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ABSTRACT  

The host parasite relationship ofthe enteric（COCCidian）and exoenteric  
（tachyzoite，bradyzoite）forms ofToxqplasma gondiiwasexaminedinvivo by  
electron microscopy andimmunocytochemistry・Significant StruCturaland  

molecular differences were observed between the enteric and exoenteric forms．  

The expression and distribution ofcertain rhoptry and allthe dense granule  

PrOteinswasexaminedbyimmunocytochemistry，Itiswasobservedthat，Whilethe  
antibodyrecognlSingROP2，3，4positivelystain（heanterioroftheinfectivestages  
（merozoite，taChyzoiteand bradyzoite）ofboththe entericandexoentericstages，  
ROPlappeared to beabsentfrom the merozoite．It wasfoundthat GRA8，like  

GRAsl－6，WaS PreSentinboth thetachyzoiteand bradyzoite stagesbut didnot  

appear tobe expressed bytheenteric stages．The onlydense granule proteins  
expressedbytheenteric（COCCidian）stageswereGRA7andNTPase．Byelectron  

microscopy，theparasitophorousvacuole（PV）containjngtheentericformsinthe  
enteTOCyteS Ofthe catwaslimited by alaminated wa11consistlnB Ofthree fused  
unitmembranes．Thisisin contrasttothe exoentericstages where the PVsare  

limited by a slngle unit rnembrane．These differences polnt tO a unlque  
host／parasiterelationshipfortheentericstagesofT．gondii．   

INTRODlTCTION  

7bxppLasma gondiiis an unusualcoccidian parasitewith the cat asits  
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HOST PARASTTE RELへT10NSHIP OF710XOPLASMA GOND〃  

definitive host but any warm－blooded animal，including humans，aCtlng aS  
intermediate hosts．tn theintermediate host，infection resultsin an acute phase  
Wherethetachyzoitesreproducesrapidlyfo1lowedbyachronicphasewhenthe  
bradyzoites reproduces sIowly glVlngrise to tissue cysts which areIbund  
Predominantlyinmuscle and brain．These tissuescysts are believedto remain  
Viable forlong periodsand can transmit theinfectionif eaten by other  
intermediatehosts orthecat（1もdros andLaarman1982）．lnthecaseofthecat，  
infectiom resultsin a unique form of asexual（endopolygony）and sexual  
development（ShefneLd1970；Fergusonetal．1974；1975）inthesmal1intestine  
withtheproductionofoocyststhatarepassedinthefaeces・   

Inal1phasesofthelifecyele，T．gondliisanObligateintracellutarparasite  
andthereforetheinter－relationshipwiththehostcellisvitalforparasitesurvival・  
Thehost／parasiterelationshipofthetachyzoitehasbeenextensively血1diedandit  
isproposedthatthePVismodifiedbyvariousparasiteproteinssecretedinitially  
bytherhoptriesandsubsequentlybythedensegranules（Cesbron－Delauw1994；  
JoinerandDubremetz1993）．Thevacuolesarealsocharacterisedbybeinglimited  
by a unit membrane and the collecting of host cell mitochondria and rough 
endoplasmic reticulum（rER）adjacentto the membrane（Shef鮎Id andMelton  
1968；JonesandHirch1972；Sinaietal．1997）．lncontrast，1ittleisknownabout  
thehosuparasiterelationshipoftheentericformsinthesmallintestineofthecat  
althoughithadbeenreportedthatathickened，laminatedmembranelimitedthe  
PV（PelsterandPiekarski1972；Ferguson1975；FergusonandWright1998）・In  
addition，it has recentlybeen reported that there are m叫Ordifferencesinthe  
expressionofvariousdensegranuleproteinsbetweentheentericandexoenteric  
forms（Ferguson et al．1999a；1999b）．ln the present study we comparethe  
ultrastructuralfeaturesofthePVsandhaveextendedtheimmunocytochemis（ryto  
examinetheexpressionanddistributionofthemoleculesrecognisedbyantibodies  
toROPl（LericheandDubremetz1991）andROP2，3，4（Sadaketa］・1988）plus  
therecently describedGRA8（Careyetal．1999）intheentericandexoenteric  
formsofr．go〃〃は   

