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EaRETEREXEF2ERARES T RE
Xof MR IR 4R & B E1E AR

%, FEE, R, KIF, i,
Ao, IR, BWEY, Ak &Y

(1. AR R 2K 7= 22 8, /KR A e % B i AL 48 0 19 B3 v

M R IR Wb TR =, KRR KEMETEALRE,
2 gl TR A B sh BB = B, T MK 5K & TR Sk %, TR M

Wit i 430070;
510225)

E: PTRRAABTUFERENEREA, REFE2HAE F2N)E TR F RS
EEEA. TRTEAQN T EAHNLRERE, MEF & TN2Z G W £ 7 Bk, o
KT HAFRAE R K R FENrf23 FcDNAK & 1994 bp, F # [F 2 4E ¥ 1782 bp,
H SN A E B (aa)e AERFAA AN, FENREE GHEEGFERERE, N8T%;
B Nrf23 B A F 63 b it &2 & & 5F B Neh [Nrf2-Epoxy chloropropane (ECH) hom-
ology]X . 52 if £ PCR (qQRT-PCR)Fn & & Ef #F 3= (Western blot) s il 5 B £ 07, Nrf23 F
AN EENA L PR Rk Nef2i i Al A T A K B (tBHQA E ¥ & | 40 g
(CIK)E, CIK#@f S na e A 2 & LR, mAWERATHE, Ne2XH T ik #HHO-1fn
GST# H By mRNA % 3 F 7. Western blot#n % & 7% £ (IF)# | 4 £ % ], tBHQA #
CIKjs, N2y E g kit LR, FHMENGEZAL. XX, RTHNEL
N2 HAENR Y Tz Kk, BT LB & FH Tl A0 B o &k T840 ja7s

AWk, NTis 5 REFRERTE.
K Ea
FESES:Q785; S917.4

¥ T E24H 5C K - 2(Nrf2) J2 — b 8 ZE 11 3
P 8 A I TR N I A% e SR F T, J@ P CNC (cap
and collar)s% & /R 1 5% (CNC-bZIP)HE A Z ik,
wHPLAAEFAREM EER, 25T HE S
WF . MR RE . RAEFIEAS G 2 A E Yt B,

Nrf2— & A 64 7 Nrf2 B 48, 58 7R e [ T8
YI(Neh)Jfigdsl, RINeh1~Neh6"', Nehlii i3 fl &
/NGy 7 WL £F 24 988 (musculo aponeurotic fibro-
sarcoma, Maf) & 145 & T 2 I8 — R4k, Ml
SIF45 5 DNA LB E LR ARE, )3 8 R liEhT
S AL FE R B 19 Kelchf 3R 4 S R Be Al G2 1

i HE: 2016-12-19  f&EIHHEA: 2017-01-16

M FE248 k B F2(Nrf2); BEEEE; £ B H &5 FRREA

SEARERE: A

1(Kelch-like ECH-associated protein-1, Keap1)nJ 4%
A N2 Neh2Z5 K580, DT 410 ) Nref2 1) % 5 %
ik, Neh3. Neh4FINehS) 3 7F % 55 06 1 72
e AR T, Neh6 e 4 M i etk 2
T, ATLAZERENrR2 D) RE MY IE iz i s AEAE IR
BT, RN R TR R AN 2R
SEAETEAN ML BT, /D S TE A A b e SR T
A R Y R AR R IE A A BRALERYY . AR
BORE T, Nrf25Keap140 55, M40 5T 72 5]
2 A% rh R B A B RN AR A I Y A,
QN4 e H OBK S¥: 2 il (glutathione S-transferase,

EEE: B XK AARR R4 (31502199, 31572657, 31372563); | A4 v 5 il 5 5 42 (A201512C003, 2015-115); b
BH S #91%(2015BBA228,  YSF2015000255); w3 1l BBz J& %8 B i A1 (2016020101010089);  H 9 i 3 3 AR f Ml

% 9 T (2014PY035)

BIEEE: W4, E-mail: zhaolijuan4234@163.com; A&, E-mail: linli@mail.hzau.edu.cn
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GST)FIIMLZT 2 i %A i - 1 (hemo oxygenase-1, HO-1)!"",

W1 42 A (respiratory burst, RB), 1Y %A 1
K, AN R 2 AU 240 bR R TS M AR (ROS) (G A
B Eg 7 F A AL SOk 7, FE S RGErh K%
HEZEH . ROSH LU ML P A A JFUR A
RABAE, W PURBE IS T, 5l Ak
G B Bl F AR N2 ] DLy /D LA B 40 i
AEDBRW A, WHEUAIEE S, Stk
ROSHI A g # ", Nef2 1 2 /N F 300G
F RO W S A AUT BN K 5 (tert-Butylhy-
droquinone, tBHQ)" | 5 it & MA MK 25 1Y 3 il At
J5€ (sufloraphane, SFN)P'T ., & JiE 2k Nk E f7i B (olti-
praz)™ . EATHEE A R N2 R L AL, RS
240 P B R ) B ) A

