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Resear ch progress of mitochondrial anion channel as
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Abstract: Voltage-dependent anion channels (VDACS), which are located at the mitochondrial outer
membrane, playing an important role in the regulation of mitochondrial energy metabolism and mitochondria-
mediated apoptotic events, are considered as potential targets for tumor therapy. Studies have indicated that
neurodegenerative diseases such as Alzheimer's disease (AD) generally lead to mitochondrial dysfunction.
During this process, VDACL, changing in expression, interacting with disease-related molecules, was involved in
the occurrence and development of diseases. This review summarizes the characteristics and physiological
functions of VDAC1, common important structural units and its role in apoptosis. The focus is on the research
progress of VDACL in AD, as well as the effects in learning and memory related functions by modulating
VDACL expression or function.
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(B-amyloid protein, AB) VIARTE & HBE, 4N &
FEBERAL I tau 5K AR SRR A & 7 i g 45 41
Hr, hithTigeEAL 25 7 AD R A w2

IR A I B 28 7l JE 1 (voltage-dependent
anion channel 1, VDAC1) T EAL T Lkifk s s, 41
MR th AT — & 1 AR, AT S 2 R T 3SR R
FOAC U Pk 2 bi A, 7E 2R B4R A T 0 gl B o 1o it
R RE T EE/EH. VDACLIER 5 REBE. K
Jo DX FH e Rz A (1) 22 Fofr EL A A [R) ) g 1) 2R 1 7 AR A
HAEH, XRS5 S 57 S AR T E T E,
POA AR — P A LR ThRE LRk Pk 82 9, o
FRH, VDACLTE AD i FEH KA T RIEM A, 5
ZMERAE RS EOAEMEAER, AT RS S
T AD RIS
1 VDACSHHE. 73 MINEE

VDACs =& &Rk /M FEEE H, 7 FiEd
30 kDa. [FIf, 5 2L iA o I o 1 IR PR I A IR e is
& (adenine nucleotide translocator, ANT) I3 i o
f)3E3F % D (cyclophilin D, CypD) 3t & 2H Bl £k ki 14
BiEYERE L (mitochondrial permeability transition
pore, mPTP). AN HRAT, VDACS & ik 1%
AN FHORET, Gim T sl (FhE
24 Cl@it 14N KY), B%44 4nS (1 mol-L ™ NaCl
g KCl); KPR E, WAL R &S F3 v
(CI 15 35 1 B AR 70% ~ 90%, 1M K* &% P B A
25%~50%, {5 VDACs K. Wt 212 2
)59, B4 4 VDACSs £ VDACL. VDAC2
Al VDAC3 =FpWrAY, =35 Bl S5 &0 A BT AN A,
FES FREMBKTIEEREAAEER. =T
AR R Z R R AR, Hd VDACL HIRIE
HAW RS, 1 VDAC2 Al VDACS R IiEK -
AR, E AR FLE Y AL b, BL VDAC2
A VDAC3 FikN=E, i VDACL = ZAA1E T 3054
E@q3[9,10]o

VDACL JjRefdf: #2851 ATP AR5
HEH kiR, HORAERIE. RN, SETHKE
FAH EAE RS, SZmmgn R p) A A7 RSB TS, dld SRe &
Rt E5HF. PUENEAF IR & ey T
MEAEH, 2588400, 45 Ca&siA T4, Eik
PR UL S 22 Fhoe s A0 R 25 1) I 4 1 R, FE4E
R 2R Th B A4 I 1 T 4% AR D,

AN, H AR SR AT R B4 IR 77 /£ VDAC
(plasmalemmal VDAC, pl-VDAC), £ [FI4HiE 5w
VDAC K HHURE . B S A B Tk R

e AU AR, @HE G T, pl-VDAC 2%
VPIRZS, fEAT TR EE R, FHRER M
1 FIA BB BE, pl-VDAC f B A R Th BE AT AN B A
WHAERES S TEE FlENAR, 54910 ATP
B, AR RE TR NADH-2: UL AL 8 5 2%
AR A e,
2 VDACLHIZHSHh