MATERIALANI）METHODS  
7嶺岬由湘  

TheM3（Sheepisolate）andRRAstrainsofTbxqplasmagondii．maintained  
inehromica11yinfectedmice，WereuSedinthee叩eriments・   

．1JJJ〝I（J八  

Cats，barriermaintainedand guaranteedfreefor T・gOndiE，WereObtained  
fromtheAnima］Unit．NewcastleUniversity・Newcastle，UK▲Themiceusedwere  
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HOST PARASITE RELへTtONSHIP OF TOXOPLASMA GOND［［  

BALB／cstrain．  

A沼地肋新郎  

GRAproteins：the antibodiestoGRAl－7andNTPases wereasdescribed  
PreViously（Fergusonetal．1999a；1999b）．In addition，amOnOClonalantibody  
whichrecognisesGRA8（Careyetal．1999）wasexamined・Rhoptry proteins：a  
monoclonalantibody to ROPl（T52A3，Leriche and Dubremetz1991）anda  
monoclonalantibodywhichrecogIlisesROP2，3，4，（T34A7，Sadaketal・1988）  

wereexamined．  

JJ痢c〟0乃8〝dA〟r（p∫y  

CatsandmicewereinfectedperiorallywithtissuecystsofT・gOndii・Catsat  

7dayspost－infection（PI），and miceatlO，15，21，28and56daysPI，Were  
autopsiedandvarioustissuesprocessedforimmunorlightandelectronmicroscopy  

asdescribedpreviously（Fergusonetal・1999a）・   

血肌〟〃βCγわCゐg肌血叩  

Sectionsofcat smal1in（estineandofmouselungand brainwere stained  
with various concentrations of anti－GRA8，anti－Ropland anti－Rop2，3，4by a  

standardtwostageprotocoluslngperOXidaseaschromagenforlightmicroscopy  
andcolloidalgoldpar［iclesasthelabelforelectronmicroscopy（Fergusonetal・  
1999a）．   

どJecJm〃刑～cJ℃∫C叩ツ  

Forroutineelectronmicroscopysamplesofinfectedcatsmal1intestinewere  

processed as describedpreviously（Ferguson at al・1999a）・Tachyzoitesin the  

peritonealexudate of acutelyinfected mice and tissue cystsin the brains of  
Chronicallyinfectedmicewereprocessedasdescribedpreviously（Fergusonand  
Hutchison1981；FerBuSOnandHutchison1987）・   

RESULTS  

血血抑町匪而酬ぬ呵  
WhensectlOnSOfthemouselungs andbrain werestainedwithanti－ROPl，  

POSitivestainingwasobservedwithinthetachyzoites（Fig・1a）andthebradyzoites  
（Fig．1b）．Tbe］ocationoftheofthestainingwithintherhoptrywasconfirmedby  
immunoLelectronmicroscopy（notshown）．WhensimilarJys［rainedsectionsofthe  

Catintestinewereexamined，nO Staining wasobservedwithintheentericforms  
with theapicalcyLoplasmofthe merozoitesofTT．ature SChizontsbeingunstained  
（Fig．1c）．7nsectionsstainedwithanti－ROP2，3，4，therewaspositivestainingofthe  
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HOST PARASITE RELATIONSHTP OF TOXOPLASMA GOND〃  

tachyzoites（Fig．1d）and bradyzoites（Fig・1e）▲1n addition，withinthe enterie  
forms，there was granular stain）ng Ofthe aplCalcytoplasm of the merozoites  
withinmatureschizonts（FiB．1f）．Byimmunoelectronmicroscopy，itcouldbe  
ShowpthattheaⅡtibodywasstaining仇erhoptriesofthebradyzoite（Fig▲2a）and  

merozoite（Fig．2b）．  

鏡  

Figtlrel・Sectionsofthelungofanactltelyinfectedrnouse（aプdIg），thebrainof往ChronlCa11y  
il血：tedmouse（b，e，h）andthesmdLintestineofaninfectedca（（C，f，i）immunostainedwithaTltl－  
ROPl（且，b，Cう，anti－RO門，3ヰ（d，e，巾andantトGRAS（g，h，i）・NotetheI泊Sitivelystained  
tachyヱOites吏a，d，g－arrOWS）andbradyzoites（b，e，h－arrO、吋butthatonlythemerozoitesstairLed  
withanti－RO陀，3，4showpositiYeap血l弛iniI唱（f－arr叩5）・SSChiヱOnt■Xl，500・  
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HOST PARASITE RELATLONSHIP OF TOXOPLASMA GONDJl  

