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FEEE X REF NF-E2 tHEREF 2 ThEEHI AR

KZm, KWH, HEA"

(PEEFRFEHFR XA EFADTEERE, LA FH 266003)

HBE RAME A (AREs)ER A& THAREANA /R GEBHELAR GBI T R, Hx ik
B 69 45 3% B B P ol & 5 o aX sk K P 69 R GA ST Y dm i D BALAE RAE S IRALE LR K (ROS) 5l A28
ML R TR, BFZEF NF-E2 a2 B F 2 (nuclear factor erythroid-2 related factor 2,
NRF2) 1 A L BACR B o £ 4245 B F, TvA S ARE 44, Bah T ik¥e A B £ BAL B R
WA R EEE AR, A K W AT wmies i A/ AR FITAE,
Rt & NRF2 A2 R A BT B A LG B KEMERERBGITRR, O RGEEES
Mo ERG R AR ABERELS ARG R LR AR EEER, Bk, KT NRF2 #)
BF B Mo BB AL | T AR AR IS AR T A2 SR T A2 NRF2 69 S se BB e 2 A &
it 5%%@%%&9&&%»@#&9& A A F R AN F G 1545 2 NRF2 89 /& & o sk 69 A 4%
HATER
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Regulation of NRF2 by Post-translational Modifications

ZHANG Yi-Han, YI Yu-Jiao, GU Yu-Chao”
(School of Medicine and Pharmacy, Ocean University of China, Key Laboratory of Marine Drugs,
Ministry of Education, Qingdao 266003, Shandong, China)

Abstract Antioxidant responsive elements ( AREs) are common in the promoter region of genes coding
antioxidant and/or detoxifying enzymes. AREs are essential to activate these genes, whose expression is
crucial to maintain the homeostasis of intracellular redox levels and protect cells against reactive oxygen
species ( ROS ) -induced lesions. The nuclear factor erythroid-2 related factor 2 ( NRF2), a critical
transcription factor responsible for transcriptional activation of ARE-dependent genes, plays an important
role in oxidative stress and electrophilic reagent stress and is involved in a variety of cellular processes
including inflammation, cellular proliferation and differentiation, apoptosis, tissue regeneration and
metabolism. Therefore, activating NRF2 could be a novel tactics for cancer therapy as well as diseases
associated with oxidation or inflammation. The post-translational modifications ( PTMs ) of proteins
mediate conformation alteration, stability and the interaction with other proteins. Consequently, PTMs of
NRF2 such as phosphorylation, acetylation and ubiquitination are critical to its function, and thus closely
related to certain disease development and progression. Here we review the mechanistic studies of NRF2
PTMs in recent years.

Key words  nuclear factor erythroid-2 related factor 2 ( NRF2); post-translational modification;
function regulation
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AN (oxidative stress) 38 RIS ALY, a0
A A — AR AR T A A
%A (reactive oxidative species, ROS) i FEFH 2 | it
AR (IR BR PO iR 45 ) RNt A AL i 14 &
(hnid Ak U o AL G B A B A A
JDEH K S 2 RS AT ) /b B 2R I BT 5 1S Y — b 40 i
TR R BPIRAS . A R, 8 A1k 705 | 1) 40
PG RSOV, FEJREAE T2 M B AT P
HoAth g & A R R, R B B 9
P SAAL B IBILTR 9 7055 0 THU AR T Iih
S HAT B LY B RN 44 (antioxidant
responsive elements, AREs) J& 21l ffd Py 3 26 3L (K )5 5
T AR 2, AL P81 57-A/ GTGANNN
GCA/G-3"ZZ P A AL E K 2% i T YEW) I 73 1 [ 45
AL X FEE S ARE S5, AR SR s 7Y
U 1T SR O i W12 2R e S I N =R A Y
fit AR IDEHRK S B4 7% Wi RN I 21 2% A AR I R IA H
HEERFERTY

ek A T NF-E2 #H 5¢ K+ 2 ( nuclear factor
erythroid-2 related factor 2, NRF2) J& 8% A fb 1L J5
ARSI — OB e S A 7 & A BE R R 3 1
DXBE ARE e o IR PG AR | AR B HAth
JIE A B B 1B (9 225K 00 . NRIF2 2 48 440 A1
SR SEAA 5 4 DG B TR 1, Lk Ok 0T 3 52 B 2
Ml HLIAHT A RE 11, 5 I PR 22 R 242 18 A
JRAEIAE

