i E A AEY) 2424 9] Chinese Journal of Cell Biology 2015, 37(6): 895-905 DOI: 10.11844/cjcb.2015.06.0048

I 40 R6 X = S AT AR ZS RYEE R B XS 4R AR R 20

E*X HAFF » # # E
(RSG5 0 MR 3R, MR O SR i TS0 %, il 200025)

HWE @R AIE R IR A (redox status) 3k AALIE R % 4E (redox potential) & 28 el & 244 4 32 45
HZ—, CHREH MmN E A GES. BT RIRE 238 @009 7% M B (reactive
oxygen species, ROS)/K-F, L FHEA R A LLE FHR A GLR B, B LRBTTHAS>T. 2
LR E AR MG, sF BT E T AR, RASS T A MK 0 BACT R4 AL
AR H AR R ARTAR B, fast i 2s § 4 R B ML R £ KP4 RIER S, 32k TG a0 Ak
BLR A TR R F ., AL A @A T E2GROSER AL FR AL, AT A AT &L
oL R E 4 BACE AR S B LA AR 0 A R AN IR AT 224238, ABARE S IR o & @ Mo 3 4m i 49
FAIE R R F A,

KA ROSAK AL ROSTHE IR R 4L AL FURA: WA IX =

Redox Regulation of Subcellular Compartments and Impacts on Cells
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(Department of Biochemistry and Molecular Cell Biology, Shanghai Key Laboratory of Tumor Microenvironment and Inflammation,
Institutes of Medical Sciences, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China)

Abstract Redox status or redox potential is one of the most important and fundamental cellular physi-
cal signs and its homeostasis affects cell function and cell life. Redox status refers to the level of reactive oxygen
species (ROS) which is coordinated regulated by both of the generation system and scavenging system and in turn
regulates downstream molecules, organelles and cells, such as cell proliferation, differentiation and apoptosis. So
far, the redox regulation and its effects as a whole have been reported. However, only few studies showed the redox
alterations and regulators of organelles or subcellular compartments, its impact on the structure and function of
them, eventually the contributions to the overall response to the stress. After summarizing the general intracellular
ROS generation system and ROS scavenging system, this review focuses on the specific redox regulator system in
subcellular compartments and the consequences of redox changes, which will give rise to an in-depth and compre-
hensive understanding of the cellular redox regulation and its impacts.
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% R A% AN BE PR XU AR, BEX M e . R
FUR R IR B s A AL E L, JE BROSX & 541 il
2R 5 SRR AR, R UMW )81

XF 4 I ROS K 7T B W B 2 AE [ 7 5, —
&R T ERRE RS, 55— HeE el Thag
oM W e R INT — &R A5 5TROSHA: UM [
B143F, 5 BIFR NROSHE i & 4t FIROSIE [ R 414
H A, 1% RGEAMI A KT UK £, (HIETE
21 X 2 7K TIE 7S AN TR, ROS X 41 it 11 52 )
AFEABW RS T AT ME, B
NN - 7 b N G111 062 N O S S R A
A X % R . AR SO 2 Y 32 L ROS A B &
Gt 5iERR RGAT A, RIS E AT W40 X
(SRR JEOR 25 S L% B S R I AT 453k . @
R TN RIX EROSTHIE RS, LRGN H S
SE R AN T R 00 R DA K X 4T i B A fR 5, B B R
B R N A T Hb B AR 200 M S A0 R TR 4 R LR 43 1 A=

1 AP E RIS R EE

ROS/Z S B i T8 J5 724, G4 B B RS
18 % B % T (superoxide anion, O,). ¥ H HH At
(hydroxyl radical, OH"). i % 1k #J(hydroperoxides,
RO,). %t % #E(alcoxyl radicals, RO"). if 4 & &
(peroxyl radicals, HO,"), W ALFEAE B AR 1T 2
1 & (hydrogen peroxide, H,0,). X 5 & (hypohalous
acids, HOCI), ¥.2k 7% (singlet oxygen, O,). LA
Tl % (peroxynitrite, ONOO )%, ROSHIVER 532
. VBEE R AR TR S IR . JEE AR
ABIROSH H i I fR I, 11 B IR A FIROSH
TSR TIEE . %5 2RROSI-TERFanR 1 FroRt1,

Al AROSH ™ A Sig BR 2 — A sh P4 )ik
T, DPURROSAE R GANE R KRG M N WIF

=1 AEIROSHIRAIETHA

Table 1 Half-life time of reactive oxygen species

bl PRI S5 3k
Reactive oxygen species Half-life time (s) Reference
HOY' ~10 1]
ONOO" ~1 [10]
H,0,/RO,/HOC1 10°~107 [11]

0, /0,/RO’ ~10°° [8]

OH" 10°~10°¢ [9]

1.1 ROSEMES:

ROSA: it 7 4t v] 3l 1o 2 Fh i 42 45 O, 5 HEL -3k
JFONROS, A NADPHAELES . 2 AR I I 4 Al
B S AL L R A, FRATN A5 M. Thise &y
o3 AT R (D)
1.1.1 NADPH#& 1L B  NADPH4 ft E§(NADPH
oxidase, NOX)& — M F ZEfr T 1B EEALBEE &
ISR, PR A A 0 R 1) 22 S T % BB A A R 1)
P, FEAS SRR — A2 O (AL 0 0 A DL 1)
R 7 M7 U3 S R AR B R Y e AT R 1 2H 3
B S R AE TR 1 A R R e v R RN Ak
WA 2 ks R H, I NADPHEZS & 07 1, fEAL
NADPH[] B FL#E 5 2 20, HAHNOXAH AL = 4
H,0,, HAtEEME AL A 5O, 7, T IR 40 i FINOX LA
PRI R & 17 3 AEROS, 7 W 4T A ) DA R S8 1T
2218 1 77 377 £ i WROSTY, T ST R IE, FENOXIT
A b, USSR IR T I N B 4, PISKAS
5 38 % T L T NOX 1 A4 I 35 5 R 1k £ A Py
ROST &, 145 1L Y R A I AR . 980 I B K
FUAE M e 4 v A F e
112 &putkeftldd AORRPFIEE (mitochondrial
respiratory chain), 78K HL - 4% i §f (electron transfer
chain, ETC), W L1 D94 R A PI1~TV(NADH-
HMGQIL M IR EQIL J5 B 21 M (1 Fc
R 40 R A E FIATP A B4 K, 5€ ik
FRE T RIS AR R . (AR —id R, D E
HL I BEAE R SR SIIAL IS RHIE R O, 7=
O,", X 5ATPT Kk /b B4 sk B A ™, H i,
2R oL A L A R A A 41 B N ROS I 3 BR IR 2
—.[19]
L13 FRe R REE BRIV AL S (xan-
thine oxidoreductase, XOR)3: % 2> 55 W W4 [ il (1] 4
AL JSONE, R S TR SE AN s B MR, 3 T AR A R
PRIR o F WEERA S A4 Ji7 0 7 D P 470 8 A B4 J5E 1)
fth, S5HTAASEMOMKRE . pHIE . EX&EH
RO, 0 M A A A I o A AR A 7 R MR A S AL
fiff(xanthine oxidase, XO)I, TEA# 10 RS B i S5 B h
AL ER 8 B T AL I 45 0,, 77 4EH,0,0 O, 7252122,
FyAb, B A I 5 B U B AE MR, HR T
RSB A E R T, 504 HH
1.2 ROSEKRERS
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Fig.1 The main pathways of generation and scavenging of
reactive oxygen species (ROS) in mammalian cells
(modified from reference [8])

