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IS TE A P AL R B9 I 2F 5 (bovine spongiform
encephalopathy, BSE). A FEH (Scrapie) LA
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Yrgphy 1) R S R T 4 B 2 v AR B 2T 4k 22 LA
e FIEE N Jr XA R SE Ak, BF A Y PrP £F 4k iE
ST ERA B AE A BAE B ES AE—, PrPC
U LR 170~229 2H I PrP £F4ER% 000 6 1 BT B 4
Fg 120 T E196K W B 2T 4k 38 1o 4 XFER A & A A
HAEH, TER—A K A BE 35 7K S K B IR &7 4 5t
I, ZF4ER%.0 i C o B 175~217 48, &
54 pITELit

VRN B T8 R R £F 2 A PrPse HAT ARDUARRAE
mEERA BT LM, I HEA RO KIUHE
8 1 RRINE B SE IR IR AT 4 1 A B Rk
N PrP (5% JE RN RIS AR 41 2, Zead Kt [E] i
WEEFE, /N BLEAT o SRR AR B R A
T A B0 EE ) U, B, (RIME R
PrP YRR T 4E 00 119 43 FHLHIA AN SR G 4
I, ASSCR A A A i A= 92 e 2R
IR 7 T RSN 22 1Y) PrP SE R A £ 4k 11 4
BEPE AT LE (0 BB

1 HR5H%

1.1 PrP4fk

it 4 K AR PP (23~231) (kS o A
PR DUR RIS PT 1 B R R A
pET-30a (+) FiKPrP 23~231)%41, WiakikiE k5]
KW #F % BL21 (DE3) 4ifig (Novagen, Merck,
Darmstadt, Germany) Hiff7H:3E, HLWE R
1 mmol/L i IPTG #1755 PrP 3R ik, WA R4,
JH 2% 28 vh (10 mmol/L Tris-HCI, 150 mmol/L
NaCl, 2mmol/L EDTA, 0.1% TritonX-100,
pH 7.4) ZLAE AR ITHEAT 08 7 B AR, B LA TR AE
17 000g 55 T 250230 min, 3¢ b1, WCEMRIK
TUVE, B a2 ik 1 (10 mmol/L Tris-HCI,
0.5% Triton X-100, pH 7.4) . 2w 2 (10 mmol/L
Tris-HCl, 2mol/L NaCl, pH7.4) . 2% ' ¥ 3
(10 mmol/L Tris-HCI1, 2 mol/L Urea, pH 7.4) #KiX

VeV, IR A A# (10 mmol/L Tris-HCI,
100 mmol/L.  Na,HPO,-12H,0, 8 mol/L  Urea,

pH 7.4) VAf#RALAA . i Ni-Sepharose 4lifk, 3K
AR R PrP &, K PrP E AR AR S
W (100 mmol/L Tris-HCI, 6 mol/L Urea, pH
8.0) HEMTIE R, SR R RO AH (B3 C4 4
(Shimadzu, Kyoto, Japan) 4fifk, 7] 3k15 &4l
PrP 25 [ 2 1o 2 OB E 4 PrP #£ 5 mmol/L Tris-
HCIZEvhi (pH 7.4) whi&#r, Wedi/a T -80°CT&

FE o 28 Zbe R B - 3R VO U I e 9 R H K
(SDS-PAGE) FJii /A se, 4lifb iy A U5 PrP 46
B, HEA SR 6. {4 NanoDrop
One f3f & B 28 4b m W 43 5% )% # i+ (Thermo
Scientific, Waltham, MA) MEAE 280 nm &b WK G
B2, AR A BT RO TR BRI G R AL (2.535)
(http://web. expasy. org/protparam/) K 715 k15 A
PrP BV
1.2 PrPA%EFFRIGI&E

$4 120 pmol/L 2K FE 2 A\ JE PrP 7 %4 2 mol/L
ELER AT (GdnHC1) #1120 mmol/L Tris-HC1 2% i i
(pH 7.4) "¢ H , 7£37°C F 180 r/min & % 9~
11 h, WeHE PrP JEar 4 fii 40 M s IR Bl 32 5%
PEE LT 4 BRI i fh -, #5 5si#5s, @
75 mine SR 5B LT 4E4E 5 mmol/L NaAc 2% p ik
(pH 5.0) W& M L Br ik MR MK . {#f F§ NanoDrop
OneC FAARFREE SN AT U 43500 B 11 £ L 7E 280 nm
AEHIWOGIE , SRJE AR PrP 4 BT B BE AR O R
% (2.535) (http://web.expasy.org/protparam/) Kl
E PrP JEEFHERYUR I
1.3 EHBEEWERPPALEEE

H4 10 pl 9 PrP - 4ERE i (~13 pmol/L) TR 7E4H
W E, WFE30s, FHIEANOE, HHTH0 PR 10s,
SRIEHI2% (wiv) BERRFMIEYL (R 30s, 7E25°CHYZS
PR SOYRE S B JEM-1400 Plus i 5 HL
WHEE (JEOL, Znt, HA) #HTMs,
1.4 ‘HRRtEFRfnFE

