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TN, = —F (AD)IX, FREED 1 DIZHE SN D MR AEVER B T, BiE
OEBENZ BT HRAEDNREMRBEETH D, RKROMERRE 2 ) <
&5 AD X, BRI S E2H 2 TS EDBEICBWT, BEED IO —i&
2LV BAETHEOBREREDOIUC L D & FAa 20 FE1T 24 T A L HE
EINTBEE (D), Rk 23 FEITIL 36 T AE 15 FITHEMLTEBY (2).
HEMICH RERMELE 22> TV 5, AD OIFFEAEME LTIk, RHIRZE
ELTEANMDED BV, EO%, MRRFEHRIHEZRE T B iTap s
FaDZENE « Wik 72 E2ETHZ ENHAMNERSTND 3), EABILFTEEL LT
PRSI IE 359 D amyloid B-peptide (AB)C L 0 FERR S 41, AP HEZ AL
ITHRRR AR NI CERET B RRMEIR D Z L B L0 720 tau Z Vo3 BRI
VUBE SN T S5, AD OJFRIZOWTITEEHH D5 b DD, FiEME AD
DR N EAE T & L CIRIE & 417z amyloid precursor protein (APP), presenilin 1 (PS1).,
presenilin 2 (PS2)72 K DZER DT NTHN APOFELBZHIMEED Z L @), #
JRFRHMEZSAEDS AD 7217 Tid e < L < OMREMER TRDO LN DH DITX LT,
AD IZBWTIE ABOEFE & Mk FMERA & OROBEEEREm W & 5D,
AP AD FIEICEH BB ENZHT D E VI B-T I A NMEGENIAL ZITANLD
T, LovL, ITFEOEBGZMEIROESRIZ LY | ABOER A It 2
ZEMATREIZ R D L (6). AP L BB ERIAE DB L2 & D il b
HEEIND XD (DEEbIT, BERAPPDO N T VAV 2=y 7w T AMT
X ABDILE N LEBIEE SN D 05 FRGHIFE N RBO b2 &b #HiE SN T
WD 8) INHLDIZ LMD, ABDOFMIZIT TIL AD BIEIFHHTE T, R
[FIC 72D ABDOFEFE & AR R 4 5| & Z 9 Rk 2 7 221K 23 B9E L T AD
EIIET H LV RBBRBIND K 51270 | ABOMIREMEICEET 5
FLR DIRREEDNE AATAT I T Do WIS 13, M BB AR EATE O PRI IS AZTE L.
LS. FEICHEEARMEAL T, AD ICBWTHEEZZ T4 M O
REDN RN ERIEICE G55 Z LR BALTEY (9). AD O FRHERCIREIE
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ZBET 2 HBRIFRICZH ST\ 5, SIFEETIX, 7 v MNEBU RS
IZBWT, AD FIEICRET 5 B2 6N T NE I VBZRIEOY 7 2 A4
T& % N-methyl-D-aspartate (NMDA)S KD 572G I K VBRI 5 af
AN A . ABSEIRT 5 Z L A6 L TR | BEFEMEN DO HERK O —
STHDHZEEF LML (10),

AR, AD FIEIZ/ MR OBEREAR I L > TEL Z/Malk 2 F L AR5 L
TWAZEIURERN (1), APOEMEE OBEMENER S TW5, /NMEikix
W2 L TR NI B EOARE LB, Ml Ca?t A T E LT
PERECIR A 72 & 24 ) EE A MIAN/NERE CTh 5. Z O/NaIRRERE DY YL
RIE, BISTAER, . BMSEORBIC LT o, ERE ¥ g
DERET D E/DEEA R VA LFEENARENELT D (12), /DMaEA F L AR
#4925 & inositol-requiring enzyme (IRE1), PKR-like endoplasmic reticulum
kinase (PERK), activating transcription factor 6 (ATF6)72 ¥ D A b L At - —|Z
& ¥V unfolded protein response (UPR) & MEIE AL 2 Bt 73 BRE) S 41 A& & 2 X
7 E DY 1= 7- B AL D glucose-regulated protein (GRP)94, GRP78 72 £ D4y
Ty XnrERETHI LT, AURNTEOEERSO AL, A LR
ZELEET S (12), LA L, /MafkR b LA %5 & 2 3RS @R 22540 A
N U AN ERERIEE LI C X o 725512l 78 b— 3 AR 211k
L TEOWAECERELEZ L, MIELFHERT L EBHANERSTND
(11), AD OFEERKF-Td 5 ML RAE 1L, UPR 2R T S, MERE 7
NRIBOERBICLY , PMaER N UAFERMEZ S SR Z3T 28 (13, 14),
BRLRABI/PMUEAR N VAR AT A 70T 7 —ETh D caspase-12
OIEMEALZ N U CHIISE 2355 Z L BHE SN TWD (15), UHFFE=EIC
W, FIEEEIEEARRGIIRIC BV T, ARFEISHIINAELZ caspase-12 DIE AL
EALT/MERA P UAREE L TWAZ EE2HELTWD (16), i, Ei
i (6~7 HNHEEE L7=T v MEBYIREERIZBUV T, AR caspase-12 DIEME
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bzt LCHIEZFHER T 2 Z L2 LTS (17), TD X D1, ABAV/INA
RA R RIZBEE LTS Z e INLD, M7z SIckviFEsh
LR A R LA K DA EENEICRT LT AR ED X D e B A KT o)
WIZOWTiX, FHDOEXEETH D,

AD TIIFIEDHIM A5~ A RV b DFEEZCWH BT U o AEB A
RRINEME - L, ZhBICKVREREEEZRIET S Z EBPLNIENTD
ErD (18), TEF Y VEEAMFETAZEZEMNE L THIREERED T &
Foal A7 7 —BRHEKPBHS S, donepezil (19), galantamine (20),
rivastigmine (21)23 ETHIZE > TW5, F£72, AD OHEITHI TIE NMDA ZF{KD
FBERENRDO L, MREREICKIT S /A ABREKRT 52 &, BLUNMDA
ZRREEHIH T 5 memantine A3, F O BAREE 2 BN LIRS & BT S
ZEMBHLMNCEN Q) I REERE LTRSS, L L, 2D 0EYT,
W BRI O AT Z IR T 2 EFRIEHR TH U ARKIERII AN ATRETH 5,
Fz, B IEFRLCRER O DI TERVES b HRE SN TEY (22,
23), BUE BB RIGFEE DB P FF - T D,

=V = U AR, ST e & OR 2 IR R A IR L T REFE L
LTELHWSLENTWD, A== 2T J — VKIEIR CTRUR S B 72 Bk
== X ZAPNTE N D KRS T COOH
FAT7 VLA TH D S-allyl-L-cysteine HzN)\/S\/%CHz
(SAC) (Fig. D)i%, HiELAEM (24-26). HiA
AER (27). HUIFEMEIEN (28), #RRRCE
KF1ER (29)72 Ehkx ABEME L RO Z &3 HE STV 5, SAC IFmE VK
B ZEMEER L, ROEBEIC X0 EE»SRIN S LD, BEERAIEN
ERSIPWI ENTTITHLMNE 2> TS (30), S HIZ, SAC DFE OG-
L #EtE~ 7 A TRD LNH ML) FEEHELZEET L L G,
T MEEN~O ABERGIZL V&I SN FEEEL, SAC DN

Fig. 1. Chemical structure of S-allyl-L-
cysteine
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HERmid 52 & QR MESN T, KRR GIZ LD PRHR~BEIT L.
FIRREERZ AT 52 EARBIN TS, YAFFEEIL, SAC OIRI/ERIC
HEHLTEHY . SAC 7 PC12 ARV T ABA ML ZMH 325 Z & (33).
FEE VB AR IC B W T ABIC L VBT SN /Mak % b L X356/l
FER/ IR A N L AFHEILCTH D tunicamycin (TM)ih %6 A0 5E & BEE L2 B9
HIEERELTVD (16), ZDXHIZ SAC X, /MafkR b L ZFHF AL
[Zxt L THIER 2R3 2 ERB G SN b DD, SAC D3R IEIC
BT, EDOX IR A=A LT/MAEA N L AFRMIAFEMHEN 2R~ 0
MIZOWTUIAHADE L TH D,

2T AMZETIE, ABOMIRISEE A D= ALZH NI TH R E LT,
SR OMRREIEE I L O OB RFF SN TV DU A EERICBW T, AR
DN B L ZAFEIMIIE RIT TR OV TR L7z, 72, SAC O
RAREME ] OMEF I Z oW TR ST L 72,
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2-1 i

ABIE IEEE X VR BT D APP Z s CHINT T 5B-E 7 L ¥ —E LK
BB EIR O M TUIW T Dy-t 7 L& —BIZ ko TEFEICOIBr S h A&
KT 5, y-E7 L2 —BI%, APP ZIEEBIINICIEW T, 40 b LI 42 F
HOT7 X JEETYUIWI U, A1 T721X AR ZFEAESED (34), £72. 2D ABiao
FTIL AB1ar D 25~35 FHIZH D 11 FREED Mfu st 2 5 5 DICnEr =
THEERE L THLRTWD (35), ABIE, HEx 2B VT, B A F LR
(36, 37)° NMDA = &RTEME(L (22). c-Jun N-terminal kinase (JINK)DiEM:AL (38)
R EES L TR AR T H Z ERREINL TS, L, #ik L~
£ D12 AD ORIEA B = A A%, AP FE OB EMETS I CIEE & 7, Bk
RERNABLEIEL TAD 25 S ZTEEZEXADLNDL LRV OOH D, F
F. ABITEA{LAIA R LA EBE L, p53 OT R b —T ARKEI LT Mlast &
PRS2 Z E MG SN TWD (39), Fo, YAFE=EIZB N TH, 3 BB O
FIC L0 RN U2 BB Y S LTI 2 R SV REE O ARAS, R
(6~7 FNEFEE L= BB B U A 12 BV T, caspase-12 OIEMAL A L CHilfa

EHEEITLHILEERH LTS (17), L7 ->T, AD OJFKERD7-HIC
E. ABHMIZ K IR EEE OMFIETZ 1T Tid/e <. AD BIEIZR 53 5 EK & 5
F AT, ABOHIEFE R A T = AL EMFTT DMERH 5,

