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TUF G NIBEOEBREL T VA RICET 2175

IR O kX E

. 3 U & &

TIVFvEyUNsE (PP) REEEEFICI—-FEh
Y NI BETHA, [T VR CLBE, PP
BE0y N7 BEREECEILARE LSEEEEL &
BEBREHEZERL, wbwd [FUL ] kb, TV
FTUREBIEREBITEEZIONTWAY, IPAT) F ¥
B EBEICEREL, BEEEREZEI LTVWRWVE
F PP OEELZENER, Fh T IVFT v EEET .
ZDEIILTPP RIERBEE{LERLT VA DOER
PITbhd, FUNRIEORY, FTROEBESY V57 EYS
BEELEZRLI-OATREESY V7 BZERTLH LN
IRAH=ZXLE, THNETICHILINRBREA A =XLE
Sl REA. MERIANA L VoI T TORERE
Wi, BROLDHDOEBEERE L TEREREL TS,
LL7)F T, BRO:ZODERVFDOT VN0 E
BECNESRTWS, BE, 73084 FETH, 7U+4

HERFEBBERZMEYL Y ¥ — AR LK BN
(T770-8503 FEBTEAHN 3T H 18-15)

Physiological functions of prion protein and its roles in the
pathogenesis of prion diseases

Suehiro Sakaguchi (Division of Molecular Neurobiology,
The Institute for Enzyme Research, The University of
Tokushima, Kuramoto-cho 3-18-15, Tokushima 770-8503,
Japan)
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TV UNIE (PP) ik, TOEEBENERLREHER AL [FTUF V] L
Y, VL VHEEFIERIT. TUFVRTIE, EEPPHEREICERTAIEILLY
EEPPIIBAL, FEBEIEEINTVWELEEIOLRTYS. EE, 7V VHEDRE
BLEFICELMLAZEEN PP RBYY ACHSHCEDLNL I EFRESA TV 5.
—%, BEPPRIARERICERTAILEZONRTVS. FEKRENVI EIZ, BLE,
IE%# PP SERIREME S A LRI 72 1 3WiR M & 37 BiC X ARt 2 M5l 9
ABILERELS. oFY, PUFVHETREEBPPHRI LERE PP PEMT LI LI
Ly, HEREREREIRE LOREHRINBILILELONS. 5T, 7UFTVYRT
i, TOXHIZEBELASREEEANLT, BEMRESEE TWATHRENZEZ LN 5.

VIHRERABICY YN BRREEICRERRLIBES V
NIBEFREARTF R, 7O+ Rk, Bty ~
NIZBLEATATRESBREShODOH 5. o T,
TIFVREIDL ) RRERENESY V7B BEBOT
QAL TELT, TN SEHLCMAEIIToNTVL
DHd L,

FAETIE, PIP DY V87 BHEEREERRBIZOWTHE
ML, 7UAVEOBBRRL T & VIROREICBITHRE
ZoWT, ThETHORLOMERREPLREDOMA L EC
BRI WEEZ T,

2. FUFLHaINIE

1) BEFEERUER

FVF VI UNRsE (PP) BBEEEFICI—-FEh
7MY NI ETHB, L RURYXPPEEFIIEN
PhgE 0 FRehlE2FREehLICFETS. BT
PP BIEFIZZ o0 ¥y Ui bk, w9 X PP EET
B=E2oDIXxVrhbhsh, ¥Ry BRFERIIE—D
IV UVHIZHEEL, e TCR2FEB, v ATIR3IER
DIFYURIZHBY. PIPOT I BESIIEIYELE
ZTHEBIILLBHESRATWSY, BEFERE, K O,
B, B, B, B BLRIZ0MABI-EEHRCEDON
535, BIBICBVLTERLBW. BT, BEMiIc
ELRBLTWEY, 7AMaH A b3 o7u/Y7RE
D7) THBIZHDREREL TV,
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2) BEFAVIA—L4

PP Icit, 7TIVVBEBRRELALEDIZ, FUNRIE
BREENELRL-ZDODTAV 7+ —2RALNA TS,
—DORBAOEL T EEHABICRATHIEET VAV
N2 (cellular PP :PPY) THY, dH—2E@7/)*V
FICBHENCRHSNBEE T VA V8 B (scrapie
PP . PiP*) TH 5",

2 IAPPCIY, 85407 I VBI LR IRERMES R
JELLTERINS @), NXKH 23807 I /B2
STFMRTFRELTHREL, £EROBETHEIN
2 (A1) ¥7-CEXWm23@MOT7I /BE, 7V
FRTFFINAIY =N (GP) TyA—V Tk
LC#EL, MNaETOGPIT v —fFERICYEH S L
5 (F1). 8512, 179FBL 2UFEBOVATA VAT
SSEAVEREN, 181FB L 197FEBDOODT AN
SEVICHEEAMEMENRE (B1). TOLd2EAHD
BREY R, PP I3 FE 33-37kDa D GP1 7 ~ A —$&
FUNRZEELTHIBREL (FI277 L) KRBT 5.

1 22 23 51 90

FH8RIFF
yE—k

PrP
LHFNRTFE

1 23 24

PrPLP/Dpl

SHFWNRTFE

E1 PP & PPPLP/Dpl D% ¥ 37 B

(b £79% £95

MBEEECREBLEPPE, =V FYA FP—=TRIZED
MERICEYATHh, VYV —-20F N7 EHMEERIC

LB ERS. — B, FRENBIERVFA TN
xh, BUMRBICEXE SRS, PP ORI 5 M
BETHA.

