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SorpttonofPrionstoSoil   

mass was discernable（Figure2A）・PriorlPrOtein cleavage  
consistentlyoccurredearlywithintheBrst15minofcontact  
withMteandappearedmaximalby60min・CleavageofPrPSc  
⊂auSedbYSOrPtlOntOOrdesorptionfromMteseemedtobea  
phenomenorlSpe⊂i丘ctothisprotein・Weexaminedsorpt10n  
anddesorptlOn Ofscraple－infectedhamsterbrainhomoge－  

nate（BH）toMte．DesorptionofbrainproteinsfromMte  
producednochangesintheoverallmolecularmassdistribu－  
tionasvisualizedbyCoomassiebluestaining（unpublished  
data）．Subunit C20f the2OS proteasome（～29kI）a），an  
unrelated protein simi1arin size to PrPlikewise did not  
appearcleavedupondesorptionfrom Mte（Figure2B）・In  
contrast，PrPScinBHwascleaved（Figure2C）．   

CleavageofPrPS⊂invoIvedlossoftheN－terminalportion  
oftheprotein，Whichisnotnecessaryforinftctivity【3］・Prion  
proteindesorbedfromMtelostirnmunoreactivitywithan  
antibodydirect占dagainstaminoacids23－370ntheproteinN  
terminus，indicatingthatallorpartoftheepitopeofthis  
antibodywasmissingfromthedesorbedprotein（Figure2D）・   

dilutedandsubjectedtoSDS－PAGEarldimmunoblottlngtO  
semlquantitatetheamountofsorbedprotein・Thebinding  
capacltyOfamineralwasattainedwhensubsequentPrPS亡  
additions did not further jncrease the dilution factor  

required to rea⊂h thelimit ofimmunoblotting detection  
（Tablel）．Of the minerals examined，Mte exhibited the  

highestPrPScadsorptioncapacity（～100帽prnt亡i－1m紬e－1）・  

The adsorpt10n CaPaClty Ofthe quartzmicroparticles was  
nearlylO－fo1dless（～1ら・6pgpTOLeinmgmi⊂叩Tricl仁一】），andthat  
ofKtewasnearlylOO－foldlessthanMte（～2帽proLehlmgKl｛1）・  
When expressed on a surface－area basis（Tablel），the  
adsorptlOnCaPaCitiesofMteandquartzmicroparlicleswere  
indistingtlishableby ourmeasurementmethod；thatofKte  
was 25 timesless．These data demonstrate that mineral  

surfacepropertiescontributetodifferencesintheamountof  
PrPS⊂bound．  

PrP5cDesorbedfromMteSurfa⊂eSrS⊂leaved   
Unexpectedly，PrPScdesorbedfromMtesu血＝eSeXhibited  

alower molecular rnass（～27－31kDa）than the starting  
material（～33－35kI）a）（FigurelA）・Neither contaminant  
proteasesnormetaloxide亡OatingsonMteparticlesappeared  
responsibleforPrPSccleavage・aStreatmentStOCOunteraCt  
eachdidnotpreventcleavage（unpublisheddata）・Priorto  
sorpt10neXPeriments，MtewasboiledinasolutionoflOmM  
NaClfbrlOmin to denature contaminant proteases，Or  

bindingexperimentswere performedinthepresence ofa  
cocktailofproteaseinhibitors toinactivate them・Neither  
treatmentpreventedPrPS⊂cleavage・Amorphousmetaloxide  
coatlngS On ClaymineralparticIes can alter their surface  
reactivitiesandcouldpotentiallyberesponsibleforPrPS⊂  
cleavage・The size－fractionaLed Mte usedin this study has  
been reported to not contain suchimpurities atlevels  
detectable by X－ray di飴action analysis［23】，and precau－  

tionary pretreatment of the clay with a buffered neutral  
citrate－bi（：arbonale－dithionate solution to remove metal  

OXidecoatings【24】failedtopreventcleavage・   

Prion protein desorbed from Kte and quartz did noL  

exhibitachangein molecularmass（FigurelA），SuggeSting  
thatsurhcepropertiesspeciactoMtewereresponsiblefor  

thecleavage・PreviousstudiesonproteininteractionwithMte  
havenotnotedreductionsin molecularmassupondesorp－  

tion［25，26］．Weincubated PrPScwith Mteforshort time  
periods（1－15min）toqualitativelyinvestigateinitialadsorp－  
tionandcleavagekinetics・Adsorpt10nOfPrPS仁toMtewas  
apparentwithinlmin，andreductioninproteinmolecular  
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Tablel．PrPS⊂Adsorption⊂apa⊂itiesfortheMineralsExamineda  

