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(53.46+1.47) g KE faglfa )\ A SRR ERE 25) 88 BIER 3 20 BRI IIME 7 d JE FEARER (BRBE 12) /K /& 52 55 24 h,
ZE PR, REL WA 3G N T 15 P S (reactive oxygen species, ROS)HI =2 it H (adenosine triphosphate, ATP)% i,
P T ARG RS ) FNZRLAR W R R K KO, R UG ER o3 14 5 1 KB Ao A S R R Aok ik 3 e, B4
37 E A . SIRER A b, RERYIIEHRER A4 = T ATP & it . = FRIR VG IREE G 1 A4k B W R 3 3k /KO,
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B FNE TR B A ALBETG 1 IEAE ¢, SIRNI& MM U AHSC, FPIR MMl AMPK SRAE HE = R, HHIFERE
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Pk — 2D B AR IR A K R I #h E, 3X 5 TR 2%

RS BRBRAR W) 5, RIERTR) H bl 22 D nl DL ks
LA X Bt i A ) B A (] s 500 6 e 3 DR 9 T 52
PEPT, IR B4k B 75 10 B AR R T 3 1 5 1 SR AL 4R

W57 JEARITERBURRAE 47 R LR,
GEVINTTA

IR ER B AR AL T PR A0 M 98 35 Pl . ALK
oo 2 WA R O 1 Tt 3% A R PR 3R 3K ke i 440 i 7
BB FEA, X R B A RO,
XECHE R FE I 3 REFRY BRI EY . I8l
AR 1 57 )i 2o B R A At o dK Ak W e T
2 I i (pyruvate kinase, PK)FJHEALAE T IE RN
MmUY, A AT, NERERIE A = R IRIEF,
T ORI AR B R IS Ak, A R
W52 I 1 (adenosine triphosphate, ATP), ATP & i
fitf(ATP synthase, F-ATP) ., 3% 12 lii & fff (succinate
dehydrogenase, SDH) LA K 3% L Fig it &0 B (malate
dehydrogenase, MDH)7E — & i fif 7 v & 5 8 %
A fE A/ U2 FE AR, TN R R A L R
i = (lactic dehydrogenase, LDH)AYAE T 4
CFLIR, FEPERE /AR A e AR At i
i, LIRS A FRAILEE(acetyl-CoA carboxylase,
ACC)HI A Bl b ) [k 5% #2 -1 (carnitine palmitoyl
transterase-1, CPT-1)43%IJ2 A5 15 R A= 9 & B A
iR B AL B SCHERE . ARITAR B A Ak Wy nl DLl
i ZRBIEF AL R IR RIS L
% i} [adenosine 5'-monophosphate (AMP)-activated

protein kinase, AMPK], #{FR A4l il it i i3 4%,

B RE I A I ) A R 2 R A Y B T A, 4
LR R a2 L B, A SRR Y
IR ER 38 T RE R ACHERZ e R BE ST L =

2% ki IR J& 5 7 4 (reactive oxygen species,
ROS)™ HE FRE A 2, 4eFFLobiifta
A BT RS U A TN 52 1 SRk F vERE
FR R ERR & A K ROS I SZ i Zoki ik
By, g deori dRa sl o, g HISE
HFEHF4E 3 (microtubule-associated protein light
chain 3, LC3a) &2 R ik A Wihn &4, PTEN 5519
i % i ®F 1 (PTEN induced putative kinase 1,
PINKI) . PARKIN %t £ [ (Parkin) 2RI Al &

FHH 2 (mitofusin 2, Mfn2){E 2Rk H Wit 2 b &
VR BAEH, XS ILR B Rk BB ZH ST X
SKHERS SR [HF O WAY 3 (forkhead box class O3,
FoxO3) R HFl, A e Min x) a2
SRR F W I AE AL B B =

T R EE A0 N AR B W3 A e 7 AL, AR TR
R SR i S A 2 BRI 5 T AR ER DA X I Folp
R R AL N R IR R, &2 B R IA A
B AR R R A PR T R AR
T WK A 5 g U, B IR AT DA
AP E RN IR R PR G2 BB ) R 27 A £k B 3
ORI AT 5, DT S R xR B 3
Tirf 52 0, R A £l ok 4R A IS A AR
WA B oA [ g, ] A 28 A ARk iE
o7 b R A0, v R R e X g e A RN
LR E MR AR 22 R P BT BRI SR
R, ARG — L TR LXK R a8 T K
B A0 GE A LR AR 17 Y 52 ) B A R AL
il o K R N SRR (R B2 25) e #2820
7K I 7 d, PR BIEREE 12 kIR 5
#F 24 h, M5 A PR EYI(ROS) . BER LS
FR(ATP FIFLER % #; PK .LDH .SDH MDH F-ATP
Al AMPK il 1 77) F R R AK B W8 A58 (LC3a .
Parkin. PINKI. Mfn2 Fl FoxO3 3R FKiEIKF),
WFTE 45 5 il AR ER DAk i A B o X IRk ol 3 1)
it 52 PSR A IS AR, o T k2 Bk 37 5H
TRV 7 5 T AR ORI 422 7 7 0 SRR 77 4 5K
PR ILR R

