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B B O CIRSERIE DR P BN R e 2R S BRI RS B ( Scophthalmus maximus ) & W7 A 9 5
Wi, 7 B (16% ) SR (X RELL) Hhr oS TRAN 1. 5% 8RR I S B A 2F B R 1 I 4 AP35 R SRR Tkt
I P WD AR A B D (7. 98 £0.02) g HYRZEFL) 1 HFTEXT G, AL DL 3 TS, 454 30 2
TR TR RGBT I 56 d MR A KAk s . 45 R R M « 4t AL RIS D5 76 4% 21 1) B A (3% 22
S0 PRIRELNR 35 A A AR 2 e ARG, S 5 IR TP M MR A o ML H ol = 0 L ] 55 1 B R 4 e
i, B TR o TR SRR SRR I IR AR T iR EPA i AR RARR TR T R C18: 2n-6 Al C18:
3n-3 Erhdo Rl rh SR R R (AN I R T R EE BT R U A R SRk B T T IR IR Kk
B OCHE K (FAS) Y15 s F IR Tt 7 R A AR DG P DGATT B335, Thi 2B RR R AR 1 R 7 45 1
FARHER (ACACB \FAS \SREBPI PPARal \PPARy Fll LXRa) 33K o AR5 T, AR BT A A WA PR A . 35 5
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(10% 7e47) o FELVEERFSE H, 56 T H AR 24 i
PR A5 24 R E 9 K 22 0 1 LA SR o, 1fiy 2 A3
FERTEFLAE S T R 0 % e e ARG A R ) 5
Mg ARSI A A B RAE BN N
T 2 SRR I S A 4 I ) AR 5 1
1 MBS HE
1.1 RgedEst

TR RV HiE K 22 BT 4 0 B AR 5 7R R 13
Tho TARHE IR DL Ry RO K S 4 B 4R
R REIWTIE 32 2 DL fa oy A G o 32, R S8

KRR (S AN 44% RIS I & R 2k
16% , B 1075 4 130 3 s b AR o 3 o 7 Tk
Tk 32 BIER N 1. 5% SR B 2R (Met) | 5
PR 5282 ( Cys ) 1 b A 27 8 82 ( Tau ) o e i H:
bR AL BEZE (26 1 A1 2) o A A kL EURE G AR
Ji 3t 60 H i, 3% FOH K kK A iR X oAt
e 2l 4 R R SR R AT IR Ao TR AR KR
5o fi FH S B8 28 /N R BBBURT B AL o B AR 3
mm [ ROREEEL, 50 CHERR P9 T4 12 h 5 iCE F
-20 CHEP A

F1 KEARMEREERAEFRRS D ( % THRER)

Tab.1 Formulation and proximate composition of the experimental diets ( % dry matter basis)

2 51| Groups

i H Items

Xif B84 Control HRABR Met R R Cys A1 R Tau
ffi 45y Fish meal 40.00 39.50 39.50 39.50
KEW4EH H Soy protein concentrate 10.00 9.50 9.50 9.50
1 Soybean meal 8.00 7.50 7.50 7.50
/NFE K Wheat meal 21.68 21.68 21.68 21.68
PG % EF Brewer’ s yeast 5.00 5.00 5.00 5.00
W4 i PR Mineral premix 0.50 0.50 0.50 0.50
2 Z IR Vitamin premix 1.00 1.00 1.00 1.00
WEAR — %55 Ca(H,PO,), 1.00 1.00 1.00 1.00
4i2E 2% C Vitamin C 0.20 0.20 0.20 0.20
S ALRETE Choline chloride 0.20 0.20 0.20 0.20
B Attracrant 0.30 0.30 0.30 0.30
A FEMEME Ethoxyquin 0.02 0.02 0.02 0.02
NERES Calcium propionate 0.10 0.10 0.10 0.10
£ i Fish oil 5.50 5.50 5.50 5.50
Sl Soybean oil 5.50 5.50 5.50 5.50
URgEIE Soy lecithin 1.00 1.00 1.00 1.00
HE A iR Methionine ( Met) 1.50
KRR Cysteine (Cys) 1.50
4 1R Taurine (Tau) 1.50
41 Total 100. 00 100. 00 100. 00 100. 00
H K SE Proximate composition
M HE R Crude protein 44.13 44.17 44.41 44.68
HAEHG Crude lipid 15.86 15.71 15.67 16.13
MK Sy Ash 8.05 7.91 7.89 8.06

TE AR M O BT A R BURARI N W 1 T S SRR AR AL ) TR BRA T

Notes; Fish meal, soybean meal, mineral premix, vitamin premix and wheat meal were purchased from Qingdao Green Biological Engineering

Co. , Ltd.