Figure2・PrPS⊂DesorbedfromMte－s⊂leaved  

（A）PrPS亡⊂leavageo⊂⊂urSaf（ershort⊂Onta⊂ttimeswithMtesurfa⊂eS・  
（B）Themole⊂Ularmassprotein〔20fthe205proteasome5Ubunitfrom  eーi 

fwas叩。抑ta触r  

mMte．。5timm。。。rea。tivi．，a，ai。5ta。antib。d，  
－e 

xhtb－tfu血  
redu⊂tioninmole⊂Ularmasswhendesorbed．  
lmmunob（ot5（A，B，and E）u5ed mAb3F4．（mmunoblots（⊂and D）  
emproyedanti－〔2andR20poty〔一ona［antibodie5，reSPeetive．y・Pe．・PrPS⊂  
asso⊂iated w…th pe．reted mineralpartkres；Sup，Unbound PrPS亡in  
SUPernatant・  

DOl：10．1371ノjournal．ppat．0020032・gOO2  
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硝neraI BindirLg⊂apa⊂ity  Bindin9⊂apa（ity  

lSorbentMa5S8asis）（SorbentSurね⊂eA一号a8asisI  

山gprot血mgminerさl‾1）（mgproteinmmineral‾2）  

2．8－5．7  

0．15－0．22  

2．7－5．ヰ  

Mte  87－174  

Kte  】．7－2．6  

Quarた  13．6－27．1  

mi⊂rOP訂血1es  

aprotein⊂0∩⊂e冊ationdeterminedbyBr8dfordaさ～∂y；PrPS｛⊂On亡entrationwa∫takena5  
る7％oftotalprotein【45】．Repo丘ed ad50rPt盲on（aPa〔itie；「ePreSent岬PereStimate5．aS  

thef（a〔tjonDfPrPS⊂in⊂Jarifiedpreparationsmayhavebeen10Wer・  
DOl：10．1三71〃ou「nal．pp訳．0020032．tOOl   
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FJ9L．re3・PrPS⊂Ad5OrbedtoMteAvidJyandRemainedStabIe  
（A）PrPS亡wa55tablewhenadsorbedtoMteforatleast7d・（B）ExtremesinpH（100mMphosphateatpH2．50r＝．5），（⊂）sodium⊂hToride（100mMorl  

－i  
Pelletedmineralpartkles；Sup，UnboundPrPS亡insupematant．  
DOl：10．137川0Urnal．ppat．00三脚32．gOO3  

isoelectricpointsfbrPrPSc［29］，fhiledtoreleasetheprotein  
（Figure3B）・Likewise，increasesinionicstrength（0・1MorlM  

NaCl）hiledtoremovedetectablePrPS⊂fromMte（Figure3C）．  
Strong chaotropIC agentS Can be e鮎ctivein desorbing  

PrOteinsfrom soilminerals by disruPting hydrogen bonds  

【26】；however，neither8M11reanOr8Mguanidinereleased  

detectableamountsofPrPS⊂fromMte（Figure3I））．Ourdata  
indicatetheinteractionbetweenPrPS亡andMteisstrongand  
Ofhigha伍nity・  

PrPS⊂BoundtoMteRemain5lnfe⊂tious   
SorptlOn Of proteins to soilparticles often resultsin  

StruCtura）rearrangementsthat causeloss ordiminution of  

function［25，27，30］・If binding to Mte surfaces resultsin  

（Partial）unfoldingofPrPS⊂，areductionorlossofinfcctivity  
WOuldbeexpected，aSdenaturationrenderstheproteinnon－  

infectious［31］．WetherefbretestedwhetherPrPScadsorbed  
to Mte remainedinfectious byintracerebrallylnOCulating  

hamsterswithMte－PrPSccomplexes（Table2）・Thetime to  
OnSet Of clinicalsymptoms afterinoculation provides a  

measure ofinftctivity［32】・Hamstersinoculatedwith Mte－  

PrPSe exhibited clinicalsymPtOmS Ofscrapie93dpi・To  
control for any unbound prion protein that may have 

cosedimentedwithMteparticles，mineral－ffeePrPScsuspen－  
Sions were processedin the same manner asin sorpt10n  
experiments・The sedimented fraction of these controI  

SamPles（mockpe11ets）showed substantia11ylessinf盲ctivity  

thanMte－PrPScpelletswithameanincubationperiodof178  
d，105dlongerthanMte－PrPS⊂pelle［s・Hamstersinoculated  
WithsupernatantsfromthesecontroIsamples（mocksuper，  

r）atantS）showed clinicalsymptomslO3dpi・Animalsintra－  
cerebrally inoculated with Mte alone and uninoculated 
animalsdidnotexhibitTSEs†mPtOmSduringthecourseof  
theexperiment（200d）・  

ApriL2006lVoFume2（ls5ue41e32  

In contrast・PrObingidenticalsamples witha polyclonal  

antibodyagalnStfu1ト1engthPrPdemonstratedthatPrPScwas  
desorbedfrom theMte・Althoughthe precise cleavagesite  