HEMNEAR. A HIKRS. MAKEH RS
RS A L 3 AR 1), ol e T SR
FETNRE, TH P EZEMROS. H0.M0,; > R4t
TR FH 440 i = 138 iR 2 & 4 DK H IR (glutathione,
GSH) #1NADPH(nicotinamide adenine dinucleotide
phosphate), J/& FRROS I 4E 7 8 [ i1 3L JFIRAS; )
A, Tt S804 £ [ (thiolredoxins, Trxs). 44 5 1 (glu-
taredoxins, Grxs). 1 %A% 18 & M (peroxiredoxins,
Prxs) F S 4 S0 AT PRAE HAth 2 1 5 R S

12,1 REfYHE AT ENEARE ALY
1 1k ¥ (superoxide dismutase, SODs){E 41 iy P 1 ik
AAE, WSS 6. B WSS BTN T, #0, H)
H,O, ) #2224, SODs A = F 57 #4) fASOD1~3, 7}
TN AN [F) 5 M40 j e 22529, o 46 A6 S (catalase,
CAT) & B Ja ¥ Pod e N E ik R E H, fig
5 {8 A H,0, 4 I H,0 10, HAE LIS R &, 2L
ZA[IE~107mol/s, M it -HCAT > HAS sl
122 BMHKAR AR HKRGEEOS —
RO L1 R S S 7 NN S 7 S R L
(glutathione peroxidases, GPxs). 7+ Bt H Ik it & i
(glutathione reductase, GR). -t H kS-H# i (glu-
tathione S-transferases, GSTs) M 73414 £ FH Grxs!*3Y,
% R 4R FlGSHFINADPHAE Ky ik Ji 4 &, 5 FRROS
AAPLEE A, Hl i GPxs 5 GRIEGSHI T
R, (RIS i A 0 3 (E12A) . GSHAE g Y
oy i) AR SR 2 =P, HOE JFE A A AR ER ]
9 K AR RS 1 B R AR 2 — P GPxsAr

HN8IEGPx1~8, MR i P AL 55 ) 2= Ik % R (Cysteine,
Cys)N[F, R HA Z TP, F4b, Gras il i 4k
AR A B E K46 (PrSSG, GS-ylation) 5 2 445 it
H KA (Pr-SH)P*, GSTs I & % i 1L K 4 5 GSHIT)
S54GBS, AR TTGSHI 2 (KI2A). GSTs
FIRGY 3N SRR, A8 A A B 20 i 5 s
123 ARELEH Z% WEALEARSELUS
S N TR SR A B g = B R 9 Y [ g = B Y
fif(thioredoxin reductases, TR)?%, fEf%F| FINADPH
VERIE J5 4 5, 35 BRHL O I B A, (A £
FRE O SR A NE JE A, RIEPUE A E H(E2B).
Trxs I3 M AL A5 & A A Cys, AL TEA
JE R I, H & CysA AL B iR g3, TR
F] FINADPH, 18 1t % £ & Trx(Trx-S-S)ik Ji7 (Trx-
SH), M s Trx B 78 PR35, Trx 2 AH WA 7
PR Trx1~2, HTR5 TrxsXf M TR1~28B 45 AR [A] (31
Yl A7, AT RES X X W PUEA AR . Trx3/
TR3AR /D, 75K [ 4H M ) 1 7R AR A R IA P,
124 Hd84HELEEE HDEMYELEAEY
T MR ERR, 78 H O/ S A ) A R
(17 4810 R G SH/ Trxs 14 3578 525 A0 M0 1040 Ji, AR i A2 fi
R, W RELE BP0, R IEIE BREH -
Prxsfil & 64> 5 il 2 Prx1~6, & 4 A A [ Cys$t H
FS 40 5 £7, BLAS [FPrxs /3 1l 5 4 B H ik &R 48 A
i B R 2 A R G FIAE R Prx1~5 5 Trxs ik A1 H,
H BRROS(H0,« A HLid S 1L &« ONOO), TiPrx6
M5 MGSHAR 1K FL P8 T BRHL0.(E2C)

B3 — 1172, 271 )2 ¥ (Fenton reaction) & )
FH & B T BB P A A, o] 3P B i R R0 AR
FRROS™, FRATH FL B B o B PN A7 7E K & Fe®/
Fe®, 3 nl i 25 e N AT 4 Fe* +H 04—
Fe'+OH™,  H i (50 R B, 250 e 87 3 ZEAE 2k
RS S/ TT . 20 PR 25 ol % v e 2 S 4 i
X == WO IR T REL.
1.3 SR ERESFE LR

41 AL PN ) 5 DI DR R T i I e ) o AN AL H 3R
RHFIRE Sy, BV H 7M. A BIRE /110,
S YR L ALE, B EhRoR, BAA AmV. T
SRR Ji e R A A A B, MO L ) S84 3 SRS
ST A0 Y A RNIE S RE D7 1 P EDIR S, Rom N AL
I8 J5 #4 € (oxidationreduction potential, ORP), A& $§ Hi
T AR JE T 1) A AR 3 IR R 01, H R 2
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The GSH systems The Trx systems Prxs
“GSH cycle” . “Trx cycle”
(GSH/GSSG/GR/GPxs) R — (Trxs/TRs) sl
NADP* = NADPH
GR s
Pr-SSG Pr-SH
NADP* NADPH ProSH  PreS-S
{ \ Trx-SH Trx-S-S } Prxs i
> Grxs ~ H,0 H,0
GSH GSSG GSH GSSG e ?
\- : GS-ylation 0, K0 GSH cycle)
GSTs
L0, GPxs 1o ( ) Oxidized protein reduction
Trx-SH Trx-S-S - (-S-
Electrophile (R) GSTs GSR X TX: Prx SHPD(SPI')& S-OH
Pr-S-S Pr-SH H,0, ;4 H,0

A BMCH IR RS B AL E A RG(A. BIRIESH RBOMER); C: W H A HIEE A .
A: the GSH systems; B: the Trx systems (A,B modified from reference [30]); C: Prxs.
E2 MAEABHRASZ. RELEARAGMEEXNELES