Asdescribed previously，While the tachyzoites and bradyzoites stalned  
positivelyforallthedensegranuleproteins（GRAl－7andNTPases），OnlyGRA7  
andNTPaseswereobservedintheentericforms（Fergusonetal．1999a；1999b）・  

WhenstainedwithantトGRA8，itwasobservedthatthetachyzoites（Fig・1g）inthe  
mouselungandthebradyzoites（Fig．1h）withintissuecystinmousebrainstained  
POSitivelyforGRA8・ByimmunoelectronmicroscopyltCOuldtxconfirmedthat  
the GRA8stained was10Catedin the dense granules（Fig，2c）・The vacuole  
COntainingthetachyzoiteswasalsostronglystained（Fig・lg）butthewa1lofthe  
tissuecystappearedtobeunstained（Fig．1h）・Incontrast，thePVscontainingthe  
entericformswereunstained．InadditiontherewastlOStainlngOfthemerozoites  

Ofmatureschizontsbyimmuno－1ight（Fig．1i）orelectron microscopy（Fig・2d）・  

ThestainlngpatternSforthedensegranuleproteinsinthevariousinfectiousstages  
areshowninTablel．  

Figure2a．Jmmuno－electronmicrograph ofa bradyヱOite］atN，Iled with ar．ti－ROP2，3，4shoIY】ng  
Stairlingoftherhoptries（R）whilethedensegranule（DG）is unstained－CW－CyStWall・；M－  
micronemeLbArnerozoitewithinacatenterocytedoublehbelledwithantトNTPases／anli－ROP2，3，4  
andvisualised usIJlg5－andIO－nm gOldpartic】es，reSPeCtively．Notethesepafatelabe［）ingofthe  
rhoptry（R）andthedensegranule（DG），C，dApicaJcytoplasmofatachyzoite（C）andamerozoite  
（d）stainedwithidenticaJc？nCentt．ationsofanti－GRA8・Notethepositivestainingofthedense  
grpnules（DG）inthetachyzolte（c）whi］ethoseofthernerozoite（d）areunLabe”ed・R－rhoptry；M－  
mlCrOneme．Barsare100TllⅥ＿  
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HOST PARASITE RELATlONSHIP OF TOXOPLASMA GONDJ］  

EJec〟り〃例言CJり∫C叩γ  

Parasitesatvariousstagesofasexualandsexualdevelopmentwereobserved  
withintheepithelialce11softhevilliofthesmallintestineofthecat（Fig．3a）．Thc  
ParaSites were present within a tight fittirlg ParaSitophorous vacuole（PV）  
predominantlylocatedintheapicalcytoplasmoftheenterocytes（Fig．3a）．ThePV  
WaSJimitedbyathickenedwal1，Whichondetailedexaminationappearedtohavea  
laminatedsubstructure（Fig・3b）．lncertain areas，the wal］couldt光reSOIvedinto  
threeunjtmembranes（Fig．3c）．Themyelin－］ikesubstruCtureappearedtoresult  
fromthefusionofthesemembranes．1ntangentialsectionsthroughthewal1there  
appearedtobecircularstructuresassociatedwiththemembranes．Incrossqsection  
theseappearedasconicalstructureswhichwere closelyappliedtoboththePV  
membraneandtheplasmamembraneoftheparasite（notshown）．  