WaSnOtdetermined，thesedatasuggestthattheNterminusof  

PrPS⊂was removed；the fate ofthe cleaved amino acid  
residuesisnotknown，aStheymayhaveremainedboundto  

theclayormayhavebeenextractedbutnotdetected．When  

theN－teminal～70aminoacidswereremoved丘omPrPScb†  
PretreatmentWithproteinaseK（PK）priortoadsorptionto  

Mte，We Observed sorptlOn tO the Mte，but nofurther  

reductioninmolecularmassupondesorptlOn，eVidencethat  

OtherreglOnSOftheproteinremainintactwhenassociated  

withMte（Figure2E）・TheseresultsalsoindicatethattheN  

teminusofPrPScisnotnecessaryforadsorpt10ntOMte・  

StrengthofPrPS⊂BindingtoMte   
PrPS⊂attachmenttoMtewasavid，andsorbedPrPS〔was  

stable・WashingMte－PrPScwiththebackgroundsolutionused  
in sorption experiments did not induce detachment of 

detectableamountsofPrPS⊂fromMte（unpublisheddata）・  
ContactofPrPS亡withMteforuptoIwkdidnotresultin  
additionaldegradation，indicatingthattheproteinwasnot  

renderedmoresusceptibletocleavagebyfurtherstructural  
rearrangementsontheclaysurfhce（Figure3A）・Thestrength  

ofPrPS⊂attachmenttoMtewassurprlSlng，eVeninligh10f  
reportsofproteinsorpt】On－desorptionhysteresisonmineral  

Surねces［26］・Conditions previously employed to desorb  

Otherproteinsfromsoilmineralswerelargelyineffectivein  

deta⊂hingPrPS〔fromMtesurfaces［26，27〕・Inourexperi－  
ments，describedabove，aSOlutioncontainlnglO％SDS at  
lOOOcwasusedtoremovethePrPS亡frommineralsurfaces．  
ChangesinpHoftenalterinteractionsbetweenclaysurfaces  
andsorbedproteins［27，28】．IncubationofMte－boundPrPS⊂  
inlOO mM phosphate buffer at pH2▼50rll・5，prOtOn  
activities substantiallyhigherandIowerthan the reported  
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Dis⊂uSSion  

Environmental transmission of prion diseases has been 
notedfordecades［7，8，14】・Inthisstudy，WePrOvideevidence  
indicatingthatsoilandsoilmineralssen7eaSareSerVOirof  
TSEinft⊂tivity．Whileextrapolationofinvitrostudiestothe  
environmentmustbemadewithcaution，Our丘ndingssuggest  
thatPrPS亡releasedfromdiseasedarlimalsmaybesequestered  
near the soilsurface，maintainlng the TSE agentin an  
envirorlrnentaJmedium with whichlivestock and wildlife  

COmein⊂OntaCt・Ollr eXPeriments demonstrate that Mte－  
boundPrPS⊂remainsinfectiousandsuggestthatsoilmay  
harbormoreTSEagentthanpreviouslyaLSSumedonthebasis  
Ofwaterextractionofprionsfromgardensoi＝13】・   

Our results demonstrate that allsoilmineralsurfaces  

examinedboundPrPS一ニandthatMteandquartzhavelarger  
speciGcbindingcapacitiesfbrPrPScthandoesKte（Figurel）・  
AllhoughnotrelevanttoTSEtransmission，nOnglycosylated，  
recombinant PrPC has been shown to bind to Mte［33］．  
Interestlngly，theNterminusofPrPS亡desorbedfromMtewas  
truncated（FiguresIAand2）・WhileMte・isknowntocatalyze  
severalreactions，including the deamination offree gluta－  
mineandasparticacid【34】andthepolymerizationofRNA  
into oligomers［35】，PrOteaSe aCtivity has not been noted  
previously・Theinteraction between Mte and PrPScis  
remarkablyavid，aS the only extractantusedinthisstudy  
thateffecleddesorptlOnWaSaSOlutioncontalnlnglO％SDS  
atlOOOc（Figure3B－3D）・Prionproteinappearsun1ikelyto  
readilydesorbfromMteintheenvironment・Thepropenslty  
fbrPrPS⊂totenaciouslybindtoMtecouldbeexploitedin  
landfi1ls toisolate pr10n－infヒcted materials and prevent  
mlgrationoftheinfectiousagent・   

