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WE: WAEITETNR HO-1 B THUNEF LM FE T, TIRUMKLEEE
M F (FHM) b # 8, ## Nrf2. HO-1 B sh T E 4 Ak, FIA XKt 8BRS R S0 1
Bl JE (0« 3.1, 6.3, 125, 25.0. 50.0 ng/mL) By 3 H . A K=, FOENBERES
ZX BB TR E, SFF| Al 4 & % ML % & (spring viremia of carp virus, SVCV) #n
¥ U % 5 & (rana grylio iridovirus, RGV) B H MG e i &0 F. £ F L7, N2,
HO-1 B ¥ 77| % %% FOX Xk IRFRXRAEESHEFIETFTHEAMLE, HFoRFE I
N3N EREAMELY CpG Ho WA N EFBRELRE R, KLHE. FOENER
ZHEZTBIE N2, HO-1 B Fo Bk EMEER TR, 6.3 ng/mL 2% £ fo 5 0%
WETLELENRIHO- 1B TiEM. REREEWHRRF TR FENEH R
WEREERARNZHEEZMFOENBE TINH SVCV M RGV R L. S+, KRELKH#E
o By pGL3-Nrf2 fu pGL3-HO-1 G oy TR E Mk, WA THALE R E A PN L, wh
Nrf2. HO-1 % F R ENF HARRET T H

KB A EmE; BABEZ @ (FHM); Nif2; HO-1; Bah¥; ks i

FRESTHES: S 942

KAEBPIRRERF L | WAT) . AR
BT m, SRR K™ 35 Ml 2 €5, J 1) E A
R YU R | R RRARR, KAE
SR B I B 45 G SR K IR A T KRS, O
PEERE . IS PURREZ Y, HET R R ROR
Tk R BIKAE YR EEIF S RO B AR, AR
PR ARG MLAE R B (spring viremia of carp virus,
SVCV)., X4 I iy IR 95 5 (grass carp reovirus,
GCRV) 45 Z i 25 Jgk e 1) 3 220 BRI 2 — 1,
P A AR S —Fh PR A B ABLE] , BRAERE
MU SA A - P RS AN, 30 T 45509 BT R
7 (hepatitis C virus, HCV) fll SVCV %5 Z i %,
M2 MRE . B RGN RIEPA
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CERFRFERS: A

fRF, AR S A B PO E T, R,
B B e TR B, O ELA B EEVE FH Ak
R, ARTFRSRE . RS BTK A R 2 P S At
B R,

18 % S Rl B2 AHOG IR - 2(Nrf2) 2 4 i rh 4
PR EBAL B, WA B N IS 2L &
SR L(HO-1) £ N P E AL K s R Y e sk
BN, HO-1 2B 2L R il MRSk K . Fe® FI
CO WY CEEM, 7EAERFHLIAR S T A 7 T G
SEAEHIU AR Nrf2/HO-1 (5 Sl ik 12 5 5
B 51NN RE B SN AN w1 BN Lo F A L 2 X i B U
FErp, g R R SRR SR 1(NQO-1), A i
H KT E AL W) BE (GSH-Px). # 4& 1k 9y 15 1k i
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(SOD). it AL Al (CAT) %4t A b/ — A1 it 75 1§
AR RS, Nrf2/HO-1 15 538 2 HLA
EENPUAMADIE RS, ZEER. B MK,
TN TR L3R A 25 W ] d e O Nef2 4 39 HO-1
IR K G ik s B R 5 RS 10 S I SO 410 o o B
A AR Nef2/HO-1 {7 538 B O P0G 72 25
Yy, 38 O BT S AT A A S5 P R A 7 0 e
RIFER], BA M, XA EEEN T
RS, W TG PERY A, I TIT R AR
MR RE LW AR HE T HEAR

ik Sk % b Bz 48 il (FHM) % SVCV. RGV.,
KB i SOIR G B (Micropterus salmoides rthab-
dovirus, MSRV). 1% Y JBE E IR 58 95 3 (infec-
tious ancreatic necrosis virus, IPNV) &5 ZfK 4= 3l
YwsE iU, RIETEis . BURILE S ik
R BIE 5T /Y B AEORE T AR S R Sk A
(Pimephales promelas) 3& R 48, it T
Nif2. HO-1 J3 8 T4t Boks, #7831
WEPER 2T Tk, S BiK AR S 1 259
e PR T A T EL T 0 S