HEK-293T 4 iy . RKI13 40 ffd Al SH-SY5Y
20 B9 fii F Dulbecco’ s modified Eagle’ s medium
(Gibco, Invitrogen, Mulgrave, VIC, Australia)
BB 3R, fEEFRE PN 10% (viv) a4 i
5 (Gibco) . 100 U/ml %R R M 100 Uml HH % .
IR W5 A LR A 5% CO, Y 37°C 40 it 355 37 46 85
It MR EIARIE RS (pHAGE-puro) 14
AR ik FLAGFRZ 1 4 K A PrP 1Y) HEK-293T
A R FFa e 2 1A 4K A\ PrP A SH-SYSY 4l il & .
1 B 4% cDNA Jr Bris A 18 s gk, & Bin
cDNA. pVSVGHIp9761fikif Lipofectamine® 2000
(Invitrogen, Carlsbad, CA) %2 :1: 1 By LHLfIE
% 7F HEK-293T 4l i . BE T4 5 DNA A9 LL 5y
201, Hyagn)E, WOt N, MR
1295 75 4 R Y HEK-293T 1 SH-SYSY 40l 2 7%,
FYEYL 12 h, AR 12 he Ry 7 BT R 40 i
F, MG RGN KA. H TR
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(Western blot) Al 4% 85 i ) F iR 1E L
1.5 MTTS:IE

¥ R iAW FLAG 25 19 & K A PrP Y
HEK-293T 4l e 96 fLik b . 85524 him, ¥
PrP R 4iFh 1 (%% T pH 5.0 A% 5 mmol/L NaAc 2%
MW R, BRI E A 100 umol/L) DL 2k FE R
0.01, 0.1, 1. 10 pmol/L Ay EE ARG F2Fe b 1 95
48 ho ¥ MTT M (5 /L) HPBSHi )5 in AL
R 4 h, ELEGBANIERT I, MTT 29K
0.5 g/Lo Fela, FH T H AR fire R €0 R
1A, SR 5 i J Thermo Multiskan MK3 fi LA ) 332
#% (Thermo Scientific, Waltham, MA) & H7F
492 nm AT GRE o ANRETE 1 FH A PrP 4R 4EAb B
o B9 AR S O B % LS mmol/L NaAc 45 M ik
(pH 5.0) AbEEI (A E i WG REAS 2 1Y A 43 LR
A5 2B S U ST 52 56 JUr A5 19 - 4 {H £SD
(hrifE2Z) Frn.

1.6 Western blot#& il ZH e A PrPEE &

FE F3R 4 FLAG bR 19 42 K A PrP (1) HEK-
293T4iffu3E: 1 dJ5, JIA 1~10 pmol/L PrP JF£F 4k
Fh¥ (f#T pH 5.0 A9 5 mmol/L NaAc 2% i F
RO E A 100 pmol/L) ¥ E 2 d. W4 HEK-293T
MM, 7E&F 1% Triton X-100, 50 mmol/L Tris.
150 mmol/L NaCl. 1 mmol/L 2 1 fifk ot %60 A1 75 [ it
TR Y 2L 22 v (pH 7.6) vh E L0 /)
IF o B4 2467 7 10 000g 250> 10 min, #4 H—2F
E#E, B EES 1%+ bR UE R W
(Sarkosyl) #£37°C & K/, SRIGHIRA
£ 150 000g A &5 .02 /Nisk, 3 PBS (pH 7.4)
VR TTTE — W . #4 Sarkosyl A %5 P % 11 7E SDS-
PAGE [FEZE whi 230 15 min, 5 —2F EiEMEN
MAEHFRES, WWAE SDS-PAGE | FEZE Mg &
15 min, #E5F 12.5% SDS-PAGE /35, SRJ5 EAT
Western blot, FH#i FLAG 55T B AR ] 1 L6 241 fifa (1)
Sarkosyl A~ ¥ 1 PrP AR EAT AT, IF T
FLAG FI47T B-actin FL A% 41 i SL A0 b AT RGN . i
FH BCA % 1 5 ik 71l & (Beyotime) 4 4fl ifs ¢
IR AT E B . R T 115 Sarkosyl AN PrP A9 %L
i, ffi ] Image] #f4 (NIH, Bethesda, MD) #ff
FE PrP 257 1% B, #1158 Sarkosyl A% % PrP
RN G BB AT ], Sarkosyl AN 250
3 YR ST S ARATF A P {H£SD o .