1 HRET%

1.1 gt

240 B SCI R B 1A (53.46+1.47) g ok H TP E K
FERR2E B GT BE AR 1 K IE 5 T A A AT 5
Lo B SIS R A LA 12 4~ 400 L 55
FEAR PR IR, AR 20 B KBESEWT: $HE
25.12+0.63 . iJ¥(22.54+1.64) C ., pH 7.42+0.38 ., &
fift5(7.310.36) mg/L . B A M(0.12~0.27) mg/L.
B 2 JAJE IEA TG SE 5 . R 12 DS FRFHAR 58 2
H, 6 MRFRIEAE A KT R ERE 25),
T4 6 MRS AKIAEREE th 25 FE2 20, B
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MR R 12, BUAY, SCE4H ] 43 T REZ(C 41) .
IR (L ). IRER YL (A dl) AR ER D4k +I%
(AL 41), BA 3 AT 1) ARER KA
T IRUE K IIAE B B 3R 7KV B . AR R B 3
24 h JEREFEAR, FARBENLMME 4 B, BUFDE
FEARBCE WA, HT0 T MAFER T
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Fig. 1 Schematic diagram of experimental groups
12 HEIEtRaHh

Z% Zeng %Blfﬁ%?‘ﬁj&‘, f§if PBS EHhiF
CEnREWEAR, EHXFIEREA SR, BE
TR TR 2eny AR bR e o W 3% 7S iR &
(P BB AR TAEAE ST B, v )2 R d B 5
fEl%E ROS. ATP FIFLER < &A% PK. LDH,
SDH. MDH. F-ATP Hl AMPK [§i% /1. Rk
2EPEE B (WOEAE 525 nm) Il & ROS &, K C 4l
PIMER A 1, HARAmES CAmEHTXT T, It
B AHXT Y ROS & s SRBEHIR b (i (WOk
i 636 nm)IM & ATP & at; K] EEN EFLR
& . LDH. SDH fI F-ATP i /1, &g ferh
5 P W68 23 514 530 nm ., 440 nm., 600 nm Al
340 nm. >R FH 2850 L 8 1 (WO 340 nm) 734 PK
F1 MDH 1% 77 o WK ra il S A 23 £ 8L
AR, E)RAOEETE(WOEE 660 nm)ill

it ACC B )1 M HIAR & CE = RAEWHA,
)R i Bradford 32 0 & JF O %) 25 14 5 5 o TG
DU 22 50 B P IS S B (U)K o

W S 8 Bl R b R R 145 1k 2 11 UK (AMPPK)
ELISA i) & (- i Eg I A= ), BIO)A A B Bk
FEMATE S FW 1 (CPT-1) ELISA ik F & (I iy i I
A4, BIO)ill it AMPK FI CPT-1 B§iiG /1, HAKNL
BRANR s SRR 25 Je 0o ik 64T T 156 928 W% o
Sy, W ILEEERRAY 450 nm KT I E O
(OD fH), i# it brifi th Ze it 35w 77 .
1.3 ERRESH

52 Zeng S5 )7k 3 K 2 1k K- fA
T2, KR TRIzol GExRKAEWHA, hE)FRE
RNA, KH ¢DNA 55 —55 6 i & (Fermentas)
B RNA 354 585 cDNA, K SuperReal PreMix
Plus (SYBR Green)ifi i SZHT %6 5 & PCR il 7 J
WKk, 2% Zeng S 2e L ERT Y
(& 1)o PCR W AEFH: 95 C, 15 min; 95 C,
15s; 58 C, 30 s; 35 MR, LA p-actin HINS Kk
P, SR 278 g e R R KR % C
HfER R 1, HRAWES C ArEIETTXT L,
T H A s &
14 St

B LI (bR 25 (X £ SD)E R . TESETT
AT Z A0, 43 Kolmogorov-Smirnov 6 56 Fll
Bartlett £ 95 4 7 1E28 5341 Fl 7 22 [ Bt oA . AR5
KHFR 2 7 2250 H1 (one-way ANOVA)FI Duncan
FG I DA AS [R] Ab B4 2 ] 119 22 53 (P<0.05) o >R
Pearson AH P73 #7146 56 AN [7] S 802 18] 1) AH e 1
FA St Mg SPSS 19.0 #4F5E