AR U72/ a2 F U ARG E R T 7R b— T ARK & LT, INK BE
(38, 40). C/EBP-homologous protein (CHOP)FR#S (41, 42). /MBS E caspase #%
B A5 HE I N TWD, INK BREIZ/MIfE A ML 212XV apoptosis
signal-regulating kinase 1 78 IRE1 L EHERZTET 52 LI XD INK &2 U %
fbL., 7R b= 2AZFHET 5 (38, 40), £72. CHOP X C/EBP 7 7 2 U —D
AHRT-& L CHEEL ., /Makzx F L 22 XY ATF6 3 X O PERK ORI &
S THIGHEIN, Bax DI har RUTBITENLTT R M= X &25H5T
HIERBEESNTND @), —FH. /MaEA b v RARFRPIIEMEL T 2



caspase & & L T, caspase-12 NWEWHICB W THEI N TWD (15),
Caspase-12 [, L caspase 7 7 X U — & [AIERIZRIBRIA T 5 pro-caspase-12 (60
kDa) &k S v, N EEO M E AN BTE L, /M2 b b A AR B
SN TIEMALIR D caspase-12 (42 kDa) & L CHEA LAIJRSEZ 5 &2 Z 9 (15),
Caspase-12 OIEMELHEREIZ DWW CiE, RN Ca? JRE D EHIC X v IEHEIL S
% CaPkfFMEy AT A4 7 a T 7 —E¥ Th D calpain (43)F LV IRE] & tumor
necrosis factor receptor-associated factor 2 DEGIKNEE G- L T2 &0 ) #HEN
b5 (44, 45), IEMEAL X 7= caspase-12 1. cytochrome ¢ X° apoptotic
protease-activating factor 1 & [ZBAfREF", caspase-9. caspase-3 Z{E AL 2 £ HS
DRINTEY, ERETHLNTWEI hay R TREOTEMHEEIZ X 5
NAFEFEAT A A r— R & B RN ST\ D (44, 46, 47), LrL., AP
D, ZOXDNEA U AFEFMRSEIC R LT, ED XD A KT
DPEIARHATH S,

MR IXHM O M ZE D = A S E 70 U, SIS 527 v E M
(cornu ammonis : CA) & BERIHIAAS &5 5 2 #ifk[E] (dentate gyrus : DG)IT & V) #RE
SND, SHIZ, MEHOHEAMINIZ, MidoRE SIX 0/ Mllaro CAL &R
HUFEMED CA3 BEIRIC 43 HE S 4L 2 o MG U0 7 B5 28 SR L e D67 1 B AR 04 [ %
2N invivo &Rl CHRREZfREr L TR Y | BHINCOT- 25 D MLE 3 vl Hg e & DOF]
R D . MRHAEIED A T3 = X A OfF O 72 D IZFEMAIC W 5L TN D (48,
49),

ZZ T, RETIX, ABOMIBIIEFE A N =X LEZWHLNZT HHIT, #HE
IR BB RIZEBN T, AR/ MaE A b b AFFERHRSEIZ T T IOV TR
FtL7=. F72. SAC O/MaR A b L AFFEIMAESEIT 3T D EREEHIC OV T
g TRRET L7,
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2-2 ERBRITIE

1. EREY

AT TR L7238 L T O S BHEA LT b D %2 Vo, ABosas 18EZK
DA T T RBFSERT L Y | anti-caspase-12 monoclonal antibody, Hanks’ balanced
salts (HBSS). protease inhibitor cocktail, tunicamycin, anti-caspase-12 polyclonal
antibody (& Sigma-Aldrich & ¥ | sodium hydrogen carbonate, D (+)-glucose, bovine
serum albumin (BSA)IZFNYEHIEE T304 X Y . Minimum Essential Medium
(MEM)IL Invitrogen £V | #Efm~<=>U Y G, Fifg A b L7 b~ A > 130G
MRS LV . U~ 1iFIX TRACE X V. propidium iodide (PI)iE Molecular
Probes J ¥ | caspase-12 inhibitor |Z Biovision & ¥ . HEPES, BAPTA-AM (X[A{—
(L FE AT LV | Tween 20 (3 National Diagnostics & ¥ | anti-a-spectrin monoclonal
antibody |3 CHEMICOM X Y | anti-caspase-3 monoclonal antibody /% Cell Signaling
Technology, Inc X ¥ | anti-KDEL monoclonal antibody 3 stressgen X 9 |
anti-GADD153/CHOP polyclonal antibody . anti-rat-IgG-horseradish peroxidase (HRP),
anti-rabbit-IgG-horseradish peroxidase . anti-mouse-IgG-HRP [X Santa Cruz
Biotechnology, Inc & ¥ . ECL (& Amersham Biosciences L WA L7=, £7=, £
DA, O i | TFREE R 2 L7

2. BERMEHBY OB

FEER YR ORI Ito 5 OHE 100Kt~ 72, BERIT. BARKFHK
FIRE FEBRAREHC ST T o 72, Wistar RMERET » MX, =W 7 A —E
AMASHEL VAL, AARRFIHEFHEREY L 7 —CHE - ZR L., i
W7 v N &S, EBRIIHIRT v NOHPEIZ X VG5 6~7 BEOHET
v b ERAWE, % 6~7 Bl Wistar 27 v b2 BRI T, RIS 24§
tH L. Mcllwain %! tissue chopper (The Mickle Laboratory Engineering) % F\ T,

JEX 400 um (2781 L. 6-well culture plate (IWAKI)IZ#§ A L 7= Millicell-CM
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(Millipore) DI ETH#E L7z, AT 4 U AT MEM 50%. HBSS 25%. 7~ Ifi{k
25%L 7B X HICRAE L, 222V U v ER NV RS v U EENTER
100 units/mL, 0.1 mg/mL & 722 KDL= D& HWe, ETRIE. 5%
CO2/ 95% air, 32°C, MHBRMET DA o F 2 _X—F —NT—CHIFEEE L,

FEHEHETIIAT 4 7 A DOEEAH A 2~3 HEICITo 72,

3. BEERERUR T 2O RE

O FBEANSGEAOAT 4 U L EIINIEA T 4 U LCEHR LTz, &
I% Bruce & DA BOITHEV Y, FW 257 LT IEIMIE A 7 4 7 2 100 uL 2 80
(TR T Lz,

4. FRIZE DOFLAH

HSE DRI IE, PI Y4t % 72 1% Lactate dehydrogenase (LDH) release % % f
[AY®
(1) PI 32

—ERM O TE%. AT 4 7 L% Pl (50 ng/mL)% & T Locke K [154.0
mM NaCl, 5.6 mM KCl, 2.3 mM CaCl,, 3.6 mM NaHCOs, 5.0 mM HEPES-NaOH, pH
TANZEH L, 30 DDA % 2 — MME | BN TS 2 V., 340 nm
D Z AT L THEgE 2B L, BRI 21T > 72, Pl OHEHRE T Sion
image software & F\N THEMT L 72, EEIEIT Abdel & O (SOITHEV Y, BIEN
KT b—I272% TM 320 pg/mL THLE L 7= )7 O PIH#OEHREE & B Kok
FREE (Fmax), SHEMLEIC L DECBEL (Fi), Ny 7 7T 0 & (Fo)k
L. LFORIZ L HifsEoEIE 2 R L7,

Cell death (%) = (Fi— Fo) / (Fmax — Fo) x 100
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(2) LDH release £

AT 4 7 LAH~0 LDH OlFffE & OHPIE X, LDH-Cytotoxic Test Wako (Fl1JE#f
KTEMRAS) Z MW TTo 7o, —ERFROIEMRTER . well PO AT 4 7 L
50 uL % 96-well culture plate (28 L, FEERHE 2 50 uL 7701z, =L T 4557
MRS &7, SE IR Z 100 pL T2z 72, BOSME1ED S 10 581
A7 n7L— kY —%— (BIO-RAD)% VT 570 nm DOV %2 HIE Lz,

5. Nissl Jufa

BRI Y Aokt LCL toluidine blue (1 mg/mL)% 15 2y FEIALE L, FEilk &
T X )=V THE LT, X 51T, toluidine blue (1 mg/mL)% 15 47 ALE
B ) — VTP LT, Yeta L= 7 2 BN A S eE 2 Vv C BERE
AT o7,

6. & 37 EREBLOFHE

2R B BLOFHMIZ IX, Western blot 5% H\\ 7o, —EREH O ZRFE 14
IZAT 4 7 N%&FRZE L, phosphate buffered saline (PBS) [137 mM NaCl, 2.7 mM
KCl, 1.5 mM Na;HPO4, 8.1 mM KHoPO4] CHEVF L7214, lysis buffer [25 mM
HEPES-NaOH, pH 7.4, 10 mM EGTA, 10 mM EDTA, 50 mM NaCl, 1% TritonX-100,
0.5% SDS, 1% sodium deoxycholate, 20 mM 2-mercaptoethanol, Complete protease
inhibitor  cocktail (Roche Diagnostics), phosphatase inhibitor  cocktail
(Sigma-Aldrich)|HF 2RI L7z, # /87 EEmEITV, —EDREIC/RD LI
sample buffer [125 mM Tris-HCI (pH 6.0), 3% SDS, 10% glycerol, 5% 2-mercapto
ethanol, 0.2% bromophenol blue] =2 T SDSfLL7=bDEH 7Lt L, EX
vKEh U7z, VKEDFE T 1% 12 Immobilon™-P Transfer Membrane (Millipore)(ZH55: L |
membrane % blocking buffer [5% skim milk in Tris buffered saline (TBS) [20 mM

Tris-HCI (pH 7.6), 137 mM NaCl] [H 2 L, F20i SR L7223 & =R T 1 IFfH
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Tuyx7 Lic, 7Ry XU T, 0.05% Tween 20 Z & Le Tris buffered
saline (TTBS) C¥ei® L., HI X L X7 EO— iK% 4°C T—Baiins S 72,
TTBS TUEH#%. HRP TRk S U7z “IREUAZ IR TR L 23 6 1
RE[HT B S, PEv 412 ECL T L 0 38 S 7z, PWIEEYE & L CB-actin & 1
7o 7N KX Scion image software & FIVNCTHEHT L7, /N> ROERIL, B-actin

