Research Papers [ iEaE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
14 2010, 37(4): 370~380

www.pibb.ac.cn

JNK/Bim/Bax X127 TNF-a S5
PC12 AT HEizhRIERSF
KoOROe A &Y

(O] MR 2 B B 2 AL S A AL 2 BT R, M 5101825
DA IR A B TR A E, WO ARl A B0l IR E A=, )TN 510631)

WE [ RRIEGEIRTR (Alzheimer's disease, AD) & —MZE RGBT LR, IEFE KRG 2R LI AD 54T R%ED],
HHEFUE B 98 PR L K- (tumor necrosis factor-o, TNF-a) (145 sk 523 3 BOMN 48 40 L 1998 T2 T3 B0 AD S IR AT MK
WA, SR AATIN TNF-o &AM 40 A T2 THLRIDEAR TR, R BOCILR SRR G E AR RO R e i %
(fluorescence resonance energy transfer, FRET) FAE % 40 i 7 SZ 05 % TNF-o 55404k PC12 40 A 12 1045 Sl B 8- T T 41 5L
HIWFS. SEEGEE AR, TNF-o 35100140 PC12 A uVE TS S ik e R 3R L b R 12, 10 3k Y 4% % 6 IF 7 (NF-k B)
A Bel-x BRIE RIS Sbi AR A TR R, T S0IE, Bim, SS7EZORiA R Bel-x, #4119 Bax, M
miil Bax £, 51 R QMM 1 c-Jun EAEERuSERINK)MEIF SP600125 FT LLHIH] Bax SL8 M. Ib4h, TERMML
PC12 40 g 3515 GFP-Bimy Ml YFP-Bax JJiki, KBl Bimg n] DAGEHE Bax A /EHAE, JF HEAT = Z WAL HAHOR AR HAR
M. BIRZHRAEY, Bim, 7 TNF-o 5 SHIEA0ME Td F2 R 2 T EZ/EA, Bim, 7 TNF-o if5 54040 PC12 41 fa i T ik

FER BT T Bax.

K HEiR
ZR9ES  Q632, Q28

8 SR BE A 7 (tumor necrosis factor-o,, TNF-or)
FERERS S R AL R AE . I HA 2 5 IhEE
I E 1-. 4EHiE, TNF-o 4l B S8
MM R AL, IR R E T T, B
i AIDS- SR ZEGAES R KM 2R PR
JiE S IR PR UFER I (Alzheimer's disease, AD)!", 4R
T AATIR TNF-o0 38 A1 28 40 M98 T2 11 23 1 AL 5F
ANT .

KU b 08 5 40 R (PC 12 4H i) & — N
Mgk, SmadKE T (NGF) %35,
PC12 A MIANAETEZS B A& e sk, Rl
PEA AR B AAL SV 2 5 T AR Ak, AT 5 25 3 3L
PC12 M52 15 5 )5 LI Z TTRERPIR S,

BIHAT I, SARMTER W ATk
FEAHOC IV 2 8 BN D e, WP 2
PR SEARIBAT AU T S A4 B A S am . i
ZHPARIE N TNF-o 55 18 7708 % U2 ad i 4
T2z R TNF-a 1556 50T %2 /K TNFR2 1 #1
TN2FR2 [l 45 &, 155 ¥k # 1 (FADD/TRADD)

BT /R SHF B (AD), MURIASER T (TNF-), 2OGIRAER #F (FRET), Bax, Bimg, 73k PC12 4
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gify, 215 caspase-8 )R 45 & L T A6 T2
FESHAM, caspase-8 M It H T BY U1 A0 B
P caspase-8. 1% fb I¥) caspase-8 W] I iE T UF 1Y
caspase-3.caspases-6 Il caspase-7, BY V)i 3¢ A% i<
7/ D R L N - (i W Y R TR R TS
TNF-o 5 S8 Tt 2l ik debiffak i, (HU2 B Ak
(A5 5 10 B A R 2,