HHT, T FL3h ¥ i) N2 55 R BiF 53 B
TREBBRD, FEABNR2FR L BA—
SRR, K F KA (Ctenopharyngodon idella)
N2 5E, EZEPLENRIE RN LR L
R mRb s = AR . IR . IR, Z R
HRGE Y, SFENRBRIE TR,
F AR TR E BB IROK SR 2, AR
5007t HUAR AT AR A0 R A A HUSE 22 Bl
WIRR Y, JIFRBERNEVFHL ., PR
{14 JEE il O 5 2 W DLy BE A0 5 5 119 B 458 4 HE AR i -
SR I O T T B R e i AL,
Nrf235 P FVE A D S DR 3 DA OG . I, T
i e £ N2 5 R R 480 o7 980 ) o 48 F 9 B A i 2
S, AT AR R C B YR B Ne 208 SF F 8
AR A B R A 3 5 R A B S HE Y cDNAJT
H, s T2 TR, IR AR R 20
(1) 2% 35 22 5 Do Xk WP W kg T sk R 1 O 45 VR ik AT
T, BN R A N2 1R A BE 5T B g R

L bR

1.1 SEIe# s

Scu A A AL R E S AR A
AR T ENFELEN06m, 1 miyKEAE,
2 SR YN S5 T R SE 5 . HUSE HLAR £E30~40 g
PR R . B SR L RE L O R R
JIE . B A JHE8 412, 433 T RNAiso Plusiz il
(TaKaRa/A W], Ki%E)HPBSH, %HAIET-80 °C#%
HH o R CIK A A R A S50 3 R A7 o BT FEXT AR
“ I (tBHQ)M A Sigmay 7] ; B Pt A AL RE 115

http://www.scxuebao.cn

& (FRAPE)IW [ g2 = RAEYH AR A BRA
Fl; MTTI4 H BiosharpZs /] 5 K ¥ & # #& DH-
SafIBL21(DE3 At X e YMHE ARG RAH .

1.2 E&NrRERNREMEMEEFSN

Fiz FERNAiso Plusit 7] (TaKaRaZ\ &) )it B 45 42
HUR A0 45 2 S RNA SR BFLAR 436006 B 3
Epoch (BiotekZs F], 36 [E) K M RNAR VR FE, i 1]
PrimeScript™ RTIA | & (TaKaRa/A w] ) f1Oligo
dT51 ¥ & B cDNA, —20 °CIRFE4H . M4
NCBIH 2 A B AS R ) Ff Nref2 3 R 371, %3
Bl sl Nrf2 %0 B BE 131510 (6 1) PCRIZ N
A% . 2xTagMix 10 uL, b . FiEgI#40.5 uL
(10 pmol/L), c¢DNA 1 uL, ddH,O 8 pL. S
J¥: 95°C WiZE 5 min; 95°C 30s, 58°C30s,
72 °C 2 min, 35ME¥; 72 °C #Eff110 min, PCR
T2 46 1 %3 N B R i P RS I F e [l A
M & (AidlabA ], dbat) B H 4, JIFiE#E
FpBLUE-T ki (Vazyme/A 1), B at), HAk 3
E.coli DH50H7, I&LB(& Amp)EAr g, B H
PR IBCA B 75 EAT R PCRAG I , 5 B v B 7E Wk
TRLBRG 7R 3L R7 5% 0 Pk PH M BRI % 28 A1 o
B 25 R FNCBIF X, RA5 Nrf2 8 57 X7
G, LR BT S AR #1773 -RACE i Bt
Py, W RS AU S G ().
3'-RACE 2 ¥4 5% 4% {3'-Full RACE core set with
PrimeScript™ RTaseis fll £ (TaKaRaZ\ &) )i B 15
#E4T, PCRY M {Hi LA Taqi 7] & (TaKaRa, 24
Fl), UL HETT . PCR™ Y 1Y 4l Ak Ay
B0 ] b A0 B BER v B o AR AR L Al 4 B
Nrf2IF 5 M E B EAaNR2F5, Bt E TS
Y, VNeRERTS), BHEIPILET, PCR
E/R: BNV~ N 7/ DL R (AN 1 2
FERMTF Lk ko B s b

i R F0 45 T B N2 3 AT A0 A
Clone Manager#X {: X} 3 15 1) Nrf2 5 K 7 5 #4743
Br, B FOT B 3 HE (ORF); DNAMAN 6.0%K
AT E AR 9438 s BLASTT. E(https://blast.
ncbi.nlm.nih.gov/Blast.cgi)iff 17 4% # R Fl & L 1R 17
IARUPE S BT 5 7 LA (http://www .expasy.org/)
ST E FR AR ;. SMARTHRA4: (http://smart.embl-
heidelberg.de/) T &5 H it (9 25 #445%; MEGA 6.0
N2 R S8 AL

1.3 Nrf2% mREH s & X 2455 4 4a )
N2 E LB F kb M i . BB & th Z LA B
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®1 SBEFASIMEREFT
Tab.1 Primers used in the experiments
I/ ER S JPHI(5-3") GenBank 5 5YEE
primer sequence from 5’ to 3’ GenBank number information of primers
Nrf2-F1 AGTGAYTCDGACDYGGADGAGATGGA RT-PCR
Nrf2-R1 AAGTCRTCHACDGGCAGRTTGATGATC
Nrf2-Inner CAGTGGCTACTCCAAACCTCCCTTC 3'-Race
Nrf2-Outer TCAATCTGCCTGTGGATGACTTC
Nrf2-F2 ACACCCCAGCCTTCACCCAG RT-PCR
Nrf2-R2 TTCATCTCCTGCTGCTCTGC
Nrf2-F3 ACACCCCAGCCTTCACCCAG RT-PCR
Nif2-R3 TTCATCTCCTGCTGCTCTGC KX243419
Nrf2-F4 CMAGYCAACAGGAYATGRA RT-PCR
Nrf2-R4 GCCGCTGGCCGGAAGGCTT
Nrf2-F5 TCGGTGAAGGATTACAAA RT-PCR
Nrf2-R5 CCGCTTCTCCTCCTCCTG
Nif2-F6 GATAAATCCCCCGCAGAGCA gRT-PCR
Nrf2-R6 TCATGTCCACGGTAAACGGG
f-actin-F AATTTAGGGAGTGGCCCTGGC M25013.1 qRT-PCR
f-actin-R GGAAGTCCCTCTGCATTCTCTC
HO-1-F AAAAGGCGTAGACCATCC KX243425 qRT-PCR
HO-1-R GTCGCATCACGCAGAAGT
GST-F TCTCAAGGAACCCGTCTG EU107283.1 qRT-PCR
GST-R AGTCTCAAGGAACCCGTCTG
Nrf2-XhoI-F CTCGAGATGAAAGCAAAGAACCCAAA KX243419 4 72 E 40 R
Nrf2-EcoRI-R GAATTCCTAGTTATTCTTAACAAGAG