DN R T A/ Z R BEON Y RBEOEIS TR LT,
7. HEH RN

FTRTOMEITFEEIE + BERERE TR LT, A B EREIT— ol E 5 BT s

(one-way ANOVA) C##T% . Tukey's multiple test Z V7=,
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2-3 fER
1. AB2s3s, TM B X2 OHFAPERERUA OEFIIRIETRE
BB U OATFIZKIET ABB XUV TM O BIZ SV TG L7z, BRI
3. AB1ao BEDY ABrax D A TEHIERST T APido. APz & IFIEIR5E DM E
PEZRT Z LRSS TN D APosss & AV, 858 3 % O T »
MERYI A IC, 2-2 Tas L2 5T APasas 25 uM. 50 uM % 48 I B R L
Tz & 2 A M A R PTG MEMAIZRR D Hive o 7o (Fig 2A, B)e — 77,
TM 20, 40, 80 pg/mL % B T 48 Il &R L2 & 2 A, IRERAERY 72 PI BG4
MR OB ASZED B AT (Fig. 2A, B), TM IE. 20 pg/mL OREFEIC LV . DG
WAZFBUW T O I PLGPEMIRE 2 80 S 7223, 40 pg/mL TlX, DG fEIK7Z 1T Tl
72 < CAl FEIRIZ BV T H PIEGMERIAE 2 800 <&, 80 pg/mL DRFEIZ KV | I
55 DA FEI T P BRI 2 800 <8 7= (Fig. 2D), WIZ. FMIEZEFHFE LA
277 ABas3s25 uM 23 TM # R MR SE 12 BRI OUWTRRET L 72, AP2sas 25
uM & TM 20 ug/mL O HFHZTE L. TM 20 pg/mL BT Hb~ PTG 0w 2 550
EH7- (Fig. 2A, B), & 51T, APasss25 uM & TM 40 pg/mL O RFE IV
TH . TM 40 pg/mL HAMIZ Ee~ PG MM O BEZE 72 #8338 0 BT (Fig. 2A,
B), H&EWHYI A 7250 LDH OlFHE O LT OV THIFILizE 2 A,
AP2s3s 25 uM O HAFRFZ ClX, LDH iFBf &I 2 LIXRO b > 723, TM
R L0 BEKREN LDH HEEEORMMARD bz (Fig. 20), £7-.
AB2s3s 25 uM & TM 20 pg/mL 3 K OV TM 40 pg/mL OOF 2T I1T. TM Hih g
&l LA E 7 LDH iR O IR O Hivie (Fig. 2C), = Z T, AP2sast
£ TM FFEAMIEFEHE FRIERIZ SO\ T, RN 21T 72 L 240 TM 20
ug/mL & OOFHERBEOLGAIZIT, TM Bl & iz LT, CAl, DG fElkizis T
BEE 72 PLIGPERAE O BEINASFE 8 B U743, CA3 SEIRIC 1T A E RO b
7ot —7F . TM 40 pg/mL & OOFHERZEOL AL, TM Bl & bl LT,

CA3 fEIICIB W TEEZE 72 PLIGMEMR O NN E Z v . CAl, DG (8 CITAE
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IREACDITRD iR o T2 (Fig. 2D),

control

TM 20 pg/mL TM 40 pg/mL

TM 80 pg/mL

+AB 25 uM +AB 25 uM Nissl staining
*%*
(B) 507 = AB() (C) 1507 =2 AB()
§ .| ™= AB(+) _ 125 AR (+)
o240 23
=] © = 4
52 50 $% 100
$E T5 75
5% 20- 2
Zg - < 504
5 101 ﬁ 251
X
S il
0 0
None None ™
20 pg/mL 40 pg/mL 20 pg/mL 40 pug/mL
D
£
§ 801 I control
83 \ s N EEae
8 g 601 N N s M 20 pgml
g2 dik o § x LN w20 poimt + AR
2 8 401 g § \ ’_‘ = § E=TM 40 pg/mL
5 al= § § = § (I TM 40 pa/mL + AB
2 20 Sl N + M| 3
22 = N 2N = N ST 80 pgiml

Fig. 2. Effects of AP2s.35, TM and Aas.3s in combination with TM (AB+TM) on PI fluorescence and
LDH release in rat organotypic hippocampal slice cultures (OHCs). The OHCs were prepared as
described in Materials and Methods. (A) Representative photomicrographs of neuronal death assessed
by PI fluorescence in OHCs treated with Afas.ss, TM or AB+TM. Aliquots (100 pL) containing
AP2s3s, TM or AB+TM were applied directly to the top of each slice. PI fluorescence was measured
48 h after addition of each drug solution. Nissl-stained sections of 3-week-old OHC. (B) Quantitative
analysis of Afss3s-, TM- and AP+TM-induced neuronal death in OHCs. (C) After exposure, the
amount of LDH released into the medium was assayed as described in Materials and Methods. (D)
Quantitative analysis of AB2s.35-, TM- and AB+TM-induced neuronal death in areas CAl, CA3 and
the DG. Fluorescence intensity (data shown in Fig. 2A) was analyzed quantitatively using the Scion
image software package. Each value represents the mean = S.E.M. for four (B and D) and five (C)
different experiments. *P < 0.001, P < 0.001, *P < 0.001 when compared with each control. *P <
0.05, **P < 0.01.
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2. AB2sss, TM BX O EDOHADERBI/I A O/MIER M VAREES N7
'H GRPY94, GRP78 i3 X U CHOP DRBUZ RIFTHE

AB2s3s £ D TM 7ML DR A 71 = X LA B B M T 572912, ABos-as.
T™ 5 X OB 72 M SE R TR 358 D H 4072 AB2s-as 25 uM & TM 40 pg/mL O H
TN, MEEA R U AR X %7 B GRP94 (94 kDa), GRP78 (78 kDa)¥ &
TN CHOP (26 kDa)DFE BT MIT T HBIZ DUV TG L 7o, AP2s-3s 25 uM HUHLZ:

#% Cl%. GRP94, GRP78 ¥ L TN CHOP D EL L ~)UIZE LITRE D bz o 7o
2, TM BT LD NS ORBA L~V FER EFNED Lz (Fig. 3).
LU, ABesassiZI TMICE D 2B DZ X7 EREBL EFITK LT B % KX
S 72 7= (Fig. 3),

(A) GRP94 (B) GRP78 (C) CHOP
TM 40 pg/mL TM 40 pg/mL TM 40 pg/mL
AB 25 pM -+ - + AB 25 pM - + - + AB 25 pM - + - +
I
94 kDa T 78 kDa M 26 kD2 - *
P-aCtin e ——— B-aCH e ——— . Clin ————
5
5 # # > # #
3 3 o 4
: ! : ! :
< 3 - 3 ° 3 # #
2 2 2
5 2 5’ 8’
¢ € 1 R
0 0 0

Fig. 3. Effects of AP2s.35, TM and AB+TM on ER chaperone induction and CHOP expression in OHCs.
(A) The expression of GRP94 (A), GRP78 (B) and CHOP (C) was investigated by Western blotting
after exposure to AP2s.3s, TM or AB+TM for 48 h. Amounts of GRP94 (94 kDa), GRP78 (78 kDa) and
CHOP (26 kDa) were assessed by densitometric analysis, and the relative level of each band was
calculated as described in Materials and Methods. Each value represents the mean + S.E.M. for four
different experiments. “P < 0.05 as compared with the control.

3. AB2s3s. TM B XU Z OGP EERWER LI D calpain &M X U caspase-12
& caspase-3 DIEMHEALEDORBRICRKITTEE

AB2sas. TM B L NZEDPFHD calpain {EMEFS L U8 caspase-12, caspase-3 D
PEALAR DIEBUT KIF TR BT DWW THRGGT L 72, Calpain &1L, calpain OEMEAL
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(2 &0 g% 52 T D AR AR E A& & > /X 7 T O full-length a-spectrin (240
kDa) Dy REEM DI L~V & FEHE & Uiz, ABasss 25 pM B TR 13, a-spectrin
SFRPEYD (145 kDa)d K OF caspase-12 DiEMALIK (42 kDa), caspase-3 DiEMAL
K (29 kDa)DFRHL L NN B E RIT S ho 7208, TM BBz TN o3
NRTCORFRBA L EGEIC LR &7 (Fig. 4), £72. APxsas &2 TM & OFFH 2562
3% &, GRP94, GRP78 35 L (N CHOP DA L 3B/ TM HUM & bhik L ¢,
H B Tra-spectrin S EFEM I L O caspase-12. caspase-3 DIEMALIADFEEH_EH 2
W BT (Fig. 4) TM B X O ABasss & TM GFH (AB+TM)23 5% %9~ 2 Ml 5E
(231 % caspase-12 DIEVEL DB 52 S HITH BT 5728, caspase-12 DFF
AR ES TH D z-ATAN-fimk (ATAN)FTALE 7Y TM 36 L OV AB+TM #5558 i i 5E
ICRIETHE A ME L=, ATAN 50 pM 1T TM 3 X OV AB+TM 45 1 IR AT
WE L= Z A, TM B LV AB+TM 38 sE 2 155 o 2 fEiki 2 35\ Tl
[ZHH L 7= (Fig. 5).

(A) a-Spectrin B)C
aspase-12 C) Caspase-3
breakdown products (B) P © P
TM 40 pg/mL TM 40 pg/mL TM 40 pg/mL
AB 25 uM - + - + AB 25 uM - + - + AB 25 uM - + - +
145 kDa = 42 kDa C — 29 kDa o —
B0 e i e e I s et e D2 o emm——
5 * 5 5
—- *
E 4 # % 4 * 7>, 4 #
Q -_— (]
- 3 o 3 # ° 3
2 £ , 2
5 ? 5 5 ?
€ 1 1 g
0 0 0

Fig. 4. Effects of AP2s3s, TM and AB+TM on calpain activity and levels of the cleaved forms of
caspase-12 and caspase-3 in OHCs. Calpain activity was assessed by the amount of a-spectrin
breakdown products. a-Spectrin breakdown products (A), and levels of the cleaved forms of
caspase-12 (B) and caspase-3 (C), were investigated by Western blotting after exposure to Afas.ss,
TM or AB+TM for 48 h. Amounts of a-spectrin breakdown products (145 kDa), caspase-12 (42 kDa)
and caspase-3 (29 kDa) were assessed by densitometric analysis. Each value represents the mean +
S.E.M. for three or four different experiments. “P<0.05 as compared with the control. *P < 0.05 as
compared with TM alone.
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(A) TM 40 pg/mL T™M + AB 25 uM

- - -
. - -

(B) — 1007
e
3
- 80 *
g@ dekdk  dekk "
8 e 60 /™
g3 dok ok TV + ATAN
S % 40 BT+ AR
2 ©
uw e -TM+Aﬁ+ ATAN
5 20
X
U-

CA1 CA3 DG

Fig. 5. Effects of the caspase-12-specific inhibitor, z-ATAN-fmk (ATAN), on TM- and
AB+TM-induced neuronal death in OHCs. Cells were exposed to TM (40 pg/mL) in the absence or
presence of ATAN (50 uM). (A) Representative photomicrographs of neuronal death assessed by
PI fluorescence in OHCs. PI fluorescence images of OHCs were examined 48 h after the treatment.
(B) Quantitative analysis of neuronal death in areas CA1, CA3 and the DG. Fluorescence intensity
(data shown in Fig. 5SA) was analyzed quantitatively using the Scion image software package. Each

value represents the mean = S.E.M. for four different experiments. *P < 0.05, **P < 0.01, ***P <
0.001.