FELRRART T @A, Bax BaE I 40 i it
TR B SRR R JEH )N R BIH AT
1, FTE R T Bax BOE 7 A2 — N4k
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a. HEBOERR. Bh Bax H5HUR T A S KA
L, BT LASZEF BH3-only 85 1 B4%45 & Bax X — W
R, Letai ZEMHEN BH3-only 4% 1 R] 43 8 “ UK
F7OR AT, “RUEF)” W Bad, Bik HghG
PUETEA,  “UEHLA” 40 tBid A Bim A 45 A bt
JHTE A, WAERET AL A Bax/Bak. W
AT BB A IR, B AN R
“CHUKT)” A PURT IR A YR NPLIE T
wAPRSHR, M “WEA” B4 A Bax/Bak,
ik Bax SEHAL, FFAMMT. b, MBS
B, BH3-only £ 175 ft Bax 1 Bak & MBS &
AETE R T Bel-2, Bel-x, 25508 T2 8 [ AL
EA. ERXANELA T, BH3-only £ 1 REFS BT Bel-2
PUHT R X Bax/Bak £t [FRAE I BHESVE N9, I
HWIMARE N Bax IR0 7 308 1) - ) 4 80 1t
X8, (HTG IS WA Bax (3805 #E X, BH3-only
R A T XCEAVER . BH3-only 5 112 1 8 L2k
R AR A AR T AR, Ml Az F
— Se g i FE A S R, BH3-only 2 BTG AL,
Il — 2 17 RiF 4k Bax, i Bax 7EZ R |-
TE LY, W EE T, B R T
Cytc, Ixfi caspases iGN/ 41 B T

Bim (Bcl-2 interacting mediator of cell death) J&
Bel-2 FKjH BH3-only W55 1) 2 b, & —Fh
R T A, 7 40 1 A PR AR E
Bi7 11 1 i K e 1) A v AT A A L B A
. Bim ) 2 RIA T IEH 40 M, I AL i il 4n
M. bR AR, phgedn i LR A 40 . Bim 7
3FANFBIEIEA, Bl Bimg. Bimg Fl Bimg, H
TR 4> W4 110 140 1 196 AN G, Hrh
Bim (1800 1268 ) de i, AHZ A 1 40 g AR /b
AT, FEIE R A M, Bimg A1 Bim, (13 )
B B I e A S 3 B ) B R BE LCS
i, LT AN AR b, ot s Lok A,
BT EIRZS @ AV TR B s 4 i -
AN IR S R, Bimg/Bim, 237E INK ffI1E
R ¥ me 1k, S50 Bimg/Bim, M ORI,
FIA BT RA, HEAD, XA R
JEAEAT Bimg/Bim, [RFA7, H RTEAFEE iR,

TNF-o 755 40 L8 1 (10— A JREREAE A2 R
T2 S R (NF-«B) & 15, 6@ 4% v] #7] TNF-«
7S g i T AL BTN B9 B 4
NF-«B [¥)9% £k GE 85 3K PT TNF-o 5140 L 12,
/> NF-kB 3 PERS, 41 fi6) TNF-oo 55 0 T

JEEERE N, [RIFE NF-B W& PRS0, 40 Mot A 5 5
KA T2, NF-kB & — AN HE K W1,
A LLSE i 2 Ah R P 2R GE B 5 TAPs (XIAP,
cIAP1/2). TRAF1. TRAF2. A20. Bcl-x;. IEX-1L.
iNOS. c-FLIP. Cyclin D1 A Survivin®, 2Ry,
HH NF-kB 5 3 34 1) ORGP 1 i DR ABL 7 2 4 2R S+
PERY,  JF HAERE RS D0 T n] B H A e g R g A
K25 TNF-o 55 &4, KB HENIE, £
1k PC12 41 i+ NF-«B $t TNF-o 2 [0/ FH AL
Wi AR SE A 2

N T HEA R TNF-o 153 M 240 i & A0 T
(145 5 18 2% LA S T2k B Bax 0E 2, IR
TR T Ao AR 2 40 J 0 12 ke 2 24 H (1) Bimy, 1)
P, RSN 96 E & PCR (QT-PCR). ¥
LT AR WA A8 . e L PTIE R FRET £
AKWFFT TNF-a 353506 PC12 40 J I 121015 5
.