1.7 Western blot#&il/)\ R B &R 2H 4 FPrPIR &

TEHL7~14 dBOHTA /N, BTEUALIE, A 75%

BRI R, S e, FETR ARG R
Wy B R AR, Mcllwain 20 2347 H AL 20 55
IRTA T A TR B, R [ S 400 pm, %
I /T Millicell-Cell Culture Inserts f#fL |-
(0.4 um, Millipore), LA 6 fLHRHT, SREMIA L mI
18 2% B27. 98% Neurobasal-A Medium (Thermo
scientific, Rockford, IL, USA) L& 100 U/ml i
# K M 100mg/L % 7 % (Gibco (Thermo
scientific), Rockford, IL, USA) 3L, WA
ATEIHAAEE, 2 d)5, EEHTEERE IR MK
h B4 10 pl. 1 pmol/L PrP £F 4+ (& T
pH 5.0 A9 5 mmol/L NaAc ZZ i ), 4kLiii %
5d. WO Y R, FE & A 1% Triton X-100.
50 mmol/L Tris. 150 mmol/L NaCl. 1 mmol/L ZKH
Tk P SRR 2 11 B A 0 ) 4R 2 il (pH 7.6)
T Y AN, T A — 2D T A
10 000g Y5 S EF T 5.0 10 min ZbHE, Ke S4f# AY
/NGO RACIR HOR B, AR AN EDOE 5
FE . 7E FWE T EC 150 wl T 005 9 U5 PrP 255
e, R 20 I 2 A O A MR N 1% Sarkosyl,
ZFEURFHE 30 min, 7E4°CF 10 000 g i 3 E4T 55
210 min, WUEE B3 o LIETE4°CTR 150 000 g 5%
PF R0 30 min, WK B, KUUIEH] PBS H
B, 7E4°CF 150 000 g FR S0 30 min, ULHEH &
A PrP AR, 1160 ul SDS-PAGE [~ #F 2% miifi H
o TETER (1Y) 40 4 W in A 5xSDS-PAGE |
FEGE MR, FERDIE — & 10 min, HT/E
RS0y FE 12.5% 19 SDS-PAGE 7B VEE, 1 1 H,
UK 43 B B L BORE o ff A 4T 8HA HT4K (Sigma-
Aldrich) #R /Iy BLAGT A5 - Sarkosyl AN PrP £
Fo ZJaMERE . B . E PRS2 B 1.6
HHTA o
1.8 EFHEME (AFM) URPrPE T4
RIS

HU10 pl AP A= 0 PrP 41 2 #E S it A = B F 36
I 9% F 2 min, SRS H 10 pl ik bk 3 I DL 2:
PRARSE G, IFAEER N T . RAHAFM
(Bruker) ¥ scanassist fE T2 S % =~ BEFE 1H A9
JREFAEFEATHI . IR F SCANASYST-AIR £
Bto Dh1 Hz P4 s 3R [ 73 B (256%256
o4 i) 19 AFM K 14, JF fit ] NanoScope
Analysis 2.0 %4 (Bruker) #475#7.
1.9 ZAE&EFE A

TE U A R PrP 23k 1) RK 13 21 ML AfF 5 PrP
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LT SRRTE S S R5E , KEA R e Rk
SR PrP (1) RK 13 4 a4 7E 6 fLAk s 1 d, 28
JE A 0EL 10 pmol/L B A4: Y PrP £ 4 fp+ (AT
pH 5.0 1Y 5 mmol/L NaAc ZZ tiii H, LR EE N
100 umol/L) F:[E K533 d, HMA&A 5 mmol/L
NaAc ZZ b (pH 5.0) HI4NAEA/E M BATEXT I . 7E
FH & 3% 2 B FEE R 1.5% 1% 19 PBS (pH 7.4)
VW 2 G, WORANA, 1% SRR VK 112 1 h,
SRIGHERE T AE ST GO TR K, IR TE 812 MR
Hr . fifi [ Leica Ultracut S i £ % il £5 40 g &8 7 1)
R, IFH 2% B RR A AR R IR A A T M gt il
FH JEM-1400 Plus i 4 L 7 @85 (JEOL) M4
R ) e 2R AT AR . B ARG e etk L K2
BAAAEZS WIS . T S H438 o0 AE ) o 5 S it
— IS,
1.10 ZfHpSiLEHEE

FasE 1A 4K A PrP (1) SH-SYSY 41U 7 6 FLAk
HERFELd, SR IMAZAHR A 10 umol/L PrP £ 4
7 (T pH 5.0 1 5 mmol/L NaAc 25 whii
BEWHR B R 100 pmol/L) WFH 2 d, FIFH 1% 1 4
(ROS) #lidF & (BAnK, @, HE) K
I ROS /K- AR FEGNT . H PBS R4 A 2
K, # ROS ik 7 & 1 DCFH-DA #8451 FH 3% 7 He A
B, LB 1 22000, SRIGIMAZIAMT, B0
Jit 55 F5 46 h #8 E 20 min. W2 545 ROS #4191
W, AN ARSI, TR, B
MW e, FAEZA IR W . FEAN I PO A B il
1k, FHKEEIY PBS KA i A T a1, il IR
1000 g B O AETE B A ISR R Al MU TE o 7E
EPICS XL-MCLRR 4% (Beckman Coulter) I
i F§ EXPO32 MultiComp {4 (Beckman Coulter)
I 22 & 4 ROS 41 i B %0 (~10 000) 1Y 43 L
(ROSKF). PIH 5 mmol/L NaAcZZ i (pH 5.0)
I AU RE 2 F k4 K A PrP (1) SH-SYSY 4 it 4 %}
HE. ROS /K F-27m A 3N ST SE 56 I AR 1 - 31
+SD,,
111 R CZA B AR 4 2 AR - Sk 08

