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ABSTRACT   
The antlgenic differences between Blastocystis hominis and BLastocystLs sp・  

（isolatedfromahumanandachickensources，reSpeCrively）wereinvestigatedby  
uslngpOlyc】onalandmonoclonalantibodies．Polyclona］antibodiesdidnotreveaJ  

distinctantlgenicdiffbrencesbetweenthestrainsbyWesternblotanalysIS，Whereas  
monocIonalantibodies（MAbs）producedagainstB．hominis diddetectantigenic  

POlymorphism betweenB・homlnLsandBLaslocystis sp．Sixoutof8MAbswere  
SPeCi坑c to B．hominisantlgenS and2MAbs reactedwith both B．hominis and  
BLasfocys［issp・antlgenS・ImmunoelectronmieroscopyuslngtheseMAbs，reVealed  

labelingonthe壬ilamentouslayerortheeentralvacuole．Interestlngly，the6MAbs  

reactedonlywithB・hominL－antlgenSOnthefilamentouslayer，Whereastheother2  
MAbslabetedonthecentralvacuole・Therefore，theantlgeniccomponentsofthe  
nlamentouslayer may be strain or speCies speci且c・In contrast，the antlgenic  

COmPOnentSOfthecentralvacuolearesharedbybothB．hominisandBlastocystis  
SPISuggeStlng the metabolic substancesin the centralvacuole are antlgenical1y  
COmmOn．  

INTRODUCTION   

SinceBlasEOCySlishomEnlswastlrs【reportedinstooIsamplesofinhabitantsof  
thetropics（Brumpt1912），manyB・hominis－1ike organismshavebeenfoundina  

hese両社dress＝＃＝aggluml（二】jni仁一nc・，ヱ227W・－ノindse〉バl】jte140上Nom叫Oklahoma7ユ帖9」⊥S．A．，＊How血Hughes  
Medicallns竃i■uleRese乙1rChLabomtories，Washing【onlJni、・亡r5jt）・S亡ho口lorMedicine，nepar－meIl－ofMole仁山arOncuiogy，660  
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Varietyofvertebrates（Burdenetal．1978，1979；Yamadaetal．1987；rIb。Wetal．  
1991，1992；Boreham andStenzel1993；Stenzeleta－・1994）．Mostofthese  
Orgamimswereindi5tinguishablefromB・hofnLnisbylightande］ectronmicroscopy  
because’theylacked consistent mofpho】0gicalcharacteristies・The great  
morphologicalvariationsamonBindividualisolates（Yamadaetal．】987；Dunnetal．  
1989；Tbowetal・1992）・1eftthequestionsofwhetherornottheseBlastocystis  
Organisms were the same or different species・Practically，B・hominis－1ike  
OrgamismsarecoILectivelydesignatedasBLastotystissp・eXCeptforthoseofhuman  
Origin（Yamadaetal・1987；Boreham and Stenzel1993；Stenzeletal．1994）．  
HoweveちaneWSpeCleS，B・l呼emi，Whichwasisolatedfromtheseasnake．was  

recentlyreportedbasedondifferencesinoptimalgrowthtemperatureandinthe  
electrophoretickaryotype（Tbowetal・1991）．Therefore，itispossiblethatmore  
thanone助stocystisspeciesishvoIvedinavarietyofhosts．   

On the other hand，the pathogeniclty Of B・hominisis now controversial  
（Editorial1991）andthereisnoconvincinginformationastothetransmissionroute  
OfBlask）CyStis・1tisclearthatwhatis criticdlyneeded，isareagentthatcan  
dis（inguishpossibIenewspeciesofBlastocystisand／orzoonoticstrains・Antigenic  
polymorphismbetweenhumanisolatesrevealedbyimmunoblottingsuggestedthe  
PreSenCeOfpossib）evariantsofBLhomini5SpeCies（KukoschkeandM也1ler1991；  
Borehametal・1992；Muller1994）．Thesestudjeshadsomelimitationsinthat，the  
resolutionrequiredtodetectprecisedifferencesre］iedonpolyclonalantibodies．In  

thisstudy，Wedeveloped81inesofMAbsagalnStB．homi血isolatedfromahuman．  
Theantlgenic poJymorphisms betweenhuman and chickeTlisolates，Whichwere  
prevjouslyindistinguishablebymorphologica］observations（Yamadaetal．1987），  
WereCOmParedbyWesternblott］ngandimmunoelectronmicroscopy・   