PrP* i3 PIP° SR LRI LAEDOTHS. H2E
# 5 (circular dichroism ; CD) TOBHTO&R, PrP* i PrP°
EHRTBY— MEEOEEENFEFIIBVIEFHSL
Prhol. PIFFIR2%Da~) v 7 XE3% DT —
FRAL, PIPIX30% Do) v 7 AE43% DB ¥ —
FEETD (EDO. I, BEOACFEMHBEDLENIC
Bu5. PP RAEERAOFET TRVWITHERZRL,
YU BHREE (FuFA4F—¥K) KTERCOHE
xnh3p (EDY LHL, P IBEBHETREGZERL
23, 7uir4F—ERKTHELIIZw (ED.

nuclear magnetic resonance (NMR) I X 2 #EMRIT DS
B OPPIINKRECRKEBOZODER (FA A V) >
SEBRENLZEVHELI Loz, NEWER (73

B1 B2

GPl7Hh—
P27k i 17

PP, BABOT IV EBH O ABBGY N B LTHRENS. NKRE2ZBOTIVERY 7T AVRTFFELTEHSE,
- CEREBENTI/RIZGPLT VA~ ZF Ve LTHEET 5. Bl (73 /8 128~131) £ B2 (73 /B 161~164) i3p > —
MEEESY, HI (73 )8 144~154), H2 (73 B 179~193) L H3 (7 I VB 200~217) BanV v 7 2ABERBERL T
w3, PPLP/Dpl i3, 179 DT IV BA L% 2HIEMGES VS B LTHAENS. NXE23BOT7 I JBRYTFURTF F L
LTEE, $7-CREBBOTI/BIZGPIT Y A— Y7 NE LTHETS. Bl (73 /B59~61) & B2 (73 /8 88~90)
i p S — MEEERY, HI (73 /873~82), H2 (73 /B 101~125) L H3 (7 I /E129~145) i anY v 7 ARERRE
FLTWA. SSBYANT 4 FiEE%, AN BEHRA*RT. BFRT7 I/ BETETRT.

£1 PPTAV T+ —A

TUF I UNIE

AV e S

(PP) a~NYvZR B¥y—F JuFALF—¥K BEE
PrP° 42% 3% Bt s
PrP* 30% 43% B HEtE
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Bk 23~120) WEBELRS VT AXRTFFTHY, CKE
SR (73 /B 121~231) B=2Da~Y v I REZD

DEVR V-1 2ATAHIRRBETHS (@D, NEKE

SERITIE, 7YYV ICEE 8T I EORY & LES (oo
tapeptide repeat : PHGGGWGQ) 2"FE 5 (B 1). 2
HERE, eXAFVY H) RECTHS IV ER/EL, B
bR P LZAORBMIZEE L T2 L) BERD B4,

REZFOBECBLAITHCEREINR TR, /2
PrPf ik, MRBICFET A AT 0T7T —¥D ADAM
(a disintegrin and metalloprotease) 10 %> TACE (tumor necro-
sis factor o-converting enzyme; ADAMI17) 12X Y, ity
S M1FBL12FHOT7 I/ BOM) TOKINLZ
BB SN TR, FOEMENERDIFHTD
5. PP OBEICOWTIE, PIP*PREALZEELST
Wiz, RIEEELZBHRIITbL T2,

3) FVFALE2NNIEEESF . PrPLP/Dpl

R ELIFTDOIN—TRENENREIC, PP BEF
D#y 16kb THLIZ, PP & IFEICEABL 7-4F (PrPLP/Dpl)
32— F¥ A 8EFEFRBLZYY, PIPLP/Dpl i3, PP &
F#IZ, GPIT v A— % N2 BTH S (H1). Nk#
WY 7 FWRTF FRHY, CRWITIZGPIT VA —
TFVHBEET S (F1). F7- PP LFHIC, PrPLP/Dpl
T RBEDDaNY YT AEZODEWR Y- I bR BE
Ry 7 ETHBE (MDY, EHITPPERBIC, 2F
BE3IFZBHODaNY v 7 ANSSHESICTEEL, 288
KN BEHOBHAISFALET S (K1), Lo L PrPLP/Dpl
IZi, PrP O N KIRFEIBRICHS T HHGV 2. £D1
PrPLP/Dpl 1%, PrP (ZHF R BYICHFTE T 5 octapeptide repeat
FRICHY T AEFIZALZY (B1).