1 MRS TE

1.1 SKIEHR

SCE T FHM 48 &2 . SVCV., RGV ¥k
AL AT

1.2 HYMEEERF

DNA $2HGR &0 F VT IR 22 4 Rl 4
B4 A BR 23 7] ;5 2X M5 HiPer plus Tag HiFi PCR
mix (with blue dye) . B EIHGRF &0 A LR A
EHYRHE AR/ E ; DNA Marker, DHSo B £
W A A6 SR AE ARG BRA 5 BRI
VI | TaKaRa 23 & ; T4 DNA 3§ [ 5273
FAE T AE YR A R A A RN B R HAX TURL
HBUAFR & H Magen A A 5 G 4R M3E . M199
R gf % . 0.25%EDTA Ji i L1 & OPTI-MEM 5 7%
W Fl Gibcos; FishTrans %% 44171 g B 27 36 2%
FeE YR AR A A 3B E [95%HPLO),
S19245]. FHZE B (BR, 98%, S30630). %03
PG (98%, S24818). /K K & T [98%(HPLC),
Y53945] W [ g R AE YR A BRAF] ;. CCK-
8 1277l & 19 A Biosharp /A F]; pGL3- Basic. pRL-
TKI. WG 2 g 25 J R I ) &0 A Pro-
mega 2> 7} ; pTOPOO001 Simple Cloning Kit # {42

https://www.china-fishery.cn

Ma [t s & R A RA R ; TRIzol,
T 53 B i i) A R A ME R AR R
WAERAF; BI9A RS A6 SRl A
YIFARA BT SE L

1.3 FHM Nrf2. HO-1 EERBRHFHEYER
FoHh

| A NCBI % & /£ [National Center for Bio-
technology Information (nih.gov)] 38 it FHM Nrf2
(Gene ID: 120459756, NCBI Reference Sequence:
XM_039647189.1) #l HO-1(Gene ID: 120467971
NCBI Reference Sequence: XM_039656609.1) f¥) &
41 DNA FP311 &% mRNA 551, ] Animal TFDB3.0
[AnimalTFDB3 (hust.edu.cn)]. JASPAR(JASPAR -
A database of transcription factor binding profiles
(genereg.net)) 7E 4 B A% X 7 5 R 45 &5 o AT
T ., FH MethPrimer X £ [MethPrimer | Tools
and Databases | The Li Lab (urogene.org)] 7illl CpG 5.

14 BRI ARRIE

MR Sk i PR A P 9 e 3 5 1 3k ),
RIS DL R R4 R . $REL FHM
YLy DNA, #17 PCR ¥4, PCR {AFIL 20 uL:
2X MS5 HiPer plus Tag HiFi PCR mix (with blue dye)
10 uL, DNA#EAR 1 pL, E FiF5144% 0.5 uL,
ddH,0 8 pL o R FRJF: 95 °C FilAEPE 3 min, 94
°CARPE 25 s, ARIGTIMY T, (B BB AEE, B
K 255, 72°C ZEMH (10~15s/kb), 35 MEH; 72
°C #Eff 5 min, PCR f=¥J% 1.0% HIENEHMEEE L H
PRI A B 5 B — 2 R VIS [l i K 4l 4L 5 1)
P 1 =5 pGL3-basic 2RI T BRI AL EE, (7]
WeatifbJ5 B e s B BE R R g B 3 0 1R
4, TADNA #4216 °CiE# 12 h, #{LA
DH50 /A2 A 40 ML, 1A 2% VU AR (Amp) i1
MR, 37 °C {88 555 12 ho X BT V& AT R
PCR KGN, B FHEE BRI, 00750 A 1E i .
1.5 4HAELE 7 R BRI EE S

FHM 4 H &7 10% FBS [ M199 £ 325457
F5, REFRIRE M 28 °C, 1 40 i Sl K FL A Y
80%~90% A THE YL . FEYLIAF | BRI C He A F
YEE 9844 FishTrans % 34550 FHUE BT T o
1.6 B FiEMEDH