5T PRS2 s B
PRI ST Tl B, B an . DX 2 2 L iR

DLG ETGE Transactivating

(I , B4 U 3 422 iy 50 1) RE AT ( £ T 2 il
MRIEST ) FG| A —Le S 20 B 4540 (IR S i 2655
Qe SR JF IR (55 IREE PEARSE ) s @& IR Y 38
HR (2R Sy ) o Hob 28— R e
JRAB MR SEAR AR TR, BRI L LTt
(LARFE AN B AN S AN Y B AN i
XA S AR R —EALSS . 2R BRI SR 1B i
M 2 1 J5 ) R A AR A K M G AR E
S LT RE ST AR SO S AR SR B R B A4 T
NRF2 UIRE 5 Wi 1 BF 7 2E 4T 45 , 5 % AR oK (1 A
FUML T —LE B

1 #%FETF NF-E2 18X EF 2 5K IhEE

1.1 NRF2 &#

NRF2 {37 6 454438 Nehl \Neh2 Neh3 Nehd ,
Neh5 1 Neh6 (Fig. 1), HiHr, Nehl 254 5 £ 55 it
LR PRPIEELE R (basic leucine zipper, bZIP) A% g7
Feo K e IR WA S 1 P 51 XA SR 5 Maf
LR = B4 )5 5 DNA 2541 Neh2 453 AT 5 i
W Kelch FEREH AN LA L E H-1 (Kelch-like ECH-
associated protein-1, Keapl) ] Kelch X254, [RIAT,
XA Z R IRIRIE 8 RS NRF2 #9722
FAURERE . Neh3 2547 55 2 8ah - Yo (0 o i 122
JiERt DNA Z54 811 CHD6 15 {5, Neh4 NehS J&
T TR BRI A ST e s 5 AR, T H RIS B cAMP
N A 45 A B H (B CREB protein) B9 45 & 8 H
(CREB protein-binding protein, CBP) , Neh6 5 NRF2
SR ARG T PRI A

Small Maf binding

\N_/ p—
L Neh2 ]—uem H Neh5 ]—m—‘ Nehl l Neh3

Keapl binding

Fig.1 The structure of NRF2

Redox independent

DNA binding
regulation

NRF2 contains six conserved domains, designated Nehl-Neh6. Neh2 is a Keapl-binding

domain. Neh4 and Neh5 are transcriptional activation domains. Nehl, the Cap N’ Collar Basic Leucine Zipper ( CNC-bZIP)
domain of NRF2, is located in the C-terminal half of the molecule and constitutes the basic DNA-binding domain and interferes

with the binding to the Maf

1.2 NRF2 HJTheE

NRF2 J&F CNC-bZIP R CNC 5% & R i % % 5%
JREFTEE? . NRF2 @55 — R b
AT PR AR 1 BT 1 2 35, A 1 40 M Y Sk 0 T A 52
O PSR QL SR I S
NRF2 FEAERF 4 0 BRI AR, J0 2 40 1 ) 2%
FhAN SN B R B AR, MM S R T

(40 ROSRNS %) 256 ik A M5 16 3 RG], IRk
JE/ ROS Fl RNS A Fl F 4 F5 g N5 5 16 5, 5
R TR R 2 I, A B
Oy FURE T 4Rl RS A0 PR T AE BE L B R NRE2
REEEAEN,

NRF2 2 5% 100 Z M~ E KKK, @5
DNA 254, andi 4 fb s 4144 ( AREs) | 5 HL v 41
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F(EpREs) M 1 22 Ff g 9 0300 B T B e s
MEaASYERFERI A NRF2 A E K BT RRAE A, H S
NF-kB .pS3 .AhR ,mTOR ,AP1 1 NOTCHI1 %553
HHA e ERBERP ) WK, NRR2 72585
AT FGFE T AR Ak | SV A R A A i

*%HSSS' .