1.2 RBigit5mkgE

TRI0 BT FF K35 0 1 PG 14 45 T T K
AT, BRI F AR £ HCAE 2 000 L F75H
T 14 d R 00 R £ T 2
V(0730 F117:30) . 3 FHLMG 25057 (A i
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TR, JE1T 56 d R A AE KGR . FRAHIE
B FAROEIE KRR 15.2 ~21.6 °C,#h R 27 ~
29,pH N 7.5 ~ 8.0, /KA N 6 ~8 mg/L,
BERAR IR, B Bof v 34 A o A, 5 oF 5 56
R HEAT 5 ARk
1.3 ABHRRE

PSRRI 45 S, B SRR 5 R EE BT
Tk 24 h, 8K J5 X S0 56 A 0E AT FR (B AT AR B
&) G AR AR S5 R A S IR
FREEET P RENLER 3 R RZEGE, A9 B, T &
(1:10 000 ) ¢ JpR I , 04~ fA 4 i o AR L P B

VAo 0 U 0 o DA 0 R R AR H8 . B
MUIERRGL R 6 R fa, F— Pt de (1 mL) 7
e KU . UL ARG (1.5 mL) H 5
TEFERFMTHREES 2 ARG ET 4 CK
PF B AREESS 6 h, PR HHE T 2.0 (836 g,4 °C,
10 min) , f5J , B E 1 VR0 Sk B BRI o o BBt
SERUG KRR T K R FRSCER LA L
B SR BT K2 T BRI AL SERE o BT AR AR il BURE
Ja S RITF IR A TR RS B RS B - 76 °C KA
i A . BURESS S BE L PRIk 4 2% ik
A =20 CUkFE& -

x2 WIRABEMEE ST % BAEME)
Tab.2 Fatty acid profile of the experimental diets ( % total fatty acids)

2 51| Groups

NEWGER Fatty acids

Xt HE2f Control A iR Met & B2 Cys AT iR Tau
C14:0 3.56 3.70 3.51 3.73
C16:0 22.94 23.14 22.88 22.49
C18:0 6.06 6.06 6.15 5.73
C20:0 0.52 0.50 0.53 0.46
C22:0 0.36 0.34 0.35 0.29
> SFA 34.21 34.50 34.20 33.40
C18:1n-9 3.06 3.12 3.05 3.04
C22:1n-9 0.11 0.12 0.10 0.11
C24:1n-9 0.18 0.09 0.37 0.33
> MUFA 3.36 3.33 3.52 3.48
C18:2n-6 36.99 37.16 36.40 37.03
C18:3n-6 0.22 0.26 0.27 0.27
C20:3n-6 0.05 0.05 1.53 1.34
C20:4n-6 0.84 0.85 0.80 0.85
> n-6PUFA 38.10 38.32 39.00 39.49
C18:3n-3 3.96 4.01 3.94 4.01
C20:5n-3 4.76 4.77 4.64 4.72
C22:6n-3 9.80 9.60 9.40 9.40
> n-3PUFA 18.52 18.39 17.98 18.13
>n-3/Yn-6 0.49 0.48 0.46 0.46

{E :SFA MU ANIRIIIR ; MUFA. SURMERIIRINER ; PUFA. Z2 AEFRIIRIIRR .

Notes: SFA. saturated fatty acids; MUFA. monounsaturated fatty acids; PUFA. polyunsaturated fatty acids.

1.4 #amoi

A K 23 R FHAE T A o R <O (105
CFAYMET 35 (GB/T 6435—2014 ) Il 7€ s #LEE A
R HPLRE &k (GB/T 6433—2006 ) Il 5E 5 JK 73
KA I Kbk (GB/T 6438—2007 ) 5 5
R AR (GB/T 6433—2006) , LA A1 i fik 4 ik
SR ALAR DT 75 4

I35 HAm =85 (TG) BRI (TBA) | & H
[ (TC) | v % AR 8 AR & (HDL-C) AR %
JEE N3 IR B (LDL-C) B d 2 R T g a2

Y LR T iR S AT I

>R AR €8 335 0 T f0 0K 2% 20 3 5 ) B i
TR S o B SRR A R T HLE T 028 T4,
SRIG T 72 CoKs R AT it i) FR PR AL AL B (AR
K KOH-F AT HCL-F B 47 ) , e & ke 46
B, b, B R #EAT LI E . T A
TS5y H A HE GC-2010 Pro, LA G HLES
R 2% o AEIRIHEFR Y LA 15 C/min A 150 C
F+#] 200 °C,%R)50L 2 C/min F}3| 250 °C . EAE
A0 45 A T P4 180 Dy 250 °C
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f#i/ RNAiso Plus (TaKaRa) $2EUILA FFIE |

R L4 g 3 TP %) 5 RNA B R 0 6 e
VK (2% ) F i By £ RNA (1 ML)B’J% P, 4K P
OD260/0D280&L\{DUF)T£TE RNA F)4li J Fnk r ﬁEFFJ

TaKaRa i35f] &5 ( Prime Script RT reagent Kit with
gDNA Eraser ) i 17 ¢DNA 1Y Jz % 5, K TE
GenBank J7513% 11 & PCR W59 (£ 3),
B-actin Fl EFlo W HEEFREER . A ¥ 5 @%I
P SRR 95% ~105% o 51 Y)H FE R b
HEHZE R? (H35K T 0.99, 2865 & PCR {SCRH
Roche LightCycler 96 ;3] &% A TaKaRa & &%
£ (SYBR® Premix Ex Tag™) . JZR{K R 1L
. ¢cDNA #ifz,2 pL;2 x SYBR® Premix Ex
TaqrrM,lO wh; 10 wmol/L Fi75]47,0.8 pL; 10
pwmol/L FE5[47,0.8 ;4K ,6.4 wl, 2é6E
H PCR F2FF:95 CH#s% 5 min; 40 MEH:95 C
fift4iE, 5 555 CiB A, 20s, 72 CHEK, 10 s, f%
J5i 2z e A 2% (1,85 °C/min, P\ 58 °C %] 95
C), e ik &2 B A iE—R PCR FE 7MY,
FAE T 3 IRE A S . mRNA ByFRIATHAR
}EH 2 AAC/,1£[177 .
1.5 HEEE

