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FRAESFUTSMERAT

I & KEE
(EMER A A TSR3 T/ SRS TSR, A1E230032)

BE HHER, dFTFEEARBEFUARLAERA TR TR TFERGHRITRT H4549
ME. EFHLT, KBEAREMIRALEERE NIKEH, FRAFMEYREE,R. @b

Fan Rl —RINBQRANF, ZHZR ST RITHXRRGT SF 6.

FEmf AT 8T

B, KARERAS R 5 P8, SFHRELEIKRE FUREMAE follitg T, X E AT REIREE
HEARRATHEABREZHEL., BE5FE0Ea R MURAEEEART Sfmie R it
#2, SAeL B TAR LA RA £, b, RATE Bel-2 &G 7T feid i i T K ARG M kA 4R A

Tif4e,

XA

SRATEM R T PR T EEA . SFET
T | B e b AR IS H AL T B L RRIEE M R AL
(permeability transition pore, PTP)F LA K 41 fa e
# o WE SRR F(AIF)FZ R A E B FRB R IA
ARFFFETRKAEMEESREAFD. —FAR, B
A 0 0 T 2“7 R E 1 AR R A I 4 A0 R T /M R FE
B, ERPAAIE AR T R 4R IER, A
TR R e IR K . TIRARSE
— LR RS HIEER, BTRERBR
(electron tomography) FlvH &AL ARLE LY 2 K
&N, fER AN ERAATESH T EH AR,
R TR B AL AR B M S5 M R A T
SR, M HIX A AR T R AR 5 A A
HARET-HAMRERFEER N WHEFERRK
40 B 0E T R LR AT A 2 ) SO B R ORI
FUHE R BEAT SRR .

1 MR BRMESHNEIAR

SR AR N H R RUERNA LS. SR
TS, AHARXE R, ABRREARK, "MK
BIFM AR TR RIS WARAAERIRY, WE
g 2 18] A BT i X ATV L T B 42 45
FMER AT AL . 50 BEXK, XMfid—H
WEHBR, INARKHAKEHES. R,
XAEET TR BB RN RE S BT HAEH
R ISR TE . BEE T 62 BB S BRI A
MNH, X2 HECEZE T ki,

MAET, hihmAeSsH;

LKA & ¥

1.1 BT ILRYERER

BFC N G338 I %o 5 S A i (1 v 4 L 9 PR 2 kA
BEAT SR W 8% DA KR F = 4 EHR FaER BOR R, 4%
FLAATEL N FEA R ICLAER LR . EAIEA A
Wb R, AT — AN shASRE PURER, Jf
RAEFMEMFFLEMME S 7R . LR AEKE
A B DR SN L P R 23 A A BE A0 B S S AN SR A
35 () S R AR AT AR A . G G, Y14 2ok
TR ZEAR, TS A 4F RO HE . kiR Al
BATENSH A RRGEE, X0 TR SRR 4H
fashae R EEE L. FRARG SRR KN —
AMEREBMEERMEN RS, HAHMTEEEE,
£, L FRL AT ) T S B ST R R AR N A AL
oo BAEAFLERAZ 8] 0] LAEST mtDNA 42,
DA RO S 5 5 2 AR R R -3 801 mDNA AR,
R0 43 A 45 40 L PR A Ti) DXk £ 2R A4 B i
T, FORUEZE KA E 4 i 73 2 A2 P2 2 BC B
Raifad . Bz, fEMKEmESIEREY, £
FLABAT HE AW S R E, —E 2 MYEFED)
AT, XX T4 AR A A B IR A 2R B
AEERX.
1.2 ZhiRpy=H55H

LRk A E IR A BB AL R BRI
HRBIAE R =4 BRI AR LR B R i A
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W RRENIT B NIATE T, TR RE 2R
ehi) . WIEFI AW R BN, R —A
FASTIUSL IR, AN R 18] B — R R B IR &S
FIMIE, 1X—G5MIREFR A I 3% % (cristae junctions)®.
£ KLk A IR X P4 b 22 AU S T2 bR 1 T
FERAEEE Y. WEEISHENFSLRUEST, Sk
4 80% UL FHIA M & o A7 T AN 2], BT LAE
R SE P BT 4 ML R o 3h i AR RN A
[EIC
1.3 TN SR o F Bl
EARK

LR A IR R 5 R0 R BINERE, B MK
IV Z MR E > R k. M a]F P 5
Vi) A 50 1E 1 P 73 S RN i -G A e IR IR I &5 44 (1) 52 3
M, BTIEAAYMRL . Bk, TUERLRE
—ERFI RIS SR EEX —E BT, REK
B, &bk esas®8b—RINEARNSF. XL
HFARZETASEHA(dynamin) FK KK R, &
GTP B4, I HAEAWi#w AR T. &
KRN Z N FEPERIG N REOER . B
BT AESRANBES SN, FRELRNARTE
AFEMEN, FHEHRATHAEZEDIMERRE.