AVER 25 A F RN, RS AN ER R 25
BR300 3.1, 6.3, 12,5, 25.0, 50.0. 100.0,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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#z1 s5lHF5
Tab.1 Primer sequences
GlEZEA S FF5(5"-3") S EE /op Hi&
primers name sequences (5'-3") primer length purpose
Nif2-F1 CGGGGTACCTGACGGAAGAAGA 22 JRENT R B 1
Nrf2-R1 CCGCTCGAGAAACAGGCGACTAT 23 JRENTF B 1
HO-1-F1 CTTTCATCGGTACCTTCAGCCG 22 JAE) TR B
HO-1-R1 TACCTGTCTGTGATTGCTGTCTGTGTTTTCTCAATC 62 JAENT B 1
GTCTCCATGAACTCCAGGTTTACTCA
HO-1-F2 CCCCTCGAGCTTTCATCGGTACCTTC 26 JAE) TR B
HO-1-R2 CCCAAGCTTTACCTGTCTGTGATTGCT 27 JAENT R B 1Y
RGV-MCP-F1 CACCTCCATCCCAGTCAGC 19 MCP Jr Bt ¥4
RGV-MCP-R1 TCCCATCGAGCCGTTCA 17 MCP Jv Bt 1
qRGV-MCP-F1 CATCCCAGTCAGCACCG 17 S 9% %€ SEPCR (qPCR)
qRGV-MCP-R1 CCCAGAGTTGTTACCTCCAC 20 qPCR
qSVCV-G-F1 TGCTGTGTTGCTTGCACTTATYT 23 qPCR
gSVCV-G-R1 TCAAACKAARGACCGCATTTCG 22 qPCR
P-actin-F GCTATGTGGCTCTTGACTTCGA 22 gPCR
p-actin-R CCGTCAGGCAGCTCATAGCT 20 qPCR

200.0 pg/mL) X FHM #4729 4b 3, [A] i i & 9]
PEXTIE (negative control, NC) A1 L (DMSO)
W, HNRERE 6 MER, 28 °C kLo 24
h 5 B LA 10 uL CCK-8 % FI) 75 35 5% 46 PN 4k 2%
W 2.5h, BEFRILT 450 nm bW, i
ELAETE 7

S YL 4 ) 3hF ORI pRL-TK JFk: 24 h )5,
B ERAEE . K CRHE FOENEMEZEREK 4
FRZ5HILL 10.0 pg/mL (¥R FE R AN &, 28 °C fE
24 h 5, R0 G 2R i 45 35 AR I X751 S 45
VU B IR AT 2 6 28 Tl 16 A . PRV e 4 U
Bl F R & pRL-TK JFAE, 24 h J5 % L ik 4 4
e RN 25— K R TE | R0 N . 28
R, TR R R, BEHCE T 259 40 i A L 5
WiEr 6 N2y HeE (0, 3.1, 63, 12,5, 25.0,
50.0 pg/mL) XTI AL, 28 °CYEH 24 h )5,
G I 225 40 R P8 Ao J3E X O sl 3 T B S

17 $fmEsil

P 6.3 pg/mL 114 22 ¥ R F 28O 3 P I 43 1) il
AEFRAN 6 h, FE4HILL 0.1 JEYL Z 8L (multiplicity
of infection, MOI) Y SVCV Hl RGV #f 17 J& ¢
28 °C MF 7 1 h Ji5 B4 S 75 AH I 25 ol B 1) 85 97 ik
UkeREE IR . WO A L TR B AR I e
B SO e WK, BUESE TR sh i 2y
VI e RIS . BRI R AR 37 i AR 10 55
B (107'~107), BEABEE 6 NEE, MALNMER;
FEM, EEFL 100 ul, [ EFFH % T8 T80 A BH A o)

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Kt 7 d e WA iE s L A i A, FRAR
P& Reed-Muench P4 FG 1134 H G 21