2 #R59H

21 ROS, ATPHZEEE

5 C AL, L 4K MAAY ROS Fl ATP 5
BETE, MRS EILRELI; A 4R MaN
ATP & B E TH i, ROS FIFLIR & & 6 i & A2 1k .
5 L4, AL A REME ATP & W& T,
FLER & B B E 4k, ROS & & W EFRL(E 2).
hEE A £e ik Kl ROS, KSR YL AT L2 iM%
eI SR PN R =R A 7 e
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F1 ZEEHEEE PCRSIY
Tab.1 Real-timequantitative PCR primer
5| Y% FK gene name 519731 (5'-3") primer sequences (5'-3') K/ bp size  PCR Y 154K PCR efficiency
BB E F: TCCTCGGTATGGAATCTTGC 182 1.05
p-actin R: GAGTATTTACGCTCAGGTGGG
PARKIN ZR#% % [ F: AGTACGCCGCAGAGGAGTGTC 202 1.02
Parkin R: CAGAAGACGAAGCCACAGCCAAG
PTEN 755 1 8 2 F G 1 F: ACAGCGTCGGCATGAGAAAGC 145 0.97
PINK] R: CAGGTCCTCCAGGTCCAGGTTAG
S MERG S O AL 3 F: GACGAGGTGCCCGATGACGA 251 1.01
FoxO3 R: AACCCTGAGGAACCATTTGGAGTG
LRLREAE I 2 F: GGCACGCAGACCGACATGATC 210 1.04
Mfn2 R: GGCTGAAGCACTGACGAGGAAC
WU AR M4 3 F: TGGGTCAGAACCACCACAGAACT 82 0.98
LC3a R: GCTACTACGTGGGCCTGCAATG
8r a 40 p 6r ¢
— ¢ —
§£4 ﬁ:m a ﬂﬁ
ggz- &Ew- %§L
a a < B
0 @ g] L AL 0 C A L AL 0 C A L AL
20 5] groups 23] groups 2631 groups

&2 FhEEME X R A FAE ROS. ATP FIZLER & & 52
C.A L. AL 2 5ICERXS IRAL | ARER YL AL | ARER LA L DAL +IRER 2. AN ] B0 7 B3R 2% Ak AL 22 A7 75 1 35 22 57 (P<0.05).
Fig. 2 Effects of salinity stress on ROS, ATP and lactate contents in the liver of Larimichthys crocea

C, A, L and AL represent the control group, low-salinity acclimation group, low-salinity group and low-salinity acclimation+
low-salinity group, respectively. Different letters indicate significant differences among groups (£<0.05).

2.2 tEXRKBIEETN AMPK EEiE N
5 C4ttk, LAKREMN PK, SDH, MDH
1 F-ATP Bigi% 77 10, AMPK B ) Jo i &
4k, LDH JiiE 77 5 25 FE A%, A 41K B0 SDH.,
MDH Fl AMPK [ /7 2 254, PK. LDH H1
F-ATP B0 1 #7484k, 5 L 440k, AL 21K
B A0 IR WA F1 AMPK S J) 425 T
(B 3). MRERI B3R & T A AR, BEIK T R
R, Mg T RE AR . IRER Ik &
TARER a8 T R A AT, B pL
RIRAE T Z R RE R, DT T LA IR R
SERION T Eg
23 BEERRIGEEEAN

5 CAMIL, LM A R CPT-1 Al
ACC G W24k, 5 L4, AL 41K

A ) CPT-1 B 1% 71 U6 B 48 1k, ACC 16 /1 &
FREAR(E 4). KR 0 % K8 11 0 R 280 AR
FEA R, T ARG R 9Pk S 4 A R b A T R
AR 2 A AR, AT 2 B8 2 S R AR
EON SIS
2.4  ERfUik B R ERIEKE

5 CHAHI, L HARBMAA LC3a F1 Mfn2 K&
K ik KB, PINKI. Parkin 1 FoxO3
HEHFRKFLEEZER, A 4IKE ML RLIR
HBEIER R AR TICR E 28k, 5 L 4L, AL
HARHEA) LC3a. Parkin il FoxO3 3R FEiE7K
S TR, PINKI F1 Mfn2 JEH 263K 3%
AL (& 5)o ARER e 23 3TE Kk fo SRk g,
AR ER D1k 2> a5 IR ER W ad 5 i K 35 fa 2 ik A
g IK - o
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ES 15 b £z ¢l £ b
ég . ab g/ E E, 151 a
= I T 4l o
"R'% 10 EQ 4 EQ 10
e | ~ N
v 5t E 2F E 51
A | 7
0 0 0
C A L AL C A L AL C A L AL
205 groups 251 groups 25 groups
g 25 d 2 16f © 2 500 f
= b C g8
g‘;b 20¢ be i g"%’ 12+ g‘)g 400 {
= £3 £5
SE 15t b 5% b 28300 | ° ab
= a < 8t <
T 10 RE a R¥ 200}
E% 10 “Ez a ‘SE 200
Z= st g 4 ""‘ ﬂ &< 100
= = < 0
C A L AL C A L AL C A L AL
2151 groups £ 5) groups 2073 groups