PIPLP/Dpl ix, IEE <7 A DREE, LK, BEH, 8L

BFARTH R

-
2

v, |-t

B2 Ngsk PrP-/-7 7 RZBIT 570 % v THBEETRE

845

URBICRET A", i, BETELREVWRRALRL,
BFEICREL T 5", Behrens 513, PrPLP/Dpl i&
EFRET AR LB LIER, oY 2B
BREFHRD OB FANOMEBSHIFICHES L, BTO
BERLLTWABIEEZHMELLY, /o, EESINIR
FOEMRIBERKELREIL TP, ZALOBFIIRE
BROCOBRELZRL, NFOBHRFL2ERTE Lo
=¥, —%, MO PPLP/Dpl EZFREY T ARIEEICHE
RL:Z®., o) ThoD#ERIE, PPLP/Dpl BT O
BRICEETHAHI LERL TS,

PIPLP/Dpl i, PIP L B2 Y KADR Y ADR TIEIHHR
LZw?, LPALEKREVWT EIZ, ROEAEHRICFER
B, L2bER1IBZY—Z7I—B0REIIfZDoN
A7, vy ADORKMBEFNIAER 1 BEICERE SN L
HENRTWA. $#Eo T, PrPLP/Dpl XM BEPI O
BEEZREZH-oTWARD LAV, IhdbORRR
BICHRFL-,

3. JuIPYRTYIRCLBTULL 2L NTED
YEBLAEHT

1) FUF 2 N7E EHRARENR

Weissmann 5D 7 ) — THRAOICHE L7 P RIBE~ vV
A (BAF, Zrch PIP-/-= 7 R) i, oM BEZHNEE %
ELEWIEBHREEIRLD, UL, BRAPHMBICER
L7zPPRIE<I X (BT, Ngsk PiP-/-%7R) i, ¥
BB E/MET VR IHBOERLRERFELEI L,
FRAUSTEELL @2)?. 51,4 1E, Ngsk PP~/
IR PPBIEFEHREATAHILIZLY, x>
ITHBEFEFEICEETAIEFZEHL, PIPCA T VF
VIMRBOBRMEFHEFICLETHAIILERLE®. L
L, 2L LERBHOEVIRIZDOHNPFHAT

Ngsk PrP-/-<w X

FAERT Y AOPETHE, WAINVEY T4 VRETRBINIZHOTINVF Y THBBNRED SN D, Ngsk PIP-/-7 VAT, EH

DIz, TOBRFERIZHELLTWA.
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Ho.

Fr A FFOTNV—TEEFNREFRIBEIZ, Ngsk PriP-/-
XYAD) v I TI M ENTPPEEFETEIRATSI4 Y
VIRENEIY, THICHFIET 5 PPLP/Dpl BIZT ¢
BHTAHZERELTVwAZ LFRB LA (B3)". Zrch
PP/~ I ATIRIDEIBARATIA VYV TRERRDD
Nholt®, BERLIE, TORATIA TV ITRER
PP BIEFOBRIFVVDATSGAI Y IT €T I —
ORBIZEIBZLE, BEARRTAVCTHLIICL
72®. Ngsk PP/~ P ATRATIAY VT T7oES
¥y —2ELERS AT VA1 Y UV RERETF L BREINKE
LTw3. L2 L, Zich PP-/-° Y AT, CO#EBIE
FEDTITHAE. o, IFEFETITBIT S
PrPLP/Dpl DREHDEVAS, WEMIZED SN KABD
BVREILLLTWEIIRBESBIRREN. 22T
L L HFFDIIV—TIIMBIZ, Zrch PIP-/-7% 7 R
PrPLP/Dpl @EF # WA L 7245 R, Ngsk PIP-/-% T R &
F#E, ThoDT Y AFKRABRST TSNV F » 2B
BT A2 EERHBL, PP DIEFFET I PrPLP/Dpl 7%
BREREBRTHE, 7TV THREIEI LI EZHLD
WL72%®, oF h Th DRI, PrP®id PrPLP/Dpl &
BRERICREHI L, PrPLP/Dpl OMEMRERIFA ZHE T

EEIDX

Ngsk PrP-/-

-181-

3 &7 4=t
lﬁ%'ﬂﬁﬁ

E13 in situ hybridization = & % PrPLP/Dpl D fEAFHH
PrPLP/Dpl HEE <7 AOBARTIREHEL TV, LA L, Ngsk PrP-/-7 7 ADBATIY, £TOWEMAZIC PPLP/Dpl DFEH
AREDLNL. B, BEEROBEAES/AMETVF Y ZHRICEVERNZED LN S,

(k% £79% %95

R 2 N P A

PrP° & PrPLP/Dpl & DEHL A =X A, BEAHT
» 5. Weissmann 113, AERREVWRERHFRELTW
3 (B?®. ZoEHTIR, Zo08F RAR) 2RE
LTwa., —DRPPFIEHTBIVFNYFFFT, b)—
ORPPFFLERALE) LBRBELROSFoThHa. IE
BITATE, PIPERY T FETFLELRIBEL, TV

Zrch Prp-/- Ngsk PrP-/-

Bk

E @ " PrPLP/DpI

B4 IuvF v ARERFEOSTFEE

FEIYRTIX, PIPPHEFONT Y FEESL, TV VM
BOEFEIALELRY TSI VEEET B, Zich PIP-/~-Y 7 AT
2, PEORD Y ICPPELY V7 H@DBPP DAY AV F
LG LY 7TV EEET A, Ngsk PIP-/-7 7 X T3,
PiPLP/Dpl DBHRBIC LV n & U F Y FE DK EVHES
h, TVEFVIHBEREIESS.