Fig.2 The GSH systems, Trx systems and Prxs in the cells

DL JiR 24 5 5000 B S8 T8 A B o, 3% L R
TR GBS GSH L [EGSH/GSSGR. NADH/NAD'.
NADPH/NADP'™]| Trx-SH/Trx-S-SP*. H4h, th
Al N B 0 R R T A0 /K E A IORP, Wik T
HEF ) 2% A6 A R T (circularly permuted fluorescent
proteins, cpGFP)FF 7 & I 8 AL ™. cpYFP7
Rl G Oxy R Hy Per PR 45 S U Hi R IITHL O,
AT UK () 2% €5 5% ' B H (redox-sensitive green
fluorescent proteins, roGFP) /s B8 [ Ji 5 2k — i Bt 1)
AR AR RROS IS AR 7K TS, b T 48 i P K8 73 0
SRR IX % HH ALY, I E AR ST I ERE, 2 DimV
AT RSO AR5 X BB A RS
ST

IERESLN, 4 MROSYEFRFERHK/K T, Ho0,
T #<0.1 mmol/L¥7, 2 i kb T~ S Ab 38 iR~ H IR 2,
AR 2 A T8 IR A, B 5T R 3R 73
W DR R AL JFOIRAS 2 K45 ThBE I AT 21 4R
1T, 44 M N A0 PR e & IGROS IR ™ A 1 22 B
FRIEAG I, St RS e, 40 B N T HL0, T i
100~1 00015, 1X P RLFCIR A TR AL AL B i (oxidative
stress). 1 T ROST| & — F A1 V7, B4 85 1 )i
H1 44k 15 1fi(oxidative modification). ¥ P 5 4% 5l £
by 5573 REERRIE L5, SRR B
(oxidative stress) . 2084, B2 B AR A BT P AR
AT 5 10, R SO 5| A Ay Tl A TR
X 2 OB S A AN AT I A R, AR A R BRT
B A EAE RO RS L Th e i R S
BT .

2 ZT X ENENEFERTS R EHEE
H AT, SR AR 2 S8 S 58 7 4
KO %, IEZHHR N B WAIMIX 5. B 7L DA%
X = EME IR S5 RS HF IR BoRiAR(-330 mV).
A1 MU AZ(-280 mV). 4 A 5T 2L Fi(-250 mV). 4 JiiE 9
(170 mV). 4 g 4} 2 57 (—150 mV)EO21 4 EE 3 Ff
AN X T R AR VA BER I A EEAA | AR
A BGARFZIER, EATHER M ERME IR 2, (HE
ATTE A T ey I e 4 1T B R AT TR % AR TR
AIIThRE . ASORRT FR A A R0 G RS E. 45 1 4
J DX 25 23 Sl AT A
21 AEEHTHERXENSCEERS KT
A ML B 1 A A X R B B AR R
YUMIRZ AR . M. R, TR A
i A B A, A0 B4 o AN i ., (H
AL IR JE R S g0 i B R R S5, dok A N 2k
FATARIE A Lk J, XoF % 0 40 B [X % ¢ 5 [JROS ;>
A FNE bR R G0 K 25 X = 2 18] 1 45 3k 4T 27 A A [
AR, TR] A 25 X3 SR A 30 R 2 K A4 i B A 11 5
M FEAT 453
2.1.1 LAAR 2§ ki {4 (mitochondrion) & 4l i P
ROS 2= ZER I, H 2 I 4 5 8 SR I 40 2% 2
—, EMEE-280 mVF|-330 mV [a], T 88 7 )5
GSH 5 mmol/L, GSH/GSSG L £]10:11819333531 - 2§
FiAAROSH) = Bk E NI FETCHI TR 5
NOX4FI b DA % 7 3ok 2 R0 AR JIES 1 g FEROSMY . 4%
KR A7 E K EROSIE R R4 GSH. SOD2 2 /b
FSODI1P, Trx2/TR2P4. Prx3/4/54%5 GSH %
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Fig.3 The ORP of the subcellular compartments (modified from references [30,50-52])

4t f1Grx2a. Grx5. GPx1/4. GSTpP*, A 4h, ¥
1275 5 [ T (apoptosis-inducing factor, AIF)tH #% i i&
Z HETCE &IV B, I A 38 5 1 40 i) i
THIJE HFIROSHIAE BT, FEMR 2 o, RAR
[ Parkin(Parkinson protein). Pink1(PTEN-induced
kinase 1)%5 4 K ILAE EAL BERAT T Be g 78 £ B 2k
Rk, RIFEPUEAMTHRES, 25 b, XS hi AR T
A RS R B D> ok iR FIROS, 4ERF H B A8 E
AL R A5 (EI4A )

EARERERE, 2 AROST & AT BE 5N 2 i
PRI Re, 4k R MEHUEROSHE— 2 T &, K 9“ROS
FHIFHIROS/ A" EAL LN, Lok ik =R IR A
(tricarboxylic acid cycle, TCA)IAH K B4k = fb. £k
FLAADNARE A B B AL B 5 AW RIE T
LRI N IR OB B2 A B b 5 Il TE Y
A 55 S A] BRI ORIEROS ™ A %2, de 24 fdi 4
JL A G ARROS 4k K TH i 05154,

g5 b, RRIRBERETE AR B A T 4EREE BN
WEJERPIRES; X RETE M AROSH = B — e 2RI, 7=
A TEZROS, (RBEAHARIE T, R4 BB 1 AL AL SR
TR SO B R A R T R AR AR
2,12 @fedz A% (nucleus)7E A AL SR 1A 5 11
e k2, HIEWE RSB SR M 1
— RN AT A% R BTG i, Rk (R 3R
1% DNARI S #5185 . 40 MG 58 S G ()51 A4 55,
MM AR G 2l o 240 L% T Eh{E~—280 mV, GSH

£J20 mmol/L, GSH/GSSG Lt 430:1~100:150361, H
AT, A% Kotz N LT T8 BB i iE, ROSZ 2
HE R BT OR, T A0 MR R S T e A (R Fh 28
FEA: SODIP*¥), Trx1/TR1F*, Prx1/21¢¢ GSH
A4 [1)Grx1/2¢/2by GPx4. GSTp5GSTt,, ¥, %
b, TR I, A% A () APEX 1 (apurinic/apyrimi-
dinic endonuclease) fIMTH1(mutT homologue) 7] ¢ 3
Byt bne 7y, 5 %8040 i S0 5 1R 118 B A k87
(Kl4B).

TE 40 B AZ P A7 AEAZ A~ (nucleolus )ixX /MR [X 5,
HECAT R 2 R N B X 3 PR AN X % AR A
PLAMEIZ i (nucleoplasm), A AZ A o AL, 35 2L
BITAZWER A& ANGE B R N . AR H AT
FIFARERIUEN R B XA, HA
L O R I AAL LB, A% AT AR 5T B 0T P A
ABTHANE], $ -1 L E [X = A AN [ {1 8 A R
A, HArge 5 &\ A FERPTampifa K.

