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Regulatory mechanisms of mitochondrial dynamics and its emerging role in renal

pathophysiology

TAN Zi-Xuan, ZHU Wu-Zheng
Laboratory of Animal Nutrition and Human Health, College of Life Science, Hunan Normal University, Changsha 410081, China

Abstract: Mitochondria are dynamically changing organelles that maintain stable mitochondrial morphology, number, and function
through constant fusion and division, a process known as mitochondrial dynamics, which is an important mechanism for mitochondrial
quality control. Excessive fusion and division of mitochondria can lead to a homeostatic imbalance in mitochondrial dynamics, causing
mitochondrial dysfunction, leading to cellular damage, and even death. The physiological functions of the kidney are mainly powered
by mitochondria, and homeostatic imbalance in mitochondrial dynamics affects mitochondrial function and is closely related to renal
diseases such as acute kidney injury and diabetic nephropathy. This article reviews the regulation of mitochondrial kinetics, how
imbalances in mitochondrial kinetic homeostasis affect mitochondrial injury, and the impact of mitochondrial injury on renal patho-
physiology, in order to improve understanding and knowledge of the role of mitochondria in renal disease.
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SRS SRR ARARS, —BENL
LB 7 I kAR B B KR, Tl
KRN S35 W R, 5 BB 5110 B Tl e P 0
P I L A R AR MR AR T ZH S A A G AR
B .

BNE E AR E & E AR, KT
WLAAZA, ot - Hom ik A B R A0 AR iR & ATP DA
W R EIR O R ) RE R R OR B B L, 2ok
IR B v FEOENE LR AR REA &,
MM 5SS DhRebshs . KEF R, Zobifkid
oy G R 2R AR Fr Beb 2 BRI B $140 (acute
kidney injury, AKI). ¥# /R 595 (diabetic nephropathy,
DN) 55 ' JIE AH Q% s 1 3 B BRER 22, DR b 4R 4¢
AR AR AN 5T B4 1) 6 W I I Th e () R 2K
5 P, AR SO R RLAR B 7 2 R R L R R i ke
B R AH 55 R SR S AL AT 2518

1 LRk hE

LRI e —FhEh AL AH 2%, e AN iy
MG o RCRYEFF SRR TS . BEMIIRERR
JE, X RN RIS )5, TR AR BT AR
il ) B AL o BRI BN 7 5 BB T 25 TR A2 1)
BT, MR KRR H R R, B DAERE
I RS, FCIITE b 2F I R AT SR R B P
H 1l O 2 b SCRR IR IE 2 b AR 3l 7727 1) 53 AL LA
KIEARW Z Pl 8, . K&, B,
FEZAPET Y, W BRI ) R Kl S
IRAT B AU 2R AL DA R () R A 25 A
B B,
1.1 ZRFmE

ARARRG 2 N LR, E RPN AR
) AR AR SE TR AE — A, P93 B A B ik i 3R AT
RlE, BB BRI BT RS, P RS
I 8] B e, A I L2 R . KERF TR,
SR AA Rl AH G H B AE AN [R] AR 1) BUAS [R] I 48 g A7
BHEAE BTN, A7) a0 75 2L 3 ) o 2R R S
A FE K (mitofusin, Mfin) 455 ] mitofusin 1 (Mfn1)
F mitofusin 2 (Mfn2) /1 FERARIMNE P&, A
IR e R 9% BF v 4 i 1) 25 A Fzo (fuzzy onion) ;
2 WL AR A I Fil A £ 9% BF 7 E mitochondrial genome
maintenance 1 (Mgml1) /1%, i £E 0 FL2h 47 4 0 B
A 2547555 1 1 (optic atrophy 1, OPAL) /15 "%,