FasE 1A 4K A PrP (1) SH-SY5Y 4 I 7E 6 FLAR
R 1 d, SRJG IIAZHEE R 10 pmol/L PrP £F 4k
FF (AT pH 5.0 1) 5 mmol/L NaAc ZZ P ',
FEW A R 100 pmol/L) #2752 d. i Ji Annexin
V-FITC 4fi it 8 -k 50 & (Beyotime) YA )5
It 220 AR A T A . R 2.5 /L R AR M1

(Promega, Madison, WI) JHALGWRANME, TE4°C
NHIPBS Y, JFHI 185 pl YL & 22 i dg: . AR
JE B RE i 5 5 pl 9 Annexin V-FITC 110 ul (1) P1#E
4°C Y A IS P IBE 10 min, {7 ] EPICS XL-MCL i
KA1 ML{Y (Beckman Coulter, Fullerton, CA) 43
Mt Annexin V 255, WEE~2x10° 440, 1598
T-40 M 09 & 43 b o A 5 mmol/L NaAc 2% #h i
(pH 5.0) & FE Rk K A PrP (1) SH-SYSY
SRR R PR T AN E o L 3 U Sy S )
KI{E+SD R
112 BUESH

S A Y LA {E4SD R ox, PESRH
Student’s K B I AE o P<0.05 A H A W F M 225
PLUF AR BT 58 4 30 *P<0.05, **P<0.01, ***p<
0.001,

2 IHHER

2.1 PrPA4EXAIEPrPREMN I

4K NI AR PrP 5% A 2 mol/L SRR Y
20 mmol/L Tris-HC1ZZ "% (pH 7.4) TIL[EFgE,
TALE 37°CHEIR PR 9~11 h, 3R1GF & W16 PrP
VEMFELTAE . R3S B 5 WS & 88 PrP JE
IATE BIRRET 2 TCHH 00 SORERBE NG, 1 4K
H (KF1a), PE—HHH AFM 8 R 1T A
AR PrPUEMFELF AR SR, I aT LB i
PrP IV B T 35— M R E0ME 35 1 8 2 SR A AR
(K2). &l 2b & 2a H 7 XS8R ok S, A
] DB BRI 4T 4R a2 DL A T8 e 1)y 2452
A, FHERIME, HRA5 MG, XFREIEF
FIFHZ 5 - W B WS A 45 SRAR ) 65

M T WFSE PrP eV RELT 4R O BURALE], A Sk
AT Fa e ik & H FLAG AR%5 %) PrP HEK-293T 4
Mo, Sl MTT SEEA I T ARSI A PrP £F 4 Xt
Fa5E 23K PrP (19 HEK-293T 40 i 1% J1 9540 . A
0.01~10 pmol/L PrP £F- 4 b 3 f (1) 41 A 7% P 5 XF 18
1A A 15 M (A K YN 94.54% . 93.87%. 89.32%
F166.02% (& 1b) . il g F e gt £, 7¢
0.1 umol/L 1 1 umol/L PrP £F4EAbFEAF T, 40
T 5 ) HR 2 A LR IR 29 10%, 1 10 pmol/L PrP
LR AR PR S 20 LTS ST RRAR L 30%, KW PrP 27 4k
AT DAREAR AN MG 7, H I ma 5 ok B AR 80N
BV B e 5 R P A M # vk (16 1b) . 55
ST Sarkosyl ¥ A 4 HE H Y PrP PRARFIZE SR IK
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Fig. 1 PrP fibrils are cytotoxic, and transmissible to induce the misfolding of endogenous PrP€ in cells and in the frontal
cortices of infant mice
(a) A negative-staining TEM image of amyloid fibrils from full-length human PrP€. (b) Cytotoxicity of PrP fibril seeds to HEK-293T cells stably
expressing FLAG-tagged full-length human PrP€ assessed by the MTT assay. (b, ¢) Cells were treated with indicated concentrations of PrP fibril
seeds for 2 d. (b) Cell viability data were normalized to cells treated with 5 mmol/L NaAc buffer (pH 5.0) (gray bar), and are expressed as mean+S.D.
of the values obtained in five independent experiments. 0.01, 0.1, 1, and 10 pumol/L PrP fibril seeds, P=0.17, 0.016, 0.015, and 0.000 023,
respectively. (c) The sarkosyl-insoluble pellets from HEK-293T cells stably expressing FLAG-tagged full-length human PrP¢ were probed using anti-
FLAG antibody, and the cell lysates were probed using the anti-FLAG and anti-f-actin antibodies, respectively. (d) The sarkosyl-insoluble pellets
from the frontal cortices of 18 infant mice were probed using anti-8H4 antibody, and the frontal cortice lysates were probed using the anti-8H4 and
anti-B-actin antibodies, respectively. Slices were seeded with 1 umol/L PrP fibril seeds for 5 d. The diglycosylated, monoglycosylated, and
unglycosylated PrP bands are referred to as “di”, “mono”, and “un”, respectively, and are annotated in (c) and (d). (¢) The normalized amount of
insoluble PrP aggregates in HEK-293T cells stably expressing PrP¢ was calculated as the ratio of the density of insoluble PrP aggregate bands to the
total density of all PrP bands in cell lysates. HEK-293T cells stably expressing PrP® incubated with 5 mmol/L NaAc buffer (pH 5.0) were used as the
control. (e, f) The normalized amounts of insoluble PrP aggregates are expressed as mean+S. D. (with error bars) of values obtained in three
independent experiments. (e) 1 and 10 pmol/L PrP fibril seeds, P=0.29 and 0.001 3, respectively. (f) The normalized amount of insoluble PrP
aggregates in those frontal cortices was calculated as the ratio of the density of insoluble PrP aggregate bands to the total density of all PrP bands in
frontal cortice lysates. The frontal cortices incubated with 5 mmol/L NaAc buffer (pH 5.0) were used as the control. 1 umol/L PrP€, P=0.17; 1 umol/L
PrP fibril seeds, P=0.018. Statistical analyses were performed using the Student’s ¢ test. Values of P<0.05 indicate statistically significant differences.

