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ABSTRACT  
To generate tranSgenic mice carrylng a PrOtOZOan gene・3・1kb DNA  

fragmentscarrylngtheCAGpromoterligatedwithaprotozoangeneencodinga  
mqjorsurfaceantigen SAGLl（p30）ofIbxqpLasmagondii，Were microinjected  
intooneofpronucleiofembryosofC57BL／6JandBALB／cmice・Theembryos  
weretransferredtotheoviductsofICRpseudopregnantreclplentS・Thetransgene  
wasdetectedbypolymerasechainreactioninDNAsequencepuri鮎dfromtlSSue  
biopsleS・Outof159micethatdevelopedfromlqeCtedeggstwop30－bunders  
（BALB／candC57BL／6J）wereobtained．Thetransgenewasnotdetectedin52  
pups ofFIprogenyofC57BL／6Jfounder・However，3（17・6％）outof17Fl  
progeniesfromBAL8／cfounderwerefoundtohavep30geneandtheyinherited  
thetransgeneto39（55．7％）of70F2progenies・Theseresultsmayaffordthe  
opportunity to study the role of SAG－1（P30）genein  
infection．  

INTROI）UCT10N  
Tbx甲Iasma gondiiis an obligateintrace11ular protozoan parasite  

．・■＿∵   



TRANSGENIC MICE CARRYING P30GENE   

responsiblefortoxoplasmosisthatinLectsmostspeCleSOfwarm－bloodedanimals  
includingdomesticanimals，birdandhuman，inmostpartsoftheworld．The  
diseasehas beenknown toresultinblindness，mentalretardation anddeath of  

COngenitallyinfectedinhnts（Dubey1977；McCalx1970）00d AIDS patients  
（Mills1986）．  

Mammalian ce11s can beinfected by the parasitein vitro，although  
intrace11ular growth occurs principal1ywithin nucleated cells（Joiner and  
Dubremetz1993；McLeodetal．1991；Buckley1973）．Attachmenttothehostcell  
isthefirststeprequiredintheprocessofinvasion．SAG－1（p30），them如OrSurface  
PrOteinofT・gOndLi（KasperandBoothroyd1993），isinvo】vedintheprocessof  
hostcellinfection（Mineoetal．1993；GrimwoodaJldSmith1992；Robertetal．  
1993）andisconsideredasanimportantligandforbindingtothehostce11inthe  
processofT・gOndiiinvasion（MineoandKasper1994）．   

IthasbeenshownthatthesusceptibilitytoT・gOndiiinfectionvariedamong  
inbredmousestrains；BALB／c，WithLdgenehaslowercystburdensandless  
encephalitis thanthose，C57BL／10J，WithouttheLd gene（Brownetal．1995）．  
Micethatwereresistantto7bxqplasmainfectionhadlittledetectablecytokine  
mRNAexpressioninbrain，Whilemicethatweresusceptiblehadelevatedlevelsof  
mRNAforawiderangeofcytokines，COnSistentwiththeirgreateramountsof  
in鮎mmation（Brown etal・1995）・Sofar，therehave beennoreport onthe  
generationoftransgenicanimalscarrylngPrOtOZOanDNA，althoughMoleonetal．  
（1994）describedthecloningofp30genebyPCRforthepurposeoftransgenic  
miceproduction．  

Thepurposeofthisstudy wasto generatetransgenicmicecarrylng p30  
geneofT・gOndiiprotozoanparaSiteusingBALB／candC57BL／6Jmiceinorder  
toanalyzetheroleofp30inTLgOfulLiinfectionondifferehtgeneticbackground・   

MATERIALS ANI）METHODS  

血Ⅴ加両軸血地頭加  

BALB／candC57BL／6Jmice，8weeksofage，purChasedfromacommercial  

SupplieちCLEA．Japan，IncリWere SuperOVulated byi．p．1nJeCtion of5T．U of  
preg几antmare’sserumgonadotropin（PMSG；SankyoZokiCo．，Japan）andhuman  

Chorionic gonadotropin（hCG；SankyoZokiCo．）with anintervalof48hrs．In  

Vitrofertilizationandembryoculturewereperformedat37Ocina5％CO2in  
airatmosphere・Unfertilizedeggswerecollected from oviductsoftreatedmice  
approximately16hrsposthCGirtjectionintoadropof400jLlofthefertilization  
medium（TYH）（TbyodaetaI・1971）．Asmallamountof2hrs－Preincubatedsperm  

SuSPerLSionwasintroducedtoTYHmediumcontainlngCumulus－enCIosedoocytes．  
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Approximately5 hrs afterinsemination，fertilized eggs were harvested and  