Mfnl1/2 f1OPA1 25 5L KRR & I OB H .,

W TR AR A BT G R A, T RA A KA
Riht, TE MMl A MMm2 (254 i ra s .
Mfnl Fl Mfn2 {7 T2RAR S B, GTP /K fif 753 Mfn
RN, IREN LA S R XS F I8 3 gk % T AR
KTV I AR — ARSI SRR P, Mfnl/2 Z I
S 3R B P A R & I Aok A 2 [T e & . Mifnl
2 RIER, H GTPase i 1 tb Mfn2 3 &,
JF H. OPA1 41 3 i) 4R 44 filt & = 2 il Minl # B),
Mfn2 7] BEAER G B AR 1, (E R Rt ok
REI R G AT BB, Mfinl B Mfin2 8RB R 1
B Akt &2, SEGRAAZHE 2™ E
(20 M B U5, AN R ARG TR R M2 25
ORI B A0 M AR DA SN BRI i B Rk B
F U Min2 787 H B 4 22 0 (0 2ok A4 3 A7 AR R
AR B BELER Y AR s g ST A
V¢ 6 HL R ik B 7% B AE 3 Bel-2 (B-cell lymphoma-2)
K IR 98 T2 [F ¥ Bax (Bcel-2 associated X protein)
F1 Bak (Bcl-2 homologous antagonist/killer protein) 5
Mfn2 FI Mfnl M EAEA, FS4UIET:, K Ml
A M2 5] 1 2RI T 25 2 A8 0 5 4l T 5
HERR Y.

LRIk B RS £ 2l OPAL /12, OPAL fE
AR A DL THT () JE 8] B2 P9 IS 4 5 2 1 R0 AT O
T EARIE AL, HAPAE 8 P AL, @i 4 e T 4.
4b F 5b 1922 ¢ B A 1 8 AN [R mRNA B4 JE
AU, FERIARE, OPAT M I N- oA it 2% b A B 7]
J¥ %1 (mitochondrial targeting sequence, MTS) 3 A2k
KL, MTS TN i 0 5 1 45 0 380 B A 15 1R e R 45
SHIVEM, ¥ OPAl B EMELMAAN R, H
KEBIATIAFAE T SRR 5[] B . %8 7€ /) OPAT FR
A OPA1 KA (long optic atrophy 1, L-OPAl), %
BB S M N R AR D) R, AR A
o 5 IR A5 F I ) OPATL £7E A (short optic atrophy 1,
S-OPAN ", H I CL7E OPAL F %58 A2 il ik
OMA1 #l YMEIL % (A B (E F Y1865 ™,
i 2 5 B HE A0 B 1 5b gt S2 2 KR A7 s AT A
YMEIL 25 [ B ) 51 7 A=A F R 574448, OMAL
A YMEILL 2 g AT AR 9 40 J IR 25 8 7% OPAL I
TR T

5 Mfnl/2 A, HYHHE RIS L-OPAL B S-OPA1
i, JUPRIR B 2k g *, HAE 4 S-OPAl
5B 1) L-OPAL SR TE 2 & AR RS, Zokifk
AR KEmMA ™, JfH OPAl Hi%Z 5 mtDNA 4k
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FRAISTE il A0 RN, Bhk= OPAL HI4H M AF7E
ARRSMNER G, RRARN AR RS, RAR
BRI LR R 2 1 B AR . S-OPAT A 5 TE W] &2
REE TR, (HERG RATRTSIER, RSN
NN S-OPA1 R34 5% L-OPA1 /ARSI LR &% 14,
EAAERERZ, NS OGN PR,
S-OPAI fgH A3 GTP MR IR & . (B WA T
FLK ], S-OPAl et 3, EWRBXMT, 4
PRI RE R AS 2 0E Omal & A EEYIE] OPAL 1 S1
iz 53 %, {8 OPAL 4k y S-OPAL, 4l £ L s i
4 P, i L-OPAL A & Rels A5 — 2 LR ik i A s
fEBZ OMAL #l YMEIL & (A B§ i) 48 it v, OPAL
ANBE N TR Y, (B0 T A7 AR 2Rkl A 1
DL BRI SR, OPAT FR G MV B AT W7 Y A £ #5 2
A —E MR A, HAEEFTEL T, L-OPAL 5
S-OPA1 % HRDHEAEI/REGIENE, 1 S-OPAl
AT DL L-OPAL A&, Fsk b, IER
A L-OPA1 # U1 51 B 0 2 8 330 7' 1 R & 3
P P, OPAL IR 4 Z4H 2R (I T R R A
B 7 AT LR AR A — 1 o BB %) 240 S8 e
WA, OPA1 I 38 0 B B #8251 e 2 p A4 i
A,
1.2 Ziufdoi