L RGV9506 (GenBank: JQ654586.1) i) MCP
J¥%1 (ORFOTR) &I 54, 5L RGV A4 X & it
J¥E, WA 2R RGV UL B 52 . 2 B4 g
FE DNA, LI RGV Y4l DNA £ & R A Atk 17
PCR ¥ 34 , [0 Yi J5 4% pTOPOO001 Simple Cloning
Kit ZAAR ) G Ui B AT 7 3 | e Ak B BH A SO RE 1)
Yoo o R IOhR M 2 BORL T BV B, SRS AR
IO b BURCHE DUER . B 5Tt kL
PEUUE (501 / pl) = BoRLE B i (pg / pl) /Boki g
TR TR TR =2 x 330 x nt(CH: P nt Bk
BIEE) o ARiEE A BORLIEAT 10 A5 008 B B I
SE R, AR bR AE ML . PRI M AL ) DNA,
YEAT S B 98 % € B PCR(QPCR) L5 % RGV i 17
JEH, RGVEmGIYWME 1R &AM
SVCV-G ¥ 5% K-, TEM 25Xt SVCV & il (1)
S, R AE R M RNA JF Ui 5 4 ¢DNA &
P47 qPCR, X SVCV G % [1# mRNA /K-F 17
FERAN, SVCV-G Z&51¥uns 1 Fix,

1.8 Sito#n

A SR R P RURE AR Sy 2% ¢ Wil A T
RhEH % P<0.05; **, P<0.018{*** P<0.001,
2 4

21 Nrf2. HO-1 EEBHFHEMEEFEST
1 33 NCBI %048 PE KB Nr2 F11 HO-1 1) DNA
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30, 4 5k B 4 S X (CDS X)) i 4R % 1S 1
ATG i J5 2 482 F1 2 104 bp /£ K Nif2 il HO-1 3
K 3 F M % X, F F Animal TFDB3.0, JAS-
PAR ZE 543 56 Nif2 Fl HO-1 )7 8115 X 7 53
P F 45 A O S AT 70, 45 R BoR, N2 fil HO-
1 B30+ XA WIAF4E FOXO. ATF. IRF, AP-1,
FOS #iI Nrf2, Bachl. SP-1. STAT % £ Fh i /5 4%
R TEEE A (K 1), A MethPrimer 11 3]

Nrf2 JASh ¥R 1EE—A CpG &, 7T 2 125~2 243
bp, 1Ml HO-1 A 8 ¥ 4778 34> CpG &, 43 5l
T 53~156 bp. 704~852 bp. 1 156~1 276 bp(&l 2),

2.2 Nrf2 71 HO-1 EE B+ R B9 EH0iR
SHAEE

Fy# FHM Nrf2 . HO-1 3 3 P48 Boks (& 3-
a), PCR "4 Nrf2 Fl HO-1 2N 3 8h 7 Fr Be, [l

A\GAAGAGGAAGC \TACACACTTAGTCAT ACCGGAAGT AAGCGACCTCTAGTGGC AGCGTGAGTATGGGCGGGGCCAGCG
T 1 W 1. —
Nrf2 =
AAAAGTGGGCGCGACTTCCGGTTCGAAGTAAACAAAGC o
J¥%1/op
| | | | | | [ | | | sequence
1 250 500 750 1 000 1250 1500 1750 2 000 2250 2500
{ BCL6/IRF4 () AP1/Bachi/BATF/FOSL1/2 ¥ maxxat2pmyc
) GABPA/MXI1/CDK9/BRCA L/ FOXA2FOXO1/3/4 X AtFiiRES [ rr1caspsMn

| HAth 55 R T 45 4467 55 other transcription factor binding sites

(@)

TACACACACACACACACACACA wﬁfw CATGCTGACTCACGGT TAATGACTGTTTACTTTG
B S ¥ T T v L M =
HO-l H——+— o r— —o——1 i

GGTGTGTGTGTGTGTTTACATG CTGCTCCTCCTCCTCCCTGCCTTTGTTTGAGTTCCTGTTTCTC

| | | | | | | | o
sequence
1 250 500 750 1 000 1250 1500 1750 20002 104 q
[ FOX03/MYC/BCL3/NCOR I/RNF2/HIF-1A/STATSA/TPS3/EPAS1 () FOS/JUN/MAF/Nt2/Bach1/AP-1/STAT6
O EP400/EP300/EGR1/ZNF250 V FOXO1/SP-1/HDAC2/PIASI1
) ZBTB33/HSF2/HSF4 Y CREB1/STATSB/BHLHE40/TRIM28/CDKS8/STAT1
| FeAih s 4R 7454705 other transcription factor binding sites
(b)

