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ABSTRACT  
Wehavesimplinedanon－SurglCalprocedureasanalternativetosurglCa11y  

Obtained samplestoidentifytranSgenic mice harboring SAG－1transgene・The  
protocolinvoIvestheuseofasmallamountoforalwashcontainlngenOughoral  
differentce11sincludingepithelialcellsserv）ngaSaSufncientsourceofDNAfor  
two－Step POJymerase chain reaction（PCR）analysis．Oralwashis boiled and  

aqueous phaseisapplied directlytoPCR cocktai1containlng anOuterPalrOf  
PnmerSforthe員rstroundampli蔦cation．Afterward，aSmaIlamountofthefirst  
roundproductisaddedtoPCRcocktai1containlnganinnerpalrOfprlmerSfor  
the secoJld round reactjon・The procedure provides outcomes consistantly  
matchingthoseoftissuebiopsyone・This protoco］canberepeatedmanytimes  
Withminima］stresstomice・Thistechniqueisreljable，doesnotrequlreprOteaSe  
digestion and phenol－Chloroform extraction，is more humane，and can be  
COmPletedwithin4hr・This techniqueis an alternative to the tissue biopsy  
PrOCeduretodeterminetheSAG－1transgenicstatusinmiceL  
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INTRODUCTION  

Transgenesisisthe useof genetic englneenng teChnology tointroduce  
forelgngeneintothegeneticmake－upOf anorganism sothatal1thecells，  
includingthegerm．ine，aregeneticallyaltered・Genetica11yenglneeredmicehave  
becomeusefulforstudiesofgeneregulationanddevelopment，andsomehuman  
diseases．AcriticalsteplneStablishingtransgenicmouselineistheidenti鮎ation  
ofa皿imals harboringthe transgene・Themice may beinitiallyidentified by  
polymerasechainreaction（PCR）orbyrestrictionenzymedigestionandSouthern  
blotanalysis．Although，geneintegrationanalysisbyPCRissuqecttoartifactsdue  
tohighsensitivLty，thePCRisthefirstofchoiceforinitialanalysis，becauseitis  
fast，eaSyandcanbecompletedwithinlday，Whiletheothersarelaborious，timer  
consumingandcostly，andmaytake3L7daystocomplete・Ontheotherhand，  
identificationoftransgeIliepupsin anestablishedand well－Characterizedline，  
s／CreenlngbyPCRalonemaybesuf鮎ient・PCRtechniquehasbeenappliedto  
transgenicscreeningusingDNAfromvarietyoftissuesincludingtailbiopsy（Lin  
etal．1989，Hanleyetal．1991），earClippings（Chenetal・1990），andwholeblood  
（Chenetal．1990，Skalniketal．1990）．Recently，Trwineta卜reportedthatsaliva  
thatcontainsoralepithelialcellsandlymphocyteswasusedasasourceofDNA  
forPCR（Irwietal，1996）．Thesalivawasappliedtosamplecollectionpaperand  
thenpurifiedusingasolidphaseDNApuri鮎ationsystem・Thepaperwasadded  
direct．ytoPCRcocktailforthefirstroundofampli董ication；andasmal1amount  
ofproductfromthisamplincationwasremovedandaddedtoPCRcocktailfor  
secondroundampli石cation・   

In the present study，We describe a further simpli鮎d non－SurglCal  
proc巳dureasanaltemativetosurglCallyobtainlngSamplesservlngaSaSOurCeOf  
DNAforscreenlngtranSgenicmicecarrylngprOtOZOangeneenCOdingamaJOr  
surfaceantigen，SAG－1，OfTbxqplasmagondii（Sengetal・1996）・   

MÅTERIALS AND METHOI）S  
腫c‘ヲ  

SAG－1［ranSgenicmice，1inel－54and3－57harboringaslngleandseveral  
copleSOftheSAG－1transgene，reSpeCtively，WeregeneratedbymicroITt）eCtlngthe  
cIonedSAG－1gene（Makietal・1996）intooneofpronucleiofembryosofmice  
（Sengetal・1996；1999）・Allofthesemice weremaintainedinconventional  
facilitiesat21－22Ocandwitharelativehumidity of50－60％・Theautomatized  
darkJlightcycleswasof12hLFivemicewerekeptinacage（30×20cm），and  
autpclavedtapwaterandfoodpe11ets（CLEAJapan，Inc・）wereprovided・The  
offsprlngatageOf3－4weeksweres叫ecttothetransgeneanalysis・  
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OrdJcα再砂廿Ⅵ∫ん  

Mice，3－4weeksofage，Weremanuallyrestrainedinaverticalpositionby  
grasplngthelooseskinaroundtheneckwiththethumbandforefinger・Anaeroso】  
resistanttlP att且ChedtoanaqjustablelOOyl－PIPetOrWaSloadedwith35jLlof  
Sterilewater，andwasplpettedbackandforthintotheoralcavityafewtimes，and  
30ylofthe oralwashes containlngaPPrOX・1×1030fdifferenttypeS Ofcells  

