
JRC2008T－010  

Microbiol・ImnlunOl・，51（12），122ト1231，2（氾7   

Editor－CommunicatedPaper  

APotentia［BIoodlbstforTransmissib［e  
SpongiformEncephaIopathiesbyDetectjng  

Carbohydrate－DependentAggregatesdfPrPres＋Like  
■ ProteinsinScrap］e－1nfectedHamsterPIasma  

KazuoTiukui＊11，Masuhirolbkata2，andKenjilbdokorol   

lcg和地Jβわ∂d血〟J〟Je，侮ム叩d乃ビ∫g尺βdC′p∫∫∫bcf叫ちズbわー毎乃わりノj5－諸52ノ，坤叫αd徳e∫eα打んCg〝ねりわrJ）わb〃  

β～∫e那g∫，肋Jわ〝αJ血∫Jf仙庸げA托fm〃J〟gd肋，ノ呼〃〃，乃以血止α－∫んf，蕗αm揖jO5⊥〃β∫氏々Pα乃   

CommunicatedbYDr．TbkLLShiOl10dera：ReceivedJune13，2007．AcceptedOctober17，2007   

AbsLnzcL：P伽hasrarelybeendetectedinblood（exceptinleukocytes）evenindiseasedamimalmodels  

thataI℃knowntOCOntainalargeamOu皿tOfPtPr彷ini血ted鮎sues．1ts恍mSlikelythatPt・Presdetec・  

tioniELbloodisdimcullbecatJSeOfthelowtiterofillLbctiousmaterialwithinthebl00d．EIere，Wedemon・  

Stratethedetectionofprolei皿aSe正一reSistant3F4－rtLaCdveproteiTlinthepl鮎maOfscrapie，infbctedham・  

SterSbutnotintheplasmaofm∝k，inEbctedhamstersbypar錨alpuri丘catjonl鳩InganOVelmelhodtermed  

川ad心cSDSpredpi払出on′，h印可u皿Cdomwi仙ahigblysel拶i也YeChemiluI¶ime虻emCedel∝domsystem  

l蛸edbshoⅥrlhepr喘emαOrPrIIataco皿αntmtionequjY山ent101．4×10‾’gofbr扇ml10mOgenateOr  

l．5×10－rZg（6．5×10－17mol）ofrPrPbyconventionaIWesternblotting．The3F4・reaCtiYeprOteinsin  

SCrBPie－inEbctedhamsterp］BLSmaO鮎nresdtedinmuJtipleMwproteiJlbands∝CtⅣringathighetMwposi・  

tioI鳩tham tbe posidon or the山一幻yc鵬ylPrP mol∝山e．Ⅳ鮎mg scrapie－i血td hamster br血  

homogenatewithmock－inbtedhamsterplBLSma帽I11tedintheformationofsimi1arMwposidons払rmd・  

tiple3F4－reaCtiveproteims．Prcdigestionofcad）Ohydratesidedlai皿Sh）mtheproteinsin仙epl躯maOr  

brainhomogenatebebremnngresultedillEhiItlJY100btainthesemtl】liple3F4－reaCtiveproteiIIS．These  

ObservalionsindicatethatPrPJYSaggregatedwithotherproteinsintheplaLSmathrough亡arbohydrate  
Sidedlainsandwassucce∬hllydetectedindlepIiLSmaOfscrapie・infbctedhamsters．CotlnterPartSin  

tll喘eagg代gateSW祉hPrP博一mkeprotei瓜SinsctIaPla代nOtknownbula血yltlateXistsho山dI■喘鹿t仙ePK  

diges也〉n∴   

KqwoTdk：PrPres・1ikeprotein，Carbohydrate，Scr・aPieinfbction，Discrimination   

7tansmissiblespongifbrmencephalopathy（TSE）is  
afatalinfbctiousneurodegenerativedisease．Itischar－  

acteriRdpathologica11ybyspongydeteriorationof血e  
Centralnervoussystem（CNS）andbythedepositionof  

amyloidplaquescomposedofanabnormalisoR）rmOf  
theprionprotein（Pdr）ininfヒctedtissues（l，2，19）．  
AnimportantbiochemicalpropertyofPrPisitspartial  
resistancetoproteasedigestion，Whichresultsin血e  

fbrmationofaβ－Sheet－richisoform．Thismoleculehas  
therebrealsobeencal1edPrPres，andithasbeencon－  

Sideredadisease－SPeC摘centityassociatedwithTSE（1，  
2，9）・AlthoughthevCJDepidemicintheU．K．is   

declining，eXPanSionofthediseasedlrOughoutconti－  

nentalEuropeandinmanyothercountrieshasraised  
COnCemallovertheworld（9，10，28）．A蝕汀theappeaト  

anceofdl陀eCaSeSOftransA）Sion－relatedvCJDinfection   

AbbreviatioTZS：2×acidicsaline，0．02MaCeticacidcontaining  

O．15MNaClandlOmMEDTA－2Na；Brh，brainhomogenates；  

CNS，CenIralnervous system；KLH，keyholelimpet hemo－  
cyanin；mAb，mOnOdonalantibody；mC，mOCk－inf＆ted；P17  
plasma；PMCA，PrOteinmisfbldingcyclicamplifi以tibn；PrPC，  
normalprionprotein；PrPres，PrOteinaseK－reSistantpnonprD－  
tein；PrPK，disease－aSSOCiated pdon protein；PTA，Phospho－  
turlgSticacid；PVDF．polyvinylidene8uoride；RES，reticulo－  
endothelialsystem；rP餌代COmbinanthamsterPfP（25－233）；SB，  

superblock；SC，SCraple－infbcted：TBSTtTrisBufftredSalin  
colltainlIlg O・05％ Tw20：TSE，tmIISmissible spongifblⅧ  

encephalopa抽y．   
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1y sensitivechemi1uminescenceimmunoblotting sys－  
tem）ofaPrPres－1ikeproteinmoleculeinplasmacoト  