VDACL /19 M i g 4 & H R &5 44, 18
EFLARZ Y 3~3.8 nmt™, N A AL TR 45 14 ],
N o-12HE 4 (N-terminal o-helix, N-a), %45 K938 AT
R EE RS HEAT AL, HDKEBRELERFE D
1.4 nmi*, N-a ZE MKk S BOMARSE AT, I okds
BA - BHE TR £, VB VDACL 45 1) 73 Br 45
RERW, N-a G5 EAYIE-FiEeerE, Hd, 12
AR (K12). 15 fik52 iR (R15) 1 20 A7 i 2z IR
(K20) 4H KRK v BUl 2 ATP 45 & 00 11, ATP
5 K20 KA EAEHY, VDACL th N 3 45 #9485
B BEZL I E HEAREE P'GYGFG® )7,
R EEMEHRM, S58B4, ZREBK,
AT SHE R, WA & A Ba-2 Kk, &
BB (hexokinase, HK) & Z4EAH HAE M-8, g b,
73 MR EIR (E73) MIEE4E M VDACL &5 4 H iy o
[H~F1H, 7E/NE VDACL H, ZA s AR T ] HK
A SHIFA TR EMT 2 72N VDACL 1, AN
AL Catai A . HK 7T & VDACL BRI M A
P24 VDACL I HL AR % 30 1% 4 ], VDACL
AT R A5 A0 G PATATLAR S BAIR 25 A it o N-o SRR
(1 B 4 LA S E73 5 AN ES T A T AR Y

AFURAET, kiR - VDACL ik 5 — & ik
T AP, Ja TR R, VDACL %k
RN GARA T AR T AR, AT T B K (1 AL TE
PS40 (5 % C (cytochrome C, Cyt C) % k51
PR 2, BRI, Lok b kAR R 4
IR0 L T2 375 5 77134 T (2 2 VDACL #0417 B 5
IR e AR 12627
3 VDACL 54pAT
31 ZRESHAT  MRFATEERA M
TR P M T & AR o ARV IR AR b R R BE IR T
SR S FE T SR G B S IR R R I R A R R R
F/K il (caspase), %A caspase-8, 41 caspase-3
R R 0 il AR 1S PRI caspase-3, -S4l Kk
T2U PR AR ORR R i A B I 4l IR A T iR 47,
H AL B CalilR %k DNA #3525 8 & 5] & ki ik
SERIEE, FERARNI Cyt C BRI AN,
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FHRETEARBERN -1 445, BRERIK, s
caspase-9, HETM#E caspase-3 %5 HiAlh caspase, S
R s A I 1 e I W W B oS R B O 8
T-#E (1 Bid 2/# 77 E tBid (truncated Bid), J& &AL
BILRIAR, 51k Cyt CRA. Kk, SEFRH. ANEP
FhAH IR TR 4R 3 2ok ik i 2 5129,

32 VDAC1 &5%nNANSHNAKATERE &
FLRRARE T R AT LR AR R R, Kk R A
P LR AR AN T VE A B A LR 8. BRI T A
- MG A B s 2 T A B AR I R AN B AR, (EAR
ZAEHEF B VDACLYE A iR A Tl FE b R 4% T B AR
F: 1 VDACL Hifknr ks> Cyt C ey, M il 4
Fa i T A2 EY R VDACL 35k T BT
S E TR, — et VDACL ELA I 7E F i1k
&), tET4 (ruthenium red, RUR) . 4,4'- " 56 F &
TR O H-2,2- Tl (4,4-diisothiocyanatostilbene-
2,2-disulfonic acid, DIDS) %, [E¥w] CAXTPiA [FEF
SRS T3, it % ik VDACL AT
7 Y A T3

33 VDAC1 BESAWATHXEANEL I
FrBAH VDACL Z 54 T ml ge e sUF: BT
VDACL KA T R HARZS T S B R AR K . 2R KL
TRAMERL 2R Cyt C B, VDACL h mPTP {141 &
sy 2 —, mPTP stk Rk AERs L, ml thig e
A [ 13 (reactive oxygen species, ROS) 1 Ca?* 4%
PR F380%, S S04 A Cyt CR%Y: VDACL I 5
AT (Bax/Bak) KAFHHAEH, ¥/ Cyt CF
BOETERY, VDACL KA R AR B B Ak, TR Cyt
C BeiGliE, 5 &k 4nfyE B3, thih, VDACL 5
WT-HE A (W0 Bal-2.Bal-xL 1 HK) &AM EAER, AT
of B4 M T AT (B 1)