MATERIALSANDMETHODS  

ぶけd加∫α乃dc〟〟〟柁   

ThecultureahdstrainsofHE87－lofB・hominisandofCK86－lofBlastoqsEis  

SP・isolatedfromachickenweredescribedpreviously（Yoshikawaetal．1995a，  

1995b）．  

A比和印pJ甲8r（‡如乃   

Blastoeystis and coexjstlng bacteriain the culture medium were purifiedas  
described previously（Yoshikawa et al・in press）．After4days ofcultivation，  
BlastoりStis settled on the bottom ofthe culture ttLbes and most ofthe culture  
medium was carefully removed・The sediments were sLowly plPettedwith  
SiliconizedPasLeurpipetSandtransfbrredtosteri1ecentrifugetubes・Thesewere  
Centrifuged at50g forlmin to removelarge sediments and the supernatant  
fractionsweretransferredtocleantubes・Thesuspensionwascentrifugedat350g  

∴リ   
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for5min．Thesupematantfractionswerefilteredthrough5JJmSteri1e別tersto  
collect bacterial antigens from the culture medium. The sediments were 
resuspendedinRingersolutionandrecentrifugedasmentionedabove・Thisprocess  
WaS repeated nve times・Af［er the finalcentrifugation，the packed cells were  
approprLately resuspendedin Ringer soJution，COunted by uslng a  
haematocytometer，and stored aト30OC untilused as BlaslOqStisantlgeJIS・The  
bacterialcontaminationwasmonitoredbylightmicroscopyandthecontaminations  
OfproteinandgenomicDNAwerecheckedagalnWhenbacterialcontaminationwas  
eliminatedmorethan99％（Yoshikawaetal．inpress）．Ontheotherhand，bacterial  
fractionswerecentrifugedat750g丘）r5minandthesedimentswereresuspendedin  
O．5mlRingersolution，andstoredasbacterialantlgenSat－300C．Samplesshowing  
no contaminations of proteins and genomic DNA were usedin this study・  
JIハ・－／仙川りいイ〃佃・・・・∴り＝∫一肌小・′、、・イ州J′州′メゾ申・JJ‥   

Monoclonalantibodies were producedas described previously（Graves etal・  
1986）．Briefly，female BALB／cmice（6week－Old）wereinjected subcutaneously  

withsonicated300LALantlgenCOntainlnglxlO6B・hominisor5－10ygproteinof  
bacterialantlgenSemu］sinedinthesamevolumeoftheFreund■scompleteadjuvant  
（DifcoLaboratories）．rrbIOWeeksaftertheprimaryi再ection，aboosterofthesame  
amount of antigenmixedin the Freund’sincomplete adJuVant（］：l，V／v）was  
JnJeCtedsubcutaneouslyonceevery14daysfor42days・Threedaysafterthe重nal  
boost，miceweresacrificedunderetheranesthesiaandspleencelIswerefusedwith  
X63Ag8．653mousemyelomacells（Ga）freandMiJstein1981）．Forpolyclonal  
antibodies，blood from sensitizedmice was collected by cardiac puncture．The  

COllectedbloodwasallowedtoclotforseveralhoursatroomtemperatureandthen  
StOredover－nightat40C．TheclotwasceTltrifugedatl，20〈）ghrlOminat40C・The  
SerumWaSthenremovedamdstoredath300C．HybridomasproducingMAbsagalnSt  
BLas（OCyStis antlgenS Were SCreened by enzyme－1inkedimmunosorbent assay  
（ELISA）usingthepositivecontroIpolyclona］serum・Isotypingofthemonoclonal  
antibodies was assayed by using a commercialELISA kit（Zymed Lab・，Tnc・）・  