1ectedfromscrapie－infected（SC）but，nOtfrommock－  

infbcted（mc）hamsters．Althoughthein鮎ctivityofthis  
moleculehasnotbeentested，andtheimmunoblotpat－  

ternoftheanti－PrPreLaCtiveproteininplasma（SCHaPl）  
was somewhat di脆rent 丘om that of the brain  

homogenate（scHaBrh）in scrapie－inftcted hamSterS，  
thespex：ificreactiviIyoftheseproteinstoanti－PrPmAb，  
thedemonstradonofcarbohydratesidechain－mediated  
associadonbetweenPrPresandplasmaproteins，and  
theremovalof［hecatbohydratechainresultedinthe  
appearanceofsimilarMwproteinsinscBrhandscPl  
fimiysupportthecoqecturethattheextraMwproteins  
ObservedinthebialweretheaggregatesofPrPresand  
SOmeplasmaproteins．   

Materials and Methods 

＆‡砂〝tgち〝∽乃〃Cわ乃αJα用地dお∫（〃止りαJld化C（〉〃戯－  

nant hLZmSteT・PTPp甲tide．Proteinase K（PK：40．O  

mAnsonunits／mgprotein）waspurchased丘■OmMerck  
Co．（Ral1Way，N．J．，U．S．A．）．Peptideル・glycosidaseF  
げNGaseIミ25，000血its／mg protein）was purchased  
fromRocheDiagnosticsCo．，ud．   

Theami－PtPThAbs3F4（Signet，Mass．，U．S．A．）and  

6H4桝OnicsAG，Zむich，Switzerland）werestoredin  

aliquotsat－80Cumti1use・mAb5C8－113waspre－  
pa托dbyimmunizingPtPknockoutmicewithbovine  
recombinantmP桝onicsAG）；SCreeningwasconduct－  

edusingthesamemolecule．m180andTA181were  
providedbyMedica）BiologicalLaboratory（M召L）and  
WerepreParedbyimmunlヱmgCOnVemionalBalb／cmice  
With syntheticpeptidesofthehamsterPrPsequence  
CERYYRE or CA押GGLGGYML coqugated with  
keyholelimpethem∝yanin（KLH），reSpeCtively，then  
SCreenedbythesamepeptideswithoutKLHandcoTUu－  

gatedwithanELISAplate・TYleePltOPeSitesofthe  

mAbs were150－152and163－165fbr TA180，and  

129－131fbrTA181．TheepltOpeSiteof5C8－113has  
notyetbeendeteminedbutispossiblyanunknown  
conformation－depehdent site・Anti－HIV P24mAb  

（7A8．1；CHEMCON）was kindly donated by Dr・  
IwakuraoftheInstitute ofMedicalSciences，Tbkyo  
Umiversiq，andwasusedasanegadvecontrolfbranti－  
PfPmAbreacdons．HamsterI℃℃OfhbinantPrP（25－233）  
（abbreviatedrPrPhereafter）waspurchasedh）mAlicon  
AG（Switzedand）．   

血血叶両肌肌画一‘丁重cfgdα山肌ocた－f依Cfβd  

haTILrteTT・TwelveSydangoldenhamsterswereinocu－  

1ated withscrapie（Sc237）－infbcted hamster brain  

homogenateintraぺerebral1y・Sixhamstersweresimi－  

1arlyinoculatedwithuninftctednormalhamsterbraih   

in血eU．K，tranSfusion－relatediatrogenicexpanSionof  
vCJDbetweentheasymptomaticallyinftcteddonorand  
bloodrecipientshascausedgrowingconcem（13，2l，  
26）．Inaddition，dle U．K．govemmenthasrecently  
reportedafburthcaseofvCJDassociatedwithablood  

transfusion（HPAPressstatement；18Jan．2007，abbre－  
viatedin13）．ForthisreasoTl，theaimofresearchinto  

developing an antemortem test has changed h）m  

detectlnginfbctedperSOnSinanendemic2LreatOeSti－  

manngthepopulationsizeofinftctedperSOnSwithina  
moreglobalareain orderto preventtheiatrogenic  
in鈷ctionbytaintedblood（4，8，28）．Themostuseful  
tissuesfor the diagnostic con丘rmation of vCJDin  

humansaLeCNSandreticulo－endothelialsystem（RES）  
tissueaswellasthetonsilsandappendix（14－16）．me  

tonsilsandappendi又havebeenusedsuccessfu11yfbr  
thehistopath0logicaldetectionofPrPresinqpidemi0－  
logicalstudies of vCJDinfectioninthe U・K・：an  

extremely highfrequency ofinfbc也on was detected  
COmparedtothefrequencyofso－Cal1edclassicalCJD  
（16，17，22）．However，itisdi伍culttosampletheton－  

Silsandtheappendixinlivingsubiects・Therefbre，the  
pathologicaldiagnosisofTSEiscurrentlymadepnnci－  
pallyon血ebasisofpostmortempreparadonsofCNS  
tissues，high1ightingtheneedforthedevelopmentofa  
more 

Ciallyblood（6，27）．Ⅰやrthispurpose，SeVeralmethds  

havebeenproposedandexaminedfbrprophylacticuse  
（23，30，32）．However，nOme Ofthe§e me血ds has  

provedtobesufncientfbrthepurposes（5，7，20，29）・  

rrbachievethisgoal，SeVeralproblemsmustbesoIved；  

SOlutionsinclude uslng preparationswith mihimally  
invasivesamplingtechmiquesandestablishingane恥－  

tiveandsp∝i丘cmethodfordetectingthediseasemark－  

erwithsumcientsensitivity（5）．rrTleGrstproblemcan  

besoIvedbyusingbodyfluidssuchasbloodorurineas  
testspalmenS．rnlerefore，thekeyistodevelopasys－  

temwithsu代cientsensitivitytodetectPrPrcsinblood  

Orurine（5，6，20，22，29）．ThepresetlCeOfPrPresindle  

urine ofTSE－inftcIedanimalsand humanS has been  

reportedpreviously（33）．However，ithasbeensuggest－  

edthatthisuPrP5Cmaybecontaminatedbacterialcom－  
POnentSininftctedanimalurineandnotamarkerof  
TSE（12）．Blood has notbee血COnSidefedahighly  
inLtcdvesourceofclassicalCの．rmesamewastruefor  

VCJDuntilthe丘rstvictimofvCJDresultiTlgfroma  

bloodtransfusionwasrcported（21）．Tllisrcportwas  
fbllowedbyreportsofthrecmorecasesofpossible  
transfusion－related tranSmission of vCJD（18，H払  

