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BE KT HER B KT XK R 2 % B K % SR (Scophthalmus maximus) fg iR 2 4L
EREBAER, RFRHIATTIRERET AR IR 2B/ RRE, A E K Z & MK
HERNEERREFRE, AFREET 3ANREHEA0, 20 1 30), N HEARLE 4 Mk
G EMWE (8%, 12%. 16%7F1 20%), ST EFEHE T A e & B/ K Z4 & & KMERE.
fe A R AKX EE KL N, ERET, BREEN 16%0, }hZ 20 5#HF 30 42 5 K
oG e EKBRELEEZR, BE 0 4WAEKEREERTHE 20K 304; HEH 10
B, KESFGalEKEEMEHSEN Y Y m, KEEHAE 20%4, A5 THE 30 5
hIE 20 TH 20%4 ., e X EE LA T T, £HE 10 MBE 20 KALHT, SHERE
AR B E Ixra. cyp7al 1 srebp-1 MR A EEAMBEH S EATELE A EBRKGAS, &
HAELZEN 100, RUANETAET THMEEA, 20%4 L KT H & 4H(P<0.05), Wik, #
FE 10 BF, acc 0 fas FE B REZ KT R, B 20%H FHEMF, £ R%AHRELER
B 5 RBKAIK B HEE apoa-IV EHJE 10 T 20% A kr By THEZELAHTEME
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L0 BE SRR W €0 43 A AV A I AR R F, R
AR AR AR AR B A A B R
(Bowden, 2008), KK HA —EMWmihM:, nT
38 2 98 3% PR T A — 2 R BEYE B N AE AF (Anni et al,
2016), {HYER BEAR {0 o f0 0K B 099815 g T B
W ARNIAEERRA, & RYURE S KA, 5k
ORI NN, FECE RIS . REENLRE NI, %
B AEEELSE, £ 2SR T (Qiang et al,
2013; Khairnar et al, 2015; 4, 2022), X241
WEE RUL, W N AEE A RME— e A, hE
TIEFAERARERERZN B, A K S E
BASG. BT, KT N iR K2 4E e
BB VE T T HI(L et al, 2020; X85, 2020), BLA
KT B 5 it A Q%) 9 9 A3 3 A 00 e 3 1 A2 Ak
S B ik 3 B LB M (Abdel-Latif er al, 2023; 5K 545
85,2021, AUGEARTIIBIG L B, R T R
2 W (Scophthalmus maximus) - JIE H K 2 A B A 5 4H
KIS T XMRER B (A me 1, 1 73 B A i 1 m]
AE B S HIGER W af 1Y B 23K 42 (Liu et al, 2020),

JIg T AR 2 A R AL AR L R A A A T 3l Y LA
R, FEAEANE AT, W B 2R R Eh R AR
W, FEAIEIE PRI . s . G RURE s
IF W K B B A OC B il RN 5L s I my LA AR A s 42
(Cho et al, 2015) faPRk AR Y i 5T & B FIZH 25 5
i S A i 5 A 38 a8 428 v %) o B QB R PR DA R 4% ol oA
3K B B PR SRR (1Y) 32 B S R Mz AR 2Rk, X
T I R 3R K 1 AT 9T 45 R e £ 44 g o AR i AR
Ao AWFARIE, TR BT & A O S )
BRI A SCIE R A A W g2y, i, Xk
H B3 Cynoglossus semilaevis) W &5 g Wi TEEH21.88%)
HEANE] T ace-2 N fas WIAHXTFRIK(Yuan ef al, 2017);
ERZEEEd, Bl AR S K B9 3G R A
fas. Ipl. ppara Fl mtp F& R BYFIT 0k 5 B E 1,
cpt-1 1 Ixr WA Rk 1t I I (Peng ef al, 2014);
TE R VPG 7 (Salmo salar)™F, TR A RKAE 2 A
FNHE W R /K 5. 35 AR T srebp-1 133K (Hixson et al,
2017). SR, SR TANIRIAG D5 2w im BHEAS A3 B2 T
Xof 8 25 Mg I AR 3 2 PR 3 35 1 2 i 30 oA DL 4