The observation that prions remained infectious when 
bound to Mteisintrlgulnglnlight ofthe results of Lhe  
desorptlOn eXPeriments；PrPS⊂adsorbed to Mte was ex－  
tremelydifもculttoremove・Currentmechanisticmodelsfor  
conversionofPrPCtothepathologlCalformrequiredire亡t  
PrPC－PrPS亡interaction［36】．ThebrainislⅢ1ikelytopossess  
microenvironmentscapableofextractlngSlgrlificantamounts  
ofPrPS亡fromclaysurfaces・ThelO－dincreaseinincubation  
periodforMte－adsorbedPrPScrelativetoclay－freecontroIs  
（mocksupernatant）wasstatisticallysigni鮎ant伊＜0・05）and  
would correspond to approximately al－logincreasein  
infectivity［32】・ThisresultsuggeststhatPrPSc－Mtecomplexes  
areinherently moreinfectious than the unboundprotein  
and／oradsorpt10ntOMtereducesclearancefromthebrain・  
WeconsideritlikelythatPrPS⊂adsorbedtoMtesurfaceswas  
available toconvertPrPCin the brain to thepathologlCal  
isoform・Our餌dingsare reminiscentofreportsinwhich  
metalwiresexposed toscraple agentharboredsigrlificant  
infectiousagentdespiteattemptstoremoveattachedPrPSc  
【37，38】．   

Theinfectivity ofsoil－and soilmineraトsorbed PrPSc  
followlngOralexposurewarrantsinvestlgation・Thebinding  
ofPrPS⊂tosoilparticlescouldreduceoralbioavailabilitysuch  
thatsoilse7VeSaSaSinkratherthanareser・VOirfbrinfectivity・  
Conversely，aSSOCiation with mineralparticles may protect  
the agent from degradationin the gastrointestinaltract，  
possiblyenhancingtransmission［39］・Forexample・bovine  
rotavirusesandcoronaviruses retaininfectivltyViatheoral  
routewhenboundtoclayminerals［40］・Whiledesorptionof  
theproteinfromsoilparticlesismorelikelytooccurinthe  

A画I2006lVolume2ltssue4te32   

Tab］e2．Prion5AdsorbedtoMontmo州onite⊂layRetain  
Infe⊂tivity  

Po～itiveAn‡mals／  On5モtOf⊂lini⊂aI  

Total Animals Symptoms（dpi）－  

lno【uhJm  

＞200b  
＞200b   

93±4d  
103 t Od 
178：ヒ2ld  

None  O／8  

Mte（noPrP5⊂〉  0ノ8  

Mte－PrPS⊂亡OmPlex  －0／10  

Mo⊂k5UPern∂t抑t亡（noMte） 8／8  
Mo⊂kpe11etモ（noMte）  8／8  

さMeandpi±5Dtotheo耶etOf⊂lini⊂al5ymPtOm50fTSEinfe⊂tiom  
bNoneoftheaniTnalsshowed⊂l軸心Isymp10rTISOfTS【hfe亡t［onorhadprotease－reSistant  
PTPa⊂⊂urnUJationaItheterminationoftheexperlmentat200dpL  

≠lthough12animal5Werelno｛Ulated．hvonon一丁5日nter亡U汀entdeaths∝⊂リーredatきdpi・  
d8帽－nsofinfeded抑竜ma■5WereP05仙eforproteas㌣re5istantPrP・  
－Mo⊂k5UPern8tantandmo⊂kpe‖etiamP■esweregen印無dbyadding由ri鮎dPrPS⊂  
卜0ユ囲Itobu抒erintheab5en⊂eOf50ilmineralsandpro⊂e5扇ngident事⊂aItytosamples  
⊂DntainingMte．  
DOl：10．1371月OUrnal．ppat．0020032．tOO2  

WholeSo＝sBindPrPS⊂   
Toexaminetheextentofprionproteinbindingbywhole  

soils，WeCOnducted PrPS亡sorptlOneXPerimentswithfour  
SOilsdifferingin texture and mineralogy（Table S2）・When  

equalinassesofsoil（0・5LLg）wereused，allsoilsboundPrPS亡to  
asimilarextent（Figure4）；nOdetectablePrPS亡remainedin  
thesupernatantat thelevelofproteinusedin thisexperi－  

ment・Prionproteindesorbedfromthesoilsdidnotappear  
Cleaved．SeveraJnonmutually exclusive factors may have  