W 2% N EAIE RS 52, HE S
AAE I RE 8 TR T R . € AL X S DNARIAH B
YE R, Mo 55 R T NF-«BAE BF 58 f 22 10 S8 AL 15 1
WIS S . NF-«Bid % LLARE A IE 2070 A 72 40 i
JRFEH, 7ERRES 2 PR EL 2 T, ROSI T =id@
T Z TR INF-«B. B S, KT IkBRERR A FE
fiR B IG5, NF-kBIp50Mp65 5 5 AA%; Hik, p50F
p65 B AT A M —— A B H kAL, REAE HG NI
AN 240 fE A% OB AL #5 ) NF-kB S5 DNAF 45 4
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Fig.4 The specific redox regulation in the membrane enclosed subcellular compartments

PEED R AR A TR B, PRI B 2% A A (R
75 R ENF-«BI R 7% sk D g, 78 RAE N % 40
W RIS T RE . ShAh, TR EEE 2, diH
% WROSF ST, LYK T8N, BRiZEREL
{3 R F A2 54, DNA AL, FE R A
FasE, FE ARt — B L.

213 @R 4 R B (cytoplasm) 2 2 i
FEM NI, B & & PR, shas i T
RAE T35, 115 %A B2 R, EhfE
1£-221~-236 mV, GSH 1~11 mmol/L, GSH/GSSGLt
930:1~100:1, 12 BN [ PR3,

S R IR 3 IR AL IR TR S R SRR S E, ROS
P R B A ANOX1/2/405 5 P Ok R
WEE A S A B AL AN ZRORL AR (1 R I, T B i 3=
B AFSODIP*), Trx1/TR1. Prx1/2/5/65%%657  GSH
A Y Grx1/2b/2c. GPx3/4 Fl4i K Z $GSTs*¥,
IR (b)) lE2(epoxide hydrolase 2, EPHX2) 1 #f 4k
TH RE A5 (10 G DT BR AT AE N R AL e e, B LA AL
F/E HUVY(E4C) . B 78 K B, fEEGF/PDGF%% 2k K
DAL S 8 b, 40 B R FRINOX ] B 835, & 3 o

JE DX 435 ) Jf S5 ROS 71, X 5 4R 22 i 9 UL ) 4% e
A0 GRS 22 3 R i A ROS T ey LA, B 82
R R I 2 S B b B BT S A Prx L T Prx 2 [ AN [R] B 25
RN, Prx2 H & T B =y %A (hyperoxidation) 2 i,
T Prx 1 P8 o MR K 2% ¥, i 24 fi 52 30 40 i 5 A ROS il
FUT R, A T G PRI RAE R R A A )
AL A, W AR IROS/AK T, (H53 7 1
Prxst Trxs 8 Grxs7E A [F] 2 FEROSH AN [ AE H, 42
7N TSR B S RS A B AR B . BR T
DX 3 % A 5 0 %, 4 o 2 o R ) AR AR
PR B 0% T 15 48 i B 28 1) 2 PURTA R S B IR
214 WHEK  NF M (endoplasmic reticulum, ER)
B8 AL I JROIR 25 2 48 B b d O A, HERTE
[l -170~-185 mV, GSHZJ4.5 mmol/L, GSH:GSSG
b A 11~3:02 Py g B b INOX4 6t Tt
ROSI) 7= 4, THGSHM ft S8 A6 B Fp 2B A 2, F %
A ERdj5(endoplasmic reticulum-localized Dnal) Fll
Prx 1/3/4B334736:3576647(4D),,

PN 5T 190 2 L PN D A s, 2 R TR
HE RS E, Horh o s A& 5 =

K
I
=2
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PR B & VA O, 5 E i B8 57 74 B 2K % (protein
disulfide isomerases, PDI)-5Erol(ER oxidoreductin 1)
2 M DT I T fig 1) 32 EE RS0, PDIZK R B 51 PDI
ERp57. ERp44. ERp27LL 38 J7 )i ER)S & 25
Trx AL TG PE . Erol & PDIF AL BE, & — 4
TR, WAE— T, TS THO0, .
10 J5 RIPDIRE % 6 14 P J5T X8 s 2 ot 1) 3 2 2
o VTS, ERASE N — AN R B, 7EIE R R
RS I BB, 7R 5 PDIS G AL Y AL
I JFE R 53X, EALROS T FRTY,

AHMIROST %t N JiT I Th e A7 BELFERE MR, [R]I,

P J5i I 5t [ 2 5 BUROS I 4% 4 T i . ROS HL 482
TR BTN B AT S, R ARITSEE R
J M (unfolding protein response, UPR)FI A J5i (X B 5
(ER stress)o 73— /71, ROSHIFF & 3 2 A ot K g I
)0 B I oA, BT B U AR . BN B
T T, BEGIES A 5T s N 1 22 A AR I 1 AR AR
(tnPDI. Erol)Thfg 2k Al A B a4 2, X A8
WU H Wi (autophagy) (& 5@ . R, 2551 55
WHIE AR - IRINOX 77 Ay G 28K AAROS I T+
[
215 SRR, EEEABR MR R R
I MM rikis i R 4, AR, EERSEE
RPN T 1k, 25 EYE R4 WIRAE,
223k TAB A ) B 5T B 24 48 /N VS B B A I A
(lysosome) 2 5% Sz 4R A1, [R) B v 7R B A 5 P Jit
W2 R A D et X B B &R, 1 B IRGH i X %= T
RE B A B PAR A I SR R 4 .

H AT, R 3R I i AAORT 48 B A JE I (extra-
cellular matrix, ECM)[ S8 L I8 S 3% DA IIE. &
IRFEARE EINOX AL 77 HEROS, 734k, /K B Ak
Jii_F ) — %A &L B (nitric oxide synthase, NOS){E %A
AR KA FRFRER, 74 K0, 77, T GSH.
Grx6/7FIPrx1 61 7 15 FRROS™, /b & il By Q1 il i Jia
A RS, VAR FUROS 3 2K H MR, A& 7 AT
FERRE ERINOXTFANERE, 1Rk A2 40N 45SOD1+,
Trx1/TR1IFI /> BGPxP>7, - 4ff Jfa 4 & 57 FIROS &
B JoiE S FRINOXAHE A 7= AR 03191 7 A1 4 B 9% A o1
7 X O T A AL 77 ZEROSP!, i SOD3R4,
Trx1/TR1. GSHH ST R AIHEFRROSP. fE FiR3
A X % RIS PUE AL I Prxd, 55 Py 5 R 2ALL BT
(KI4E~E4G). Fih, difubhEE)si /2 H i 2l E Ehf)