FEEBEH 1992 4FE5| AFRE 5, BT B i
DX 2 b T 1 U 1 32 8 0 % R B o b (R 3 R A
1998), KRZZ0FEE FE 2 J IR, iU BETESR I 12~
40 JOB NS ARG, EERBETEEREE 5 RYIREE M AR
fE(RFEFRTE, 1998), T4k, WHEB . WIFHK
I FE T oR 45 T BIOE B R 22 0T 5% 14 7K 5 U5 AN DX 380AN
Wik 2D, FRFE DX 5 ) PV B DX H R, X KR B B IR

ERPERIE T R AR, L, TR AT OG
TR E R EOCE SRR AR = AL 45 5, A
WFFE LA RS SEL g IS0 42, B 3 AN ERERRE |
4 g7 & ARRE, BEORAEAN AR IR BT T AN [E AR iy
AR K EE By AR KR RE L B AR A DG A
FEIR B o W58 25 K IR B 52 ma i o A 1) £
TR A0 R ER (038 N M, B e S KSR BRI R R Ah
b= Ry LN SIS N 8
1 MRIEFE
1.1 SKIEEst

DI . SRR AN EEE AR, Ml IR R,
A 3 R A AR g B e, TC R 4 FPOAS TR D i
AR A AR, 3% 2T S JE R AR I A B /] S0 A
W, Nl A=A 8% . 12%. 16%F1 20%, HlE
H &k 43.02%, KSR 11.7%, K&
EN 8% SLUG AR AR S o W 1

Tab.l Composition of the experimental diets
% JIg i & 4t Lipid content/%
Composition/% 8 12 16 20
a4 Fish powder 5136 5136 5136 51.36
R4 Shrimp powder 1027 1027 1027 1027
I ¥} Wheat flour 1027 1027 1027 1027
i) Yeast 3.90 3.90 3.90 3.90
i 18} Squid powder 2.88 2.88 2.88 2.88
HEAE K Kelp powder 092 092 092 092
45 Be# Wheat gluten 4.83 4.83 4.83 4.83
Z %" Mineral premix 1.03 1.03 1.03 1.03
Z4E Vitamin premix 1.03 1.03 1.03 1.03
217/ Fish oil 1.51 5.51 9.51 13.51
24 % Cellulose 12.00 8.00 4.00 0.00
A4 Total 100.00 100.00 100.00 100.00

1.2 {AFBES5LWZIT

SO R ZEBEL B IR RS S R
FRAHE], BEFE 1 800 BB R 6T, P34 A%
36 MEHKFEFAHGSO LR R 7 d, FREHAKAK
SRUEIK, EREECH 30, /KR H(14.0£0.5) C, HEA
(8.0£0.5) mg/L, pH & 8.0+0.2, SEHEEH 121 : 12D,
BRI AN AT HE0, AR B 1 WL L R pH
R A KT bR, RFFFRIE AR AR E o

SCE R 12 AN, 3 AN ERERREE (10, 20 1 30),
BEAERFEXT R 4 FPRE T & 5 (8% . 12% . 16%F1 20%),
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il 3 ANEE . R 30 4 MR RARIEEK, HhE
10 A1 20 2558 HI7K B R SR R 7K FNR 7K /20 S Fe i
B, HASAF AR o SCRTF LR AT, W WA R |
REMAK, KE H(18.99£1.78) g, 4K J(10.85+
0.71) cm, K #(8.91+0.59) cm, SZEIINE], 4 K%
M 2 YR (08:00 F1 18:00), ML MK AT 1%2 i1
TNBRE N 2%, Heid e BT B F gkt o
MIFRFE A, L5 AR 60 d.

13 HmRESERKERNE

FFH LI AE RS A5 24 h, FREICRA R E |
WK MK, SARHL%E 9 B, #iH 200 mg/L i)
MS-222 JREEIG, VK THGH S O EE A GRAT
BIE ST BITE R A TR, —80 CIRAER& T, F4H FbE
MLEEHL 9 FEff, MS-222 BRI vk L e fife 5 B T
PEIERRE, JFRFARELHSD, FEAR:

HSI=Wy/W, x 100%
b, WO () W IR (g).

1.4 2 RNA RELS cDNA &K

it R AR A AERHEE (AL 50 A7 BR 2 B RNA 42 HUR
M ERBUTFAEA 28 RNA, ] Thermo NanoDrop
2000/2000C HEREIPEICRE TN RNA Yk BEFI 4L
B, T 1% SR R KA I RNA HYSEH ), RNA
SR T80 CHAfE. AL 2N &A= WHE AR KM A
FRZ\ F](TransGen Biotech) TransScript —257% gDNA %
¥ & cDNA & il &5 i cDNA, 20 CHRAF# .