WaShed severaltimes and transferred to a microdrop oflOOJLlofWhittenls  
medjum（Whitten1971）supplemented withlOOpM ethylenediaminetetraacetic  
acid（EDTA）（HoshlandToyoda1985）．   

β〃AP′甲βr‘lrわ〃ノbr〃ゴビ和廟ビCJわ〃  

P30genewasclonedfromthecDNAobtainedbyRT－PCRamplincationof  
theT・gOndiimRNAaccordingtothepublishedsequenceofthegene（Burgetal・  
1988）as described e］sewhere（Makiet al－1996）．A plasmidpeXCANLacZ  

（Kanegae et al．1995），that has been used for sllCCeSSfulgeneration ofLacZ－  
expressing transgenicmice（rrhlkuietal．1996），WaSdjgesfedwith ClaIandthe  
p30genewasinsertedtotheClaIsiteinsteadofLacZ・TheplasmidpCAGP30，  
thus constructed，WaS digestedwith SalIand HindIIland the expressioLlunit  
fragment containing CAG（CytomegaroviruS enhanceトChickenβ－aCtin hybrid）  

promoter（Niwa etal．1991）andp30gene wasisolatedon TSKgelDNA－NPR  
anionexchangecolumn，4．6×7．5cTTl，uSingaCCP＆8020HPLCsystem（TOSOH，  

Japan）andprecipitatedinethanoJ．PurinedfragmentwasdissoIvedin10mMTris－  

HCl，0・1mMEDTAsolution（pH7・4）ataconcentrationoflOmg／ml・  

Satl  intron EcoRI  仁cく）RI 打indlH  

Flg・1p30Transgene Construct．The p30transgene contains dle CMV－1E  
enhar）Cer，thechickenβactinpromoter，p30ar）drabbitβ－globinpolyA・  

伽彿血抑軋仙川呵／gCrわ〃  
Pronuclear microiTtiection（Gordon et al．1980）was performed under  

Hoffman modulation contrastoptics on aniTIVerted microscope（Nikon，Japan）  
armed with a micromanipulator（NarisTlige），andin HepeS－buffered mWM at  

approximately10hrspostinsemination．Oneofvisiblepronucleiofthefertilized  
eggs wasmicro明eCted with the prepaTed DNA solution，Ⅵ）1ume ofthe DNA  

SOlutioninJeCtedintoeachpronucleuswasestimatedtobe2pl（Allenetal．1987）．  
Theiqec【edembryoswere washed with freshmedium and theI】Culturedtothe  
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two－CellstageinlOOpMEI）TAsupplementedWhitten・smedium・Theembryos  
WeretransferredtotheinfundibulumofoviductsofO・5daypseudopregnantICR  
（CLEA，Inc・，Japan）recipients．   

ハりヽ〟川ん一JIりJJハー．・l  

Distal1cmoftailfrom4weeksoldmiceunderaneSthetizationwithdiethyl  
etherwa5eXCisedwithasterilescissors・Tailbiopsieswereplacedinl．5ml  
microcentrifugetubesanddigestedfor4hrstoovernightat55Ocwith700ylof  
digestionbuffer（50mMTris－HClpH8・0，100mMEDTApH8．0，100mMNaCl，  
andl％sodiumddecylsulf如e）and35zLlofproteinaseK（10mg／ml）．The  
digestswereextractedwith7007LIofTE－Saturedphenol，700plofphenol／  
Chloroform，and700JilofchIoroform・DNAwasprecJpltatedfromtheaqueous  
如sewith2．5volumesofabsoluteethanolandl／）Ovolumes of3Ms。dium  
aceta（e・PrecipltateSWereWaShedwith70％ethanolandair－dried・Thepel】ets  
WerethenredissoIvedinlOOplofsteri1ewater．   

ハ・八川用ぃ＝／l．J山J＝打高叫  

Polymerasechajnreaction（PCR）wasperformedin50jLltotalvolume  
COntainlng250ng ofisoJated DNA－The p30gene was amplined using  
OligonucleotideprlmerSCOnSistIngOf20and21basepalrSandcorrespondedto  

nucleotides544－564（CaCtCtCaagtgCCCtaaaa）and960－939（gaactttgactccatctttcc）．  
ThePCRproductwasa416basepairfragment・The50v）reactionmixture  
COntainedafinalconcentrationof25mMMgCl2，2mMofeachdNTRl，6unitsof  

rIbqpolymerase（Perkin Elmer）and50pmolofeacholigonucleotideprimer  
Ampl摘cation wasperformedin anautomatedthermocycler（GeneAmpPCR  
SyStem2，400，PerkinElmer）・ThecoTlditionfortemperaturecyclingwere：940c  
for5minfb1lowedby40cyclesof94Ocfor20sec，53Ocfor30sec，and72Oc  

forlmin・Cyclingwasfollowedbyafinalextensionstepat72OcforlOmin，and  
thereactionswereheldat40c・Ampl摘cationproductswerethenelectrophoresed  