AT i

g —,

wie 20T, - -
- -

M e
e
- Y . -

e e A 2
R s btk aad s - AT

IMBix
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FUrIMBOAFIILERY I VERERT S, 7
Zrch PIP~/-% 7 A Ti¥, PP OV G F s H >
FEBVEBLIEEL, Y FVEEETS. LL,
Ngsk PrP~/-< U X Tid, BEIFEHRT 5 PPLP/Dpl H45F
gLV HF Y EGFLOBEEEEL, V7T VOEELRY
ET5. DD, TVFYIMBENES S, ZORHR
ZIEHT L7001, RADZODHFRRAET A LEN
»5. '

—77 Wong 512, PrPLP/Dpl "B REHL TWwHIT X
DOBATIid, PrPLP/Dpl 2 HEB L %2> Zrch PIP-/-7 7 X
OBREY, BILR FPLAFBWI L 2HELTWEY.
% 7> Bounhar 1%, 7RI -V A FZ U7 EBax 2 &k o
THFEINLMERBOT R b= X%, PP HBSEHT
HoEEBELTVRE®. ThLDOERIE, WFTOLH %
EHiA A= Z2DOWEELZRBLTWS, 2% D,
PrPLP/Dpl DBFBEHIIBR 2BLA P LAZL L L,
TINFVIHBEFRIIESL LD DA, PPUIHRT R P —
SABBIZ Lo TTINF BB EZHET S, Zhdb
DO FRRBICHREL 12w,

2) FUFHNYE BN EHHRE

P4 1%, PP AR MAEMBRIE S S MEMIsE RET S
BEeD AT L2 BB LA?. Zich PP-/-% 7 A D
DOBREENRZ 10 7B —BTICHET 5 L, BEHEHR
WEHZT7RI—VAPED LR BRENWI LI,
Ngsk PrP—/-< ™ X (PrPLP/Dpl 2 ¥ T 2) ICRAMKHLZ—
BHEOEMES5 25 &, Zrich PPIP-/-T 9 A LHRTT X
PV RBBEELA. LIAL, BERTIZATE, 20K
S BEMBEMABOT AN -V ARIZEAEBEDONL
oz MOV —-TEEBREHEREZEEL T 5.
McLennan %X, Zrch PrP-/-< 7 XA O ABREIR % E4I
BRET 2L, HERT IR EHRT, Zich PIP-/-%7 A
TREERIFZHICHART I L2HELLY. 2hboo
RIE, PIPCAEIMA L AL bEMRERET S
BiEr HETAILERLE.

3) FUFLALNIBEES RS

Weissmann & D 7 )V — 71&, Zich PrP-/-< 7 AT K#
B 2 b (water-maze test) FDFE - EBET X F 21TV,
PP M2 DX ) R RBEEICES T 2 00»KE L2,
ZDFER, Zrch PIP-/-7 Y AREFAER <Y 2 L FEMKIZE
Eh®E - BEBEHERLAED. L LBEIZ, Collinge b
t¥, Zrch PiP-/-< 7 ARDOEE CAl BB BT 2 BRE
HMEMBRZ2ITY, 2B - TERBERELTVWIELHEH®
(long-term potentiation : LTP) D& F % #i5 L, PP %
B-EBosxpEBgcEE T 5 TREZRL 2™
Nishida & 1%, Weissmann 5D 7 WV — T & 7 5 ZEFHHAER

-182-
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(water-finding test) % Ngsk PiP—/-% 7 R Z{T o 72 R,
Ngsk PrP-/-v Y AN ZBTHORELETHI LRI
L2, ChoDOBERE, PSS To®E -$LfBTh
, BHIATOEE - BEIIES LTS HREREZRL
7=. F7- Tobler 5%, Zrch PiP-/-< 7 AHNEAHEE
PEEREFETHIIELERELLY. 2FY o0
213, pP A Y - BB SARETOMRE T -EROH
VS BOBRBEICESLTWAZEERLTWY
5.

4) FUFL LN BET) FiRRREE

F 412, Ngsk PiP—/-<% 7 ADFFPES L KB AHERIC
ZHEEEY RE LY. 72841, Zich PIP-/-7 7 A
BWTH, FELHEEZAHE L. BRIZEICKRED
HREGHICEDON, FOESCEBERERE L DITHEL
72, THhODERIE, PP BB EEBRT ALY ITTFT Y
FuedA MRy ay YHROBERICES L, BEOBEME
RICEETHAZLERL:.

5 FUFLEUNRIEOIN—-RT12T1T7 X

PrP° A PrPLP/Dpl L BEHL L, 7V F v iR EHE 2
HET B EWIERIE, VN—ATVRTF 47 RICLB
PP DHESE - BEEMERRIC L. RRA W, REBRPT
IBERRPAT A4 7 PIP % Ngsk PP/~ 7 RI2F
REghIlizdy, 7udyHRENELZBET 20
WCEEL PP OEBRERIZLLY, ZORE, NXET 3
J 2388 KT 5 PrPA23-83 IZ PIPLP/Dpl 12 & 5 7
VEYIMBRRHETE 2V EZRBL, O8I
PrPLP/Dpl ¢ T AEELRHEBIFET AL 2 RBEL
72%. T DERLIE PrP ICHEE 7 octapeptide  repeat IR E &
ATWBEDIL, TOEBHPIPLP/Dpl L DERICER
ThbYMEZ bR, L LEA L, octapeptide re-
peat IR (7 I / B 51-90) ® A % KB T % PrPAOR b
PrPLP/Dpl LR L 7V v THlIfE 2 MR C& b L %
R L7 GREFE). /-4 1E, octapeptide repeat FHIH
I DELIINKBER (73 7 B2550) 2 XET 5
PrPApreOR d 7V V THIfRE 2 MIHICEH L DRI L
7o GkFEFE). o h ZhsDERIE, PrPLP/Dpl & B
L7V MRS 2 M3 5 DICEE L BAIE, PrPe
DONRKBEBOBEZ 1 EHOMBLTE L, PPFONXK
WEBOLEBLREMII AR LD 2BV LFETSHIL
N DA