15 EHBREHXE= PCR

AR A S cDNA A, i F K 2 2 Wi gk
TOROGreen qPCR Master Mix i &, 7E Applied
Biosystems StepOnePlus PCR ¥ #4752 o i 1
PCR(qRT-PCR). WA &R 20 pL: Master Mix
10.0 uL, RNase-Free ddH,0 6.4 uL, 514 F F15[4 R
% 0.8 uL, cDNA #i#z 2.0 pL, W FEF : 95 'C. 60 s;
95°C. 10s; 60 °C. 30s, PfI 40 K. Lk B-actin %
PRSI, IR B G (I X Z 1K o, ra;
NE Wi IR A Wi, fas; NHEEE Ta-F21LEE, cyp7al; 2
FEEH A-IV, apoa-IV; ZBEHME A BRILH, acc;
feWimR4h 5 H , fabp; WBERHYCIFLSEER 1,
srebp-DFIHFF 5] H Liu %(2020), 5149155 W3 2.
51435 i A T AR TR ()R A BRA R A R,
F 272 A H SRR A R A =

1.6 HiEabiE
25 B S Y {E AR 1 22 (MeantSD) s, {#i

®2 ERRGEEXERARNSERSIMFTI

Tab.2 Primer sequences of lipid metabolism-related
genes and fS-actin gene

%1 Sequence(5'~3")

5% Primer

Ixra F TACAACGTGTTGAGCTGCGAAGG
Ixra R GGCGACACTGCTGGCACTTG

fas F GTCGCATTCCACGGCATCCTG

fas R CTCCACCTGGTCCCTTTCAAACAC
cyp7al F ACTGGGAGGTGGATGGTATCTTCG
cyp7al R GCCTGCCTCGCTTGACACTTATC
apoa-1V F GGAAGTCAATGCCCGTCTGG
apoa-1V R GTCACACGCTCTCTCAGCAC

acc F GTTCCAACCAAGGCTCCGTATGAC
acc R TCTGCCGACCACCACACTCTG
fabp F GGCTGCTCACGACAACCTCAAG
fabp R AACTCCAGGGTGCGGAAATTGC
srebp-1 F ATGTCAAGAACGAGCTGCCAACC
srebp-1 R CCTGCTGCCGAAGTGTCCAAC
p-actin F CATGTACGTTGCCATCCAAG
p-actin R ACCAGAGGCATACAGGGACA

SPSS 18.0 H X i 15 Kt AT gL it Moy, (i H]
GraphPad Prism 6 A TE F 24, RN 27 2
AT (two-way  ANOV AT A= K i I IR Qg AR o
FERHEAT WA MRS, fH Levene Ky 22570, i
JH Duncan £ 5 [LASHT TR G H 5 , P<0.05 R b K-

2 #HR
21 AEHEMEHSERENAETL G4+ K1
EA:aEAD

M2 3 AT, FhEE AKX K32 4 fo 2k K fig
2 (P>0.05), (HZEREE IR & i T A B 5 m,
NEMT & B 16%557F T, $h 5 30 F1 20 494 KRB =
T 10 A K PERE, HIERE 30 F1 20 4 AR
2 TR 10 4R PRE (P<0.05) 5 B WG 2 27K 7%
KEE B4y 0 A 4 M BB 152 1) B 3% (P<0.05), Bl i i
TENFE, KREOERE S T 55 AR R 3
(P<0.05); hFEEFBE BT & 5 038 B AE FXT K264 £
A K BE B B2 B 35 (P<0.05) . TEERAE 30 F1 20 5544
T, BEERRD &R, REFarE KRR
TG AR, Bl KR 16%4 ,
H 2 M Z B KRR 2ZE 5 A B E(P>0.05); 7Eih
JE 10 FREEAME T, AR &= THE, KE6EY)
e KRR R I T = R, SRl i A K SR B
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20%2H, JFHAREE 10 T 20%24 i K g s T4k
FE 20 T 30 T HY 20%41 o 5 B /K5 15 5 Bt AKX
K2 G4y £ AR L 1) 5% 0 5K 1 3 (P>0.05), R R
JE 105 7 £ 19 28 EATE FH OO R 22 6 4 £ A LL 7 5 i)