1 MR57E

1.1 KM R EE

PC12 400 (K BV b 10 5% 40 M) I8 5 T M
Hl e B S 40 i iE R s DMEM #5577 2 B
GIBCO 2~ Al 5 fify 2 ifin 35 #1 B L35 % H Hyclone 2
Fl; TNF-a 8 50A B RGRRCZE B (CHX).
INK #146il 55 SP600125 4 H Sigma 23 w1 (St. Louis,
MO, USA); #1Z4: iK1 (NGF) e H R&D Systems
/3 #] 5 Lipofectamine™ 2000 Reagent 14 H Invitrogen
/3 w); RNA #3185 &A1 LC RNA Master SYBR
Green | XA G H P [ICAF]; caspases-3 FLikly
H Cell Signaling Technology /A ; B-actin $T 14
H Santa 2 7] s oAt BT A7 4k 243 50038 04 [ 7= 40 by
afi. JJURL GFP-Bim, AR R TG K22 WO A k2
WFFE T A 227, ik YFP-Bax FI1 YFP-Bel-x, 2218
T Dr. Gilmore ™, Ji ¥ DsRed-Mit & % J- Prof.
Gotoh™.

WOLILER L BT (LSM 510/ConfoCor2)
V) TR Zeiss Aw]; 2OtE & PCR {X(LightCycler
1.2) W T4 E P R AR RO %R S
ODYSSEY® Infrared Imaging System 432 [F 3¢
YNGR
1.2 ZAAEtESE

A0 PC12 40 i B T DMEM $5 35 5 rp 5%
I5, W 10% MIRA-IE, 5% I, HER
100 U/ml, BE572 100 mg/L. ARJE 5246 R BApAS
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) 2 5 TR 40 M TR SR sl B R L, & 37°C,
5% CO, ¥EFEMTP R IR, Tk 48 h #ll. T 3K
BT ML, B AR PC12 4 s T3
0.5% JIifi 21375 A1 100 wg/L NGF ) DMEM 1537 5
TSR 3~5 R, BEFE 48 h .

1.3 HHpEEER

IO 0 28 K T 1) A 2 4k PCL2 41 i 32 7
35 mm ELARIRVR T 40 I 3% 5% 100 P (FH 46 1 DT K27
WOGEMERATIT TN T, AR iRIAE] 70%~ 80%
Bl-E I, F2 Ul BT TR 772 H Lipofectamine™ 2000
SRR RKe BT 75 PURLES e 2R 4040 PC12 40, 4%
Yedh JoHm, REFE 24 h G T AR,

1.4 ZabiE

T ek TNF-o B T24E T, BRs 3 50
AN SER I 2SR B INN T 15 mg/L CHX 5
40 wg/L TNF-o 3 A5 4l A A= T
1.5 CCK-8 it 74 M ZH & 14

¥ R4k PCI2 41 (100 pl, 1x10* 4~/ FL)F%
Rl T 96 FLAH, BESE 24 h JE FFEHT ML EE. £
AL PCL2 4 rh 43 Al s 2L FI A 15 mg/L CHX
40 pg/L TNF-o AbBEAS [F] I A) i, H) CCK-8 i
FRST I A B v v A EG AR 96 FLAR AN FL
AN 10 wl CCK-8 i #, H#HT 37C, 5% CO, K37
FPR R4 150 J5, 45 DG5032 7 fifg 1G4 72 A
DA s W e 8, 9K 450 nm, S K
650 nm, LAAS AT f] Ak f 41 B FLAE S 25 (1 0],
THEANMAFIE R, A% = A B4 A {8 / 0 R
4 A fH x 100%

1.6 SI¥&it

T I A 5 £ s SCHERAT GenBank, £ H] primer5.0
BAFREATRL I, € A BE KT 519 GAPDH-1,
5" TGGAGTCTACTGGCGTCTT 3’ ; GAPDH-2,
5" GTCTTCTGAGTGGCAGTGAT 3’ ; bim-1,
5' TCCCTACAGACAGAATCGC 3'; bim-2, 5' CC-
TCCTCGTGTAAGTCTCATT 3'; bel-xl-1, 5" AGG-
CTGGCGATGAGTTTGAA 3'; bel-xl-2, 5" CGGCT-
CTCGGCTGCTGCATT 3'; bax-1, 5 CTGCAGAG-
GATGATTGCTGA 3'; bax-2, 5 GAGGAAGTCCA-
GT GTCCAG 3’ 1,