n REERNE AN, BTEIEED
P14 557 B BRLZ X 48 (558 bp). PCRZ I 4514
95 °C 7 H:5 min; 95°C30s, 58°C30s, 72°C
45 s, 35MHEF; 72 °C ZEAH10 min. KR
PCR ™ ¥ #i¢ M85 7 R 3% 2 B pET-32 A5 fr
(TaKaRa’\ 7)), #4#% His-taglf) il & 2 (1 %35
[ kKLpET-32A-BRLZ, # pET-32A-BRLZ#% 1t #|
E.coli BL21(DE3), f#i1 mmol/L IPTGf£37 °C4<
R S8h, WEEWIRS, HIPBSHE LU 4IF6 BE,
Jin A 5xloading bufferi#fi 7K #3515 min, F#ET10%
SDS-PAGEJ, il @il 285 1Rk, BEJE HIE
P [R5 & (TaKaRaZh w) ) F Hishr 28 45 5+ 1
EHTHE (AbcamZA F], 32 ) He ud B 45 [l H 19 &
H, HAFT-80°C, &MH. KIKERMWpET-

32AZEAMR R VR A Y g Aki H B, HIPBSH%
el B, in A 5xloading bufferi#fi 7k # 3 15 min,
AT 10% SDS-PAGEfE, 2 Wb fTi% iR, i
T TBSTIH W 5% 5 2F 5(BDA A, K )= R
13 h; /NPT His-tag B HT(1 : 1000 e 5115 B =
MR E B3 hy TBSTYEX SR, £HIKS min; FH
HRPHRIC I EH /D B i 1gG(1 = 1000 L 1 F
F8)(Cell Signaling/A 7], FEE)IFF 45 min)5 ,
TBSTYES 5K, £FUK5 min; ECLE {71 min, {#iF
Amersham Imager 60058 R F

Nrf2 % ik & B L5 7 adm
ARAG ) T A B % 2 v [ R 2 e DU B T A
BERH AR, FRINR2L YA

Fiet:fL2 mL 10 4 g ¥k B CIK 4 i 42 b T

http://www.scxuebao.cn
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6fL 4 (Corning, USA), 28 °C. 5% CO, 8 5546 ks
FRIL . PBSYERSE AN M S 2 20 ik I 2 .0
S5min, 100 uL RIPAZ R G = K], Lifg)T
VK 24 AN DT EE20 min)s , 4% FE A9 A Sxloading
bufferi# 7K Z b 15 min, 43247 T-80 °C, JGLE
SDS-PAGEMZ #ll 75 . Flt. PiiAER . BEEL
DR bR A A E AR A D ok R AT, Hoh
B E A — Ul A A I ANe2 2 s B b AAR, F R
B ELA A1 2 1000,

14 E&NR2HBELRRIEDH

3 & N2 mRNAS LR 2 R A 540 LIRS
P Nr 2 R 51 1t 98t i PCR b . R IiES|
Y, B-actinfE NS (G, Vs, 6, 3k
B O BE . MR . BRI E 8N 41 4L
RNA NN, $#% 8 PrimeScript™ RT reagent Kit
with a gDNA Eraseriz /] & (TaKaRaZ\ v )it U] 45 2
B M RNAF Y IE N DNA, I I # 5% 4 W
cDNA, 20 °CHRAF. 2280 5E & PCRIZ N fift
HAceQ qPCR SYBR® Green Master Mix
(Vazyme/s 6]k 7, K FRoche LightCycler
480(Roche, FEE) Litfr., HpRAHEHMEL
BN Z B 4 0 AT 3 R A o SO SR A
95 °C A5 min; 95°C 10s, 58°C10s, 72°C
10s, 45N, FHXTF IR EHE 2 BT R 2 -24Cr
P B R R TR A EAR 2, IR
SPSS 19048 {1 iy B X 3 J7 22 43 # (One-Way
ANOVA)EATGE T3 H7, i H] OriginPro 8.04K 44
(RS RINES

HFANf2& @ e B R R B HRI-
PAZH IR (R = K > W) e Ul I 45 72 B 42 i |
. SKE S OB MUNE . B AU ES S 4
YU (I FE, il A Sxloading bufferi#h /K & 15
min, 73R ORAFT-80 °C, & MINrf22 s pEHT K
A 5 2 B 60 B £ N2 4140
ik, Lip-actinfE NS,

1.5 BUEFIBHQX CIKMMFEER., Bing
1L BE I FIROSHIF e

MTT % # M tBHQAT 4m e 44 7 H wE
tBHQMI W A0, 1. 5, 10, 20, 50, 100,
200, 400, 600 pmol/L, FF Pk E R 61K, ik
BEHF200 pL 10°40 1 F96FL# 28 °C. 5% CO, %
FRAATP IR R, I A RMABUR [ B2 A tBHQ
PRSEEFR24 hE, FEAIA20 uL MTT (5 mg/mL)Zk
Zrth g4 ho HALN I AR, A 150 pL

http://www.scxuebao.cn

DMSO (BiosharpZ\ 7] ) T#: /K 1R 2 15 min, 584>
WA, 75 2 JIREME PRI (Nano Quant/Z F])if
£:490 nmAb #;: H.OD{H .

