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3. WEIRSEBE R 54 TR, LR R 233030

FEE: AR YL s K&t (Larimichthys crocea)th BE MG i 32 M O VE FMLE, KRk is R g2 e ik il 25 B¢
20 kM 7 d, FEREESRIE Ty 12 58 40 AUKIR T 24 h, 23 X IRLH(25) . (RERAL(25+12). miEheH (25+40) ., fikEh
YIALZH(20) . RER YL HEERZH (20+12) UL P+ Eh 4. (20+40) 6 MEFRZ, 390 C 41, CL 40, CH4H. A 4.
AL 4. AH 4., 453 R, CLvs C "R H A LAY 7T — B (MDA)FIE Bt AP (LPO) & 7 & L7, A bisifk
i (SOD) RV T (LZM)TF P .3 T, o Ak S0 (CAT) I P 1 3 PR (P<0.05), B PEREIR i (AKP) Y T P AR LA 1
#(P>0.05), CH vs C "' MDA #1 LPO & .2 7+, SOD 1 LZM A6V 3 T, CAT 1 AKP & 3 PR (P<0.05)
Avs C H MDA F1 LPO & i # |- 71 (P<0.05), SOD. LZM Hl AKP Hi% Mok & A4 B 254k (P>0.05), CAT & 1 i %
I (P<0.05). AL vs CL 5 AH vs CH " MDA #1 LPO & & i} # 4%, SOD .CAT .LZM 1 AKP [#¥3& P i 3 I F+(P<0.05),
i AW AL (Cu/Zn-SOD) | Sl B AYIEALBE(Mn-SOD) . CAT ., ARFEVE e (¢ BUIR R (c-type LZM) | g
KU Bl (e-type LZMYFN AKPIFEIR 21k /KF 5 HEE G 255G, A5 IR NF-E2 tHC R T 2 (Nrf2) Fi i 5t K 1--
Kb (NF-xB)HE P 335K V3543 511 55 H H A P (B S8 AR At DR RR Al e S M S e i ik DR ) 36 3 /K P 22 TEAH DG (P<0.05), R
W] Nif2 1 NF-xB WIRE4r 0 Z 5 T O AR R R R R A . 28 B, SRk AR rh, W7 DAE i 42 i K
0BT A RN AR R P SR e 0 R G2 A 5 B Tolh A0 el > ) AEL AR 43, AT 08 Ao Py B T 2

KR K, BEYIML; biEll; EFERE R
FE S 2ES: 5965 MEkFRERD: A X EHS: 1005-8737—(2023)03—0334—10

K ¥ fiL (Larimichthys crocea) J& i & L 4 FRRE, R p)EL R IIEIITE R fFIT .

(Osteicthys), #% J& H (Perciformes), £ 1 i F} RS A K ER R I T, SR

(Sciaenidae), ¥ fiLJ& (Larimichthys), Wi £f 3,
BFRGETAMEN S, 2T E R 5w 1K
e R RRREE A HE A0 SRR A TR 2 R,
FOHICIA R . A R A . AR TRAA S B i
S RIFRBH KA S V5 e S — R 5 I L B .
DR ¥ 1 SR DX B DA PN T s T ) e 38 1 i g 0 i
TR bR [ R ARG AR o SR T AV B ) R A AR 22

Yrim HHR: 2022-11-08; 1&iTHH: 2022-11-29.

(28 Ak 25 B SR a0k 138 35 TR D), SRtk &
PR RO R, T B 4O T (ROS) 43 K
Ao RB kI R B ROS XL TS B 15, ZEfE
WIS 550 H i P, HLARIE & 5 R ST AU &R
4t b 1 R AR Ak W 57 Ak i (superoxide  dismutase,
SOD) Al i % b & il (catalase, CAT) 1245 1k,
STEARAEN R 8 i B A 1 o R R AR AR, i R

EEWE: EEEAULTEARCRHLAIH LT (2019YFD0900904); T & ERLA S5 HAR RS F K L= 1L R A LI
£ 77 (2022QNLM30001); [E 52 i /K 077 Mk £ AR AR R 35 H (CARS-47); H [E K 7= B 24 #F 58 Be 5 A< Bl 55 28 3 H