&3 ERBE e X K U fa A AMPK FURE S A8 0% 1 09 52 0
C.A L. AL Zr 3R B4 | IRER YL A | ARER A AR SR DI HIRER . TR [R]85 8 7R 25 AL B 2H Z A A7 E 1838 22 57 (P<0.05).
Fig. 3  Effects of salinity stress on AMPK and carbohydrate metabolism enzyme activities in the liver of Larimichthys crocea
C, A, L and AL represent the control group, low-salinity acclimation group, low-salinity group and low-salinity acclimation+
low-salinity group, respectively. Different letters indicate significant differences among groups (P<0.05).

20, 0y
e a =2 b b b
E‘z»ls— a % 1
EET) s i S i
238 =kt
S0} &
‘R[_-‘ RS
pagy 2 10
~0 5L O
= Q
9
3] <
0 0
C A L AL C A L AL
20 5] groups 20 5] groups

P4 ERRE 0 0] R B o I AR 2 A S 7 6452 1)
C.A L, AL 4p il fRFxT B ARERYILA | R AR ER AL HIRER 20 . ASIR] 10 521 3R 25 Ak ML H =2 6] A7 A5 i 3 2% 57 (P<0.05).
Fig. 4 Effects of salinity stress on lipid metabolism enzyme activities in the liver of Larimichthys crocea
C, A, L and AL represent the control group, low-salinity acclimation group, low-salinity group and low-salinity acclimation+
low-salinity group, respectively. Different letters indicate significant differences among groups (£<0.05).

25 XS RETE A0 2l B IR a0 T £ 2 %) R a AR A Zod A
AMPK [if{f 7155 PK, SDH. MDH, F-ATP H MR G2 i b i, O YR s 4

FCPT-1 & JIBUEADG, 5 ACC B 1t A2 ARER M8 40000 0 1 R AL B 0T D0 A

K (F 2)o Fox03 RN FXKFEE LC3a. 31 REHBYMLITEEE T EAIRGRIZME

PINKI . Parkin F1 Mfn2 & H 3k 7K 1 EAH G WEFE W, AR ER B30 23 X £ 28 7 A S AR
(# 3), fio SUEA RS E /AL, RMRERA (L 4)

3 Wt ) ROS i 2 = T X IR, s 1R an it
SN TR . K A0 0 PR B AR b A R

SRR B A E BN RE MM E AR i (b Sl i iy S P, 53k
HARIE, (EA CARER Y XHRER A PR AN, S REM ROS Ak, R
RGBS AR . AR R, R ROS & S8 (Bl . ISt A ll . R
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H_%s-a 852500 85200 ¢ .
2 ¥ o X
22 6l ¢ RS20} ¢ 216} ab
w3 b K3 RS
& wE 1S5t b B2 &12r a a
_Eu4- EQ ab zo
=$ K2 10f ¢ .2 08F
=9l = =
T3 a 1geo.s- gi‘-’m-
(GRS ’_LI ’_'_‘ N EE
=30 SE o =
3 < 0
~ C A L AL [ C A L AL n., C A L AL
48 5] groups 20 5] groups 25! groups
S 207 d by w520 e
B2 2= b
Qg 1.6F b ERE:
N ab oA a
KE12F a Ke ol . 2
& & S
S mo
Z,08f T2 08f
K 2 £
™E o4t N8 04f
g4 R
SE 0 £Q o
S C A L AL S8 c A L AL
285 groups #15) groups

P 5 R I 0 JRBE i JEF I SO A A Wt i P 3 1k K- 1) 2 i
C.A L., AL 705l R %} B 4] ARER YL LL | AR R AL AR SR PIALHIRER 2. A [R] B0 5 B3R R 25 Ak BR A 22 (8] A7 16 2. 35 22 57 (P<0.05).
Fig. 5 Effects of salinity stress on mitophagy gene expression levels in the liver of Larimichthys crocea
C, A, L and AL represent the control group, low-salinity acclimation group, low-salinity group and low-salinity acclimation+
low-salinity group, respectively. Different letters indicate significant differences among groups (£<0.05).

