SN DREEHANC L D08), BRIRLZHE CRMET 22 LITFER &2 AraetEn
bo, " EOLRETESELOTEFMT I & IBENRBEESTHSY, LirL,
TANVADEFE ERRIZ, BRI ASAL 7T BHBRFEEOAMBE, 2 0FE. 1 2L
2 IRUEOEHO TR EZFMT IITEHE VIZEY, WO ERLEOHKVES B,
ERTREERI, UTOELEBY TH D,

TRRORFr—NVET T

AN 7T DIRREOZFER

7 v e A EOBER

B TEOER

T — & DR & R

TSE 7 U 7 7 v A DB FHib

R DME

32. TROARY—AF T
EREL~LTO TSE 7 V77V AFEICEWTEAERF — LV TORE T & X
ER—NVEFO T AEORAE, VANVANRNY T —va VEHEOHRAE LR U TH B,
EREEAT—NVTOEETRE A —NAVF U LEET /BT A INE, MEROE
OFBLEFREOMKICET 2T — &%, BMEFIIRETOILERHD, THLDLDT—
e %E%x7~wfﬁkéht% ROMEIN R E v MIRBITBT— X L RS TRIT
ni&%&w

33. ANA 7 T BHRREAEDORR
TSE FERBICEROIER ST TOT —Z (2 I i, Mg bt R R
HEh, 209 bOR¥HB M, $50B 7 4 —a— MIFELTWS (Brown, P,
et al. Transfusion 38: 810-816 (1998)), LU 7Z2M & Mk OB MEORE I, M
WCRHBENZEEEDODR2< ED 10,000 FLTTHD, E0D, AL 755D
OFRBEEBE 2T 201003, HMEENEE FE—0#BIThH 2 Brown, P., ef al.
Transfusion 39: 1169-1178 (1999)), A/3A 7§ BREMAERBHIFRERNE D HiOFm
LOERNWARETEH DD, HEREARBZENT 2 ORENAROME 2 ELIE S
e wELET B, REBRICENT 2HEARBOFEIRBBEROBRERD 10
%% EE> T2 bR,
EETRETERAIUTOLOTH B,
ANRA I T HRBAEORKECZOREBIZH W b= ETE
AL 7T BRBEEOYBER (R EE

33.1. EERUHRH
ARA 7§ HREEABORMBICH OO B EMEHI, AFAREME. 7 v BA FR.
E MRS FET AR OH DR EBE LIEEEEZ Lo T A E I, Y
DERZEE L TRET D, vCID OREFILEEES-ARRB 2K - FHTHZ
L. WENBLAKUMOBEENLHIRIILS, vCID OEYMFENT v A IZIXER
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< A&V, 5O vCID OBREOERREREZ 231 7 EBRIZER L7-Fn
Ml 1 BUFEOXHRTREEINTITWVDEH DD (Stenland, C. J., et al
Transfusion 42: 1497-1500 (2002)). vCID = ® b O ORI Cixevy, @72 dh
BOBRME B2 ERERICITRETH S0, FAIRIZIE BSE BEv v nbnk
BORMERATEIARERD D, BEMEOT v/ bREREENRH D, TN
BSE b Ity HbTITEDB L, A7 LA V—Fle Y P TIHKFIZE ) Th D,
FEUA ML= a VARGEEERE, Bl HEA5TEPETNLVE LTHWERE
EDOHIR 5T vCID OFRBEELRET A Z L E2RTREDICE, TomETELENE
TSE (Bl ziE. A7 LA E—, FiEM: CID, BSE Xit vCID) OEBKEFE D Z &M
ELbEHEMTHALIEEZOND, ERKITBEERCRREOEENEWIZER -
TNBZENL, WL ONRDRTIZONTHENRITONTWVWS, HEMETEREIN
TWABT v DFERET, +DICHEILTWAELOTHE, INETIZARINEY
OB RNOIT., BT AEFMIIRRADRK T L IR R A RERA LN
7=2% (Taylor, D. M. Veterinary J. 159: 10-17 (2000) ; Somerville, R. A., et al. J. Biol.
Chem. 277: 11084-11089 (2002)). E&E TR OFEMIZEB WV Tkl R34 5 B IR
FEORFICLIAPRPRERITIA NI 27- (Stenland, C. J., et al. Transfusion 42:
1497-1500 (2002)), BRETROFMIZE L Tix, EOFRHME TR L THREER 2
ZEhb, FERTARMIIEBHNRBEREZBEEZ TRELTEY, BL, T
AIZBWTH, RHEZBR L ERARIIEI TR 20 iE2 b0,

33.2. AL 7T HRREEOHEIZEHR

W ERTIRM T TSE BIEESHLICREENTWA D0, mMFICBiT?
TSE RREEOHMEILZAMEEIZINETHON TV, MFIZH D TSE FEEHR
LA DFBRED BHEE LTV D ERET A2 01X, ENITBBHETH 2 TiEMER S
BLEBREINTNWS, LHLARERL, ZOREDFTRENTWVDETLRIZE
W, I OREGEMESMATIZ T 2 O TR TIE v, A EMT D22 T TSE
FEAESIMAFICHE SN TOATEELDH Y. TOBAIIE RN, 7 BB % H
B B-DOMELE LTHSEEITHA S, i, PrP* OREMSERER LB
MHEREAS . MAPICFEET DR AT A NE I DNEAHTH D, EER
ZliE, AL T AREEOWEAMEIC OV TEX R A EREICEETS D
ETH D,

Vey HIINLARAZ —OBERRICHERT 2 4 BEOREEE BT EIT o7
(Vey, M., et al. Biologicals 30: 187-196 (2002)),

O RIFROMSIERE
TSE BREMEIZEE4 5 ARIMIZIBN T, REROMBEHREBIE ELRL TIN5,
RAFHOPERIRIRbEOBEEEZ SO, 20X 2Bz AV Tz Eiid
56, REOY— ML BREPBEERER RS2 THASH, b LABTOR TV
A ABIRWFIZ RSO THIT, ZNISHIET D & 2 I HiE2 EOmEREHTIC
L VIEVFIEORELZITOLERH DN bANLRY, REFAROFRMEL, Foh
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HRBAEDEEE LN OBRICEERER L 2 D RSN H D,

