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Abstract: To investigate the effect of cysteine on the metabolic disorders of juvenile Trachinotus ovatus [(10.05+0.05) g]
caused by low fishmeal, we prepared a basal pomfret diet by using plant and animal proteins (Chicken meal, soybean protein

concentrate, fermented soybean meal, etc.) as partial substitutes for fishmeal, and then added 0 (Group CO, control group),
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0.30% (Group C1),0.60% (Group C2),0.90% (Group C3) and 1.20% (Group C4) cysteine to make fiveisonitrogenousand isoenerge-

tic diets. The results of a 56-day feeding trial show that: 1) Cysteine enhanced the protein synthesis and metabolism ability of

T. ovatus by activating the S6K/PI3K/TOR/4E-BP1 pathway. Supplementation with 0.6%—0.9% cysteine up-regulated the

mRNA levels of ribosomal protein S6 kinase (S6K), target of rapamycin (TOR), phosphoinositide 3-kinase (PI3K) and eukaryo-

tic initiation factor 4E-binding protein 1 (4E-BPI) in muscle, increased total protein (TP) in muscle and serum as well as muscle

crude protein content, reduced serum ammonia (SA) and urea nitrogen (UN) in muscle and liver, promoting protein deposi-

tion in muscle. 2) Supplementation with 0.6%—0.9% cysteine inhibited lipid anabolism by down-regulating the expression level

of peroxisome proliferator-activated receptors gamma (PPARy) in muscle, decreasing the transcript level and enzyme activity

level of Acetyl-CoA carboxylase (ACC) and fatty acid synthetase (FAS), while it up-regulated the expression level of peroxisome

proliferator activated receptors-alpha (PPAR«) in muscle, resulting in high hormone-sensitive lipase (HSL) and carnitine

palmitoyl transferase 1 (CPT1) expression with increasing enzyme activity, which in turn promoted B-oxidation of fatty acids in

muscle, reducing protein consumption due to catabolism for energy supply. Thus, protein deposition in muscle is promoted.

Keywords: Trachinotus ovatus; Cysteine; Lipid metabolism; Protein metabolism; Fishmeal replacement
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Table 1 Formulation and nutrition level of the experimental diets (Dry matter basis) %
S LRSI Added amount of cysteine
Parameter C0 (0) C1 (0.3%) C2 (0.6%) C3 (0.9%) C4 (1.2%)

18 Fish meal® 20.00 20.00 20.00 20.00 20.00
X4 PH Chicken meal®” 10.00 10.00 10.00 10.00 10.00
KR4 [ Soy protein concentrate™ 10.00 10.00 10.00 10.00 10.00
{475 Squid paste 5.00 5.00 5.00 5.00 5.00
M Soybean meal” 12.00 12.00 12.00 12.00 12.00
T H1 Fermented soybean meal 5.00 5.00 5.00 5.00 5.00
K I Corn gluten meal” 6.00 6.00 6.00 6.00 6.00
i B} High gluten flour™ 18.37 18.07 17.77 17.47 17.17
f13H Fish oil? 6.00 6.00 6.00 6.00 6.00
3l Soybean oil 3.00 3.00 3.00 3.00 3.00
BHRR 545 Ca(H,PO,),” 1.50 150 1.50 150 1.50
AL Choline chloride® 0.30 0.30 0.30 0.30 0.30
HeLE Z R Vitamin mix Y2 1.00 1.00 1.00 1.00 1.00
B P TR Mineral mix ® 1.00 1.00 1.00 1.00 1.00
L s R Eh R AR L-lysine monohydrochloride@/ 0.50 0.50 0.50 0.50 0.50
DL-# 42 DL-Methionine” 0.20 0.20 0.20 0.20 0.20
Ji# M Threonine™ 0.10 0.10 0.10 0.10 0.10
2. %A% Ethoxyquin” 0.03 0.03 0.03 0.03 0.03
2R Cysteine™” 0.00 0.30 0.60 0.90 1.20
#F2KF Nutrition level®

HIZE [ Crude Protein (%, dry matter) 42.79 42.74 42.69 42.63 42.58
HIEWS Crude Lipid (%, dry matter) 13.42 13.40 13.38 13.37 13.35
7K 43 Moisture (%, dry matter) 10.15 10.76 11.24 10.98 11.32
JK4Y Ash (%, dry matter) 8.53 8.65 8.33 8.71 8.39
LR Cysteine 0.52 0.82 1.13 1.45 1.84

T O i ZBBRAHEMUT (B T38): 4i42 A 8x10°1U, 4i2E% D, 2x10°1U, 4i4:% E 40 000 mg, 4i4:% B 17 000 mg, 4EEZ B,
12 000 mg, 443 By, 100 mg, A= K; 10 000 mg, D-iZFR 35000 mg, MR 1000 mg, HUEEHE 90 000 mg, EHE 200 mg, ALEE
80000 mg; @ HHYIRAYWARMELIT (BT 55): £k 10000 mg, % 1200 mg, 4% 7000 mg, %% 5500 mg, %k 250 mg, fill 250 mg, i 50
mg, £ 60000 mg, #424000mg, £ 60000 mg; @ HEFRAKF- AL,

