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Jished］inelhaLeXpTeSSeSbovinePrP（Protoco）Sl）．resulting  

in an enhanced sus⊂ePtibi】ity LO BSE a苫ent C（）mPared to  

⊂Om・entionalmj⊂C［6，】2】・metg3381ine，eXPreSSingtheVRQ  

（Val”6Arg154GJn17））a一一e－e of ovine PrP，has al－owed an  
e掩cienttrans－－－issionorI－aluralscrapleisolate5from sheep  

andgoat【13，14］・The ratiol－aleforh－C）uding tg338mi〔ein  

thisstudywasthepossibj】itythalcharacterisationofapr】On  

Editor：NeilMabbolt．Jnstilute†orAnimaIHealth，UnitedKingdom  

Re⊂モivedJune6．2006；A（⊂モPted5モPlember】2－2∝喝Publi5hed Odober20．  
200る   

DOl；10．り71月OUma‡．p匹t．0020112  

（opyri9ht‥◎2006B畠ringueetal．Thisi5anOPen－a⊂⊂eSiartidedi5tributedunder  
theterrn5Ofthe⊂reative⊂ommon5At（ributionu（enSe，Whi⊂hpeTrnit5UnreStri⊂ted  
USe．dislribulion，andreprodu⊂tioninanymedium．pTOVidedtheoT（91nalauthor  
and～OUr⊂e are⊂rediled．   

Abbreviat；ons：BS亡．bovinespongilormen（ePhaIopathy；PrPre5．pTOtea5e－Te～istanl  
PTion protein；TgBov．bovine tg540；TgOv．ovine tg338；TSE，tran5mi5SibFe  
5POngi（orTT．en（ePha嘉opathies；VUD．varian†⊂reutzfeldt－）akobdi5e∂5e  

●Towhom⊂Or†e叩Onden亡e5houldbeaddre55ed．トmaiトhube「しbude句OUyjnra・†r  

¢The5eaUthors⊂0nlribuledequさIly101hi5WOrk．  

0〔tObe（20061VoIume2llssue10lel12  

lntrodu（tion  

Whi】etransmissiblespongiformen⊂ePhalopathies汀SEs）in  
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Prion pTOtein（PrPr亡’）that accumulatesin the brajns of  
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the typICa］sJgnature WaS CO11Sel－Ved wha（eVer the donor  
SPe⊂ies（≧3brain5analy5ed p打COl¶bination），lhe H－t）・Pe  
ag帥t e55entia】】y retainedilS biochenlicalphenoり－Pe upOn  
5eria】transmissionto唱Bo、・aSWe】Ias10tgOvmi云亡eXpl・eS5ing  

ahelero】ogousPrPC（FiguTe2andbdow）・CornparedtoBSE  
PrPrtJ，itwascharacterisedbyasigr）ificanllyhigherapparenl  
mo】ecu】ar ma5S（di8七reムc亡meaざured fbr ungり・亡05）・laled  
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5irnila（amOngH－tyPei50lates（A＝B）．anddiffeTentfromthさtOfGattleBS【（qinseveTalareasindi⊂atedbyirrowheads．s∝ha5the亡OrteX．the⊂OrPu5  
⊂aIlostJJT”nddoTSaI（Ommissure・alveu5・fimbria・andstratumoriensofthehipp∝aTnPUS・NotethatintensityofPrPdepositioりmarkedIydiffered  
betweenH－tyPeand8S【agent5・Jllu5t｛ationofhowthi5aPPeaT5byimmunohi5tO（hernistlyinthestriatum（0）（E）andsubstantianlgra（F）（G）．Hlype－  
infe⊂tedmi⊂ebeingles5intensivelylabeJJedthantho5einfe⊂tedwith85Eagent・By⊂Ont｛ast，SPOn9josi5WaSmU⊂hmore5eVereinHヰype－infe⊂ted  
brains・8ars：301爪；i鴨e祀7llm・  
DOI：10・1371／iournal．ppaLOO20112．gOO3  