®@ I7uy—i@Ey
L7 u Y= AESINEREESERELTA LI THRBEEND, Z D7),
RERBERIBREEIN, BZESLTWAREMOAENEMEND, BRYEDTRE
FEIRBEBHRIC R TENLODERA L LTEETHY, 270 Y —AESR
FHIRBROMERIZEST IV E—ThD 2 EPHFCTCEAFREENRD D,

® HIRFTEHEFRAALY (CLD)
ARA TR AL 0, R & R s A Crafitg. o = BEEERELOBE
RITH 2L THREEND, REMHOBREIII Z/n Yy —AENH L VKL, Ml
NHEBBENRTBERAALA DL IIZAZDII LD D,

@ KB prP*
REHRL PrP™ pd. MMRERME DRV IR U R EIEMR T 21TV, S HIETED
MR LOBEEZITY ZEIC R VRAREND, TE, MBRXIEEEREE L Thing
BADOBRERBLTND, ZOLIRFECL > TR IZEBR PrP* 23, XK
(ZIEET D PrPY CFBIL TW B0 E I ML TR,

BRI D EBERIER. 3 DOBFBEA O 2 7 AFREERE (1
ik, I/ vy —AES, CLD) IV b EEkOEEZR L, TSEZ V7 T X5
MZAVWEREE LTZNED 3 20X A W LETTH D AREEINTEN
oo BMOBREWVEBEEEIREIN, D OEWV L)L ORSEMEZ REF L 722 b RE )
— L RBIIFABMENTVWETHASHIZ D, S0/ —LELHNELEINTHD
NhEN, b 3 EEIIRRIIZ, BR PrP* XEE ORI 3 EOoO XN LY
LESIIEEB L (VX EBICEENT), AL 7 THREREKE L THOZAT
DHLDERIRTDBZELAEBTH D,

ZDEIRANL 7 AREOZEES MR PICFET DFREED H 5 BRI O R %
KBELTWANE I DI LN TRV, ERE L~V CRE TR AT 2 BRI,
JIVT TUARBNERD T —ATOFEPITADbD L LT, BRE/MELRIED
HEETHD EHREIND AL 7 AREEREZRBIRTRETH D, WTHOHEI
BWThH, A 77T BFREERE 2 BR L EROBIUIRERITHIER B2,

34. 7 oA HEDOER

YT v A 1k, TSE BmRERB O OO I—L FRZ & —FE LTZITAN
BN T3, M ITEETORREL, BEOR8HET MBI BB L - THE
NHEREND, DY, BPETNVIRE L TEBRUBOZICHBERRBORENLD
i, REEAPEETDIZ L O TH D, BRRMEREmE Ay RRA 2 b
MAEHEICE VRIEEND, B ERHETE7200T Y FiRA > b A WRIEE % %
ELTHONYF—FENTWDRGIE, ABPICHEETIREELZ2EETHZDHI,
BREMBOEIZHEEL LTHWAZ ELFAEETHINb AN, BRI 2HEE
DHEEL NHEEOBRET 28R ORIREDORKEOERBIZL T, 7Ty IZE
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AEERRBOBEIIBE NS, flxiE, b b oELN-MEMSE CID 3EhE, 7

YEAHOBPE L TR IV AV 2oy 7w UARERHEINTWAE R, FER v 21
MUTREARITIEEHETHD, LBRORAL 7T HHREERDERIZBNT, 20
BIZZEETREERD 1 2THD, LOLARAL, BREBOEZDIZ, BimciR5%,
ELHEWED (il : NLRF— 263K EFTN) THAOREb6~9 AR, LT
2z my JEDETATACEBNTIR 15~ 18 7 A LT, BE - BEERENE=
ZV T EITORIINERLRNZ N BMERWET vead (EBENT v A)
DOEIIFEFEIBHETH D, FIITMEZ T, | DOEMFENT v EAIZBNTYH, B
MREELZODULIIRREDORKE L. TXBEIN28HOMAEDE . AV3R
BomBEIzk o CREEND, BETHIE, N)F— a3 VBV T, A31 7
THREE L THEBR R TRTOBEOBREEME I >N T, b DBEDEWE L
HOFEDHFEDREOHZREANTHERT LI EIEIARARTH D, ZOAIL. B ~ TSE

B ARIELRE A R TEETRICH L TR = a VMBI O = D ORBR 2 R T 5
BlcR#EE2 L7073 6225IBED,

EMERNT v A3, BERAOERZERVEVEANT, HEATIHREEORFKIZLE LT
EDLNEZH UADEET (HEBPHELLFADLDNTVWERAZ LA E—DFRKETHIE
L~UL 2, B FRUVBSE DZRETHNIT LN 3) TEMLARTNIE RS2V, 2D
@%%ﬁﬁ:&ﬁf% NORMOBREBELEMRTE D L~UL2 T L~V 3 Dk
i, Iy IZEIEEA LR, ZO XD RRRICETAIEMIL. 7T v A DEH X,
%rifmﬁﬁ%ﬁﬁﬁéﬁozgk&éﬁbkw*#%%ﬁfék RAKEZILIER

ﬁﬁ&&é FRIZH2DLLT, TTICARINTWAIHETED TSE 7 VT 5

BT AR DORE S TIL, BT v A DEERHIBESEN TS, RE
%imﬁéﬁ i, HEPILSARLON TV LI2RBRFR CREAOEEZEEY) ZHVWH
ETHD,

BRMEDEFEEEZHER LY, BREOBRE2 BB T2-0CRATE S in viro R
BRIZICHOWT, —RAQICEAFTRER b DI EEHFEE LR, N2a, GT1 O X ) ek
JarkizEEENRE <, v 7 ATHILE N7 TSE DWW DO RFENRREGT 5 (Klshn P.
C., et al. Proc. Natl. Acad. Sci. 100: 11666-11671 (2003)), —XF. PP EE&EF%2 hF 27
=7 N UEEEMREORIZE, WS ONDRT LA E—DRFEEME - HRIED 2
EBRFRERLDOLH D, ~