F(P<0.05), 1R 10 T, FFAR LU RGNS W5 2 2 A T
I THE, 20%4 B ATAA b B (P<0.05), HARRE 10
20%2H B IR He 38 v R B 30 A1 20 T 20%4H A9 T
& H(P<0.05),

x3 ARHBEMEHSELETRETHE E KR

Tab.3 Growth performance of juvenile turbot under different salinities and lipid concentrations

20531 ZORIKE kLK S NN i RN=
Groups Final weight/g Final total length/cm Final standard length/cm HS1/%
EhE 10 42.71+0.91 13.91+0.10 11.01+0.08 0.96+0.04
Salinity 20 41.92+0.87 13.79+0.10 11.06+0.08 0.91+0.03
30 41.70+0.89 13.73+0.10 10.93+0.08 0.98+0.04
Rl o & 8% 34.97+1.15° 12.94+40.13° 10.31+0.11° 0.88+0.04
Lipid 12% 41.71£1.10° 13.59+0.13° 10.85+0.10° 0.96:0.04
concentration 16% 47.62+0.95° 14.51+0.11¢ 11.54+0.09° 0.98+0.04
20% 44.13£0.87° 14.19+0.10° 11.30+0.08° 0.99+0.04
L x g5 & & SalinityxLipid concentration
10 8% 35.4242.23° 13.07+0.26" 10.34+0.21° 0.77£0.07
12% 44.28+1.82° 13.91+0.21° 11.01+0.17° 0.87+0.07%°
16% 44.27£1.60° 14.17+£0.18" 11.23+0.15" 0.99+0.07°
20% 46.86+1.52° 14.50+0.17° 11.45+0.14° 1.21£0.08°
20 8% 34.05+1.82° 12.82+0.21° 10.25+0.17 0.87+0.07%
12% 42.09+1.88° 13.69+0.22° 11.07+0.17° 0.92+0.07%
16% 49.67+1.76° 14.69+0.20° 11.74+0.16° 1.07+0.07°
20% 41.84+1.45° 13.95+0.17° 11.20+0.13° 0.78+0.07°
30 8% 35.44+1.92° 12.93+0.22° 10.33+0.18° 0.98+0.07%
12% 38.77+2.03% 13.19+0.23° 10.47+0.19° 1.11£0.08°
16% 48.91+1.58° 14.67+0.18° 11.67+0.15° 0.87+0.07°
20% 43.68+1.54° 14.13+0.18° 11.24+0.14° 0.98+0.07%
P 1{H Sig.
Eh B Salinity 0.706 0.450 0.485 0.332
Rl o <0.01 <0.01 <0.01 0.190
Lipid concentration
R X Sl o= 0.015 0.021 0.024 <0.01
SalinityxLipid
concentration

T RPARFFRERR AR | AR W7 & KT AR K PERE 2 18] 22 5 .35 (P<0.05), o Rl 5= Bl ) 2675 22 5

R 2(P>0.05).

Note: The different letters in the table indicate significant difference in the growth performance under different salinities
and different concentrations (P<0.05), no letter or the same letter indicate no significant difference (P>0.05).

22 AEHEMEHSELENKREFHERERN
A X E E RE B RN

AEER BT, ANE BRI 7 K- XF K22 61 4]
5 B QIR SCRE R Gk i g mm DL 3R 4 AN 1. ik
4 0] 5, FREEIKSEXT ace F srebp-1 F R 1) ik & 5200
R E(P>0.05), Xt bera BRI EATAE 1 & 5
(P<0.05), XJ fas. cyp7al. fabp F apoa-1V FEH )3

IR AEAE N B I (P<0.01), BB & /KX fas
H srebp-1 FEP I FIEBEAT AL W F (P<0.05), X
acc. cyp7al . Ixra, fabp Fl apoa-1V FEIH ) F ik &1
TEAR A 5 (P<0.01) o £5 B2 AR 5 15 12 A4 22 H AT T
X ceyp7al . fabp. apoa-1V. srebp-1. acc F fas FEH
(1) 235 B AFAE 0 5 52 A (P<0.01), X [xra BRI
IR TC i I (P>0.05)  TERAERG T & i 0 16%0
ARG T cyp7al . apoa-1V. Ixro Fl srebp-1
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FHRREETE, LT fabp l acc FEHR BT E T ; 7F
KRR W (8% FN 12%)F, 8 EEMIREARIME T cyp7al |
apoa-1V F srebp-1 BRIk, LT fas M ace
FEHR M RIE R FERIETT 20% ~, $hERREAS EIE T
fabp F apoa-1V BN RER, ME T Ira. acc Fl
cyp7al FEH B FRE &