比JぶA♪r【ゴビJ祀血〃q′朗d∫伽岬∫∫一叩gC所c8乃抽od≠e∫   

The indirect ELISA for antibody detections was performed as described 
previously（Gravesetal．1986）．Brieny，theantigenswerepreparedbysonicatinga  
preparationcontainlng2L6Ⅹ107ce11spermlandO・5ygproteinperwellwasbound  
【othesolidphaseoftheNunclmmunoplatepolystyrene96－WellmicrotiterpJates・  
Theseplateswereincubationat370Cfor2Ttrsinhumidchamberand［henwashed  
threetimeswithphosphatebuffered－SalinecontainingO．05％Tween20（Pl〕S－T）Lrrb  

avoidnon－SpeCificreactions．thewellswereincubatedwith200L⊥15％nonfatdry  
milkforlhratroomtemperature・AfterwashingtwotimesinPBS－T，50plofthe  
undjlutedculturefluidsfromtheorlglnalfusedhybridomace11sordiJutedseraasa  

∴、＝   
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POSitivecontrol（1：500withPBS－T）wereaddedtoeachwellandincubatedfor2  
hrsatroom temperature・Forthenegative control，diluted serawere addedto  
uncoatedwe11s・TheplateswerewashedfourtimeswithPBS－Tand50plofanti－  
mouseIgGorlgMcortjugatedwithalkalinephosphatase（Sigma）dilutedl：1，000  
withthesamebuffeLAfterincubationfor2hrsatroomtemperature，thecon）ugate  
WaSdiscardedandtheplateswerewashedfourtimeswithPBS－Tand50l⊥lof  
freshlypreparedp－nitrophenylphosphatesubstratesolutionwasadded・Theplates  
Wereincubatedatroomtemperaturefbr30minwithshakingandoptlCa）denslty  
WaSmeaSuredat405nm．  

1l、ハJげJIノーいM机けJ＝＝・l／…l・   

Antigens were soIubilizedwith samplebuffer rO．1％sodium dodecylsulfhte  
（SDS），l・25％2－merCaptOethan01，0．02％bromophenolblue，0．02M Trishydro－  
Chloride，and7％glycerol，PH6．81for5minatlOOOC．Antigensamplescontaining  
100pgproteinbrapreparatorygelorotherwise15to20pgproteinperwel】  
Were electrophoresed through4．5％stacking gelandlO％SDS polyacrylamide  
runninggels（Laemmli1970），Forthebacterialantigens，2pgofproteinwere  
used．Electrophoresiswasperformedunderaconstantvoltageof80Vpergel（J］io－  
Rad，MinトPROTEANIIcell）orunderaconstantcurrentat40mA（ArTO，AE－  
6200）forlhratroomtemperature．Molecularweightproteinstandards（14tol16  

0r17to200kDa）wereincludedin each run．Proteins separated by SDS gel  
electrophoresisweretransferredtonitroce11ulosepaperbyamethodsimi）artothat  
OfTbwbinetal．（1979）．Brieny，theproteinswereelectrophoreticallytransferred  
tomitrocel】u］osepaper（0．45ymporesize，SchLeicher＆Schuell）underaconstant  

VOltageoflOOVforlhr（BioRad，Trans－Blotcel】）orunderaconstantcurrent  
（1．5mA／cm2）fbr90min（ATTO，AE－6675P／N）．Aportionofthemembrane  
COntainingthemolectllarweightstandardswasstainedwithamidoblack．Theother  
POrtionofthemembranewasincubatedwith］％Tween20inPBSforlhratroom  
temperatureOrOVer－nightat40C．AfterwashingoncewithPBS－T，themembrane  