Pfessstatement：18，Jan．2007，13）．Thedevelopmentoi  

atestingmethodusingbloodhasthereforebecomea  
m町OrgOalofTSEresearch．   

Hereweshowthesuccessfuldetection（usingahigh－  
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6H40r Similar），in SB containing10％Block Ace  

（DainipponPharmaceuticalCo．，Ltd．）andO．01％BSA  

fbrlhratroomtemperaturethenovernightat4C  
thereaRer・Formaximumdetectionofproteinslgnals，  
theblottedmembranesw∈reincubatedovemightat4  

C．Af［erincubation，dlemembraneswerewashedRve  

timeswithTBST，incubatedwithhorseradishperoxi－  

dase－COrtjugatedgoatanti－mOuSe rgG（HRPGAM）in  

TBSTcotamng10％BlockAceaJldO．1％BSA払rlhr  

asasecondaryantibody，WaShedfivemoretimeswith  
TBST andincubated with a chemi1uminescence sub－  

Strate（SuperSignalWestFemtoMaximumSensidvity  
Substrates：SSWF；PIERCE）・Tb obtain optimuln  

Chemi1uminescencesignals，HRPGÅMwasusedata  

COnCentrationof2ng／m）accotdingtothemanufhcturers  

instructi011manualandchemiluminescenceslgnalsR）r  
antibody－reaCtive bands were detected us］ng ar）  

LAS3000imageanalyzer（Ft豆iFilrn，Tbkyo）．   

Resulb   

∫叩頭fvJケ（ダ伽Jgc血乃勘∫fe〝ば「鞄・り   

TbdeteminetheLimitsofthedetectionsystem，rPrIミ  

10％homogenatesofsc－OrmCBrh（crudeorlow－Speed  

Centrifugadonsupernatant）andPKpredigestedsc－Or  

mcBrhwezt：uSed．They wereabbreviatedas sc－Or  

mcBrhCnAdE，SC－Or mCBrh叩and sc－Or mC BrhPK，。，  

respectively・In血ese 

WaSindicated asbrainequivalent（panelA）orbrain  

PrOtein（PanelB）to enable conveniellt COmParison  
betweendleequivalencetobraiJlamOuntandbrainpro－  
tein．Protein amountsinthe brain were defermined  

before PK digestion・ln panelA，1・5×10‾12g  
（6．5×10－t－mol）fofrPrPandPrPresinl．4×10‾9gbrain  

equivalentweredetected．Aboutl／3（equival占ntto  

2．25×10r6g brain protein）of the PrP moleculein  

scBrh，andnoneofthoseinmcBrhlookedlikethePK－  

resistantmolecule（PrPres；panel．B）．PrPresinscBrh  

wasshi氏edfrom30－32kDaand27－28kDabefbrePK  
treatmentto25and20kDapositionsafterPKtreaト  
ment，reSpeCtlVely．AsthetotalamountofPrPnsplus  
PrPcinscBrhlooked3－fbldlargerthantheamountof  
PrPinmcBrh，SyflthesisofthePrPwasenha11Cedby  
scrapie infection in hamsters. 

以附加血血射げ助叩厄句如血呵ね町晩成旬画一  

fわ乃わPky〝∽   

When scraple－infected or mock－inftcted Brh and  

plasma were pretreated with PK and s叫ected to  

immur10blotanalysis，SCandmcBrhwereeasilydis－  
criminatedbythePKtreatmentbutscandmcPIwere  
notdiscriminatedbytheenzymetreatment（PanelA）・  
In mcPl，Similar3F4－reaCtive proteins were also  

homogellateandwel・euSedasmock－infbctedhamsters・  
Hamstersfromthetwogroupswereanesthetizedwith  
etherattheterminalstageofdiseaseamorlganimalsirL  
thescrapie－infectedgroup（approximately50－70days  

afteritlOCulation）and af【er也e sametimei】1terval  

amonganimalsin山emock－infectedgroup・Bloodwas  
collectedfrom山eanimalswithACDcontalmng10mM  
EDTA as an anticoagulant・Blood samplesfrom  
SCmple－inftctedandm∝k－inftctedhamsterswascen－  
trifugedatlowspeedandtheplasma斤actionswerecol－  

1ected（SCPland mcPl，reSpeCtively）．Both scPland  
mcPIwerepr∝eSSedsimi1arlythereafter・Brainswere  
removedftomtheterminal－StageinfbctedhamsIerSOr  
themock－inftctedhamSterSandhomogemizedinTBS  
contalnlng O．5％NP40，0．5％DOC and a proteas  

inhibitor eocktai1（Sigma）using a closed system  

homogenizer・These brain homogenates were then  
a4iustedtoaconcentrationoflO％wi血theabove－men－  

tioned bu鮎r（SCB血亡rdt or mcBrh⊂rUJe，reSpeCtively）．  

scBrhm血ormcBrhEnKkwel℃Centrifugedatlowspeedto  

removeinsolublematerials，anddleSupernatant丘ac－  
tions（SCBrhormcBrh）wereprocessedasdescribed  
blow．   

励q珊e ∫佗α加e眈  me plasma or bmin  
homogenateswerediluted4－foldwithTBScontalnlng  
lOmMEDTÅanddigestedwithPK（50rLghnl）a（37C  

fbr60min．Thesereactionswerestoppedbyaddingl  
mMPefhbl∝k．Thedigesdonstepwasomittedinaset  
OfcontroIs．Thesamplesweredlentreatedwith3％  

SDSand50rrMDTrinTBSbefbrebeinglnaCtivatedat  
l（泊CfbrlOminandStOredat－80CiTISmallaJiquots．   

AckiicSDSpTeC甲ItaEioTL Storedprepara山）nSWere  

inocula［edwithequalvolumesofO．02MaCeticacid  

COntainingO．15MNaClandlOmMEDTA－2Na（2×  

acidic saline）atlOC，fo1lowedby centrifugationat  
15，000rpmfbrlOmin．TheresultingprecIPltateSWere  

dispersedin廿isBufftredSaline（TBS）with5rrM  
EDTAandin∝u］atedwithequalamountsof2×acidic  