Note: (D Vitamin mix provides the following (Per kilogram): vitamin A 8x10° IU, vitamin D5 2x10° IU, vitamin E 40 000 mg, vitamin B 17 000 mg,

vitamin B4 12 000 mg, vitamin B, 100 mg, vitamin K3 10 000 mg, D-pantothenic acid 35 000 mg, folic acid 1 000 mg, nicotinamide 90 000 mg,
Biotin 200 mg, inositol 80 000 mg. @ Mineral provides the following (Per kilogram content): Fe 10 000 mg, Cu 1 200 mg, Zn 7 000 mg, Mn
5 500 mg, Co 250 mg, I, 250 mg, Se 50 mg, K 60 000 mg, Na 24 000 mg, Mg 60 000 mg; (3 Nutrition level is measured.
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Table2 Amino acid composition of per 100 g

experimental diets g
Pk RN I i
SRR Added amount of cysteine
Amino acid co C1 2 C3 C4
(0)  (03%) (0.6%) (0.9%) (1.2%)
KA Asparticacid 4.35  4.39 4.24 431 4.45

o
=
p—]

hreonine 1.90  2.02 2.11 191 2.02

2.04 205 2.04 2.12 2.05

DR
Zﬂﬂ i)
=S

M2 Glutamic acid ~ 8.41 8.66 8.69 8.36 8.62
H% R Glycine 3.04 3.10 3.02 2.98 3.08
P RR Alanine 3.06  3.09 3.06 2.95 3.07
[ifi%f& Proline 321 3.3 3.04 3.16 3.13
452 Valine 213 211 2.07 2.12 2.11
HEH R Methionine  1.18  1.15 1.12 131 1.12
LR Isoleucine 1.77 1.84 1.84 1.82 1.80
SR Leucine 442 450 4.42 4.41 4.39
T2 Tyrosine 127 130 131 1.29 1.22
N Phenylalanine 224 232 2.25 2.37 2.25
W15 1R Lysine 354 343 3.50 3.54 3.50
4 %R Histidine 111 113 1.12 1.07 1.15
IS &R Arginine 3.15  3.10 3.14 3.15 3.11

LIS HR Cysteine 052 0.82 1.13 1.45 1.84
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36%o, WHARETEIRE>6.0mg L™,
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5006.3—2016) AL I [(550+25) °C KIkeik i
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& vy (PPARY) %54 8 DL N O BRifiF A R AL i

(ACC). NEWTIRE M (FAS) . 18 2 MURENS 7 i
(HSL) . IEEIREAAEIEFE R 1 (CPT1) 25 Bl 14

A5 R a0 1 e e s A A ) AR ST T R
1.6 SEREEE PCR

AR SR ASHIN T ORI AE 62 AL DA v IR IR R O
HE[N (FAS. PPARy Fil ACC) . NRWHBR /AN SEHEN
(PPARa. CPTI1 1 HSL) i) mRNA 7K, DA KA b
WHEH S6 M (S6K) . B s Mk WLEE - 3 - i
(PI3K). FRMA%RILHEN (TOR) Fl 4E 455 8H A 1
(4E-BP1) S5 Z FEIR A WAH CHE B ) mRNA 7K
EF-1a ANSHERY, Fra 519 0% 3. RNA #
HU. cDNA 45 M1 qPCR T ARG A", i
i RNA 4 Mini i & (MGBio, HH) 42
WCORIEEEEE LA B RNA. ] 19% (BT 53 40 Sk
BHEE I B VK AL RNA 58 %%, Nanodrop 2000
(Thermo Fisher Scientific, 3&[E) Jll7Z RNA ¥,
i FH7 4 gDNA Erase [ PrimeScript™ 3554 5617 &
(Accurate Biology, HE) #E4Ti8%55¢, ffiH SYBR®
Green Premix Pro Taq HS qPCR ifl & (Accurate
Biology, W) #4F qPCR, SZIRZEFHH 2744¢T
TP HARFER mRNA FIAEXT 7K
1.7 GitES

LR Fe kM7 28053 5 GraphPad Prism
8 Fll Origin Pro 2021 21T B Z /38T (One-way
ANOVA), FHT8RLL B LARIER (ts)” £
o M ENEZE R (P<0.05), RH Tukey's
K #E AT Z2 LU

2 4k

21 EEENEFHAK

S RIUEFRAILFE 4, C2. C3 A C4 41H
RSO 5 T Co Fl C1 4 (P<0.05), CO.
Cl HzZ B EMEZER (P>0.05), XK
JE B E IR T4 L0 (P<0.05), #5414
KGR e B & 25 5 (P>0.05)
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Table3 PCR primer sequences