Fo, BEINTOHAHEICBNT, TNEHATESAVLNTHWAMOT vt A
HBix, PrP* 2T HE VI LD THD, ZHOERBERNL, TSE HREEIIHBEESR
HETHD PP BEERNIEEEL Lo TEGLELOBEBETHAS D ERBEINTWVD
L OO, TSE MEAOEMAEERIREZTFAONTWARY, TORE R NIKEES
HLOEAYE (PrP®) X, a7 A —€ K (Zhick 9 PrP™ BAEL D) oxt LTrlg
HEGEEL B, £/, ERTVAVEBE PrP) 2RETL 772V BEBEDO X
S e BRI L CH miBE E CHERMNEMEEZ Lo, BiAKICBT S PrP* XiZ
PrP™ ORHIZ BRI OV TORBREEL AR T ENTE D, L L SR L PrP™
OELOMOMEREBERIIBRICE - TREZRS L, BRBRMEXE PrP™ 2JET 2D
ALEFECEI-THLRBELLERDITHA D, ARIN TV AIHEOFIZITHEBEBIR
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NEREINTNBETFr—AH0L20HAHHDOD (Lee, D. C., et al. Transfusion 41:
449-455 (2001)), DX I BREBEETREFHIZLY, PP DBREENGFHMEIND Y
V7 I ARBYMED 7 VT T ACEESIT L) LT HBOEEENEELZIT 5,
PrP* RH D72 DAEFERNT v A LR EZRIET 2 EMFNT v 1 L OBICH
BRSNS R INTHEEITE, EFENT v Ak TREMET Y A EHE DS
B RiELERTZENBEETHS D,

HACFENT v A UTEDFENT v A EAOCTOERNT o —F 2T 3567
DAAHF AL, 2004 46 A D CHMP RAFFAT O 19.2.3 i el it o flisE T |
WRIN T3,

3.5 BIETROZER

TTIHBNTWD &R0 FlZIEMER EDORERIES AN T3 7 A L ARTE(L
FEICx LT TSE BWEMEITEIMEEZ b O Z L 2 RFHICK & MR b, TSE HEEDORE,
SEPEFINI TERZFMOMNR L L TRIRTILERH D, TODABAE R
miEPEA] (S/D) METERERUMBLBETIREZ R E L THMEITI Z LIz AE
BN, TSE MEEDOBREIZLBRVEDTHD LWV OO ENLREN T
D) —NGEITER, WERIRE, /a7 7 0 —TITREEKOCABITRIZESEZHT
HRETHD,

iy, &2 TREETOREHIA A 7 THREAOHER X, Th L vaioaEic X
STHEBEZIHARENRD D Z LICBE LT by, flxE, Rttt b
BREB A S/D WBIZL VDM TERZ e, B FEAU-REEWEIZABES
BREBBTED LT, LER-T SD LAHEAERL TWRWKESLABT
BOIIUT I RFEMICAVD EYETITEROIZ VT I REXBREMTIZ &0
Do

TRTOEEE T, ARENTVWBETFT—FLBLLADLERNL, FHOEETESL
EEESFEMU TSR 520, SEBICEED Y )75 0 Az 5 BRIEA T
Zu—FZB LT, 2004 46 H D CHMP RFFHD 923 I H A ¥ ANRRENT
AV

3.6. T — & OfFER L HIB
TANAZ VT TV AFEMIZB N T ONFEET DH#9iL. TSE BREREIZETS
TEIFMIZBDNTIEELIZELWEHERE RS, ZORMEIIUTOEEL2EA TS,

O RETEERT—NAEDLTET LTS Z EBBEENIITOIL TR WATREME
BHdHT L,
DANZZ VT T AFEIZBNT, BREZ LS TUVANVAGREETRE X7 —
NEDTHZERRETH D, Thid, TSE WEBOREBICFFICEETH LA
REEEZL ST A SETRIZBWNT, FIZL{bTIEED,

@ 2 IEOZ V77 AT ORI, YRIROK I VT I A2KTROY
V77 ADEFTHEULTIVEREL TS Z L,
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BCANSA 75 BRBEEBPARE =R b O THLHEITIE. 1 DOIRTREDH
FUEE S OHZPEEMICBRES N, ROTIERTHLR URERAENRESND Z &
LbHVELZ LD, TORENRDH TUTELRWAREENH D,

® FHEEORMWLENZ VTSV RACEBLRISTAREENDD Z L,

B 2, FEERBSRAEEERIOLMBIZ L oI, ZhEiThing
AIZHRT, BIZiEABREOLUBEOTRIIBWTLIYVEZIZEBLTLEY, &
ENREEIZ 2 DFREEDR H D,

@ WHARERT v EAERSLT LHBREMNZLOTRARNI &,
YT v A ZERERETH LML ET S, — R PrP™ O & Rtk
& ORBICHBEBEAEET S, Zhid PP BROREMELZRIET 5 - DIZEA
LB EET A MEERD D, BIEETOLEZA, KESOMETIE, KbE
PEEZONDIRBEET vEA TV THERMBER I TN A,

® AL T HHRBEOZRKROHERT 2EME P ERARRT vy EZREL
TLESAREERHDZ L,
BEEFTOLIABREILRBICZORADPERREELE XD &0 ) FEIUT RV,
BoNDI7 VT T AMEPARNL 7T HRFEOERIZL > TEEEZRIT D WHENE
FVWEERETE R0,

® AL I THRBAROYBCENZEENEE THIARRERFET DI &,

TSE EEESMPIZFEET D & LT, P TO TSE HWEEOYELFEMN LK
WIOWTOFERITREMBELNTWARY, R2EESEZENENERTETHAN
A 7 ABRBEEREBHIOWTEMEIT o R ENR T TIZARIN TV ER, Fh
IZE B LRI S E Le TR TORBTRICBWTEREARE & LIEFICALIL
R TTREESRZ, TR, BIZEES L TV RWED X 31 7 AR
EREL., BEOULBRIBICBWTLVESICRESLE (Vey, M., et al
mw@mmmwmﬂ%(mm» WEIRUAOKEED TE (FlXiE, BkETE)
WRWTH, HDoZ ENEEH/D, LT, W%Eﬂﬁfiﬁ%ﬂ E}a"béx/v(
7 AREtofEEIE., NETRICI - TRAEDARERD D,

@ 7 VT 7 A MAEORBHARIZASA 7T HFBEEITRELRNE D E OO
HLOEANWSEEINTWVRIZHE 2D 6T ., BMERTIILPIZHFET D2HEED
ERDRNT &,

EIRE DAL 7 ARRERE Z BT BE AT, RRED XA 7 ARk
EROWIEEA TIIREEOREDNEDL L AEMENH 5,

® TANRBRE/REECIEOEMIBV TR, FlERE T A -2 2 XHsH
EHEDI VT Z U ANOEBELEFHL2E LT, TEROERBEIZET ML E

BT ALERHDZ &,
In vitro TOT v EAEDHZERANDEEERITIE. TSE 2FRT 5 Z OFEDOFT
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BOERBHPEHETHDENIZ &I, T R2bbIDI I BRHBREZERIHVIRLT
ETHIERNRNTHAI LN L THD,