SheetswerecutintostrlPSOrWithoutcuttlng，andsubsequentlyInCubated2hrsat  
roomtemperatureoroveトnightat40CwitheitherpolyclonaJsera（dilutedl：500in  
PBS－T）aspositivecontrolorwithculturenuidsfromvarioushybridomas．After  
thestrlpSOrSheetswerewashedfourtimeswithPBS－T，theywereincubatedfor2  
hrsatroomtemperaturewithalkalinephosphatase－COTt）ugatedanti－mOuSeIgGor  
IgM（Sigma）dilutedl：1，000inPBS－TITheseweresubsequentlywashed重vetimes  
andthe antlgenic bands were developed by the addition of5－bromo－4－Chloro－3－  

indolylphospha（e and nitroblue tetrazoliumin the dark．The antlgenic reactiv  

bands were allowed to develop払r5to7min．The reaction was terminatedby  

WaShingthe blotsinasolutionofO．4MTrisbuffercontainingO．1MEDTA（pH  

2．9）fo1lowedbyafinalrinseiIldisti11edwater．  
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JJ仙＝〃い′イー・・J′トり一仙、Iいぃ・・J・＼、   

Af（er4dayscultivationofthe＝E87LIstrain，mOStOfthesupematantfractions  
ofculturettlbeswerecarefullyremovedanddiscarded・Immediate］ythereafter・l／2  
Karnovskyfixative（2％paraR）rma］dehydeand2・5％gIutaraldehyde）inO・04M  
phosphatebuffer，pH7・4，WaSSlowlylntrOducedintothetubes，andtheB・hominis  
organismswet・efixedfor2hrsatroomtemperature（Yoshikawaetal・1995a）・  
Af（erfixation，allofthesupernatantfractionwastransferredtocleantubesand  
centrifugedat］80gfor5min・TheI）aCkedsedimentswereresuspendedintoO・1M  
phosphatebufferedsaline（PBS），PH7・4・AfLerwashingwiththesamebufferat  
4Dc，thesampIesweredehydratedwithagradedseriesofethano］andembedded  
intoL－R－Whiteresin．Ultrathinsectionscollectedomco1lodjoncoatednickelgrids  
wereimmuno－1abeledasdescribedpreviously（Yoshikawaetal・1991）・Brieny，the  
grids were firstplaced on adropofO・1M PBS containlngl％bovine serum  
albuminwithO．01％Tween20（PBS－BSA－T）andtransftrredtodropsofculture  
fluidsofMAbs．Afterincubationfor30minatroomtemperature，thegridswere  
washedwithPBS－BSA－Tandplacedondropsof5yg／mlbiotlnylatedanti－mOuSe  
IgGorIgM（VectorLaboratories）for30min．AfterwashingwithPBS－BSA－T，the  
gridswereincubatedfor30minwithstreptoavidin－gOldconjugates（Yoshikawaet  
al．1988）dilutedl：200withPBS－BSA－TFinally，gridswerewashedwithdistilled  
water，Stainedwithuranylacetateandleadcitrate，andexaminedwithHitachiH－  
7000electronmicroscope atlOO kV・Tb demonstrate the specificity of the  
immunolabe）1ing，COntrOL grids wereincubated with the secondary antibodies，  

followedbystreptoavidin－gOJdcoqugate，OrWithconJugatealone・   

REStJLTS AND DISCUSSION  
Wg∫Je川朗β招乃gW油po¢cわ棚J〟J血あ〃dfピ∫   

Contamination with bacteriain theisolated antlBenS Of Blastocyslis was  
monitoredbymeansofWesternblottlngwithanti－bacterialantibodjes・Nodistinct  

bandwasobservedinthelanesofHE87－1andCK86－1antlgenS，Whereasmany  
reactive bands were observedin thelanes ofbacterialantigens（Fig．1）・These  

resultsindicated Lhat bacterialantlgenS Were nOlonger detectablein the  
BLasLocystis antlgen preParation bylmmunO blottlng・Therefore，the repetitjve  
washes were effective enough to eliminate the bacterialcontamination from  
BlastocystiscuJtures・ThesamewastrueforDNAlevels；Jlamely，PCRproduc（SOf  
bacteria－SPeCific bandstendedtofadeafterwashingtheculturesamples withthe  
Ringersolution，WhiletherestofBlastocystis－SpeCificbandstendedtoincreasethe  
intensity（Yoshikawaetal．in press）．AntigenicdifferencesbetweenHE87－1and  
CK86LIwereexamimedbyWes（ernblottlnguSlngpOlyclonalseraproducedagalnSt  
HE87－1orCK86－1・No mとりOrdifferences were observed between the different  