=

X % i o AL IR, ERfE A—-140~150 mV, GSHIK %
1.5 umol/L, GSH/GSSG . H2:1~7:173,

EOR 1 IR B AR RN 1 A4 FRTROS T 1 %o 241 i 2%
S 1R 52 M 1o AN T 28, (20 i 8 A S A0 BN ok
P2 28 1R s e A B AR IE . B %6, ROST i
J& e R JE AR AT R U A BT RS I Ca®t, 2D Min® 1
AN, AT SODZEHT A MG FR) v 12, 1] 432 52 M 240 i
BAAPUAEAER®™ . 1 S ROS W AT 3 s /R R A
FH OGS B8 1T R 0 v 2 B4 1A 1Y) Caspase 2;
5B LR G A, BT BUR IR IR R, K
A TR R AR ST HR, ROSHIS IS AR Fe™ K
BE RN E SIS UR N AE O S, # e T BUA
Pl 47K 55 FY) 368 375 1% (lysosomal membrane permeabiliza-
tion, LMP)XSU 2, 2k & 15 Ax 2 /K i 1 2 1t s A\
Ji, i A R AR FE A 5143, JCHL R 2 kA, Al
24 F 4418 37 % (mitochondria membrane permeabiliza-
tion, MMP)4 il 4 i /735 5 5 — 5 [l ELMP S
MMP A RERE, 53— 77 T AR T 4% 48 25 1 257
ﬁ,ﬂ;}zﬁ[?@,sﬂo

4 L /155 ot TROS RE 52 i 48 g 1T R, 5
Wi 24 s WROS/K P M4 & 2l A 70 K B, 4 ok
5T IIROS T 131 BE % {1 12F WH i 58 Wl B2 figd 5 4100 k1 4
MR 8GRk, S EUMR K A bR B AL
(epithelial-to-mesenchymal transition, EMT) 13zt &b %
P, R ENOXGE AL Ja, 4H il AR H,0,7K 1 3 T
i, KEH,0, 1] B 7 i Hig A i W ROS B T, i
IDEZREANR G
2.1.6 WEEAMMEA  LEYEE(peroxisome)
B S MR E, 2 M ACANE BRI A 88 2 —,
AR EH0,, 8 HF 5 il E A EBECAT .

SUR R/l N SRR R S S B Y e e
Ml L-F2 MR ABEAN 2 I A AL B 55, X LU FH 44
TR AT, B2 FE ™ AR R HROS™,
it AR Y B AR A R R B ASOD2Y,
Prx1/58%¢61 - GSH/GSSG 1A £, EPHX2U'A
CATP, Horh, CATH A 7K i i A E0A i 4k
YT ) B R — 7 TR S S 43 B HL004 B
H,OMO,, #i5FROS; J3—J7 T A FTHO0, 58 AL 5 Al
WAL LB, HEHL0.08 i Bk 228(E14H)
22 EESHNESTHMXENEUEERESK
s

s, BRI RS R IX = AN TE I 1
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VA X == AE A AT & B I Zhag, EATHIA
A3 TR S 52 40 B Jog 5k o 1) B4 2l {HL B ] g
WAFAE A Fr e V% R G, BT D Re X 40
BARSEAIE SRS B 1T R A AR 4K

221 Ptk FRUCMA (centrosome) 2 i L 41 ffd 2
BRMEHLR L, ZH5UEMESEHTEHL. 55
BRI ZH 3655 — RN AR, R B A AR
JR A BB D, W T8 R R T A P B Prx ]
(IR REVAFEALE] o AR I, 440 Ak T GyMIART,
JiL A ROSH HAth J& BB B e, o 4k J&] [ )
Prx 1 PRI AL ) Cke LT B R AL I 2K 36, =) FRHLO00 AN
RETB BR, Cdcl14BIAITT G AL, 40T DAE N 73 24, 42
FNPrx L R AY I 3% 2 20 0 4 38 8] 300 3dR AT ) A 24
BLEES, A BT HRGE, 4EMEE NG 2270 240, 5
A A o B P AE Hh Lo A Ak, HEDN L W] B0 H O
Ab B EAE SRS T A e, AT Re A A T 2 R
HRIBEAT,

222 & A BEIRFAIAEIR £ H B A (proteasome)
% BE AR (ribosome) 73 1] B 57 B [ J5 1) B4 i A1 & B,
L[5 58 B R 0T 1R o B ), B e TR e AT TR AR
IR IR R G H AR K I, (B AR R T AT RE 2R & -
T3k, 4 RN RO B T AR AZ B A 1 5
B SRGTE SEACRLEUN B A ) T SC o3 B R A
WA, 208t F B A R AT T, 15 B iE i i B
J3E ) ) RE 4 500N A2 M At L LR 18S rRNAMI28S
rRNAA [F] 2 FE (1) B i 3 J (1) Dy g 1 0% 2K Prxs
HIPT A A Tsal/Tsa2 i€ A TR S5 B AZ AL W) B A% 0 AR
W ABFEN FLB) H v A R IR A R o
FIEHIORAOV1(oral cancer overexpressed 1) 7E
& HIZ A B A G B AL E R A ROSH Dy 2P, 42
71~ FCAE IR 4 i P RT e R DI RE

3 FESRE

2 1 N SPROS T i A2 40 I AE 25 i Lk 1 T
AL [ RS 241, 3 2 i e £ D ) g 1k 2 — 0.
XA A R HT A AR A F . Th BE IR O A2 3 5¢
VE, R TE AT AR B A K. AR X
= WA FURE R Z B AR ), HAels 3%
S E S IR, RN % X 8 2 (e A i A A,
R &S [R] 58 A R B AR KT O LN 2 3 4, A
1 Je 39125 B B SR A IR S AN [ B T 4% AR R
PR, JF DAL FE 2 4 i A 3010 AR B H IR

WEFEH, 758 R 5 B RL 7 ) ji g (1) & WA X =
A TR S 1 S AL L I R G2 ()RR R B B
AACRIE AT, %41 X = Wil 43 55 R 2 (3)
5 I 41 A DX 55114 507 B ] 5 i 4 LR A 1) T R R
A=A iE B2

S #k (References)

1 Wang T, Gu J, Wu PF, Wang F, Xiong Z, Yang Y], et al. Protec-
tion by tetrahydroxystilbene glucoside against cerebral ischemia:
Involvement of JNK, SIRTI, and NF-kappaB pathways and
inhibition of intracellular ROS/RNS generation. Free Radic Biol
Med 2009; 47(3): 229-40.

2 Cai H, Harrison DG. Endothelial dysfunction in cardiovascular
diseases: the role of oxidant stress. Circ Res 2000; 87(10): 840-4.

3 D’Autreaux B, Toledano MB. ROS as signalling molecules:
Mechanisms that generate specificity in ROS homeostasis. Nat
Rev Mol Cell Biol 2007; 8(10): 813-24.

4 Lukosz M, Jakob S, Buchner N, Zschauer TC, Altschmied J,
Haendeler J. Nuclear redox signaling. Antioxid Redox Signal
2010; 12(6): 713-42.

5 Banhegyi G, Mandl J, Csala M. Redox-based endoplasmic re-
ticulum dysfunction in neurological diseases. J Neurochem 2008;
107(1): 20-34.

6 Qu D, Rashidian J, Mount MP, Aleyasin H, Parsanejad M, Lira A,
et al. Role of Cdk5-mediated phosphorylation of Prx2 in MPTP
toxicity and Parkinson’s disease. Neuron 2007; 55(1): 37-52.