(2020TD76).
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R R W R E BRI, b inw
fif (lysozyme, LZM) . &% P£ #% 2 & (alkaline
phosphatase, AKP)J& i 2534 7 M e dH G R
FI . LZM 2 BEAS VA A I == PGB 1 200 i 1) 4 i B
NEZHER IR e ] 7, TR . A A HLd
FIRTE, WS 0SS 58 W30 5 S KON ) E
FHEHR . AKP SR AEEL S 5 A4 Wi Y B R S ]
(RS . ARt PR ). Y ¥ (malon-
dialdehyde, MDA)5 i Fi i 2 4L ¥ (lipid oxidation,
LPO)WE I S8 AL b s ¥, Bl ke i i LA
LA B A R B VE IR/, AT Ta) 4 S e Ay i
AR ERREE . PUEALEE ) IR,
Btk T NF-E2 M F 2 (NF-E2-related
factor 2, Nrf2) %% 5 K ¥ -xB (nuclear trans-
cription factor-xB, NF-xB)TEPU AL 5 i FIE 7 57
P RE B K 45 3 B AR T Nif2 I NF-xB 73
I 45 5 0 AR TR R A A S e 5 Tl R S 6 LT ) I
AR FHICIE, AT 4 b S A 1 2236010 Nief2
T VA4 2 L 4T 977 80 R 48 45 240 B P9 R B RS 1
b KRR, NF-cB G5 050 20
P N, T AR TN R SR B AN T Y i
JF

WFFE R, AR B4 9 AT 3 o e AR R S
A G 2 R A S A B ok B v R B 00 %ok 0 30 ) TS 52
U0, A 0 2 i R e R A 1
PEFEMERON Y E IR YAk BE % 1 5 T 8 (Oncorh-
ynchus mykiss) & b i sz e, AR, A
ER YA b 0 2 3 5 Wb 3 T 52 1 1)V P AL 1
WFFE 4 AR ILARGE o AFFE NS S A5~ Nirf2 Fl NF-kB
AT, et A . brEdl . RS
Yo% F GO G AR A DL il M A 22 A e A, 4R
£ R A it R e R 3 T 52 M A 4 AL AR
5T 45 R AT Bl T 48 78 DR £ 0k 3 52 728 A1 i) iy 12 AL
i, B o A RRE R AR e A OC Y RIS LA

1 #MEEFE

1.1 EWiEtREFEmRE

PR E A (53.46+1.47) g HYSEE0 A T8 f0 0 ) A At
T E RIKTAH PR A MG S i 18 4
400 L AN AL B B s R 5 2 JH, 20 BB/ . 4R

Ja, K BENL A P (9 MR/, 43R L
JER 25 F1 20 MFRGEKIRRRE 7 do ARERKARH i
U8 R ARIEF K (ERFE R 25) I AGE H HR 7K I8 T T B,
KAEFREELL 1.0/d WBARRER 20, B IR FRER Y
ARIAE], R i AH MER L A EE 2 YR (10:00 AR
19:00), #AEN 100%. KFESE: BEQ21.47+
1.58) C. pH (7.57+0.35). i#fif4A.(7.38+0.24) mg/L .
MEEA N 0.14~0.25 mg/L. Ybssw g, YUk
24 h, KGR 20 F1 25 () 3 A FEBEAR B KRR
HeFERAE, 3 AFRIAAR AR ER BE L 2.5/h (38R
FEa 12, 5540 3 A FRBEAM KRS B LL 2.5/h 1)
BRI 2 40, AKURER K SR T IR 5 L LT,
SU 0 A 43 R R RELH (C 4H) . RN (CL 4. =
R (CH 4)AUREE I 4L (A 4l). fRERDNIfb+IK
(AL 4) ARER I += R4 (AH 4) 6 4505
4, Fdl 3 A FAT(E 1), EhEME 24 h 5,
AR BEATL R 4 J2 o T IR FH A Ak A8 i i I 3k
IR E
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Fig. 1 Schematic diagram of experimental groups