4. TIVFEIBUBTIF 20 N7EDORE

1) FUFiE
T F VG, FHROBREER (U] OREICXY
RETAHHEEB L EBEERKMIE (transmissible
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spongiform encephalopathy) DEHTH 5. HEBHREZEN
ZLIPEREROAICREF L, HEMHRIE LM BRRK
LM, 7XPaYA bReIzas) TOHE (VY
F—TR), ¥73I04FE (Z—NV—3) LZEIED

H5h3Y,

YT, eV VICBRARETHSHFEAAHOR 7 L —
¥ — (scrapie) PEHTHA. TOMOEBYDOT ) + VK
ELTH, 1986 FEALERIIBVWTKEICRENZD
by VEEMIKMA (JE4E, bovine spongiform en-
cephalopathy : BSE), =¥ I v 7 BfE, £L T HEHE
HERERBRE MO TWEY,

L OTYLT U, 794V T VX ITH
(Creutzfeldt-Jakob disease : CID), ¥ VA r<w v - A + 12
AARAT =Y x4 vh —EEHE (Gerstmann-Straussler-
Scheinker syndrome : GSS), 7 —/V— (Kuru) RUBZEH
KA IRSE (fatal familial insomnia © FFI) %38 % (B 5)°.
CID X HIEMICREL, HERC/MRBEBEES Y FER
ET A BEAEDCID (85~90%) 1, REIIFHTE
REICRET S (B34 CID : sporadic CID). 10~15%
DOCID L, PPEEFILERZAL, BEHEEEZE TS
(RIEHE CID : familial CID). ¥ 512, BEMNERTH 3
CHLPICHETEAIREECD DS, £oREKRE,
EFERPORELEEZLNDRR (variant) CID &,
CIDBERBEEANEVBRERPHELRBEEBHEEFIZLLE
B¥% (atrogenic) CID 2% 5%. T/ —N—iF, 77 -
—a2—X=FD7 %7 (Fore) BOFHEBALHIZEI
ALNI/NBEFE*ETHERET, EAMEEICXAEO
BEIHFREZZ 5N TW5, GSS & FRLiZ, BT
T VT, PP BIZFICEREZET 5.

2) FRREG [TV

71) %  (prion : proteinaceous infectious particle) & I,
J—=rUVIES - £AESEEZHE L7 Prusiner A5, 7Y
T VROREHII L NI TORREEW E R % HHE

g a4 Y Iz b
xadE . .

Rg=2

FULAPTY c ARQALRS5—

(Bt £79% %95

KELTHABLEDDTHBY. ThITICRBREREhTY
HRERAEY (HE, YA NVABIUERLZY) i, HE
D-DDRIEHFHRE L TL T DNASPRNA R EDOBES
RELTVS, L, BEOSTFEYENFEEREL
T, REIVA VA RBEREIBER I A TwZv, Z
DT EIE, TVFUFBREO-DICEBEELEL LW
ROBEATHLILEERLTVAS, EE, TVFYiR
DNase % RNase % ¥ OB S BEBEZECRNE L &%
2R¥. LeL—FT, 7V —, REBX
CHBBIT7TI o loy vy NI BEERICRESHTH
. DFYINLOBEER, TVFVIBBRERFLEY
Y UNRTBEERSLTAFHOBRBEARTHH I L ETRL
TwWa,

3) FUFLETVFLENIE

Prusiner 151k, 7V VBIPNLRAZ L HTY
FUABMEICEMT LI LSRRI, S OMESEICIE
BERHICEDONEFZ NI EELTPP 2 RAELLY.
EHITELE, PP &) & VBB OEE DEFHHF—
HTAHZEEZRLY, [FVAVRHE! T3 (7 vy
EM—RS] RRELY. CoRMicksE, TYE T
PP D SHR &N, PrPE APPSR PIPe IS S ¥ D
r#E2 LBRTW5.

Rx RO REHIX, ZORADORIIEZHRET 5720
12, PP/~ 7 A2 M B ITVEE URSEER £ 4T o 712%™,
FORR, BEMTI AR TRELETTA2DIIHL,
PP/~ 7 RZ TV F VIZREET 1D 7 F Y IRICHE
SRV EEFBRELALYY., I, BEMTYITIRTY
FUIIHBEL, PIPCREEICELESh TWR®Y, |
L, PIP-/-XTRATE TV VD PP DELESA TV
ol ThLOERIE, 7 OMEE, T4bb
PP OEEIZIE PP PV ETHHETH ) F VREL
I—BL 7V F VIRB B TREL.