7 Rodino-Janeiro BK, Paradela-Dobarro B, Castineiras-Landeira
MI, Raposeiras-Roubin S, Gonzalez-Juanatey JR, Alvarez E.
Current status of NADPH oxidase research in cardiovascular
pharmacology. Vasc Health Risk Manag 2013; 9: 401-28.

8 Devasagayam TP, Tilak JC, Boloor KK, Sane KS, Ghaskadbi SS,
Lele RD. Free radicals and antioxidants in human health: Current
status and future prospects. J Assoc Physicians India 2004; 52:
794-804.

9 Pryor WA. Oxy-radicals and related species: Their formation,
lifetimes, and reactions. Annu Rev Physiol 1986; 48: 657-67.

10 Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite
in health and disease. Physiol Rev 2007; 87(1): 315-424.

11 Giorgio M, Trinei M, Migliaccio E, Pelicci PG. Hydrogen per-
oxide: A metabolic by-product or a common mediator of ageing
signals? Nat Rev Mol Cell Biol 2007; 8(9): 722-8.

12 Holmstrom KM, Finkel T. Cellular mechanisms and physiologi-
cal consequences of redox-dependent signalling. Nat Rev Mol
Cell Biol 2014; 15(6): 411-21.

13 Carvalho DP, Dupuy C. Role of the NADPH oxidases DUOX
and NOX4 in thyroid oxidative stress. Eur Thyroid J 2013; 2(3):
160-7.

14 Babior BM. NADPH oxidase. Curr Opin Immunol 2004; 16(1):
42-7.

15 Lambeth JD, Kawahara T, Diebold B. Regulation of Nox and
Duox enzymatic activity and expression. Free Radic Biol Med
2007; 43(3): 319-31.

16 Hoyal CR, Gutierrez A, Young BM, Catz SD, Lin JH, Tsichlis
PN, et al. Modulation of p47PHOX activity by site-specific phos-
phorylation: Akt-dependent activation of the NADPH oxidase.



fifi R A VA DX 2 S JEUIR A A T 432 B o0t 40 0 ) 5 7

903

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Proc Natl Acad Sci USA 2003; 100(9): 5130-5.

Nguyen Dinh Cat A, Montezano AC, Burger D, Touyz RM. An-
giotensin II, NADPH oxidase, and redox signaling in the vascu-
lature. Antioxid Redox Signal 2013; 19(10): 1110-20.

Degli EM, McLennan H. Mitochondria and cells produce reactive
oxygen species in virtual anaerobiosis: Relevance to ceramide-
induced apoptosis. FEBS Lett 1998; 430(3): 338-42.

Murphy MP. How mitochondria produce reactive oxygen spe-
cies. Biochem J 2009; 417(1): 1-13.

Kushiyama A, Okubo H, Sakoda H, Kikuchi T, Fujishiro M, Sato
H, et al. Xanthine oxidoreductase is involved in macrophage
foam cell formation and atherosclerosis development. Arterio-
scler Thromb Vasc Biol 2012; 32(2): 291-8.

Kuwabara Y, Nishino T, Okamoto K, Matsumura T, Eger BT,
Pai EF, et al. Unique amino acids cluster for switching from the
dehydrogenase to oxidase form of xanthine oxidoreductase. Proc
Natl Acad Sci USA 2003; 100(14): 8170-5.

Cantu-Medellin N, Kelley EE. Xanthine oxidoreductase-cata-
lyzed reactive species generation: A process in critical need of
reevaluation. Redox Biol 2013; 1(1): 353-8.

Karnati S, Luers G, Pfreimer S, Baumgart-Vogt E. Mammalian
SOD?2 is exclusively located in mitochondria and not present in
peroxisomes. Histochem Cell Biol 2013; 140(2): 105-17.

Liou W, Chang LY, Geuze HJ, Strous GJ, Crapo JD, Slot JW.
Distribution of CuZn superoxide dismutase in rat liver. Free
Radic Biol Med 1993; 14(2): 201-7.

Tainer JA, Getzoff ED, Richardson JS, Richardson DC. Structure
and mechanism of copper, zinc superoxide dismutase. Nature
1983; 306(5940): 284-7.

Dong X, Li D, Liu H, Zhao Y. SOD3 and eNOS genotypes are
associated with SOD activity and NO. Exp Ther Med 2014; 8(1):
328-34.

Sullivan-Gunn MJ, Lewandowski PA. Elevated hydrogen perox-
ide and decreased catalase and glutathione peroxidase protection
are associated with aging sarcopenia. BMC Geriatr 2013; 13:
104.

Goyal MM, Basak A. Human catalase: Looking for complete
identity. Protein Cell 2010; 1(10): 888-97.

Whittaker JW. Non-heme manganese catalase—the ‘other’ cata-
lase. Arch Biochem Biophys 2012; 525(2): 111-20.

Go YM, Jones DP. Redox control systems in the nucleus: Mech-
anisms and functions. Antioxid Redox Signal 2010; 13(4): 489-
509.

Chowdhury AA, Chaudhuri J, Biswas N, Manna A, Chatterjee S,
Mahato SK, et al. Synergistic apoptosis of CML cells by buthio-
nine sulfoximine and hydroxychavicol correlates with activation
of AIF and GSH-ROS-JNK-ERK-iNOS pathway. PLoS One
2013; 8(9): €73672.

Kryukov GV, Castellano S, Novoselov SV, Lobanov AV, Zehtab
O, Guigo R, ef al. Characterization of mammalian selenopro-
teomes. Science 2003; 300(5624): 1439-43.

Jones DP. Redox potential of GSH/GSSG couple: Assay and bio-
logical significance. Methods Enzymol 2002; 348: 93-112.
Watson WH, Pohl J, Montfort WR, Stuchlik O, Reed MS, Powis
G, et al. Redox potential of human thioredoxin 1 and identifi-
cation of a second dithiol/disulfide motif. J Biol Chem 2003;
278(35): 33408-15.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Ren X, Bjornstedt M, Shen B, Ericson ML, Holmgren A. Muta-
genesis of structural half-cystine residues in human thioredoxin
and effects on the regulation of activity by selenodiglutathione.
Biochemistry 1993; 32(37): 9701-8.

Sadek CM, Jimenez A, Damdimopoulos AE, Kieselbach T, Nord
M, Gustafsson JA, et al. Characterization of human thioredoxin-
like 2. A novel microtubule-binding thioredoxin expressed pre-
dominantly in the cilia of lung airway epithelium and spermatid
manchette and axoneme. J Biol Chem 2003; 278(15): 13133-42.
Urig S, Becker K. On the potential of thioredoxin reductase in-
hibitors for cancer therapy. Semin Cancer Biol 2006; 16(6): 452-
65.

Manevich Y, Fisher AB. Peroxiredoxin 6, a 1-Cys peroxiredoxin,
functions in antioxidant defense and lung phospholipid metabo-
lism. Free Radic Biol Med 2005; 38(11): 1422-32.