%® 2 AMPK SgeERGEE S 2 BHHE X ES T

Tab. 2 Pearson’s correlation coefficients between AMPK and energy metabolism enzyme activities

it X energy metabolism enzyme
44 parameter MR LR BRI REE ATP Salms  ATRASHBE  CBEREE AR
%A PK & LDH A SDH & MDH  F-ATP  #6fHi-1 CPT-1  {LHE§ ACC
AMPK it i J1/(U/mg prot) R 0.968 0.427 0.987 0.898 0.761 0.726 ~0.660
AMPK activity P 0.000 0.037 0.000 0.000 0.000 0.000 0.001

FE: M ROIEBE P/NF 0.05 B, BIEBUEMDE 2 R AHEL P/NF 0.05 BF, BEE A 2 PRF 0.05 BF, PIZHOCHEA B
Notes: positive R and P<0.05 meant the positive correlation between the two variables, negative R and P<0.05 meant the negative correlation
between the two variables, and P>0.05 meant that there was no significant relationship between the two variables.

% 3 FoxO3 5%tk B IEE FERikKFEZ BHHEXES T
Tab. 3 Pearson’s correlation coefficients between FoxO3 and mitophagy mRNA levels
LR A B BEIEF mitophagy
AN %85 30 LC3a. PARKIN 4 A Parkin  PTEN % 2 AYIBE B0 1 PINKI  2RRiAR &R H 2 Mfin2
Fox03 X kKT R 0.807 0.825 0.718 0.781
FoxO3 mRNA level — p 0.000 0.000 0.000 0.000

FE: 2 ROIERL P/NF 0.05 B, P BUEMDE; 2 R FHHEH P/NF 0.05 B, BFBGAADE 24 P RF 0.05 i, B,
Notes: positive R and P<0.05 meant the positive correlation between the two variables, negative R and P<0.05 meant the negative correlation
between the two variables, and P>0.05 meant that there was no significant relationship between the two variables.

2% parameter

A5, ERAET RERIILA 4R AT K A AH), RUMRER I ZE g 1T Ko R A %
ROS &7 A5 m, & B H B B0 A9 IR 1 M)A 5 o 3 Y R IR A RT DL B e
RE 1o (HA5 1 B 2 AR ER YA KR Bk 38 41 (AL (Oncorhynchus mykiss)%f 5 W36 i i 52 121,
HYRE MR ROS & it b EHME TR R I AT LA 5 R B f2 04 3 0 T 52 221
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5 UR A T B A O 4 R — B, AR A w0
RN
3.2 REF|[YIL 3R R BB T B 2R IR0

i 27 VR 20 B A R O Al o A v R
HAE R AE & . (IRER a2 Pk 5 LA RE At
I PIARSC RS R AR S b, (R ER AR R T
WEEERR(PK) M =R JH ¥ (SDH. MDH #il F-ATP)
HERG (TG F1, BRAR T JC A A8 (LDH) A Y 36 1,
O 30 32 5 T A SR, AR T o AR,
M T e AR AR . L 41 ATP & i3 in
WESE T RS (RER IR & T K8 = R R
TR ARG A0S 1), H AL 4R 8 i = IRMRE
RS & T LA, RS YL
TARER e T R p A AR . 7R X FR I O,
BERARI e PR SR AL TR Z AR, il T
BUAXHIRER B ae i 52 4 . IR SRR Y =220
Red R, ARERID A X CPT-1 R ACC % S A
FEA RN, e WG R X K #E 0 f BE AR AN
FEAE RS o WS RE A LA PR B A1 i b, 2
SR s R R P A EERE ORI . BRI
A Oy f0 2508 M W 30 3 N AR R R AR . AR
24 h AR o6 33 0 3 AR T R S A R R b
R . W85 (Lateolabrax maculatus)7E{RER
BN 360385 07 114 400 43 B B T 8 114 R e 22 phy W 2R A
PEAL, B2 oA B (R A B, A AR B BE AR
PREEBO AR ER YL X CPT-1 Fl ACC BT
HARFEAERN, {H AL 448 ACC B % 1 B E KT
L 21, HJFH 0] R 2R Ik il 7R ER Mre
Kg a2 G A, T L 2y fg i IR ER
IS ERCIAS
3.3 RERYIL XK ER BB T LR B LA 20

SRR [ W —Fh S R RS R AL,
5 R 1 bR 2 B SRR B L &, AT R
it ROS &, $EEHLAKT b o i 32 LB,
PINK1/Parkin JZZhi A B WG F 255 i 2 —,
Mfn2 % PINK1/Parkin 1z Z LB #TE, S 540
i 4y 48 B A TR Y, LC3a BRI [ W A
PRGN FEASL R, AR ER I R E T Lk
K E WL (LC3a. PINKI . Parkin F Mfn2)H) 3

RIKF, R ER M s T kiR A g, T
KR8 U™ 4 KE R ROS, 45 T4k
A, A0 20T DLE i 2R AR s 7R 22 45 i 2 ks
KT RE R A, 7EEFR ROS BRI 4749 T
VORI AR R, DI RGN T LA GG R 36 1 38 N
P RS RER YT Lokt | gL 1 ek A 7=
R, {0 AL 21 RGOk [ Ik R 3k K7 B
FET L odl, R YIeE & TR a TR
R ENNES AL NEN
34 gEERIFMERE B EARELE