FRAP* # MtBHQA 22 & CIK % it % 3 &AL
gt M2 mL 10°40 e T-6fL 428 °C. 5%
CO G FA G e b 7%, W& X 41 FItBHQ
(10 pmol/L)AbFAH , A MK EINEE , 0
B A0, 3. 6. 9. 12 h, 5537 Z A0 B A] 45
HIRIPAZ G W 54 A, RIS B M, —
A HBCAZE Yk B2 IR ) & (Fintest 2\ w5 )6l
HEAWE, 55— FHFRAPYIIE &bt A L ik
JIRE I ) B G 2w K2 ) 4% 1 B A5 A6 I H S BT
AALRE ). Al S Pt Ak rE i &R n T K
Sy B v R I PR R B AR L EE R R
Hi; ymmol/g.

3% RAR AT £ 42 MROS BFh200 pL 10*
CIKZH it T 96 Lt (Beaver/s 7])28 °C. 5% CO, 45 5
FarhE IR, U E BT RE 4L FTBHQ(10 pmol/L)
AhERL, AEAACEBEE SN EAE, AAELE A R
0.3.6. 9. 12h, HTH,0, 540 -1
B A R 380 R i SE 6 500 pmol/L
H,O,E R FHPEXT IR, BARLE B TR . FHPBSTE
R % 212 hAY FAYE X BE ABHQAL H4H , LA A
200 pLZ ¥ B 500 pmol/LAY H, 0,75 ik (PBSH:
BE), AbFE1S min, FEAHRN ]SS, FFEFLATR
A, EFLINA 100 pLZE¥E 410 pmol/LI¥Y DCFH-
DA (SigmaZ\ 7)), 28 °CH¥ H 30 min, PBSVER
3JE, FSpectraMax i3XZ2 I) HE B bR {3 46  £L
M N 9608 B (B A& 6485 nm, & 56525 nm).,

1.6 tBHQXJ Nr2 % H T iiF £ F BYEUE 4

tBHQ Nif2 B 4 T 7% 2k BEl mRNA K £ K- 49
¥k A2 mL 10°CIKZH il T-6FLH28 °C. 5%
CO, 5 R 3G AR i 1 . 15 8 % B4 FltBHQ
(10 pmol/L)Zb HiEH , REANALHEH BEE 3N, B[R]
FOHOL 3. 6. 9. 12h, HEFREAHNALLGS, HIRN-
Aiso Plus(TaKaRaZs B IR &, FRAFET-80 °C
FRAE 5 o 1% F R MRNATE BRI cDNAG 4
PRILEUAN B RNATE A cDNA ., qRT-PCRA
Nrf2. GST. HO-1F1p-actinflymRNAZE k7K F-,

BHQ# Nrf2%& & & & K-F 49 & h b
2mL 10° CIK4H i T 64k, 28 °C. 5% CO, 45 7%
IR, B E X A FIBHQ (10 pmol/L)
AhERAE, HAACBRA B EIANEE, BFE N0,
3. 6. 9. 12h, ¥EFEEMNAEHASE, HRIPA
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SR G KA AR, 4% N A 5x1oading
bufferif 7K & 15 min, 43 R-AFT-80 °C., %A
Nrf2 2 50 B BT AR RF 5 VA I i 20 3R &G 40 o 0
Nri28 H WA BIR IR, UUB-actinffE NN

1.7 Nrf27£ CIK4H Bl o /9 7E L4 )

A1 mL 10* CIKGIHE T & € H 9 12FL AR
Hr, 28°C. 5% COMEFM T FRid i, E 21
Xof B 41 A1 1MBHQ (10 pmol/L)bBRAH , 45> 4b B
WHE2NERE, BREE130)E, HAMH L EE
& %] 52 40 if220 min, 0.3% Triton X-100(Biosharp/y
A B FE 25 min, P LA 0 £ 30 min,
Nrf2 2 5 BE BT AR B M S 3 (1 : 400) IR H
90 min, PBST{ES4IK, K5 min, FITCZG
HLOS YA T E 40 min/s , A F R AL BE v
o DAPIAHMI R Y W (38 = KA EYL S min
Ja, W EARSREEE, BICH R EFEEE R
I, FLeica Application Suite X3t B¢ £ i} i385 11 HR
WREENI2 R AV o

2 4

2.1 EAN2 cDNABEEMSIT

F N2 cDNAK: 1994 bp, H:HORF 41782 bp,
it 593 F MR (K1), GenBank® %5 K
KX243419, ProtParam#i {F #iil 1 1% 8 H 70 ¥4
766.50 ku, FIRAEH N 4.57, Signal IP 4.1
Serverfe J¥ WM % 85 F A% 5 5 K. TMpred it
HIC B 45k . SMARTA: 1 45 5 £ 0 ¥ 4
Nrf2fE F )8 T ONCE @RI EEE AR, E2A
WA S5 93k, BRI PDBEZE #4) 38 (137 & 7F 16~39 aa)Fl
BRLZZE ¥4 38 (137 B 7£ 483~547 aa).