1.2 EEEMENE

o7 RS- e AR U IE L 21 e, DA
(g) : M (em®)=1:9 MG, A 9 fFIE
PBS #hiEW, WML 20 s, HilE 10%089 HE
HUSPHW, 76 4 °C, 12000 r/min 514 F &0
25 min JEHU VG, %7K PBS SRS,
i3 2Rk BCA kB w R &N
5, 7 A R ) B AT A TS v e . Hodp,
MDA R TBA i, 4B, 76 532 nm
AL S OB, LPO 7E 586 nm F, i FIfEHR
SO 84 S G 7 SO N AR R v SOD #ili il %
I8 50%H BT %t 107 () il 24 11> SOD {4 437 (U);
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%30 %

B X2 HAE AR 1 pmol 1) HyO, )
A 1A CAT I PE R (U); & LA T 48U H7E
37 CHILFAEM 15 min P24 1 mg BN 7.14 4~
AKP & P BLAL(U); SR E 6 BRI A
LZM #4700 5E, LA 530 nm 4 XGEKIHECE N
100%, 7 244 i AR 2GR
1.3 RT-gPCR

PEFHIICH 9 ML, B8 Zeng %O Jr ik
47T RT-qPCR Kz . ffi i TRIzol (Invitrogen)ix

B BCHFIE S RNA, f#f A first-strand ¢cDNA
synthesis kit (Fermentas) 5% 5% B cDNA . K4 K
By A L DR AT B v i PR 9 B S I SO E
w®HIIW(E 1), fEYLE & PCR L I (Applied
Biosystems Prism 7500 Sequence Detection System)
fi ] SuperReal PreMix Plus (SYBR Green)if1t

PCR [V o R F 27227 vk H #9535 7K -
AT, fdi ] SPSS 24.0 AR HEA TR E
21 (P<0.05),

F1 ELHREEE PCREIY

Tab. 1

Primers used for real-time PCR analysis

HHZFR gene name

1E [ 5] #)(5'-3") forward primer (5'-3")

JZ 1] 514 (5'-3") reverse primer (5'-3")

GAPDH ACAACGAGTTCGGATACAGCAACC GGTAGCAGGACAATGTGGGTGATG
Cu/Zn-SOD GAGACAATACAAACGGGTGC CAATGATGGAAATGGGGC
Mn-SOD ATCGCCGCTTGTGCTAATC CTCCCAGTTGATGACGTTCC
CAT ATTATGCCATCGGAGACTTG GCACCATTTTGCCCACAG
c-type LZM CCAGAGCCATCAACCACAACACT GATCGCCACGCTGACATCATC
g-type LZM TCAGCCAAGGCACCGACAT GCATCCACCGCTTCATAGCA
AKP TCAGCAGACTCCCGTCCCTC GTTGTCCAGTTCGCAGTTCTCATAG
Nrf2 CCCTCAAAATCCCTTTCACT GCTACCTTGTTCTTGCCGC
NF-kB TGCGGCTCGTGCGGATA GCGGCTTCAACTGGACTGC

1.4 EIESH 22 mMEMEEFEME

SIS B R A B E AR HE DR (X £SE) . SR
JH SPSS 24.0 St AFilt AT 04, Ll R m
K2 J7 22 53 i (one-way ANOVA)J5, #ifA1E &
25, X H Duncan [KEHTLZEILE . U
P<0.05 R B ERE. W H Excel 2019 1/EA .

2 ERE5SW

2.1 MDA 1 LPO &£

ME 2 AT LA, ARER AL 5 % FEZHAH B (CL vs
C), MDA & & JHis; 7 CH vs C ', MDA &%
I E = (P<0.05), 5 C AL, A 4/ MDA
B THE (P<0.05), 7E AL vs CL 1, MDA %
D ERAL, 76 AH vs CH ', MDA &1 B &%
%(P<0.05),

MIE 3 LIEH, 7 CLvs C 1, LPO & i
FTE; fF CH vs C 1, LPO F i ETE
(P<0.05). 5 C AL, A A1 LPO & B E T
(P<0.05). 7 AL vs CL 1, LPO & & B 35 1545, 78
AH vs CH H, LPO & & i E K (P<0.05).