The following notation is used throughout: *P<0.05, **P<0.01, and ***P<0.001 relative to controls.
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200 nm

Fig. 2 High-resolution AFM images of PrP fibrils
(a) AFM image of amyloid fibrils from full-length human PrP€. (b) An
8-fold enlarged image from (a), showing two protofibrils intertwined
into a left-handed helix, with a fibril full width of (27.6+1.3) nm (n=8)
and a helical pitch of (159.9+4.4) nm (n=8).

T 3 O 0 S AT Sarkosyl ANV PESRAEIA,
E— il ] Western blot i f A |45 PrP £ 4 4b B
ST AN SRR & i, R B HEK-293T 21
fEr, 1 umol/L PrP £F 4 Ab B 45 {4 T PrP AR AH
Xf AN PP SR S AR L BEAT W B 22 5%, T
10 umol/L PrP £ 4t b 3 {5 15 241 A /A PrP 2R AR 4tk
FWZ (Ellc), E R EMEST A, 10 pmol/L
PrP 21 2L Qb B 55 AR IR L) PrP SR ARAR X 5 2R
XPHRAA ) 2.7 4% (Bl le) . IXLLSCEGFRI, PrP £F4E
HAMPPY AU TERT, sIEMMEENE, FEHE
FNUE PP kAR S, TR,
2.2 PrPAYEXT/INR AT AIREPrPRER R0

TEARME KT, S8R P PrP 21 4k HA Fl PrPs2
IR PEST, ATLAE S AN PrP & AE SR T &, B
HUERER, IR ATE Wi 4148 rh PrP £F 4k 2 A5
S FNIE PP RAE? BRI, fdi 1] variant CID
Joi N PrPse gL /N Lt B e, PrPs e /)N By -
FIZH o RERE 2, FAR GRS 804
/NSRRI E AT

15 FH 23R 7%1) Sarkosyl 15 f# i &% i+ /) PrP PR
FISERAR, 18 3 8 20 4 B A P Sarkosyl AN
PEREM, HE— 51l ] Western blot %2 46 10 11 4
4 L PrP SRAE AR & i . R AR TTA  2
H1, 1 pmol/L PrPC b 3HA5 14 PrP A RAR XS & &
5% IRLHAR L O i 22 5%, 7 1 pmol/L PrP £ 44k

PR fE AR w2 JE P PP RAERE EW L
(K 1d), B EMSr &, 1 umol/L PrP 474k
ANFRZEAE T IE A PrP S SE ARG By X B2 1Y)
L4f% (E1f, P=0.018), iXFHH PrP £ 4En] LIS
/N A R 2 IR PrP A SR 4E
2.3 PrPA4EXT 40P S AL IE 1 Fn 4 AaE T RIS

M, EARE T AR IS B
IR Ea ¢ RN SRR S L S P A = i 1A O i
Ursefi 2L, slhlshZ ot 2>, IRAsMNE N
A PrP 4R YRS 15 25 R AN N S AL R S e A
SCHIH] DCFH-DA {4 480 A6 i 3 7] s Ar il 1 PrP £F
X240 L P9 48R R K52, DCFH-DA & —
FROS#RET, TEAHMI NS % DCFH,  HE1fii ] LA
53 40 i v P T SR N A ELA OB DCF