Onal・5％agarosegel，Stainedwithethidiumbromide，andphotographedunder  
UVillumination．  

RESUIJS  
Among159pupsat4weeksofage，32BALB／cand127C57BL／6J，thathad  

beenweanedandwereanalyzedbypolymerasechainreaction（Fig．2A），tWOp30－  
founders，1BALB／c femaleandlC57BL／6JmaIe，Wereident漬ed．The success  

rateofthefoundergeneratedwasl．2％（Thblel）．  
Thep30－fbunderswerebredwithlittermatesandalsowithwildtypemice  

OfthesameStrain・TheresultantFIprogenywasscreenedforthe exogenous p30  
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TrhbleL SuccessrateofgeneratlngP30－foundermice・  

p30一ねunder  

rlurnber  rate（％）  

Numberofweanedpupsresulted  

frommicmilリeCtion  
Mi∝  

transmissionbyPCR（Fig．2B）．Theexogenousgenewasnotdetectab］ein52pups  
from C57BL／6Jfounderline（Thble2）．FortheBALB／cfounderline，however，  
the p3O Bene WaS detectediT130f17pups，COrreSpOnding to17・6％ of  
tranSmission rate（rIbble2）．The mice were mated to obtain homozygous F2  
progeny．PCR reslllts（Fig．2C）showedthat39（55．7％）out of70pups were  
inheritedthetransgenefromparents（ThbJe3）．  
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Fig，21de］ltiflCation or p30transgenじby PCRL Mouse gellOmic DNA purIfied from taJl  
bjopsyampljfledwithoLJgOn11CIcotidepr．mersS－544andAS960・PCRproducts＝416bp・  
The prodllCt（JO jJ））坊・ereJ皿ded ontoa）・5％agarose geJBJ－d visuaJiLed by ethidium  
bromideslaiTl）ng．A：DNA orllliceresulIedrrommicro］nJeCLion，JAnel：BALB／c，Lane2：  
C578t皿7・B＝DNAder．vedfromBAl」B／cFIprogeny，l－ArLe L－17・C：DNAderivedfrom  
BALB／cF2pr（－gCnyOftr抑ger■ic「lI¶a】e（N（，∴り，blleト23，M‥nはrker，P二POSjtjveco仙0】  
（microin）eCledDNA），N＝negativeeontro】（T）NAisolatedl．rornnormalmouse）・  
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良ble2p30tramsmissiontoFlprogeny・  

Gel】erranSmission  

mumber rate（％）  
p肌丘Ⅲnder  Numberorweanedprogeny  

Fema】eBALB／c  17  

M山eC57BU6J  52  

3  17．6  

0  0．0  

Thble3p30transmissicrntoF2BALB／cmice．  

Genetransmissio11  

number  帽te（％）  

「rransgenicFlmic8  Nじmb餌¢‖乃pups  

MaleNo．3  

MaleNo．7  

FemaleNo．10   

■h）t山  

2
8
3
3
9
 
7
0
 
 

1
8
 
1
6
 
5
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DISCUSSION   
lntroductionoftheexogenmsp30trans＄eneintofertilizedeggsofBÅLB／c  

atldC57BL／6JmiceatpronucIeusstageresultedinap30－foundermouseofeach  
Strain・However，nOneOutOf52pupsderivedfromC57BL／6Jmalefounderwas  

Showntohavethetransgene・InvestlgationontheC57BL／6Jfounderincapahleof  
transfemng geneticallythe p30gene to his offsprlng WaS Carried ouL The  

transgenewasdetectedinoralepithelialcells，tai1andtestis biopsies，butl10tin  
SPermSreCOVeredfromuterinehornsafterbeinBmated（datanotshown）．Ifstood  

reason forthe fbunderincapable oftranSferring the geneto theprog蝕y；and  
SpemlatOgeneSismightbeinvoIved・Ontheotherhand．approximately18％（Tbble  
2）and56％（ThbJe3）ofprogeny Fland F2，reSpeCtively，derived fromthe  
BALB7cfemalefounderwereidenI沌edtoinheritthep30transgene．Itindicated  
that the transgeTle WaS Stably tranSmittedin BALB／cmiceljne．Asfar as，the  
authorsareawarethisisthenrstreportofgencrationoftransgenictnicecarrylng  
protozoangene．Studiesonthep30geneproductexpressionanditsfunctio71in  
Tbx呼Iasmagofdiiinfectionarebeingconducted．   
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