COntributed to this負nding，including（1）relatively small  

amounts（＞f Mtein some samples，（2）occlusion of Mte  

CleavagesitesbymetaloxideandIorrlaturalorganic matter  

COatings，and（3）competition among the various sorption  

domains（bothinorganic andorganic）forPrPSc，limiting  
inLeracti。nwithMte．TheamountofimmunoreactivePrPS亡  
recoveredfromeach soildifferedslightly；forexample，the  

immunoreactiveproteindesorbedfromtheEIIiotsoilwasless  

thanthatfromtheBoardmansoil・Thismayhavebeendueto  
strongerinteractionofPrPScwiththeElliotsoilthanwiththe  
Boardmansoil，1eadingtoincompleteextraction，COnSistent  

withthelargerfractionofclay－SizedparticIesintheElliotsoil  

（TableS2）．  

Pellets  

空曹葛篭  三量 る  
一⊇ 石 ヒ 毒 5 ．⊇ 石 山 ⊂】【点 心  a． 山 ⊂） 【白 瓜   

Figure4・WhoreSoi－sBindPrPS⊂  

EIJiot，Dodge，B！ue5tem，andBoardmansoilsboundPrPS（（pelreted50‖s）．  
Noimmunorea⊂tivky（i．e．，nO Unbound PrP5⊂）was dete⊂tedin the  
SuPernatant5．rmmUnOb］otemp‡oyedmAb3F4．  
DO［：10．1371〃ournaLppat．0020032．gOO4  
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Unbound PrPScremalnlnginthesupernatantwasprec】Pltated  
WithfourvolumesofcoZdmethazlOlandTeSuSPendedinSDS・PAGE  
SamPlebuffer（100mMTris［pH8・0】，10％SI）S，7・5mMEDTA，100  
mM dithiothreitol，and30％gly⊂erOJ）・PrPS〔was extracted from  1三  

e 
e 

1：100dilution ofeachmineralsuspension・Al1adsorpt10n eXPeri－  
mentswererepeatedatleastthreetimes・   

ForBHso－PtlOneXperiments，10％BHwasclari丘edby⊂011ectlng  
Supernatant5h）m tWO Sequentia15－min centr血gations at800＆  
Aliquots（100r30pl）ofclaTi6edBHwererotatedwithMteinlOmM  
NaClat ambient【emperature br2h；COmplexes orMteand BH  
COnStituentsweTe thensedimented throughasucrosecushion and  
PrOCeSSedasdescribedinlheprecedingparagraphs・   

AllsamplespreparedforSDS・PAGEwereseparatedon4％－20％  
PreCaSt gels匹ioRad，HercuIes，Califomia，United States）under  
redu⊂ingconditions・Proteinsweretransferredtopolyviny］di幻uoT・  
idemembraesandimmunob】ottedwithmAb3F4（1：40，000dilution），  
R20N－termlnalpAb（1：10，000diIution），Rab9poo12full－lengthPrP  三i  
WaSaChievedwithanHRP－CO可ugatedgoatanti－mOuSeimmunoglo－  
btllinG（1gG）（BioRad）formAb3F4andan HRP－COTjuga（edgoat  
an 

epa，ati。n（1。，g）wasa。。e。t。  
50帽OfMteinlOmMNaCl（餌alvolumeofO・5ml）・Sampleswere  
rotatedatambienttemperaturefor2handcentrifugedat16・100g  
for7min・A鮎r cen（rifhgation，the bulk ofthe supernatant was  
removed，leavingasmallamountofsohtionabovethec）aypellet・  
The cJay was resuspendedin the remaln）ngSupernatant・and the  
SluTTyWaSplacedonsilicawaferslidesandstoredinadesiccatorfor  

2 
ーa云 

diffractiononaScintagPADVdiffractometer（Cuper［ino，CaliforT  
nia，UnitedStates）usingCuKctradiationandcontinuousscanning  丘a 

ふr  

30minatroomtemperaturein8Mureaor8MguanidineHCl（50pI  
PerPe11et）．0．lorlMNaCl（25pIperpe）let），OrlOOmMsodium  
Phosphate（PH2・50rll・5；25pIperpellet）・Primaryextra⊂tionswith  
【hese solutions werefo1lowedbysecondary extractionswithSDS－  
PAGEsamplebu脆rat1000Ctoasses＄theefBcacyoftheprimary  
extra⊂tion・Urea and guanidine prlmarγeXtraCtS Were dialy2・ed  
against double disti11edwaterfbr2h（nominalmolecularweight  
cu（0坪，12－14kDa；FisherScientific，Pittsbtlrgh，Pennsylvania，United  

蓋誼欝。㌫謁a；慧芸t慧ご；蒜；  

Hamsters were monitored every3dfor the onset of clinical  
SymPtOmS［32，44】・Brains from clinically positive hamsters2Lnd  
uninfected controIs were analyzed for protease－reSistant PrP by  
immunoblotting・   

Supportinghformation  

Unbound  

【ie  

i  

was prevented from sedimentlng by a sucrose cushion・Sucrose  
cushionswerethereforeemp】oyedinbatchsorpt10neXPerimerltStO  
preventsedimentationofunboundPrPS亡・Result5fromrepresentative  
mockadsoTPtlOneXPerimentsareshown・PrPS⊂wasrotatedina  
so）ution oflOmMNaClilltheabsenceofsoilminerals for2ha】1d  
waseitherplacedabovea750mMsu⊂rOSeCuShionand亡entrifuged  
（twoTightlanes），OrCentrifugedwithoutasu⊂rOSeCuShior）（twolef（  
lanes）・Supernatants（Sup）and pe11ets（Pel）were analyzed by  
immunoblottlngWithmAb3F4－  

