，A－6andA－9anotheLStrainAp7，Whilstsimilarto  
thelatterprofi］e，hadauniquebandofl．6kilobasepairs（kbp）．ForHaeIII，the  
StrainssharedcommonrestrictionfragmentlengthbandsalthoughA－2，Ar3andA－  
1O were characterized by a unique band of2・6kbp（Fig・2）・A－8showed an  
additiona12．2kbpbandnotpresentinanyotherstrains・Mos（VariationinRFLPs  
wasseenwithKpnI（Fig．3）．1denticalRFLPpron】eswerefoundwithA－2andA－  
8；A－4and A－9；and A－3and AL7，Al】other strains were unlque．The RFLP  
profilesshownbyN．jowlen MCMwerecompletelydistinctfrom W．magnaand  
there was no co－mlgration of anyindividuaJband between the two species  
regardlessoftherestrictionenzymeused（Figs・1－4）．  

ノ〝〃   
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Figurel．Bglllwholeuce］）DNARFLPs．DNA  
standardsof入Hindl‖／OX－174RトHaeJIl  
digestsinkbp（入）LN・♪，WIeri（1）．W．magna  
StrainsA－21DA】0（2－tO）＿  

Fig11re2．HaeIllwho］e－CellDNARFLPs．  
DNAstandardsof入－HindllI／OX－174Rト  
HaeIlIdigestsinkbp（入）．ⅣJ石山川（り．  
W．magnastrainsA－2toA10（2－10）．  
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Figure3．Kpn7whole－Cel］DNARFLPs．  
DNAstandardsof九LHi11dJlI／◎X」74RF－  
HaelIIdigestsinkbp（入）．Ⅳ．椚〟官服Strains  

A－2tc■A－10（1－9）．  

Figure4．PstIwhole－CeJ］DNARFLPs．  
DNAstandardsof－1，．入－HindTIJ／OXr174  
RFHaeJ11digestsinkbp（入）．N．jbwLen  
（り．Ⅳ．椚β脚〟StrainsA－210A－10（2－10）．   
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AmplincationofthessurDNAgenedetectedaproductofapproximately2・O  
kbpinallW．magnastrainsandN．jbwLenMCM（resultsnotshown）・Restriction  
endonucleasedigestionoftheproductwithAluI，CfoI，HaetIT，MspIandSau3A  
enabledRFLPstobedetected・AllstrainsofW・magrZaShowedhomologousRFLPs  
fortherespeCtiveendonucleases，howevertheseweredistinctfromthoseobtained  
wi（hN．JわwlerEMCM．TheriboprintsobtainedwithCfol，HaeIIIandMspTare  
showninFig・5・Thephotographs oftheAluland Sau3Ariboprintsare not  
shown．ThesizesoftherestrictionfragmentsinkbpwithAluIwere＝0・57，0・53，  
0．41，0．35，0．30fbrⅣ．旅Wk枕・andO．60，0．55，0．41，0．37，0・25forⅣ・〝∽g乃仇  
WithSau3A（hesizeswere：0．77，0．49，0．40，0．34forN．Jbwlen；andO・70，0・45，  
0．33，0．27，0．21rorW．7那卯仇   
Thephylogenetictreeobtainedforthewhole－CellRFLPsisshowniTIFig・6・  
The riboprlntlng reSults were notincludedinthe data analysIS aS these were  
homoloBOuSforal】thestrainsregardlessoftherestrictionendonucleasetested・T伽o  

discreteandonedividedclusterswereformed．CluslerlcomprisedstrainsA－4，A－  
9，andcluster2A－5，A－6．ThethirdclustercontainedthreesubgroupsofstrainsA－  
2，A－8；A－10；andA－3，A－7，   

OftheW・mLZgnaStrainsstudiedhere，OnlyA－2，A－10，A－9andA－5showeda  
maximumgrowthtemperatureof440ConNNA－E．coLi（rIbblel）・Nocorrelation  
between maximum temperature（01erance and RFLP pronle or phylogenetic  
c］usteringwasfound（SeeFig．6）．Forexample，StrainsA－4andA－90fclusterI  
ShowedmaximumtemperaturetOlerancesof420Cand440Crespectively・FlaBellate  
transformation was observedin a11strains except A－9when trophozoites were  
incubatedat30OCindistilledwater（Tablel）．Thenumberofflage11atesproduced  
WaSSparSeandincubationtimesofupto22hrswererequiredbeforetheywere  
detected．N．jbw］eriMCMgrewa【44OCandreadilyformedflaBe11ates・   

DISCIJSSION  

lnthisstudythecomparisonof9strainsofW・magnafromvariousgeographic  
localitieswasundertakenuslngthedetectionofwhole－Ce11andssurDNARFLPs・  
A11strains gave homologous ssurDNA RFLPs for allrestriction endonucleases  
tested．1もriationinwholercel】DNARFLPswas，however，detectedwithBgllI，Hae  
lIlandKpnl・TdenticalPst T RFLPswereobtainedinallstrainsindicatingthis  
Partict）］ar profile may be used to dennitivelyidentify W・magna・Phylogenetic  
analysIS PrOdueedthrcedistinctclusters forthe strains basedon the whole－Ce11  
RFLPs．CJusterlcomprisedstrainsiso］atedfromScotlandandIndia，andctuster2  
containedstrainsfromGermanyandSpain・Clus（er3whichwas subdividedinto  
three♭ranchesincludedstrains rrom FranceandEgypt，India，and Englandand  
Egyptrespectively・Therefore，Strains of W・magna from thesamelocalityexist  