SeCOndarytransmission，aSaSSeSSedbyhistob）ottingonbrain  

COr－Ona）scctions（FigtJre3A－3B）・neStainingdidnoldiffer  

fromthatseenwi山calt］eBSEinse、一era】reglOnS，Su亡hasthe  

Striatumandsevera）m・CJei6fLhe thalamus，inc）udingthe  
geni⊂ulale●Ventra】postero－1ateraland－medialaswellasthe  

brain stem（Fi訃Ire3A－3C alld data noIShown）．However，  

OLherareassud－aSlhecerebra］⊂OrteX，the⊂OrPuSCa】losum  
in⊂1udingthe⊂iJlgU］um，the dorsa】com一一一issure，the a）veus，  

and 丘mbria oflhe hippocampus were predol－1inantly  
StainedwithH－tyPe，WhereasBSEPrPT亡S、VaSratherco■沌ned  

in the slralum oriensofthehippocanlPuS（Figul－e3A－3C）．  
Moreo、・er・山eo、・era”inlel－Sltγandaspe⊂10rI）l－Pdel）OSilion  

ma一女ed】y di仔eredb亡…・een 

immunod－emistryrevealedvarioust）・PeSOfPrPdeposits  

both cases・thin diffuse PrP depositswere predol而nanlin  
H－1ype－il－ftctedbrains，WhereasthelT10Stfreque］一tl）′pel、・aS  

granu）arin BSE－infected mouse brains．In severaIareas，  

includingthestlうatumandthesubslantianigra（下igure3D－  
3G），t】一打eⅥ▼aS a SLrikil－gla⊂k or⊂01－1で】ation between tlle  

illte11S呵 Or Plヤ deposiliol－ a－－dll－e Se、′e川）・Of－ the  

VaCuOlation．01・el・all，llle＼′aCuO†atioIll＼，a5111しIC】1】1101てiIlte11Se  

intbe⊂aSeOrH－typeVariant（Figure53a】1d4）：al・eaSSu⊂has  

theseptllm，hypolhalamus，hippocampus，五 

SeVere SPOng）OSis，aCCOmPanied by a pronoun⊂ed reactive  

g］ia事astr？CytOSisbasedonCFAPslaining（notshown），Whi】e  

BSE－－indtiとedvacuoIation tqasibodeTate・－in the same areas．   

H－TypeAgentIsDi5tin⊂tfromtheOvineTSEI50lates  
Transmitted50FartotgOvMi（e   

We占nal】yexan－il－e山vhetheTHヤpei50】atesmayhavean  

OVineTSEorlgin・Themq］Or）tyOft†PICa）andatypICalsheep  

S⊂raPJelSO）ateswehavestudiedsofaTlransmilsbefbreayea  

to tgOvmice（（13，14］and our unptlb】5shed data）・On）y a  

groupofshceps⊂raPieiso】atesfron－1tal）・（SSjt）wasfound（O  

ill托c【1gOv】1－i⊂eafterapl■0lol－gedsu】1，ivaltin－e、再thil－tl－e  

rangeorH－tyPeCaSeS・Il－deedthreeofLthel一一，SSitcaseslno・5，  

no・7，andno・8，inducedat），PICal】一eurOdegeneralivedisease  

、Vi11－a】Ⅵeal15urVil′a】timeof6卵±20d（5／5anilllalsaf托cted），  

659±31d（7／7），a∫－d569±37d（4／4），】一e5peCli、・dy．Ca5e－10・5  

illCUbatio】11i111ellra55日”】ongel‾llla－1H－t）・Pe CaS＝－0・201－  

Subl）aSSage（4】7±20d，6／6a】－i－－1als af量tcted）．The Plヤ「亡エ  

1110】e⊂tllarpron］eobsen・edinthebrai－10rSSil－djseasedlllice  

9   O⊂10ber2006IVo山nle2ltssuel呵el12   三⑳二PLoSPathogen～fwww・Plospathogens・Org  095   
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Dis（uSSion   

lnthisstl】dyweshowthal⊂atl】ebrainsamplespositivefbr  

abnorl一一a］Pr－P with a distinclmOlecu）arpaltern，⊂a11ed H－  

t）・Pe，COnSistenlly produces a LhLal，TSE－1ike disease tlPOr・  
i】一OCtllation to both bovine andovil－e PrPlrarlSgenic mice・  

¶l亡S亡I◆e5ulls，亡0汀Oboratlnglher亡Cenltra11S】而ssior】tOl、づId－  

type－¶i⊂e【1軋わrmallyestab】ishthat5uCh⊂aSeSil叩Olvea11  

aulhentic TSEir虎⊂tious agent・Importantly，We PrOVide  

detai】ed eviden⊂e thatthis new！y re⊂Ognised agent diffbrs  
frorn ep】ZOOti⊂BSE agent derived fTOm Cattle or other  
5peCie5・   

Both mo）e⊂ularand biologl⊂alcriteria support thecon－  
ClusionthalH－typeandBSEagentsaredistinctpr－OnStrains・  
Firsl，lheincubation periods uponll■anSmission tomi⊂e  
expresslng either bovine or ovine PrP produced difrerent  
patterns・Tl－uS7WhileprlmarytranSmissiontotgOvmi⊂e］ed  
tolongersur再valtimesforbothagents，lhein⊂reaSere）ative  
10tgtiovmicewassign沌cantlylessforH－tyPethanforBSE－  
typeagents（Figurel）1Second．Lhemolecu7arpro別esofthe  
Prl）一群rl－a訂－－ent5d亡te⊂tedinlhebrainordi5ea5edmicewere  