AMPK fEBH40 M g A8 Ak, 38 A 01 o
ARG She 4 Hp HLAAR 9 8 5 T, DR Ol < 4i fig = 48
R AMPK G i B2 e REAC I, TR REIC
Wk MU SR AT 2 (0 AR i, DA el st AL A4 ) iy
0T 2 fE P EAR ST o, (R T
K# A FE AMPK g6 ), SRR BOE T
AMPK Kk, X 53 BRI IR ME 1] 5 s K ik
B K ¥ 1 AMPK 635K P i 5 45 5 — 3
AL HFKE M AMPK BE#WG H B 58T L 41, &
WK ER I EE & TARER A T K ¥ fn AMPK 3%
ik, AMPK % /15 PK. SDH. MDH. F-ATP
HICPT-1 [ 1 s EAH S, FBIICE fan] DIl o
B AMPK SRAE#E =R IRIEA AR B A4k,
MRS T LAY RER . AMPK 15 715 ACC i
TGS 6, R E AT LU s AMPK
KAMTIAR R A B, M FEREE R A . FoxO3 7E
T 2O A 15 W DR 3 3k Oy i EL A A Y
TEARSLE h, FoxO3 5 LC3a. Parkin. PINKI #l
Mfn2 FEPR Fik KPR IE ARG, R A 2E0] LLE
i FoxO3 VH s Zhi A 17 05 35 PR 114) 2 35 o g XK £6
7 STE RS/ e e T

4 INEE

A A AR A 30 N A a1 A SR
FNZRLA g, RTS8 2 A A e 75 S 1 S AL 1
P ARERIIAL RS 1A FACH AZERLR [ g, i
(S AN E RSP0 K (A7) Bl )
Sk o AN SCHRIEAE PG IR aa X £ 28 A4 L) BE
SN, 52 I R I sl .



1148

Hh K R

%31 %

S % 3Lk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Fisheries and Fisheries Administration of The Ministry of
Agriculture and Rural Affairs, National Fisheries Technology
Promotion Station, China Fisheries Society. 2023 China
Fishery Statistical Yearbook[M]. Beijing: China Agriculture
Press, 2023. [AovAeks &Rt b 3 ¥, 4K =HA
TS, hEUKF R, PR ST EE-2023[M].
demt: HpELO R, 2023.]

Song W, Yin L M, Chen X Z, et al. Behavioral characteristics of
large yellow croaker (Larimichthys crocea) in tank by
ultrasound pinger system[J]. Journal of Fisheries of China,
2020, 44(1): 79-84. [R)E, BEH, BREE, & A
WARETE I K RE TR S F T R AT R, K™
2441k, 2020, 44(1): 79-84.]

Zeng L, Ai C X, Zheng J L, et al. Cu pre-exposure alters
antioxidant defense and energy metabolism in large yellow
croaker Larimichthys crocea in response to severe hypoxia[J].
Science of the Total Environment, 2019, 687: 702-711.

Liu J F. Culture and Biology of Large Yellow Croaker[M].
Xiamen, China: Xiamen University Press, 2013. [X| %
B OREMIESEYEM] B E TR R,
2013.]

Song W, Yin L M, Chen X Z, et al

characteristics of Larimichthys crocea by ultrasound pinger

On behavioral

system of fence farming in shallow sea[J]. Marine Fisheries,
2019, 41(4): 494-502. R, BB, BRI, 5. SLTE
TR R B A PR SRR B 0 AT A RE (D). R I
M, 2019, 41(4): 494-502.]

Song W, Chen Z H, Xie Z L, et al. Analysis and evaluation
of sediment quality in a Larimichthys crocea farm cultured
with a deep-sea large-scale fence[J]. Progress in Fishery
Sciences, 2022, 43(6): 47-55. [AHi, BEaEAL WHEm, .
TR D B A SR AF R B Y ST AR B ik 20 A 5 94
[0]. ¥l Rl2EdE R, 2022, 43(6): 47-55.]

Mozanzadeh M T, Safari O, Oosooli R, et al. The effect of
salinity on growth performance, digestive and antioxidant
enzymes, humoral immunity and stress indices in two
euryhaline fish species: Yellowfin seabream (Acanthopagrus
latus) and Asian seabass (Lates calcarifer)[J]. Aquaculture,
2021, 534: 736329.

Soengas J L, Sangiao-Alvarellos S, Laiz-Carriéon R, et al.
Energy metabolism and osmotic acclimation in teleost
fish[M
277-307.

Costantini D, Monaghan P, Metcalfe N B. Early life
experience primes resistance to oxidative stress[J]. Journal of
Experimental Biology, 2012, 215(Pt 16): 2820-2826.