FIFIMEGA 6.0FIDNAMANAK 4, X 754 il
HA 1A P R AT L TR )T 51 L X (1812). 4521
FW], RO N2 H A R 2 A9 N2 AR B HE A
&, AR (Cyprinus carpio)87% . B fa
(Danio rerio)83% . 5= V4 &} IR (Astyanax mexic-
anus)68% . =N fifi (Silurus lanzhouensis)65% . K
W e ( Salmo salar) 61% . %A ( Opleg-
nathus fasciatus ) 57%. J&% % 3k fa(Oreochromis
niloticus)55% M ZL & 7R J5 i ( Takifugu rubripes )
52%; 5 HAb Yy S RE R R 23 00 02 N 46% .
45% . X547%. 735b, ZEAEA S HAY

Nrf2 46 L9 64~ P& 5F DI g X Neh1-Neh6, CNC-
bZIP X Il F1 74~ 2 5 5 R v 5% 45 14 P 1 00 DR <F
RILTR . TERGIM L, MENRRE &,
Bl JS A . LSRR, bR M
YA 2 R i — 301 3),

2.2 Nrf2% S i iASI & R R A

SDS-PAGE/F#r 45 SR £ W], =4 N2 1
F R AR T (K 4-a), PR IR FH D) e ] i
)5 A B A B o F His-taghi & T LA I )
A W His-Nrf2 25 [ H 40 kuZe fi b A — 4571,
25 U 7 4H 2 &% A His-tag(J814-b), 1 H /N FI T
W —2, BEERR R RE B % M0
o 22 v BE DT LT AT 3R S R BRI A I, &5
IR WIFE L A0 CIK M A 25 121 R v mT LAY Wb ez 0 381
— 4566 ku/i AT R R A, R/ A Nrf2 L
5, A, g E]— 4550 kuZe 47 i 59
KRN H 5500 (Kl4-c)o

23 EABNRHBLERIEDH

P E 7 FIWBEE R R WINrR27E 25 2H 4 b 3y
K5, MiHS P mRNAZ A K, Fi
A, HAh 74 204U Nrf2 mRNAAE X %
AR S b, 25 E (P<0.01), H
FER B h ek i m, RAE MG 21335 5 1 2445
(El5-a). Nrf2ds HE A KFAEMAL P ft, H
74~ 4 2 ) Rk AKOE A= I A 2L 35 D L
25 W E(P<0.05), HEEL'BEhRIXES, K4
FE M AU ek 1 1 1065 (B 5-b, ¢), EHINr24H
LU mRNAFIR H KPRk #H—80,

2.4 ECEFHUBHQX CIKAMEZER., RiiE
1k 8E HFIROSHIE2 M

MTT i I A5 tBHQXT CIK 2 fifd fit 22 4 fifi FH ¢
FE M50 umol/LLA T, Jim 22 5 Barfift ¥ 2 24710 pmol/L
(F6-a), FEALFEF6 Wi, 400 A ST A LRE
K F B K{E1.09 mmol/g, 0 h2Z S #
(P<0.01); EY6~12h, 4y BPiE Lt 130h
A B2 L H(P<0.05)(&l6-b).

DCFH-DAZ S ¥ A %6, A LA H i 4 4
MRS, HE AR NS, AT AR AR P A TG I K S
BCDCFHM M H B 2B A0 P o 440 =2
TR, A RLSE L TE 9 I DCFHAR A 26 1Y
DCF M T J5z W20 it P4 79 356 1 SR /K o A S 6 A

http://www.scxuebao.cn
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KeE AR

0 E

A ATGHI TAG HIAR R I B T AN B 7, *RREABIFRL R, FUHLIRBE T SIAATAAA IR E 5

1
61

121
40
181
60
241
80
301
100
361
120
421
140
481
160
541
180
601
200
661
220
721
240
781
260
841
280
901
300
961
320
1021
340
1081
360
1141
380
1201
400
1261
420
1321
440
1381
460
1441
480
1501
500
1561
520
1621
540
1681
560
1741
580
1801
600

1%

TTTCGGTGAAGGATTACAAACAAATAAATCACATTAGGAGTTACGGCGGACGAGGAGAGA
TCCTCTCAGACATGATGGAGATTGAACTGCCTAAAATGCACCCAAGCCAACAGGATATGG