FoundatDOI：10．137180urnal・PpaLOO20032・SgOOl（17ⅠはPDF）・  

Table Sl．Characteristies of Minerals Usedin PrPS⊂sorpt10n  
Experiments  

FoundatDOI：10．137180urnalやPaLOO20032・StOOl（25KもDOC）・  

Apri］2006lVo［ume2lls5Ue4［e32   

gutthaninthebrain，remOVa】ofPrPS⊂ftommineralparticles  
maynotbenecessarytoinitiateinftction・   
Inconclusion，SOilandsoilmineralshavethepotentialto  

bindPrPScandmaintaininfectivity・These餌ding早Wi11serve  
asthebasisforfurtherstudyontheinteractionofPrPSLwith  
OtheTSOilcomponents（humicsubstances，quartZ，andother  
minerals），；the stability ofsoil－bound PrPSc under typical  
environmentalconditions（UVlight，freeze－thawcycles）and  
theeffectofsoilmicroorganismsandextra⊂e11ularenzymes  
OnPrOteinintegrity・Ourcurrentresultssuggestthatsorpt10n  
ofPrPSctoclaymineralsmaylimititsmlgrationthroughthe  
SOiJcolumn・Maintenance of prlOninfictivity at the soil  
surface may contribute to the propagation of CWD and 
SCraPleePIZOOticsandenhancethelikelihoodofinterspecies  
transmission ofthese diseases．   

州aterial5and Methods   

Preparationofsoi）mineralsandsoils・Montmori1lonite（SWy－2）  
andkaolinite（KGa－1b）cIays，Obtainedfrom（heClayMineralsSocietY  
Source Clays Repository（West Lafayette，Indiana，United States），  
WereSize－fractionatedbywetsedhnentationtoobtainparticleswith  
dh＝05－2pm and saturated with sodium・These referen亡e C】ay  
SamPleswereextensively⊂haracterizedpreviotlSly［23，41］・Finequartz  
Sand仏＝125－2鯛ドm）andSiO2mi⊂rOParticles仏＝1－5ドm；99％  
Purity）wereobtainedfromSigma（St・Louis，Missouri，UnitedStates）．  
The負ne quartzsandwassoakedfbr24hin12N HCltoremove  
impurities・Ⅹ－ray diffraction analγSis andinfrared photoacoustic  
SPeCtrOSCOpyindi⊂atedLhatlheSiO2micropartic）eswerecomposed  
Ofquartz・   

WeexaminedPrPS｛sorptiontofoursoils（TableS2）・TheEl】io［sOi】  
WaS a Silty clay）oam puT－chased from（heIntemationalHumic  
SubstancesSociety（St・Paul，Minnesota，UnitedStates）・OrganicalJy  
amendedDodgesoil（Sandyclayloam）wasobtainedfromaglacialed  
uplandareainMadison，Wisconsin・TheBlue＄temSOilwasasandy  
Clayloamcol】e亡tedfromafluvialdepositinCedarRapids，Iowa・The  
Boardman soilwas a siltloam taken from an eolian deposilin  
Boardman，Oregon・Characteristicsofthesesoilsarepresentedin  
TableS2．   

Sotlr！eOfPrPSc・Syrianhamsters（Cared fbraccordingLo all  
institutlOnalanima）careandhandlingprotocoIsoftheUniversltyOf  
Wisconsin，Madison）were experimentalⅠγinfectedwiththeHyper  
Strainofhamster－adaptedtransmissibleminkencephalopathyagent・  
PrPS亡waspuri鮎dtoaPlpelletfrombrainsofinfectedhamstersbya  
modificationofthepro⊂eduredes亡ribedbyBoltonetal．【42，43］．The  
P4PelletpreparedfromfburbrainswasresuspendedhllmloflO  

mM phenylmethyJsulfonylf］uoride，Purほcation was performed as  
above．  

t 

re。m 
Seq望甲tia）5－mincentrifugationsat800g■（Clari丘cationstep）・Clari鮎d   

帽）wasaddedto500pgofMteor餌equartzsand，1，5OO  
躇OfKte，Or5・2mgofquartzmicroparticlesinlOmMNaClbuffered  
topH7・0withlOmM3－〃－mOrPholinopropanesulfonicacid（MOPS）  
（500LL柑nalvolllme）・Insomecases，Mteexperimentswereconducted  
in unbuffered 10 mM NaCI. Sorption experiments with Mte 
Performedin buffered and unbufferedlO mM NaClyielded  
COmpaTableresults・Experimentswith Mte，Kte，andquartzmicro－  
ParticleseachempIoyedequivalent（external）mineralsurねceareas．  