R8T R PR AT A

We(%)= (W, -W,)/W,x100 (1)
Sex(%/d) = (InW, — InW,)/D x100 (2)
S.(%) = N/N, x100 (3)

F.= W/(W,-W,) (4)
C.(g/em’) =W, /L, x 100 (5)

Hy (%) = W,/W, x100 (6)
V(%) =W, /W, x100 (7)

o W AT W, AR &, g3 W, WP
AR, g5 S WAFE A KR ;D LI KA, d;
Sy HFETER N, AR BEGN, PG R W,
T30 11 R) i R ARDRL B BT i g5 € BT BE s W, Ry
R, g5 L, IRK, em; Hy IR LG W, )i
RS, g5 Vo MR EL s W, S IR &, g0
1.6 HEHTSSIT

A B 22 B = AR ELR (Mean
SE) o BRGER A R 7 2250 Witk AT (SPSS
26.0), Lk Duncan’s Z 8 WAL Hr 4l 0] 22 5%,
2 P <0.05 i}, INE N BEEES
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Tab.3 Primer sequences used in this experiment

KR
Genes

519551

Primer sequences (5'-3")

Z E-CoA #2 1k B
ACACB

IR AT PAS

fig Mt-CoA 4 1k i 1

ACOX1

PAB A P 2 e B5 il 1
CPTI

ZREH I O-BEAEAL TR
1 DGATI

HHm=RRIRNRE ATGL

PR RN HSL

L H R BB«
DAGLa

[l PL

EER 15 1k Jg JV5 B BSAL
like

FERERSIDTHG HL
ReZE ENE N LPL
R H B100 ApoBI100

FHNREN Eo ApoEo
3% HE3-H1 A T -
CoA ibJE HMGCR

JH & OB Ta 1k B
CYP7AI

S G A A 348 B 0
ZAk al PPARal

b AR B A B
4K o2 PPARA2

o G B A 8 B 0
%k B PPARB

T A A T A 3 B A
(K y PPARy

B BT A AR
SREBPI

JF4RMIAZR T 4o HNFA
JIF X 224K o LXRat

B-actin

EFla

F:AATGCCGTTCCTATTCGTC
R:GAGCCTGTCTGAACATCTCG
F:GGCAACAACACGGATGGATAC
R:CTCGCTTTGATTGACAGAACAC
F.TCCGCTACAGTGTCGTTC
R:AGTCTCCCTGGCTGATGT
F.GCCTTTCAGTTCACCATCACA
R:ATGCGGCTGACTCGTTTCTT
F:AGAGCCAAGACAGAAGACG
R.CATTACTCAGCACCAGCAT
F.CGAAAGAGGCAAGAAAGC
R:CGTAGTGAGATACCAGGACGT
F:GCGTGCCCTGCTCTACTTG
R:TCTCGCTGAGGCCACTTTC
F.TCTGGAATGCCTGTAACTC
R:CTCCTCTACTGTCACGGACT
F.TCAGGGCTTTCTGGGATT
R:GAGCTGGAACTCGTTGGTG
F.CGCCGTCCTGACATTAGC
R:AGCCTTGCCCTTCTCCCT
F.GGGCTACGACATCAAGAAG
R.TGAAGGAGATATGGAGGTTT
F.CTCCCACGAACGCTCTAT
R:GCGGACCTTGTTGATGTT
F.TCTCACCCTCGGTCTCGG
R.TTCAGGTTTCTCCTCACAACGA
F.GGCAGCAGATGGAGAAGT
R:TTCAGCAGGTCGTTCAGG
F:CCACGAGCAATGTTGTCCC
R.TTAGGCATCGCTGGTCTTTT
F.TCAAATAGCCAGCGGCAAAC
R:CCATGACAGCTTCGACCCTC
F.CTACTCAAGCCTGGACCTCAACGA
R.TCACTGAAGGGACGCCGCA
F:CCCTGATAACACCTTCCTCTTTCCC
R.TGTCTCGGTCGTCTTGATGTCCTG
F:ACGGCAAAGGCTTCGTTACC
R:CTAATGGCAGCAACAAACAGG
F:AAGTGACGGAGTTCGCCAAGA
R:GTTCATCAGAGGTGCCATCA
F.CGATCCGCACTCCAAGT
R:CCGCACTGCCCTGAAT
F:AGTGCGTGGTGGACAAAGAC
R:GAGTCGTACTGGCGGTCGTTG
F.GCGTCATCAAGAGTGCCC
R:ATCTGATTTGCTCCTCCGAG
F.GTAGGTGATGAAGCCCAGAGCA
R:CTGGGTCATCTTCTCCCTGT