2 HFEEFNF-E2 BXEAF2 E&EFETRH
£

NRF2 2 5 224> Ui 8 ik PRI 00 9 4, 60 465 4 i
FALIE AR AN A AR T RAE SO LA Rz &
I B A AR A G A 0% NRF2 ARG 6 7
PR G B A L PR 4 205, A5 ) T A 0 e A D B
P PR R A4 A T, 0 2455 40 g S A AR S G
A, WP, TSRS 2 B B BEAHOC , HE
M NRF2 7T B8 5k 2 R IR 7 /BT AR . )
A, K A UEHEIE S, NRF2 AT A5 22 o g 1) 9 B
ARZS, Qe i s 27 A A AN 25 05 R 2280 il
A GO IR RAE IRIERE A B e R M
SR 0

P SCHiRA T, NREF2 Ji 3l ] il g 22 (JCHAE B
W) o ISR 2 S50, AndE 2625 M) 7% NREF2
T4 A 6 A8 B NRF2 R By B0 A8 56 H R
TSR A, K 3L NRF2 58 o B P el 2 DL 2
RESRPTAR ST IRAR | 2 HE N BT A0 L A7
Uk, b A T 8 AR 2 R AN B Y A7 RO G
Gonzalez-Donquiles 55 [l T NRF2 7E45 5 % T Y
XU AR NRF2 5 485 RH R0 A 55 DIk
R NRF2 2898 42 58040 W B o) S0 AR L 3800 s 0y 7™ A
(1) NF-kB A1 AP-1, 2 il il fi2 5 40 i 5 5~ K e fe [N
TRYPAE DT g 200 C eV T KR S8 RE ZH 2 Y
BIER %), Fisher 25057 R, 76 K BUAR TR
PERE G B AL o NRF2 38 v] A 20U shpi 4k
SRR, A RF AT TR 2 YA S 0 4R O
i NRF2 5 23808 R HE B R R4 D 1
i e AT 130 NS 20 M 5 2 TR ek IR I & B, B 53¢
K7 NRF2 A3 40 i b S AL B ) 2= AL 2 - 20
Ml E SRS Sy . — P TRTT AR T IFAY NRF2 ¥
B0 BRI, nT R (A R BT T AN e e AR R R
LR TR 7R TR AR 2 R R B h R T
LT AL Al R R G D-2ERUS S AT )
REREATRIAR 2B o NRF2 ¥ & AR
W CUEW], NRF2 76 2 Rl K 25 901697
KA BB IR

3 EEREIMHXEREF NF-E2 tHXEF 2
RIIAE1E A
3.1 ZHELEMG

2R A bz Z A e #, E L
TR I EAZ A0S S R P CEE R 2 R
1 it A 3 I R A% AN B PN A 2 R R R AR
w,

Keapl J& NRF2 {f M G M 1 B+, 7Rk
IR NS4 R, Keapl 5 NRF2 454 B HAl &
FEMI3 . TRl Keapl A5 Cullin-3 (CUL3) fEHT, 1E
B3 2 RALE R E ALY, (2 0F NRF2 12 K1k, ff
HAEE ARG P T A, DL 4EH: NRF2 40 T3R5 5
FARWi AR MRS #F98 KB, Keapl 5
LA ERRIRIE, €273 Fl C288 P2 b & B iz
S5 Keapl &% NRF2 670 8 45 (0 S 87 5,
TEEAL R B 35 B FIRRE R R, €273 il €288 fif
BB, 2 53 NRF2 5 Keapl 456 AFa e ol fif
Keapl I CUL3 %55, Afiifi NRF2 72 Z Al
NRF2 A#%5 ARE 1R JE ) Tl a2
B (Fig. 2) . BRULRASM, FE LA AL FIVERF,
Keapl 1 C151 fii>P RS FR BB , /& NRF2 M Keapl
B R BAEAR VR ZL 50 (Fig. 2) o