2 R A P IR FN IR T 25 ) A S L EI RSN A [F]
I FAMERLE 4 R A —E R F REAEM
s EIER, TN TR AR B A R 0 S W R AT

REMS R

SRR BT TR 5 ZoRL A A JEORITIRS 45 44
FIAHRHEFTHAZ, SN SERARESHER
Jit OPA-1/Mgml th2 5 T P4 JEFIE T2 1 875700,
T Bl R I —F 2R 4 JFmitofilin 7] LA M P RN I
FITEAMAMAT:, BEAZE PR A 53T
%{ll](%ﬁz 1)[12~24] o

2 ARG AIARESELT
2.1 ERRGHER

LRABTEHMMATE R T — M B2 R R EBR
BN AE PR F . T 24 40 52 345 i o o ) 3
o, TERBAZ RS PR M BB I, RS
R, RIALKAAEHIE L, FRLRRE PR SS
IR . SohliRE AR EE R E RS R KT
RIS R . BEERT RN ARG 55 23 A
Y, SAARMEE SHSRFRE. GRER A
FUL AR BANE],  Leki AR P 24 F2 B gl & In ok
MA4EA TR, &REEMREHS RER
o MM TN SR ARG TE B n] i T3 L
PEE 2B RN ATEL AT i TRl AU
W —F A2 1323,

PR E WR MR R R A TR TR B,
B ARV 2 RIS A MR TP 3 A TiX— 0
%251, HFETIH S 7R3 % & (herbimycin A, —Ff
R E BRI AR HIF)/ER F Colo-205 41l fe, AT

*1 BELZNBREMSRNEAREH. EMRER

AR

SR o S F R SR YEH

s

Drpl Dnml Dynamin KKK T GTP &, L THEK TIAERRIAIMNESRLSEE, /rRIMEHI2;
BRI E o

hFis1 Fis1(Mdv2) OMM #&&EH AT LATRSS Dnm B2 R AT, A0 AME R0 (LN
T:{IS,IS]

- Mdvl C K& WD EEFH A/ §EYEH Dnm F1 Fis1 MEACE 155 Dom1 7E£;

(Fis2/Gag3/Net2) RLARSMEF B RER, i+ AN R0

Rab32 - /Ny F I Rab32 KK GTP Bf, FIELHE FHELL A WEEH# & B A (AKAP) W RERA,
S G 4rHun

EndophilinBl ~ — P 3% g 5% 75 B Al [} OMM ¥47, -G ar542 o8

BAP31 — WML 4T A, caspase-8 FITEFEY  Caspase-8 WG4 R p20 J ol LUT £ ki 44
SRR T

MTP18 - EHLTF OMM T E, MEAE TR

OPA1 Mgml IMM, Dynamin BFKK5 T GTP B A BRGNP A BRI AR, IR T

Mfnl1&Mfn2  Fzol OMM, % C i BIBRIERH B K4 T GTP /- AR S22 s o

fi
Ugol — OMM ¥ &%A AR R G
Mitofilin - g i) B WIE N BN REA: Mmooy

OMM: outer mitochondrial membrane, 2537 PESMiE; IMM: inner mitochondrial membrane, Z&fv 1k 4 &,
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AR T, RINERAAEEY L 5 RR AR
R, MR RAES AR T IR S R
/NMARITE L. TUNEL FHYE 40 fa 558 hn LA &% PARP
(caspase HIJEYN) FIVIEBIF R0, N FERIA R
A HE B0 Drp- 1 I BE R & 5 2R R4 73 3438,
B WREE W IR, i+ F-fls(staurosporine,
STS)Frifs 3 (1 40 Jf 7 =t B 48 4, T Drp1 #Y
M 4715 A 4 (dominant-negative mutant)(DrpK38A) X,
FFIH /N T4 RNA(siRNA)JLER Drpl 2K 5, )
A LA E IR LA R U KA c B
BB BEHALR) T R FIZ DNA BESRT-EHMA
A1, hFis RS RERIE BE S 5 | S b AR 2R AN
ToHIR A, DUEBR hFis 1 F BRI o] DA 1 25 o o8 T 3
BU(STS, JHLTE % D 84 Fas Bik) E S TA
AU, TS A Mfnl&Mfnl RIEH TG, £
FLAR AR E5 RV 2R, 40 i R B 3 A T
SR N e, X ORI ST 35 15 B L kL A IR 4 A
FOFERT RPN REAIAER, MESE5TH
-1+