LRI 71 2R T8 R AR A AT A 5 I 7 AR VIR
g5hy, @4nsrEs, AM—2 =, AWAEUME
M ZRLAR I S AR . RO RY], EAEY
b, kiR REE - RRNEEAR, EA
[FAEh gt L R R, (HEEEATANE, Fln
TE 4 BRI FLBh 4 Hh i 42 2R R 2y R B 3 2 2 i
Drpl (dynamin-related protein 1) /5, 7EfEEEA
Dnml (dynamin 1) /5, 7E K+ H DIpl (dynamin
like protein 1) /5, T 7E 4 4 4 i ABL2B (arabi-
dopsis thaliana like-protein 2B) /15, ZRAifA7rREE
HEIX L JAZ A vh s R, SRR AR it
Rtk FM R AR R T P

TERFALENYI, Drpl AEAZRIAA 7 240 2R
H, FEAFRE T — AT & A i e A T
Y f s, BB E L iy GTPase 45 M3k, 1 [H] (1)
W JE &5 A 3 RN R 2 i GTPase RN L &5 #4) 35k #) Ao
Drpl A& S A HA e DIRe, I 75 24 bk 7
24K A 1 (mitochondrial fission 1 protein, Fisl). £k
fR43 B8 1 1 (mitochondrial division protein 1, Mdv1)
o Caf4 (CCR4 associated factor 4) 252 5, Hr Fisl

ST LB A0 SRR 3 2R 55— AN S BR ZH AK
# oy B, 2R 4K 43 24 K T (mitochondrial fission
factor, Mff) i S HITER ', Fisl f) C s I 45 0 58
fr T ZoRi A& AP R, N S 5 1) 48 i 5T 4 5% Mdvl B
Caf4, Mdvl [7] 5 454 Drpl A Fisl, ¥ Drpl 5 7
T LR R AR PR i, T 2R R A A i
] MiD49 (mitochondrial dynamics proteins of 49 kDa)
1 MiD51 (mitochondrial dynamics proteins of 51 kDa)
TE SRR A1 IR 3 10 W i 7y 2455 338, Drpl H 4%
FRINZRLAR B 2T AR G54, AEH GTPase 1EH] T &
PSR G A, BB — =, kiR )G
Drpl 2 547 5] B AT AR A B0 MIT. MiDA49
HIMID51 #E/1F Drpl M kifA st 72 B A 9E
WEEMEH, XE&EAPRE AR T
B RARR) BE A, H=FhE AR 25
KABLTF Drpl S FT 5| R LR 43 4B B 2,
M SRR BEG Drpl [ 2Rk o, 1k T 00 1) 4o
PRI3 38, T M IS Fk G SR AR AR ) 72, AH
EeZF, MiDs BIfE I 5 UE R E 2%, HRK-F 3
KPR KL > 2 5, R RN 2> ] RS EkE
RREAS, g0 At T NECIRAS R, MiDs 755 Drpl
W, XL K () B R A o PR 4y 2 Y. BARIX =
ANE 5 T ] LT 0K Drpl 55 42 B 28 R4,
{H A5 BF 78 3£ W] MiDs 1 Mff 7€ Drpl & &4 41 I
1 SRR Bk A 4324 Y, iy FEELAAAR B AR F AL A1
A Ryt — LW 9T