ME 4 7] LIFEH, 76 CLvs C 1, SOD [ iF P

0.8 _ a a

07| m4XSE i

0.6} b b
0.5}
041 ¢
03}
02F
0.1f

MDA £ £/(nmol/mg prot) MDA content

C CL CH A AL AH
251 group

K2 FhEEAREX KB A IE MDA & & (1952
C: XPHRZ, CL: {IKEh4H, CH: mdhdl, A: IKEhI1k4l,
AL: REEYIMEHEERLL, AH: (RERPIfL+midhal.
AT 5 B 27 2 IR A7 B 35 25 57:(P<0.05).
Fig. 2 Effect of salinity change on MDA content in the liver
of Larimichthys crocea
C: control group, CL: low-salt group, CH: high-salt group, A:
low-salt acclimation group, AL: low-salt acclimation+low-salt
group, AH: low-salt acclimation+high-salt group.
Different letters indicate significant differences
between different groups (P<0.05).
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045
0.40
035}
030}
025 b b
020} T b

0.15}
0.10}
4T 0,05}

n=4; x+SE a

e

#/(umol/mg prot) LPO content

LPO
=)

C CL CH A AL AH
2151 group
K3 SRR B TR LPO 5 52 R
C: XMR4H, CL: fiR#ha, CH: b, A: (RERBIMLA,
AL: fRERYIMEHEER 2, AH: (KSR DI+ Eh 2.
AN TR FBR R 21 A A7 AE 1 35 2% 57 (P<0.05).
Fig. 3  Effect of salinity change on LPO content in the
liver of Larimichthys crocea
C: control group, CL: low-salt group, CH: high-salt group, A:
low-salt acclimation group, AL: low-salt acclimation+low-salt
group, AH: low-salt acclimation+high-salt group.

Different letters indicate significant differences
between different groups (£<0.05).

,E» 300 ) .
g 250 n=4; x+SE b
5’ B b be
%200— ¢
g
S 150t
E
2 100
..R
H= 501
a
o
Z I
C CL CH A AL AH
217 group
E 4 EhEEARfE XA AL SOD I 1 A R i

C: XHRAH, CL: fk3h4d, CH: mihdl, A: {REEYIfbd,

AL: {SEEYIMEHRERLL, AH: (RERIIfb+mrdhal.
ANTR) BRI 21 (A AFAE 1 35 22 57 (P<0.05).

Fig. 4 Effect of salinity change on SOD activity in
the liver of Larimichthys crocea
C: control group, CL: low-salt group, CH: high-salt group, A:
low-salt acclimation group, AL: low-salt acclimation+low-salt
group, AH: low-salt acclimation+high-salt group.
Different letters indicate significant differences
between different groups (P£<0.05).

BEFE, £ CH vs C 1, SOD JiiGM: e & T 5
(P<0.05). 5 C 4H#fLL, A 41/ SOD G A &
A ARk (P>0.05), 7E AL vs CL 1, SOD i1
PE R THE; 78 AH vs CH 1, SOD i 7 i 2 7
5 (P<0.05).

MIE 5 aLLEH, 7€ CL vs C F1, CAT FEE 1

EREAL, 7F CH vs C 1, CAT i1 B REAIT
(P<0.05)o 55 C 4L, A 4 CAT BT &R
f(P<0.05). 7E AL vs CL ™1, CAT [ P o 25 7 i
7E AH vs CH H, CAT RE 4 2 3 75 (P<0.05)

S
(=]
1

3 = SE a

W
W
T

b b

w
(=)
o

N
(%]

CATYE J7/(U/mg prot) CAT activity

20 +
15+
10+
51
0 C CL CH A AL AH
#H 51 group
&5 FhEEAS X B T IE CAT 336 1 152 e
C: XT84, CL: {KEhdl, CH: mdhdl, A: KLYk,

AL: fRERYIMEHIRER 2, AH: ARERDIfb+midh
AN ) B 2 A1 R A7 7 3 25 57(P<0.05).
Fig. 5 Effect of salinity change on CAT activity in the
liver of Larimichthys crocea
C: control group, CL: low-salt group, CH: high-salt group, A:
low-salt acclimation group, AL: low-salt acclimation+low-salt
group, AH: low-salt acclimation+high-salt group.
Different letters indicate significant differences
between different groups (P<0.05).

23 EHRMEEREENE

MIE 6 AT LIE H, 7E CL vs C ", LZM FE 1
WEFE; £ CH vs CH1, LZM BIG 1T 8 E T+
(P<0.05), 5 C 4Lk, A i) LZM FEIETEAR &
A B AR (P>0.05). #E AL vs CL H1, LZM Fifii
PR E TS 78 AH vs CH 1, LZM s 7 8 35 7
5 (P<0.05).