4. AB2s3s DTMFEFEMFFERE 7Z K IE+ BAPTA-AM 3 X O\ nifedipine D %
Fig. 4 T/RL7ZE 912, APasas & TM OFFfIE TM Bl L v & calpain 7E D
LoUL%h BERSEEZ 805 2O calpain DIEMAL O TCHEIZ AN Ca? 2 D
EHEPBEET B ENE RN Ca¥* ¥ L — F 3D BAPTA-AM 15 L (VL A Ca?*
T IV HERTER D nifedipine 73 TM 38 KTV ABasss & TM 1 (AB+TM) i %8 il e
[ RIET T L 0 BE L7=, BAPTA-AM 10 uM % TM 3 X N AB+TM 2%
1 BRI RTICALE L7z & 2 A, TM SR MR35 8 2 RIT S e h o 7273, CA3
FEIRIZIB WV TRD HIVD APosas O TM 7558 Al i SEHE 3 4 BFE (S Bl L 7= (Fig.
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6A, B), BAPTA-AM L& D225\ T LDH release (52 W CTHET L7z & 2
ORI Z A B L
7= (Fig. 6C), Nifedipine BIALE DFZEIZSOW T HIREF L7z & 2 A, nifedipine 10

%. BAPTA-AM 10 pM (X, AB+TM IZ & % LDH 7k

uM 1E, CA3 fEIKICB W TERD B D AB+TM (2 L 2 Alfa5E o> HE 5 % B8 35 12 401

il L (Fig. 6A, B).AB+TM (T & 5 LDH WEHE & O %2 A EIZHH L 72 (Fig. 6C),

[ m—)

[ T + BAPTA-AM
I TM + Nifedipine
(A) 100 W T+ AB

C

= E=TM + Ap + BAPTA-AM
TM 40 pg/mL TM + AB 25 uM § 804 I TM + AP + Nifedipine
8 =
5 g 60 *%
None §§ deke i
3§ 40- r‘
L e
5 201
11 El
0-
CA1 CA3 DG
+ BAPTA-AM
10 uM ©)
1501
2 @ 1251
PR 3 € 1001
+ Nifedipine ° 8
10 uM I 5 757
- &\o, 50_
25
U_
BAPTA-AM -+ - -+ - -+
Nifedipine s
™ T™ + AB

Fig. 6. Effects of BAPTA-AM and nifedipine on TM- and AB+TM-induced neuronal death in OHCs.
(A) Aliquots (100 pL) containing TM or AB+TM with or without BAPTA-AM and nifedipine were
applied directly to the top of each slice. PI fluorescence was measured 48 h after addition of each drug
solution. (B) Quantitative analysis of the effects of BAPTA-AM and nifedipine on TM- and
AB+TM-induced neuronal death in areas CAl, CA3 and the DG. Fluorescence intensity (data shown in
Fig. 6A) was analyzed quantitatively using the Scion image software package. (C) After exposure, the
amount of LDH released into the medium was assayed as described in Materials and Methods. Each
value represents the mean = S.E.M. for four different experiments. *P < 0.05, **P < 0.01.



EEEBY T ITRT 5 APsas D TM FHFRMMIFEIEFRICRIE T SAC OFE

Bk 3 W% OWHR Y IZHIT 5 TM BE O ABsss & TM JF (AB+TM)%
FEMMDIENIZ K IE T SAC DRI HOWTIRGET L 7o, BN Y A o DG sz
VW, SAC IE TM #5%8 Pl MR s &2 A B2 S 87 (Fig. 7A, B), $£7-.
AB+TM MRS 3 LT CA3, DG fEIRIZE VT, AEIC PI BPEMAa % 8
D IETz, TM B LT ABHTM FFMILIEIT 5T % SAC Ol iR 2 5Fi
T 5728, LDH RO ELEF /=& Z A, SAC 1T TM IZ X 5 LDH iE#f &

\\\

DA cF U CHIFME R 2~ L, AP+TM IZ & 5 LDH W#EfE & #8445 1240
# L7= (Fig. 7C),

™
EETM + SAC
(B) B TM + AR
_100- B TM + AB + SAC
=
S 80 Hedek
3 2 *kk
TM 40 pg/mL T™M +AB 25 uM 82 g0
2 E *k gk
2E
S5 40
L e
None 5 20-
I
0
CA1 CA3
(C)
+ SAC 1501
100 uM _ 1954
% § 1001
%5 19
38 50
257
U- L
SAC - + - + - +

™ ™ + Ap

Fig. 7. Effects of SAC on TM- and AB+TM-induced neuronal death in OHCs. (A) Aliquots (100
pL) containing TM or AB+TM with or without SAC were applied directly to the top of each slice. PI
fluorescence was measured 48 h after addition of each drug solution. (B) Quantitative analysis of the
effects of SAC on TM- and AB+TM-induced neuronal death in areas CAl, CA3 and the DG.
Fluorescence intensity (data shown in Fig. 7A) was analyzed quantitatively using the Scion image
software package. (C) After exposure, the amount of LDH released into the medium was assayed as
described in Materials and Methods. Each value represents the mean = S.E.M. for four different
experiments. *P < 0.05, **P < 0.01, ***P < 0.001.



BERBBURICBIT 5/ RER N U ARBRESY R EORBICKIET SAC
DEE
APB2s35 12 K D TM A FE N SEHE 3R K9~ 25 SAC DIFINE D A T3 = X L % B
NZT D HBT, /MaEA b U AE Y R EOFB LD ERICKIE
" SAC DEBIZHOWTHAET L=, Fig. 8 II/RL7=XK 912, SAC 1T TM B LW
APasss & TM BFH (AB+TM)&#EIC L _E5H- L 72 GRP94, GRP78, CHOP D35
VLR B A RIFS e o7, —FH, SAC I TM BFEICLY EH LK
a-spectrin 73 fEEY) I K O caspase-12 OIEMHALIKOIEBL 2 A EIZH0H L L AB+TM
FEIC LV EF L7 a-spectrin 53R EEY) ¥ K O caspase-12, caspase-3 DIEMEALE
OB H A B LTz (Fig. 9).

(A) GRP94 (B) GRP78 (C) CHOP
TM40 pg/mL  TM + AB TM 40 pg/mL  TM + AB TM40 ug/mL  TM + AB
SAC 100 uM - + - + SAC 100 yM = + - + SAC 100 yM =

94 kDa

3y mETe ‘-.
Bactin G 5-actin [R—

B~ actln

15

1.0 .
0.5 .
0

Fig. 8. Effects of SAC on ER chaperone induction and CHOP expression in OHCs. The expression
of GRP9%4 (A), GRP78 (B) and CHOP (C) was measured after exposure to TM, AB+TM or SAC for
48 h. Relative amounts of GRP94 (94 kDa), GRP78 (78 kDa) and CHOP (26 kDa) were assessed by
densitometric analysis. Each value represents the mean + S.E.M. for four different experiments.
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(A) a-Spectrin i} _
breakdown products (B) Caspase-12 (C) Caspase-3

TM40 pgimL  TM + A TM40 pg/imL  TM +AB TM40 pgimL  TM + A

SAC 100 pM - + - + SAC 100 pM = + - + SAC 100 pM = + - +
145kDa R SUE EEE = 42kDa — 20 KDa e - -

Bactin [IEGEGE_—_—  -cctin [ -octin [

*%
15 15 *k 15 *
* *
10 R - 10

level
=

ive

0.5 0.5

Relative level
Relative level

Relati

0 0 0

Fig. 9. Effects of SAC on ER stress-induced calpain activity and levels of the cleaved forms of
caspase-12 and caspase-3 in OHCs. Calpain activity was assessed by the amount of a-spectrin
breakdown products. a-Spectrin breakdown products (A) and levels of the cleaved forms caspase-12
(B) and caspase-3 (C) were measured after exposure to TM or AB+TM with or without SAC for 48 h.
Relative amounts of a-spectrin breakdown products (145 kDa), caspase-12 (42 kDa) and caspase-3
(29 kDa) were assessed by densitometric analysis, and the relative levels were calculated as described
in Materials and Methods. Each value represents the mean = S.E.M. for three or four different
experiments. *P < 0.05, **P < 0.01.
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2-4 BE

ENBEOEER S Th D ABIL, MRt CEMEZ RT 2 & lE ST
% (18) —J7i. /MEEA N L ZAD AD BIEICB W THEREHIZH > TN 2
R M REEZEZDTHE O REIZL > THEII TS (11, 15, 16, 35,
51), E7o, /MEER B L RIE AD FIEDSERIA T & 72 D iR RIESLCE 7R &
ICHBREICBMRT 2 Z RSN TWD (13, 14), L L., ABA/IMafk= b

HFMBAIENZ E D K 5 7250 % KA T OO WTIE AR SN ZZ N, Z
ZCAETIE. ABOATESITH D APasss /MR N L 55581 5 AR
FAFEICK LT E DK 5 2B RIFT DO, HEE OMRRES 258 L 7= 1EH 1Y)
FHER RO TR ZIT o2, APasss i3, WICEERETE S ARGHIEC 7 ks
T LIMEU R ICB W THREEZ R T2 ENME S TWhan 16, 17), 3
W RIEEE L7 B YT Tl ABasss25 uM., 50 uM @ 48 BRI 2212 L 2 Hifust
HFR BVRino T (Fig 2), — 7. /MAKROD N-glycosylation FLEIZ X 0 /Mafk
A MV AZERT D TM (52)HRETE CTld, REKRANMIEN TR Iz
(Fig. 2), BAHFFRZEITIBWTIILARNS . FMREREHE ARSI IC IV T TM &R
(2 LV R 7RIS = 5 2 & 2 S LT D8 (16), ABFFEIC
BB R ERERIIBONTH TM T EFERT 5 2 25T Lz,
F72. Fig. 2 1T L7z X O ICHIRSE 25578 L7 WREE D AB2sas 25 uM & TM D
DFHZEICL D . TM FRMIIEOB R TR D HiLiz, APasss & TM OFHIC
% e SEHE R VE H 2 1S O Ik (CA1, CA3, DGBNZHENT L7 & Z A, ABasas
& TM 20 pg/mL OHFHIEZ DG 35 X OV CA1 fEIg D, TM 40 pg/mL & O HEH X CA3
IO A R S5 Z E NI L E 2572 (Fig 2D), T 6 OfERIT
AB2ss D TM & FEAMAASERE R ME R I ITMERS O FEIRF AR HIL D 2 & &R
e LT\ 5, UAFFEE TIL, NTENMED pro-caspase-12 DISHEN, UEkE DA
TR CA3IZHBIT 53 BIEIX CAl °DG L 5 CHEEFIERN L %
WELTWD (53), 2D Z &M TM a8 AuEIT %t 2 sz M o fEa ke Bk &
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DR L —HEET LI DOEEXBND, £o. AW TRHD BT ABasss
IZ LD TM B3NS DB 5813, pro-caspase-12 DIFEEL L ~L D EW DG £ 721X
CAl fHIK CHREIICEDO LN TWND Z LD, APrsss & K D MG 58 1
pro-caspase-12 OIEMHALNEEG-T 57 R b —T AR Z I L TW\DH T & B/RE
STz,

ABasas 12 KD TM FB 3 M sE i 2 S HIZH 6T 5720, /NMafk =
kU ABHE Y LR DB OV T Western blot 5% W TR L7z, 01
Yy ThDH GRPI4, GRP78 I X HAEK ¥ Td 2D CHOP DFEHLL, TM
BMBAREICIVBEL~NUNRE L B/ LN, Asss Z0FH L TH TM Hl
EDOMICAEZRZETRD bNT, R EZ RS R) o7 (Fig. 3), CHOP /
770 MERTIE, TM ICEVFESNDT R N—V ARIHISNDE Z &b
(54). CHOP /X T™M T L 2/ afR A b U AFHERAMISEIIRS BA G35 2 & 23R
I TWD, ABFEICBWTH, TM &#EIZK D CHOP NFFE Iz &)
5. MAEFEICIELS B G5-F B AREME SRR S u7c, Lav L. APasss OUFH . T™M
HMREFEICIL D CHOP FEL EFICHEL LTI R oToZ Enh, ABasss D