TEERFE 30 T, Ixra. fas. srebp-1 Fl cyp7al KA
(3R T AR 7 5 5 00 o 2 e T e e AR A e 3
16%4H srebp-1 F1 cyp7al FEPH Y3155 0 3% = T HA
4 (P<0.05), Ira FI fas FEPH Ak & T HAR A
(P>0.05); 20%4] acc FEPHAYFE A& % 5 T HAbAYL
(P<0.05); apoa-IV F1 fabp 3 Feik 5 bl fig & &1
TR RS, g, 8%4] 3 m T A& 4
(P<0.05).

TEERE 20 B}, Ixra Fll srebp-1 FEIH )3 15 1 Pl IR
105 B T e R S T e S BRI A B, 12% 4] Rk
e, BEET 20%41(P<0.05); ace SEH M) FRIE R
Bl B 7 i 0 e SRS TR R, 20%40
BT HALLL(P<0.05); fabp JEIN 133k 5 B g
T T RS TT RS T R B R E(P<0.05) ;
apoa-1V FER I FIRETE 20% 4 fermy, 03 = T HAAS
H(P<0.05); fas SR pyFRIK BRI & 1 TH i B2 R R
MIRaH, 8% MRk i b 35 5 T A 45 41 (P<0.05).

TEELEE 10 B, Ixra. srebp-1. cyp7al 1 acc #E
(1) 22 3k 1 BB g D5 7 1 ) FH 5 RS TR R R A

By 12%4 ace REMWELRERF S T HAd
(P<0.05), [Ixra. srebp-1 Fl cyp7al FEH ) FREE 5

T HALLH (P>0.05); fabp FEIH 03 15w Bl AR 5 5 1 7Y
Thim B TR TR N BRI, 20%4] Rk i i
i, BEET HABAH(P<0.05); fas F 5 HFE
JR W i T i 5 T RS, 20%4] ik eIk,
I EAR T HA A 41.(P<0.05) ; apoa-1V Fe[H i) 22 15 £ bl
NEWi & m T 2T m S, 20%4] 1Y 3=k 5 i
L, W T A4S 4 (P<0.05),

3 ifip

ERBEAE R K A A ) B IR IR -, R R e B
Bt S py e K L AN A R A S Bh 4 (Wu et al,
2017), Jf H 2T I AET 2 M e R 4E F5 N IR 5
S, L, e R A B A R B AN T RE AR,
Jg oA 2 £ S i A EE B A A R Ao DR
BB AU K2 LR K AR A ) A KPR R L BR
A A B A B P A5, A I X R B 36 A et R v
2 X EE(Li et al, 2022) A5 T A R ELE A4 T