9% R, Keapl 1 BTB & Z X I, Y141 1%
RIRBEIR AL IS , Keapl 8 A A2 YRS 0, i A H,0,
Ab PR H LB RR AL B0 Y141 WS FR 2875 J TN &R
J& 8 Keapl 2 R MEF MK L Ui fg, imi
Keapl P& [, i HEXF NRF2 f 1 8 45 F B, Bl
NRF2 A#%, J8 shai A9 /E FH . RIS & 3K, Keapl
RIEDIReT 2 AR Z AR MIE B, 0 T141 FEA
iR 5278 I AN MU B 1 W i — R ARk 2 TR AR 1 e
H1. IEJEHL,%/}’EE’\J Keapl T 5 NRF2 2%%,{5%5%%
NRF2 fIFEHS) . AL, Keapl fY Y85 Bk 42 2
BB S , P E Keapl AORZETHY 1M Keapl ¥
= CUL3 A%, #E i f #E 3K ) Keap-CUL3 5 NRF2
ghA PR NRF2 950 DL EBFSE 4R, Keapl
% A IRBEIR T/ BRI VE T, AT LA Keapl F2XE
PRk i Py 2 67, JE 5 ) NRF2 #9932 R APE H
(Fig.2),

FECIERS I BHIF A R IR IR AR5 A R R S
MM AE SRS Th Y52, 45 2R oK, PKCe 7] B 1R
fk Keapl (] S599,S602 %2 % F& v s, 1 42 iF
Keapl 5 NRF2 W) 454, # NRF2 1Z % 1k K
(Fig.2) . PG, 7 NS LAl 21 & BAIK
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Tyr-OH
85 ﬁ No gene transcription
m ----’ T weweseser
D CUL3 Proteasomal e——
H @ degradation of NRF2 ARE
]
iyré /4 Tyr-Phosphorylation) NRF2 translocates to the nucleus

:‘"')@RF\ZF))KeapI
- )TCUL3 “u — 45599 o

[cuLs

Fig.2 The ubiquitination of NRF2

ubiquitin ligase for ubiquitylation and subsequent degradation by the 26S proteasome.

NRF2C ., Gene
) f_tfanscrlptlon

C' i K ~— Y141 —~ 2 Y141
Keap] / NRF2r>KeapI —--> (NRE2 Keapl) == <RF2£ SKeapk™ --->
ST ’
CUL3 / 7 —— CUL3 e sey
. ‘—|—'

(PKCe
Ser (Phosphorylation]

/8599, S602

QFZPKeap] ----) NRF2f Keapl -—-- NRFZL)Keapl

N\ %CUL3 ors] O eul
N /CHI (‘27] ~—
<RF25Keap]? — NRF2

No gene transcription

- ”*amwmww
Proteasomal —_—T

degradation of NRF2 ARE

- Modification) NRF2 translocates to the nucleus

C]%] C271. C2

NRFZ Gene
Keapl > NRFAZ'B <feap]? === 5 transcrlptlon
cui3 CUL3 m

Ubiquitylation blocked ARE

The repressor protein Keapl recognizes and targets Nrf2 to a cullin 3 ( CUL3) -based E3

Antioxidant-induced Keapl Tyr85

phosphorylation controls the nuclear export and degradation of the Keapl-CUL3-Rbx1 complex to allow normal Nrf2 activation and

repression. Phosphorylation of Tyrl41 regulates the stability and degradation of Keapl.