Lo T, HHBETEROLDET VY ANV AIH T DrERE R TEOEREIC
T TSE AIRIEIC A4 D REREL R TEOFEEMEITE .,

3.7. TSE 27 ) 75 v ADOEFHE

TANANY T =2 a VEHEDSE & ER RETROBERREE N TOIL BT,
HETRD TSE 7 VT VAT —FZOBFMBLELRLTHA D, FHIOERH? K
BTHhd I LRUBLNADEROEHEMELZHELD L. BMEALEL 2 ZHETED
EFELIBEOLLLASZERLRERORAZBOND L EXDND, ZORb Y Fl XL,
BPEDT v A M in viro TRIEEIZR D72 E, BEEFFOERICL-TIZ YT TR
N EBICERTED LIOICRNE. EORIFTMEERTILERNELDTHAS I,

3.8. RIEDOHFE

WENPSIMENTWBBERBEEFTIEICL D7) OREIZOVWTIE, %< D%
THEM STV 5D, TSE RO RETRFICH L. HEICDT - TREP TR
HEAEEF L TOWEHEREARBLREEN TV, W OhonEiiE (HlxiE, 7%
NALAVLER | FETEMHEALEE) 1R E OLBEHETIIESNTH D Z BB TV A,
—F T, BOTHYDRLEBFELHOLN TS (BliE, 2% U LE0EAFIIZ T ~2M
DKEELT b U U LABERA~D 60 SRIOBRIELRE, —EDOENR VORI TO 134 ~ 138
CA— b7 L—T40HE), WHO IZ X > TV D00 J5 i AN AE HER L EE 5 1 13 HE
P4 0B FEE LTETF LN TEY (WHO Laboratory Biosafety Manual 2003 (2003)) .
ERICERER X IERREDOLBIZFELNRL TS, LALRRL, 2R bOFERN
BWHTED 7 —2F, UTOHEENPLMZVBEIN TS, INLDFEDKEZIE
WEERGEHTTOFETHY, AYHRUBIIT L THE AV 5 X DFHEERE D,
Flo, INbLOFER, BERFBICTIEEENH -2, MOREREME IR LT
IR DAL TEHME LR &R0y (B2, KBEMET MU o A3 RFERERAEZ b2V
BEINTND), W ODOERMZALEBEE FXETAVE0r L yF— 7
077 —ERy) IOV TIL, BHRBREFIEELTEDTHI0E ) pEREFMT TH
V. EFEEAFRETIERY,

TSE WRENPREICEIMEZ L2 Z ERVART U L AR OO EHIfTE L
RTVWHEEE LS LD, TSE BWREEZBRE/RELTE 2 08B 2 AV 2755
BREFECODWTEETAHZ LIIBICEETHD, £, VT 20EBRUOERAHIIC-
WTh, BATRERMITED TSE MBI HT AR EZ TEETDHZ LN
BTHD, DETENEL T, BRELTVANVALZBIERMEAINTNWDEZ LIZBET
LHZUVERHD, TOIRTHEAIND ABBRIIERBICEEIND, ZOTEBREI
DR THD ZEMNRINNIE, BERKIORHTIRBREICLARAFBEROY 2
FUZTIRETHDTHZ LIk d,

SRBRRMEICEE L7 TSE WREDRE,/ RNERIZOWTEFFET 2 Z LI REREET
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HA %5, TSE REOPICE LE-HEE, 0 TSE WEEZEL L HRIET 2EMOMIC
BT EORBRVEEINTWVD, ZOLIBRRBRRAEAVD I LIZLo T, T/
bHFRARE 2 BRRDERTHFRULZR CLB LSRR 2B B L, BRYEER
HoN RARBOFRELELFRETIZ LI T, fIRBEREIATWHEINE D
PEE=ZFZN T TEDARERD D, 7V AU RENZEFREBROF LWEES
EEPERETAMEOT T, ZOT7 Fa—FORNKEREEN TS (Fichet, G., et al.
Lancet 364: 521-526 (2004)), Z D &L 9 2R E ELEE L SNV ORMICE THFT
HZEFEE LWL bR, BERFEOFRRERES LT, KE{LT ) U LAEK
D—REICE bR TS, 0.1 M/AKBEET b U AL BAEIT, BRFXIEBRERRT
WWRkE L7z PrP¥ #2707 7 —EBRSHERICERT D Z E2/RI T35 (Kasermann,
F., et al. J. Gen. Virol. 84: 3173-3176 (2003)), Z LD OFFFERERITREEEET v A0k
STHERINDIULEIH D,
ULDEESTRERPRE XD & MAERE BT 25 LB B3R A |l
REIZ 722 F T, BFERA TR T XS BEOLIETEITR Y,

. RSO E LD R

TRTOEEEIL, DRENTWAT—F LB LADLEREL, FEORETEY
EEERCFMLULTNERLRY, FRECEREOZ V7T 70 AFHlIC T 2 BT
Fu—F 2B LTI, 2004 456 A D CHMP RIEFAD 923 IRICH A ¥ U ADBRENT
W5, BMEIEBOFMIEEL T, TSE HEEDO EDRFEZER L THMERR2WT
EnD, HATHIRMIIESHRERZBEEZTHRELTLW, AL 7T 5HEMEL
LT B3 b0%FRTHIENTED, ERE VANV TEETREZ M 5 BRICE.
TUVT TUANRNE DT —ATOFMBITAD b D E LT, BRE/ NELPRHE
HTHDH LM ENDE AL 7 ARBZBEBRTRETHDL, WTHLOHEICBNTH,
AR 7T HFREORE,. BRT 28 ER OTRR T EL BN U - ERRILIIR S
RITNERB 2,

VTS UAFMIBN TR, EFAVFRE LTOMER, RUEREEL NV TORET
BEERZLANALTIEHATEL LIELEZITo-TNDI e, ZTAICKVFELND
F—RZEIBNH D LTI T BENTWS, LrLiars, migsmiiofhET
FRBIZBIT D TSE BEADBREREICOWVWT, TNHERE L)V TORFMNERZIER
FREL TN EHFINS,
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Abstract