ANTEI g 7 5 B AR SR R SR 1, BT T AN
5 2 oI AR 3 R K S5 B 4 £ 0 A K M BE TR T
i P E TSESINl-A 8

TEARIIEH, fEELE 30 5 20 i), BEE IR &
MITFFE, REEOEL il A K B T Ja B AR AR 3
AP AR R IR & it 16%41, @il 16%
AR R Z TR, X5 X1 (2019) [0 55
(2013) . % £ % (2015) 78 45 ¥ 4 (Rachycentron
canadum L.), HH 1 (Onychostoma simus) . #Hii 1 B
i (Epinephelus coioides) 45—, I EHIE
J K R A — 2 R BRI, e oK F il g2 3 3L
TR A FH 3T B T A ) 2E K OF IE 5§, 2021), 53
Fh, REE 20 5 30 N AYRZEFY A A K PERETC W
25, JUH IR R AN & (16%) I FR 5 554 T .
ULEHER B 20 X KEE 61 IR G OR U6 I T A & 7 A AR Ky
i, ATLUEATIEH IR . A i ERR I % E(16%) R,
ERBE 10 41 K2 BE Ly f i A KPR REZR T 4R B 20 A0
30 41, ULPATEULER BT 295 KEE WL fa =k —E 1)
Jpie . PRI, MERBEREIRE Sk, RAARKERATLEE
Z5. XSEE 10 KT REDE & 20%A 4K«
A G, EEREE 10 N REEET4 0 0 A= K 1 RE Bl AR 7
FrE PSR N B AR KRB BUAE 20%41
HETEHE 30 5 20 THY 20%4 , v E s fE— &
FEEE D28 A T ARER PRBE R Al 1 A 4 Wpe o HST & fa 2k
FU X 0 RN K 378 55 T SRR AR UER 9 8 A (T 2 4
2009), YFEZWF5EEM, HST SR IE Bk %
PIAI2E (Luo et al, 2005; Lopez et al, 2006), 1E—ETE
BRI PN, AR L 384 o U] 35 B MILAAR A e, £ A AR KA
R AFCRATEE, 2014), {H A3 0T E AR B DORR AY 38
Z, et . APk B, FEHRE 10 K5
BEAAAETT, A LU B A 10 25 2 3 s i3 s, HL 20%
ZH AR BT HE v T Al 2, DR s A A — R R
LG T ARER A 1 AR, R, A T
2 Wi o SR ARIE N, 3t 5 A oY 2 SR b I G i A
K H PR 3R 1 45 A — 3

JHF B 2 B AR & A G T B 3 B (B R AR,
2023), JHE AT gk 2 28 i 54 oA B % AS I PR 45 (Lai
et al, 2021) ¢ BT X 32 AR (Lors)J2 18 15 BT ER Qs i 72
ROSCEEILR, FEMIE ra M Drp PIFRERL, Ixrp
BB RS, o TEAFIER RIS B E ; Ira 1F
JIFL [ B 5z R R RN IR U R A N A el R R R AR
FH, YRR IR E B, R A B AR A (R B
%,2021). CYP7AL J&FFHEAE 7R & Bl i) 2 22 B 1 fifg
(Li et al, 2009), srebp-1 S5 T HERS B A i 72 Y
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x4 FARBEMEHSELETERARGERREIENTEZSHT

Tab.4 ANOVA for expression of lipid metabolism-related genes of turbot under different salinities and lipid concentrations

H P Gene AF 5 Source of variation ~ Sum of squares df Mean square F P

cyp7al 5 W5 & & Lipid concentration 1.314 3 0.438 11.755 <0.01
ERJE Salinity 0.970 2 0.485 13.010 <0.01
R x 5 A 1.261 0.210 5.639 <0.01
SalinityxLipid concentration
%2 Error 1.006 27 0.037
A 5E Corrected total 13.012 39

acc Mg i & & Lipid concentration 807.729 3 269.243 33.500 <0.01
L EE Salinity 53.371 2 26.686 3.320 0.051
R x G A 1 568.425 261.404 32.525 <0.01
SalinityxLipid concentration
%22 Error 217.001 27 8.037
&E 55 Corrected total 5810.466 39

Jabp fig i & & Lipid concentration 166.639 3 55.546 114.587 <0.01
EREF Salinity 72.400 2 36.200 74.678 <0.01
o x 5 e 59.897 6 9.983 20.594 <0.01
SalinityxLipid concentration
=22 Error 12.604 26 0.485
SE 5 Corrected total 1187.434 38

Ixra HE i % 12 Lipid concentration 1.004 3 0.335 5.115 <0.01
EREF Salinity 0.523 2 0.262 3.997 <0.05
o x 8 e 0.893 0.149 2.273 0.066
SalinityxLipid concentration
%2 Error 1.767 27 0.065
BAE S Corrected total 25.247 39

apoa-1V H& Wi & Lipid concentration 63.919 3 21.306 19.149 <0.01
B Salinity 22.402 2 11.201 10.067 <0.01
ThE x I8l &= 97.141 6 16.190 14.551 <0.01
SalinityxLipid concentration
%2 Error 25.591 23 1.113
BAE S Corrected total 535.336 35

fas E Wi ¥ & Lipid concentration 2.934 3 0.978 3.943 <0.05
B Salinity 18.63 2 9.315 37.562 <0.01
ThE x gl &= 7.158 6 1.193 4.811 <0.01
SalinityxLipid concentration
%2 Error 7.192 29 0.248
BAE S Corrected total 103.632 41