Fig. 1

1 FHM Nrf2(a) ¥1 HO-1(b) EE B & FXEREFE A ML HUMN
Predicted transcription factor binding sites in the promoter region of FHM Nrf2 (a) and HO-1 (b) genes

o O
= 5 60
R o s
km 8 40 § \f'\‘
oou 20
o o 0 I I I I ] L L L L | L i i I ] I I n n | n L n n
0 500 1 000 1500 2 000
J5%1/bp
sequence
()
s O
<80
=85 60
hall: \M
i g 40
VU 20
O O 0 I n L | | I L L 1 | L L L I | | 1 n L |
0 500 1 000 1 500 2 000
f?ﬁﬂ/bp
sequence
(b)

2 FHM Nrf2(a) #1 HO-1(b) EE BT F% CpG B FMLE R

Fig. 2 Predicted results of CpG islands of promoter sequences of FHM Nrf2 (a) and HO-1 (b) genes
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WJE 4 di ) Kpn 1. Xho 1 Fll Xho 1 . Hind 111
PR 1 P9 DD BT 34 R Bt S pGL3-Basic #1470
YI, 1% B9 B BRI i DA I 45 21 (&1 3-b), 4
REIR, 7E 2000 bp i & 2 000~3 000 bp £77F

_—

5 gt X ! DX 3
noncoding area A4 coding area
— 157 [ATG:-:--- | Nrf2

2482bp ! 2482bp T

2060 bp «—, N |44 bp«—| 2104 bp

bp

5000
3000
2000

1000 ===

750 [t

(®)

(2)

— BRSSO —2, &%
. FeAdl o BB SE BE TR U PCR A 7 5 A
3K 1% pGL3-Nrf2 #1 pGL3-HO-1 5 41 X %¢ Jt: & il
iy s

Kpn 1 Xho 1

synthetic
poly(A)

1 ori

pGL3-Nrf2
Amp*

SV40 late
poly(A)

pGL3-Basic
SV40 late
poly(A)

Xho 1 Hind 11T

synthetic
poly(A)

f1 ori

pGL3-HO-1

Amp”

SV40 late
poly(A)

©

3 FHM Nrf2, HO-1 BEIFRERRIAIEE
(@) Nrf2+ HO-1 Jg g T4 & AL @ m R K, (b) N2 5 F )3 30 7 B pGL3-Basic i RL 1 WUEF Y], () HO-1 5 F )8 3 T v B & pGL3-
Basic iR EGEY) s 1. pGL3-Basic FURL A EGYI =4, 2. Nif2 FH R 30 T Fr BOXUEEI7=4), 3. pGL3-Basic iR WG] =4, 4. HO-1 %R )3

BT BOREEYI, M. 4 T B AR DL5000,

Fig. 3 Construction of FHM Nrf2 and HO-1 promoter reporter plasmids

(a) flow chart for the construction of FHM Nrf2, HO-1 promoter reporter plasmid, (b) double digestion of Nrf2 gene promoter fragment and pGL3-Basic

plasmid, (c)double digestion of HO-1 gene promoter fragment and pGL3-Basic plasmid; 1. pGL3-Basic plasmid double digestion product, 2. Nrf2 gene

promoter fragment double digestion product, 3. pGL3-Basic plasmid double digestion product, 4. HO-1 gene promoter fragment double digestion

product, M. molecular quality standard DL5000.
2.3 ETRIFEMNGYGIE

TEHCRE P . KRBT R0 PN R 22
HEE 4T R 25 U 5 R R 5T 5 MR Nief2 F
HO-1 3 sh FIGTER M, S03EIH s F G . i
LT PESE G W, 4 Fh 251 0 Mk BEAE 25.0 pg/mL
PLUF B A e B i (& 4), MIRETHE 50.0
pg/mL B, BRIFHCER SN, HAth 3 Fh 29y 09 4 M A7
HRBIRT 70%.