丁 
i  

CaC12・Sampleswererotatedatarnbienttemperaturefbr2horan  
indicated time period・Sorpt10n aPPeared complete within2h，aS  
Iongerincubationtimesdidnotresultinchangesinleve）sofbound  
PTOtein．   

EachPrPSr－mineralsuspensjonanda500叫aIiquotoreachPrPS亡一  
SOilstlSPer）SionwaspIacedovera750mMsucrosecushionpTePared  
inasolutio∫10fthesamecompositionasthebackgTOundsolutionin  

1 

in 

CuShionwasfoundrleCeSSarytOPreVentafractionofunbour）dPrPSt’  
from sedimenting during centrifugation・Clari丘ed PrPS（did not  
Sedimentthroughthesucrose⊂uShion（FigureSl）．  

恕pLoSPathogen5Fwww・P，ospathogens・Org  0006  
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シカやェ′レクにおけるCWDの流行は広い地域に広がっており、ウシ海綿状脳症が変異型クロイツフェルト・ヤコブ病としてヒトへ  使用上の注意記載状況・  

穫間伝播したことと同様に、CWDが人畜共通感染を起こすのではないかという懸念が起こっている。食肉の摂取が最も可能性の 高い暴露の経路であるたしたシ その他参考事項等  

亘研   
究  

報  血液を介するウイルス、  
細菌、原虫等の感染  
vCJD等の伝播のリスク   

円  

H 盲  

喜   
報告企業の意見  今後の対応   

CⅥ／Dに感染したシカの骨格筋に感染性プリオンが存在すること    今後も引き続き、プリオン病に関する新たな知見及び情報の収集に努  雪が明らかになり・、CWDに感染したシカ肉を摂取あるいは取り扱う  
し八はプリオンヘの暴露のリスクがあることが示されたとの報告で  

ある。  

～  
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OCJD専門家が「ヒツジのBSE」を警告  
非定型スクレイピー と呼ばれるヒツジやヤギの脳疾患は、BSEに似ており、2003年に流行が始まった。今では英国中で82，000頭も  使用上の注意記載状況・  

のヒツジが構患していると見積もられており、他の欧州諸国でも症例が報告されている。  その他参考事項等  

現在、生後18ケ月を越えたヒツジ20，000頭に対しては毎年TSEの検査を行っており、今までに非定型スクレイピー108例が発見さ  

研  

究  

報 出ニ  細菌、原虫等の感染  

要求 

至芸 き  

を  

食品基準庁（FSA）は今後この間題を検討する予定であり、「理論上は危険」があるとしながらも、消費者にヒツジやヤギの肉を食  
べないよう推奨することはしていない。  
微生物学会の会長で食品基準の専門家であるHughPennington教授は非定型スクレイピーが人に害をもたらすとは言えないと  
話しているn「人間は200年スクレイピーのヒツジを食べてきたが、誰も感染していないl   

報告企業の意見  今後の対応   

i非定型，スクレイピーと呼ばれるヒツジやヤギの脳疾患に関して、     今後も引き続き、プリオン病に関する新たな知見及び情報の収集に努   

専門家が緊急に検査を行うよう求めているとの報告である。  める。  

を  

l  
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⊂JDexpertwarnsof‘BSE盲nsheep’  
S⊂ient†stwhotoLdofthreattohumansfrom⊂attLe⊂aLLsforurgentstudytofindouthowmanyanimaLshavenew  
disease  
ByJudithDuffy，HeaLthCorrepondent   

Aleadingv⊂JDexpertwhosoundedtheaLarmonBSEhas亡alLedforthegovernmentto“takea⊂tion巾恒now’’overfearsthatare⊂ently   
d15⊂OVeredbrandiseaseinsheepandgoatscouldposearisktohumanheaLth．  

Thediseaselknownasatypi⊂aLscrapleIissimiLartoBSEin⊂attleandfirstener雲edjn2003・ltisnowestirnatedthatasmanyas8Z，000   
Sheepcouldbeinfe⊂tedintheUKand⊂aSeShavebeenreportedjnotherEuropeancountrjes・   

TheFoodStandardsAgen⊂y（FSA），hasadmittedthereisa“theoreticaLhsk”butitisnotrecornmendingthatconsumersstopeatingsheep   
OrgOatmeat・  

However，VCJDexpertDrStephenDealLerhasdernandedanimmediateinvest晦ationtodeterm血etheextentofthedisease．Lan⊂aSter・  
basedmicrobioLo紳tDeaLLerandhjscoLleagueProfessorRIchardLa⊂eyWamedthegovemrnentaboutthedansersofBSEin⊂attlesixyears   
beforeminfsters⊂On⊂ededtherewasarisktohumans．   