Ve FH B 72 #2 35 AN PrP Y SH-SYSY 41 fitd 7%
AT I E , SH-SYSY 4l 2t 2 RHRg 4 iy,
Hobh 22 20 B B A A SE B S5 R0 mT 5 . ZE4mAhom
A LW A 10 umol/L PrP £F 4 4b $H 71 fifd 48 h
(EI3b), XFM4hm A SRR 5 mmol/L NaAc
(pH 5.0) (& 3a), A HH 7240 A EE A A 0 40 i
AT R PrP £ A0 B A SEER ZH AT 5 mmol/L
NaAc (pH 5.0) AbFRAXFARALAH L, 200 N & 1k
JEFMEM 2.12% (E3a) T+ % 64.46% (&3b),
AN AR R B TR (P=0.000 41) (&l 3c¢) .
IXUEZE RN, PrP 212 AT fig /238 1ok 75 5 240 L P IR
PrP KA RAE, A5 R4 N AL R )
PARCE
ARSCHYSLIR 25 BAESL, PrP £F4E R LLiE S 40
PR R B R D KO-, 2o iR 9 ROS X 441 Jifd s e 1)
5 PT BE 2l s T AR T KO R e, R,
PE— K T PrP 1 4 X RS E ik ANE A PrP /Y
SH-SYSY 4HfE I8 T- /K V-5 mi . f€ SH-SYSY fak%
2 I A HE A 10 pmol/L PrP £F 4 4L 48 h
J&, AEME R T MEIYE TR SR T AR
2.96%. 10.00% F11 12.96% ( & 3e) , A #& F
5 mmol/L NaAc (pH 5.0) AbFRAYXT R0 (43
WK 3.20%. 2.34% F15.54%) (& 3d), H
TR ETHE (P=0.000 13) (3f),



2023; 50 (5) EFE, &: 2KMNEQENHETHES| ZARSZENYEITR 1201~
(@) (b) ©
600 80
P3 (2.12%) 600 | P3 (64.46%) ok
—_
60
400 A o
. 400 g
2 B a0k
2] © 2001 3
~ 20
0- 0
102 10° 10* 10° 10° 107 3 4 5 6 7 5
10 104 10 106 10 '60\ é/&
DCF DCF o 8&\
) ® %
10°3
IrR2 R3 14 Late apoptosis
1] 12k sk
§ 10
£ ER
2 6
2
g 4
2 (=]
1 RS <2
10! 3.20% S 0
10° 010010 102 10100100 & % B a8
; i ISP &
Annexin V-FITC Annexin V-FITC s & ¢§ &
S &

Fig. 3 PrP fibrils induce severe ROS production ( P=0.000 41 ) and late apoptosis ( P=0.000 13 ) in cells stably
expressing PrP¢
SH-SYS5Y neuroblastoma cells stably expressing full-length human PrPC were cultured for 1 d and then incubated with 10 umol/L PrP fibril seeds
(b, e) or 5 mmol/L NaAc buffer at pH 5.0 (a, d) for 2 d. (a, b) The percentage of cells with ROS was determined by flow cytometry using the ROS
probe DCFH-DA. (d, e) The percentage of apoptotic cells was also determined by flow cytometry, and the four quadrants distinguished by annexin
V-FITC/PI staining represent viable cells (Lower left quadrant, R4), early apoptotic cells (Lower right quadrant, R5), late apoptotic cells (Upper right
quadrant, R3), and operation-damaged cells (Upper left quadrant, R2). The percentages of ROS cells (c) and apoptotic cells (f) are as mean+S.D. (with
error bars) of values obtained in three independent experiments. SH-SY5Y cells stably expressing full-length PrPC incubated with 5 mmol/L NaAc
buffer (pH 5.0) were used as controls. Statistical analyses were performed using the Student’s ¢ test. Values of P<0.05 indicate statistically significant

differences. The following notation is used throughout: *P<0.05, **P<0.01, and ***P<0.001 relative to control.

2.4 PrPEFYUEXTE R AR { BI R MR
T A S R S DA M P A
FE RN, SEOERY A A 3, S
20 M P 2R B 0515 K — R BB B KR
E 28 4 B PrP 21 4k ] LS 4 I A PrP A i3
BILWCREN, RIS T3, A2 RS
LRARIE LR AT 7 R - BoR
LA B AT B AR I 1 PrP 2R 4ES [ Y2

RS, SCORai RN, X B2 NP AE A PrP AR
HRKI34UMEH (El4a, b), KRR
REGRIE , LobiiRiEHeRE (FESIRE) . M
24 10 pumol/L PrP £F 4EAb F AN J5 (& 4c, d),
ARG A B 2 (Elde), B
ZMILAS, Lotk s i Emra, HARSIRETEL,
AR (e kinid) (A
4c, d),



-1202- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (5)

(e) 1.0
]
<
£ ar
8 0.8 - D'} ok kk
S
8
=i -
E g 0.6
e
Q
E g 0.4
2
[
2
= 0.2
E
0 >
O