J！＿1▲）   
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antiseraprodtLCedtoB・hominis（HEg7－1）orBkzstoqstissp．（CK86－1）（Fig．2）．  
WthregardtospeCi鮎antlgenS，Onlyafbwdifferentbandswereobserved．A  
Slnglebandat33kDawasevidentinlanescontaimingHE87－1antigens，Whereasa  
broadbandofbetween20－32kDawasobservedinthelanescontainjngCK86ql  
antigens（Fig・2）・SincebothantiserashowedthesamebandpatternSwithboth  
antigens，it was concluded thatantigenic difftrences between B．hom血is  
B由stocystissp・CannOtb巳detectbyuseofpolyclonalantibodies．  

FigtJre2．WestemimmunoblotarLalysLSOfB．  
如岬血痕（HE87－1）antigens（lanel）andβJ耶わ叫ぶ血  
Sp・（CK86－1）antigens（lane2）withpo】yclo¶aI  
antibodiesagainstHE87－】（A）orCK86－1（B）．The  
r訟Clivebandsobs亡rVedinHE87－1a仙genSa爪d  
CK＄6－1antLgenSWerequlteSimilarinbothpolyclonal  
antibodies．NotethediffbrenceofbandingpatterTl；a  
SJnglebandof33kD且WaSeYjdentinHE87，1  

・4ヱ  antlgenS，Whereasabroadbarldwasseenim20r32  
kDaofCK86－1antlgenS．Tbenum地代Onlhedght  
indicate（hesizeofmoleeularmarkersinkiIodaltorl．  

仙  

ll－t・、、J！・川砧州毎－l・り／J〃…帖イり〃り′l川J〃叫JJ－、   

Eighthybridomasspeci貞ctoB．homirzLswereselectedbyuslngtheELISA．The  
epitope reactivity of the MAbs was examined by Western blotting against both 
HE87－1andCK86－1antlgenS．Sixoutof8MAbswerespeCifictoB．hominiswhich  
reactedwith HE87－1antigeTIS（Fig．3A，lanesl－6）・Howev¢Tlthe same MAbs  

ノブJ   
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showedweakornoreactivitywithCK86－1antigens（Fig・3B，1anesl－6）・OneMAb  
produced3reactivebandswithHE87－1antlgenS，WhereaswithCK86－1antlBenS，  
uppertworeactivebandswereabsent（Figs・3AandB，1ane7）・AnotherMAb  
reactedwithbothantigens（Figs．3AandB，1ane8）・Withregardtotheantigenic  
differences，叩eCincantlgenicreactivebandswereobservedinantlgenSgreaterthan  

A1ぞ？†苧？7？？   

Figure3・WesternimmurlOblotanalysISOfB・hominLs  
anligens（A）andB［astocystissp・antigens（B）with  
rnonoclonalantlbodies（MAb）．Bothpanelswere  
reactedwithMAbsindjcatedinTableLl＿＆neSl－6were  
reactedwithB．hominisantigens，Whereasnoorweak  
柁aCtionswereobseⅣedwithβJ出わ叩∫g～∫5p・a几tlgeれS・  

I，ane7showedthreereactivebandswithB．hominis  
antlgenS，butwithBlastocystissp・antlgeTIS，tWObands  
wereabsent．Lane8wa5reaCtedwithbotharltlgenS．  
l．anel，2gA8A11；1ane2，2hB2A2；1ane3，2fA3A9；  
1ane4，2hC4A5；1ane5，2fÅ3C9；1ane6，2hC4D5；lan  
7，2iEICtO；】ane8，2hA5Al；1ane9．molecular  
markersillkildalton．  
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33kDainB・hominEs（Fig．3，1anesト6），WhereasaTltigens under33kDawere  
reactive to bothB・homEnis and Blastoqstis sp．（Fig．3，laneS7and8）．These  
resuJtsindicatedthattheantlgenicdifftrencesbetweenB．hominisandBlastocystis  
Sp・Canbe・detectedwith6MAbs（2gA8All，2hB2A2，2fA3A9，2hC4A5，2fA3C9，  
2hC4D5）．Since one MAb，2hA5Al，WaS reaCtive withboth B．homiflis aJld  
B加toqs（issp，antigensunder33kDa（1ane8），itisconcludedthatthisaJltigenjc  
determinantissharcdbetweenbothHE87－1andCK86－1．Interestingly，OneMAb，  
2iEIClO，reaCtedwi［hbothantigens（1ane7），butuppertworeactivebands，40and  
35kDa，WerenOtreCOgnizedinCK86－lantlgenS．Theseresultsindicatethesame  
antigenic、ePltOPeissharedbydifferentproteins．Them往IOrreaC（ivecomponents  
andisotypesoftheseMAbsweresllmmadzedinThblel．  