“Theworry－SlOfcourselthatatypicalscrap－eWilLbeinfe⊂tioustohumans，butwedon’tknow，”Deallersaid．   

“Alll⊂anSayatthernornentisthatwithatypjcals⊂raPje，Let’swaitandsee－butshouLdwe，inthjswait，and－SeePeriod，betak血smore  
a雪雲陀SS†vea⊂t†on？   

“LotsofpeopLearesaylngWeShouLdn’tjuststandhereandwajt，LotsofpeopLearesayingtakea亡tionri！htnow．川   

Under⊂urrentregULations，20，OOOsheepjntheUKoYer18rnonthsoldaretestedannuauyforbraindiseasesknownastransmissibLe  
SPOngfforrnencephalopathfes（TSE）・Thesejn⊂Ludeatypi⊂aLscrapieasweLLasthemorecommonformofscrapieandBSE．   

TodateIatOtaloflO8⊂aSeSOfatypi⊂atS⊂raPlehavebeendetectedviathistesti咽PrOgranrne・ButDealler⊂alLedforfLJrthertesti喝tO  
beurgentlycarriedout，ParticLJLarLyinyou喝eranimals，tOdetermneexactLyhowwidespreaditis．   

“Atthemornent，W托houtthedataonhowmuchdiseaseisoutthere，itisdffficuLttoknowwhattodoandhowfasttoact，”hesaid．  
J‘That盲swhylsayweneedasurYeyrfghtnow・   

“WhattheycouLdcertainLydoistodosurveysandtakesornanysheep，teStthernwhentheyarebei喝Slau弓hteredlandthenseewhat  
PrOPOrtjonofthoseisatypicalforrn．   

‘‘YoucanfjndBSEinthebrainsof⊂OWSLong，LongbeforetheyshowedanysymptomsatallandthiswfuaLmostcertainlybetruewith  
scrap－eaSWell・”   

Hesu！geStedthat⊂On⊂emSabouttheimpactonfarmln！WereLikeLytobehjnderjn雪aneXPanSjonntestin雪．   

⊂urrentcontroLstoprotectconsurnersmeanthatpartsofanimaLsmostLikeLyto⊂arryBSEinfe⊂tjvity－Su⊂hasbrains－areremOVedfrom  
SheepandcattLebeforeenter盲ngthefood⊂han・Butftisun⊂ertainifatypicaLs⊂raPleCOuLdbecarhe⊂＝nothertjssue・   

Deauer’scalLsforaninvest晦ationhavebeenbackedby⊂OnSumeryOuPS．   

SueDavjesIWhkh？chiefpoLkyadviserISaid：“Weneedurgentanswersastothemanyun⊂ertaintiessurroundfnsthisfjndjnsasqui⊂kLyas  
POSS姑Lesothatthereisabetterunderstand†喝Ofwhetherthereareanyhumanhealthimplicationsand，jfsoIWhetherexisti咽⊂OntrOl  
measuresareadequate・”   

An†ndependents亡ientif†c⊂Ornrnitteethatadvisesthe雪OVemrnentSaidLastweekthereis“insuffl⊂jentdata，aSyet，tOmakereLiabLerisk  
assessmentsforhumanhealthoran†malheaLthandweLfare”．lnastatement，theSponsjforrnEn⊂ePhalopathyAdvi50ry⊂ommittee（Sea⊂）  
alsocon⊂LudedthatHgorousstudiesare“⊂ritfcalandurgent”toprovidemoreinforTnation・   

TheFSA了sduetoin肘auyexarninetheissueataboardmeetjn弓OnThursday・Possibleoptfonsforprecautionaryriskredu⊂tjonmeasures  
WiLLbethendiscussednextrnonth・AnFSAspokeswomansaidshecouLdnotpre－emPtdis⊂uSSionsbysu弓geStin写What－jfany・meaSureS  
m痩htbetaken．   

“WecanFtruLeoutanytheoretfcalrjsk，butwewon，tbechangln雪OUradvjceatthjsstage，”shesald・“Basedontheinformationwe  
have，WearenOtreCOmmend盲n雪PeOPlechangethejrea抽1ghabitsonsheepor弓OatS，”  
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ProfessorHughPennington，PreSidentoftheSo⊂ietyforGeneral仙crobioLo雷yandanexpertonfoodstandards，Sald⊂UrrenteYidencedid  
notsし唱㌍StatyPfcals⊂raPleWaSathreattohumans．   

Headded：“Thebigquestlonfs：Whatfmptlcatfonsdoesithaveforhumanhealth？Asfarasweknow，therearenonebasicalLy，butof  
⊂OUrSeWehavetokeepondo†咽帽Sear⊂hon肘s．   

“one⊂ertaintHngisthatwehavebeeneatin＄SCraPiedsheepfor200yearsandnobodyhascometoanyharm・”  
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