⊂lear］ydistinguishablein either）ine・Slriking】γ，differences  
Obser’VedinlermSOffragmentsizeandg】ycofbrmratiowere  

essentiallythesameasincatt】ebrain・Third，un］ikethatfor  
BSEagents，nOPrPrC）signalcou7dbeseeninthespleenofH－  
type－infected tgOv mice，indicative of a stronger neuro－  

tropISm at］eastin this host・Fourth．histopatho】ogl⊂a］  
examination oftgBovmice revealed a contrast）ng PICture・  

Typi⊂a”y－SeVereSPOnglOSisanddiffusePrPdepositionwere  
pres亡n【insevemlar亡a50fH－tyPe－ink⊂ledbrain5，Whilethe  
sameareasofBSE－infectedbl‾ainsshowedlimitedspongIOSis  

togetherwi【hmarkedPrPdeposition・Suchdiscrepan⊂iesare  
unlike）ytore5uItfromunequa］survivahimessincetheywere  

alsoobsen・edonse亡OndaTyPaSSage，Wherethetwoagentshad  
COmParab】eincubationduration（unpubJisheddala）・   

7l－eisolationfrorncalt】eofapr）On51TaindistiT）Ctfrornthe  
oneilT）Pljcatedintl－eBSEepidemicsraisessevera7concerns・  

OneiswhetherH－tYPeisolatesmightresu）tfromanexposure  
topr10nSOfsma一】ruminantsviaalimentarYOrenvi；onmental  
sources，Sin⊂e eatt7e have been shown10be susceptible to  

experi・T・enta】infectionbysheep scrapie agent【19】・lnthis  

regards，thebettercompatibi】ilybetweenpvinePrPsequence  
and H－t）・Pe aS COmPared10BSE、VaSintriguing（Figure】）・  
Ho、、・eVer，OUrinvestlgationsdonotsupportthis・Amongthe  
fivegroupsofnaturaliso】ates wehaveidenli鮎d so farin  
tgOvmice（f13，14］and our unpub】ished data），011）y one  
group，made upmostlyofSSitisolates・PrOpOSed to be of  
ialrOgeni⊂ Origin【20】，Sl－OWed anincubation til－つe aS  

p】－0】ongedasrorH－tγpeCaSeS・HoⅥ・e、′el一・tl－eP－、Pr亡5molecuIar  
PrOf）Ie，natUreOfdeposits，anddislrjbulionwithinthebrain  
as、祀．）asthedifferentiaJaccumulalioninthespleenstrongly  
distinguish H－t）・PeandSSitisolates・In addition・Lhe】atter  

hi】ed50fもr1011てInSmiltotgI主0、・mice・   

H－1ype al－d BSE agenLS mlghlbe re）aled despite the汗  
dislinguishable phenotypes・Theiso】ation ofan additiona】  

5けail－upO】－eXpO5ureOflranSge】－ico‥、・‖dヤpemicetotI－e  
epizooLi亡BSEagenthasbeenreported【21いhusquestiol－illg  
itsstrai】一homogel－eity・AJso－一一一OJectl】art），P＝一gStudies have  

re、一ea】edl】－e P－－eSel－Ce Or a－－－il－Ol・，－－On－BSE－t）′pe PrPr亡～  
comp（）nellLin BSE－and、′qD－inftcLed b・－ai・1S r22】－Hel－Ce，  
H－1yPeiso】atescoし．］d arisefz・Omthepreferelltia】amp】ifica－  
Liol一汗一Cerlajllindi、′iduaJsofastlbco】一l）〕One）llPreSel－LillBSE  

0  O（10ber200射Vo山me2l15SUelO】el12  
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Figure4．Lesion Pro何e5jn tgBovMi⊂eJnfe⊂ted with H－Type or85E  
A9ent5  

Means⊂OreS（±5EM）refIe⊂tingtheinten5ityofva⊂UOlationareshown  
fol＝－tyPe（no．1andno．3．triangIes）andBSE（no・1andno・3，Square5）・  
Thenineg－ey－matterarea5U5edto⊂On5trU⊂tthepTO触area5fo］low5：  
dorsal汀陀dulla（1）；⊂erebe11ar ⊂0rlex（2）；SuPeriorく0＝kulu5（3】；  
hyp（）thalamus（4）；medialthalamu～（5）；hippo（arnPuS（6）；SePtum（7）；  
medial⊂erebra暮亡OTteX at theIeveIof the thalamu5（8）；and medial  
⊂erebral⊂OrteXattheIeveJofthe5ePtum（9）．  
DOl：10．1371乃OUrnat．PPat．0020112．9004  