MIE 7 LLEH, fE CLvs C 1, AKP i 14
AN E AR (P>0.05); 7E CH vs C H1, AKP [iff 15 P
W EFRR(P<0.05), 5 C 4L, A 4 AKP i
A & A B 28 4 (P>0.05), 7 AL vs CL H,
AKP i P o 2 T+, 78 AH vs CH 1, AKP g
P I 2 T 55 (P<0.05) .
24 MEAELBERERE

2205, 5 C 4Lk, CL 41 Cu/Zn-SOD .
Mn-SOD . Nrf2 WiH P RIA W E 3G, CAT KK 3k
ik B EREAL(P<0.05); 5 C 4Lk, CH 4 Cw
Zn-SOD. Mn-SOD BRI FIRE M . Nrf2. CAT %
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530 %

DK 263k i EFRAR(P<0.05), 5 C 4L, A A
Cul/Zn-SOD ., Mn-SOD . CAT. Nrf2 3N FikY
AN KA B FEAA(P>0.05), 5 CL 414 kL, AL 4110
Cu/Zn-SOD . Mn-SOD . CAT. Nrf2 (3R ik i
F O (P<0.05), 5 CH #4l#1tt, AH 41
Cu/Zn-SOD . Mn-SOD ., CAT. Nrf2 W3R %k
FHAN(P<0.05).

ESUR
= n=4; x+SE a
Q12+ a
&
N 10r b
:..8\ sl cb
a
=]
E 6f cd
2,0 d B
R T
B,
S 2
N
=0
C CL CH A AL AH
4151 group

K6 FhREAR X B TR LZM 35 14 32 e
C: XJMR4, CL: fiRiha, CH: b, A: (RERBIfLAL,
AL: R YIMEHRERH, AH: ARER DI+ b
AN [R) B 7 AL RN AF 7R 835 25 57+ (P<0.05).

Fig. 6 Effect of salinity change on LZM activity in the liver
of Larimichthys croceaC: control group, CL: low-salt group,
CH: high-salt group, A: low-salt acclimation group,

AL: low-salt acclimation+low-salt group, AH: low-salt
acclimation+high-salt group. Different letters indicate
significant differences between different groups (P<0.05).

vity
w
W

B a
n=4; *+SE

o
o

ab

N
W
T

be

[ 3]
(=]
T
HO

—_
W
T
— o

AKP{E 1/(U/mg prot) AKP acti
=)

S W

C CL CH A AL AH
251 group

K7 SR AR R £ T IE AKP 35 4 B 2 0
C: X R4, CL: fIL#R4H, CH: &hd, A: fRERTIfL 4,
AL: R YIMEHRERH, AH: ARERDIMb+im b
AN [R) B 7 AL IRIAF 7R 35 25 57 (P<0.05).

Fig. 7 Effect of salinity change on AKP activity in the liver
of Larimichthys croceaC: control group, CL: low-salt group,
CH: high-salt group, A: low-salt acclimation group,

AL: low-salt acclimation+low-salt group, AH: low-salt

acclimation+high-salt group. Different letters indicate
significant differences between different groups (P<0.05).

x2 HETUTXEESMERSAERX
EERILKTEH T
Tab. 2 Effects of salinity change on the expression
levels of antioxidant-related genes in the liver

of Larimichthys crocea
n=4; x £SE

el A Y mEAl IR NF-E2 3¢

415

aroup 1B Ak ity B AL it 1A ¥ 2
Cu-Zn-SOD Mn-SOD CAT Nrf2

C 0.85+0.24¢ 1.03+0.10° 1.00+£0.17°  0.99+0.07°
CL 1.2740.20™  1.63£0.14"  0.77+0.15° 1.42+0.21°
CH 1.2320.21°  1.33£0.19° 0.60£0.08°  0.54+0.03¢
A 1.1240.18°  1.01£0.15* 1.01£0.05"  0.93+0.15°
AL 1.70£0.25"  2.11£0.37°  1.31£0.22°  1.7240.22°
AH 1.61£0.31"°  1.85+0.14"™ 1.29+0.11* 1.20+0.26™

e [FFIA R 7R RN AATE .3 25 5+ (P<0.05).
Note: Different letters in the same column indicate significant
differences between different groups (P<0.05).