F. TATTAACATCGTGGTCATTGG
R: CAGGCGTACTTGAAGGAG

o F L5145 R RS

Notes: F. forward primer;

14,

R. reverse primer.



4 34 B0 5.

e M AP PR S 5 T e R R X R 2 R 7 A8 452 )

897

2 4k

2.1 RMERER. M EER R 4R X HE S B
FEREMYEE RSB

B ML A RLIG U5 7 25 Ak B2 8] 35 A7 de 2%
P25 (P >0.05,34) o (I, FFIEALAR D7 &5
T B PR 4 e IR, B F AR T MR 4L (P <

*x4

FARRRME SR, I RR R EER KEETE R

0.05) . FHAR L, FFIEZK S0 78 A R B A 5 i
SfK 7R R A R AL B E KT A B R A4l
(P<0.05), 2l H O EEARA B & T X
MR (P <0.05) , & A JK 43 761 B A TR 41 . %
B TRTHRZE (P <0.05) ; LML B e R A IR 21
BE R T HAMAAL (P <0.05) o LA 7K 7> FHE
IKAPELAZ TR EZER(P>0.05),

(%2R E)

Tab.4 Effects of dietary methionine, cysteine and taurine on proximate composition of turbot ( % wet mass)

i H Ttems

2 51| Groups

X} BEZH Control HE R Met KRR Cys H- iR Tau

441 Whole fish

HLISI Crude lipid 5.93 +0.15 5.46 +0.32 5.88 +0.19 5.51+0.32

7K 43 Moisture 76.72 +0.19% 75.98 +0.20" 76.56 +0.26% 77.12 £0.38°

HIEE Crude protein 14.63 +0.21° 15.14 £0.14* 15.04 £0.10* 15.03 £0.09%

HIKSY Ash 3.15 +0.04" 3.25+0.03" 3.28 +0.05" 3.22 +0.03"
WL Musle

KIS Crude lipid 1.19 £0.08 1.13 20.04 1.28 £0.07 1.27 0. 04

7K 43 Moisture 79.27 +0. 19 78.90 0. 07 78.95 £0.07 79.22 +0. 04

FL 1 Crude protein 18.56 +0.11° 18.89 +0. 06" 18.68 +0.05" 18.41 +0.07"
JFIE Liver

HNEHT Crude lipid 20.09 +1.49% 19.73 =0.62* 22.40 +0. 88" 17.67 £0.41°

7K43 Moisture 60.95 £2.20 60.02 +1.08 52.68 £7.05 65.85 +5.64

T [F— 47 A R AL B KO ) A AN [ TR N P B 22 57 (P <0.05) ¢

Notes: Data in a same row not sharing a same superscript letter are significantly different (P <0.05).

2.2 FMESER. IR 4 E RS K5
8% I i & LS AR A R M

AR AL LG H I =R R e T
b2l (P <0.05) , HEARA B & & TR
4L(P<0.05,35) AR ERA M S AH & 5
ERIN T E R T HARA A (P <0.05) , T2

MR L F R T HALSLL(P <0.05) o PFRLETRA
LY HH e 5 I 2 LT e R T R
BAIRAL (P <0.05) , i~ e 2 e 4L i 3 b (%
i 2 F T R R T AR A 4L (P <
0.05) o ML B IHT R 15 0 75 4% 2H 18] JC . 25 1k 22

=
Fto

x5 ARBRTIMESER. FHEBR BB K EETIE R0 EELIEROZm

Tab.5 Effects of dietary methionine, cysteine and taurine on lipid-related parameters in serum of turbot

2H 5 Groups

i H Items

Xif HE4f] Control EH R Met AR Cys H- {2 Tau
=M TG / (mmol/L) 3.54 £0. 44" 3.88 +0.24" 2.39 £0.27¢ 7.95 £0.51°
HJIEHER TBA /(wmol/L) 1.58 +0.04 1.52 £0.05 1.46 £0.02 1.54+£0.06
MUIEERE TC / (mmol/L) 2.80 £0.12" 2.63+0.12" 2.26 £0.12¢ 3.34 £0.10°
B RIS 2R 14 IH . HDL / (mmol/L) 1.05 +0.05% 1.14 +0.06° 0.88 +0.06" 1.06 +0.07°
% B e 2 A I 5 B LDL / (mmol/L) 0.49 +0.06" 0.47 £0.03" 0.70 +0.04* 0.48 £0.05"

T [ — AT AN R Ak B R0 ) A AN ) 5 B A S R 22 5 (P <0..05) 6

Notes: Data in a same row not sharing a same superscript letter are significantly different (P <0.05).

http: //www. shhydxxb. com
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2.3 FMESRR.EFMIMREFEBRITEHA
g ABR %20

S0 IR AR L , 2 o IR 4 AT v BAT (35
[ C16: 0 & 4, [F] I HA B KA €202 3n-3 &5

(P <0.05,% 6) o it FRA A DE = B IT
JEA C18:3n-3 &4 i3 = TR (P <0.05) o
R IFHE v A 5 I M5 7R 55 8 A 45 2 2 1) 2
Tl EZS(P>0.05)