Jib IR 4 B AQ ST HE A%, T VDACL R AR5 26k
R EACU I RE T, T SMEREAR I SR HK &2
FRACU AH OC B VTR RO A A, 76 M 48 i Rk |
VBRI, R A R R R LS A HK KT T
w0 T 28 VDACT A FH £ 0L 4K 0 40 i
TIP3, 454 VDACL 7E4H i T (i S R
DRI, A B8 B B MR 25 Wt A R AR R
4 VDAC1 5 AD F#ZIRITHER
4.1 RRIATHEERERSS AD BT MEm
AD. 475 (Parkinson’s disease, PD) 7 1L 1 5%
TE9% (Huntington's disease, HD) %, il 17 /£ £& ki
TRIhBE B, LRtk SRR T R4, Lok
PRI aekwEtG 2 AD AW ALE] F ) R FAE, RICAR

A. VDACI @ B. mPTP

Apoptotic signal closure ° C. VDACI
[ ] .n!igomcr
=] = P o e
X B 395 D.VDACI-Bax/Bak
/ L "'.\ i*‘ oligomer

/ H

< ° 88 o oo
A y
M o Yol
9 @ -

“ VDACI @ Cyeclophilin D

i
Inhibition of apoptosis * ’ Bax/Bak @ Cytochrome C

E. Anti-apoptoic proteins ‘0 ANT

: 3 \ . Bel2, Hexokinase
mteract with VDACI

Figure 1 Different models proposed for voltage-dependent
anion channel 1 (VDAC1) function in apoptosis and inhibition of
apoptosis.  These models include: outer mitochondrial membrane
rupture caused by VDACL1 closure (A); mitochondrial permeability
transition pore (mPTP), composed of VDAC1, adenine nuclectide
translocase (ANT) and cyclophilin D, allows apoptogenic protein
release (B); VDACL oligomer as a channel for the apoptotic
proteins release (C); oligomeric pro-apoptotic proteins (Bax/Bak)
and VDACL as a channel for the apoptotic proteins release (D);
anti-apoptotic proteins, hexokinase or Bcl-2 interact with VDAC1
to prevent cytochrome C release (E)

WHRRAR . Ca RS WmidR . [ PR 2 7 26 38 R i i ik
ARSI, AD EE A AD HIEN 3
VIR AY PR 2R RS L BHE L M OG R (A RIA RS,
R 0 A 2 KL A Bl ) 2 S ARR o b A HY 3
LR RACHEERS, W1 ATP KT PRI GE AL Bl R I%
PEREAG . HbAh, ROS A it n, Zekifk DNA #1455, £
KL B Sk BRI, Ap T SE A T ERRi A O 5 A
R, BERAEORAEMEAEN, W agE 4h 4
4E4 WM B (mitochondria-associated endoplasmic
reticulum membranes, MAM) £ ki & 4 Ji5 5% 7. fily
(translocase of the outer mitochondrial membrane, TOM)
CRELINSTINCT TE AR VLN EEE AR RN
%G mPTP IR, FRAR LRIk s bt s T3
FH ¥\ Cyt C Hil caspase Fii 4 2 EIRE B, JE 3
2N T IE 1 %0 T AE LR T B RE S 1 40 i
AR LBl AP Ak, BERRAGE tau AT S E
B B AU PRG0S 2R R 1 T R B A 157

42 VDACL5AD®IMEXRM CliESE VDACL/E AD
IR RIEE R R A T RIEHAR, £ AD B#F
ANt 5 TRL /N Bt i 2L 28 T e 0 HH V DACL 3R K Bt s 1
RIEFEEERMET Z# T = . VDACL 5 APP. Ap
MBI tau & B AAFAER HARH, W) e b 28 4okl A
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fLiE, FE;Lpihohag kA 659, VDACL 257
AB F SRR E R NI R, K VDAC Hifk 5 AN A 4
AT, FTMHLAS Bl R AT, SR
/NTHE RNA (small interfering RNA, siRNA) K
SH-SY5Y 4 VDACL Fi%, #l# 17 AB KI4iRE
FEMENE, £ VDACL & A HENN A S 40 i
TR TR M, 78 APP Fa%% 1) HEK293 41 i L [t
FREI, HH siRNA Nl VDACL £iE A& AB 1
AR, TiE#RIE VDACL IR S B AS IKF T,