Sulfated glycosaminoglycans (GAGs) and sulfated glycans inhibit formation of the abnormal isoform of prion protein (PrP%) in
prion-infected cells and prolong the incubation time of scrapie-infected animals. Sulfation of GAGs is not tightly regulated and possible
sites of sulfation are randomly modified, which complicates elucidation of the fundamental structures of GAGs that mediate the inhi-
bition of PrP% formation. To address the structure-activity relationship of GAGs in the inhibition of PrP5® formation, we screened the
ability of various regioselectively O-sulfated glycopyranosides to inhibit PrPS formation in prion-infected cells. Among the glycopyrano-
sides and their polymers examined, monomeric 4-sulfo-N-acetyl-glucosamine (4SGN), and two glycopolymers, poly-4SGN and poly-6-
sulfo- N-acetyl-glucosamine (poly-6SGN), inhibited PrP5¢ formation with 50% effective doses below 20 pg/ml, and their inhibitory effect
became more evident with consecutive treatments. Structural comparisons suggested that a combination of an N-acetyl group at C-2 and
an O-sulfate group at either 0-4 or 0-6 on glucopyranoside might be involved in the inhibition of PrPS¢ formation. Furthermore, poly-
meric but not monomeric 6SGN inhibited PrP5 formation, suggesting the importance of a polyvalent configuration in its effect. These
results indicate that the synthetic sulfated glycosides are useful not only for the analysis of structure-activity relationship of GAGs but
also for the development of therapeutics for prion diseases.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Prion; Transmissible spongiform encephalopathy; Glycosaminoglycan; Sulfated glycosides

Transmissible spongiform encephalopathies (TSEs), so-
called prion diseases, are neurodegenerative diseases with
long incubation periods and invariably fatal outcomes.
Prion diseases include Creutzfeldt-Jakob disease (CJID)
and Gerstmann-Strausser-Schinker syndrome (GSS) in
human beings, scrapie in sheep and goats, and bovine
spongiform encephalopathy. One of the characteristics of
TSEs is an accumulation of a protease-resistant, abnormal

" Corresponding author. Fax: +81 11 706 5293.
E-mail address: horiuchi@vetmed.hokudai.ac.jp (M. Horiuchi).

0006-291X/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/3.bbrc.2006.08.072

isoform of prion protein (PrP*) in the central nervous sys-
tem. PrPS° is posttranslationally generated from the host-
encoded, protease-sensitive prion protein (PrP%) [1]. A cen-
tral event in the pathogenesis of TSEs is the conversion of
PrP€ to PrP%° [1]; therefore, it is expected that inhibition of
PrP5¢ formation will be an effective way of treating prion
diseases.

It i1s well known that sulfated glycosaminoglycans
(GAGs) and sulfated glycans such as dextran sulfate 500
(DS500) and pentosan polysulfate (PPS) prevent prion
infection via the peripheral route when administered prior
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to, simultaneously, or just after the inoculation with prion
[2-5]. They also have been shown to inhibit PrP%° forma-
tion in scrapie-infected murine neuroblastoma cells [6,7].
Based on these findings, sulfated GAGs and their ana-
logues have been comnsidered as candidates for the develop-

ment of therapeutics for treating prion diseases. Recently, -

Doh-ura et al. reported that intraventricular infusion of
PPS prolonged the survival time of prion-infected mice,
antagonized PrPS® accumulation and also reduced neuro-
nal degeneration even when the infusion was given at the
late stage of infection [8]. Clinical trials of intraventricular
infusion of PPS to CJD and GSS patients have been started
in some countries including the United Kingdom.

GAGs consist of a number of disaccharide repeating
units, which are composed of uronic acid (glucuronic or
iduronic acid) and an amino sugar (galactosamine or glu-
cosamine). The uronic acid and the amino sugar have
one to two and two to three possible sites of sulfation,
respectively, although these sites are not always sulfated.
Consequently, the various combinations of sulfations yield
many different possible disaccharide units [9,10]. Although
sulfated GAGs may be useful for treating prion diseases,
core structures necessary for inhibition of PrPS° formation
are still unclear. The identification of the core structures
should help in the development of compounds with
enhanced therapeutic potential.

To examine the structure—activity relationship (SAR) of
GAGs in the inhibition of PrP5 formation, we screened
various regioselectively O-sulfated glycopyranosides as
mimics of GAGs and their components [11-13]. Here we
show that some synthetic sulfated glycopyranosides and
their polymers inhibit PrP5® formation in prion-infected
cells. The results presented here suggest that the locations
of the O-sulfate and N-acetyl groups on glucopyranosides
are important for the inhibition of PrPS® formation.

Materials and methods

Glycopyranosides and their polymers. The structures of glycopyrano-
sides used in this study are shown in Fig. 1. Six monomeric (mono-) p-
nitrophenyl (pNP) glycosides, pNP N-acetyl-glucosaminide (GlcNAc),
PNP 3-sulfo-GIcNAc (3SGN), pNP 4-sulfo-GlcNAc (4SGN), pNP 6-sul-
fo-GlcNAc (6SGN), pNP 6-sulfo-glucopyranoside (6SGlc), and pNP 6-
sulfo-galactopyranoside (6SGal) were used. In addition, we used polymers
of the glycopyranosides, in which the mono-glycopyranosides were linked
to acrylamide chains to mimic the oligosaccharide entity of GAGs [14].
Molar ratios of acrylamide to each glycopyranoside were approximately
9:1, indicating that each polymer has ca. 10% of glycopyranoside as res-
idues. Average molecular weights of these polymers were estimated to be
approximately 1.2-3.3 x 10°. The compounds were dissolved in distilled
water or dimethyl sulfoxide and filtered through a 0.45-pm Milex filter
(Millipore). Heparan sulfate (HS) and heparin were purchased from Sig-
ma. DS500 was purchased from Polysciences. Inc. PPS (Cartrophen Vet,
Biopharm Australia Pty, Ltd.) was generously provided by Dr. Katsumi
Doh-ura, Tohoku University.

Cell culture. Neuro2a mouse neuroblastoma cells (ATCC CCL-131)
were cultured in Dulbecco’s modified Eagle’s medium (ICN Biomedicals)
supplemented with 10% fetal bovine serum (FBS) and non-essential amino
acids. Mouse neuroblastoma cells persistently infected with prion, which
were originally established by Race et al. [15], were cloned by limiting

GIcNAc 3SGN
OH H
H H
H NHAc 0,8 NHAc
NO, NO,
4SGN 6SGN
H SO,
-0,S0 Hl-?o
5 NHAc NHAc
NO, NO,
6SGlc 6SGal
Ho %803' HO -0S0;
H HO
H
OH
NO, \O‘NQ
polymer
SO,
HOS&
H
NHAc U
NHC
SO,
Hvﬁ/o
AETa o
NHAc
NHCO.