（rnorethanfourbrainsanalysedperiso】ale）was⊂haracterised  
byasignificantlyhigherapparentmolecularmass（differen⊂e  
of O．7 j：0．2 kI）a）and a slighl】y higher proportion of  
dig】・YCOSyl叫edPrPr亡5ascomparedwithH－tyPe－derivedPrPTeS  
（Figure5A－5C）・Thesefeatureswereconsen，edonsecondarY  
transmission（Figure5A－5C）・Another difference was again  

thepronoun⊂edac⊂umulatjo一一OfSSit－aSSOCiatedPrPT亡Sinthe  
SP7een，Whi】ethiswasstiJlimpai）－edjnH－tyPe－infe⊂tedmice，  
evcn after two passages（thr亡e10舟ve sp）eeJ）S teSted per  
COmbination；Figwes2Band5A）・   

W’ethen亡OmParedb）lhistobloldistributionandnatureof  
PrP7ESdeposiLSWithinthebrainsoflgOvmiceinfecledwitha  
SeCOndpassageofH－tyPe（no・2）andSSit（no・5）cases・Both  
ma】・kedly dif7tred between the two agents asi11ustratedin  

Figure5・Il－deed●】argeplaquesofSSil－aSSOCiatedPrPr亡Swere  
presenlinthepreLeCtaJ，一uCleiandinrelatedstruCt11reSOfthe  
】il一一bi⊂SyStel一一 SuChlhe fbrnix・the alveus，負mbria・al－d  

subk山厄m of t】－ぐhippo〔aローptlS・H－t）・pe－aSSOCialed plヤーm  

、＼raS dcleCledinsteadil－1he〔OrPuS Ca】losul－l，COrteX，a】1d  

venLro111ediaJthalallli＝lU⊂lej（Figt）re5D and unpublished  
data）・Thedepositsseemratherlhinorgranu］ar・S5itcaseno・  

8，、、・hi⊂hga、・ell－eSl－011esti－－（t止伯Lion pe－－iodil＝gO、・mice・  
、、，aSalsoinoctl】atedb）′iTltraCerebralrol】tetOtgBovmice・Of  

nole，IIOdiseasellaSbeenot）Sen・Cdγetin）nicemonitoredup  
lO6（JOdafterillfeclion．11－COnClusion．1hesedatasuggestthal  

Lhe TJ－t）1PC agentis tl－1reJalCd to the o、′ine TSEisolates  

tl－a一一SllliuedsofarLOOUrtransgenic】jnes・  

：⑳∴PLoSPalhogenstvwvw・Plospatho9en5・Org  096  
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％Highmolecularmassglycoform   

Fi9Ure5．⊂ornparisonofH⊥TypeandS5itIsotateFeaturesuponTransmissiontotgOYMi⊂e  

（Aand8）WesternblotaTdysisofPrP－ポinthebrainsandspkensoftgOvmi⊂einfe⊂tedwithHJqrPeC－S5itis0latesat6TSt（LarLeS2→）andse⊂Ond  
PaSSa9ePanes5－11）．HヰypePrP．eIshowsadistin⊂tPatteminthebrain（Br）（OmParedtoS乱Theapparentmde⊂UlarrnassofSSftPrPreSishi9herthan  
thatofH・tyPeO（SheepBSE（Sh85E），a5ShownafterPNGa5etreatment（B）．Notea）～OthatPrP’E‘isdet∝tedinthespIeen（5p）of5Sft－bLJtnOtOfH－tyPe－  
infeaedmi亡e．TissLJeequjvalentI00ded：13mginlanes2→；0．04rngin）ane5；0．5mginlanes6－7；2nginJane8；0・01mginIane9；0・lmginlaneslO－  
11．仙川．mole⊂Ula－ma血e汚．  
（qRatioofhi9h－andLow－mOJe⊂U］ar－maSSPrPrt＄gly⊂OformsinthebrainoftgOvmiくeinfe⊂tedwithH－tyPeO（55鉦i50late5（datapIottedasmean±  
SEMトOnモ甘けPei∽la愉tno．2）短柁PreSenteda；Orangetriangte．SSitisolate58rerePre5enteda5dr⊂k5（SSitno．5．1ed；nO・7．b－OWn；nO・8．咋110W）・  
5e亡OndarytTanSrnissionsarerepresentedbyunfiJJedsymboLsofthesame⊂Olou（．NotethestabIydjstin⊂tgly⊂Oformratio5betweenH－tyPeandSSit  
agent5uPOn；erialpa5Sage．  
（D）RegioThIdistr】butionofPrP－－SinthebrainoftgOvmkeinfe⊂tedwithH－tyPeOrSSitisolates．Histoblotsofrepre～entative⊂OrOnal～e⊂tionsoftgOv  
mouseb－aiTBat・theleYeIsoftheMppo⊂amPL．SareShown・ThedistrjbutionofH－tyPe－a550⊂iatedPrP．tldepo5itswa5d椚erentfromthatof5Sitin  
re9JOnSSLJdlaSthealYe肌Ofthehippo⊂anPUS，the⊂OrPU5⊂aJlosun．theprete亡talnu⊂Iei．the⊂OrteX．andtheventromedia）thalamu；・Notethatthe5ize  
OfPrPr6血pos厄markモdtyd沼eredbetweenthetwotype～0【i501ates．  
ml：10．1371乃ournalppat．002011乙gOO5  
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SuCh as thalaPPljed to⊂arCaSS－derived products，has  infecLious sources・Compar，ing H－tγPe and BSE－derived  