M 7% FE M SESE FREERE 1213, 03 v B LUV CHOP 2B 5 L7 2 &
D3RR ZduTz, Caspase-12 KEBIAMERRHESFMINLIZ, TM 55 HINLSIES> ABRSFE
Fasbic kit 2R3 2 & (15). BEERAARMRIZIH VT, AR ML
caspase-12 NG L TWH Z EDAHMEINTWD (16), £Z T, APsssiZd D
TM #5560 i SE XS 7R A% ~ D calpain, caspase-12 3 X TVFEAT caspase T D
caspase-3 DGOV TR 21T 272, TM 8512 K Y 3% S L7z a-spectrin 77
fRFEM DFEA (calpain 15 1E)35 KON caspase-12. caspase-3 DIEMEALIAD R IT
APasas EDOPFRHIC L W AREICHEIM LT (Fig. 4), F7=. caspase-12 K5 B ¥BHEA
T D ATAN 1T, MEREEICBW T TM BLAB+HTM IC kv 3l &tz &
HHIfZEIC R L, BRFERIHEIE- 2~ Lz (Fig. 5), ZHETIZ, Z5 PS1
Z BB &7 PCI2 AL, calpain & caspase-12 DIEMEHEKIZ L W T™M &
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FEAMRBEN IR T D Z & (550, B PS1 %/ v 7 A LI HIEEE RN E
FRRAII T, caspase-12 DIEMEALDOHI KA LT T™M B3I TR 5
ZENMESNTVD (56), T DHE & AIEDR KNS, AP2sss i TM
FAMIASEIZ ) LC, calpain DIEPEDTLHEZ 1 LT Tt d caspase-12 OIEMHAL
BHEER L, T OREH, MMEFEITNF T 5 caspase-3 DIFTEL DK% 5] &
T LI O HIRSE AR T D T L ORI S T2, APasas I K B AINESERE SR
BEAEZ calpain DB G-3RI S 4172 2 & 0> 6 | calpain OIEMED TLHEIZHIAEAN Ca?
REDO EFNEAET 20ENEH LT 5729, BAPTA-AM & nifedipine Al
Wi DY R % FREt Uiz, BAPTA-AM 13, TM @B x L T RIS
PRI TZDN. APasas 12 & D CA3 fEI O A AEHI SR 4 WA (23] L 72 (Fig. 6).
F7-. nifedipine |Z, BAPTA-AM & [FIERIZ ABosas (12 & D CA3 fHIKOHIfESEHE
5 A WA LA L 72 (Fig. 6) AD & ST)R°APP 7 VAV ==y /vy
AR (SIZFUNT, calpain IETEDTLHENRO LD Z ERHRESINTWD, £
oo ABIEA AU T v XVDRK (59)CEAKFNE Ca?' T v /L (60)3F L OV
JiEkD U 7 ) DU BIEReA )V b=V =0 UEEZ R (6DICVER L CHIR
N Ca? RE % FA Sz S22 ERMEIN TS, ZH0HMm
FEARBFFEDORER LV | APasas 1T LA Ca®>"F v R B Ca? Dt A &Rttt S+
THERIN Ca?" D ERZFI &R Z L, /MR b L2 TIHME(L S D calpain
EMZEERT 5 2 LR SN, KEFRIZEB VT, BAPTA-AM 728 APasas IC
L5 T™M FHFMPIER R Z CA3 fEI TOAIMEI L. CAl X DG Tl
Ml L7ginodz, 2O EMB, CAlL B LU DG f88IE BAPTA-AM Tid¥ L
— R TERVEOMIEN Ca 35 L CHIEZ S| 2 LTS Z & ARIE
ENDN, HEOEBERMEICOVWTIIA RSO R IR BMBELEZ D,
I TM 3 L TR ABasss @ TM iR MIARSEEE T RIC %75 SAC OELRFEERIZD
WTRRFET L7z, £ ORER, SAC I3 TM B TiX DG fElk, AB+TM TliX CA3 fH
fds LUV DG BEEIC IV T, BRE MR SEMIE A 2R L7z (Fig. 7A, B), 44
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FEETIE, T E TSRS RN T SAC 13 T 56 FE MU sE
RIS A 2 EEHE LTS (16)53, AMFRIC KLV | SAC IXEH Y EFE R

2BV T TM B R MAESE TS IO ABosas & 2 MR SEHE 98 4 SEIERE S0 L Bl 5
HZENHBEMER o7, WIT, SAC M7 T TM 38 LT AB+TM i 38 H i 5640
FIVERH DA T =X LZH BT DD, /MR N ABJE X X7 H D
FHEALIZOW TR 21T > 72, SAC I TM B LN AB+TM O#FTIZ LY E5H
L 72 GRP94, GRP78, CHOP D3 b AT EBEL RIZ I - 72728 (Fig. 8).
a-spectrin 73 fEFEY) IS O caspase-12 OIEMEALIRDOFEELZ A EIZHIHI L= (Fig.
9), AEDRERE Y SAC D/NafE A~ v AFEIEALSEIT 59 D Ak i e Or 3
TERIZIX, calpain IEPEDFLE %1 L 7= caspase-12 OHIHI B 5- LT\ 5 2 & A3
RSN,
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2-5 /N
3AMIEEE LR Y icB W T,

l.

ABas3525 uM. 50 uM 1L, HIMSEZ 755 L727n - 7275, TM 20, 40, 80 pg/mL
TR EIRAFRISHIIE 23T Lo, £72. ABesas 25 uM X TM B3 AE st
Z PR IR LT,

AB2sss I, TM (2K % GRP94, GRP78, CHOP D¥HL FF I EL KIF X
7273 T2 D3, a-spectrin A3 FREY)F K TN caspase-12, caspase-3 DIEMALIAD
FEEE L BRI ET,

Caspase-12 FF BAPLE I ATAN 13, TM F8 L APasas & TM BFAIC K V35
5 SN2 RINASE & RS O AR B\ CHES IS L7z,

BAPTA-AM & nifedipine I3, AP2sas (2 & 5 TM i 7 AIsEE R A4 CA3 fiFlsk
AT LTz,

SAC 1%, ABazss @ TM FHFS MRS IR A BEE (2Pl L7z, F£72. SAC I%,
T™ B L ABosas & TM PEAHIZ L % GRP94, GRP78, CHOP D38l EH (2

(TR EEL NI S 2 D> 7273, a-spectrin 53R EEY) , caspase-12 33 K UF caspase-3
DIEPEAG AR O FE B 2 Il L7z,

PLEDRER LV . ABosas B TITAALIE 2557578 L 722 EE38 3 [ 14 O Rl

BOIRITH VT, ABasss 28 TM | I SN D/ MR b L AFEIE M 2
W32 Z E LN E o7, ZOMBSERIREREICIX, LA Ca?F v 1L
A L7zl Ca B o EHIZ X % calpain OIGHEALIZ LD . Fio
caspase-12 3 X (N caspase-3 DIEMEZ & SICTLHET 2GS 535 2 L 0VRIE
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ST, FIo, SAC D/MERA b L AFEFEMINSEIZ R 3 L IRFEIEAIT calpain
{EPEOIHI B G-5 Z L DR S iz,
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53

/MEAR A L AFEIEE AR RIS BB 1T D
calpain (%4 % SAC DIEH
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3-1 FFim
FIFEDFER LV | MERY A EERICB VT, SAC 1T APasas 12 & 5 TM i FE 4l
NRFEHS 58 2 BEEE LS L, 2 OPREEIEMITIZ calpain &M QMM 235325 2 &
D3RR STz, Calpain (THIFIP Ca? YREED EHAC X IEMAL S 4L, FE 70
RO RE 2 2 S, MIAE RS OMERF I S SRS ) 15 oD il 4 8 Dk &
RAEBBIGICES L TWWD (62), MR EAIICHELL T\ 5 calpain (21X 2 F&
DT A VYA LNRFIEL, in vitro TOIEMEALIZME 72 Ca? RE UM L1 D
u-calpain & mM L /LD m-calpain [IZX B Z 415 (62), #H . HEENTIE, KN
FEME calpain BHE & > /X7 B T3 5 calpastatin NFEEL TEB Y . AFSRETO
AN TIL, p-3 £ U m-calpain IX calpastatin {Z & 0 {EPEASFAE S 4v, @R 7205
PR & s S il i Tnd (62), LorL, AD OEFIZBWTIE
calpastatin OFBLPE T L TND I ENRHME I TEDY (63). AD BEM (57)
RAPP F T LAV 2= 7w TR (S)ITEBWT, calpain EMEATTHE L TV 5
ZEMNHEINTWD, E£7-. calpain IX tau DV VR A TTHE L ARG O
TNE - Bianl ST ZLEbMESNTEY (64). AD OFREIZI W THEHE
HEH L HX U RIETHHEZEZLNTWD, £, /MMakA ML 24
RFIC BV CIE, MR Ca RO EH N Z 0 | i@ 7ep-38 X OV m-calpain
DIEMALN G X L Z S 41, caspase-12, caspase-3 &S L 7= & IAsE 2 35565
D2 EMMESNTND 43), EHIT, calpain K~ 7 A0 6 AERK L 72 PE#R
HELFAHARIL, caspase-12 DIEPEALOEIHIR/ MK R b L A 5655 ML HEH 0
ZoRg 2 ENIEINTED (65). calpain [F/MEA A N L AFEFMILIEIZI 1T
% caspase-12 DIEFVAGICEHE 2T 2 R-TLEZ2 615, TOX T, /M
KA N L AFERMIIEIZIB VT calpain DRIGAVREBREN TS HDD, SAC
23 calpain DIEHEAIZ KT TR BECHIR IR VR OFEMIC DUV TIEARBI 22 5323
20,

Z ZTCARETIE. SAC O/NMaiR R b L RFEFHMBASEIZ 3T 2 LREERH O
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BT HHIT, WRYMEEESRE X W in vitro ® calpain {EMEHIE R %
FWT, calpain (Z%9 % SAC DEHIZ DWW TG L 7=,
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3-2 RERI5IE
1. ERARY