XIT AB 5 VDACL (A B AR ML, A8 FTiE
W = #H NEEA AR, AR B 5 VDACL [ N K i
BHARGEWFIGS S, FEERALEEH HK &
2, VDACL KAEFFMN, Cyt CRAL, M5 &40
T (18 2). 7 AD i % 2 L4 4 1 IR AR A
W, BFFCE AN, — 5T, VDACL 5 A M EAEH, 1
JEEE P I 2 Y, H 5y WABEAELEAH DG,
S0 APP BT R, 53— J7 1, Ag lid %55 VDACL
At A TRk 2k MR AL 51 R A T, SR B R R R
S il A 1) 751 B V DACL 1% 22 R 26 W R AL /K F 7T Uk
95 Ap KT LR FI65T,

7£ AD #EFEHh, VDACL iR fE7E B 5 1B 1t 72,
W R 4 ki 38 (glycogen syntheses kinase 34,
GSK3p) Ali%S VDACL gk, 5l KRk &1

Alzheimer’s disease

A

-
Fa3 R

o,

=

-

B. VDACI

A.VDACI over- C. Hexokinase D. Interaction with
cxpression oligomer detachment Alzheimer's related
molecules
L
- ° E. Cytochrome C
VDACI P release

0 Hexokinase l

8 Cytochrome C
@ Alzheimer's related .

molccules Apoptosis

Figure 2 Different changes proposed for VDAC1 function in
Alzheimer’s disease. These changes include increasing in
VDACI expression (A); oligomeric VDACL1 as a channel for the
apoptotic proteins release (B); Alzheimer’s related molecules
induce hexokinase detachment and interact with VDAC1 (C and
D); these changes of VDAC1 lead to cytochrome C release and
cell death (E)

HK 73 B8, 78 AD HRIZhY) Tg2576 /N i S 4141
rhoS I 21 GSK 3B & 1 i, 43 B IR 1k VDACL /K
THis, LRk HK ACE FFPY, AD i D44
o VDACL fifsK-Fi8n, vTae25 7 mPTP [ Zhke
A MR (ALY 4k, VDACL £ AD
SBE A S FE B R B E F2 AN R (1) AB BEHLAL
KAEVURR, TTREXT 4 AE B A I AR 257 A i oY
JRIEH ) VDAC 25 T 4E RS A0 IE R AR A R
YU T (I FE, VDAC T 1R JiE /N 53 R 45 g b
5, SMEMEZA o RAEMEIERH, TTHESS T M
RIS MAPK {5 518 R IEXT P AB BEMEI AP LR
CAR (SN ERID PO I B N e S i LI SR T A
APP/PSL /N i VDACL ik B E 1N, Hik—P
KILAD Fg Mg+ VDACL £k BT, H5H
HHIARIGE ST (mini-mental state examination, MMSE
PEAY) RO, Bl EgE R R Y], VDACL AT HEK
N AD 2 W A bR A B R BR T SRR .
43 VDACL 5H#HAERITHERFBHNEXME 17
PD 1, a-synuclein (a-syn) (K453 B 2k iA 1 R
FELMIA AR R E B RN E . T RIE a-syn 11K
B, AT E] VDACL Al a-syn fEAEM HAR R . 7E
PD BEEGH a-syn B IERAR B L T, 1
M%) VDACL 115 i, H VDACL fE#HZ oH (1)
RiEG a-syn (R IE BRI EA =00, R E w20
W7 2Rk &) 1 (complex 1) #0771 s At 24 g
45 H B4 S, VDACL () mRNA FlZE [ 157K
S 1 104 09, 6 I 2 L e 4 24 110 K R SCIR A SR U
H R RN 2 VDACL ik int®e, 78 HD 1, PC12 41
FRE AR, FEWE AT 5 VDACL TREs L,
T 5 0 22 050 4 T T 40 i 77 355 26 18T
5 VDACL RIAHINAER T X ST IZH N
51 HERRIMAZR VDAC K ml bk sh it 7t
® W, VDACL R aliA 7/ il (VDACLT) B0y
RRE B %, S EREB D . FIEN
VDACL /N A A EH e /1, (HAFER A KR
8%, 168 )7 S 58 Ml mT ¥R VR B A A0, vDAC2 T
BRI JE 4705, VDACS T /N B C S h g /719899,
VDACL il VDAC3 24 & F/IMil (VDACL" H1 VDAC3™")
HATEHAE /), A A IEwe,