Acrylamide chain

Fig. 1. Structures of sulfated glycopyranosides and their polymers.
Structures of mono-glycopyranosides used in this study. 3SGN, 4SGN,
6SGN, 6SGal, 6SGlc, and GlcNAc were also used in polymeric form, in
which the glycopyranosides were coupled to an acrylamide chain through
their pNP residues [14].

dilution, and a resulting subclone (I3/15-9) that possessed a high level of
PrPS° [16], was used in this study. The I3/I5-9 cells were maintained in
Opti-MEM (Invitrogen) containing 10% FBS, and cells passaged fewer
than 20 times were used for the experiments.

Treatment of cells and sample preparation, SDS-PAGE, and immuno-
blotting. The I3/15-9 cells or Neuro2a cells nearly confluent in a 25 cm?
flask were seeded in a 35 mm tissue culture dish with 1:10 dilution. On the
second day, the medium was replaced with 3 ml of Opti-MEM containing
10% FBS (for I3/15-9 cells) or 3 ml DMEM containing 10% FBS (for
Neuro2a cells) and test compounds were added to the medium. The cells
were cultured for 2 days in the presence of test compounds and examined
for the presence of PrPC or PrPS° by immunoblotting as described previ-
ously [16]. For quantitative analysis, we used one of the following: the
Western-Star™ Protein Detection Kit (Tropix) for chemiluminescent
detection and quantitation of immunoreactive bands using an LAS-1000
lumino image analyzer (Fujifilm) as described previously [16]; or an ECL
Western Blotting detection kit (Amersham Biosciences) and quantitation
with an LAS-3000 lumino image analyzer (Fujifilm).

Indirect immunofluorescence assay (IFA). Cells seeded on 8&-well
chamber slides (Nunc) were treated with test compounds for 2 days and
then fixed with methanol for 20 min at —20 °C. After blocking for 30 min
with PBS containing 5% FBS (FBS-PBS), the cells were incubated for 1 h
at room temperature with mAb 31C6 [17] diluted in 1% FBS-PBS. After
washing with PBS, the cells were incubated for 1h with 1:1,000 diluted
Alexa 488-labeled Fab fragment of goat anti-mouse IgG. Finally, the slide
was mounted with PBS containing 50% glycerol, and 1% n-propyl gallate
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and examined with an Olympus IX71 fluorescence microscope equipped
with a cooled CCD unit (CoclSNAP™ HQ, Roper).

Cell growth assay. Cells were seeded in 96-well plates at 1 X 10 cells/
well in 200 pl of medium. On day 2, test compounds were added and the
cells were incubated for 48 h. All experiments were carried out in qua-
druplicate. Next, 20 pl of a mixture of 1 mM 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, —monosodium  salt
(WST-1) and 0.2 mM S-methylphenazinium methy} sulfate was added to
each well and the plates were incubated for 3h at 37 °C. Finally, the
optical density at 450 nm was measured with a microplate reader. The
relative growth ratio in the presence of test compounds was calculated by
comparing the growth of cells with and without the test compounds.

Results

Effect of O-sulfated glycopyranosides on PrP5¢ formation in
cells

To investigate the SAR of GAGs in the inhibition of
PrP3¢ formation, we used regioselective O-sulfo glycopyr-
anosides synthesized by a combination of chemical and
enzymatic reactions (Fig. 1). Because GAGs are oligosac-
charides consisting of uronic acids and amino sugars, we

also used polymers of glycopyranosides. DS500, heparin,
and PPS, which inhibit PrP% formation in cultured cells
[6], were used as positive controls.

Fig. 2 shows representative results of immunoblot anal-
ysis for the inhibition of PrP% formation. A 2-day treat-
ment with mono-4SGN, poly-4SGN, or poly-6SGN dose-
dependently reduced PrP>° formation. In agreement with
previous reports, DS500, heparin, and PPS reduced Prps°
formation, but HS did not [6,7]. Table 1 summarizes the
effect of glycopyranosides on PrPS¢ formation from at least
three independent experiments. Three glycopyranosides,
mono-4SGN, poly-4SGN, and poly-6SGN, reduced PrPSe
with low 50% effective dose (EDsp); EDsp of them were
10, 4, and 9 pg/ml, respectively. However, they were less
potent than PPS (EDso=03pg/ml) and DS500
(EDso = 0.5 pug/ml), which are known to be the most effec-
tive GAG analogues for inhibiting PrP5° formation (Fig. 2
and Table 1). Other three glycopyranosides, mono-65Gal,
poly-3SGN, and poly-6SGal, showed weak inhibitory
activities (EDso > 20 pg/ml; Table 1). We mainly focused
on mono-4SGN, poly-4SGN, and poly-6SGN in the subse-
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Fig. 2. Inhibition of PrP*° formation in prion-infected cells by sulfated glycopyranosides. (a) Representative results of PrP° detection. 13/15-9 prion-
infected cells were treated for 2 days with various monomeric glycopyranosides and their polymers or GAGs (PPS, DS500, heparin, and HS) at the
indicated concentrations. GlcNAc was included as a representative non-inhibitory glycoside. Western blots for the samples containing PPS, DS500,
heparin, and HS were visualized with a LAS-3000 lumino image analyzer, whereas the samples containing the other compounds were detected with X-ray
film. Molecular mass markers are indicated on the left. NT, untreated cells. (b) Quantitative analysis. Quantitative analyses were carried out using an LAS-
1000 or an LAS-3000 lumino image analyzer. Results represent the average of at least three independent experiments.
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Table 1
Effect of glycopyranosides and their polymers on PrP%¢ formation

Compound EDsp” (ng/ml)
GleNAc >50
3SGN >50
4SGN 10
6SGal 31
6SGN >50
6SGlc >50
Poly-GlcNAc >50
Poly-3SGN 50
Poly-4SGN 4
Poly-65Gal 21
Poly-6SGN 9
Poly-6SGlc >50
PPS 0.3
DS500 0.5
Heparin 4
HS >50

# The EDsq values were estimated from the graphs shown in Fig. 2.

quent experiments because they were relatively strong
inhibitors of PrPS® formation.