M M E I E L P KM HUP S Q Q D M
AGCTGATAGATATCCTGTGGAGGCAGGACGTGGACCTGGGTGCGGGGAGGGAAGTGTTTG
E L I DI L WU R DV DTUILGA ATGT RE V F
ATTTCAGCTACAGACAGAAGGAGGTGGAGTTGCGTCGACAGCGTGAGCAGGAGGAGGAGA
D F S YR Q KEVE ETLTZ RTU RTG QT RTEQE E E
AGCGGCAGCAGCATTTGCGGGAGCAGGAGAAAGCT TTACTCGCACAACTCCAGCTGGACG
K R Q Q H L REGQQEZ KA ATLTLI AT G QTL Q L D
AGGAGACTGGAGAGTTTGTGCCTCGAAGCCTTCCGGCCAGCGGCACGCTAACGCAAACCA
E ET GE F V PR SLPASGTTILT QT
ACACAACAAATGGAGAAATTGCACAGAATGGGGCTTTCGCAGCGCAAGAAGGTGATGCCC
N T T N G E I A Q NG ATFA AU ATGQTE G D A
TGTCATTCGATGAATGCATGCAGCTCCTGGCTGAGACTTTTCCACTAGATGAGCCAGCTG
L S FDEG CMG QTLTLA ATETT FUPTULTUDTE P A
AGTCAGCTCCGCCTTGCCTGGATGTTTCCGTTCCACCTACCACAGATCTTATGATGCCTG
E S A PPCULUDJV SV P®PTTDTILMMZP
CAGACACCCCAGCCTTCACCCAGAATCCT TTGCTGCCAGGCTCTCTGGATCAAGCCTGGA
A DT PATFTQNUPTILTILU PGS LD QA W
TGGAGTTGCTCTCACTCCCAGAGTTGCAGCAGTGCCTCAACATGCAGATGCAAGAGACAT
M E L L S L P EL Q Q C L N M Q M Q E T
TGAATATGGATGGATTTATGAAACCTTCCGGAGAAGCACAGAACCCAAGCTACAGTCAAT
L NM DG FMU KU PSGEA AU QNUPS Y s Q
ATCTGCCTGGGATGGACCATCTCTCGTCCGTCCAGACCGAGGTGTGTCCTCCTGAATACA
Yy L. P G M DUH L S S V Q T E UV C P P E Y
TCAACACCTATGACGGATCCTTCAATAATATGGTGTCACCCAACCTCAGCCAGATGAGTC
I N T Y DG S F NNMV YV S P NTIL S Q@ M S
TGAACGTCCCAGATGTGGGAGCCGAGT TCCGACCTGAAGAATTTAATGAGCTGTTTTATC
L NV PDV GAZETFU®RU PETETFNTETLTF Y
CTGAGATGGAGGCAAAAGTGAACAGTGGCCCTCTCACATCTGACGGAGGAAATATGGTCA
P EMEUA AT KV VNS GPTILTSDGGNMUV
GCCAACTGGCCGAGACTGCCAGCGATTCTCCTGTARACCCCATGGATCTGCAAAGCTTCT
S Q L A ETA S DS P VNPMTUDTLQ S F
CACCTGGAAACCTCAGCTCAGGAAAACCAGAACCCATTGTGGAATTCCCAGATTCTGATT
S P G N L S S G KUPEUZPTIVETFPD S D
CTGGCTTGTCGCTGGACTCCAGT CCTCACATGAGCTCCCCGGGGAAGTCCTTGAACGAAG
S 6 L S L DS S P HM S S P G K S L N E
ATGGATCATTCGGTTTTAGCGACTCCGACTCGGAAGAGATGGACGGTAGTCCGGGAGGCA
D G S F G F S DSDSE ETEMDTG S P G G
CGGAGTCCGATTATACCGAGATATTCCCGCTGGTTTACCTTAATGACGGAGCTCAGACAT
T E S DY T E I F P L V Y L NDG A QT
CTCTCTCAGATAAATCCCCCGCAGAGCAGCAGGAGATGARAGCARAGAACCCAAAGACAG
S L S DK S PAZEQQQEMTE KA ATZ KNPI KT
AGCCGGTGGAGGCCAGTGGCTACTCCARACCTCCCTTCACCAAAGACAAGCAGAAGARAC
E PV EA A S G Y S KPP FTE K DK Q K K
GCTCCGAGGCCCGGCTCTCCCGTGATGAACAGAGAGCAAAAGCCTTGCAGATCCCGTTTA
R S EARL S RDTETG QT RA AT KA ATILIGQTIZPF
CCGTGGACATGATCATCAATCTGCCTGTGGATGACTTCAATGAGATGATGTCCAAGCACC
T Vv DM I INTILU PV DDT FNTEUMMS K H
AGCTCAACGAGGCCCAACTCGCCCTCGTCAGAGACATCCGCCGTCGGGGCAAGAACAAGG
Q L N EA Q L ALYV RDTIUZ RT RT RTG KN K
TGGCTGCGCAGAACTGCCGCAAGCGGAAGTTGGAGAACATCGTGGGCCTAGAGTACGAGC
V A A Q N CRZ KU RI KTILTENTIV VG TULE Y E
TGGACTCGCTGAGGGAGGAGAAGGAGCGT CTGAAGAAGGAGAAGAGCGAACGTAGCACCA
L DS L RETETZ KTET RTLIE KT KTET KSET RS T
GTCTGAGAGAGATGAAACAGCAGTTGAGTACCCTGTACCAAGAAGTCTTCGGTATGCTTC
S LREMI K QL S TUL VY QEVF G ML
GAGACGAACACGGCAAGCCCTTCTCACCCAACGAATACTCCCTTCAGCACACTGCGGACG
R DEUH G XK P F S P NZETZY S L QHTATD
GCACCGTTTTTCTCGTTCCTCGCCTTAAARAGACTCTTGTTAAGAATAACTAGCTCTGTT

G T Vv F L VvV P R L KK TUL V KN N *
CCTTCTTCTCTCTCCTTGCTTCTGTTTTTTGGTACTGCTTTTCTCTTGCTAACACCATGT
CCTAACCAGGCACGACGCAATAAAGCGACAAAGGCTCTGCCACGTCAGTGTCCTAACCAT
CCAAAAAAAAAAAA

B 1 E&NREECDNAFY R HSER

Fig.1 The ¢cDNA and deduced amino acid sequences of Nrf2 from C. idella

The bold ATG and TAG are the start codon and the stop codon, respectively, the * represents the end of the protein translation, the italic and bold

AATAAA sequence is the polyadenylation signal sequence
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N Homo sapiens 605
. Mus musculus 597
X5 Gallus gallus 582
Bty 0 Danio rerio 386
KPEESE Salmo salar 614
218 2 )y i Takifugu rubripes 589
@%Eﬂﬁﬁ?’ Astyanax mexicanus 59]
22 NG Silurus lanzhouensis 587
2% f11i# Oplegnathus fasciatus 610
B4 Oreochromis niloticus 597
§i Cypirnus carpio 586
LA Ctenopharyngodon idella 593