76 PCI12 40, AL BS54, #AHM PCR
P K ) GAPDH: 274 bp, bim: 222 bp, bax:
207 bp, bel-xl: 337 bp.

1.7 RNA ##2% QT-PCR
KAk PC12 40 (1x106 AN /ml) A& A 537 1

FigR 24 h 5T 04k, A0 PC12 4 MUk TNF-a
AbEE 8 h i A Al FE RNA 32 i 1) £5 (catalog
No. 1828665; Z'[X, S ifpaR, 1 [E)F2 f il ) S
B4 5 RNA. 4421 RNA ] Eppendorf #1#
AN O FEACI 5 Wi, Al v A% R 1) 3
J£. fdi ] LC RNA Master SYBR Green | — 5 ik
RT-PCR i &i(catalog No. 3064760; Z'[%, 2,
1l [5) 14T cDNA & L & QT-PCR.  Jx WAK 5
AEEAS B BESE N E RNA 0.8 wl(0.8 pg),
Mn (OAc), (50 mmol/L) # ¥ 0.65 wl, LightCycler
RNA Master SYBR Green [ %4k} 3.75 ul, EFiifsl
(8.8 wmol/L) %% 0.75 wl, #i/K 3.3 pl. cDNA 14
HeA QT-PCR ¥ 2 4l | 2 K 2+ 7] LightCycler %¢5'
€ PCRAVFIC, 2, (BE)TEM. KN
2 61°C Wi%Es% 20 min, 95C 22 1E 1 min; 1T
cDNA/RNA Z4%8 85 J5, 95C A1 5's; GAPDH.
bel-xl A bax 55C B K 8's, bim 53C B K 8 s;
72°C FEAH 15s, JLHEAT 45 DR, 4K N
SIS AE R BT BRSSO NAR R A 10 wl.
1.8 A& ST

18 52 F e A A A W P S
FEFREY G0 B A S T B B 514
TRARIE RIS E. M 95°C 2, DL 20.0°C /s [
JEREEL A 65C 5 65C WA 15s )5, LLO.1C/s [fi%
FEFHIELEE 95°C .
1.9 #RAEMNZRE9IEL

KRS RNA R, VEAbRUES, BT
Bornh 5, 25, 125, 625, 3125 1%. JRNAKR
HUS N G R, DA AR BIRR & 1K H 280 £ (1gCo)
REARRR, DAEIABIME (Ct) AP ARER, TS H
V¥ QT-PCR s & b 7 Ml 2, S 0 255 o) s 4 H
Real Quant % PH(F G, 2HGME, 48 E)BEAT /047
SR RE T, bRUE 2R A 2K,

QT-PCR [ 45 F a4l F 2 [C A w24 1 7Y
AN ¥ A LightCycler Software v.3.5 F1 Real Quant
Software 5¢ %,
110 FAEBERMERENER

BT %68 Zeiss 73 7 LSM 510/ConfoCor 2
REOCSLR AR BB R, SR 40 f5 35T,
BAE LR (NA) by 1.3, 30 3% 1 1B 15 R0 $ gk ¥ )
Zeiss Rel3.2 A RGEHAT 40 0. AEFRATTI 250 2%
£, GFP. YFP ik H] 488 nm G & T #O61E
R OGRS DR 8 BE 1 ) BP500-530 nm,
DsRed 1% FH 543 nm (20O GVE ARG,
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Wk (573 ] BP600-650 nm.
1.11 YFP-Bax #1 GFP-Bim, ¥k RI{KH 7S5
RUg & ow)

