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Tab.1 Gene-specific real-time quantitative PCR primers
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(R) AGGTGCTAGTCGAGTGTTAGG
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(R) GAACGGCCATCAGGTTTTGC
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(R) CGGGCTGCAATACGGTTTTT
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7£ 60 d BfHE 30 d. 90 d Bt ER#AK (P<0.05). 7
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Fig. 2 Effects of stocking density on Nrf2-Keap1 signaling pathway in the intestine of blunt
snout bream Megalobrama amblycephala in IRAS
LD, low density; HD, high density; * indicates significant difference between HD and LD group at the same time point (P<0.05);
different small letters mean significant differences in the same group with different time points (P<0.05).
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Fig. 3 Effects of stocking density on Nrf2-Keap! signaling pathway in the muscle of blunt

snout bream Megalobrama amblycephala in IRAS

LD, low density; HD, high density; * indicates significant difference between HD and LD group at the same time point (P<0.05);
different small letters mean significant differences in the same group with different time points (P<0.05).
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Fig. 4 Effects of stocking density on Nrf2-Keap1 signaling pathway in the brain of blunt

snout bream Megalobrama amblycephala in IRAS

LD, low density; HD, high density; * indicates significant difference between HD and LD group at the same time point (P<0.05);
different small letters mean significant differences in the same group with different time points (P<0.05).
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IR 22 3K 7K - . 2 T 8 (P<0.05), 1 %F il NOX2 .
Bachl . CAT %A w3520

T LD i, ki Cu-Zn SOD H:R 235K FAE
60 d ikt 30 d. 90 d B & ZE 38 (P<0.05), fii CAT
FL R F IR KETE 90 d B EE 30 d, 60 d I 2 4
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LD ZIAS[R] B[] o503 A7 J 35 52 M)

1 HD 40, Wi NOX2 Fl Bachl 255 FIH)G
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SOD J¢ CAT R H FRik B I kS, 7860 d.90 d
A 2 2 = T 30 d B (P<0.05).
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mE 5B Fiw, WUAF L B A~ R4 LD 90
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Cu-Zn SOD J& CAT F:H 1 #2ik /K- (P<0.05)
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Fig. 5 The heatmap of different key gene expression (CAT,
Nrf2, NOX2, SOD, Keapl and Bachl) with the different stock-
ing density for blunt snout bream Megalobrama amblycephala
30 days of LD group (LD 30 d); 60 days of LD group (LD 60 d);
90 days of LD group (LD 90 d); 30 days of HD group (HD 30 d);
60 days of HD group (HD 60 d); 90 days of HD group (HD
90 d); colors indicate the levels of different gene expression;
the redder colors mean the higher gene expression levels, and
the greener colors mean the lower gene expression levels; the

dendrogram for strain clustering is shown on the up and left
sides of the heatmap.
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Fig. 6 Different regulation of antioxidant defenses of Nrf2-Keap1 on Megalobrama amblycephala
exposed to high density under the pond raceway aquaculture system
A. the red, green, purple arrow mean the result of day 30, 60, 90 stocking density, respectively; B. the upward arrow is
representative of gene expression activation and the downward arrow means the inhibition of gene expression.
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FEAR T HpiE . WL . WG i NOX2, i B i
NOX2 A . H25 LD 4iAf e, HD 4 it .
WLA | IKZH 20 AE 60 d LAKILPY R 90 d if NOX2
mRNA Rk &8 E TR, X2 WK R (60~
90 d)feh B I T 0% NADPH “E AL

VAR N P AR KRR ROS B, Nrf2 55 5 K7
POMIE, 5 Keapl 2 BSHEAZINMZ MY, RIG

5 A A% N AR OB T (ARE) 2 6 R T
R shZ MR LB 1T M REE, W Eiy
L (Cu-Zn SOD). id %L S WF(CAT), MM
Frit 2 ROS, 400N A fb-biafk RGELF
TR A . FEABR T, 54, Nrf2
mRNA FIAE7ENE AL 60 d F190d. NI
21 90d., MZHEF 60d & 90 d ¥ B E T . 1
K A (Larimichthys crocea)f) 7K 175 S 58 AL N L 5K
g, AR SR R R 2 Nrf2 3%
ST, FRFE K FRBE A AN AN ] e J3E ) LR
JY R AL AT LB B B (Gambusia affinis) Pt Ak
B AR GE, 12k Nef2 JEDIAYFRt) . [ImEACAT 5
R HD 411738 Keapl FEHFRIL A 90 d i 2
A, M2 % 60 d. LAZZIH 60 d. 90 d
WA BELAL, (B HD 418 E8In T kd s
W Keapl JEIRTE 60 d, 90 d A, KILAH
HAVH Keapl (FREA—E, IHH Keapl TE4H
B0 3 2 A A rh ek A Rl — 25

Nrf2 9 0 25 32 B0 1 I 40 6 5 N A% Nrf2 75
TEAMRZ N Nrf2 5 BTB-CNC 5S4 R U5 & 11-1
(Bachl)fF7E3e 4, FHEINf2 5254 T Maf fl4L
AL RN TG AT AR B, RS B, A0
FIZH A% 45 R Nref2 9K 5 31 1E 3 KR A B
YW HD AT LD 4H7E 60 d. 90 d i3
HWREAR T Wil Bachl 3L Rk, IF HAEMN 4
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4160 d. JLNZHE 90 d i}, Bachl $:H By ik &
WEGIN, UMLK — ELAL T A A N B B A
Az, AR EHLAR N2 1% 5 5 0F % K L fH &
TEMZHZY 90 d LA 412 60 d & B &8 1k,
XU 4 R Bachl Wik A—3, JEH
Bachl TEAMAEG, i 240 A% b kil fp ik —
HHFE