54

Fig. 4 PrP fibrils induce severe mitochondrial damage in cells stably expressing PrP¢
(a—d) RK13 cells stably expressing full-length human PrP¢ were cultured for 1 d and then incubated with 10 umol/L PrP fibril seeds (c, d) or 5 mmol/L
NaAc buffer at pH 5.0 (a, b) for 2 d. The enlarged regions (b) and (d) show 6-fold enlarged images from (a) and (c), respectively, and display the
detailed structures of mitochondria in RK13 cells. Nuclei are highlighted using black arrows (a and c). The morphology of normal mitochondria in
RK13 cells incubated with NaAc buffer (b), which are highlighted by white arrows, was tubular or round. PrP fibril treatment caused severe
mitochondrial impairment in RK13 cells expressing PrP¢ (d). Most of the mitochondria in the cells (56%) became swollen and vacuolized, which is
highlighted by yellow arrows. Samples were negatively stained using 2% uranyl acetate and lead citrate. (¢) Quantification of TEM images performed on
biological replicates show that PrP fibrils induce severe mitochondrial damage in cells stably expressing PrP. The relative number of mitochondria
(normal/total) (open red circles shown in scatter plots) is expressed as mean+S.D. (with error bars) of values obtained in three biological replicates.
About 20 cells were counted in each group. PrP fibrils, P=0.000 000 24. RK13 cells stably expressing full-length human PrP® treated without PrP
fibrils were used as a control. A significantly lower number of normal mitochondria was observed in PrP fibril-treated cells than did in control cells
treated by NaAc buffer ((0.560+0.119) for PrP“+PrP fibrils versus (0.846+0.050) for PrP“+NaAc buffer). Statistical analyses were performed using

the Student’s 7 test. Values of P<0.05 indicate statistically significant differences. ****P<0.000 1 relative to control.
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Fig. 5 PrP fibrils prepared in vitro exhibit cytotoxicity to
mammalian cells and are transmissible to induce the
misfolding of endogenous PrP°¢
A hypothetical model shows how PrP fibril seeds (red bricks) enter into
mammalian cells through endocytosis, accompanied by PrP¢ (PDB
1QLX) (shown in ribbon representation), are transmissible to induce
the misfolding of nascent PrP® (blue ropes) into PrP fibrils (blue
bricks), and exhibit cytotoxicity to mammalian cells. More importantly,
PrP fibril seeds elevate ROS production via aggravating mitochondrial

stress resulting from PrP aggregation.

AR SCAE A N A ZH ) 7KL A S I 3 14 PrP 3iE
FIAELT A AT A0 RE P NP AR M . IXSETE Ry
FELFHEA AT AAE AR MK V75 S PrP R AR IR T
i ] LA /N BRI U PR PP & AR B R T

2 % x W

[1]  Prusiner S B. Prions. Proc Natl Acad Sci USA, 1998, 95(23):
13363-13383
[2]  Prusiner S B. Molecular biology and pathogenesis of prion



<1204

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (5)

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

diseases. Trends Biochem Sci, 1996, 21(12): 482-487

Scheckel C, Aguzzi A. Prions, prionoids and protein misfolding
disorders. Nat Rev Genet, 2018, 19(7): 405-418

Diaz-Espinoza R, Soto C. High-resolution structure of infectious
prion protein: the final frontier. Nat Struct Mol Biol, 2012, 19(4):
370-377

Prusiner S B. A unifying role for prions in neurodegenerative
diseases. Science,2012,336(6088): 1511-1513

Kim M O, Takada L T, Wong K, et al. Genetic PrP prion diseases.
Cold Spring Harb Perspect Biol, 2018, 10(5): 2033134

Soto C. Prion hypothesis: the end of the controversy?. Trends
Biochem Sci, 2011,36(3): 151-158

Pan K M, Baldwin M, Nguyen J, et al. Conversion of a-helices into
B -sheets features in the formation of the scrapie prion proteins.
Proc Natl Acad Sci USA, 1993, 90(23): 10962-10966

Aguzzi A, Cecco E D. Shifts and drifts in prion science. Science,
2020,370(6512):32-34

Budka H. Neuropathology of prion diseases. Br Med Bull, 2003,
66:121-130

Soto C, Estrada L, Castilla J. Amyloids, prions and the inherent
infectious nature of misfolded protein aggregates. Trends Biochem
Sci, 2003,31(3): 150-155

Wang L Q, Zhao K, Yuan HY, et al. Cryo-EM structure of an
amyloid fibril formed by full-length human prion protein. Nat
Struct Mol Biol, 2020, 27(6): 598-602

Wang L Q, Zhao K, Yuan HYY, et al. Genetic prion disease-related
mutation E196K displays a novel amyloid fibril structure revealed
by cryo-EM. SciAdv, 2021,7(37): eabg9676

Bocharova O V, Breydo L, Parfenov A S, et al. In vitro conversion
of full-length mammalian prion protein produces amyloid form
with physical properties of PrP%. J Mol Biol, 2005, 346(2):
645-659