FEA SR, 280k R I G il YFP-Bax/
GFP-Bim, 1 DsRed-Mit 7E 7>k PC12 41 g Py 3£ 3£
ik, U YFP/GFP [ 96Kk I Bax/Bim, [
AL, AT DsRed-Mit brid bk EA, R
$% YFP/GFP il DsRed [1] %¢ J6 & & 15 i ok ) W
Bax/Bim, J& 5 57 B b k. HARSZIG B ARl R
A4k PC12 40 i 516 4 HETURE G INF 3 e (1 B4R 20
PR3t 4L YL YFP-Bax/GFP-Bim, 1 DsRed-Mit 4 Fift Jit
Ki, 4346 PC12 40 MLAE AR 204k PC12 4 i 4% Jspi
24 h )5, Tk, TNF-o/CHX %340 il & 2E
TG, N T RS 40 e YFP-Bax/GFP-Bim, 4%
PE kiR sh &4, BRI E T LSM 510/
ConfoCor 2 SiMEE V-6 . EFE4 I IR G IR AT
WCIE BT AT IR . ARG A S R T, A
FHAR B I 154X (Tempcontrol 37-2 digital, Zeiss) 4
Franfu i R 7E 37°C, WA /N T+02T .

112 SRyEHITEED

4L TNF-o/CHX JEA0EE 12 h )5, A
L4 Me, PBS WEUE 2 Ik, PMSF RN 1x
protease inhibitor cocktail set I Z¢f#4 g, Bradford
EAUER. H PBS HAEAMBERL 1 gL,
AN —ERBUE A 1 PR E] 500 Wl B & A,
PUARTRIFRRE LU R GERBE  E A R 4 R R i 2 b
Myt =il FEGRDPURTRIREGY) 2h )5, N
A 100 pl Protein A ZifIE Bl BR KA S HT I HL ik 52 &
Y. FREEEINPURDRREY 1h 5, BER
JEREEE - PURBUAE &, 25 b, FHTA 24
WUk 3, K DR S min, ARSI BUER. BT
R, B, B0, K R4 Western blot 1A
AT VKRR, B fa N ER 1 2 IR AT
Western blot [46].

1.13 FRET # A% Bim, 0 Bel-x, & Bim, #0
Bax HItHE1EFH

YT GFP-Bim, 1 YFP-Bcl-x, % GFP-Bim,
FTYFP-Bax [¥141 i B T OB L R AL H At 11
37C, 5% CO, Bigifarh. MRIG9eILRfe =S
(FRET) AR (B 1B, g TR0 AN 8 1R
Z [ f¥) FRET 2, GFP HI HI4 & 1806 8 4
458 nm WK PO BOR , BORICE I ok vE R
HFT458/514 G 4 2IFE S b, 28ME 54t 0ok
J NFT545 43 % GFP 1 FRET WM&, GFP k&

S 45 BP500-550 nm ()35 /i, FRET )
52 nt BP550-615 nm (38 F. AT —A
MG, fEEE TSN XIS, 1%
X3k 1) GFP 1 FRET #1134 2¢ ot & 2 4% 1 3ld
S, IR BT AN M XN T R, &
FRET %¢% th £k ¥ Fil FRET/GFP [#) {8 3k #% 7~ FRET
IR (i FRET M1 GFP s ) 2 L1 5. K
1EJE R E).

/]
7\ 45§ nm FRET

458 nm 500 nm

Fig. 1 Schematic diagram of the interaction between
GFP-Bim; and YFP-Bcl-x,, during
TNF-a-induced apoptosis

1.14 Western blot %l caspase-3 BYE

I3 BSCEE X B ZH A TNF-o/CHX JEALFE 12 h J5
Mgnfe, HACEEAN AR, FHTA K PBS 58 2 I,
PMSF Z4f# i Il 1 x protease inhibitor cocktail set |
TUK EIR G ANN, Bradford AR A FE &, B
WEEE A, 12% SDS 5 1A 975 I et Jie Hia ik P e
VK7 B (BIO-RAD HLVk e ke s, k) 2h,
B (100 V, 1 hy 2 AHER £F 4 25 158 (Pall), E[JiEfis
TEEAT 5% B AR TBS-T 2P h &4 1 h.
1t caspase-3 F1 B-actin ] —HIHE(HTAH] 5% & 1]
H A TBS-T 220k 10 1000 Fiks) 4°C 74 %
B. XHIMAMBEAE IRDye800 Al Alexa Fluor 680
(19¢ 36 —Pt, WL RO LA N R ST caspase-3
S ARSI
115 FitFaiE

TANSEE /D ER 3K, LI EIE L x = s K
TN SR ¢ AR e AN [ AL B AR R 42 1] ) 22
. *P<0.05 AEFAGEE L.