L2L, V4 VREZEREBICFERT 5720101,

R DAY TN -

EFEEIO(YTIIE -

A Vh—ERE ag=:
B REETE BEHIDLYTI)b -
T SIS R=r
J—iL—
Lo o VR |
FETH BEE Bt

(85-90%)
B5 bbr7UAVHEOBREIIC L BHE

-183-
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PPN FEFDLDTHAHTE, DX P> Fh B
HEBRERTT )+ VREFIEEIT I LETTLEND
%. Kocisko 13, PrP* L PIPFOBEGH % H 5 &4 T
in vitro CRIG & B L, PIPCOSPIP*#RPIP, Tbb 7
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Mechanisms of the prion transmission
Suehiro Sakaguchi
Division of Molecular Neurobiology, The Institute for Enzyme Research,
The University of Tokushima

Abstract
Prions, the causative agents of prion diseases, consist of the abnormal isoform of prion
protein, PrP*. PrP* is generated by conformational conversion of the normal isoform of

prion protein, PrP€, a glycosyl-phosphatidyl-

inositol—anchored glycoprotein abundantly

expressed on the surface of neurons. Prions or PrP* having invaded the body interact
with PrP¢ and induce changes in structure of the interacting PrP¢into that of PrP%,
leading to prion replication. At the same time, this constitutive conversion causes the
detrimental accumulation of PrP* in the brain tissue. Here, [ will introduce the structural
and biochemical properties of PrP°and PrP* and discuss the nature of prions and the
mechanisms of prion replication in more detail.

Key words: prion, prion protein, prion disease, protein—-only hypothesis, conformational

conversion
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Takayuki Hamasax1,” Shunsuke UcHipa,” Tomoki YosuiHara,” Shuhei Hasniguch,” Yuji Ito,” and

Kazuhisa SUGIMURA**®

‘;Department of Bioengineering, Faculty of Engineering, Kagoshima University; 1-21-40 Korimoto, Kagoshima,
Kagoshima 890-0065, Japan: and ® Core Research for Evolutional Science and Technology, Japan Science and Technology

Corporation; Saitama 332-0012, Japan.

Received January 17, 2007; accepted May 11, 2007

Biopanning of a phage library using a Western blotting membrane is difficult because of high background
binding. We propose a reliable biopanning method, namely, immunogel-biopanning, which is performed using
immunoplates coated with a molecular species fractionated from a crude sample by native polyacrylamide gel
electrophoresis (PAGE). The efficacy of this method was determined in model experiments using a human inter-
leukin-18 (IL-18)-specific single chain Fv (scFv) phage clone.

Key words biopanning; antibody; phage library; native gel; ELISA

To establish a monoclonal antibody (mAb), a phage li-
brary does not require immunization, in contrast to cell-hy-
bridization technology, which requires immunizing mice."?
In a phage library, the antigen-specificity repertoire is not
substantially limited because of the absence of biological
negative clonal selection. This feature is particularly impor-
tant for the development of antibody medicine, which often
targets self-antigens. Among the revolutionary features of
antibody-displaying phage libraries, several reports have sug-
gested that a Western blotting membrane could be blotted
with a phage library, resulting in the establishment of scFvs
against new unknown molecules.** However, nonspecific
binding of phage clones to membranes has hampered and re-
stricted its availability in most cases. Furthermore, SDS-
PAGE primarily resolved the denatured proteins, implying
that it is hard to isolate the antibody clones specific to a con-
formation that is critical for biological function.

To overcome these problems, we attempted to establish an
alternative approach, immunogel-biopanning, with less non-
specific binding. The two salient features of immunogel-
biopanning are that the biopanning is performed using im-
munoplates coated with proteins eluted from sliced gels of
electrophoresis and that the sensitivity to detect the target
molecule can be highly elevated with biological amplification
by using a phage clone as a probe.

In an experimental model using an established antigen-
specific phage clone, we evaluated the feasibility and sensi-
tivity of this method employing cell lysates mixed with a
minute amount of IL-18. To achieve this, we employed a na-
tive PAGE for molecular separation and an anti-IL18 svFv-
displaying phage clone, h18-108 as a probe that recognizes
the receptor-binding-site 3 of native IL-18 but not denatured
form.” Expecting a practical experimental condition, the
amount of cell lysate was set as the highest dose of our
preparation. We -demonstrated that immunogel-biopanning
was effective when cell lysates of 6.4 ug contained 50 ng of
IL-18 and when the phage solution of 10''cfu contained
10cfu of target-specific phage clones. DNA sequencing of
isolated phage clones after the fourth round of biopanning di-
rectly demonstrated that over 80% was the h18-108 clone.

Immunogel-biopanning is useful for the establishment of
mADbs against new native conformations, such as prion pro-
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tein and for the quantitative analysis of a given target mole-
cule.

MATERJALS AND METHODS

Antibody-Phage Clone, Cell Lysate and Cytokine Na-
tive human IL-18-specific phage clone, h18-108 was em-
ployed.® The soluble h18-108 scFv has 50nm of Kd. A
murine neuroblastoma cell line, N2a was provided by S.
Katamine (Nagasaki University Graduate School of Medical
Science, Nagasaki). The cell lysates were prepared as de-
scribed.®? Recombinant IL-18 was purchased from MBL

(Nagoya). The concentration of protein was determined

using the D Protein Assay (Bio-Rad Laboratories, Hercules,
CA,US.A).

Electrophoresis Samples were not denatured by heating
and SDS. Native PAGE (12.5%) was performed using run-
ning buffer without SDS as described.>” Gel staining was
carried out with a Silver Staining II kit (Wako, Osaka) or
Coomassie Brilliant Blue (CBB: Nacalai Tesque, Kyoto).