VDAC & [Kl mlf b 8 P — M i FIAT 9 ik 2 35 06 57
. VDAC3 /M. VDACL " /VDAC3 ' /N1 e 2%
TS S R P53 5, VDACL. VDACS B il 2 5l X i
BN BRI 2R R AR A St ik 5S, FLYE Morris KK &
S v I M 2 ) 2 )7 RS o Ik Ah, VDACT R bR
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XF /IS SRR o R R 4k (paired-pulse facilitation,
PPF). 5hE J55% (post-tetanic potentiation, PTP) <
FEAE B R (H P AR B R A K FE R 5E  (long term
potentiation, LTP) £ &%,

VDACL™ /)N R i mRNA 5k 45 5% W, AD
FIRFEE G0 APP, tau. FZ &K 2. GSK3p [RIEFEAIK;
LR LA AR G R I 28 R il & B 1 . HKL R HK2 &
IRIE N, B RLAR Bl 77 2 J DR T 04 % T R A 4 Ak AT
SEME D MIRIE AR, FfulAH G HE N a0 2 2 (9 4
2RI RS RIE F M. e, VDACL /N BRI Hi 3
KPR I R A KT BRI, 40 R 6 3R S A Bl T
Thim, R\FHLLRADREE . DL g RN, b
VDACL ik, 5 H T o35 58 fi i 0 A0 58 filh 2h g7
{HE&5 A VDACL /N R — 2 15 18174005,
MIFE— 26 Bl N T 8 VDACL 5 A ) T R fili% 5
AITHEE 3%, 15 VDACL 7R 3012 A B Th g rh 4Ty
RYET — WM, RIEKF R K4 2% 540
2O Red o LA AR B — 20 I S B B S
52 @Y VDAC1 RixMEXMR ERME B4
¥ (Neuro-2a) 4RI, it RiERIFE VDACL,
WS Cyt C BMOF PR T =Y. 78 A
SREYIMIR (SH-SY5Y) 48K H sRNA, 435 F
i APP, tau fil VDACL K1k, XFEURFFURI, —&&
R —5, A S5 AD MIS<EA (0 APP. g 4
WEE 1. B RS [ mRNA K R, Lhiikshf
SRR ERIA T B, S DGR Rk i, HLO0. IR
JROE A GTP B s VERRAR, 20 3% A ARGV 1%
AATP =38 fin. B3 T SH-SY5Y 41 g+ APP.
tau F1 VDACL 7K-F-35) ] 386 5 S il i P, o536 4R pr 1k
Theel™, FE IR, 12 JA Y Swiss albino /)
BROESE 7 KL 3 mg-kg ™ ) A i AR B
T VDACL RIEKTFEAG. 1EH /N RS i 2y 4
VDACL siRNA J& &I ¥ ik iR sl iz 32 5202

microRNA (miR) A/ ESiiS RNA, 7] X3 K 3%
G RIS AT, ©AH mR-7. miR-29 Fil
miR-320a £ 7 %5 VDAC1 %k 7™, Hh miR-29
152 PP 2 IR AT PR H RIS PR, 72N
Fiki ARz 22 I miR-29 ik v 58l VDACL ik Fiff
HEl R T T HIV-1 B 5\ RS
1) £ 3 A A I #1) VDACL 1 miR-320a ik 4, A
BRI S5 4 A ) miR-320a B3 F R il VDACL
TiEIH P ATP BT, T H AT 84
VDACL RIETEMHZ LRI Sl 1 S 2R A4 4 5 1
RE AU R E IR e A — B, R — B