Figure3・aELectron micrograph throughthe smaLlin（es（ine ofacatshowingvarlOuSCOCCidian  
StageS、Within the apicaJcytop】asm of the enterocytes・Note the thickened membrane（arrows）  
J血tjngthePV・Ma－maCrOgamete；S－SChizont；Tr－trOPhozroite・Baris2FLm・bEnlargementof  
dlePeripheryofthePVshowinBthelaminatedaT）匹aranCe（arrow）of（heIimitiTlgmembrane・PL－  
pellicleencIoslngtheparasite・Baris50nm・CPartofthePVmembranewhercseparatlOnOfthe  
Jamina（edstructureshowsittoconsistoftTlreeurlitmembranes（arrowheads）．PL－ParaSitepeJJicle・  
Baris50nm．dLSectionthroughaTnarCOphage／frornthepentoneumofan acutelyinfectedTT］OtJSe  
Showipgadeve）opingtachyzoite（T）withjnaPVlimitedbyathinmernbrane（arrow）・Notethehost  
Cellm］tOChondrion（HM）closely apposed tothe membraneofthe PV・Baris200nm・e Secdon  
throughthepenF）heryofatissuecystinthebrai．10fachronlCa］lyinfectedmouse・Notelhatthecyst  
Walljslimitedbyathin membranewithnumerousinvaginations（arrows）・HC－hos‡cell；J3－  
bradyzoite・Baris2Ⅸ）nm・  
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Incontrast，thetachyzoiteswerelocatedinaPVlimitedbyaslngleunit  
membrane（Fig．3d）．ThePVaIsocontains atubularnetworkandthehostce11  
mitochondria and rough endoplasmic reticulum are closely associated with the 
limitingmembrane（Fig．3d）．Aunitmembranealsolimitedthewallofthe（issue  

CyStSinmousebrain・Therewere numerousinvaglnationsofthemembraneinto  
an underlying homogeneous matrix forminB the cyst waJl（Fig・3e）・However，  
therewasnoevidenceofhostcellorganellerearrangement・   

lbb］el，Theexpressionofdensegr且nuleproteinsinthevariousinfectiousformsofTgondli  

Ir．fectiousstage RAIGRA2 GRA3 GRA4GRA5GRA6GRA7GRA8 NTPase  

恥chyzoite  ＋   ＋   ＋   ＋   ＋   ＋   ＋   ＋  ＋  

＋  ＋／－a  

＋   

ND  

Bradyzoite  

Merozoite  

Sporozoiteb   ＋  

aReducedexpression  
bFrornTilleyetal・（1997）   

DISCUSSION   
Inprevious studiesofthetachyzoiteithas beenshown thatrhoptry and  

densegranuJe proteins are releasedintothedeveloplng ParaSitophorous vacuole  
duringorsllOrtlyafterinvasion（Safferetal・1992；Cesbron－Delauw1994）・Itis  

believedthattheseproteinshaveanimportantroletoplaylnadaptingthePVfor  
ParaSitedevelopmentalthoughtheexactfunction ofthevarious ROPandGRA  
proteinsisstillunknown，InterestlnglyithasbeenshownuslngparaSitesinwhich  
theROPIorGRA2geneshavebeenknockedoutthattheparasiteisstillcapable  
normaIdevelopmentinvitroalthoughtheremaybesomeinvivoeffects（Soldati  

etal．1995；Mercieretal．1998）・ltispossiblethatthisreflectssomeredundancy  

among the rhoptries and dense granule proteins associated with tachyzoite  
development butthiswi1lrequlre furtherimvestlgation・The recently described  
GRA8is a pTOline rich mo］eculewith atraTIS－membrane domain（Carey etal・  

1999）．Thepresentstudyshowsthatithasasimilardistributiontothemajorityof  
Other GRA proteins（GRAs1－6）in thatitis associated with the PV of the  
（achyzoitesbutisabsencefrorr．thecoccidian stagesoftheparasite（rIbb］el）・To  

date，theonlydensegranuleproteinsexpressedintheentericstagesareGRA7and  
NTPases（Ferguson etal．1999a；1999b）．Thisisthefirststudy toexaminethe  

expressionofcertainoftherhoptryproteinsirLtheboththeentericandexoentric  
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HOST PARASITE RELAT10NSHIP OF TOXOPL＾SMA GONDII  

forms．Itwasobservedthattheantibody whichrecognlSeSthe familyofrelated  
PrOteins（ROPs2，3and4）positivelystained theinfectious stages ofboth the  
enteric and exoentericforms（tachyzoite，bradyzoite andmerozoite）・However，  
because the antibody cannOt diffbrentiate between the three proteins，itis not  
possibleto saywhetherROPs2，3and4are allexpressedinthe enterie forms・  
Thisworkisatapreliminarystageandwi1lrequlrefurtherinvestlgationwitha  
moreexte11SiverangeOfanti－rhoptryantibodies．Incontrast，itwasalsoobserved  
thatwhileROPIwasexpressedintheexoentricstages（tachyzoiteandbrady210ite），  
themerozoitesoftheentericstagesappearedtobenegative・Thereforethepresent  