Heid ME, Keyel PA, Kamga C, Shiva S, Watkins SC, Salter RD.
Mitochondrial reactive oxygen species induces NLRP3-depen-
dent lysosomal damage and inflammasome activation. J Immunol
2013; 191(10): 5230-8.

Sogomonian D, Akopian K, Trchunian A. PH and oxidation-re-
duction potential change of environment during a growth of lac-
tic acid bacteria: Effects of oxidizers and reducers. Prikl Biokhim
Mikrobiol 2011; 47(1): 33-8.

Jang A, Lee KK, Bishop PL, Kim IS, Ahn CH. Development of
polymer lab-on-a-chip (LOC) for oxidation-reduction potential
(ORP) measurement. Water Sci Technol 2011; 63(10): 2309-15.
Li K, Wang Y, Zhang Z, Liu D. Effects of oxidation reduction
potential in the bypass micro-aerobic sludge zone on sludge re-
duction for a modified oxic-settling-anaerobic process. Water Sci
Technol 2014; 69(10): 2139-46.

Rocheleau JV, Head WS, Piston DW. Quantitative NAD(P)H/
flavoprotein autofluorescence imaging reveals metabolic mecha-
nisms of pancreatic islet pyruvate response. J Biol Chem 2004;
279(30): 31780-7.

Wang W, Fang H, Groom L, Cheng A, Zhang W, Liu J, et al. Su-
peroxide flashes in single mitochondria. Cell 2008; 134(2): 279-
90.

Belousov VV, Fradkov AF, Lukyanov KA, Staroverov DB,
Shakhbazov KS, Terskikh AV, et al. Genetically encoded fluo-
rescent indicator for intracellular hydrogen peroxide. Nat Meth-
ods 2006; 3(4): 281-6.

Dooley CT, Dore TM, Hanson GT, Jackson WC, Remington SJ,
Tsien RY. Imaging dynamic redox changes in mammalian cells
with green fluorescent protein indicators. J Biol Chem 2004;
279(21): 22284-93.

Woo HA, Yim SH, Shin DH, Kang D, Yu DY, Rhee SG. Inac-
tivation of peroxiredoxin I by phosphorylation allows localized
H>0, accumulation for cell signaling. Cell 2010; 140(4): 517-28.
Stone JR, Yang S. Hydrogen peroxide: A signaling messenger.
Antioxid Redox Signal 2006; 8(3/4): 243-70.

Gao L, Mann GE. Vascular NAD(P)H oxidase activation in dia-
betes: A double-edged sword in redox signalling. Cardiovasc Res
2009; 82(1): 9-20.

Hansen JM, Go YM, Jones DP. Nuclear and mitochondrial com-
partmentation of oxidative stress and redox signaling. Annu Rev
Pharmacol Toxicol 2006; 46: 215-34.

Hansen JM, Zhang H, Jones DP. Mitochondrial thioredoxin-2 has



904

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

a key role in determining tumor necROSis factor-alpha-induced
reactive oxygen species generation, NF-kappaB activation, and
apoptosis. Toxicol Sci 2006; 91(2): 643-50.

Jones DP. Extracellular redox state: Refining the definition of
oxidative stress in aging. Rejuvenation Res 2006; 9(2): 169-81.
Mailloux RJ, Jin X, Willmore WG. Redox regulation of mito-
chondrial function with emphasis on cysteine oxidation reactions.
Redox Biol 2013; 2: 123-39.

Bolanos JP, Moro MA, Lizasoain I, Almeida A. Mitochondria
and reactive oxygen and nitrogen species in neurological disor-
ders and stroke: Therapeutic implications. Adv Drug Deliv Rev
2009; 61(14): 1299-315.

Lowes DA, Galley HF. Mitochondrial protection by the thiore-
doxin-2 and glutathione systems in an in vitro endothelial model
of sepsis. Biochem J 2011; 436(1): 123-32.

Seo MS, Kang SW, Kim K, Baines IC, Lee TH, Rhee SG. Identi-
fication of a new type of mammalian peroxiredoxin that forms an
intramolecular disulfide as a reaction intermediate. J Biol Chem
2000; 275(27): 20346-54.

Wood ZA, Schroder E, Robin HJ, Poole LB. Structure, mecha-
nism and regulation of peroxiredoxins. Trends Biochem Sci
2003; 28(1): 32-40.

Joza N, Pospisilik JA, Hangen E, Hanada T, Modjtahedi N, Pen-
ninger JM, et al. AIF: Not just an apoptosis-inducing factor. Ann
NY Acad Sci 2009; 1171: 2-11.

Chiang SF, Huang CY, Lin TY, Chiou SH, Chow KC. An alter-
native import pathway of AIF to the mitochondria. Int J Mol Med
2012; 29(3): 365-72.

Berndt N, Holzhutter HG, Bulik S. Implications of enzyme defi-
ciencies on mitochondrial energy metabolism and reactive oxy-
gen species formation of neurons involved in rotenone-induced
Parkinson’s disease: A model-based analysis. FEBS J 2013;
280(20): 5080-93.

Starkov AA. The role of mitochondria in reactive oxygen species
metabolism and signaling. Ann N'Y Acad Sci 2008; 1147: 37-52.
Orrenius S, Zhivotovsky B. Cardiolipin oxidation sets cyto-
chrome ¢ free. Nat Chem Biol 2005; 1(4): 188-9.

Zorov DB, Filburn CR, Klotz LO, Zweier JL, Sollott SJ. Reactive
oxygen species (ROS)-induced ROS release: A new phenomenon
accompanying induction of the mitochondrial permeability tran-
sition in cardiac myocytes. J Exp Med 2000; 192(7): 1001-14.
Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial reactive oxy-
gen species (ROS) and ROS-induced ROS release. Physiol Rev
2014; 94(3): 909-50.

Markovic J, Borras C, Ortega A, Sastre J, Vina J, Pallardo FV.
Glutathione is recruited into the nucleus in early phases of cell
proliferation. J Biol Chem 2007; 282(28): 20416-24.

Higuchi M, Kato T, Chen M, Yako H, Yoshida S, Kanno N, et
al. Temporospatial gene expression of Prx1 and Prx2 is involved
in morphogenesis of cranial placode-derived tissues through ep-
ithelio-mesenchymal interaction during rat embryogenesis. Cell
Tissue Res 2013; 353(1): 27-40.

Doufexi AE, Mina M. Signaling pathways regulating the expres-
sion of Prx1 and Prx2 in the chick mandibular mesenchyme. Dev
Dyn 2008; 237(11): 3115-27.

Luo M, Delaplane S, Jiang A, Reed A, He Y, Fishel M, et al.
Role of the multifunctional DNA repair and redox signaling pro-

69

70

71

72

73

74

75

76

77

78

79

80

82

83

tein Apel/Ref-1 in cancer and endothelial cells: Small-molecule
inhibition of the redox function of Apel. Antioxid Redox Signal
2008; 10(11): 1853-67.