2 & R

2.1 TNF-a 1 CHX #FSa2¢ PC12 4HRERTAT
A6 PC12 A ik ANl ab RS, H CCKS8 43
Mo AETs 2. SE 25 R 2 Jion, TNF-o Al
CHX 43 5l FR A AL 1S R 12 h 40 B e B 2 16
T2, {H4 TNF-o A1 CHX LR 40P 12h f5, 4000
AEIE A T W0 N FE,  BEAE A BRIN (A R E 4
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AW N B, 230 h FRTIE o FRILFH
oK. FEH AL EE 18 h 5 TNF-a 5 5 20 £ PC12
S R AR IR R T, 1 CHX 53 3 T 0 & A=
FEHPHALTE 24 h 7247, TNF-o A1 CHX FAdUAL BRI
A0 R T ) AR B RS T AL R AR . PACh CHX
SRR A A, P CLIRATHEN, CHX
I E] T AT LLYE TNF-o0 5 5 41 M 123
FErp R T AR, i CHX
FIIMAAEIE T TNF-o TR

0.8

Viability
= o
N (=)

o
[}

(=)
T

0 6 12 18 24 30 36
t/h

Fig. 2 TNF-a and CHX induced differentiated
PC12 cell apoptosis
Cell proliferation measured with CCK8 assay. The data is normalized to
that of control (no treatment) (n = 3; *P < 0.05 versus control). m—m:
TNF-a;e— e: CHX; A—A: TNF-a+CHX.

2.2 QT-PCR ¥ bim, bax F0 bcl-xI B mRNA
Fix

TS TNF-a %53 7046 PC12 40 L A T
MR B EOE TR T R A RL, BATH
QT-PCR [ )5k AW T TNF-o 403 8 h )5
bim, bax F1 bel-xl ) mRNA Fik. SZI6 45 R K0,
2 i TNF-o &b BE 5 119 73 46 PC12 40 M bel-xl 1)
mRNA K& H WY BT, 1 bim M bax 1
mRNA A NE A K KIAEAE 3). T Bim A
Bax ;& SR R T8 1, Bel-x, 2 A 4TI T
T, PIHXAR LSRR, /& TNF-o F21
34 PC12 40 dd Tk #rf, TNF-o ik B R
TR AL AR RS PR T, (R TS G ) ] R
J& B A BARE R U5 2 40 M T

Prog. Biochem. Biophys. 2010; 37 (4)
3.0+
2.5+ *
2.0
<
Z15
g
1.0+
0.5 _ ﬂ
0
bim bax bxl-xl

Fig. 3 Expression of bim, bax and bxIl-x] mRNA in
differentiated PC12 cells measured by QT-PCR
during TNF-a-induced apoptosis
The amount of each product was normalized to the reference gene
GAPDH and data were normalized to that of mRNA in control cells (no
treatment). The data is normalized to that of control (no treatment) (n=3;

*P<0.05 versus control). l: Control; [J: TNF-a.