Fig. 3 shows the results of long-term treatment with gly-
copyranosides. Mono-4SGN, and two polymers, poly-
4SGN and poly-6SGN, which reduced the level of Prps°
for two-day treatment, decreased PrP% to undetectable
level during the serial passage in the presence of the com-
pounds. In contrast, poly-6SGlc, which did not affect the
PrP¢ formation in 2-day treatment, did not reduce the
level of PrP5¢ even when used long-term.

Effect of O-sulfated glycopyranosides on the expression of
PrP€

GAGs bind to N-terminal region of PrP, which contains
basic amino acid residues [18,19]. In addition, GAGs are
known to accelerate PrP¢ endocytosis and to reduce the
total PrPC level and cell surface expression of PrP€ [20].
These facts suggest that direct interaction of GAGs with
PrPC is involved in the inhibition of PrP5¢ formation,
although the mechanism of inhibition remains unclear.
Thus, we investigated the effect of glycopyranosides on
the expression of PrPC. Neuro2a cells were treated with test

poly- poly- poly- mono-
6SGN 6SGlc 4SGN 4SGN
L 1 ¥ LI 1 i i
3 ‘_6M - 9 (day)

6 36 93 6 9 3 69 0

19 ~
(kDa)

Fig. 3. Long-term effect of sulfated glycopyranosides on PrP>° biosyn-
thesis. 13/I5-9 cells were cultured in the presence of 20 pg/ml of
glycopyranosides for 3, 6, or 9 days. Day 0 indicates the untreated control.

compounds at 50 pug/ml for 2 days, and expression of PrP©
was analyzed by immunoblot and IFA. The positive con-
trols DS500 and PPS clearly reduced the total level of PrP©
(Fig. 4). Similar to the positive controls, mono-4SGN,
poly-4SGN, and poly-6SGN, which inhibited PrP>° forma-
tion, significantly reduced the total PrPC level (Fig. 4). In
contrast, test compounds that did not inhibit PrP* forma-
tion {mono-6SGN, mono-6SGlc, poly-6SGlc, and poly-
GlcNAc) did not reduce the total level of PrP“. In agree-
ment with the immunoblot analysis, fluorescence intensities
in Neuro2a cells treated with DS500, mono-4SGN, poly-
4SGN, and poly-6SGN appeared to be lower than that
of untreated control cells (Fig. 5). Although the total PrP©
level was reduced by the glycopyranosides, we did not
observe a marked difference in localization of PrP<.

Effect on cell growth
The inhibition of PrP5¢ formation by O-sulfated glyco-

pyranosides suggests that they may be useful for treating
prion diseases, however, the reduction of PrP€ level might
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Fig. 4. Effect of sulfated glycopyranosides on PrP© level. (a) Represen-
tative results for PrPC detection. Neuro2a cells were treated for 2 days
with various glycosides at 50 pg/ml. o-Sarcomeric actin was used as an
internal loading control. PrPS was detected with mAb 31C6. NT,
untreated control. (b) Quantitative analysis of the effect of sulfated
glycosides on PrP€ level. The experiment in (a) was repeated at least three
times, and the graph in (b) indicates level of PrP° relative to the untreated
control.
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NT DS500

poly-6SGN

poly-4SGN

mono-4SGN

poly-GlcNAc

Fig. 5. Localization of PrP€ in Neuro2a cells treated with sulfated glycopyranosides. Neuro2a cells were cultured for 2 days in the presence of the
indicated glycosides at 50 pg/ml. PrPC was detected by IFA using mAb 31C6 and Alexa-488-conjugated secondary antibody. NT, untreated cells.

produce side-effects. To examine whether the synthetic gly-
copyranosides influence cell growth or have cytotoxicity,
we performed WST-1 and lactate dehydrogenase-release
assay. We found that mono-4SGN, poly-4SGN, and
poly-6SGN had no effect on cell growth (Fig. 6) and were
not cytotoxic (data not shown) at any of the concentrations
examined.

120
100 @
S 80
z
E (| e e POly-6SGN
<
= —o— poly-4SGN
(5] B G | O S .
O —o— mono-4SGN
- -4 - DOly-GlcNAc
|
0 ) )
0 50 100

Concentration (pg/ml)

Fig. 6. Effect of sulfated glycopyranosides on cell growth. Cell growth in
the presence of sulfated glycosides was determined by WST-1 assay as
described in Materials and methods. Values represent means &= SD (n = 4)
relative cell growth compared to the untreated control.

Discussion

Sulfated glycans inhibit PrPS° formation in prion-infect-
ed cells [6,7], prevent scrapie infection by peripheral chal-
lenge [2-5], and reduce the level of PrP%¢ in the brain of
prion-infected mice [8]. The degree of sulfation appears
to be one of the factors affecting anti-prion activity of sul-
fated glycans [21,22], although other properties, such as the
chain length, repeating unit of glycans, the location of sul-
fate groups, and the type of glycan chains, will also be
involved in the inhibition of PrP®® formation [6,23]. Selec-
tive desulfation is one way to address the SAR of sulfated
GAGs [24], however, in the current studies, to examine the
SAR of sulfated glycans for inhibition of PrP5° formation,
we used synthetic sulfated glycopyranosides and their poly-
mers, in which the position of sulfation was controlled by
chemical and enzymatic reactions [11-13].

Among the compounds tested, mono-4SGN, poly-
4SGN, and poly-6SGN inhibited PrP%° formation with
EDs below 20 pg/ml. This suggests that a combination
of an N-acetyl group at C-2 and an O-sulfate group at
either O-4 or O0-6 on glucopyranoside is important for
the inhibition of PrP5® formation. In fact, the monomeric
and polymeric forms of GIcNAc and 65SGlc did not inhibit
PrP5° formation, emphasizing the importance of both the
N-acetyl group at C-2 and the O-sulfate group at 0-6in
the inhibition by 6SGN. However, mono-6SGN did not
inhibit PrP® formation, suggesting that polyvalent or clus-
ter effects are also important for the inhibitory effect of
poly-6SGN.



490 S. Yamaguchi et al. | Biochemical and Biophysical Research Communications 349 (2006) 485491

Heparin is a sulfated GAG that inhibits PrPS¢ formation
in cells [6,7]. Major constituents of heparin are disaccharide
units consisting of 2-O-sulfate-L-iduronic acid and 2-N-,
6-O-disulfate p-glucosamine, although the sulfation sites

not alwavs sulfated [25]. Thus, the inhibitory effect of

5 r O-sulfate at 0-6 and an N-ac-

etyl group at C-2 participate in the anti-prion effect of hep-

arin. Preliminary experiments showed that 2-N-, 6-O-

disulfate glucosamine and its polyme: inhibited PrP5° for-

mation (data not shown), supporting the role of an N- or

O-sulfate group at C-2 and C-6 in the anti-prion effect of
heparin.