Drpl 7% 1 52 31 2 7 8 15 J5 42 115 10 8 42 B,
WBEER AL . LR U, R M s
Al ™ &, FE YA A S 1 (cyclin-depen-
dent kinases 1, CDK1) f&XJ Drp1-Ser616 {7 s 3171
ik, it Drpl fE LRI TP AL, IS A
204y FA 5t FE I 2R 4 2 5500 ¢ g 440 i v 40 P
AME 5 1T EE P 1/2 (extracellular signal-regulated
protein kinases 1/2, ERK1/2) tH f& X} Drp1-Ser616 {7
ROEATBERRAL, i FERR R, T2 iR A=
K BY, gbAh, Ser637 A7 A I BR 1L /K P Xt Drpl ()
PR EEA W, HTITRB], Drpl £ Ser637
A AU BERR AL T A AN A 2 e A 3, (B[]
(1) & T X Drp1-Ser637 B R 10 AT 7 A6 IR 2 R &)
ASRAHE ™ KHT cAMP [ 1S A (cyclic- AMP
dependent protein kinases A, PKA) 43 [] Drp1-Ser637
R AL REA ) Drpl FOE VE S L 2R A e ir, AT
PR T s AR R R, PR RI A S Rho AR
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176 1 25 13805 1 (Rho-associated coiled-coil containing
protein kinase 1, ROCK1) fi%4t, {H ROCKI %} Drpl-
Ser637 I B2 A K1 2> {2 33k Drpl [ &RLARFE AL, 5l
RLZ LA B BB R T B kA,
BRI, Ca®/ 45 1 F AR 2 I8 1o (Ca®™/
calmodulin-dependent protein kinase Ia, CaMKla) [F]
235} Drpl1-Ser637 WAL, I ek 2k fA 3 2 B,
B, Ser616. Ser637 A i 1) % & b % T Drpl 4
TR A E AR, LA R %
PR, ASF BRI F) — G R B AL = AR R AR
HAEFEAMAE . th4h, Drpl MITEMEZ 21z Rk
iR, @i siRNA fifil Zekifkiz & B3 &4
fiff MARCHS (membrane-associated RING-CHS5) )3
1 B R DR R A | FLiE %, 22 33K Drpl £E
LRI AR e AL, AT PHLAS Drpl ) 2ok 4
GrHE U AN, Drpl (95 VL 52 B A A A&
Wiff) 45, Drpl 7E Cys644 A i f) B 1 i 56 04
1, SRR 2 ) S s, THE
4 ) 70 > J S R e 5 S A 2 46 Drp1 #8110 Drp 1 H)3%
Ve, (RREERRLA Bk, RS S T .

2 RN FESRNBRETEE

FEAEFFMT, MRh bR S 5o RARFF
FE— MR AR ERAE, DALERF AN N A EE AR
FERBURE T, XMPAHAT I, LRk £ r 2R
FRERAR B RR,  SHRZRR Btk . Gekitkan
R ERLAR TR LERE . ThfE . 18 4% F o 45 1) T
oy EE, B O E F B 2 5l R R A TR
BEMBE RGN SMER 2, S5
mtDNA Z5HMITHRER 0, A2t A IAE T .

2.1 7EME& (reactive oxygen species, ROS)

AT R A AP R DN 2ok A B e B R (e R 3
SO P AR B ROS, X2 HE 4 R ROS
M FEZRIT. AR, SOkt 2 ROS 47 1 5K
A, A S BRA D REREAT . SR A I8 %
P DA S A 3R ¢ SRR T R B HOREIL, AT
FHIAMRMAT. ROS A HERRT) )5 2 (M AFAE
HEBEECR, BIIAERE PRI 51 E TR B Bk s
W R DI ReRRlG kiR s s R AL T R AN
B, FECROS WG, B A I B0 A B4 I U
P e TR, SRR S 3 EUR
W ROS Y, i 2Rk 7 2 REFER ROS 1™
A LEREREAEAL R, J@Id siRNA R Fisl 5% Drpl