]//Fish Osmoregulation. Boca Raton: CRC Press, 2019:

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Bao Y G, Shen Y D, Li X J, et al. A new insight into the
underlying adaptive strategies of euryhaline marine fish to
low salinity environment: Through cholesterol nutrition to
regulate physiological responses[J]. Frontiers in Nutrition,
2022, 9: 855369.

van de Wetering C, Manuel A M, Sharafi M, et al. Glutathione-
S-transferase P promotes glycolysis in asthma in association
with oxidation of pyruvate kinase M2[J]. Redox Biology,
2021, 47: 102160.

Guo L S. Mitochondria and the permeability transition pore
in cancer metabolic reprogramming[J]. Biochemical Pharma-
cology, 2021, 188: 114537.

Chinnadurai K, Prema P, Veeramanikandan V, et al. Toxicity
evaluation and oxidative stress response of fumaronitrile, a
persistent organic pollutant (POP) of industrial waste water
on Tilapia fish (Oreochromis mossambicus)[J]. Environmental
Research, 2022, 204: 112030.

LiuZ F, Ma A J, Yuan C H, et al. Transcriptome analysis of
liver lipid metabolism disorders of the turbot Scophthalmus
maximus in response to low salinity stress[J]. Aquaculture,
2021, 534: 736273.

Zeng L, Liu B, Wu C W, et al. Molecular characterization
and expression analysis of AMPK o subunit isoform genes
from Scophthalmus maximus responding to salinity stress[J].
Fish Physiology and Biochemistry, 2016, 42(6): 1595-1607.
Baechler B L, Bloemberg D, Quadrilatero J. Mitophagy
regulates mitochondrial network signaling, oxidative stress,
and apoptosis during myoblast differentiation[J]. Autophagy,
2019, 15(9): 1606-1619.

Sun K, Jing X Z, Guo J C, et al. Mitophagy in degenerative
joint diseases[J]. Autophagy, 2021, 17(9): 2082-2092.

YaoJ Y, Wang J B, Xu Y, et al. CDK9 inhibition blocks the
initiation of PINK1-PRKN-mediated mitophagy by regulating
the SIRT1-FOXO;3-BNIP3 axis and enhances the therapeutic
effects involving mitochondrial dysfunction in hepatocellular
carcinomal[J]. Autophagy, 2022, 18(8): 1879- 1897.

Zeng L, Zhang H, Song W, et al. Effects of low-salt
acclimation on the transcriptome of large yellow croaker
(Larimichthys crocea) under hypo-saline stress[J]. Journal of
Fisheries of China, 2023, 47(6): 41-52. [¥ %%, 5K, 4,
8. ARER YRR Bhia T o e SELH 2 (1], K7™
274k, 2023, 47(6): 41-52.]

Zhang H, Zeng L, Xiong Y F, et al. Mechanism of salinity
acclimation in Larimichthys crocea improving tolerance to
salinity stress[J]. Journal of Fishery Sciences of China, 2023,
30(3): 334-343. [k, WFR, REIRTE, 4F. FHREIILHGE

B AR,
R AR 0 T B2 P AR AL (0], b K R,



%10 #

WORERE ARER YL XT SRR ER P aE T O B A R i QR 2R 1A 1 114 52 M AL A

1149

[21]

[22]

(23]

[24]

[25]

[26]

(27]

2023, 30(3): 334-343.]

Zeng L, Xiong Y F, Song W, et al. Salinity stress on energy
metabolism and mitochondrial autophagy in large yellow
croaker[J]. Acta Hydrobiologica Sinica, 2024, 48(5): 725-
733, [EFk, RERK, RN, GF MR AR
S LR R R R (], KA A PIREAR, 2024, 48(5):
725-733.]

Zeng L, Ai C X, Zhang J S, et al. Pre-hypoxia exposure
inhibited copper toxicity by improving energy metabolism,
antioxidant defence and mitophagy in the liver of the large
yellow croaker Larimichthys crocea[J]. Science of the Total
Environment, 2020, 708: 134961.

Pfaffl M W. A new mathematical model for relative
quantification in real-time RT-PCR[J]. Nucleic Acids
Research, 2001, 29(9): e45.

Ao J Q,Mu Y N, Xiang L X, et al. Genome sequencing of
the perciform fish Larimichthys crocea provides insights into
molecular and genetic mechanisms of stress adaptation[J].
PLoS Genetics, 2015, 11(4): e1005118.

Sies H, Belousov V V, Chandel N S, et al. Defining roles of
specific reactive oxygen species (ROS) in cell biology and
physiology[J]. Nature Reviews Molecular Cell Biology,
2022, 23(7): 499-515.