Phosphorylation of Ser599 exposes the

deeply buried Ser602 for phosphorylation in Keapl and enhances Keapl-NRF2 interaction. Modification of Cys ( C151, C273,
C288) in Keapl leads to a disruption of the activity of NRF2 to escape from Keapl-mediated repression

IKFFRIAH PKCe FlfR 7K V-2 3519 NRF2, 1fii NRF2
Ik e 3K 23 14 0 e Jed A AL 2450 . PR, PKCe i o
PE Keapl BEFRAL, FEM 52 H 5 NRF2 254 DA K&
NRF2 3Z 4k,
3.2 SUMO . 1&if

KTz R fE, Mz ZH B
('small ubiquitin-related modifier, SUMO ) ti 7] 445
T P A R R AR L . SUMO 5 2K 11 =22 [f] 3k
AL H, #E R A A BAE R DNA B 5
DNA 58 (45 G ih 1 AE 55k P 1 R B e s i)
B M R R ER S B3RS
MG AW T NRF2 (0932 ALK A, 2 0 90 40 Ml
JKEETT NRF2 Rk i iz L], EAR S = A
KMLRIBTSE  ABATAEAE NRF2 16 20 A% v W it 16 ]
fit, BOFBFSE &I, NRF2 Al 4% SUMO-1 F1 SUMO-2
1 SUMO 1k, $24E—Fh Al 37 F Keapl A4 4 A% 4 it
ETALE, R Z B, As,0, AP HepG2 A5 , 1l
i SUMO i 8 2 H A B & , 38 in NRF2 (9 SUMO
fRAG M, AL 5 Ak 40 s 3R T B
HELEH
3.3 WEERILIEIG

SRR L2 — P B BT R R SR AR
X, S HMEZME TGS AR W] RN R A5
e SRR ) B s o AN 0N YA (BN g 8 e - e

TR T FF ATP AR IE R 24 5 A
B IR IR AL (22 AR AR R A R) b, 50

HEESVER 44 GTP, NRR2 ERA N4 R
B2 T2 R B s S R R JE 07 s, DRI, B A T R & A

WRRRACIE M . 118 1 T 2 e T RS S FE PR A A
A I 3 3 A o e D RE K AR (B R R U, 5 2
TIZRIE,

WFFE s, NRF2 JE 52038 s A IR, (0 F
FE 4R C(protein kinase C, PKC) BRI 3-
P41 ( phosphatidylinositol 3-kinase, PI3K) b 5 A fiff
P4 3 (glycogen synthase kinase-3, GSK-3) | & & H
P 2 (casein kinase 2, CK2) FIfi% & /R 55 H P4 K&
[67]

W R FEHTEER T Keapl 19 C151 2f
IR IE M NRF2 M Keapl B H o & AR 1
PR B 52— TR 92 2 B, B SR Ak 1
NRF2 B ferh , NRF2 SR (B -t 2 i 245 A
R AL 25 K A 7E NRF2 4 S40 22 & B v o, 7F
PKC 95 F , BBk NRF2,fdi NRF2 M Keapl B
FEARZ, IR SR A 23T (Fig. 3) .

M B JE 3 NRF2 1938 P, ffH A Keapl
ik, AR T Z R ST . {2 NRF2 M\ Keapl F
UGB S NRF2 1E MR 400 . IRt iy
WFFER ], 70 2 BL A0 i 40 b, CK2 AT 1R Ak

Fyn
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NRF2 %) Nehd Fl Neh5 25438, 5% i A% 540 2
SEREHELS R R SRR A Fyn RIS RR{L NRF2
) Y568 v [k Z R, 2 NRF2 WA h R Y, il /b A 8%
NRF2 i, i m S ARE B454'Y (Fig. 3) .
HE— 5 K I, ZTIRE 2L AR/ I AR A GSK-3
TR f i 2 PR TG Fyn ()95 2R AR i | SO = A0
{23 Fyn BERR 1L NRF2 T568 13 is & 2 , £t NRF2 M
Birbi s s Bz RALREE ) (Fig. 3) .