Salineagain．A鮎rfurthercentrifugation，theresulting  
preclpltateS Were rinsedwith a5－fold volume of  
methanol，then dissoIvedin Laemmli’s SDS sample  

bu晩randanalyzedlherea氏er．   

血J乃〟脚鋸oJ（ねょだcfわJl（ゾPrダーJ融ク仰Jgi〃∫．SDS－  

PAGEwascaniedoutona15％gelusingI．aemmii’s  

COnVendonalbu能rsystem．meelectrophoresedpro－  
teins were transfbrred onto polyvlnylidene且uoride  

（PVDF）membranes using asemidry system．After  
Wbstern blotting，the membranes wereblockedwith  
SuperBIock（SB；PIERCE，R∝k知rd，nl．，U．S・A）fbrl  
hratroomtemperaturethen ovemightat4C．The  
blockedmembraneswerefirstwashedthreetimeswith  

TBScontainingO．05％TIbeen20（TBST），thenincubat－  

edwithananti－PrPmonoclonalantibody（mAb；3F4，  
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ng・l・SensitivityandspeCificitydeterminationsofimmunoblotsystem5．PanelA：Sensitivityofusedchemi】umines－  

CenCeimmunobloLsWaSdeteminedusingrPrP（25－233）（upper）orscBrht7tKk（lower）、Theseweredilutedinthes訂ial  

threefbldmannerasdescribedin“MaterialsatldMethods■”Thereabr；eaChdilutedpreparationwassutjectedto  
Chemiluminescenceimmunoblo（detection・Theamountsofeachpreparationusedperlaneareindicatedinthe負guze  

鮎g（×10‾10）ぬ【げⅠヤ（23－231）orgBい叫・（×10‾りbrscBrh．PanelB：S匹Ci丘cdetedonofP打払scB血弧dI血B血  
bychemiluminescenceimmunobIottingwasindicated・SCBrhormcBrh（upper）ortheirPK－treatedpreparations  

Oower）werepzwessedtoserialthrecfolddilutionseriesandsubjectedtochemi1uminescellCeirruwJlOblotting．PrPin  
eaehp托parationwasindicatedperbT3inprolein．ProteinbandsitlSCBrhshowedthemixlureoF脚陀SZmdPr托．3F4  

aJldHRPGAMwereusedas（heprimaryandsecondaryantibodie＄，reSPeCtively．  
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Fig・2－AcidicSDSprecipitationtodiscriminatescrap．einf＊tionandmockinftctionbytheirplasma・PanelA：  
SCBれmcB九scPlalldmcPIwereprocessedaJldsu句ectedtoorrK）tSu句ectedtoPK旭tment．Achemi1uminescence  

immunoblotanalysisofPrP－1ikeproteinswasthet）Perfbrmedusit）g3F4pdmaryandHRPGJMs∝Otldaryandbodies・  
1mePKtreatmentdiscriminatedscBrhandmcBdtbutdidnotdiscriminatetxtweenscPlandmcPl．PanelB：PK－Pre一  
脈劇edscBrh．mcBRh，SCPladmcPIweresu句ectedtoacidicSDSprecIPlt濾oncondition．thenanalyzedbychemi－  
1uminescenceimmunoblo旺ing・AcidicSDSprecipit嘘onconditioT）WaS托peatedlwice（hdicatedasIstand2ndinthe  
Panel）・T最sacidicSDSprecipitalionclearlydi虻dminatedscPlandmcPlaswellasscBrhandmcBrh．ThehighMW  
PrOteinbandobservedinthelstprecipitatedfbctionofmcPIwasdiminishedinthe2ndprempltBLtion．3F4and  
HRPGAMwereusedastheprimaryandsecondaryantitxxlies，reSpeCtively．  

274   



APOTENmLBLOODTESTFORTSE  1225  

ObservedasinscPl・Thisobservationwasextremely  

differentbetweenthebrain homogenateand plasma．  

Fromthisobservation，thepresenceofPK－reSistantPrP  
molecules（PrPres－1ikemolecules）inbothsc－andmcPI  

WaS SuSpeCted（Fig・2，PanelA）．ThesePrPres－1ike  

moleculesinbothplaslnatypeShavemultipleincon－  
StantMwin experiments．Two patterns were often  

Observedin3F4－dependentimmunoblotanalysis；On  

WaSa32kDamqjorbandwitha20kDaminorbandas  

Wellas18，25，37kDafhintbands（panelA；1ane7，8），  

andtheodlerWaS20，32，40andgreaterthan50kDa  

densebandsasweuas27kDafaintbands（Fig．2，panel  
B；1ane5，6）．   

TheabilityofthetesttodiscriminatebetweenscPl  

andmcPIwasexaninedbyacidicSDS preclpltation  
（Fig．2，panelB）．PK－treatedscBrhandmcBdlaSWe11  

asscPlandmcPlpreparationsweresubjectedtoacidic  
SDSprecipitationcondition（acidicSDSppt）andana－  

1yzedwithourimmunoblottingsystem．InthisexperL－  

ment，preCipitationwasperformedtwicetoenguremax－  

imumremovalofSDSsolubleproteins．Bythisproce－  

dure，SCPlandmcPIwereclearlydiscriminatedinthe  

arst precIPltation and the higher Mw band that  
remained af［erthe丘rst precipitation was rehlOVed  
almostcompletelybythesecondpreclpltation．Disて  

CriminadonbetwecnscPlandmcPlbyacidicSDSpre－  
CIP．tationwasfurtherconfirmedbyanexpenmentuSlng  
12scPland6mcP】samples（Fig．3），butprecipitation  
WaSOnlycaniedoutonceindlisexpenme一一L Asshown  
inthis丘gure，al112scPIsamplesshowedthe3F4－reaC－  
tiveproteinsbut4mcPIsamplesdidnot．ThemcPlof  
No．1and No．6showed weak3F4－reaCtive bands．  

Theseobservationscon臨ml血atscPlandmcPIcanbe  

SuCCeSSfuIlydiscriminatedusingtheacidicSDSpreclp－  

itationbuttha（PreCIPltationshouldberepeatedtwice．  

VhakbandsobservedintherncPINo．1andNo．6were  

expeCtedtodisappearbyperfbmllngOnemOreaCidie  
SDSprecIP］tatiollPrOCedure．   

彿c〆げβ曙ウc（フり血血乃  

ItisknownthatthreeMwspeciesofPrRdi－，mOnO－  

andnone－glycosylatedmolecules，eXistinthebrainand  

degIycosylationofthemoleculescausesthedlreeprO－  

teinspeCiestoaccumulateintoaslngleMw．So，in  

Ordertodeteminewhetherdeglycosylationafftctsthe  
formationofmultipleMwproteinbandsinsQOrmCPl，  