R 6 ARRIRME SR, SRR IR X E AT RS A ER 7200 ( % SBEAAER)

Tab.6 Effects of dietary methionine, cysteine and taurine on liver fatty acid of turbot ( % total fatty acid)

2H 5] Groups

g iR Fatty acids

Xt BB 4H Control H R Met L BEE R Cys H R iR Tau
C14:0 3.11 £0.13 3.04 £0.11 3.29 £0.09 3.09 +0.04
C16:0 12.96 £0.27" 12.58 +0.15% 12.84 +0.38% 14.00 +0.52°
C18:0 2.53 £0.20 2.74 £0.26 2.11 £0.20 2.28 +0.02
€20:0 0.13 £0.01 0.14 £0.01 0.12 +£0.01 0.13 £0.01
(22:0 0.13 £0.01 0.13 £0.01 0.11 £0.01 0.13 £0.01
Y SFA 18.86 £0.43 18.61 £0.40 18.47 +0.32 19.64 0.58
C18: 1n9 24.27 +0.86 24.73 £0.92 23.74 £0.98 22.26 £0.68
C22: 1n9 0.36 +0.07 0.36 +0.03 0.28 +0.07 0.23 +£0.01
(24:1n9 0.05 +0.01 0.03 £0.00 0.06 £0.04 0.05 £0.03
S MUFA 24.68 £0.92 25.12 +0.95 24.09 =1.07 22.54 +0.71
C18:2n-6 34.34 £2.00 34.78 +1.39 36.29 +2.11 38.16 £0.15
C18:3n6 0.19 £0.00 0.19 £0.01 0.22£0.02 0.23 £0.01
(20:3n-6 0.12 +0.01° 0.11 £0.00 0.11 £0.01% 0.09 +0.00"
C20:4n-6 0.65 +0.03 0.67 £0.01 0.67 £0.04 0.71 £0.03
S n-6PUFA 35.32£2.03 35.75 +1.41 37.29 £2.15 39.19 +0.18
C18:3n-3 2.43 £0.05" 2.67 £0.10® 2.81 +0.10° 2.97 +0.08"
(20:3n-3 0.66 +0. 10" 0.60 +0.07 0.57 £0.11% 0.34 +0.03"
C20:5n-3 2.33£0.22 2.37 £0.10 2.40 £0.04 2.61+0.13
(22:6n-3 6.27 £0.30 6.13 £0.09 5.41 £0.55 5.45£0.28
3 n-3PUFA 11.87 +0.27 11.78 £0.23 11.20 +0.56 11.37 £0.45
Y n3/¥n6 0.34 £0.02 0.33 £0.01 0.30 £0.03 0.29 £0.01

TE R — A7 AN R Ak B S IR A () 3B D A7 AE B 2 Pk 22 57 (P <0..05) 5 SFAL (IR HTRR ; MUFA. SR RIENGFR ; n-6PUFA. n-6 25|

ZAMFENITER ; n-3PUFA. n-3 RINZ ARRNEHIRR

Notes; Data in a same row not sharing a same superscript letter are significantly different ( P <0.05) ; SFA. saturated fatty acids; MUFA. mono-

unsaturated fatty acids; n-6PUFA. n-6 poly-unsaturated fatty acids; n-3PUFA. n-3 poly-unsaturated fatty acids.

R EE S 0 557 B T I U AL 2 e 2 ok 2
2 C18: 0 i MR T X MRl AN - B R 4H (P <
0.05,% 7)., R4 EA KEM C18: 2n-6 FI
C18:3n-6, Horr C18: 2n-6 7 it I 25 /5 T XJ MR 4,
1M C18:3n-6 i fm THAA A (P <0.05)
LiX RALAR EL , & EE TR ALY EPA & RE3
FRAR, Horp, DL AR R 4 Ok B AR RS2 BTAR
TR T g 10 20 23 rp A B 7 AR 1) & LA L 2
()3 To e #25% (P >0.05),

Ak v 5 B 3 R 0 S ISR W) TR 2 6
WA n-3 RAUIRITRR M &/ (£ 8) o f iz
FAREFRZL T C18: 3n-3 7 £ i 25 /) T4 R AL A
HAMRHA (P <0.05), PR mR A+ C20: 3n-3
TEEESTHEAMA (P <0.05), XA
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C20: 5n-3 B T HAA A (P <0.05) , K
ZRBT LA v At R 7 R 11 B Sk 7 45 4 22 A1 G
BEEF(P>0.05),
2.4 HMESDER.F bR ER R 4 BER X AT AR
B4 15 B E R IE 2 N

X BRZH i ACACB  ATGL  HSL % HNF4a
() mRNA FEPR L5k 35 T HANZH (P <0. 05, &
9) . AU FAS ) mRNA JLH %3k B % & T
HAZH (P <0.05) , HFR B RENRAMN T 52
Rl DGATI (1) mRNA JE[H 3% 3k it i 2 5
TXFHRA4 (P <0.05), 2 W 41 SREBFI |
PPARal J% PPARy [f] mRNA JL[H 325k & B g 2%
T A EEER AL (P <0.05) , %F B8 4] LXRa /) mRNA
FER A F B E S T A R4 (P <0.05), H
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B2 A IR R R N B 2