（Figs・1AandlB）obtainedwasplacedtoatube．Boiledfor5min，thesamplewas  
Chilledonice，Centrifugedat3，000rpmfor5min，andthen5J‘1supernatantwas  
transferredtoatubecontainlng45jLlofthefirstPCRampI捕cationmixture，and  

thethermalcyclingwasperformed．OnejLlofthe firstampl捕ed productwas  
addedtothesecomdampli甫cationmixture．  

Figurel．Different types of cells  
observedin oralwashes wereused且S  
a source of DNA for PCR．Oral  
WaShes were s也ined with Giemsa■s  
SOlutiorl・Photosweretakerlbyalight  
microscope with10×10（A）andlOx  

lOO（B）magn摘ca血眼  

J、州J－・／；f・イ・ヾ、、・  

Distallcmoftailfrom4weeksoldmiceunderanesthetizationwithdiethyl  

etherwas excisedwith a steri1e scissors．TailbiopsleS Were Placedinl．5ml  

microcentrifuBetubesanddigestedfor4hrstoovernightat550cwith700plof  
digestionbuffer（50mMTris－HCIpH8・0，100mMEDTApH8・0，100mMNaCl，  

andl％sodium dodecylsulfate）and35ylofproteinase K（10mg／ml）．The  
digests were extracted with 700JLlof TE－Saturated phenol，700Jilof  

phenol／chloroform，and700ylofchloroform．DNAwa5preClpltatedfrom the  

aqueousphase with2．5volumes ofabsolute ethanolandl／10volumes of3M  
SOdiumacetate・PrecipltateSWere WaShedwith70％ethanolandair－dried，The  

Pe11etswerethenredissoIvedin100ylofsterilewater．Amountof（heDNAwas  
quantitatedbyOD260，   

P∂け椚g用∫ビC力df乃「ビαCrわ〃げC尺ノ  

ForthefirstampJiBcationreaction，DNAisolatedfrorrlepithelialce］lsand  
lymphocyteswasamplifiedusinganouterprlmerSetCOnSistlngOf20and20base  
palrS COrreSpOnding to nucJeotides 5’CACACCGACGGAGAACCACT－3．and  
5■TJWCACTCGAAGCGrIlnCCC－3■，reSpeCtively，Afragment of555bp was  
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amplified・Forthe nestedamplificationreaction，OneFElofthe firstamplined  
productwasamplifiedusinganinnerprlmerSetCOnSisungof20and21basepalrS  
corresponding to nucleotides 5．－CACTCTCAAGTGCCCTAAAA－3－ and 5r－  
GAACmGACTCCArCTTTCC－31，reSpeCtively．A416bpofthenestedproduct  
wasobtained．ThefirstandsecondPCRwereperformed，in50FLloftotalreaction  
mixturecontainlngafinalconcentrationof25mMMgC12，2mMofeachdNTR  
l．6unitsofTaqpolymerase（PerkinElmer）and50pmolofeacholigonucleotide  
primer，in an automated thermocycler（GeneAmp PCR system2400，Perkin  
Elmer）．Theconditionfortemperaturecyclingwere：94Ocfor5minfollowedby  
35cyclesof940cfor20sec，53Ocfor30sec，and720cforlmin・Cyclingwas  
followedbya羞nalextensionstepat72OcforlOmin，andthereactionswereheld  
at4Pc・ThegenomicDNApurifiedfromtailbiopsywasalsoamplifiedwiththe  
same procedures using nested prlmer Set・Theamplified prodtlCtS Were then  

electrophoresed on al・5％agarose gel，Stained with ethidium bromide，and  
photographed under UV illumination. 

RESUIJS AND DISCUSSION  
TheresultsoftheSAG，1transgeneanalysisbyPCRareshowninFig・2・  

Using250ngofDNAisolatedfromtailtissueoftransgenicmicecarrylngSAG－1  
gene，theprominentfragmentsof555bp（FigL2A）and416bp（Fig・2C）were  
successfullyamplifiedwithanouterandaninnerpalrSOfo）igonucleotideprlmerS，  
respectively・Afragmentof555bpamplifiedbytheouterpalrOfprlmerSuSing5  
7L）oforalwashofthetransgenicmice（Fig・2B）wasnotabletobevisualjzedon  
electrophoresedl・5％agarose ge），however，the second stepPCRofthefirst  
amplifiedproductuslngtheinnerpalrOfprlmerSamplified416bpaspredicted  
size（Fig．2D）．lnallcases，nOnOfamplificationofDNAandoralwashfrom  
normal mice generated any products. 