srebp-1  JIgJi % & Lipid concentration 2.391 3 0.797 4.172 <0.05
R JE Salinity 1.295 2 0.647 3.389 0.051
hEE < B G R 4.886 6 0.814 4.263 <0.01
SalinityxLipid concentration
%2 Error 4.393 23 0.191
BAE S Corrected total 19.012 35
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Expression of lipid metabolism-related genes of turbot under different salinities and lipid concentrations
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The different lowercase letters in the figure indicate significant difference in the expression levels of lipid metabolism-related
genes under different lipid concentrations and same salinity (P<0.05). The different capital letters indicate significant difference
in the expression levels of lipid metabolism-related genes at different salinities and same lipid concentration (P<0.05).

KRN, JUF-2 5 A JEERE 7 2 A0 H i =5 5
BRI AF O L D4 () 223k 895 (Shao et al, 2012), Ixra At
VT cyp7al | srebp-1 S 5PN B (Wa et al, 2019;
On et al, 2019; Jun et al, 2011), ARWFFEH, FEIEHFF
FEAAFEREE 30 1, Ixra. fas. cyp7al F srebp-1 FEH
(2R 35 1 B AR e AR U 5 1 0 TR R SR TR R R R
MRS, R ERRNT & 16%)5, Riba R, Ui
BITE IE W SRR EE T s IR U s kAR B, x5
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Abstract
northern coastal areas of China. Recently, low salinity stress is an important factor influencing the

Turbot (Scophthalmus maximus) is one of the most economically important fish in the

development of the turbot industry. Lately, the industry has faced challenges posed by low salinity stress,
a key factor influencing turbot development. Salinity fluctuations represent a crucial environmental
stressor in aquaculture, impacting osmotic pressure and inducing abnormal energy metabolism. Our

preliminary research had identified that low salinity stress contributes to lipid metabolism disorders in
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turbot. This study aims to investigate the impact of varying lipid concentration levels on the lipid
metabolism disorders induced by low salinity stress. To achieve this, feeding experiments were conducted
with different lipid concentration levels under low salinity stress conditions, determining the optimal lipid
requirement for turbot to cope with reduced salinity. Three salinity gradients (10, 20, and 30) were
employed, with four lipid concentration gradients (8%, 12%, 16%, and 20%) for each salinity group. The
results revealed that at a lipid concentration of 16%, no significant difference in the growth performance
of juvenile turbot was observed between the salinities of 20 and 30. However, the growth performance
under a salinity of 10 was lower than that under salinities of 20 and 30. Notably, under a salinity of 10, the
growth performance of juvenile turbot increased with higher lipid concentrations, reaching its peak at
20%, surpassing values under the salinities of 20 and 30. Regarding the expression of genes related to
lipid metabolism, under the salinities of 10 and 20, the expression levels of genes related to lipid synthesis,
Ixra, cyp7al, and srebp-1, showed a trend of first increasing and then decreasing with increasing lipid
concentration, particularly under the salinity of 10. The expression level of the 12% lipid group was
higher than that of other groups and the expression level of the 20% lipid group was significantly lower
than that of other groups (P<0.05). In addition, under a salinity of 10, the expression levels of acc and fas
also showed a similar situation. They were both suppressed in the 20% lipid group, and the expression
levels were higher in the 12% lipid group. The expression level of the gene apoa-IV related to lipid
absorption in the 20% lipid group under a salinity of 10 was markedly higher than that in other groups
under the same salinity conditions (P<0.05) and it showed a change with salt under the condition of 20%
lipid concentration. The increasing and decreasing trends were contrary to the trends in other lipid groups.
The aforementioned results show that after low-salt stress affects lipid metabolism, feeds with different
lipid concentrations can alleviate the adverse effects of the stress from the perspectives of lipid synthesis
and lipid absorption, and this mitigation effect is more reflected at the level of lipid absorption, thereby
improving growth performance under low salt stress. The results reveal the adaptability of fish to low salt
from the perspective of salinity affecting lipid metabolism, enrich the concentration of fish stress
physiology, and provide theoretical and technical support for the breeding of low-salt tolerant turbot
varieties.

Key words Salinity; Scophthalmus maximus; Growth performance; Lipid metabolism-related genes
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