719 SIS (5—3") A

Primer Primer sequence (5'-3") Source
FAS-F GATGGATACAAAGAGCAAGG
FAS-R GTGGAGCCGATAAGAAGA )
PPARy-F TCAGGGTTTCACTATGGCGT
PPARy-R CTGGAAGCGACAGTATTGGC 1l
ACC-F GTTGTCAATCCCAGCCGATC
ACC-R ATCCACAATGTAGGCCCCAA ol
PPARa-F AATCTCAGCGTGTCGTCTT
PPARa-R GGAAATGCTTCGGATACTTG 9]
CPTI-F CTTTAGCCAAGCCCTTCATC
CPTI-R CACGGTTACCTGTTCCCTCT 1l
HSL-F TCATACCTCCACACCAACCC
HSL-R GTCTCGCAGTTTCTTGGCAA ol
PI3K-F AACGGCAAGAGCAAGAAGGGC
PI3K-R CTATGGGCAGGCAGAGGAGGG 120]
4E-BPI-F ACACCCCAGCAGGAACTTT
4E-BPI-R GTGACCATCAACGACGCAG 1l
TOR-F GGGTCTTATGAGCCAGTGCCAGG
TOR-R CTTCAGGGTTGTCAGCGGATTGT 1)
S6K-F GCTGGCTGGCTTTACTCCATTTG
S6K-R CCTGCCTAGCAGTCAGTCTCTGA 120]
EF-1a-F AAGCCAGGTATGGTTGTCAACTTT (21]
EF-1a-R CGTGGTGCATCTCCACAGACT

2.2 LR BFREAD M R A RAR SRR

JULIAL . R AR o 2 AR A A D 45
UL 1, C2 ZHHNE . LRI TE e e )
e K H 8.3 5T Co 4l (P<0.05, [ 1-a), CO4H
I B2 i 3 i T A L8R4 (P<0.05, Bl 1-b). ML
PRI TR R I 35 PR 3R Gk it 2 sk e i K
SEIE I TR, CO ZH UL IR AR I A R 3R AU e

IR R fre ey HR 3 T4 S804 (P<0.05, Bl 1-¢)
2.3 AL BFREFD I AR R SHEHR

UL PR O 0 I 355 i £ 3 i s A 0 5 2R I
Kl 2, C2. C3 Fil C4 A WLAFIHAEH Hh —=Fa & &
BT Co I C1 41 (P<0.05), {H C1 Fl C2 4i1fi
T H I =R R B S T Co 4 (P<0.05, K 2-a).
[, e 2 o 2 AR T LR . BRI s iy
A IR P A (K 2-b) DAL AR AR 7 5
(P<0.05, K&l 2-f), MFE PR RK-r3Em, M
PR R I A B R A I R R 5 e 2 R
Rk, Co IR % B A 8 1 JIE [ 5 i A e
(B 2-c)o AHB, WLAL. R LS8 H i) e 2 5 s
BB E AR R T ES, co AL AR
1 % MR AR R IR T A A A
(P<0.05, & 2-d), 1B CO ZH If 37 i 25 B 25 1 E f
fE s Cl A #FM2ER (P>0.05), Co4IALA
IR o i) 0 5 B B R 7 B o e T A A
(P<0.05), [Br C1 ZH4b, HoAthZH 7 Ui 25 s Wi &
) REMT Co 4 (P<0.05, F 2-¢).
2.4 BILPY . BB FD I 35 B 4R 151 B

WLIAL . JFF 0 ot 35 i A TG DL 1] 3. Co 4
JHFRE . WLPA AL Fh Y PPARY JiH BB R U B I 35
BT C2. C3 Ml C4 4l (P<0.05, [ 3-a), BlfARE
B R AKE RN, FAS 1S FREES, codl
JUL TR FILJEF O A A FASS 36 Mt 3 T A 45 4
(P<0.05), CO ZHIfL¥% FAS G5 C1 F1 C3 422 ]
T EE2ZR (P>0.05), HEERT C2 Ml ca 4l
(P<0.05, K 3-b), [FIFE, ACC IEMEBaERE R
R K38 S R A, co PR . WLPA AN
W ACCTEMRZF ST C2, C3 M Ca 4
(P<0.05, &l 3-c), PPARq Jii kB R M B 1 2 e T
JEREREFE, C1. C2 A1 C3 AL . JFRR AN I 3

R4 B100g =EBENEFAEM

Table 4 Conventional nutritional composition of per 100 g whole fish g
WAy M FRA N Added amount of cysteine
Component C0 (0) C1 (0.3%) C2 (0.6%) C3 (0.9%) C4 (1.2%)
HEE I Crude protein 15.27+0.32° 16.40+0.41%° 17.80+0.50" 18.13+0.81° 16.83+0.58"
HIEW; Crude lipid 6.77+0.35 7.13+0.21 6.60+0.30 6.63+0.15 6.43+0.35
7K Moisture 69.10+0.26" 71.2340.15" 71.33+0.98" 71.30+0.87™ 72.93+0.42°
JKS3 Ash 3.07+0.06 3.10£0.10 3.13£0.06 3.07+0.06 3.07+0.06

*: FITEAE AR FARdoR 225 B3 (P<0.05),

Note: Values with different superscript letters within the same line are significantly different (P<0.05).
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Effects of cysteine on protein metabolism parameters in muscle, liver and serum of T. ovatus
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Note: Values with different superscripts for the same group are significantly different (P<0.05). The same case in the following figures.
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