Studyprovidesevidencethatnotonlyaretheredifferencesintheexpressionofthe  
densegranuleproteiTISbutalsointherhoptryproteinsbetweentheexoentericand  
entericformsofT．gondii．   

1IwasproposedthatsincemanyOftheGRAproteins andnowROPlare  
limitedtoexoentericforms，Whichareubiquitousinthehostsandcellstypewhich  
they caninfect，that this may reflect speCific adaptations to exoenteric  
development（Ferguson et al．1999a）．The absence of these moleculesin the  
enteric formsmaylimittheir developmentto theenterocytes ofthecatwhich  
WOuldbeadvantageoustQthecoccidianstages．Thereisrecentevidenceinsupport  
Ofthis hypothesisinthatit wasshownthatisolatedgutstagescouldnotinfect  
culturednbroblasts butcouIdinfectenterocytesofthe smallintestineofthecat  
（Omataetal．1999）．  

Themoleculardifferencesinrhoptryanddensegranuleproteinexpression  
appearedtoberenectedinsignincantstruCturaldifferencesintheparasitophorous  
vacuole・ThecoccidianStageSWithintheenterocytesofthecatgutarelocatedina  
PVlimitedbyalaminatedmembranewhileinallothersituations，bothinvivo  
andinvitro，the parasiteisfound within avacuolelimited by aslngle unit  
membrane．Thjsincludes mouse enterocytes where the parasite undergoes  
tachyzoite－1ikedevelopment（SpeerandDubey1997）・lnaddition，thelackof  
rearrangementofthehostce1lorganellesismarkedlydifferentfromthecollectlng  
ofstrandsofrERandmitochondriaaroundthePVduringtachyzoitedevelopment  
（Shefneld and Melton1968；Jones and Hireh1972こSinaietal・1997）・Inthis  
situation，althoughthePVmembraneandtherERandmitochondrialmembranes 
arecloselyappossed，andappeartobephysicallyattached（Sinaietal・1997），there  
isadistinctzone（12－20nmwide）ofseparation・  

ThestructureofthePValsodistinguishesthecoccidianstagesofT・gOndii  
from otherclosely related members ofthe Apieomplexa such asEimeria spp・  
（Pittilo and Ball1979；Chobotaret al．1975；Ferguson etal・1976）in which  
developoccurswithinenterocytesinPVslimitedbyaunitmembrane・Howeverit  
is similar to the structure ofthe PV described forJ∫05pOraji，lis and Lyo平Ora  
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rivoltawhichalsoinfectthecatintestine（Pelster1973；Fergusonetal・1980）・In  
thedescnptlOnSOfthePVfor LfO岬Ora SP，Sphericalstructureswereassociated  
withindentationsofthePVmembrane（Pelster1973；Fergusonetal，1980）which  
aredifferentfromtheconicalstructures observedfor T．gondil（Fergusonand  
Wright1998）．The possiblefunction ofthese struCtureSis at present unclear・  
L”5POraSPPandT．gondiiproducesimilaro∝ySt（twosporocystseachwithfour  
sporozoites）andthesimilarityoftheirPVswouldbeconsistentwiththeirclose  
Phylogenicrelationship・  

Therefore，Whilethetachyzoitesrepresentanexcellentmodelforthestudy  
ofintracellularparasites（JoinerandDubremetz1993）itmustberememberedthat  
thisstagerepresentsonlyoneaspectofthecomplexlifecycleofT・gOndii・From  
the results ofthepresent studyitwould appearthatcare should be takenin  
extrapolatlngObservatjons onthehostparasiterelationship ofthe tachyzoiteto  
OtherstagesinthecomplexJifecycle，inparticularthecoccidianstages・   
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