PK－t托atbdscandmcPIweredeglycosylatedorfurther  

Pr∝eSSedusingtheacidicSDSpreclpltationprocedure  

thencomparedtosimi1arlypr∝eSSedscBrh．Asshown  

inFig・4，20－27kDaproteinsinscBrhand19－50kDa  

multipleMwproteinsinscPlandmcPIweredetected  

fbllowingPKtreatment（Stepl）．Wi【hdeglycosyladon  

OfscBrhbyPNGaseFtreatment，largeamOuTltSOf18  
kDaproteinappearedaswasexp∝ted・Deglycosyla－  

tion ofscPland mcPlresultedin18kDa proteins  
appearlng but multiple higher Mw protein bands  
remained（step2）．AfteracidicSDSprecipitationof  
these PKdigested and deglycosylated materials，the  

multiplehigherMwproteinbandsinscPldisappeared，  
Whereas asmal1amount ofdiscrete18kDa protein  

bandsremainedinscBrhandscPl・Theseproteinbands  

WerenOtdetectedfbllowlngSimi1artreatmentofmcPl  

（SteP3）．Alongperiodofexposure（10min）wasnec－  

essarytoobtaintheproteinsignalsdescIjbed丘omstep  

30ftheexperimentbecausethePrP－1ikeproteinswere  

di代culttodetectafterthedeglycosylationstepofthe  

scPl  nlePl  

2 3 4 5 6 了 8 910111212 3 4 5 6  

Fig・3・DiscriminationofPK－trentedscPlandmcPlbyacidicpreclpltation・伽elvepreparationsofscPland6pr甲a－  

radonsofmcPIwerepretreatedwithPK（50pg／mi）．scBrhwassimi1arlytreatedbeforepr∝eSSing，A鮎rthepre－  

trea血ent・thescPlandmcPlaswe11asscBrhwereprocessed10theacidicSDSpl∝ipitadonstageandana］yzedbythe  

normalimmunoblotsystemsasdescribedin“MaterialsandMethods：’Anti－PrPmAb3F4andHRPGAMwereused  

astheprimaryandsccondarYantibodies，reSPeCtively，for（heimmunoblotanalysis・  

275   



K．TSUKUIETÅL  

Step2  

1226  

Step 3 Stepl  

』
l
d
O
∈
＋
 
＋
 
 

d
｛
h
U
∈
＋
 
＋
 
 

q
l
h
U
S
＋
＋
 
 

d
一
札
U
S
＋
 
十
 
 

エ
ー
円
O
S
＋
 
＋
 
 
 

d
l
h
O
∈
＋
一
 
 

q
l
h
U
S
＋
－
 
 

d
l
h
U
S
＋
－
 
 

霊
円
U
S
＋
－
 
 

q
t
h
O
∈
●
－
 
 

d
己
U
∈
－
－
 
 

q
l
h
U
S
■
－
 
 

d
【
恥
じ
的
－
－
 
 

ぷ
一
円
U
S
－
－
 
 

PNGase F  

AddiGSDS  

■
■
■
 
 

1
 
 

0
 
 

1
 
 

9
 
 

8
 
 

7
 
 

ご
U
 
 

5
 
 

4
 
 

3
 
 

2
 
 

1
 
 

121314  

頂
凸
さ
き
≡
 
 

25－  

20－  

・■・■ 一  

15－  

Fig・4．Di鱒pPemCeOfexぬMwpt眈inbandsbydigestionofcarbohydrabsidechainsfo1lowedbyacidicSDSpre－  
CipiLation．駆B血，tWOPrqP∬atiot）SOfscPland【wOpreParadonsofmcPIweretr現tedwithPK（StePl，1ancsト5）．ne  
PK一触tedprptior）SWeredigesledbyPNGaLSeFtoremovethecarbohタdJ甘teSidechainontheproteiI）mOl∝u】es  

（step2，血es6－9）thenprwsedfu1a11yto血eacidicSDSprecipitationstage（SteP3，1aneslO－14）．hne＄Were：Brain  
homogena蛤：1，6，10；SCPlニ乙3，7，8、1l，12；弧dn忙m：4，5，9，13，14．meimmunobbtpa蜘Of飽Cbpl℃p血on  
duJringthe血reestepswasdetermined・Fbrdleimunoblo［analysis，3f叫mAbandIWGAMwereusedasthepri－  
m鮎yandsecondaryandbdies，reSpeCtivelyこPrepara（ionstr飽tedwithPNGaseForacidicSDSprecipitadonaLreindi－  

Catedas（＋）andut）treatedorunprKeSSedpreparaLionsa陀indicatedas（－）inthefigufe．3F4andfJRPGAMwere  
usedasdleprinuryandsecondaryantibodies，reSpeCtively．  

acidicSDSprecipitationprot∝Ol．Theseobservations  
SuggeStedthatcarbohydratesidechainswereinvoIvedin  
thefbrmationofthemultiplehigherMwproteinbands  
（Fig．4）．   

4押gαWCe（げ〟〟J毎払βigんgr〟wPmお山∫わ・肋血g  

P＆7〉℃αねd∫Cβrんα托d P片一升℃αJgd or f〉定一！力〟柁αねd  

椚d門   

PKrtreatedBrh wasmixedwithPX－treatedbrPK－  
un血mcPlthenprMSSedtotheacidicSDSprecip－  
itationstage・Thesemixedpreparationswere、00mpared  
with preparadons of unmixed componentsin  
immunoblotanalysis．MixingofthePK－treatedscB血  
WithPK－treatedorPK－untreated mcPlresultedinthe  

fbrmation ofhigher Mw muldple protein bands as  
ObservedinsCPl．MixingwithPK－treatedmcPIs∝md  
to show morediscretebands than mlXlng WithPK－  
un加atdmcPl．hPK－tr翰tdmcf‡aBrh，PK一血or  
PK－untreated mcPl，these higherMw proteinbands  