AT RAAMA N A B 41 ROS (3848 Al — 48 Ak & A il
(s 5%, DA g RE, Riihsh ) KaLRT
18 BRI 2R R AR 5 22 5 31 ROS HIBE N, ROS s
5 2R R B 77 2 RS AT 2 A0 35 B A 1 IR % %
R, FE—R&MT, ZHMERW, BRCGEIEE,
&G R  H a AT
2.2 mtDNA

28 A 57 X0 B [R5 ], mtDNA & i A% /)N
By R R 1, T 99% bA B Rk AR AR 1
#% DNA (nuclear DNA, nDNA) Zwfid, FE4U0m &
B SN KA b, mtDNA J2& 35 71 (0 B4R 4 1,
J& B W 2R BE A8 SV OB R 46 4, T 2% 40 I N R
BERRBE: EEEID 28 NN, REEID 9 NI,
374, H R 13 AR YD 08 (AR 2R
e E AR EEEM, H 7 AMEEREHE %
HEE IR 4, AT % NADH B HF, NADH
it ST 1) R R 9 AR 4 i g P, R A T Al
FIBET:. BEE R K, mtDNA RAESMER, K
It mtDNA #H%F nDNA K 1t 5 % 5 i 7K °F i 8 4%,
mtDNA FE48 K 5 A R4 5] 4 i 1 Ak g A 2 SR
R, R SEEEE 0,

25 R A il 4y BT A2 4E BE mtDNA BT b 75
g 12, FE 2R A S R A, mtDNA AL I %
LRRARAR T, SR S A B R AL TS 1 4E P 7E mtDNA
JE Bl BRR mtDNA A8 5] 40 A7 s s b 2 5 8 gk
or A I I A AL R AL Pt o 2ok A4l it i A 22 e
LR WA Y IR P IR 4 RE LR R B 1 P, X SR ER
5 mtDNA & i, R, 2okl &G &9
L mtDNA A B2 LA B2k 1, Lee 250 70 8w,
2R AR Rl % /N B mtDNA S 8] P v P A R 5 1tk
HERKTN S, Rk ah & & AR IE KT R
S F 524 mtDNA K-FTh s, 3R IR PR nl i
o A R R A 11 2R R B A 28 48 mtDNA {145 55 5
m O, AR R RA AR, R RR A R A ELk
o S REEALBEBR AL IS PE AR Y, H AT E %0 OPAL
AMUAEZRLAR N R & R 2 B 2R, T BLAEIs
SERRVEAL R S A SR B VR T,
EMAE LA LRI REERE RSS2l T
mtDNA 7K FEAG a2 5 B At 26 R 1k il 25 4H O 1)
B
2.3 fHpATET

2 RL AR 8 1 FE B 40 L L &R ¢ Smac/Diablo-
HtrA2/Omi. W V) HE G M 1% 5 B T (apoptosis-
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inducing factor, AIF) % 8 T8 [, 7E 7 717 40 fd 7%
FrA R T AR AR, 4R T AR X e ]
T W2 B EL 4G Bax A1 Bak (1] Bel-2 5% & (1)
Wi, XS AE R A I bl A T AN T RO
A& LT ERR SN E ) Bel-2 FEN=AT
T AU TR - 75 e il i i 45 JDE H IR A RE
B FEAREORAR BRI 1 AR RS, T 4ERF 2L
WA B, e 2R A R 1 5 ORI I Y
2 b7 A A1 15538 325 7 32 L (mitochondrial permeability
transition pore, MPTP) I ] 40 ifd {4 & ¢ Al AIF 4542
R AR, REMHIARRET ; el
5 R AR 5 1 10 2 Bt =L 2 1 /K i (Caspase)
WM FEAE L, R Apaf-1 & A7 T 2R RiAR I, X HL 45
M REAT T, BEMBHE4I G ER o FERRE, &
ZPH AT, R, Bax £ DUARE M R
XA TR, RAAERCEE A5 5 RIS,
Bax A4 HGE BT KL TR, BALIFEA
LR AR A IR S TE i Bax/Bak R — 5 Ak 25 (118 1,
DR SR A RS, (2 R ¢ R
J& Caspase 1%, F&SEdpmET: ", w4
P TRl R T AR AT A B ROE R R A, LI SOk i
AN 7 M ) U A 43 mtDNA BRI M s o,
BE J5 B0 NOD A 32 fA #v il F 45 M s SR BE E1 3
(NOD-like receptor thermal protein domain associated
protein 3, NLRP3), # {2 H 4 i /> & 1B (inter-
leukin-1pB, IL-1B). IL-18 BB 4l, A& H TR
REM R A T,