B2 EaS5HMYMNREERSERTILL
BOHEER BT, RN E IR, R ACNC-bZIPX 18, B 4 J7 HE Nrf2 1) 64> £ 57 Nrf2 4 & 7 Kt 7 98 42 (Nrf2-Epoxy
chloropropane (ECH) homology, Neh) DI 38, K 475 HE N2 ThRE e 1th, 25 0 87 Sk NS 5 5 SR B 5% 45 A T8 U AR s R TR . Rl i
GenBank ID: A, NP-00615; fi, NP-035032; X3, NP-990448; Fiffi, KX243419; B Lffi, AAH45852; KPHffE, ACN10720; 416
K7, ABF22469; SRPHEFHGHE, XP-007258019.1; “:JHfih, ABG90498; JE % ¥ dl:ta, XP-003447344; 4 f1fH, BAM36384; fifl,
AGI93118.1

Fig. 2 Multiple alignment of Nrf2 amino acid sequences from C. idella and other animal species

Amino acids identical in different species were blackened, and the dots (-) represent those that were missing. The cap and collar subfamily basic leucine -
zipper (CNC - bZIP) homology region was black line. The six of Nrf2-Epoxy chloropropane (ECH) homology (Neh) domains were black boxes, and
gray boxes represent important functional elements within them. The amino acids participating in the putative leucine-zipper dimerization domain were
indicated by hollow arrows. The reference sequences were as follows (GenBank ID): Homo sapiens (NP_006155), Mus musculus (NP_035032), Gallus
gallus (NP_990448), Ctenopharyngodon idella (KX243419), Danio rerio (AAH45852), Salmo salar (ACN10720), Takifugu rubripes (ABF22469),
Astyanax mexicanus (XP_007258019.1), Silurus lanzhouensis (ABG90498), Oreochromis niloticus (XP_003447344), Oplegnathus fasciatus
(BAM36384) and Cyprinus carpio (AGI93118.1)

93_!jﬁ££5 1 Danio rerio
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100 ——— 1 Cyprinus carpio
22 W Silurus lanzhouensis
BHIBHE Astyanax mexicanus
KVGH:AE Salmo salar
2 4E A J7 il Takifugu rubripes
ol %At Oplegnathus fasciatus
IOOS;ZEQJH P AL Oreochromis niloticus
XY Gallus gallus
100 —!:}\Homa sapiens
100 & Mus musculus
P

0.1

3 BEaSHMMMNREREH LR
AL BB 10000 51 AR P Z T R A B B AT, BB AR I8 A N2
Fig. 3 Phylogenetic tree of Nrf2 from C. idella and other animals

The numbers at the branch nodes represent the bootstrap confidence levels of 1000 replication. Nrf2 of C. idella was marked in black circle
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Fig. 4 Preparation of polyclonal antibody of Nrf2 from C. idella

(a) recombinant Nrf2 protein was purified by SDS-PAGE, 1. protein marker, 2. E.coli with pET-32A vector, 3. supernatant of E.coli with pET-32A-Nrf2,
4. Pellet of E.coli with pET-32A-Nrf2, 5. purified recombinant Nrf2; (b) verification of recombinant Nrf2 protein using His-tag antibody, 1. protein

marker, 2. E.coli with pET-32A vector, 3. E.coli with pET-32A-Nrf2; (c) verification polyclonal antibody of Nrf2, 1. protein marker, 2. total protein of
CIK cell, the bigger band was 66 ku which was identical with Nrf2, the smaller band was around 50 ku
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Fig.5 The expression profiles of Nrf2 in different tissues of C. idella

(a) the mRNA of Nr/2 in the different tissues of C. idella by qPCR; (b) the protein of Nrf2 in the different tissues of C. idella by WB; (c) histogram ana-
lysis of Nrf2f-actin bands in different tissues in Fig (b). 1. brain, 2. gill, 3. head kidney, 4. heart, 5. spleen, 6. intestines, 7. liver, 8. trunk kidney. The
Nrf2 mRNA and protein expressed in the brain was set as 1, Nrf2 from all other tissues were compared with that in brain. The bar on column represents
that the standard error in parallel group. * represents significant difference, P<0.05; ** represents very significant difference, P<0.01, the same below
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Fig. 6 The influence on cell viability, total antioxidant capacity and the intracellular ROS of
CIK post-treatment by tBHQ activator

(a)the survival rate of CIK treated with tBHQ by MTT methods; (b) up-regulation of total antioxidant capacity of CIK cells treated with tBHQ by FRAP
methods; (c) down-regulation of the intracellular ROS of CIK cells exposed to tBHQ by probe methods, H,O, is positive control group
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Fig. 7 The expressions of tBHQ activated Nrf2 and its downstream GST and HO-1 genes