WerenOtObserved．TheseimmunOblotresultssuggested  
thatthemultipleMw3F4－reaCtiveproteinswerenewly  
fbmedbytheass∝iationbetween．PfPresinscB血a血d  

somepK－reSistantplasmaproteinsLinmcpl肝ig．5）．   

聯cfげか曙伽c（，叩ね血乃♪rめgA∬OCf〟わ〃qrPげ柁∫  

f乃∫ぐβJ勃8月dPg一尺g∫i∫ね托JP和お玩i門戸由∫〝∽   

AsthedeglycosylationofscPlresultedinfhilureto  
fbrmdlemultiplehigherMwproteinsbutresultedin  
theappearance6fadiscrete18kDaband・AstheMw  
Ofwhichissimi1arlytothedeglycosylatedPtPresin  
寧Brh，也epossibleinvoIvementofsaccharidechains  

WaSSuS匹CtedfbrthefbrmationofmultipleextraMw  

PJT）teinbands．Tbcon負rmthispossibility，PK－Pretreated  
SCBrhandmcPIweredeglycosylatedbyPNGaseFor  
leftuntouched．A危ermlXlngthetwopreparationsin  

thecombinationindicatedinFig．6，aCidicSDSprecIPl－  
tationwasperformedthereafter・As3％SDSinthe  
StOredplasmaorbrainhomogenatesinhibitsdeglyco－   
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bloodorurinemaybethemostconvenientspecimens．  
Theinftctivity ofbloodinTSE－infbctedanimalshas  
alreadybeendeterminedtobelO－30rD5Jml（5）．For  

血isreason，thedetecdonsensitivityofPrPI℃Sinbloodis  
requiredtobeintheorderofng／mltotestforTSEas  
hasbeenmentionedelsewhere・rmmul10blottingsys－  
temscannotdetectsuchalowlevelofPrPreseveninthe  

bloodofex．perimentallyin臨ctedanilnaIs，SOmOreSen－  

Sitive methods to detectlower concentrations of PrP  

moleculesneedtobedevelopedforantemortemdiag－  

nostictestsusingbloodorotherbodyfluids．V訂ious  
trialsbyseveralinvestlgatOrShaveattemptedtosoIve  
thisextremelydifncultproblem（7，19，20，30）．Inthese  
Studies，CaPillaryelecu・Ophoresisanalysisuslnga且uo－  

rescence－labeledsynthehcPrPpeptide，aCOmbination  
Of conformation－dependent m preclpltation and  
ELISA，PCRofsyntheticRNAcoruugatedwithanti－  
PrPmAbandinvitTDmultiplicationofabnormalPrP  

isoform（Protein Misfolding Cyclic Ampli丘cation；  
PMCA）have been suggested（3，20，29，30）．The  
PMCA methodwas showntodetectthepresenceof  
PrPresin scraple－infectedpre－mOrtemhamsterblood  

usingthebu町COatlysate（29）．However，because  
thesemethodsa托COmplexandrequlrealongdmeto  
Obtain丘nalresults，theiruseinbloodscrecrLlngmaybe  
restricted． On the other hand，the common  

immunoblotting system used after PK treatment is 
exce11entfbrdetectingPrPresintheCNSorinother  
disense－afftctedtissuesofinftctedanimals．However，  

theusualimmunoblotdetectionislesssensitivethanthe  

methods TneZltionedat）OVe．Therefbre，amethod血af  

usesthecommonimmunoblottingsystemwouldbethe  
firstchoiceforanantemortemtestifitsdetectionsensi－  

tivitycouldbeenormouslyenhanced・ItissuspeCted  
也atthedetectionofPrPresmoleculesinbloodismade  

moredi伍cultbycontamination魚・OmalargeamOuntOf  
PrOteln，andsoamethodthatwi1lselecdvelyconcen－  
tratethePrPresinbloodtoa7low．detec【ionisthere氏）re  

required・Wetriedtousethecommonimmunoblo  
SyStemSincombina（ionwithaselectiveconcentration  
methodfbrPrPfeS－1ikeproteinaggregatesandahigh1y  
SenSitivechemi1uminescencemethod．Usingthiscom－  
bination，We SuCCeSSfully showed the presence of  
PrPres－1ikeproteinsinthescPlbymeansofreactivityto  
severalanti－PrPmAbs，andbythesimilarityofMw  
widlthePrPresininftctedhamSterbrainsafterdeglyco－  
sylation・Moreover，Carbohydrate may causethe  

PrPres－plasmaproteinaggregationandfbrmthemulti－  
pleMw3F4－reaC仕vePrP－1ikeproteins・PrPisamem－  

braneproteinandisknowntoaggregatefreqt）ently，  
espeCially a鮎r conversion toits disease一年SSOCiated  

abnormalisofbrm．For血isreason，detectionofthese  
aggregatesisalsotheoptimalwaytodevelopanassay   
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Fig・5・AppearanceofextraMwprDteinsbymix；ngscBrhand  
rncPlafter血eacidicSDSprecIPIIatioIl・ProteillaSeK－Pretreated  

scBrhwasmixedwithPK－treatedoruntreatedmcPlanddi）uted  

tol‥30rl：9inthepresenceofthePK－treatedoruntreatedmcPI  
preparations・nenthemixedalldullmixedpreparationswere  
pr∝eSSedto（heacidicSDSprecipitatiorLStage・rnleSePrWSSed  
PrePara－ionswerecompa托dbyimmunoblota爪alysisusing3F4  
mAbandHRPGAMastheprimaryandsecondaryantibodies，  
托S匹Cdvely．Ⅰ』leS：1：PKぬtd鑓B血；2－」：PK一打eatedscB血  
Wおmjxdwi血anquaIamoulltOfPK－uI】br飽t由mcPlqme2），  
dilutedtol：3（1ane3），dilutedtol：9（lane4）；5J：PK，treated  
SCBdlWaSmiⅩedwith anequa】amoun（OfPX－treated mcPl  
（1ane5），dilutedtol：3（lane6），dilutedtol：9（lane7）；8：PK－  

b・eatedmcBrh；9：PK－untreatedmcPl；10：PK－treatedmcPl；11：  

PK一打飴tedscPl．3Fl抑dfiRPGAMwereusedastheprlmaけ  
andsecondaryan（ibodies，reSpeCtively．  