Here, we showed that mono-4SGN inhibited PrP>° for-
mation with an EDsy below 20 pg/ml. To our knowledge,
this is the first report that a monomeric glycoside antago-
nizes PrP° formation. The GIcNAc did not inhibit PrP*°
formation, suggesting a combination of O-sulfate group
at C-4 and N-acetyl group at C-2 is important for the effect
of mono-4SGN. However, further analyses of other gluco-
pyranosides such as 4SGlc will be required to address the
importance of O-sulfate group at C-4 more precisely.
Although poly-4SGN was more effective than the mono-
mer, monomeric glycosides have an advantage with respect
to understanding the SAR of GAGs and for the develop-
ment of new therapeutic compounds against prion diseases.
The purpose of this study was mainly focused to analyze
the effect of sulfated glucopyranosides on PrP5¢ formation
as constituents of GAGs. However, we also found that
mono-6SGal showed weak mhibitory effect
(EDso = 31 pg/mi) and the effect was enhanced in its poly-
mer form (EDsg = 21 pg/ml). Thus this finding will prompt
to analyze the effect of other sulfated galactopyranosides.

Treatment of cells with sulfated glycans such as PPS and
DS500 stimulated endocytosis of PrPC and reduced the
total and cell surface level of PrP [16,20]. Reduction of
the amount of PrP%, i.e., reduction of the amount of sub-
strate available for PrP5¢ biosynthesis, may be linked to
the inhibition of PrP5® formation. In this study, mono-
4SGN, poly-4SGN, and poly-6SGN reduced the PrPC level
to about 50% of that in untreated cells, suggesting that the
mechanism of the inhibition is similar to that of PPS and
DS500. In contrast, a chemically modified dextran, hepa-
ran mimetics HM 2062, was reported to inhibit PrP* for-
mation without altering the level of PrP¢ [21,22]. Thus,
there may be several mechanisms for the inhibition of Prpse
formation by sulfated glycans. HS binds to PrP€ possibly
via the N-terminal portion of PrP© and this interaction is
enhanced by Cu(Il) [18,19]. The interaction between PrP€
and HS is thought to be involved in the biosynthesis of
PrPC and possibly in the conversion of PrP€ into PrP°
[26,27). Thus, exogenous sulfated glycans may compete
with endogenous GAG in binding to PrP© or other mole-
cules such as laminin receptor precursor/laminin receptor.
As a consequence, blocking the interaction of PrP with
an endogenous GAG may inhibit PrP> formation.

This study provided new information on the SAR of
GAGs in the inhibition of PrP%° formation. In addition,

the inhibition of PrP®® formation by the monoglycoside,
mono-4SGN, showed that studies of synthetic sulfated gly-
cosides can aid in the development of compounds for treat-
ing prion diseases. Although it is unlikely that sulfated
polyanions can pass through blood-brain barrier (BBB),
small molecule such as mono-glycosides may be able to
pass. The aglycons of glycopyranosides, pNP residue, can
be modified to hydrophobic moieties [28]. Such modifica-
tion may facilitate the delivery of the glycopyranosides to
the brain through BBB. Further studies using synthetic sul-
fated glycosides may provide lead structures for the devel-
opment of new compounds for the treatment of prion
diseases.
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Abstract

We analyzed the pH-induced mobility changes in moPrP€ a-helix and B-sheets by cysteine-scanning site-directed spin labeling (SDSL)
with ESR. Nine amino acid residues of a-helix1 (H1, codon 143-151), four amino acid residues of B-sheetl (S1, codon 127-130), and four
amino acid residues of B-sheet2 (S2, codon 160-163) were substituted for by cysteine residues. These recombinant mouse PrP€ (moPrP°)
mutants were reacted with a methane thiosulfonate sulfhydryl-specific spin labeling reagent (MTSSL). The 1/8H of the central (14N
hyperfine) component (M; = 0) in the ESR spectrum of spin-labeled moPrP€ was measured as a mobility parameter of nitroxide residues
(R1). The mobilities of E145R1 and Y149R1 at pH 7.4, which was identified as a tertiary contact site by a previous NMR study of moP-
P, were Jower than those of D143R1, R147R1, and R150R1 reported on the helix surface. Thus, the mobility in the H1 region in the
neutral solution was observed with the periodicity associated with a helical structure. On the other hand, the values in the S2 region,
known to be located in the buried side, were lower than those in the S1 region located in the surface side. These results indicated that
the mobility parameter of the nitroxide label was well correlated with the 3D structure of moPrP. Furthermore, the present study clearly
demonstrated three pH-sensitive sites in moPrP, i.e., (1) the N-terminal tertiary contact site of H1, (2) the C-terminal end of H1, and (3)
the S2 region. In particular, among these pH-sensitive sites, the N-terminal tertiary contact region of H1 was found to be the most pH-
sensitive one and was easily converted to a flexible structure by a slight decrease of pH in the solution. These data provided molecular
evidence to explain the cellular mechanism for conversion from PrP€ to PrP5¢ in acidic organelles such as the endosome.
© 2006 Elsevier Inc. All rights reserved.
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Transmissible spongiform encephalopathies (TSEs), or
prion diseases, are a group of fatal neurodegenerative dis-
orders including Creutzfeldt-Jacob disease, Gerstmann—

the “prion-only hypothesis” [1,3.4], the abnormal (scrapie-
like and B-sheet-rich) form of prion protein (PrP5%) con-
verted from the normal cellular prion protein (PrP) is rec-

Striusler-Scheinker syndrome, fatal familial insomnia,
and kuru in humans, scrapie in sheep, and bovine spongi-
form encephalopathy (BSE) in cattle [1,2]. According to
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ognized as the only pathogenic component of TSEs.
Mammalian PrP€ is a ubiquitous glycoprotein attached
to the plasma membrane via a glycosyl phosphatidylinosi-
tol (GPI) anchor [1]. As illustrated in Fig. 1A, mouse PrP
(moPrP) consists of 208 amino acids (residues 23-231).
The carboxy-terminal domain of moPrP (121-231) is
defined as a tertiary structure and contains three o-helices