P 10.0 pg/mL MY 2580k B IEA 10 20 0 1 S 55
S5 WR, JKRE T R R LI N2 1Y
TSR, 2RO T YR RN 22 B R ] b
I HO-1 KSR 3 Tl 1 (K 5). el B 3 M sk
25, XA BE 25 M 1 Bh s e T
K, 5B B, 6.3 ng/mL FYZK KE[ TR H R

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

150
X
5 £ 100
T B
E E & KKHEF  silybin
=25 501 + 2l resveratrol
g° - FIWZE  curcumin
ZFOENTEE  andrographolide ¥
0 L L L L L L L " )
1 2 3 4 5 6 7 8 9
W% /(ug/mL)
concentration
E 4 YRR S RN

Fig. 4 Cytotoxicity assay of drugs

1. NC, 2. DMSO, 3.3.1 pg/mL, 4.6.3 pg/mL, 5.12.5ug/mL, 6.
25.0 uyg/mL, 7.50.0 pg/mL, 8.100.0 pg/mL, 9.200.0 ug/mL.

https://www.china-fishery.cn
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300 |
> R
Z
8 3k
5200 =
5 &
= 2
B 100 | _
=
2
0 L L L L L
1 2 3 4 5
il
groups
(@)
8000 [
2
= = *
w5 6000 | =
<
VI 9 ==
& 4000 f =
K3
= =
I o
<.z 2000 |
5
2
0 L L L L L
1 2 3 4 5
Hi
groups
(b)

E 5 PUHZEHYXT Nr2 (a). HO-1 (b) BE1F5E M0
LR, 20 AZEAEE, 3K KA, 4. % OMNEE, 5. 2#HEER; -
FoRERLFE (P<0.05); FH.

Fig. 5 Effects of four drugs on Nrf2 (a) and HO-1 (b)
promoter activity

1. control, 2. resveratrol, 3. silybin, 4. andrographolide, 5. curcumin; *.

means the difference is significant (P<0.05); the same below.

P& Nrf2 Bl HO-1 (IR 316 P 280 3 P R 45V
XK g WO N2 R BT, M, 3.0~
50.0 pg/mL A 250038 N BR 3 T i 2300 HO-1 J5 3))
T, Hrp 6.3 pg/mL RN B, ZEERTER
(R 24 ) 2 PE 3 B0 il R AE T2 19 50.0 pg/mL, H:
ik BE 40T B F I N2 (S B, (B RA
6.3 pg/mL Y22 B Z VR B W] 1 2 I HO-1 1JE 3))
TIEE (K 6),
24 IMEBEM

SRy 6 UE 22 0 RN 280 2 N RIS Nif2 1 HO-
1WA B T B SPUR SO, 55 DL 228
MO ENEEXT FHM 050 E , 5509
LI RGV Ml SVCV J& YL FHM, L5 A I vk i 25 1)

https://www.china-fishery.cn

M AEF5 G TR Ak e 5 97 . 25 R R, SVCV Al
RGV By il 75 3 40 ff =4 B %) CPE, 23 FE Al
00 PN TR 19 ALk BB T I8 S 7 A R SR 5 R A 4
MO AE (B o

o RGV % Ot & i bR HE i & (o=
3.413x+40.60) HAKIF LR (K 7), ZER
Aab T 2 2 0 T P TR AL B2 T 4 e 24 40% i
60% 1 RGV $8 DL i 5 2208 A0 FHLZH A28 035 N iR
AL B0 B2 43 ) T IR 2 20% F1 60% ) SVCV-
G Ko TREELERAIESE, 25 A0 B ] s 5
5 R R T A R, KR SO N R AL
WHE B, RGV M SVCV AR BRI 4 ) T K
T 25% 1 23%(& 8)

3 i

Ja BT R, A TEEH P 51
e, SEEET A, A GE I ] A SR R
LRI PR 2 SR A T IR, ARSEER XS Nif2 . HO-
1 87 X 15 S T 4550 85 &% CpG Sk T T
T o Nrf2 Ji sl e 0 mp e 2 i v e % S
SEA LRI o, A S A . T
IAAE TN RAEA R ATF Kk, W RARAERKREE
K AR R B FOX %%, LA IRF Rk H 45
G0 . HO-1 J3 3h T o e % N P45 4
P e, Hd FOS, JUN, MAF, BACHI,
AP-1. Nrf2 58 HO-1 ¥ 545 vh i DL i i s I+
LEHTE 1240~1260bp. TEA (Homo sapiens) 1] HO-1
J& 3 F 5 o R RE T £ IRF-1, AP-1 fil STAT
25450 P, CpG i B AR fE A o T IX,
CpG &5 0 H LA mT g % S F I 45 6, X3k
BRIk F= A OB E ™ B 8F (Paralichthys oli-
vaceus) 1) Nif2 Ja 8 WA 7E 24> CpG &5, H 2
P B 48T S 2 AR CpG & i B 64k, 2 E Nrf2
M5, SAEERR, PESKEER N2 J5 35
W14 CpG 5", AW HO-1 JR sh FIX i ff
TE—~1K 307 bp [ CpG &, ek i HO-1 )7
B F ] 3 AT CpG R, IAMIFAE %R
W1, Nif2 Ji 7 X 38, rs1300543 1 7 o5 1 22 25 AR
b SR Nref2 [R5 S M, 52 o 85 1 0 1) 5 ek
P WAL E HO-1 J3 8 T 1) 2 A W guE i
5 i 5 o i I S5 5 0 %8 D) A OGP, HK AR
YA A Bl 22 A1 5 B R R I AH DGR 5Y
FHOCAIEFE 0 R TFKE X B B A oA B o