Tattum M H, Cohen-Krausz S, Thumanu K, et al. Elongated
oligomers assemble into mammalian PrP amyloid fibrils. J Mol
Biol, 357(3): 975-985

Zhou Z, Yan X, Pan K. et al. Fibril formation of the rabbit/human/
bovine prion proteins. Biophys J,2011,101(6): 1483-1492

Pan K, Yi C W, Chen J, et al. Zinc significantly changes the
aggregation pathway and the conformation of aggregates of human
prion protein. Biochim Biophys Acta, 2015, 1854(8): 907-918
Legname G, Baskakov I V, Nguyen H O, et al. Synthetic
mammalian prions. Science, 305(5684): 673-676

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Colby D W, Wain R, Baskakov I V, et al. Protease-sensitive
synthetic prions. PLoS Pathog, 2010, 6(1): e1000736

Colby D W, Giles K, Legname G, et al. Design and construction of
diverse mammalian prion strains. Proc Natl Acad Sci USA, 2009,
106(48): 20417-20422

Bocharova O V, Breydo L, Salnikov V'V, et al. Copper(1l) inhibits
in vitro conversion of prion protein into amyloid fibrils.
Biochemistry, 2005, 44(18): 6776-6787

Asante E A, Smidak M, Grimshaw A, et al. A naturally occurring
variant of the human prion protein completely prevents prion
disease. Nature, 2015,522(7557): 478-481

AsuniAA, Guridi M, Sanchez S, et al. Antioxidant peroxiredoxin 6
protein rescues toxicity due to oxidative stress and cellular hypoxia
in vitro, and at-tenuates prion-related pathology in vivo.
Neurochem Int, 2015,90: 152-156

Islam M. T. Oxidative stress and mitochondrial dysfunction-linked
neurodegenerative disorders. Neurol Res, 2017,39(1), 73-82
Zanetti F, Carpi A, Menabo R, et al. The cellular prion protein
counteracts cardiac oxidative stress. Cardiovasc Res, 2014,
104(1):93-102

Li C, Wang D, Wu W, et al. DLP1-dependent mitochondrial
fragmentation and redistribution mediate prion-associated
mitochondrial dysfunction and neuronal death. Aging Cell, 2018,
17(1):e12693

Sunyach C, Jen A, Deng J, et al. The mechanism of internalisation
of GPI anchored prion protein. EMBO J, 2003, 22(14): 3591-3601
Parkyn CJ, Vermeulen E G, Mootoosamy R C, et al. LRP1 controls
biosynthetic and endocytic trafficking of neuronal prion protein. J
Cell Sci, 121(Pt6): 773-783

Novitskaya V, Makarava N, Bellon A, et al. Probing the
conformation of the prion protein within a single amyloid fibril
using a novel immunoconformational assay. J Biol Chem, 2006,
281(22): 15536-15545

Kraus A, Hoyt F, Schwartz C L, et al. High-resolution structure and
strain comparison of infectious mammalian prions. Mol Cell,
2021, 81(21):4540-4551

Hallinan G I, Ozcan K A, Hoq M R, et al. Cryo-EM structures of
prion protein filaments from Gerstmann-Straussler-Scheinker
disease. Acta Neuropathol, 2022, 144(3):509-520

Jen A, Parkyn C J, Mootoosamy R C, ef al. Neuronal low-density
lipoprotein receptor-related protein 1 binds and endocytoses prion
fibrils via receptor cluster 4. J Cell Sci, 2010, 123(Pt2): 246-255



2023; 50 (5) ERE, & EKMAEBEMFTES RABZIENVEIFHR 1205

Cytotoxic Amyloid Fibrils From Full-length Human PrP¢ are Transmissible to
Induce The Misfolding of Endogenous PrP“
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Abstract Objective Prion diseases are infectious, lethal neurodegenerative disorders principally caused by the
conformational conversion of prion protein (PrP) from its cellular form (PrP®) into a protease-resistant,
aggregated form (PrP%) in humans and various vertebrate species. We have recently reported a cryo-EM structure
of an amyloid fibril formed by full-length human PrP, which features a parallel in-register intermolecular 3 sheet
architecture. However, it is unclear whether amyloid fibrils from full-length human PrP¢ are cytotoxic and
transmissible. Methods Sarkosyl-insoluble Western blotting and cell viability assays were used to detect PrP
aggregation and cell viability, respectively. Oxidative stress detection and annexin V-FITC apoptosis detection
assays were also used for the determination of ROS production and cell apoptosis, respectively. Results Human
PrP fibrils are cytotoxic, and transmissible to induce the misfolding of endogenous PrP¢ not only in cells but also
in the frontal cortices of infant mice. The PrP fibrils also induce severe mitochondrial damage in cells stably
expressing PrP¢. Importantly, the PrP fibrils elevate ROS production via aggravating mitochondrial stress
resulting from PrP aggregation and induce severe late apoptosis in cells stably expressing PrP¢. Conclusion We
demonstrate that PrP fibrils prepared in vitro are cytotoxicity and have pathogenic potential.
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