SylatiozlreaCtion by PNGasefミぬe prepara【ions Lbr  

deglycosylation werediluted30－fbldbefbrethereac一  

山on．Afterthedeglycosylation，PrOteinsinthereaction  
mixtureofPNGaseFtreatmentwereprecipitatedby  

methanoJanddissoIvedagalntOtheiroriginalvolumes  
withapnmarybu飴rsystemthatcontained3％SDS  
befbremlXlng．AcidicSDSprecipitadonaf［erthemix－  
1ngOfthesedeglycosylatedpreparationsresultedinthe  
appearanceofan18kDadiscretebandwithasimilar  
MwtothedeglycosylatedPfPres’inscBrh・Deglycosyト  
ationofbrainproteinsaswe11asofplasmaproteins  
SeParately払iledtoformdlehigherMwmultipleprotein  
bands．MixingofPNGaseF－treatedscBrhandPNGase  

F－untreatedmcPIR）rmedasomewhatlargeamountof  
discrete18kDaproteins（1ane5）．   

Dk亡uSSion  

Forantemortemdiagnostictests，bodyfluidssuchas  
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Fig・6・lnabilitytoformaggregatet＊tWeenSCBrhandmcPlbydigestionofcarbohydratetnbremiRiJlg・PK－treated  
scBdl，mCB血andmcPIwerefurthertrEntedornottれ已atedwithPNGaseFtodigestthecarbohydratesidechainson  
theproteins・neSePretreatedprepamdonsweremixedwitheachotherasiJdicaLedinthe負gu托，andpr∝eSSedtothe  
addicSDSp托CipitatiotlStagea鮎rmixing・I・aneS：1：SCBrhげNGasef」），2：SCBrh（PNGaseF＋）；3：SCBdl  
（PNGaseF一）mixedwi血mcPl（PNGaseF－）；4：SCBrh（PNGaseト）miⅩdwi（hmcPIPNGaseF＋）；5：SCBrh  
（PNGascF＋）mixedwidlmCPl（mGaseF－）；6：SCBrh（PNGaseF十）mixed′withmcPl（PNGaseF十）；7：mCBrh  
（PNGa鑓F－）mixedwithmcPl（PNGaseF－）；8：mCBrh（PNG鮎畝F」）mixdwithmcP＝PNGaseF＋）；9：mCBrh  
げNGaseF十）mixedwithmcPl（PNGascF－）；10：mCBrh呼NGaseF＋）mixedwithmcPlげNGaseF十），inwhich  
岬NGaseF＋）弧d（PNGaseFr）meandigestedofnOnJigestedwithPNGascFtkforemixing，reSpeCtively・3糾and  
mPGAMwereu諾dasthepdm打ymdsecondaけandMes，reSp∝dYely・  

tocolenabled successfuldiscrimination of scPland  

mcpl．neacidicSDSconditionmayselectivelytarget  
aggregatedPrPmolecules，SuggeStlngthatPrPmole－  

culesinmcPlmaynotbe？ggregated・Thisobservation  

is reasonablein that one of the main di能rences  

tntweqrmsandPrPcmaybewhethertheyexistin  
anaggTegat由1fbrmornot・Someinvesdgatorshave  

biedtoobtainPdPresinbloodinanaggregatedfbrm  
（7）．neaggregadonofPrPresisthoughttobe’ar占＄Plt  
ofthemorehydrophobicnatureofthePrEresmolecule  
thanthatofPげc（24）・However，thephenomqnon  
observedhereclearlysuggeststhatanimportant鮎tor  
foraggregationmaybethepresenceofacarbohydrate  
sidechainonbothPrPresandplasmaprotein声■ra血er  
thanthehydrophobicnatLuTeOfthePrPTeS・Carbohy－  
dracehasofbnbecndescribedastheoutfitterforglyco－  
Syladom8血d氏mcdon（25）・   

ThetypeSOfproteindlataggregateWiththePrPres－  
1ikemoleculesaqenotknown．Someplasmaproteins  
a陀knowntoassociatewiththePdlbutitispossible  
thatthehPmoleculesinhamsterplasmamqyalsobea  
candidatefortheseplasmaproteins（11，31，34）・PK－   

methodwhenusingblood．However，PreVioustestsfor  

evaluadngthesensidvityofdetecdonsystemsusingPrP  
moleculeshave血判uentlyfailed，PreSumablyduetodle  
tendencyofthePrPmoleculetoformaggregates・  
therefbreevaluatedthesensitiⅤ吋Ofthedetecti0鱒SyS－  

temuslngSDSsamplebu批rwhichcontainedO・1％  
BSAforthedilutionbu鮎randbyboilingtheprepara－  

tionthroughouttheserialdilutionsteps．Thismethod  
allowedustoobtainaproperdispersionofthePrP  
aggregateinthetestprepamtionandwesuccessfu11y  
Showbdthattheendpointofthedetectionsystemwas  
l．5×10－12g（6．05×10－nmol）ormore ofrPrP and  
P伽sinl．4×10‾9gbrainequivalentofscHaBrh．As  

thescB血has鱒infecdvitytiterof10，7－10－9ID5Jml，  

thischemi1uminescence＄yStemlC弧det∝th触corre－  
SpOndingtolIDJmlormore，Whichissu伍ciently  
greaterthanthevaluerequiredtodetectPtPresinblood  
呼ig．1）．Wetherefbredecidedtousethischemi1umi－  
nescencesystemtodetectPrPresinscPl・Thissystem  
alsoallowedustodeteminethedetectionlimitofPfP  
proteininthebrain伊ig．1B）．   

AddingtheacidicSDSprecipitationstagetothepro－  
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resistantPtPmoleculeshaverecentlybeenreportedin  

uninfbctedhumanbrainsasweuasintminftctedmouse  

andhamsterbrahsandhavebeenlabeledasilentpnon．  
PK－reSistantproteininmcPl，Whichisabletoaggregate  
withPrPrescouldbethesilen（PnOninhamsterplasma  
（34）．Vhaklyobserved3F4－reaCtiveproteinbandsin  
mcPIsuggesttheexistenceofthesilentpnoninplasma  
肝ig．3）・  