∴・二   
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Figure5．Cfol，HaeIl（，MsplssurDNAriboprints，DNAstarldardsof入－HindlZl／OX－174  
RF－HaelIldigestsinkbp（入）．N．jbwZeFj（I）．W，mL7gnaStrainsA－2toノし10（2－10）・  
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FiBure6・PhylogenetictreederiYedfromW・magnaWhole－CeuDNARFLPs・   

withdifferentRFLPtypeswhich donotcorrespondwithgeographiclocality・This  
isincontrasttothefindingsforN．jowleriinwhichstrainRFLPtypeaPpearStO  
correlatewiththegeographiccontinentoforigin（DeJomckheere19B8；Kilvington  
etal．1995），   

ThessurDNAisahighlyconservedregionineukaryotes（Hillisetal・1993）・  
ThehomologyfoundwithinW・magnaStrainsbyriboprlntlngfurtherindicatesthat  
thegenusiscomprisedofaslnglespecies・Theapproximate2・OkbpssurDNAPCR  
productobtainedforal）strainsofW－fTZagna and N・Jbwlen correspondstothe  
expeCtedsizeofthegeneinFLA（Embleyetal・1992b；I）eJonckheere1993）and  
indicatesthe absence ofintron elements as has been discoveredin N．andersoni，  

SOmeN・gruberistrainsandAcantfzamoeba（FLA）speアies（Embleyetal・1992b；De  
Johnckheere1993；Gastetal．1994）．Althoughriboprlntingisarapidapproachfor  

J〃．ブ   
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inferrlngphyJogeneticrelationships，itonlyanalysesasmallproportjor）Ofthetotal  
gene．Useofawiderrangeofrestrictionendonucleasesotldefinitively，SequenClng  
OftheentiressurDNAgenemayidentifyintraspeciesvariationashasbeenfoundin  

theNaegleria（DeJonckheere1993；DeJonckheere1994a）・Theriboprintsobtained  

forW．magnaandN．jbwleriweredistinctandenabledthedifferentiationofthe  
SPeCies．Riboprlntlng With AluIofthe ssurDNA haspreviously been shownto  
identify all肋egleria spp，and W・magna（DeJonckheere1994）・Thus，the  
SenSitivlty and spec捕city of PCR ribopnntlnglS a Valuable teclmique for the  
identincation ofthese FLA．Importantly，Strains do not need to be adapted to  
axenicculturebrtestingandwouldenabletherapididentificationofspeCiessoon  

af（erprlmaryLSOlationfromtheenvironment．   
The tlagellate formation testis that used toidentify the genus NaegLerEa，  

members ofwhich readily produce transformants reBardless ofage or typeOf  
Culture（Page1988）．However，flage］late formation jn W・magnais difncult to  
induce（Page1988；Robinson et al．1989）andin this study could not be  
demonstratedwithstrainA－9（NI13）．Theuseofthetestfortheidentincationof  
W．magnaistherefbreunreliableandfurtherstudiesarerequiredtoestablishthe  
Optlmalconditionsforinducingtransformationinthetrophozoitesofthisorgamism・  

ThehiluretorecognlZeaflagellatestageintheonglnaldescrlpt10nOfW・magna  
inadvertentlyledtothedescriptionoftheamoeba－nagelJatePwesphali（Michel  
andRaether1985）．Onthebasisofwhole－CellandssurDNARFLPs，thisstudyhas  

COn且rmed thatP we呼haZiNI4Cll，（CCAP1517／1）is a strain ofW・magna・  
Recently，Dobsonetal．（1993）examined12stminsofW．magfuLbymorphoIogical，  
physicalandisoenzyme analysis．No allelic differences were found between the  
StraiJISfor18outof23enzymesstudiedindicatInglowgeneticdiversltyWithinthe  
SpeCies．However，OneStrainisolatedfromtheNorthernl七rritory，Australiashared  
al1eleswithⅣ．magnaatoTlly3lociandhadamaximumgrowthtemperatureOf  
380C．Thestrainwasdesignatedasanewspecies，W，minor，Sequeneeanalysisof  
thessurDNAofthestrainhas，however，ShownittobdorlBtOthegenusNaegleria  

（DeJonckheereandBrown1995）．   

Inconclusion，thehomologyseeninthePstIwhole－CellDNAandssurDNA  
rjboprlntingRFLPsconfirmsthatW．magnaisaslnglespeCiesgenus．TheseRFLPs  

aredistinc［fromthoseofN・jbwleriandthemethodsanbeusedtodifferentiate  
the two species that coold by morphological criteria and maximum growth 
temperatllrebeconfused．   
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