25 IR REEEERIX

3 A, 5 C 4, CL4 c-type LZM .
g-type LZM . AKP. NF-xB (3N 5 80
(P<0.05); 5 C 4lAftL, CH 4l c-type LZM HYFEIN
FiK B F LTV, g-type LZM, AKP. NF-kB ()5
FIk W T (P<0.05). 5 C4LAH L, A 4111 c-type
LZM BRI AN kA i 3 A8 40(P>0.05), g-type
LZM (W R 338 1 5 FEAIK, AKP . NF-kB (1 3E K 3%
K IGIN(P<0.05), 5 CL 4AHLL, AL 4 c-type
LZM. g-type LZM . AKP. NF-xB {3 3Rk i 2%

®3 BETUTREEFEEFFERE
BXERERIKKTEHZIT

Tab.3 Effects of salinity changes on the expression
levels of non-specific immune-related genes in the
liver of Larimichthys crocea

n=4; x £SE
M c BRIV o BUNTENE PR B SET B
group c-type LZM g-type LZM AKP NF-kB
C 0.84+0.14°  1.34+0.30° 0.72+0.17¢ 0.92+0.15¢
CL  1.13£0.09*° 1.76+0.21° 1.08+0.07° 1.3240.11%
CH  1.11£0.06*° 0.80+0.15% 0.26+0.06° 0.55+0.07°
A 0.94+0.14*¢  0.89+0.18¢  1.21+0.13° 1.15+0.07°
AL 1.44+026" 2.11+0.34°  2.63+0.37° 1.87+0.26
AH  1.37£0.24™ 1.28+0.12° 1.66+0.24° 1.4440.17°

T FFUAS [ R 378 40 (B A7 1E 12 35 22 57 (P<0.05).
Note: Different letters in the same column indicate significant
differences between different groups (P<0.05).
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HOIN(P<0.05), 5 CH 4HM Lk, AH 4 g-type LZM
AKP . NF-kB WA B ERIN(P<0.05), c-type
LZM [ HE R ek i A 1, (025 58 8. 3(P>0.05)
2.6 XM

% 4 nlH1, N2 SRR GR 5 P E L
(Cu/Zn-SOD . Mn-SOD . CAT)IENFKIE R W% 1E

FHK(P<0.05) . NF-xB R 3R 1K 5 L4 5 M e e 1
(c-type LZM . g-type LZM . AKP)FREHFRIEE B E
IEAHIE(P<0.05), HL A ALRF(Cu/Zn-SOD . Mn-SOD .
CAT) 53RN FPE R W (c-type LZM | g-type LZM .
AKP) I B R385 H G 2 W 3% 1E A7 ¢
(P<0.05).

R4 XEEBHBESHZEHOEXESH

Tab.4 Correlation coefficient of parameters in the the liver of Larimichthys crocea

sk 2 B o
independent parameter dependent parameter correla?lon P

coefficient
Nrf2 B:FZRIE TR Nrf2 level Cu/Zn-SOD F#EF Fik i Cu/Zn-SOD level 0.437 0.033
Nrf2 B:FZRIE T Nrf2 level Mn-SOD 5 3KiE T Mn-SOD level 0.593 0.002
Nrf2 B:FZRIE TR Nrf2 level CAT B FRIE T CAT level 0.528 0.008
NF-kB 5 ik NF-«B level c-type LZM FEHFRIKE c-type LZM level 0.530 0.008
NF-kB 5 ik NF-«B level g-type LZM BRI Fib it g-type LZM level 0.727 0.000
NF-kB 5 ik NF-«B level AKP FERIFRIKE AKP level 0.897 0.000
Cu/Zn-SOD FHF ikt Cu/Zn-SOD level SOD fiff i SOD activity 0.678 0.000
Mn-SOD K:H£iE T Mn-SOD level SOD fifi i SOD activity 0.573 0.003
CAT JEH Kb CAT level CAT Jif§i% CAT activity 0.470 0.021
c-type LZM FEH Rk c-type LZM level LZM ff§i& LZM activity 0.692 0.000
g-type LZM FEH Rk & g-type LZM level LZM i LZM activity 0.409 0.047
AKP BRIk AKP level AKP [ AKP activity 0.833 0.000