Fi／gure4．1mmunogold］abelirLgOfB，hominiswithmonocIonaLantibodies（MAb）一Thesurfaceof  
B．ho〟7Lni∫WaSCOVeredbythefilamentousLayer（FL）whichwaslabeledwithgoldparticlesbyMAb  
2g＾8＾ll（A）andMAb2hC4D5（B）．SincethecentralvacuoIe（CV）wasoccupiedatthecenterofthc  
eeJl，themJCleus（N）andcytoplasm（CP）weredisp】acedperipheraT］yTNo）abe］ingwasobservedin  
the centralYaCuOIearld cytopJasm，Thecentralvacuo）e showed agreaLvarlation ofthee］ectron  
densilyanddistributionsuggest．ngdi恥rentsubstan仁eSinthecontents・lmrnunogoldlabelingwith  
MAb2iEIClO（C）orMAb2hA5Al（D）．GoldparticLeswereorllyo♭servedontheelectron－dense  
rnaterialsirlthecentralvacuole，WJliretheelectron－1ucentreglOnSirlthecentralvacuoLe（asterl＄ks）aJtd  
thcfilamcrltOuSlayer（FI」）werenot】abeled．A，X）9．00O・B，X24，CKX）・C，X13，CKO・D，X22，咲）O  
Ba†S＝0－5JJm．  
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J椚椚〟〃〃ピJgc抽〃椚～（・形∫C叩γ   

SevenMAbs testedin this study weredividedintotwo groups basedonthe  
localizations of epitopes（Thblel）．One group of MAbs（2gA8All，2hB2A2，  
2fA3A9，2fA3C9，2hC4D5）recognizedthefilamentouslayerofB・hominis（Figs・  
4A and4B）．Another group（2iEIClO and2hA5Al）recognized the so－Called  
Centralvacuole（Figs．4Cand4D）．Thecentra】vacuoleshowedagreatvariationof  
theelectrondensltyanddistributionsuggestlngdifferentsubstancesinthecontents・  

Theposltivelabe］ingwiththelattertwoMAbswasonlyobservedontheelectron－  
densepartsofthecentralvacuole・Recendy，Wehadconnrmedtheaccumulationof  
Carbohydra（es andlipidsin the centralvacuole ofB・hominis by histochemical  

Staining methods（Yoshikawaetal．1995a，1995b）．Histochemicalreactionswith  
Carbohydrates orlipidsin the centralvacuole showed great variationsin tile  

stainlngJntenSltyatlightandelectronmicroscoplClevels・However，thedistribution  
OfthecarbohydrateswerequlteSimilartotheelectron－densepartsobservedinthis  
Study．Therefore，SOmeantlgenicsubstancesmaybecarbohydrates・   

Theimmunoelectronmicroscopy revea】ed thatallofthe MAbs reactedonly  

WithHE8■7－1antlgenSbyimmunoblottlnglabe】edonthe坑1amentouslayerofB・  
homEnis（rIbblel）．Therefore，theantigeniceomponentsofthenlamentouslayer  
maybestrainand／orspeciesspeciiic，becauseCK86－Jstrainrecentlydesignatedas  
B．hominisjudging from the PCR banding pattern（Yoshikawaetal・in press）・  
However，theantlgeniccomponentsofthecentralvacuoJewhichweresharedwith  
HE87－1and CK86－1，SuggeSted the metaboJic substances of BlasEocystis were  

antlgenicallycommon．   
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