BARKZHFUESE, PH IR Rk 5 3T # ]
SRR AT MR, AR 2 o ROREAR LA K& 40 v
TR, {H Szabadkai SO IF SN LRI IA 5 R
FEH LG L T A RE I 48 P 2. Drp-1 Byt
JEEFRIK AT T LR H IR 1) [ Bt m] DA PRI 2
Fifk Ca2 fHH, RUCXT A . H,0, I MLk
SR 40 M TR I IR, B IX e TR
WoE Ca> fKHiTER . Perfettini 258HA b Ze bk 43 34
ST AR 3 2 41 ) 28 L A 41 RS0 325 1 358 n DA K% B ) )
MAIET, FERERTRAOETCRHERES.
2.2 AEEFNIEHEY

A0 o8 T R R RAR ) 5 — N EEM S E S
A SRR P JIE AN ) A4 (cristae remodeling) .
Scorrano “FCH{E AT A Bid KiE M E R i
#Y Bid(truncated Bid, tBid)&bFE/NRATRELRPIfR, 1&
BT A2 B = 4 A R MR e A B J5 2%
KRN BRI e S KAER —RIESLESKE. EF
¥ P9 BRI 44 T (Class 17E tBid 23 )5 2 min P RE
Y EECRAEIE IR, AR R A RS I
FAHERLTE RO P25 A B o™y o) 5 B0 2 A 11 i)
Fe U, AF/3EE BT A K, (B kRS E T,
TRt BK(Class 1T)o XFFERALESE 5 min X F &
g, BEMAHERE, btk HIMAXT RIS, &6
oy XA R, AMNEFF AR (Class 11D . &

G, SMESEARR, LKk HI K. Class IT#
AR AR T B G A P B FTORS F) S BUAG TR, 4D
EZ B SR TRIEE, BHERERAKEESH
Class I [1] Class II fI$64%

OPAEA—Fh Ul LR HI{E R S A A I 45
¥ b REFEE/EM. FIH siRNA T OPAL, NS
BRI AR, LRSS WHI SR TR
o XA (2 K ¢ BRI UL KB G TR T
KA 09, Mitofilin & it & I IS & RLIA A
RE I A K 4> F o John 0N Y K BIZE mitofilin
TG, Kbtk EEWR, RILA K SN L6585
K, WK, FKSRAEEEES N, A5
BT, AT-Hm.

R LA PR FE R U F1 A o T 2 0 T B 4 P £
ZEcHMEEBBAAEER L. HTHRR480% L
LM o TN AR, RAEAE 20%H
AL FREREBR AN, (R E R AR 40 AR VA T b 2
WA EE B, WATRMAKRAE  FE
G EERZRRARKE, REHBEBRARK.
Scorrano Z5OHIESE, tBid 7E AR P EATIR FE 2 ) [R) s
WAF 1S40 A B 3 o 7818 T FR A0 B S A 0B Py R 5 3
R, {2 c B KR,

3 Ba-2 RiEERS&KIEREFEHNE
Bel-2 K 5 [ 3 B8 T8 bR 4 4
Moot fE. SR EMA TR Bax. Bak. Bad.
Bid. Bim Z5)F13W49E - (W Bcl-2. Bel-x1. Bel-
w. Mcl-1%25)P K. B Bel-2 KKK AN &R
1 ek £ Bel-2 FAFE 4 f#3E(BHI. BH2. BH3
BH4) . TR LR AT Bel-2 HEAMLFE
MBI R AL, REHIIEAMREER B
KA. BAERET- A TS, Bax &Rk
SMEEEAT, T Bak FEZRLAASMNETE i Bax/Bak 4
fE(foc)®, FIRAIMLAER o BEMUMANMLIHT . Frank
S0 I Bax I B RIE M B b iA & B RORAERE
H, X+ F AR S R 2 i R U
e T4 BH3 XIHRAR f5 X — {23k 2k
Bak AJ figifi it S5 k& A2 4 & AU BLAE AT
AR RL A A 3T FE, MBS RENTEA.
Karbowski Z:281% Bl Bax/Bak 384+ T i FEBEE £k
AR PR 5 M O B R A b S R 03k, i BLiZ
R BRAL T LRSI 4 RLHFAZ 12, 1M Drpl
R RSP B IE R T 7R AME 4y 34 T R AL 5K
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LMo Lee %1HAKH Drpl F] RE7E Bax HIZRRL{A R AL
FA0 L F ¢ BB B R R TR .
I hFis1 L7 7€ Bax A4 RiAREEAL 2 BT R IEVER