Xt K22 S A A 2 899

g AR AE PR AR A5 2R T B 35 1R 25 5 o
2.5 FMERR.FREBNEEBRERGE
REFNFLAE IS AR A AT

RRATR AR Y o 25 i T A A 4,

ARWAEA AR fe e (P <0.05,5 10) o “F e
FRALIARE R BOR 3 W T A BRIR A . 45 4LAE s
A B E AR R AR A N BE AT L D4R
HIT I JC R F 255 (P >0.05) o

®7 ARRRINESR. FREBRNF R KX ETRDIMAE TIEHARRERERIM( % SA5AE)

Tab.7 Effects of dietary methionine, cysteine and taurine on subcutaneous

tissue around the fin acids of turbot ( % total fatty acid)

20 51| Groups

HEWGER Fatty acids

Xt HE 4 Control EE R Met LR Cys TR Tau
C14:0 3.82£0.22 3.88 +0.09 3.85+0.13 3.72 +£0.15
C16:0 19.41 £0.46 19.04 £0.36 19.32 £0.50 19.12 0. 40
C18:0 4.68 £0.24° 4.40 £0.02% 4.14 £0.02" 4.57 £0.06*
€20:0 0.29 0.01 0.31 £0.02 0.30 £0.01 0.31 £0.01
€22:0 0.14 £0.00 0.16 £0.01 0.16 £0.00 0.17 £0.01
S SFA 28.51 £0.53 27.71 £0.39 27.85 +0.54 27.95 £0.52
C18:1n9 4.08 £0.14 3.97 £0.07 4.11£0.10 3.91£0.14
(22:1n9 0.36 £0.06 0.36 £0.01 0.38 £0.00 0.38 £0.00
C24: 1n9 0.22 +0.02 0.21 +0.01 0.23 +0.01 0.20 £0.00
> MUFA 4.81+0.06 4.51£0.10 4.72+0.10 4.48 £0.15
C18:2n-6 35.19 +0.73" 36.95 £0.27 36.07 £0.32% 37.44 +0.83"
C18:3n-6 0.20 +0.02" 0.21 +0.00" 0.23 +0.00" 0.30 +0.01°
€20:3n-6 1.56 +0.28 1.63 +0.14 1.76 +0.11 1.69 +0.04
(20:4n-6 0.85 £0.06 0.78 £0.03 0.77 £0.04 0.77 £0.02
3 n-6PUFA 37.74 £0.50" 39.59 +0.19° 38.83 £0.24% 40.18 £0.83*
C18:3n-3 3.33 £0.11 3.61 +£0.07 3.50 £0.04 3.55+0.11
(20:5n-3 5.76 £0.04% 5.25 +£0.04" 5.23 +0.01" 4.89 +0.01°
(22:6n-3 11.39 +0.98 9.94 £0.33 9.92 +£0.45 9.61 £0.16
Y n-3PUFA 20.23 +0.64" 18.88 +0.35% 18.70 +0.42" 18.20 0. 14"
Y03/ Y n6 0.54 £0.02° 0.48 £0.01" 0.48 £0.01" 0.45 +0.01"

T« ) — AT AN R Ak B AR A A7) - B A2 7R B 4k 22 57 (P <0..05) 5 SFAL (L AIRIITR ; MUFA. BURIEFIAR IR ; n-6PUFA. n-6 551

ZAMIFNEIITR ; n-3PUFA. n-3 RIS AU HENITR

Notes: Data in a same row not sharing a same superscript letter are significantly different (P <0.05) ; SFA. saturated fatty acids; MUFA. mono-

unsaturated fatty acids; n-6PUFA. n-6 poly-unsaturated fatty acids; n-3PUFA. n-3 poly-unsaturated fatty acids.

3 it
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Tab.8 Effects of dietary methionine, cysteine and taurine on muscle fatty acids of turbot ( % total fatty acid)