InthelaneSOfscPl－2，－4，－7，－8、discretebandsinthe  

Mw32kDareglOnWereObservedwithoutotherbands．  
AsthebandofthisMwreglOnWaSWeaklyobservedin  
mcPl－landscPl－6，itissomewhatdifnculttodecide血e  

POSitiveexpressionof3F4－reaCtiveproteinforscPl－2，  
－4，－7and－8．However，intensitiesoftheseslgnalsin  
thescPlpreparationswereobviouslystrongcomparedto  

thesignalsinmcPlpreparations．Thusitmaybedi凪－  
Cultto．decidepositiveornotpositivebyperformlng  
acidicprecIPltationJuStOnetime．Itisreasonablethat  
anindividualanimaldoesnotexpressthe3F4－reaCtive  

protein similarly in a time dependent manner and 
expressionstrength．Therefbre，ifbloodtestlnglSLntrO－  
duced，dle plasma prepamtion should be processed  
twicewiththisacidicSDSpreclpltation，andthetest  
shouldbeconductedseveraldmesatdifFtrenttimes．   

Here we showedthe successfuldiscriminati0110f  

SCraPle－in鈷ctedandmock－infbctedhanSterSbytheir  
plasmapreparationsuslnganOVelcombinationmethod  

termedacidicSDS precIPltationalongwith ahighly  
SenSitivechemi1uminescenceimmunoblotsystem．In  
theimmunoblots ofPK－treated plasmapreparations，  
multiplepfoteinbandsatMwhigherthanthe25kDa  
poslt10n Were Observed．These protein bands were  
ObservedinbothscPlandmcPlafterPKtreatment．As  

theseproteinswere3F4－reaCtiveaswellasPK－reSis－  
tant，they were verylikely to be PrPres molecules．  
However，Observationsshowingmuldplebandsofhigh－  
erthan25kDainMwinmcPlaswellasinsePIwere  

VerydifFtrent丘omtheelectrophoresispatternOfscBrh．  
Thesedi飴rencesbetweenplasmaandBrhhavetobe  
explainedifthemul【iplePrPres－1ikeproteinsinplasma  
areaggregatesofP－Presandsomeotherplasmapro－  
tein．Thisissimilarwithanobservationinwhich也eC－  

terminaldomainofarecombinantmousePrPpePtide  
was aggregated spontaneously even in SDS sample 
bufkr（24）・DifFtrencesofelectrophoTtSispatternSin  
Fig・5，1anes5－JandFig・6，lane30rFig・2B，lane5，6  
insplteOfthesameprocesslngprOtOCOlmayexplainin  
WhichaggregationcounterpartswithPrPresinthese  
plasmapreparationsmaynotbethesamemolecule，in  
preparation．After the PK treatment，an enOrmOuS  
amOuntOfpartialpePtideswasdistributedinthebroad  
Mwreg10niftotalproteinwasstainedonWBme・m－  
brane・Thisme甜Sthatmultiplepartialpeptideswhich  

possesslngCarbohydratechainsmayhavethepoten  

tobecomethecounterpartoftheseaggregate！・We  
COuldnotcontroldleCOmbinationofthemolecules．A  

deglycosylationexpenmentuSingbothscPlandscBrh  
SOIvedthisquestion・A魚erdeglycosylationandacidic  
SDSprecIPltation・bothscBrhandscPIshowedasingle  
discreteproteinbandatthe18kDaMwposition・TTlis  

Observationstronglysuggeststhatthecarbohydrateside  
Chainmightbeanimportantfactorintheaggregationof  
血ePrPres－1ikeproteinwithsomeotherproteins・From  
theseobservations，OneOfthecompollentSrequiredto  

fbrmaggregatesmustbethePrPresmoleculebu（the  
OthercomponentneednotbeanotherPrPresmolecule．  
Thatis，bothselfaggregationaswe11asaggregationof  
multipleheteromoleculescouldberesultedinthefoト  

mationofthemuldpleMwproteinbands・Although  
densebandsat25kDawasobservedinthescBrhand  

mcPlmixing（Fig．5，lanes5－7），the bands were  

ObscureinscPl（Fig・2，lanes5，6）・Thisdiscrepancies  

betweenthepreparationsmaycoruecturedbythedif－  
ftrencesofPrPresandplasmaproteinrati0・InFig・5，  
1anes5－7，1argeramountofscBrhcomparedtomcPI  

Showedpattemmoresimi1artothatofscBrh，larger  
amountofmcPIshowed more discreteband pattern  
afterthePKtreatment，inreverse．Inthisobservadon，  

20and25kDaproteinbandsweredecreaslnggradual1y  
alongwithmcPIwasincreaslng．¶lerefbTe，itiscoI勺∝－  

turedthatthe20and25kDaproteinswerenotobserved  
iflessamountsof汁PresexistedinscPlasobservedin  

Fig．2B，1ane5，6．   

PrPres was also fbundin unin鎚cted human brains  

andlabeledasilentprion・（34）．Simi1armoleculesare  

likely to bepresentinnon－inftcted hamSterS andin  
mousebfainsaswell．Ifthesilentpr10ninhamsterand  
mousebrainsisalsoexistinplasma，thePK－reSistant  

3F4－reaCtiveproteinsobservedinmcPlinthisexpen－  

mentmaybethecandidateinhanSterPlasma．The  
Silentprionsinhamsterplasmacouldaggregatewi血  

themselvesorwith0therproteillStO丘〉rmthemultiple  

higherMwproteinsinmcPlaswellasscPl．Butifthe  
Silentpr10neXistsin mcPl，it mustbediscriminated  

血oughthebloodtests．TheacidicSDSpreclpltation  

PrOCeSSrePOrtedheremaybeusefu1forsuchtrials．   
So，aSthePrPresmoleculesinhamster，25kDa，20  

kDaand18kDaproteinscorrespondtothedi－，mOnO  

andnocatbohydraternolecules，reSpeCtively・Multiple  
higherMwprob：inbandswerepresumablyaggregates  
WithP伽sandotherplasmaproteins・Thephenome－  
nonthatMwoftheseaggregateswerenotfoundwithin  

aconstantrangeindicateddlatCOunterPartSOfpresum－  
ablePrPresmightnotbethespeCializedmoleculesin  
preparations；thesilentpnonmaybeincludedwiぬin  
theseinconsistentmolecules．FullhelTnOre，WeCOuld   
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