Saumaa S, Tover A, Tark M, Tegova R, Kivisaar M. Oxidative
DNA damage defense systems in avoidance of stationary-phase
mutagenesis in Pseudomonas putida. J Bacteriol 2007; 189(15):
5504-14.

Gad H, Koolmeister T, Jemth AS, Eshtad S, Jacques SA, Strom
CE, et al. MTHI inhibition eradicates cancer by preventing sani-
tation of the ANTP pool. Nature 2014; 508(7495): 215-21.
Summerer S, Hanano A, Utsumi S, Arand M, Schuber F, Blee E.
Stereochemical features of the hydrolysis of 9, 10-epoxystearic
acid catalysed by plant and mammalian epoxide hydrolases. Bio-
chem J 2002; 366(Pt 2): 471-80.

Stanley A, Thompson K, Hynes A, Brakebusch C, Quondamatteo
F. NADPH oxidase complex-derived reactive oxygen species, the
actin cytoskeleton, and Rho GTPases in cell migration. Antioxid
Redox Signal 2014; 20(13): 2026-42.

Wu MM, Llopis J, Adams S, McCaffery JM, Kulomaa MS, Ma-
chen TE, et al. Organelle pH studies using targeted avidin and
fluorescein-biotin. Chem Biol 2000; 7(3): 197-209.

Kersteen EA, Raines RT. Catalysis of protein folding by protein
disulfide isomerase and small-molecule mimics. Antioxid Redox
Signal 2003; 5(4): 413-24.

Yang X, Xu H, Hao Y, Zhao L, Cai X, Tian J, et al. Endoplasmic
reticulum oxidoreductin lalpha mediates hepatic endoplasmic
reticulum stress in homocysteine-induced atherosclerosis. Acta
Biochim Biophys Sin (Shanghai) 2014; 46(10): 902-10.
Kadokura H, Saito M, Tsuru A, Hosoda A, Iwawaki T, Inaba K,
et al. Identification of the redox partners of ERdj5/JPDI, a PDI
family member, from an animal tissue. Biochem Biophys Res
Commun 2013; 440(2): 245-50.

Cunnea PM, Miranda-Vizuete A, Bertoli G, Simmen T, Dam-
dimopoulos AE, Hermann S, et al. ERd;j5, an endoplasmic re-
ticulum (ER)-resident protein containing DnalJ and thioredoxin
domains, is expressed in secretory cells or following ER stress. J
Biol Chem 2003; 278(2): 1059-66.

Tominaga K, Kawahara T, Sano T, Toida K, Kuwano Y, Sasaki
H, et al. Evidence for cancer-associated expression of NADPH
oxidase 1 (Nox1)-based oxidase system in the human stomach.
Free Radic Biol Med 2007; 43(12): 1627-38.

Sangwung P, Greco TM, Wang Y, Ischiropoulos H, Sessa WC,
Iwakiri Y. Proteomic identification of S-nitrosylated Golgi pro-
teins: New insights into endothelial cell regulation by eNOS-
derived NO. PLoS One 2012; 7(2): e31564.

Soballe B, Poole RK. Ubiquinone limits oxidative stress in Es-
cherichia coli. Microbiology 2000; 146(Pt 4): 787-96.

Wauytack F, Raeymaekers L, Missiaen L. Molecular physiology
of the SERCA and SPCA pumps. Cell Calcium 2002; 32(5/6):
279-305.

Jiang Z, Hu Z, Zeng L, Lu W, Zhang H, Li T, et al. The role
of the Golgi apparatus in oxidative stress: Is this organelle less
significant than mitochondria? Free Radic Biol Med 2011; 50(8):
907-17.

Zhang X, Lemasters JJ. Translocation of iron from lysosomes to
mitochondria during ischemia predisposes to injury after reperfu-
sion in rat hepatocytes. Free Radic Biol Med 2013; 63: 243-53.



il R A VA DX 2 S JEUIR A A T 438 B o0t 40 0 ) 5

905

84

85

86

87

88

89

90

Nikitovic D, Corsini E, Kouretas D, Tsatsakis A, Tzanakakis G.
ROS-major mediators of extracellular matrix remodeling during
tumor progression. Food Chem Toxicol 2013; 61: 178-86.

Ren YH, Liu KJ, Wang M, Yu YN, Yang K, Chen Q, et al. De-
SUMOylation of FOXC2 by SENP3 promotes the epithelial-
mesenchymal transition in gastric cancer cells. Oncotarget 2014;
5(16): 7093-104.

Fransen M, Nordgren M, Wang B, Apanasets O. Role of peroxi-
somes in ROS/RNS-metabolism: Implications for human disease.
Biochim Biophys Acta 2012; 1822(9): 1363-73.

AR, AR Tk, WAL O S A R B AL T T . o
] 24 Ay 4= 9 %% 2% i (He Runsheng, Teng Junlin, Chen Jianguo.
CentROSome duplication and regulation. Chinese Journal of Cell
Biology) 2012; 34(12): 1187-96.

Lim JM, Kang D, Rhee SG. Local accumulation of hydrogen
peroxide in CentROSome at the G, to M transition through per-
oxiredoxinl phosphorylation by Cdkl is required for mitotic
entry. Free Radical Bio Med 2011; 51Supplement (0): S15.
Kredel S, Oswald F, Nienhaus K, Deuschle K, Rocker C, Wolff
M, et al. mRuby, a bright monomeric red fluorescent protein for
labeling of subcellular structures. PLoS One 2009; 4(2): e4391.
Demasi M, Netto LE, Silva GM, Hand A, de Oliveira CL, Bicev

91

92

93

94

95

96

RN, et al. Redox regulation of the proteasome via S-glutathiony-
lation. Redox Biol 2013; 2: 44-51.

Petersen A, Carlsson T, Karlsson JO, Zetterberg M. The protea-
some and intracellular redox status: Implications for apoptotic
regulation in lens epithelial cells. Curr Eye Res 2007; 32(10):
871-82.

Martinet W, de Meyer GR, Herman AG, Kockx MM. Reactive
oxygen species induce RNA damage in human atherosclerosis.
Eur J Clin Invest 2004; 34(5): 323-7.

Sideri TC, Stojanovski K, Tuite MF, Grant CM. Ribosome-
associated peroxiredoxins suppress oxidative stress-induced de
novo formation of the PSI" prion in yeast. Proc Natl Acad Sci
USA 2010; 107(14): 6394-9.

Rand JD, Grant CM. The thioredoxin system protects ribosomes
against stress-induced aggregation. Mol Biol Cell 2006; 17(1):
387-401.

Zhai C, Li Y, Mascarenhas C, Lin Q, Li K, Vyrides I, ef al. The
function of ORAOVI/LTOI, a gene that is overexpressed fre-
quently in cancer: Essential roles in the function and biogenesis
of the ribosome. Oncogene 2014; 33(4): 484-94.

Pelicano H, Carney D, Huang P. ROS stress in cancer cells and
therapeutic implications. Drug Resist Updat 2004; 7(2): 97-110.