Bid 21X 7 BH3 4 e - Bel-2 EHH-.
Caspase-8 I35 J5 1F F T Bid JE U 1 £ tBid . tBid
TR FILRARP, (R FE A M B 5 o 7E NI ZRhL
A E MR, Scorrano ZE6HESE tBid 2 72 It
F) AR 1 1 i 2R LA R A L EA 3 oo [R)EY tBid 4
RIS LA EN, 1R IXMA T AR e 3
FRRERE LATOF T &+, KA R c AIFHT
F) 4 3 53 28 R (R B RE TN, JE BN T caspase )
HEBGE . tBid SN R EMHLEIMAHB. Bid
5P L i (AR AR R ZE L nT e R #E T VERIRO,
{EBid B AN H T R Bax A 2K [ AR LA SR B A
ghitk. FA, HBEE A aTHH] tBid 5 HE K A
HIMAMEATE c BNR, FHREE BB
Wb .

4 NNERE

R E SR AR N A ANRRT —1 =
AN ARILRLAR, Tt H B 4 1 LAl BT
FAE AR B Gk i 9 N Fni—i, #E—P4
F T SR AR MR TP RO HBAL . 48 M s2 210 T
WE AR S R RGBSR TE S B Mt
HISE — N o L ANIX e AR B 4 52 M Bl f A 26 6 4
JERA, TR EE c MBS RHT-F4, HE
LB ATERE . 515, SRR MAE
BT EFEERN, ERTHIER P BAEL
FAKTE S A9 0 e o st A% P B 1 A 48 38 4
(dominant optic atrophy, DOA)& —F & M5 A& 5%
KIS OPAT FER SR YA KL, £
Hh— Rt A PR 22 RGP — % M iz Bl R
£29% (Charcot-Marie-Tooth neuropathy, CMT) &+

WAFTE Mfn2 ZER )RR, XL R IR Sk i
ESRERRE S KELRETHEHBIIFE ER
HRo WAEBXLEE [ S A TR KR
Xt T B AR LB AT R A R A SE R
X
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Dynamics of Mitochondrial Morphology in Apoptosis

Tai Ma, Qi-Xing Zhu*
(Department of Occupational and Environmental Health, School of Public Health, Anhui Medical University, Hefei 230032, China)

Abstract Mitochondria play an important role in apoptosis by integrating intrinsic and extrinsic apoptotic
signals and releasing cytochrome c to initiate caspase cascade. In traditional opinions, there are no changes or
nonspecific changes of mitochondrial morphology in early stage of apoptosis. With the discovery of frequent mito-
chondria fusion and fission in living cells and application of electron tomography plus 3D imaging in cell biology,
concept has been renewed in recent years. Mitochondria in cell form a highly interconnected dynamic tubular
network and undergo frequent fusion and fission mediated by series of molecules called fusion-fission proteins. The
dynamic balance between fusion and fission maintains mitochondrial morphology and function. Once apoptosis is
triggered and the balance is perturbed, mitochondrial tubular network will shift to fragmentation and the cristae will
become remodeling. These changes are essential for downstream events of apoptosis including cytochrome ¢
release and caspase cascade. Fusion-fission proteins influence the course of apoptosis via controlling mitochondrial
morphology and ultrastructure, and may be responsible for apoptosis related disease, such as dominant optic atro-
phy (DOA) and Charcot-Marie-Tooth neuropathy (CMT). On the other hand, apoptosis-regulating molecules such
as Bcl-2 family members can also impact mitochondrial morphology. All these evidences imply significance of
mitochondrial morphology in apoptosis and promote mitochondria to a higher position in cell survival and death.

Key words apoptosis; mitochondrial fusion and fission; mitochondrial morphology
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