Immobilization of Eluted Proteins onto Immunoplates
Gels of experimental lanes were cut into several fractions.
Each gel fraction was placed in 1.7ml-tubes (Seiko,
Fukuoka, Japan) punched with a 27G needle (TERUMO,
Tokyo, Japan) and crushed by pushing them through the pore
using the gasket of a 1ml-syringe (TERUMO). Each gel
fragment was incubated with phosphate-buffered saline
(PBS) in immunoplates (F96 Maxisorp Nunc-Immuno Plate,
Nunc, Roskilde, Denmark) at 4°C. Ten hours later, the gel
fragments were discarded, and the immunoplates were
blocked with PBS containing 5% skim milk (Becton, Dickin-
son, Sparks, MD, U.S.A.). These immunoplates were used
for immunogel-biopanning as well as the enzyme-linked im-
munosorbent assay (ELISA). ’

ELISA ELISA was performed as described.>® Briefly, a
phage solution (8% 10'° cfu/40 ul/well) or anti-human IL-18
mADb (100 ng/40 pl/well, clone # 125-2H: MBL) was added
to the protein-coated wells. The phage clone was detected
using horseradish peroxidase (HRP)-conjugated anti-M13
mAb at a dilution of 1:1000 (Amersham Biosciences, Upp-
sala). Anti-human IL-18 mAb was detected with HRP-conju-
gated anti-mouse IgG at a dilution of 1:1000 (Jackson Im-

© 2007 Pharmaceutical Society of Japan

-194-



1362

Unpurified antigen sample
1L-18: 100, 50 or 10 ng
N2a cell extracts: 6.4 pg
- I=) A Ty
12345678
gel fraction number
Fig. 1. Outline of the Immunogel-Biopanning

Vol. 30, No. 8

h18-108: 100, 10, 1 cfu §

Phage solution
r Unrelated phage clones: 10" cfu §

gel fraction number

mm}ﬁ ﬁif%\

Bound phage

o=
Unbound phage

After samples (8 ul/lane) were separated by PAGE, running gels were fractionated by slicing gels. Each gel fragment was put into immunoplate wells, crushed to elute the pro-
teins, and incubated overnight to coat the wells with the eluted proteins. Biopanning was performed in these wells.

munoResearch Lab., Inc., West Grove, PA, U.S.A)). After in-
cubation with a 3,3',5,5'-tetramethylbenzidine solution, the
absorbance was measured at 450 nm.

Biopanning Biopanning was performed as described
previously.>” The mode! phage library was prepared by com-
bining IL-18-nonbinding scFv-phage clones with a fixed
number of h18-108 scFv-phage clones The unrelated phage
clones stand for the mixture of IL-18-nonbinding scFv-phage
clones. Briefly, the protein-coated wells were incubated with
the phage solution (1X10'" cfu/300 ul/well). Bound phages
were eluted by 0.1 M glycine-HCl (pH 2.2) and immediately
neutralized with 1m Tris=HCI (pH 9.1). The eluates were
used for the measurement of the titer and the amplification of
the recovered phage by infection with E. coli. TG-1 as de-
scribed.® The amplified phages were used for the subsequent
biopanning in the identical way to the first round.

DNA Sequencing The DNA sequence of the phages was
determined using the Dye Terminator method as described.”

RESULTS

QOutline of Immunegel-Biopanning Crude samples are
separated by native PAGE without the treatment of SDS and
heating. After electrophoresis, running gels are fractionated
by slicing. Each gel fragment is put into immunoplate wells,
crushed to elute the proteins, and incubated overnight to coat
the wells with the eluted proteins. Both biopanning and
ELISA are performed using immunoplates treated with the
same procedure. One of the duplicated lanes is stained with
silver or CBB so that the running pattern can be visualized.
The eluted phages are propagated as described under
“Biopanning” in Materials and Methods. This procedure is
repeated several times to amplify the sensitivity and focus
the binding specificity. To determine the feasibility of this
method, we tested the model system using a specificity-de-
fined antibody phage clone.”

An IL-18-Specific scFv-Phage Clone, h18-108, Detects
IL-18 Coated from Native PAGE Gel To determine the
separation pattern of IL-18, IL-18 alone (100ng/lane) was
run on native PAGE. A discrete major band at fraction #3 or

a) b) 03 125-2H mAb

] h18-108 scFv-phage

gel fraction number

W ~NO 0D WN =

CBB 0 1 2 3 4
Absorbance at 450 nm

silver

Fig. 2. Native-PAGE of Recombinant Human IL-18 Mixed with or with-
out Cell Extracts )

() Silver staining of the gel loaded with IL-18 alone. (b) Left panel: CBB staining of
gel loaded with 8 1l of cell lysates (800 pg/ml) mixed with IL-18. The cell lysates were
applied at the highest amounts of the prepared lysate. Right panel: Binding activity of
125-2H mAb and h18-108 scFv-phage to wells coated with IL-18 of eluates from each
gel fraction as determined by ELISA.