20 51| Groups

SR Fatty acids

X} BB 4] Control R Met £ R Cys TR Tau
C14:0 1.61 £0.05 1.50 £0.10 1.71 £0.04 1.70 £0.12
C16:0 18.84 +0.15 19.51 +0.40 19.09 +0. 17 18.99 +0.13
C18:0 6.31 £0.20 6.49 £0.24 5.93+0.11 6.01 £0.16
€20:0 0.28 +0.03 0.28 £0.02 0.29 +0.01 0.26 £0.02
€22:0 0.06 £0.03 0.06 £0.03 0.11 £0.00 0.08 £0.04
Y SFA 27.11+0.35 27.83 +0.57 27.12+0.23 27.04 +0.12
C18:1n9 16.95 +0. 64 16.58 +0.18 17.88 +0.36 17.34 +0.63
C22:1n9 0.20 +0.01 0.18 £0.01 0.22 £0.02 0.21 £0.03
C24:1n9 0.18 £0.01 0.14 £0.02 0.19 +0.01 0.16 £0.02
S MUFA 17.78 +0.20 16.91 +0.20 18.29 +0.38 17.71 +0. 67
C18:2n-6 23.55 +0.26 23.52 +0.21 24.50 +0.40 24.28 +0.50
C18:3n-6 0.04 £0.04 0.04 £0.04 0.14 £0.01 0.07 £0.04
C20:3n-6 0.02 £0.02 0.02 £0.02 0.06 £0.01 0.02 £0.02
C20: 4n-6 1.36 £0.04 1.39 +0.02 1.22 +0.06 1.33 £0.10
3 n-6PUFA 24.97 +0.25 24.96 +0.23 25.92 +0.36 25.70 +0.46
C18:3n-3 1.71 £0.00" 1.64 +0.00" 1.83 0. 04" 1.88 +0.04°
C20:3n-3 0.20 +0.02%* 0.19 +0.01" 0.26 +0.01° 0.20 +0.02%
€20:5n-3 4.40 +0.02° 4.01 £0.00" 3.97 £0.04" 3.94 £0.03"
C22:6n-3 18.58 +0.94 19.02 +0.44 17.17 £0. 64 18.14 +1.30
3 n-3PUFA 24.84 +0.96 25.17 +0.66 23.18 +0.62 24.22 +1.32
S 13/ n6 1.00 £0.05 1.01 £0.03 0.90 +0.04 0.94 £0.07

T« [ — A7 AN ) Ak HR A AR (A AN ) - B D A7 4k 22 57 (P <0..05) 5 SFAL M MIIRIITR ; MUFA. BURIEFINR IR ; n-6PUFA. n-6 551

Z AMEFRINFR ; n-3PUFA. n-3 RIS AUHENITR o

Notes; Data in a same row not sharing a same superscript letter are significantly different ( P <0.05) ; SFA. saturated fatty acids; MUFA. mono-

unsaturated fatty acids; n-6PUFA. n-6 poly-unsaturated fatty acids; n-3PUFA. n-3 poly-unsaturated fatty acids.

ARES AN E R & a5 R R T A
Tl R 1Y) K R DR, JF R Hp 6 PR R 2R M DG 25 SRt 3R
BT AR R IR R B DI, ek v 24 B 2 1 5 I o4
% TR Wi G BOAH 56 — R 91 36 A G ACACB ., FAS |
SREBPI PPARal ,PPARy I LXRa ) mRNA 351k
o XPE—2 R T AR R A R AR T S, AR
S, B S R T TR D R M\ Sk B R AH OGS R
FAS W33k, iF e R Tt 1 H i e A BORE 56
L DGATI [ 3Rik i, 3X /s AR SR A0 e
TR nl e LA T g i & v 1. X R ) 7
R FRG AA h T BE SR B ok . AR LG )
W 8 JH, mTREER 43 B Wi A R 450 1 I8 e
FeoT R R . S b, WA AE £ 68 AR Uy e
FHOCSESS O K B T 8 2 o Mg D5 & = 1 TH s
PEFR™ o e 2 1 o B 105 1 35 3 1 2 i F 9 45
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4 1 2%, A R R IRDRE R SN T A R R RS SR 7 A 45 ) 901

Mo HAEZETIA MG RIS MR AR RS RIRE A HEEER

x99 ARPTIMESKR.FMEBRRFEBRN KESTRRERFERRIZNZM
Tab.9 Effects of dietary methionine, cysteine and taurine on expression

of lipid metabolism genes in the liver of turbot

2f 5] Groups

HH Genes XA Control AR Mot R Cys B Tau

ACACB 1.00 +0.26° 0.67 +0.04" 0.58 +0.02" 0.48 +0.01°

FAS 1.00 £0. 19" 7.30 £3.19° 1.72 £0.69" 2.06 +1.31"

ACOXI 1.00 £0.29 0.78 £0.04 0.80 £0.03 0.64 £0.05

CPTI 1.00 £0.03 1.31+0.16 0.94 +0.02 1.16 +0.10
DGATI 1.00 +0.12" 1.38 £0.36" 2.07 £0. 18" 1.31 +£0.31%

ATGL 1.00 £0.51° 0.36 +0.04" 0.41 +0.08" 0.31 +0.07"

HSL 1.00 +0.07® 0.60 +0.07" 0.68 +0.07" 0.64 +0.07"

DAGLa 1.00 +0.09 1.20 +£0.12 0.89 £0.08 1.16 £0.08

HL 1.000.13 1.58 £0.32 1.48 £0.18 1.51 £0.13

LPL 1.00 +£0.29 1.55+0.15 1.16 £0.29 1.01 £0.22

ApoBI00 1.00 £0.18 1.22 £0.25 0.81 £0.02 1.04 0. 14

ApoEa 1.00 +£0.72 0.11 +0.03 0.94 £0.01 0.21 £0.03

PL 1.00 £0.89 0.13 £0.03 1.20 £0.25 0.60 =0.09

BSALlike 1.00 £0.89 0.74 £0.57 1.04 £0.30 1.20 +0.58

HMGCR 1.00 £0.14 1.41 £0.40 1.08 £0.03 1.21 £0.24

CYP7AI 1.00 £0.14 1.35£0.17 0.84 £0.18 1.20 £0.32

SREBPI 1.00 +0.22% 1.57 +0.22° 1.09 £0. 16 0.71 £0.21°

PPARaI 1.00 +0.34® 3.14 +1.04° 1.59 +0.52% 0.60 +0.09"