Variant pnoTISidenti£edinmicemight beinfbrmativein  
lhall－eSpeCl・   

A】Lernativdy，SuChunusualcasescouIdref）ectlheexisten⊂e  

OfanaluraI．spol一之dicdiseasejn⊂atlle・AlthoughilisuncJear  

）・eljr5ud－・infkctions maylead to a⊂】inicaIdiseaseil－the  

nallJra）host，theyseemtooccurata】owfrequency，Whichis  

rer）Tiniscent oflhe sit11ationknown for sporadic qDin  
humans（23，24】▼Ofnote．thedisparitiesbetweenintensilyof  

PrPdepositionandseverityofvacuolationinlhebrainsofH－  

1yPe，il－OCUlated tgBov mice have also been observedl、，ith  

SPOTadicqDbothinhumanormo11Seinfectedbrains（21，25］・  

nesedata，however，needtbbeconsolidaledlhroughfbrther  

invest】gatiops，irlC7udingepidemi0）0gicajana）ysis・Indeed，an  

il－－pli⊂alio110r山is】altel－SCenariois that su⊂l－ boヽ・ine  

“atypicalP cases could occurin countries free or BSE  
exposure・TheacqulSlt】OnOfnove】】〕一’OPe11iesb）1an endog－  

enous，SpOl・adi⊂Catl】eTSEagel－t，aS 

ll甘Ol】gha－－il－ten－－亡diaりり－OStOl－aPI－）′5】COCl－en－ica】treal11－enl  

廟：PLo5PathogensIwwwLPlospathogens・Org  0 

invoked as one possible origin fbr the emergel－Ce OfBSE  
亡Pidemics【7】・Wilhtl】ei50latioI】Ofsuchag亡111s，、VeCa】－Ⅰ－Ol、・  

addre5Sthisissueexperime∫lta11y・  

1nconc）usion，Ourfindingssupporttheviewthatal）easlレ  

twoandpotenliaIlythree【10】distillCtprionstraiれ5】11aybe  
PreSentir）Catt］e・The cuTrenlunCertaintjes regarding the  

Or）g）n．PreValence，andpotentialriskforhumansofastrain  
OrTSE agent unre⊂Ognised untilre〔ently should sl】PPOrt  

continued efTorts10Characteriseitin vivo and uphold the  
su11℃il】allC亡eXerted on cattle．  

Materia）s and Methods  

Isolates．The tl－tyPe【9〕，gOat BSE（CH636⊂aSe t26】），and  
experimenla】sheepBSEsamp】es［27いvere providedb）′lheF一’en⊂h  
TSEReferen亡el・aboratory（＾gen⊂eFTanCai5edeSさnlrilそSanitaire  
desA）irnents【AFSSALL）・On，F－71nCe）・7l－eSamPles［1’Ol一一Frer）ChBSE  
〔aSeSandT．・OmeXPeril一一enu7sheepBSE（ARR【A）aJ36AlinArg17一】  
ge∫－Ol叩e【2呵）、代代P－▼0、・id亡db）・tl－亡Ⅰ－－5【i11tlNatio－1aIdelaRecl】er⊂l－e  
Agro”Omiqtle（lNRA；To＝louse，Fra】l〔e）andlhe7nsli（uteforA・ljnla】  

1  0⊂モOber20061Votume2l】s5Ue10lellフ   96  
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