3 itig

MDA 5 LPO & S e 5 BB T R WepLiA
R it AR 5P A L M RR I F AR AR, BRI
b S WA Az 2 R SRy e s A U R
A A ol Al A 7 A N R N, EOHLIA P ROS
it e A, bR ROS 2 Xy A W i w i b
AN T R 1 1R UL T 5 3RO T k2R i A AR O,
A LPO, &5 MDA, ffiff — &5 m&
TR P, RS m A S B A H(CL vs
C. CHvs C) MDA 5 LPO By b 1, 0
3 5 2R e R #E LR T AR R A
RIL YNk 5 %F FBZHAH (A vs C), MDA 5 LPO 1
S RN, FWI 25 2 20 AR R Ikt X}
KB PR R, RN gL T
g S5 3k SR AR B o X 5 22 PR AR R0 g i e 4 2
ST 45 AR, 368k 4 330 MDA 5 LPO

S LT IR IR 4 kb 41(AL
vs CL) . fREE Ik +mm #h 4 He 4w £k 41 (AH vs CH),
MDA 5 LPO ¢ &t i E PR, REh Y +Kih 4l
SR ER Db+ $h 4 A BObFEIE MDA 1 LPO )
o, XERMKEAEZDERYIEE, 1T fEiE
it — ZR G 5 Az B A A SN R A RS LA, 2% fig
b B AR A K B LR (14 3 BRGS0, A
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Mechanism of salinity acclimation in Larimichthys crocea improving
tolerance to salinity stress

ZHANG Hui"?, ZENG Lin"*, XIONG Yifei’, SONG Wei'?

1. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan
316022, China;

2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;

3. School of Food and Biological Engineering, Bengbu University, Bengbu 233030, China

Abstract: To explore the mechanism of salinity acclimation that improves the salinity stress tolerance of large
yellow croakers (Larimichthys crocea), fish were exposed to water with salinity of 25 or 20 for 7 days and then
exposed to water with a salinity of 12 or 40 for 24 hours. At this time, the fish were divided into six treatment
groups [Control group (25), low-solt group (25+12), high-solt group (25+40), low-solt acclimation group (20),
low-solt acclimation+low-solt group (20+2), low-solt acclimation+high-solt group (20+40)], which were denoted
as groups C, CL, CH, A, AL, and AH, respectively. The results showed that when the CL group was compared to
the C group (CL vs C), malondialdehyde (MDA) and lipid peroxide (LPO) contents were significantly increased,
superoxide dismutase (SOD) and lysozyme (LZM) activities were significantly increased, and catalase (CAT)
activity was significantly decreased (P<0.05). Alkaline phosphatase (AKP) activity showed no significant change
(P>0.05). Comparing the CH group to the C group (CH vs C), the MDA and LPO contents and SOD and LZM
activities significantly increased, while CAT and AKP activities significantly decreased (P<0.05). When group A
was compared to group C (A vs C), the MDA and LPO contents significantly increased, SOD, LZM, and AKP
activities had no significant change (P>0.05), but CAT activity significantly decreased (P<0.05). For the
comparisons of group AL with group CL (AL vs CL) and group AH with group CH (AH vs CH), MDA, and LPO
contents decreased significantly, and SOD, CAT, LZM, and AKP activities increased significantly (P<0.05). The
gene expression levels of Cu/Zn-SOD, Mn-SOD, CAT, c-type LZM, g-type LZM, and AKP were positively
correlated with their respective enzyme activities. The gene expression levels of nuclear transcription factor
NF-E2 related factor 2 (Nrf2) and nuclear transcription factor-kB (NF-«xB) were positively correlated with their
target genes (antioxidant enzyme gene and non-specific immune enzyme gene, respectively), at P<0.05, indicating
that Nrf2 and NF-kB may be involved in the regulation of antioxidant and non-specific gene expression. In
conclusion, salinity acclimation can alleviate the oxidative damage caused by salinity stress by enhancing the
antioxidant and non-specific immune capacities, thereby improving the salinity tolerance of L. crocea.
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