PPARo2 1.00 +0.53 1.09 +0.18 0.86 £0.05 0.66 £0.07

PPARB 1.00 0. 10 1.00 £0.20 1.08 =0.08 0.96 £0.12

PPARy 1.00 +0.02* 1.09 +0.04* 1.06 £0. 10™ 0.85+0.04"

LXRo 1.00 +0.05* 0.80 +0.12% 0.74 +0.12% 0.57 +0.03"

HNF4q 1.00 £0.45° 0.46 £0.05" 0.47 £0.09" 0.30 +0.05"

T 2 [A)— A7 A [F) b 20 5080 ) JCAH ) 52 B A A AE i 2 M 25 57 (P <0.05)
Notes: Data in a same row not sharing a same superscript letter are significantly different (P <0.05).
F10 FEARPRNESER . FHRIERNEERITAEZTE KSR EISRIE N
Tab. 10 Effects of dietary methionine, cysteine and taurine on growth
performance and somatic parameters of turbot
LRI AUS 7N 4153 Groups
Growth performance and

somatic parameters X HEZH Control AR Met AR Cys 1R Tau

WX it Initial average mass/g 7.82+0.11 7.99 +£0.04 7.94 £0.05 8.03 £0.03
KR FHE Final average mass/g 41.84 +0.54" 41.20 £1. 14" 40.38 +1.75" 44.83 +0.09°
1775 2% Survival/ % 100. 00 98.89 +1.11 92.22 +4.10 98.89 +1.11
R Weight gain/% 434.98 +8.19 415.86 +16.65 408.48 +23.91 458.50 +1.65
R K Specific growth rate/ (%/d) 2.99 +£0.02 2.99 +£0.05 2.90 £0.08 3.07 £0.01
ikt 24K Feed conversion ratio 0.76 £0.01* 0.78 £0.03% 0.83 £0.03" 0.73 £0.02"
RE5# B Condition factor/% 3.36 £0.04 3.31£0.02 3.26 +0.08 3.35+0.25
RN Hepatosomatic index/% 1.91 £0.01 1.85+0.17 2.00 +£0.03 1.98 £0.04
A& HE Viscerosomatic index/% 6.66 +0.18 6.88 +0.27 6.81 +0.09 6.74 £0.32

T« Al — 47 A ) 2k B RSO 1) JC AR ] 5B M A B EZE 57 (P <0.05) ¢

Notes: Data in a same row not sharing a same superscript letter are significantly different (P <0.05).
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Effects of supplementation of sulfur-containing amino acids in high-lipid diets
on lipid metabolism of turbot ( Scophthalmus maximus )

LUO Xing'?, BI Qingzhu’, MENG Xiaoxue®, LIU Jinshi*, WEI Yuliang’”, DUAN Mei*, XU Houguo™",
LIANG Mengqing™”

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, Liaoning, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, (Qingdao 266071, Shandong, China; 3. Laboratory for Marine

Fisheries Science and Food Production Processes, (Qingdao National Laboratory for Marine Science and Technology, Qingdao

266071, Shandong, China)

Abstract; A 56-day feeding trail was conducted to investigate the effects of methionine, cysteine and taurine
on lipid accumulation and lipid metabolism of turbot ( Scophthalmus maximus) fed high levels of dietary lipid.
A high-lipid (16% ) diet was used as the control diet, and 1.5% methionine (Met) , 1.5% cysteine (Cys) ,
and 1.5% taurine ( Tau) was separately added into the control diets to obtain three test diets. Fish with
average initial weight of (7.98 +0.02) g was used. Each diet was fed to triplicate tanks of 30 fish. The
feeding trial was conducted in flow-through seawater system. The results showed that no significant differences
were observed among treatments in lipid content of whole body and muscle. Group Tau had the lowest liver
lipid content, significantly lower than group Cys. The serum triacylglycerol and total cholesterol contents were
the highest in group Tau, significantly higher than other groups. The dietary supplementation of sulfur-
containing amino acids decreased the EPA content in fish body, while Tau increased the contents of C18:2n-
6 and C18:3n-3. The dietary supplementation of sulfur-containing amino acids significantly regulated the lipid
metabolism-related gene expression. Dietary Met supplementation up-regulated the liver mRNA expression of
FAS; Dietary Cys supplementation up-regulated the liver mRNA expression of DGATI; Dietary Tau
supplementation down-regulated the hepatic mRNA expression of a series of lipogenic genes such as ACACS,
FAS, SREBPI, PPARal , PPARy and LXRa. Regarding the growth performance, group Tau had significantly
higher final body weight of fish than other groups, but no significant difference was observed in survival,
condition factor, hepatosomatic index and viscerosomatic index among dietary groups. Supplementation of
methionine, cysteine and taurine in high-lipid diets regulates the lipid metabolism of turbot. Taurine appears
to be able to reduce the hepatic lipid accumulation in turbot but cysteine tends to increase it.
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