Niu C J, Rummer J L, Brauner C J, et al. Heat shock protein
(Hsp70) induced by a mild heat shock slightly moderates
plasma osmolarity increases upon salinity transfer in rainbow
trout (Oncorhynchus mykiss)[J]. Comparative Biochemistry
and Physiology Part C: Toxicology & Pharmacology, 2008,
148(4): 437-444.

Tseng Y C, Hwang P P. Some insights into energy metabolism
for osmoregulation in fish[J]. Comparative Biochemistry and

Physiology Part C: Toxicology & Pharmacology, 2008,

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

148(4): 419-429.

Yang J, Liu M H, Zhou T T, et al. Transcriptome and
methylome dynamics in the gills of large yellow croaker
(Larimichthys crocea) during low-salinity adaption[J]. Frontiers
in Marine Science, 2023, 10: 1082655.

Meng Y Q, Tian H N, Hu X M, et al. Effects of dietary lipid
levels on the lipid deposition and metabolism of subadult
triploid rainbow trout (Oncorhynchus mykiss)[J]. Aquaculture
Nutrition, 2022, 2022(1): 6924835.

Wang Z, Dong Z D, Yang Y T, et al. Histology, physiology,
and glucose and lipid metabolism of Lateolabrax maculatus
under low temperature stress[J]. Journal of Thermal Biology,
2022, 104: 103161.

Roberts F L, Markby G R. New insights into molecular
mechanisms mediating adaptation to exercise; A review
focusing on mitochondrial biogenesis, mitochondrial function,
mitophagy and autophagy[J]. Cells, 2021, 10(10): 2639.

Tu HY, Yuan B S, Hou X O, et al. a-synuclein suppresses
microglial autophagy and promotes neurodegeneration in a
mouse model of Parkinson’s disease[J]. Aging Cell, 2021,
20(12): e13522.

Steinberg G R, Hardie D G. New insights into activation and
function of the AMPK[J]. Nature Reviews Molecular Cell
Biology, 2023, 24(4): 255-272.

Canbolat E, Cakiroglu F P. The importance of AMPK in
obesity and chronic diseases and the relationship of AMPK
with nutrition: A literature review[J]. Critical Reviews in
Food Science and Nutrition, 2023, 63(4): 449-456.

Zeng L, Wang Y H, Ai C X, et al. Different cold tolerances
among three strains of large yellow croaker: Related to
antioxidant defense and energy metabolism[J]. Fish Physiology
and Biochemistry, 2023, 49(3): 471-486.



1150 [ K R 2 %3145

M echanistic studies on the effect of low-salinity acclimation on energy
metabolism and mitophagy of Larimichthys crocea under acute
low-salinity stress
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Abstract: The large yellow croaker (Larimichthys crocea) is one of the most economically important marine
fish species in China. Reducing water salinity can effectively prevent white spot disease, but it can also cause
low-salinity stress and damage to fish. Low-salinity acclimation can improve the body’s tolerance to low
salinity; therefore, it is necessary to explore the specific physiological mechanisms of low-salinity
acclimation in fish under low-salinity stress. This study aimed to investigate the effects of low-salinity
acclimation on energy metabolism and mitophagy in the large yellow croaker under low-salinity stress.
Juvenile large yellow croakers with a body weight of (53.46+1.47) g were transferred from natural seawater
(salinity 25) to water with a salinity of 20 and were cultured for 7 d and then exposed to low-salinity (salinity
12) water for 24 h. The results showed that low-salinity stress increased reactive oxygen species (ROS),
adenosine triphosphate (ATP) content, tricarboxylic acid (TCA) cycle enzyme activities, and mitophagy gene
expression levels, indicating that L. crocea improved aerobic metabolism and mitophagy under low-salinity
stress but still suffered from oxidative damage. Compared with the low-salinity group, the low-salinity
acclimation with low-salinity group showed increased ATP content, TCA enzyme activities, and mitophagy
gene expression levels but reduced ROS content, indicating that low-salinity acclimation reduced oxidative
damage by improving energy metabolism and mitophagy in large yellow croaker under low-salinity stress.
During low-salinity stress, adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK) activity
was positively correlated with TCA and fatty acid p oxidation enzyme activities and negatively correlated
with fatty acid synthesis enzyme activity, indicating that AMPK promoted energy-yielding metabolism and
inhibited energy-consumptive metabolism in L. crocea, thereby improving energy generation efficiency.
Forkhead box class O3 (FoxO3) mRNA levels were positively correlated with the expression levels of
mitophagy genes, indicating that FoxO3 participates in the regulation of mitophagy gene expression during
low-salinity adaptation. In summary, low-salinity acclimation improved aerobic metabolism and mitophagy,
inhibited lipid synthesis, and enhanced the tolerance of L. crocea to low-salinity stress.

Key words: Larimichthys crocea; low-salinity acclimation; acute low-salinity stress; mitophagy; energy
metabolism
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