2.3 JNK #IEIFH0%] TNF-o/CHX FSATIHE
t Bax RY9EE{L

h T HARWFIY TNF-o % S0 T 045 5 8 1,
FRATTE S F SO e 3R A A 0 A S I R T
Bax [MiEf. RV 22905 R0 T R, Bax
N 5 6 A7, B R b AR SRR T 2 e kAR IR AR I —
ANEZOPIR. T HEOUWN TNF-o 75534516 PC12
JHT R Bax &AL, 046 PC12 4 Mo 3t 4L it
$i YFP-Bax Fll DsRed-Mit, F] TNF-o/CHX J& Ak #f
BT, R BOCIEER AR A S i
M TNF-o 75 540 Mo 98 72 Bax L. 7& TNF-a
FIFAMMF T2 07, 434k PC12 1) Bax 34 5) Hb /3 Aii
7040 M TR0 40 fa A% b (18] 4a, O h, ZR (A 9¢0).
TNF-o 4b ¥ 250 min J&, 434 PCI2 40 i (1)
YFP-Bax ¥ 8| T &bifhk, HALRAR BT 5
R 4a)®). 25 5HE T TNF-o 557010 PC12
HT-MEETE Bax W2 5. AT —2ix
TNF-« if5 S 1046 PC12 41T T 3815, DLRAE
EAMRHEEE Bim 56, FAVKE N 776 INK
] (SP600125) 5 TNF-o L A4bFE R Bax I 47
oL, OGS B AET 45 R I SP600125
1 TNF-o SLACH 5, YFP-Bax B 240 o vH 1=t %
AR SR (K 4b). WL as R, 34T
HEMAE TNF-o 15537046 PC12 40 3 T 1k Fi v,
Bim & T HEAEH.
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(a)
TNF-o/CHX 0 min
YFP-Bax
DsRed-Mit
Merged
(b)

TNF-/CHX
+SP600125

YFP-Bax

DsRed-Mit

Merged

240 min

250 min 290 min

Fig. 4 Translocation of YFP-Bax in differentiated PC12 cells, co-expressing YFP-Bax and DsRed-Mit
Translocation of YFP-Bax was performed by laser fluorescence confocal microscopy. (a) Differentiated PC12 cells treated with TNF-o/CHX for 240 min,

YFP-Bax translocated to mitochondria noticeably within 10 min and the cell apoptosis after 50 min. (b) Differentiated PC12 cells co-treated with
TNF-o/CHX and SP600125 for 610 min, YFP-Bax didn’t translocate to the mitochondria until the cell apoptosis. Data are representative of three

independent experiments.

2.4 Bim, #1 Bel-x, fHE{EMA

H T B0 Bim 7£ TNF-o %5 340 iR T
AR TAER,  DUAOR W EOE Bax (1), AT
Sy w4 T Bim, 1 Bel-x;, Bim; 1 Bax, Bel-x; f/I
Bax M s L ylie . LK & R 2R (E S5,
TNF-o/CHX 3L 4-FE f5 Bim, A1 Bel-x, HIAH G A4E R Lk
AR HRAL ISR T, 10 Bimg f1 Bax 2 (A G 18 42
TNF-o/CHX 3 4b BT b JE A0 B 5, AR A Al 1)
A EAE . MRS SOk IE, FRATTHEN Bim,
I 2 T AR T )5 Bel-x, 455 1) Bax, Al
73 Bax fEE R AR EIOTE, 45 Gl LRl i b G
TEVER Bax JERSEERAL. O T ESIX AN HEN F A1
ST T Bel-x, A1 Bax 2 [H (IAH B AEH . 525 45
BB TNF-o/CHX 403 5 Bel-x, A1 Bax 2 [A] [£]

AHEAE S T .
Control TNF-o/CHX

ol

Bim,
co-1P

Bax
Bel-x,. S s— Bax
co-1P

— — B—Actin

Fig. 5 Interactions between Bim; and Bcl-x;, Bim; and
Bax, Bcl-x; and Bax after TNF-o/CHX treatment
Differentiated PC12 cells were incubated with TNF-o/CHX for 12 h, then
the cell lysates were prepared and co-immunoprecipitation was
performed to analyze the interactions. Data are representative of three

independent experiments.
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2.5 EEEIZSEN Bim, 7 Bel-x, RIHEE{ER

T S AERfHAS I Bim, A1 Bel-x, [ H A B
YR, AR T FRET BARNGHE 40 Ju k47 Sz 5)
AR W . ) TNF-o/CHX 3L 4k 3 % 7% GFP-Bim,
1 YFP-Bel-x, ORI 406 PC12 diffl )5, 1@ 3L
£ BB IC sk, 42 T GFP il FRET W/ E 18
MEG, JEEARMEGET R, SRR g RE
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Fig. 6 Dynamic interaction between Bim;, and Bcl-x;, in
TNF-a/CHX treated differentiated PC12 cells, which were
co-expressed with YFP-Bcl-x, and GFP-Bim,,