AsETHEMALEELIZUToSErbB AL O Z Wi,
N-Acetyl-Leu-Leu-Nle-CHO (ALLN), protease inhibitor cocktail, tunicamycin,
L-cysteine, N-acetylcysteine, [3-(4,5)-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
(MTT). Hanks’ balanced salts (HBSS)!% Sigma-Aldrich &£ ¥ | bovine serum albumin
(BSA) T FnyEisk T2k L U | TrypLE Express™. Neurobasal medium, FBS.
B27 supplement {3 Invitrogen & ¥ . HEPES |X[A{ALFEMFIEAT L D . Tween 20 (X
National Diagnostics & ¥ | calpeptin, anti-a-spectrin monoclonal antibody, calpastatin,
purified p-calpain, purified m-calpain, 3-(4-iodophenyl)-2-mercapto-(Z)-2-propenoic
acid (PD150606)/% CHEMICOM X Y | anti-mouse-IgG-horseradish peroxidas /% Santa
Cruz Biotechnology, Inc £ ¥ \ECL |Z Amersham Biosciences & Y A L7z, £7=,
Z DA H S I TFRE Rk A B AN LT L7,

2. MIREERME R R ORER

WS AL ORISR, DRIO®E (16)I2HE o7, B ERIL, AR
KEFENY) FEBREE NBLIZ IS W T T o 72 GKGEE S AP13P002), Wistar SRMfEHHE
Tv MI, ZHI7 AP —EARRESH L VAL, BAKRZEEAMERDY
VA —THE - B L, HRT v b &G, ERICITMEER 18 H HORK (k4
18 Hif)Z v 7=, Bh4 18 Hilvd Wistar 27 v b X 0¥EE 2 fH L. TrypLE
Express™ 35 XY 0.01% deoxyribonuclease (2 X ¥ BEZRALEL L 7-1%, ZE#& 0 FBS
ZUWINUBOS 251 L, 1000 rpm, 10 43fE OBk L7-, B Z2BRE L7,
F 8 poly-L-lysine ZLER 7 7+ D culture plate (ASAHI GLASS)IZ 5.0x10° {# / cm? D
PR TR 2 15 FE U 7=, & FE 1% 48 R[] & CIX B27 supplement % & ¢ DMEM/F12
T, Z DX B27 supplement % 5 ¢ Neurobasal medium T, 5% CO> / 95% air,

37°C, IMBEFETOA > FaX—2—HNT5~6 H (Git 7~8 H)MEE L=, &%
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FHIRH1X 2~3 HH1Z medium ORXHLEZIT > 77,

3. HORIFE O FRAfG A
FRFEHEIE DO FERLIE DRI X, MTT #£% v 72, MTT (5L, BLRTO#HE (16)
IZHE~> T2, MTT K (60 pg/mL) T 2 IFRALE L7-%, v~/ 7n 7 L— kKU —

4 — (BIO-RAD)IZ L W WL (Test 570 nm, Reference 640 nm)% I 7E L 7=,

4. B Y GRBOTE
2 R R BLOFMIZ X, Western blot {52 H 7z, & FEWAULER OPIULES
B EAREMIRE ) © sample Z 7% L . Western blot 21T > 72, F{EIZ DWW TR,

F2EICHEL T2 T,

5. Calpain JEEDHIE

Calpain JETEDHIE L. A7 v =1L calpain FE Z i L7 Calpain-Glo™
Protease Assay kit (Promega)% V) CHIE L7z, Calpain-Glo™ Reagent 50 pL & 3
AT A B E LAY, calpain FHESKIS KOV Ca? O&IRE H3p-calpain |E 1uM,
m-calpain /X 1mM (272 % & 912 CaCl, Z N 2. 72> 7"V 50 pL ZiE& L7z, 10
3z, VX ) A—H — (FlexStation3, Molecular Devices)(Z X V) 3850 2 &
L7z, SHFEWIE L D REMD DI BELLE OREM 2 51Tl 2 v, 3%
#i% control & LT, control (Zxf9 5H|& T L7z, Curve fitting /X, GraphPad
Prism @ sigmoidal dose-response (variable slope) % i F L. BB IEM: % 50%PHE T
% DITILEIRPE (ICs0) & 71 L7z,

6. HEE LB
T RTCOMEITEE + EAERZE TR L, AEERTEIT— Tl & 50 BT

1% (one-way ANOVA) CHEMT# . Tukey's multiple test & FHV 7=,
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3-3 fER
1. FIREERIEBAREREIC 3T 5/ R N L AFBFRMAAFEIZXT 2 SAC B
BOV AT A BEELEMDORIR

IR A N L AFERAIESEIZ R T D SAC ORI IRAEER O A 1 = X I
IO NZT H72D12, SAC EREERIEEMED N EV L-cysteine (CYS)E LY
N-acetylcysteine (NAC) (Fig. 10A)7% TM &% 3 HIIRSEIC K IE 3 I D) T HiR
L7z, CYS BLU NAC I 1 mM DOEFEIZIE VT, peroxynitrite (66)<°
4-hydroxynonenal (67)I1Z X HFE(LAY A b L AFHEFEENS | MR REEH 27~ 7
ZEPHESNTVWD, £I T, AFEICEHNTH, 1 mM @ SAC, CYS,
NAC Z AW TR EIT o7& 2 A, SAC ITEE 7 T™M FHs M st i E/ %
AL, TM #BIZE YD 47%I12F TIRT L7 AEFEE 76%F THIE L7223, CYS
B L OYNAC 1%, MIfLZEMGIEN 27 S 7222 > 72 (Fig. 10B),

(A) (B)
COOH 1201 e T
T
SAC HzN ~"cH L T
g
$E 80
COOH 58
L-cysteine SH 2 o 601 ()
(CYS) HzN S N TV 10 pg/mL
acoioysine £ T I I
-acetyicys eine SH
(NAC) )\/ 0
H - SAC cYs NAC

1mM

Fig. 10. Effects of cysteine derivatives on TM-induced neuronal cell death in cultured rat hippocampal
neurons (HPNs). (A) Chemical structure of SAC and cysteine derivatives. (B) SAC (1 mM), CYS (1
mM), and NAC (1 mM) were added simultaneously with 10 pg/mL TM for 24 h. The viability of
HPNs was assessed by the MTT reduction assay. Values are expressed as the relative percentages of
surviving cells. Each value represents the mean + S.E.M. for four different experiments. *P < 0.01,
**p <0.001.

2. PMRISRIERARRMINICIS 1T D TM BF calpain IEHEIZXTT 5 SAC BX O
VAT A VEEL S DR
PUREE S ARRIE O TM EFZ 1% D calpain IEMEIZX 95 SAC B LV R



TA VBEAL A OB R AT L=, Calpain OFEMALDOFEE L LC, calpain
12 &Y iR S g3 5 full-length a-spectrin (240 kDa) % (& &I fENT L 7=, #
REEZEVE BRI 24 FF TM 10 ug/mL % & L= & 2 A, full-length
a-spectrin DFEBLT 63%I2 L7223, SAC 1 mM OFFHLEIZ L Y, 2Dk
A EICIS S, BBLL LI 90%F ClHlfE L7z (Fig. 11), L2L, CYS &
NAC (%, SAC ® X 9 72 full-length a-spectrin D FE LD Ol 2 7R S 7e -7z

(Fig. 11).
(A) TM (10 pg/mL)

control =  +SAC +CYS +NAC Fig. 11. Effects of cysteine derivatives on

a-spectrin - - " 240 kDa TM-induced a-spectrin degradation in HPNs.

(A) The expression levels of full-length
ac : S S . e 21D a-spectrin (240 kDa) were investigated by
Practin - Western blotting after exposure to TM (10

(B) 1207 i * pg/mL) in the absence or presence of SAC (1
| mM), CYS (1 mM), and NAC (1 mM) for 24 h.
| Anti-B-actin antibody was used as an internal

control. (B) Amounts of full-length a-spectrin
were assessed by densitometric analysis, and
the relative level of each band was calculated as
described in Materials and Methods. Each
value represents the mean = S.E.M. for four
control =  +SAC +CYS +NAC different experiments. *P < 0.05, **P < 0.001.

TM (10 pg/mL)

=}
<

-3
=3

=23
=3
i

B~
=)
1

a-spectrin / B-actin
(% of control)

[}
=)
1

=}

3. Calpeptin B XUV 2T A BELE W Dp-calpain, m-calpain (T3 53hR
SAC MBS ARRSHIIC BV T TM ICX VB SN D calpain DOIEME
fBZfT 2 2 EDBRENTZZ L0, invitro O calpain {EMERIE R 2 W T
SAC BE OV AT A EEACE N ESE calpain TEPEIC/ER 2 KT &0
OWTHRFRT L7, 1Z U I, BEAIOD calpain [LEHK TH 5 calpeptin (68) & calpain
DERIEE (Suc-LLVY-Glo)Z i L C. in vitro 28T 2V a > EF b
p-calpain & m-calpain (25§95 calpain IEPEHIE R DMEL AT > T2, £ DfGER,
calpeptin /& p-calpain &3 & O m-calpain {& 1 2 I EEKFRICHE L. 2 b D
ICso il (ICs0 = 0.064 nM 35 X TV ICso = 0.422 uM)I%, BEER D ICso fE (69) & [FIFRE
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D% s L7 (Fig. 12A, B), F£7-. calpeptin (Xp-calpain 2 10 nM T, m-calpain
% 10 pM T2l L7z (Fig. 12A, B), KIZ. AHIER%Z AW T, SAC B X
W AT A VBE SN calpain {EMEIC K IFTHEICOWTRET 21T 72, £

DR, SAC Fp-calpain & m-calpain &M% & H IR EEKAFRIICILE L7z (Fig.
12C, D), p-Calpain {EMEIZKTT 2 SAC DPAE X, m-calpain DIEVEFLE L v H K
BEEERNCB W TIRD B 1L, p-calpain TiE 10 nM LL_E, m-calpain TiX 1 mM Lk
DIRFECTHERERZ R Lz (Fig. 12C, D), £7-. SAC IZ calpeptin & X
720 EHREEIZE VT p-calpain, m-calpain {E 2 52T IEINHIET, BEH L
ToIRFEFPHIZ VT, p-calpain {51 45%. m-calpain 13 63%IZIK FEH 512
¥WE o7, CYS & NAC ITHIfasEanilfER & [AARIZ u-calpain & m-calpain {& 4 (IC
WL KT X 72 7= (Fig. 12C, D),

(A) = 120- (B) = 120-

100+

-
=
=3

1

HH

80
60 60
404 404

204 20

p-calpain activity (% of control)

m-calpain activity (% of contro

—— 0-
44 43 42 41 40 9 B 7 42 41 40 9 8 7 6 -5 4 -3
Log [M] Log [M]

1204 (D)

R === == = SR

80- o

(®) 120-

1004
80+ *k

60 60

Fok
*% %%

404 404
m SAC
2044 crs

¥ NAC

m SAC
2044 cvs
¥ NAC

p-calpain activity (% of control)
*
*

m-calpain activity (% of control)

4211109 8 -7 6 5 -4 3 2 4 9 8 7 46 5 4 3 2 A
Log [M] Log [M]