4 was visible by silver staining (Fig. 2a). Under the identical
condition, cell lysates mixed with 100ng of IL-18 were re-
solved by native PAGE (Fig. 2b). Expecting a practical ex-
perimental condition, the amount of cell lysate was set as the
highest dose (6.4 ug) of our preparation. The control lane
was stained with CBB, while the gels of experimental lanes
were sliced for fractionation and incubated in immunoplate
wells. Although the resolved band of IL-18 was invisible by
CBB staining, a murine anti-human IL-18 mAb, 125-2H, de-
tected IL-18 in the four separated fractions, #2, 3, 4, and 5 in
ELISA (Fig. 2b). No residual II.-18 was detected in wells
coated with other fractions. Consistent with these results, the
h18-108 scFv-phage clone showed identical ability to 125-
2H for detecting IL-18, indicating that h18-108 definitely de-
tects the trace of IL-18 under experimental conditions and
also suggesting that the content in #2 and 5 appeared to be
less than the detection level of silver staining.

Detection Sensitivity Related to the Contents of Target
Protein Cell lysates (6.4 pg) mixed with varying amounts
of IL-18 (100, 50, or 10 ng) were subjected to native PAGE.
As described m Fig. 1, proteins in each gel fraction were
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Fig. 3. Immunogel-Biopanning: Content of the Target Molecule in Crude Extracts

A cell extract mixed with varying amounts of 1L-18 (a: 100ng, b: 50 ng, or c: 10 ng/8 pl/lane) was subjected to native PAGE. Immunoplates were coated with proteins contained
in each ge fraction followed by incubation with an scFv-phage solution (10" cfu) containing 100 cfu of the h18-108 scFv-phage. The numbers of eluted phages were counted by

phage titration.

a) 100 cfu/ library b} 10 cfu/ library c) 1 cful library

18 18 1
§ 2 20 25 @ 2nd round
g 3 3 (771o) 3p 3rd round
s 4 (8/10) 4k B 4th round
5 S (7710 )"
£ 6p 68 6L
S 7b 70 7L,

8p , 81 s BR

3 477 8 12 3 4 7 8

output ( X 10° cfu)

Fig. 4. Minimum Number of Target-Specific Phage Clones in a Phage Library

Cell lysates mixed with 1L-18 (100 ng) were subjected to native PAGE. Immunoplates were coated with each gel fraction followed by incubation with an scFv-phage solution
(10" cfu) containing varying numbers of the h18-108 scFv-phage (a: 100 cfu, b: 10 cfu, or ¢: 1cfu). The eluted phage was titrated and amplified. After the fourth round, the h18-
108 clone was identified by DNA sequencing. The number in parentheses indicates the number of h18-108 clones among all clones tested (h18-108/ total tested).

coated to immunoplates. IL-18 coated in immunoplate wells
“was quantitatively estimated with ELISA using 125-2H mAb.
When the cell lysates combined with 100ng of IL-18 were
resolved on PAGE, 2, 27, 38, or 5 ng of IL-18 was detected at
the gel fractions #2, 3, 4, or 5, respectively. In the case of
50ng of IL-18, the amount of the coated IL-18 was almost
1/10 of that in the case of 100ng of IL-18. IL-18 was not de-
‘tected in 10 ng under this procedure. Biopanning was per-
formed using these immunoplates (Fig. 3). In the first round,
the protein-coated wells were incubated with 10! cfu of un-
related phage clones containing 100 cfu of the h18-108 scFv-
phage. The amplified phages from each well were panned to
the same duplicated well at subsequent rounds. The numbers
of eluted phages on each round were calculated by phage
titration. After the third round, a significant number of
phages were recovered at gel fractions #3, 4, and 5 in the
case of 100ng (a) or 50ng (b) of IL-18 but not at other gel
fractions. In the case of 10ng of IL-18, no increase in the
number of phages was attained at any gel fraction. These pat-
terns were consistent with the results shown in Fig. 2, indi-
cating that this method definitely works if the crude extracts
contain 50ng of the target protein at the beginning of native
PAGE.

Minimum Number of Target-Specific Phage Clones in a
Phage Library The requirement of the minimum number
of target-specific phage clones was estimated for the avail-
ability of a phage library to perform immunogel-biopanning.

Cell lysates (6.4 pg) mixed with 100 ng of IL-18 were sub-
Jjected to native PAGE and coated to immunoplates as de-
scribed (Fig. 1). The phage solution was prepared by mixing
a limited number of h18-108 scFv-phage clones with 10" cfu
of unrelated phage clones and put into each protein-coated
well. In the third round of biopanning, a significant increase
in the number of recovered phages was observed at #3, 4,
and 5 gel fractions when the phage solution contained
100 cfu or 10cfu of the h18-108 scFv-phage (Figs. 4a,b).
The fourth round produced significantly amplified results.
Efficacy of Immunogel-Biopanning The phage solution
contains a limited number of h18-108 scFv-phage clones
with 10" cfu of unrelated phage clones. The applied protein
sample contains a minute amount of target protein in the
presence of a large amount of unrelated proteins of cell
lysates. Therefore, it is important whether or not the ampli-
fied results faithfully reflect the specific amplification to con-
firm the feasibility of this method. To verify the specificity of
this amplification, the randomly selected phage clones were
directly sequenced on these scFv genes. The results demon-
strated that over 80% were the h18-108 clone (data presented
in parentheses marked with * of Fig. 4b). This result indi-
cated the reliability of this method, immunogel-biopanning.
The salient feature is that there is no increase in binding of
phages for the rest of the gel fractions, even after the fourth
round, indicating the fine specificity for this detection. This
result indicates that non-specific binding of phages as
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