Cells were treated with TNF-o/CHX after transfection and imaged by
confocal microscopy. (a) Bel-x, and Bim, distribution were imaged
simultaneously in a single cell. The images of FRET/GFP ratio were
recorded with LSM microscope and processed with pseudocolor
technique. (b) Dynamics of FRET/GFP ratio correspond to the images of
FRET/GFP ratio. The FRET/GFP ratios at the first time point were
normalized to 1. Similar results were obtained from three separate

experiments. m—m: TNF-o/CHX; e— e: Control.
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Fig. 7 Translocation of GFP-Bim, in differentiated
PC12 cells, co-expressing GFP-Bim; and DsRed-Mit

Translocation of GFP-Bim; was performed by laser fluorescence

confocal microscopy. Differentiated PC12 cells had no evidence of Bim;
redistribution in respect to mitochondria until cell apoptosis. Data are

representative of three independent experiments.
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Fig. 8 Dynamic interaction between Bim, and Bax
after TNF-o/CHX treatment in naive PC12 cells
Naive PCI12 cells were co-expressed with GFP-Bim; and YFP-Bax.
Bim; and Bax distribution were imaged simulataneously in a single
cell. The images of FRET/GFP ratio were recorded with LSM
microscope and processed with pseudocolor technique. Naive PC12 cells
were treated with TNF-o/CHX for 540 min, YFP-Bax translocated to
mitochondria noticeably, but FRET/GFP ratio didn’t change until the
cell apoptosis. Similar results were obtained from three separate

experiments.
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Fig. 9 Caspase-3 activation in differentiated PC12
cells induced by TNF-o/CHX alone or
in the presence of SP600125
Differentiated PC12 cells were treated with TNF-o/CHX in the absence
or presence of SP600125, then the cell lysates were prepared and
Western blot was performed to analyze activation of caspase-3 using
rabbit specific anti-caspase-3 monoclonal antibody. The positions of
procaspase-3 and active subunits are indicated. Data are representative of

three independent experiments.
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Fig. 10 A model of TNF-a-induced mitochondrial
apoptosis pathways in differentiated PC12 cells
Bim, displaces Bcl-x; and promotes Bax translocation during TNF-a-
induced apoptosis. NF-«kB inhibits apoptosis through up-regulation of
Bel-x; by TNF-a induced.
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Molecular Mechanism of JNK/Bim/Bax Apoptotic Pathway Induced
by TNF-« in Differentiated PC12 Cells’
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Abstract Alzheimer's disease (AD) is a neurodegenerative disease. Recent years, AD has been found closely
related to cell apoptosis. It is reported that the synthesis of excessive tumor necrosis factor-a (TNF-o) has been
widely considered as a potential inducer of apoptosis contributing to neurodegenerative disease such as AD.
However, the molecular mechanism of TNF-a-mediated apoptosis in neuron remains unclear. The signaling
pathways involved in TNF-a-induced apoptosis in living differentiated PC12 cells were investigated by using
confocal microscope and FRET (fluorescence resonance energy transfer) technique for the first time. Experimental
results show that the TNF-o induced apoptosis in differentiated PC12 cells through "extrinsic" or death
receptor-initiated pathway, and the "intrinsic" or mitochondrial pathway. NF-kB can inhibit mitochondrial pathway
apoptosis through up-regulation of Bcl-x; by TNF-« induced. Further results show that Bim, displaces Bcl-x, in the
mitochondria and promotes Bax translocation during TNF-a-induced apoptosis. Furthermore, SP600125 (specific
inhibitor of JNK) can inhibit the Bax translocation to mitochondria. Finally, Bax is found to translocate to
mitochondria in Naive PC12 cells with co-expressing of GFP-Bim; and YFP-Bax. The research demonstrates the

important role of Bim;, and reveals that Bim, activate Bax indirectly during TNF-a-induced apoptosis.

Key words Alzheimer's disease (AD), TNF-a, fluorescence resonance energy transfer (FRET), Bax, Bimy,
differentiated PC12 cells
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