Fig. 12. Effects of calpeptin and cysteine derivatives on pi-calpain and m-calpain activity. Inhibition
curves of p-calpain (A) and m-calpain (B) with varying concentrations of calpeptin were created by
curve fitting as described in Materials and Methods. Similarly, inhibition curves of p-calpain (C) and
m-calpain (D) with varying concentrations of SAC, CYS and NAC were also created. Each value
represents mean + S.E.M. for three (A, B) and four (C, D) different experiments. *P < 0.05, **P <
0.01, ***P < 0.001 as compared with control (vehicle).
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4. u-Calpain (Z%H9 5 SAC & ALLN 3 X U PD150606 DPFFAIC L 5 %0%

SAC 23 in vitro DITERIZFI T calpain (2 %F LESZLEN R 27T 2 L b,
TTHNOEDOTEEAERRE L TWDE0ZH NI T 572012, calpain DM
FOMVER T 2 EIRK TH D ALLN (68)F L U Ca? i G EbALICVE 9 2 P
T % PD150606 (70)DIEH % SAC DAFHIZIWTHlgMRET L72, ALLN /X,
u-calpain ¥EVE 2 B R AFHIICBEE L (ICso = 0.01 nM), 1 nM (235> T p-calpain
TEMEZ eI BRE L7 (Fig. 13A), SRR D ALLN %37R 3 p-calpain PR
TERNCXTT % SAC OPFHIC X A% /MG L7z, u-Calpain {EP1X, ALLN H
(5 pM)TIL 75%. SAC HAf (1 uM)TiE 76%% < L, ALLN (5 pM) & SAC (1
uM)DPFFH T 57%IZAE T L, p-calpain FREEH O RAFE O 7z (Fig. 13B),
EHIT, ERED SAC (1 mM)& ALLN (5 pM)DOFHIZEB N TS, HEHIC L D
u-calpain BHLENEH OB TRA GRS H iz (Fig. 13B), F7=. p-calpain % KIZFH
EI LI ALLN (1 nM)I, p-calpain {514 % 6% F & #7273, SAC (1 mM)
& DPEFTIE, ALLN B & bl U Cp-calpain PREEFICZ(LITRR D H ALz h
- 7= (Fig. 13C), PD150606 |, p-calpain Ji % 2 2 FEEAKAFHOIZFHEE L (ICso = 20.85
uM), 100 uM |23V Tp-calpain {E M2 55 2ITHE L7z (Fig. 14A), A HNTIRIR
£ D PD150606 737~ 3 p-calpain FLEIER 2375 SAC OFFHIC L % 8% gt
L7, p-Calpain /&M%, PD150606 B (25 uM)TiE 73%. SAC HAlL (1 uM)
TIX 82% % s L7225, ALLN &2V | PD150606 (25 uM) & SAC (1 uM)Dff
AT 80%Z R L, fFHIZE DHFEHOZITRO b Te, 2. &
D SAC (1 mM) & PDI150606 (25 uM) & O T, p-calpain PLEEHIZAE
{BIXFRD B v - 7= (Fig. 14B), u-Calpain % i KIZPHLE 3 5 I D PD150606
(100 uM)IE. p-calpain IEPEE 9% T S#72, PDI150606 (100 uM)& SAC (1
mM)DOFFIE, p-calpain {EME%E 28% F THIME S, PD150606 HijH M p-calpain
PHEVE 2 A 280 L7z (Fig. 14C),
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Fig. 13. Effects of SAC on inhibition of p-calpain by ALLN. (A) Inhibition curve for p-calpain with
varying concentrations of ALLN was created by curve fitting as described in Materials and Methods.
(B) ALLN (5 pM) with or without SAC (1 uM or 1 mM) incubated with 100 nM p-calpain. (C) ALLN
(1 nM) with or without SAC (1 mM) incubated with 100 nM p-calpain. The calpain activity was
examined using an in vitro assay system as described in Materials and Methods. Each value represents
the mean + S.E.M. for three (A) or four (B, C) different experiments. *P < 0.001 as compared with
control (vehicle), *P < 0.05, **P <0.01, ***P <0.001.
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Fig. 14. Effects of SAC on inhibition of p-calpain by PD150606. (A) Inhibition curve of p-calpain
with varying concentrations of PD150606 was created by curve fitting as described in Materials and
Methods. (B) PD150606 (25 uM) with or without SAC (1 uM or 1 mM) incubated with 100 nM
p-calpain. (C) PD150606 (100 uM) with or without SAC (1 mM) incubated with 100 nM p-calpain.
The calpain activity was examined using an in vitro assay system as described in Materials and
Methods. Each value represents the mean = S.E.M. for four different experiments. *P < 0.05, #P <
0.01, #¥P < 0.001 as compared with control (vehicle), *P < 0.05, **P < 0.001.

5. p-Calpain (%95 SAC & calpastatin DHFHIZ L 53R

ARNICIE, W 72 calpain OIEMEALNE X 72HE 5 OMERE & LT
calpastatin 23F/EL T\ %, LA L., AD 28V T calpastatin DFEBLHN AT
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% Z & T, calpain OWRRIZRVEHEACATER S, T OTEHEBIREFIEAEDO—K &
2o TND T ENHME SN TS (63), £ 2T, calpastatin Dp-calpain [HE(E
A KIE T SAC DRSOV TGS L 72, Calpastatin X, p-calpain {5 % &
RAFAIIZPAE L (Fig. 15A). SAC & [AIERIC, miREIZE VT H p-calpain 1 4
ERICITEE T, KT 8%DMEEHZ R LT (Fig. 15A), WIT, KIRE
O calpastatin 737~ 9 p-calpain BLEFVEM 2% % SAC OOF I X 2B L BFTHL
2o p-Calpain &%, calpastatin EJH (100 pM)TlZ 76%., SAC B (1 uM)T
1% 77%% 7~ L. calpastatin (100 pM)& SAC (1 uM)DHERH TIX 59%IZIE T L,
calpastatin B & bbifis U CILEIER OHEENFE O 57z (Fig. 15B), X 51
JEFED SAC (1 mM) & calpastatin (100 pM) D Tl. p-calpain 7EMEDS 44%I12 1K
T L. EEROHEENED b7z (Fig. 15B), F7=. p-calpain % KIZPLE

I DI D calpastatin (100 nM)(Z., p-calpain {EME% 15%I 2K F S H7223, SAC (1

mM) & P LT calpastatin M & Fbi U CTIHEEAICE TR bz
7z (Fig. 15C),

=
C]
G)

kK
1201 = 1201 1201 Kk
g 2 g
£ 1004 § 1004 == £ 100 5
S o 8
S 80 S 80 s
3 2 80 3 804
2 604 2 s > -
3 2 60912 g 60q| g
B s < g i
¢ 40 < 4fl8 g ol &
£ g 5
5 207 S 20 < 201
7 4 )
“ : =1 |
14 43 42 41 40 9 8 -7 6 - 1 ] 1mM
Log [M] SAC SAC m m
calpastatin - - 100 pM | 100 pM = [100pm calpastatin - = |100 nM|100 nM

Fig. 15. Effects of SAC on inhibition of p-calpain by calpastatin. (A) Inhibition curve of p-calpain
with varying concentrations of calpastatin was created by curve fitting as described in Materials and
Methods. (B) Calpastatin (100 pM) with or without SAC (I uM or 1 mM) incubated with 100 nM
p-calpain. (C) Calpastatin (100 nM) with or without SAC (1 mM) incubated with 100 nM p-calpain.
The calpain activity was examined using an in vitro assay system as described in Materials and
Methods. Each value represents the mean = S.E.M. for three (A), four (C) and five (B) different
experiments. *P < 0.001 as compared with control (vehicle), *P < 0.05, **P < 0.01, ***P < 0.001.



3-4 EZ5

ARBETIE, MEEOREEERB LW in vitro @ calpain 1EMERIE R 2 VT,
calpain 1Zx19" % SAC OIER A HLITHRFT 21T o7, IT4F, AN L7 ik A
FEHHME L B2 O T/ bafk e I by KU 7 ORICEREZRBERN S 5
ZEPREN (T /MEAEA b L AFFEALTH 5 thapsigargin X° befeldin A [T~
0 AR RS R O HT22 M3V CL {ETEBER O LA 25 i Z L,
ML EFHRT L ENFEINTND (72), ZNHDOREER LD TM FHRM
RBEIZF 1T 5 SAC DFRF#EIEH DO—> & LT, SAC OFEILIEMA A5+
HAREME LR SN TV D, £ 2T, SAC O/NER A b L A FEFE MMM SESHI/E
Z S BIZHBNIT 5720, FIREEREEAHAREHIIZ IV T, SAC & REIEIC
FERIMEDS EV CYS 38 K UYNAC 28 T™M #F 38 MASEIC KT TR BIZ OV TRHRET L
72, CYS °NAC IR LIEH % 49 5 7= 8 peroxynitrite (66)<° 4-hydroxynonenal
(NI L DEALA b L AFHRARRHIIE D S MR REER 289 2 & A &
NTW5b, Ll CYS BELUNAC I TM #F3MAAIC 3 L CHR#E
H%&rRS o7 (Fig. 10B), ABFFETHEMH L 72 TM I, /Maf& D N-glycosylation
PHREIC KD EEAEERE ¥ NV B2 EE T2 2 L /MR A L2 &2 5 &l
Z L CHIREAFEIT D720, BLA N L ADEER D72 LA ST
BY (73), TD7=8 CYS. NAC IC L HIREERITRED N>t D&
A bbb, £, TM R MIFEMHIEN 2 SAC DA TRDOLNIZZ & LD,
MRS RGIIEIZ BT D SAC OFRERFEIEMIL BIE A b L AT LT TR <,
AR L ZIZEE LTe T A — R+ 25 2 LISER LTV 5 ATREME
RENT,

UTH, p-calpain (X AD BEN (57)°APP T VAV == v 7~ A (58)
IZRWT, IEENTUEL TWD ZEAMEIN TS, 612, b MIRRFE
AlfE SH-SYSY MfEIZ 31T 5 ARFEFEAMASEIZXT L T, p-calpain (ZIBIRPED H N
P 3K conjugated linoleic acid DA AMED A STV D (74), £7-. PD150606
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UL PRAME E ARG LLC-PK1 MG (75). ALLN JE~ 7 Z#E 2FlE NIH3T3
M (76)I2F VT, TM SBFEMIRSEZ Ml 5 Z LA mE S TR, ™M &
FEAMMISEIZIL calpain DIEMALSES G- L, calpain 1& MO E M RFEIER %
AT ENRBEI TN D ABFRIZEB N T HEEREH Y T O TM 22 LD
calpain OIEMELZ % L. SAC (3% OIEMALZ ] L7z (Fig. 9A), & Z T,
W EE R B AR RISV T SAC 28 TM 225212 X 5 calpain DOIEMALIZ KZIF
THEIZOWTRFI LI E A, TM £F&IZ X Y full-length a-spectrin D3I
LHFED B, SAC 1% Z O full-length a-spectrin D3EFLR Z 40| L7223, e