LR B2 o ST AL TR R F A, R
A RIS TR T AN 3R ¢ BRI IR A], G 5
P Z iR P AFAE AL 3R co ZORLAARLE R T2 A2
R B AT R T I gy R S 2 BT
B, (BERA P ZIFA —ERHFMME T, i,
vMIA (viral mitochondria-localized inhibitor of apop-
tosis) 23 FEKLAR K B B, B[R] 2 BH 1k 41
P75 M 25 T 5 5 4 M 9 2 T Drpl BA K Fisl
Z 5 MRS RE, SRR o R AP
MM TR AR LB R ¢ BEUR Caspase BT
MEERF. EHETEREECT, Drpl #4855 2
LRARAMNE, €5 Bax [FII AL T 40 267 i1, A
siRNA il Drpl A 7KF, w48 ML 5T % A 1
Drpl JE# #2311 Bax fE SR BRI &AL, &
I 2RIk v Bl A0 3R ¢ BT, Caspase
FEOE AR T2, XL W] Drpl [ Zh A2 4 T2 41

J T AR 7 P A R I (] D)o BEAE, SR
Rp A 2 (RN T, DUBR Mfnl 5 M2 (3
B SRR R Betl, IRk T R U,
1M Mfinl 8% Mfn2 32 2 30 U 2 300 Bax ) 350 A 48
Mt c e

3 SN HFRESAES BIRER

LRI 22 SRR SRR B Th RERRES, 1545
RLAR P E = BB SR> . ROS 7742 38 i BA & mtDNA
A, NI S BOE WETh BEREAT, (7] B 2R A e 4
OEALFTRIPTA SRR E <8 /1Ny (o) EINE 5 AL TdB 2|
P 07 o R v 2o B AR R A B 2 T S AR AL
HIERLAA 7 Bedl, JF HERLA Fr Biib it & B2
PRIEEE ML, SR ", dhAh, KED
JURY], {E AKI. DN %52 R JIEDOW J 5 27 44t
g B AR b, A R ) 2R R 2% AR 1S
SCRSRIRE, XA ZRLAR EE G, B
3 o DL ATF B dEim 8 e 7, Xk
AR A T B2 73 2R 51 R B ERE A B B A 5 8 I
YK T 2)
3.1 AKI

AKT 73 A B RITVES T B /NVE b R 4 45345 A
B e Ve, AT R A2 A%, sk / 5 VE
(ischemia/reperfusion, I/R)( HI /K 5. 0 fF & B %
FAREGE ) MREEAE LB B 2459 (I& 257
PUAR R S AT 259055 ) 4 2 3 B AKT ) 2 2R
R, AKT A3 3122 05 B R i Rg i, JF Bk e
B 2 Fham R, e rbal o /N b R A0
P AR TR N2 33 AKT () R BRI 3, I
H AKI J& BIA 58 2B 38 2 R ORSE in 18 12 1 o
(chronic kidney disease, CKD) HJJXU%; o