W 7L
6 VDAC ]

H 1T, VDACL 3 P 1 A7 4 T W F- 4R A0 1
A BB B, O A 2 R L AR SR AR 4 ]
B2 3 Tk A [ (10 26 4 A0 27 0 45 B T 40 B ) T

i % A (cyclosporine A, CsA) s i
mPT P 3005 7510781, 368 et 90 ) 45 i 5 Tl 5 fd T 20 1
PR, EENRIBEDYIA S CA IEE E
A UK 3 5 A K R R 348 o T B

CLRN B B8 16 s il 77 40 DIDS K HATAED
SITS. H,DIDS. DNDS #I DPC #7] 5 VDAC1 k4
MEAEH, B EEHRS. MEWRET, DIDS fi
H.DIDS KI{EH#EEAHIE, 5 SITS. DNDS A1 DPC
AH EC AT B KRR BRI VDACL [3EIE L 5. %351k
PR AN ROS. Cal' . LRkl A 5t e A7 45166
VDACL 73 VL B AR 38 A iy 5 S5 iy 4 o 182 7
b, DIDS X AB i 5 I 4 B K BB B 48 o 4t i i
ToHA YRR ERTY, sk, DIDS & AT X i
A KORBEREAR . A DH 7 25 PR A B A0 B 3R 15 R 1)
NIRRT T Y, e DL BB Fe R, DIDS
ER XM & e B REEER . AT TIRH,
DIDS ] SHUEFHI/NRIE S Z T, HRAER
I H 0 2 e A A T JEE 5 M )k R AR TR T AR
BB, R B T VDACL Zhig i /& 3t
R R AR A A IR, Kk, ¢ DIDS #i& R4
1 7 B3 — 20 1 52 B3 AT T IE

VDACL BA5 Ca*ai&hr i, Hamis sk vl ih —
W& @S AT . AVLEEAS YR RUR FET
J& W% EL A4 (ruthenium amine binuclear complex,
Ru360) 1] FH I % I Jek 52 #8 HL 47 (transient receptor
potential, TRP) J&id, ¥§5ikihly Ca™ 4 & EARE
MEAEM, FEE VDACL fyiliE i 5B, Hd, RuR
FXEHT AB SR K B G 4 i B 4, wt
VDACL it £k S AN A T B A (R e, i
AR, RuR 25 VDACL B4 HAEH M
i1 A S 40 AR 1R R 2

VBIT-4 /& Shoshan-Barmatz S5 2 & i 4k &4
1675 2 ¥ VDACL K¢ 4157, vld@idk 5 VDACL
R A EAE A R @ E S, ] 2 Al
fil Z 11 VDACL 4k Iz Cyt C IR, *t ikl
REZEL T S B4 O B A R E R, BAE AR
R B 1 e A b, $R T #0] VDACL %R Ak
AR ARSI FIFF R BT . th4h, @ik VDACL
19 N A3 A A FF 5143 4 AT 1l 2% ¥ E %7 5 VDACL
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N Ktk (VDAC1-N-Ter peptide), T iEHA ] 5 AB 45
B, A NN 5] A R A R 40 e
Wt R, —Le3tF VDACL I IR 5 3% ik T T4
A RS, F ST B DR R,
VDACL M R KTE LRI T RE T . #REIRAT PSR
FVERE VR Y7 BT 5
7 5B

FR¥E LAAERF 78, VDACL [3RIE  ThRE R T AR &
IBATHEN, $5aE AD tRRIE T EEAEMH. (HE,
FReTAEA AD 077 IHTHE A A7 NIRRT,
1 V DACL 3 5 4 0 1) 700 4 05 308 R0 R B, 0 1) 7400 9 1
oG ¢ Bd ook e, BN FE MG H Sk RV . AL, TR
% VDACL H 5 & %1k, VDACL 5 H Al A4 F HIAH
HAEH®EFT, Wild VDACL ik, IyAg ek A BH W
VDACL1 5 Ap %5 AD FHXAN 4 FRIMAH EAE A
FHAT AR T AR %, JHRPEZ M il b
HEATIIE
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