VEAESE, 56T Nrf2/HO-1 15 5 B 2 5 %

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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300 r 400 250
2 — 2 Z 200 ™A .
g 3 300 3 ®
o g 200 F 89 N 9
=2 = 2 =2 150 |
s 5 200 | g
X5 K5 X5 100 |
B2 100 L ® 2 P
g2 2 100 | Ee so |
= = =
e e E
0 L . 0 0 e
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5
W /(ug/mL) R /(ug/mL) W PE/(ug/mL)
concentration concentration concentration
(@) (b) ©
2000 8000 2000
2 * 2 2
= = = x = .
# 8 1500 8 6000 | = £ s 8 1500 —
B9 M9 . 3
=] < <
5 1000 | £ 5 4000 | 5 1000 |
K5 K5 K5
& =2 & =2 &2
2 500t ¥ 22000 ﬂi‘& 2 500
= = |‘| =
[ [0} [
- 0 N N — 0 H N N N N — 0 N N N
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5
W /(ug/mL) W% /(ug/mL) W% /(ug/mL)
concentration concentration concentration
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Fig. 6 Effect of different drug concentrations on the activity of Nrf2 and HO-1 promoters

(a)-(c)the effects of different concentrations of silybin, andrographolide and curcumin on Nrf2 promoter activity, (d)-(f)the effects of different concentra-

tions of silybin, andrographolide and curcumin on HO-1 promoter activity; 1. NC,

50.0 pg/mL.
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(a) absolute/relative quantification of viral replication levels, (b) titer detection of viruses after drug treatment; 1. virus infection group, 2. curcumin

group, 3. andrographolide group.
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A screening method of anti-aquatic viral drugs based on Nrf2/ HO-1 promoter

WANG Jingwen ', WU Miaomiao', LI Lijuan?, GU Zemao ?, YUAN Junfa "*

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2. National Aquatic Animal Diseases Para-reference laboratory, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to establish an antiviral drug screening method targeting to Nrf2 / HO-1 pathway, the recombin-
ant plasmids of Nrf2 and HO-1 promoter were constructed, respectively. The effects of different concentrations
(0.0, 3.1, 6.3, 12.5, 25.0 and 50.0 pg/mL) of resveratrol, silybin, andrographolide and curcumin on promoter activ-
ity were detected by the dual luciferase reporter system in fathead minnow cells (FHM). Further, spring viremia of
carp virus (SVCV) and rana grylio iridovirus (RGV) were used to verify the antiviral effect of positive drugs in
FHM cells. The results showed that a variety of binding sites for transcription factors were found in the Nrf2 and
HO-1 promoter sequences, including FOX family and IRF family. As well, 1 and 3 methylation-related CpG
islands were found, respectively. The dual luciferase reporter assay showed that silybin, andrographolide and
curcumin could activate the Nrf2 and HO-1 promoters. Drug concentration gradient experiments showed that
curcumin and andrographolide at a concentration of 6.3 pg/mL could significantly up-regulate the promoter activit-
ies of Nrf2 and HO-1. The cytopathic effect observation, virus replication tests and virus titration assay confirmed
that curcumin and andrographolide can inhibit the infection of SVCV and RGV significantly. In conclusion, the
pGL3-Nrf2 and pGL3-HO-1 promoter reporter plasmids established in this experiment can be used for the screen-
ing of anti-aquatic virus drugs, and also provide tools for the study of the transcriptional regulation mechanism of
Nrf2 and HO-1.
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