BEJS , BHIT A B ER ST NRF2 B R 1k 16 i 5 5 s
RITIISC R, il e B i A R T e EROR A

PKC-8 CK2
v v
SéltO-POJ Phosphorylation
NH2 —  Neh2 —N;m‘ Nehs —
1 86 112 134 182 200

and nuclear localization
of Nrf2

Fig.3 The phosphorylation of NRF2

W BB AN IR B K A RE , SR
A7 SR R 328 B — Uk 0 LA B i 2 ML RE B
L, A1 Ay P 2R E B SR AR R 8, T RRAR i ) I 453 4%
FEE L, RO, § S _H B JH 3l CK2,
CK2 Bk NRF2, #Efifle i NRF2 5 Maf 455 I i
SRR RS PR AN O G R Y R
K, DT i 3 I A R , BARK I A B s 385
P R 0 22 RS UIRBLT T AN, 7RO Bl
ML, PKC ATBERRTL NRF2 42 i H A A 1 i
LERE AT | KA
GSI§-3B
Fm

v
Y568-PO,
1

Neh6. | ——  Nehl | Neh3 —cCooH
[ —

336 386 434 561 605

Increase the stabilization  ncrease the nuclear translocation
and transcription activation

Increase the nuclear export,
ubiquitination and degradation
of Nrf2

The phosphorylation of NRF2 Ser40 by PKCS results in the escape or release of NRF2

from Keapl. Phosphorylation of NRF2 in the transcription activation domain (Neh4 and Neh5) by CK2 is critical for the nuclear

translocation and transcription activation function of NRF2. Active GSK3B phosphorylates Src A sub-family members including Fyn

that enter the nucleus leading to phosphorylation of NRF2 Tyr568, and subsequent nuclear export and degradation of NRF2

3.4 ZERLIEG

SR — st A E 1), P L e B A 4 A B 1
BRE BT, S EA Y2 A P
PITEEVERT . BRI S A B S R 2R | 22 %
TR AN TR IR I IL M 25 A LB SE i A B
R AR AR, I A SRR e
I e I PESE [R5 2R DIA O

FR K B ( carboxypeptidase B, CPB) 1 P300 &
FURZ R SR T B S sh) ™7l s 2wk %
BmrfERT  TERERE IR A S b 2 B, CPB 5
NRF2 254, #E0 CPB fgi# it & WEAL/E I NRF2
fsE ) BB ERSTIESE , P300 15 NRF2 A B
A EAEM, H NRF2 25 UV PR R B 4% S WAk, [
IRk NRF2 (9 Nehl XI5, NRF2 Z BEAGAE T
g%, H k% Neh4 Neh5 Xt i & P& NRF2 £ 8k
fEAEF, Neh5 B398 Nehd 45 NRF2 5 P300 f) 4%
Ao R ERIY Nehl X381 2 ok Ak 15 1 157 1
# Nehl X353 R A F X178 — mi bR 5 &
I, R Nehl FA>—F DX R FE A Nehl , X £ Tt
EAEFIBEAR T 2 25 55, $27% Nehl 5 24 55
57T oWk, ARMRT I HT &I, Nehl H
18 M Hfi & R 7% 3L (CNC XA 6 4>, bZIP A 12
), H CNC X2 5B LK LEIEH . Nehl X

BB AN 2 A8 NRF2 72 R 4k B Hofa e v
WASFZ R FL I P A, (B A o] DU iE NRF2 9% 5%
JA B K5 DNA 194547 (Fig. 4) .

WE—3 1) WAL 98 & B, Neh3 £ 4 N5 (R
FR3E . Al Neh3 X ) B M A 8 B, I It Kawai
ST BF 9 T S RCAE Neh3 X, BFST 45 5 & 0,
Neh3 X ZWkfb/ & S ALAE A, 76 NRF2 A% T 28 42
v R AR iR R TR L 2 B 2 5 NRF2 §%
ST, MEE— N Neh3 X 2 BEAL A7 5, R
FIEIR 28 A VA B K588 (K591 (K595 K596 [i% 4 ik i
JARAR K PIKS88 I K591 o 4 & R ] 2 £ ik Ak
B 55, T 35 R R L BEAL A E NRF2 B R4
PR i T (Fig. 4) .