PCRmethodhasbeenknowntobeapowerfultechniqueandbaseduponthe  
high1yspecincandemcientenzymaticamplincationoftargetDNAsequencesof  
anentiregenome，andwidelyusedasatoolfordiagnoslnghumanandanimal  
diseases，andcharacterizlngtranSgeneinanimals，aSWell・ObtainingDNA，SerVlng  
asatemplatebydestroylngnuCleusmembraneofcellsbycollagenase－digestion  
（Saikiet al．1988）and boiling（Skalniket al．1990）is a criticalsteptoward  
applicationofPCRtechTlique・ThecrudeDNAthenisutilizeddirectly（Hanleyet  
al．1991，Skalniketal．1990）orpurifiedbyphenol／chloroforTT．eXtraCtion（Saiki  
etal．1988）orco］lectionpaper（Irwinetal・1996）forPCR・  

PCRanalysISOfDNAobtainedfromtraceamountsofhumansalivahas  
been successful】y used for severalyears by forensiclaboratoiiesin DNA  
fingerprinting application（Hopkin et al・1994，WhJsh et al▲1991）・PCR was  
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ernployedtodetecttheintegrationofHTLV－1proviralDNAintolymphocytesin  
the saliva of a male ArLL patient（Thniguchietal．1993）and toidentify  
transgenic status mice（Irwin etal．1996）．Asdescribed，allthese techniques  
involved in the extraction of DNA from saliva for PCR analysis to detect 
Pathogensofdiseases，COnfirmtransgenicstatusorwereusedforroutinegenetic  

monitorlnき．  

555bp◆  

Figure2・1dentincationofp30（ransgerlebyPCR・FirsトStepPCRof250LlgOfgenomic  
DNAisohted from tailtissue（A）ar）d of5FLIoforaJwash（B）using apalrOfoutel－  
F）rimersSr523andASAlO78LA555bpproductwasdetectedonlyin（A），butnotin（B）・  

SecondrstepPCRofDNAobtainedfromta］L（issue（C）andoralwash（D）usingapairof   
innerprlrnerSS－544andAS－960amplifLeda416bpproduct・LAneM，Sizemarker：lane   
l，DNAusedtocreatethep3Otransgenicmiceaspositivecontrol；1ane2and3．normal  
genomic DNA as negativecontrolこ1anes4and5．1L54transgenicline；6a］1d7，3－57  
transgenicline．  

Thepresents（udyofferedanon－invasiveprocedureforidentifyingSAG－1  

transgenicmicebyPCRanalysisofunpurifiedcrudematerialoforalwash・Ttwas  
demonstratedthatDNAisolatedfromtailtissueamplifiedwiththeouter（Fig・2A）  

andinner（Fig，2B）pairsofprimersgeneratedthefragments，aSPredieted・Onthe  
COntrary，theamplificationof5JJloforalwashusing（heouter（Fig・2C）orinller  

Pair ofprimerssolely did notgenerate anyvisiblefragments（datanot shown）L  
However，When twoLStePamPlincation wasperformed，theexpeCted fragmentof  
416bp（Fig・2D）was generated due to significantincreasein sensitivity・The  
TeSu】ts obtained from two－SteP PCR of DNA extracted from oralwash celJs  
COnSistentlymatchedthoseobtaineduslngDNAisolatedfromtailbiopsy．Theuse  
Oftheinner prlmer PCR was found to be essential to generate sufficient  
ampl摘cation productfrom oralwashes ofmice aged34weeks．1nsome cases，   
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WeObservedtha（Oralwashfrommiceofageof8．10weeksamplifiedwithfirst  
Step generated a speC浦c visible band（unpublished data）Lltis considered，  
however，thatthesecondstepmaybenecessary，becausethepositivereactionmay  
dependupontheagesofmiceandcopynumberofDNAsegmenttobeamplined・  
Compared toPCR utilizlng tailDNA，the two－Step PCR uslng Oralwash as a  

SOurCeOfDNAismorepreferable，becauseitis simpler，muChlesstraumaticto  
the mice．Furthermore，Surgicalintervention and］ocalor generalanesthesiaare  

notrequired，andmultiplesamplingscanbe repeatedasof（enaspossible・This  
PrOCedureis rapidand straightforward，invoIves boiling and coolingofsaliva，  
and addjnglt tO amplificationmixture with specinc sets of prlmerS・This  

techniqueisaless－timeconsumlngandmoresimpl捕edone，aSCOmParedtothose  

WhichinvoIvetheuseofsamplecollectionpaperandsolidphaseDNApuri茄cation  
SyStem（Irwin et al．1996），Celldigestion by organic soIvents and phenol／  

Chloroformextractionandethan01precipitation（Taniguchietal．1993）・  
Based on these advantages，We have found this non－Surgical1y obtainlng  

SampIesforanalyzlngtheSAG－1geneintegration bytwostepPCRisconsistent  
Withourdesiretosafeguardthewelfareofmiceusedinour］aboratory・   
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