(a) mRNA expression level of Nrf2 in CIK post exposed to tBHQ at different time points; (b) mRNA expression level of HO-1 in CIK post exposed to
tBHQ at different time points; (¢) mRNA expression level of GST in CIK post exposed to tBHQ at different time points; (d) protein expression level of
Nrf2 and B-actin in CIK post exposed to tBHQ at different time points and the analysis of gray values of Nrf2/B-actin bands. Every treatment group set in
triplicate. We seeded 10° concentration CIK cells to six plates and put it in incubator to culture overnight at 28 °C and 5% CO,. After exposure to
10 pmol/L tBHQ for 0, 3, 6, 9 and 12 h, a part of sample lysis by RNAiso Plus to extract RNA for qPCR analysis. Others lysis by RAPI on the ice for 20
min and then mixed with 5xloading buffer to cook 15 min. The sample analyzed by SDS-PAGE and WB

tBHQZNrf2 1) —Fl /N F30E 7, RB SIS
INSevlih A AN N TE S X R G I A B =R At ]
TR P, Nouhi%E & B, /) R 418 47
PEgE g, 3 I P 5 B HQRT LAFLTE Nrf2 1)
Tk, HAR AR RS, DA IR 4
RPN I SR R I T, A, BRTEAS R R
B140 pmol/L tBHQ R LA T #5 2 B PC 1240 Jifd Al
C57BL/6/INE N2, B 1k FE HORG FER 5 R 1Y

B E Y AR WuSE RIS R,
10 umol/L tBHQW] L) # 1% #& 5 I PC 1240 Hd Nrf2 119
AR TR E . A SRR FIMTTE AE 1 tBHQ
TE CIK 4t A i) 22 4 i R B2 75 50 pmol/LLA R,
IR 10 umol/L tBHQAL B CIK 41 fifd f& il 17 4
YRR SC R A SERE [, ASHE ST FIFRAP
P € 710 umol/L tBHQAL FE CIK 4H g X 241 ffd &
PLAALRE ST R E . 45 R BN 2 BHQAN S ,

http://www.scxuebao.cn



172 KR H# O 245

DAPI

BA P R A

negative control

]()Jm

PapiEEl
control

tBHQ X HE4H
tBHQ exposed group

10 pm

Nrf2 Merge

10 pm

2 |1 %ﬁ

8 tBHQAIE CIKZM A 5 Nri2 3 [ A 3% 3k 1 40 B € i1
(al~a3) [ 1 G L% % B IE % CIK4H L ;  (b1~b3)% M Nrf2 % 5 B i/ % B 1E % CIKAI ML s (cl~c3)H MNrf2 2 o B Hi ik 0% & (BHQAL ¥ it 1)
CIKAN AL . 4% 2 5 F % i 7 40 220 minf& ,  0.3% Triton X-10038 3% 25 min. [ P % 375 5 & Nrf2 % 5 B H1 & FFITCHR AL (1 5806 =41
AHAE W B ANFE L hfE, FIDAPIS: % . DAPHANMAZ R iE €, HIME AR A, MergeN & IHE . Kl )5 FLeica AF 6000 W 5% 411 i

Fig. 8 The expression and cellular location of Nrf2 in CIK cells post-exposed to tBHQ

(al-a3) normal CIK cells incubated with negative rabbit serum; (b1-b3) normal CIK cells incubated with polyclonal antibody of
Nrf2 from C. idella; (c1-c3) tBHQ treated CIK cells incubated with polyclonal antibody of Nrf2 from C. idella. After fixed by 4% para-

formaldehyde for 20 min, the samples were permeated another 25 min by 0.3% Triton X-100. Samples were incubated with primary antibody or serum

from rabbit and goat anti-rabbit IgG (H+L) - FITC successively for 1 h and subsequently stained nucleus using DAPI. C-Nrf2 was green and DAPI was

blue. The image were took using Leica AF 6000 Live cell Imaging System
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Cloning and analysis of nuclear factor E2-related factor 2 (Nrf2) and
its function in the regulation of respiratory burst in
grass carp (Ctenopharyngodon idella)

FENG Yan', QIN Zhendong', DAI Yunjia', ZHANG Yulei', LIU Xiaoling ',
ZHOU Yang', LAN Jiangfeng', ZHAO Lijuan"”, LINLi"*

(1. College of Fisheries, Freshwater Aquaculture
Collaborative Innovation Center of Hubei Province; Hubei Provincial Engineering Laboratory for Pond Aquaculture;
Key Lab of Freshwater Animal Breeding, Ministry of Agriculture, Huazhong Agricultural University, Wuhan 430070, China;
2. Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Nuclear factor E2-related factor 2 (Nrf2) plays a key role in the regulation of respiratory burst which can
produce amount of reactive oxygen species (ROS). In the present report, we have cloned and analyzed the Nrf'2
gene from grass carp (Ctenopharyngodon idella), generated its polyclonal antibody, and characterized its role in
regulation of ROS. The obtained cDNA of Nrf2 gene was 1994 bp, containing an open reading frame with 1782 bp
encoding 593 amino acids. The amino acid sequences of Nrf2 from grass carp were highly identical with those
from common carp (Cyprinus carpio) with 87% similarity. Nrf2 from grass carp contained six typical Neh (Nrf2-
Epoxy chloropropane (ECH) homology) domains, indicating it was highly conserved in evolution. The qRT-PCR
and Western blot analysis showed that Nrf2 was expressed in all eight detected tissues. The total antioxidant capa-
city of CIKs were up-regulated but ROS generated from CIK cells were down-regulated and the mRNAs of Nrf2
and its downstream gene (GST and HO-1) were all up-regulated when CIK was exposed to the ROS inducer, tert-
Butylhydroquinone (tBHQ). Similarly, the expression of Nrf2 protein was also increased and it was translocated in
the nucleus of CIK exposed to tBHQ. In conclusion, evolutionary conserved Nrf2 was ubiquitously expressed in
the tissues of grass carp and it is involved in down-regulating the generation of ROS in CIK cells via up-regulating
the expression of itself and its downstream antioxidant genes, so as to regulate respiratory burst.
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