BiJe , BHIF A B2 ER 9T NRF2 2 B Ak 1846 5 95 0
RIFHIC R, LEUESE, Sirtuin type 1 42 H B 2
fEfE#E NRF2 FaE P, JA ) NRF2/ARE $it 8 fbf5 5
S N R SR T L T O [ E R VT A P Ak (S
RS RAL N e, 43R B 2 I B o R AT R 2
NRF2 ZWtAb e sh Hyfg, o 26 8 6 % b & 4%
B PERT AR L BRI ST & B, NRF2 2,18t
A i NG N R OR N S R S N LR (S
F 378 NRF2 2Bk Ak 481 1 FH T il D51 400 B 1k 3R
VA= NENITZNE
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P300

v o
Acetylation K5|88-Ac\ K591-Ac

NH2 Neh2
1 8 112 134 182

Fig.4 The acetylation of NRF2

binding activity of Nrf2

| Neh3 — COOH

—%—1 Neh5 —‘ Neh6 —‘ Nehl

200 336

386 434 ; 561 \‘ 605

Increase the nucleocyto-
plasmic localization of Nrf2
and transcription activation

Increase the DNA-

Acetylation of NRF2 by p300/CBP augments promoter-specific DNA binding of NRF2.

Acetylation of NRF2 Lys588 and Lys591 in the Neh3 domain increases the nuclear localization and the transcriptional activity of NRF2

3.5 BENENG

R AL SR AR Ry T B B T RS 1B M, PP
FE RSN S-RR T H B 2R (SAM) 43T A o
R BRI E IR T N O B S I
fEA I, RIWIATSE EAESE, p300/CBP 7] 2 5 NRF2
LA TR 1 B B AR I AE p300/CBP B &
Vb 2 Aok E R W AR % i PRMTL I
CARMI, M #5556 Zh N 72 SR i) i
AR NRF2 Al REAE 7 b8, il i o &
B ,NRF2 7] g PRMT1 H BB (H AR REBE CARM1 H
FeAb, PE— 07 S HTIESE, NRF2 55 437 (iR
iR & PRMT1 FHLALA NS, TRIE i 7 s F A0 &
Xt NRF2 55 DNA B925670 B E RS,
3.6 NRF2 AEZEBMEFFEGENEEER

B LW 5T CUESE, NRF2 A7 7E A 7] 2 70 1) B i3
JE Bt R Wz FZ AL B AL LA, W
FIT Y 2 A 8 DA K 2 Fis i Z (e R sk 4 4, 41
TSR S AH AR HURS B 45 1 2 24 N 4%, {H NREF2
NI 4 B 11 0 R R B M ) 2 75 A AR A AR
ARSEATE B] . NRF2 S40 13 22 % 2 1o 5 7] % PKC
BRI Ak, #0  NRF2 32 3 A0 % i, i i 4 i H
Keapl fift 5, AZIE o s A G R 1y k™) (Hik
— AR, Z I RE L E R/ J6 AR BT GSK-3B
BEIRAL , Fyn J5 & RRIR L BOLAE T 07, fE3F Fyn BER
1k, Fyn {2 NRF2 T568 %% 2w B2 fL 20 NRF2
MR I, IR e F A T &
b B AL K P S AE R TRl & 56 1R, TR, 9
PN e N R A E N (S IR (e P e e RSB uR IE T
AR A5 5 S B PRI ST, HRTR WAR SR T, ik
A1, SUMO 1k ZBEAC LA Kz A ] 5 e 2 o
(R, R, A T RE A MBS, (HHERICT
NRF2 SUMO 1t Z AL LA B3z ZARAT S AT A 52 42 )
W], H =& Z MRS A #SuE B A dE s

4 pBEREE
KEWFFECIUESE, NRF2 722 5 20 5414k

IO SIS AR DG ) 5 , FL 28 Hy o8 9 R e 22 b 3 IR
(35 6 FHERR AN N LR R N IR fa S &
FAER, BET, X T NRF2 (IWFRE D THEEZ
PRI (bR A deqb S R A8 ) DL OB IR
P EIVERT, BORE T NRF2 MRk . Z Bk Ll f2 iz
Rkt 2 b e, (AR m N &k S
BITHERIER B, [FRF, NRF2 SUMO 1k
K RIAR I BFFE 5 /0, NRF2 HoAth 26 (1 8% )5 18
T W A DLARGE A R — 2R
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