Nrf2 G St — 2 TR i E LRI $2 5,
4 Cu-Zn SOD. CAT 4%, TMiH:H Cu-Zn SOD Fl
CAT 2 £ %, 2 B AR A W Fh b A Ak
i, Cu-Zn SOD il T 3 3ok 5 Ak S 187 45 8 4 A
FEFEAR SN HaO, Fll HoO, ZJ5 CAT % H,0, Fi kN
H,0, T {477 200 fe 2 48 A0 17 3t 4 7). A
g5, 5 LD 4AH 1k, HD 4 Cu-Zn SOD mRNA
FIRRAES AL K CAT mRNA FiAR1EIHE |
MG ZH 2 3 R A okt 1 I R % I
T Nrf2 A bR HOm B, 5 0E T i SE
Cu-Zn SOD il CAT (1) 3¢ 3k LRI LA 4201k 17 3 it
His

(B — 4R Y 2 = 2% B3 30 d B, HD 21 ikl
211 Nrf2 mRNA ik E8a WL EE, SRzl
. BB Nef2 mRNA FA BT, 75
F e e (IS R R I A TRV RES ARy 4 SR
R R 2 A AR I L s, N2 B
R F s AL B2 RS, If4ha Nox2.,
Keapl . Bachl. Cu-Zn SOD. CAT K&, TEFHH
30 d i, HD 20 W3R 7 iE . WL, IGZH 4
1) NOX2 JERFRIK, Ui LA f AR BEIG NOX2,
5 LD 4iH L, HD A ANFEA 78 . WA . ik
] Keapl. Bachl. Cu-Zn SOD. CAT [YFLH ik
MR —B, X R B Tl AR 96 PR K TR AR X
AT BB 0 1Y) 750 2 B R (30 d) B R B AN,
IR X A Sk i 4 S 4K B 0 2R B 6 K s ), L
PRI AL T AT T AT, (R S %
FER (90 d), HD 4t LD 40 % % Hif% A% T fmil
Cu-Zn SOD mRNA £ikg, JHHAREWMPZE . i
90 d I Y CAT FEPH k. AT RE U i) vai 285 B e
SR BT A AL N BRE T, TR AN AR, B
ek A .

Zi LTk, s B E S K R AR T =

B RE I 60 d FIIEANALAY | B NOX2, 1% Nrf2-
Keapl FLAMMESHE, T Nef2 Tt AL
(Cu-Zn SOD. CAT)HEFZFIL, DR NLA . i
TER B . (RSN 90 d SR KHE
Cu-Zn SOD mRNA FEikix, 7] HEFE7E H N
WA, stk A
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Effects of crowding stress on gene expression of antioxidant enzymes
and Nrf2-Keap1 signaling pathway in different tissues of blunt snout
bream (Megalobrama amblycephala) for in-pond raceway aquaculture
systems

YANG Zhenfeil, LIU Bo" 2, XU Pao" 2, XU Gangchunz, SUN Cunxinz, SONG Changyoul, ZHANG Huiminl,
SHAN Fan', XIONG Zhe', LIU Bo'

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: We evaluated the effects of high-density stress on gene expression in the intestine, muscle, and brain by
measuring Nrf2-Keap! signaling pathway signaling molecules following different exposure times (30, 60, 90 days)
of Megalobrama amblycephala to in-pond raceway aquaculture systems (IRAS). Megalobrama amblycephala
(average initial weight 2.33 g+0.13 g) were reared at two different initial densities (low density group [LD], 534
fish/m® and high-density group [HD], 1073 fish/m®) for 90 days. At the end of the trial, the results showed that the
HD group exhibited increased mRNA levels of Keapl and Bachl in the muscle, Bachl mRNA in the brain, and
SOD mRNA in the intestines on day 30 compared to in the LD group. However, the HD group showed signifi-
cantly decreased mRNA levels of NOX2, Nrf2, and Keap1 in the intestines, NOX2 in the brain, and NOX2, Nrf2,
SOD, and CAT in the muscle compared to the LD group. On day 60, the HD group showed increased mRNA lev-
els of NOX, Nrf2, SOD, and CAT in the intestines, NOX and SOD in the muscle, and NOX2, Nrf2, Keap1, Bachl,
SOD, and CAT in the brain, but significantly decreased mRNA levels of Bachl compared to the LD group. On day
90, the HD group showed increased mRNA levels of Nrf2 in the intestines, NOX, Nrf2, Bachl, SOD, and CAT in
the muscle, and Nrf2, Keapl, and SOD in the brain, but significantly decreased mRNA levels of Keapl, Bachl,
and SOD in the intestines compared to the LD group. Thus, the HD group (1073 fish/m?) in IRAS exhibited in-
creased expression of various stress-related genes in the muscle and brain on day 60. Crowding induced the ex-
pression of antioxidant Nrf2-Keap1 signaling molecules to protect the tissues from oxidative stress. However, on
day 90, high-density (1073 fish/m®) stress may reduce the mRNA levels of SOD, causing oxidative stress in the
intestine and affecting fish growth.

Key words: IRAS; Nrf2 signaling pathway; antioxidant; Megalobrama amblycephala
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