AR D GA L RARIC CYS B X O NAC TR L RIF X 2o 7= (Fig. 11),
PLEDORESR L0 . WUEG RS MEIEIZIH VTS, SAC 23 calpain DIEMEAL
WIS Z LR I Tz, £ 2T, SAC A calpain {EMEIC I TIERICS
W in vitro @ calpain IEVERIE R 2 W THE L7z, SAC 13REAKFRIIZ
u-calpain 35 X O m-calpain 7% % L2 U 7223, calpeptin O3 /] 722 LR SR & 1352
720 ERETHAEORE XTSRRI EEM 2R Lz (Fig. 12C, D),
— 7. CYS X°NAC [ p-calpain, m-calpain {EPEIZ 2 % KT S 72y~ 7= (Fig. 12C,
D), ZNHDOFER LD SAC 1Ip-B LT m-calpain EMEEZ ERLEST S Z LT
/MR N U AFEIEMRLSE 2 0] 3 5 Al RetE S R S Te, 720 CYS B XD
NAC 73, p-calpain, m-calpain (Z528E% KX I -7 2 & KU | calpain [HFE
TEFIZIZ, SHEIFRE G LienWZ e Sz,

WIZ. SAC Dp-calpain FLEVEM A calpain @ & DEAIT/EH L T2 D2
A5 72®IZ, calpain OIEMEH LIZ/EH T % ALLN (68) % 72 1% Ca* i A1
EH % PD150606 (70) & SAC & O H A3 p-calpain G IZ KX T HEIZ DWW T
BREt T o7, IRREOKRESRK L SAC & OOFHIC L DL B U7/ R,
ALLN D p-calpain FRE/EA X, SAC OUFHIC LV A EICHER S 722y (Fig. 13B),
PD150606 DIAFIEH X, SAC D% T 2o 7 (Fig. 14B), £7=. KR
FEERZRTREOKMER L SAC LOMAICL2HBERFTILI-L Z A,
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ALLN OFLEERICITRE LY RIE S 0> 7228 (Fig. 13C), PDI150606 @
u-calpain FREVEH 2 HBIZHH L7z (Fig. 14C), L EORER 5 SAC 1T calpain
D Ca* FEAHALITHERM L. calpain FAEIER Z R 3 AlgEME DS RIZ S -, ZiVE
TIZ. calpeptin @ K 9 Z2{EMEH.OIZ/EM T 5 calpain PHE 3T calpain 71 VY 7
F— LM OBIREICK L OD (69), Ca¥ FEGHAIZIEMAT 5 PD151746 1%
m-calpain & FE U, p-calpain (EIRMEOEWILERTH D Z ENHE ST
% (70), ARHFFEIZ BT SAC D p-calpain {EPEIZ R 5 E 72 BLEMEHAIL 10 nM
PLETRD LN 7=DI1IZ% LT, m-calpain (2% 2 [HEEHIZ 1 mM LLETRED
541, SAC I% m-calpain & i L Cp-calpain (28 WVERME 2 7R L7223 (Fig. 12C,
D), 2D Z &b SAC B Ca?' FEAEAIAER T A THEMEZ R FFL TV 5 &
Bz 5,

UTH-. AD BN (63)X° AD JRREE T /L~ 7 Al (58)Cl. calpastatin D FHi,
LUV LTV D Z i STV b, Calpastatin (%, Ca?'(Z Xk - Tk
b &7z calpain IZAEA 35 Z EOVRSIVTE Y (77). calpain OFEIK 1, 11 DfH

25 DIEMEF LI (77) & Ca¥ FEATL (78D HIZ/EM L T calpain % BH5E
THZERHRESIN TSN, BITEE T, calpastatin (2 & 5 calpain [HEEHE D
FEII AR EE TH D, SAC 1F. KIRE D calpastatin 73753 p-calpain [HEFE
2R L7=23, &R O calpastatin (& & % f KD p-calpain FHEEMIZR LT
TR L KX S 2o T2 (Fig. 15B, C), L7225 T, SAC I calpastatin DfEH
43 TR WIS TR 5 28, calpastatin 28 43 ICHERE L TV DB A1
WELLWZ ENRBRINT,

Calpain OIEPEL R IX, AD 7207 T2 < M IM-C AR SRk 2 7o RIC
HESEGELTWDZ EDRREBENTND (62), £D7=®, calpain ZHER & L7
BEEOREBNED SN TWDEHOD, ZE TEALIZIEE - -HlI3 T
%, TO—KE LT, calpain [ZAEMMEFHIMNARMER TH DD, LB L
ZHHI T 5 L ERABMERZ AT RN F T oD, Bl IX. RAlHm

43



calpain PLEHE T 5 benzyloxycarbonyl-Leu-Leu-Tyr diazomethyl ketone 1%, & F
B Rl TE2 MifaSo b b5 H ok D C-33A MIRIZ d50 T Ml e A RR
EEGIEERITZENREINTND (79), Zib EHERY | AW 72 calpain
FLEVEH 2753 calpain PSR X1 1Z, SR OR G B TRRZME~ o7 20
O VERL U7 HEREAMIE T 12 36 1 2 I R IRAIIAsEIC kT L€ IR A "3 2 &
BHE ST TWVD (80), LA L. calpain BHEF XI O%H B OEGE 51X
TdT-mediated dUTP nick end labeling (TUNEL)G AR O LN A 5] & =
7 [80], ZAuiZxf LT, WNTEME calpain fLE % > /X7 B Th % calpastatin |34
[HH LORMBO®RGICHB N T, MEIREME~ 7 2 OMEIME T I8 265
BRI AT D Z LR ENTVD (80), ZHHDHEN S calpain FH.
DI O A AT TR B, MO ER R RIC L 0 &k L,
calpain D HF L OUERI PR E L, MO AFFICEEEL KT 2 & 0Re S
A TR E L CIIRERIZRERO L OB R WEB 2 b5, K calpain IEMH:HIE
RITBWT, EIREDO ALLN, PD150606 %, p-calpain % 5842 BEE L7223,
SAC (X, calpastatin & [FARIZ, @RIV T H p-calpain &M% 72 &I ITHE
L7ginolz, LT3 > T SAC IE, M) 72 Bk calpain [HEHE & # 72 U | calpastatin
MHFITHEEL TWRWIEAIZIE, ZOBEZMO> 2D TE D Hikk
calpain [HEEHZRT L Z 204, ADBEIEE LTHLAHTHDL EB XN
oo Fo. ZTROOEMD/ PR b L AFEFMREFR LI ORiE 1 2R
TEEZD, LML, SACIZ XD calpastatin OHEFRIEFAIZ OV TIE, £ 72K
REDESTEY, SR ILRIMMDPLETH DL EEZ D,
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MRS ARSI Z I\ TLUSAC 1E TM ZLE L2 & % full-length o-spectrin
DIEBLR DD 2 il L72A3, CYS 38 KO NAC [ZHIflERIERED S
Mo T,

In vitro @ calpain {EMEHIE R IZEBUV T, SAC (Fp-calpain 3 & Y m-calpain @
AL Z R RS HE Lz, £ OVEMIT calpeptin & LG L TH5<, &
EEEIZEB W TS calpain {EMEZ 5Z 2T HE LR o 72,

ALLN & SAC OFFRIZEBW T, SAC ITEKEE D ALLN 23/~ § p-calpain B
EEH AR LT, F72. p-calpain DI KHLEEH 2~ EE O ALLN O
PHEERICEEZ KT S o,

PD150606 & SAC OfFHIZIH VT, SAC [FKEE D PDI50606 73/~
u-calpain PHEVEAICEELZ MIE X 2o 7z, LA L. p-calpain O i KFHE
YER % =9 D PD150606 OBRLEERIT)T L CiafidifER 2~ L7,

Calpastatin & SAC OFFHIZIBW T, SAC (FKIREE D calpastatin 237~ 7
u-calpain PHEAEH A8 L7, £72. p-calpain O KAFFEH 2~ T IRE

@ calpastatin DL EVER I ELY KIF I /2o Tz,

PLEDOFRER X0 | FMREEESR S A RMAIZ IV T, SAC 1T/ A s L A

FEAMNRFE & WS LA L7z, € OO EE N 1T b E I B 5897,

45



calpain @ Ca* #& &AL & O AAFHZ 5 & Z L. calpain &M & B A7) Of%
RMICHET L 2 &0, DR &b —HBAET 2 Z LR Eni,

46



it
iR

i

T
VDN

47



AT TIE, ETRIFEICBWN T, WMEMREMEICIH T 5 amyloid
B-peptide (AR)DHIMISEFEFE A = XL EZH ST T 720, ARAS/ MK A kL
AZFHRMIIEI I THE L ZORF 2 BEBREU IO TR LT,
APB2s35 1, tunicamycin (TM)IZ X /AR A b L ZAFEIEMINLIE 2 BEZE 1T HE TR 3 5
Z &, ETo. ZOMBSEHEIRIZ IXHES OFEIREEREN H V. LA CaF T v L
ZALTZMaN Ca? IR D EFIZ LY | calpain OIEMEILEZ B EE Z L,
caspase-12 Z 41 L C, MM AR T 2 Z L 2T Lz, ARIFRIC L
D, ABDFHERE & bIT, BLFEIZ IV /NEEZ N LAY 5 X 5 2SR
BT, ARAV/IA A b L AT K DR iusE 2 YR 3 8825, D 7e< & b
—H, TN, 7 —I" (AD)ZRIE S W LR TH 5 AlaetEz s Lic, 72,
S-allyl-L-cysteine (SAC)DFFARARFEIEH Z MGt L. AB2sss @ TM a5 38 MIALSEIE 7h
FEFEICIHIT A2 L, BEO, TOMBAEIEMICIT SAC @ calpain EMEFH
FEVERMNEEGT 52 L 2R LT

BTV TR, BPEORBERE U A IR 2HE 2 S L2, SAC D/Mafk
AN L AFEFEARICAT KT DR EF OMFE 2 B & 02T 2 BT, MR
AR DIMCESE R I L OV in vitro O calpain & MHEHIE R 2 T, calpain (%73
% SAC DIEANT DWW TEEMICIRET L7z, PIRERZS AR IC ) Tl SAC
(TR A b L A FE RIS 2 B S L, 2 ORI E R IS IZhim A
FIZB 583 /MaiR A N LA TTLE L7z calpain IEYEOIIHINE G535 2 & %
52 Uiz, E72. invitro @ calpain {EHEHIE R IV T, SAC 1T calpain
Ca>" #E B HRAL & DR EAEFIC X Y p-calpain fEME AL ILE L, Z OfEf7ZA
FHEER N/ MaE A b U AFERMIAEIC T 2 REERICBE G352 L 2R L
oo ZHUH DM RO % Fig. 16 1278 L7=, SAC (X calpain Z4%2H) & L CTHife
REEHZRT 200, i ADVERIEL LTOMREMEZFLTNDS EERX
LT,
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Fig. 16. A schematic diagram showing the mecanisms of A potentiates ER stress-induced neuronal
cell death and neuroprotective effect of SAC in hippocampus neuron.
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