KREWITUR, LRAAD)RERRS L H B )22
B RMIAE AKT 99 PRE R rhld %5 B E 2t R,
TEANRIREE ) AKT Hh #8A] 5% 3 AR fib K A1 A B
b, JEFERE ATP A Bk, ROS Wt DL 40 g ¢
o B . EE VR BUREE S AKT /N SR
o, R BT BE RGN H T B A R L 5 3 B
HIZRi AR, SoRiA B i BAEAESE T8/
EMMR T, A 2oL B 4y 2RI NVE
AN ETORVE ARG T tAh, BRERRES T AKT
R R LKL B ) AR A ki, HBEE I A
(RS, 2R A ) 20 M T B 2 3 m 5
B bR At AKT rRont 5 £ PR e 0 BURK O 41 i
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Fig. 1. Mitochondria and cell death. The imbalance of mitochondrial dynamics can lead to excessive mitochondrial division and apop-
tosis. At this time, mitochondrial bodies release cytochrome ¢ to activate Caspase, while mitochondria release ROS to cause changes
in mitochondrial membrane potential and induce cell death. During apoptosis, the release of mitochondrial DNA (mtDNA) causes
inflammation. Bax, Bcl-2 associated X protein; Bak, Bcl-2 homologous antagonist/killer protein; NLRP3, NOD-like receptor thermal
protein domain associated protein 3; APAF1, apoptotic protease activating factor-1; IL-18, interleukin 18; IL-1f, interleukin-1§;
ROS, reactive oxygen species; Ay, transmembrane potential; AIF, apoptosis-inducing factor. The figure was created by Figdraw.
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Fig. 2. Mitochondrial damage and kidney diseases. An imbalance in mitochondrial dynamics homeostasis causes mitochondrial damage,
which results in a decrease in mitochondrial respiratory chain production, an increase in ROS production, and an alteration in
mitochondrial permeability, increasing intracellular Na” and Ca” concentrations, leading to mitochondrial swelling and fragmentation
and the release of cytochrome ¢ and apoptosis-related factors. Mitochondrial dysfunction then leads to renal dysfunction, resulting in
a variety of renal diseases. ATP, adenosine-triphosphate; ROS, reactive oxygen species; MPT, mitochondrial permeability transition.

The figure was created by Figdraw.
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1 1T BB P 24 P R 2 51 kS Drpl-Ser637 A7 A 1)
WmR Ak, 23k Drpl AL kiR A 1, 78 UR B,
Drpl (MBS R T 2Rk i & 7 24 F08 2, @i
Drpl #1171 mdivi-1 PA J siRNA B&AK Drpl ik K
S35 AT A ZRL R I B At 3R ¢ RN
Caspase frI3% A& A gE T B,

£ AKI 1, 2Rkl /% J 2Rk D e 52 B Ax
L TAE 5 M. SIRT3 1E Jy— & ki ik
(15 CBALEE, TEL8RLIAR ¥ T B 44 K 50 B 1 rh
HELAEM, IS0 AR B, Sir3 i
FIE AT AN Drpl MR ) SR04 e i, AT 00|
A0 SR T IR A B Ay 2, TR Sire3 ) R
W) 4 Jin R 461355 S 1 /0 B AKT ™. 78 UR 3 S 1)
AKI A A, Sire3 1 AR 0] 2 1 M2 1132 AL,
NI 5 B WA Iy B DL R SRR T 5 T Sire3
I RIKREMEHE M2 11532 24k, AT 4 /N 4
MR, SeEEMEThee . thah, EMEEmRLS
W) —— FOJE M A 3E I 0% SIRT3-AMPK 15 5 4
5 Drp-Ser637 A s B RRAL, S+ RENAES) )%
FadSE W, MM % S 1 AT,

LRI FREECEL [ 2 (uncoupling protein 2, UCP2)
SERRLAR R SRR, RIRE /N R IR B
R, MEEFAE/NR, Uep2™ /NRRLR T BULANS
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