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(1. TR BB 5 TR, FHYE 529500; 2. P RN Bk A A ik 5t sk A 25 5
AR I 5 B e, BRI 430072; 3. F ERFE R, 5T 100049)

HEE: SU LW EE (8.70+0.03) gt 57 B AR B b Bl 55 (Carassius gibelio var. CAS V) AT RN G, 43 7
WA R AR PR IN0 2% 4%R0 IR IR RN9d, LLIR TR SR EDRE A R INAS [F) KT 3 B X 7 7 AR e
BlsS A K phae. MAREMAR. BRI, MR VL o BRI A AR WL AE KAH SCE R
RIEMIFEM . LI EE B SR, R IR I R KCSE (B B ) 5 B AR RS SR R REE A KR
FARLE . BATIE., BRI A BB m(P>0.05). fkh iR R4, 4w E A i & & 5
Fm T HARA(P<0.05), & SHER S E. DOFAERSELE S TP (P<0.05), HA
. BER. #REK. =24R. RNEAR. BEARNGERE ML TFAERTERE S T HM&H
(P<0.05). WLA R IEBR A AL &40 0] B M 22 F(P>0.05). MR A B . H-irh = P A e JE [ 1 5 B A %
18] TG N2 B PR 2 7 (P>0.05) o L B9 S ik B AL B A 52 B DRt 20 /K T (1 ¥ 35 2 (P>0.05) o TRDEL R R
o 2 st UL PR o e, R TR R I 25 A D X B 35 TR R TA TG . 3 PR B2 I (P>0.05), 4% 8 Z B LIV A myog I 55
DRI R 2 1 T2 % M e R 4.(P<0.05) . 25 SR W, AR HORy DR R AR 2% i & R 7T ATE — EFR B B e R B R

gl Fl 55 e b F A SRR E A& &, AR E R RS S R s SR .
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TRPRMT b A e B = B AT, A B VR AR Lk
5y & U TR 55 6 77 B AR TR Bk =, T RE & S B
FKIREHAD . ARG, TR 1 R G )
A AN FERR VNI AT LAGZ AR X — ) R, 7R f0y
]l b TR R W] AR 2EAE 8 (Lateolabrax japo-
nicus)[z] « 8 (Oncorhynchus mykiss)[s]'—iér BRI
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A Rl R P TR e MR S R AR
RIIR T GHE IR SZ AR CH 64 A AL (G protein
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24 2 575 R AME 5 08 T R B U8 (Extracellular
regulated kinase, ERK)%: 1% 5 # S 242", ERKif
T ) 25 4 P B ARE £ R A K (Tuberous sclero-
sis complex, TSC), 17 i i i 2H 2 b == Rk )
Ras[FIJFZEEI4)(Ras homolog enriched in brain, Rheb)
94F = MR M (GTPase) FiHmTORIE %, fix & 115
WU BRI . mTORME 5 i %
T R N S BRI B2 1) EE 5, A T
B 0B BSORT [ A i R AR B ANE S B I R0, T8
o 95 B A A A 2 Pl AR R HE B R AR BT
el M, T K 35 BT (Scophthalmus maximus L)'
#; F1 f4 (Pelteobagrus fulvidraco)™s 5 & 4«
FI1357(Carassis auratus gibelio var. CAS TII)"' 1251
b 0T R, TADRL b S R R AN AT B S
FE R 1) B = 2 18 i mTORIE 1% 18 725 £ 4R B AR
mTORTE 5 18 B% I W0 mT LA ik fa 2R WL 2 BT
BRI g KRR E . Hit, E— 3R
ST 2R ) SRR 0 R S AL, AR i) JUL PR 2 2 0]
2 TR A B2 ML, RT DA i #2008 IR FH 92
BER AR .

5 B R Carassius gibelio) 23 B B E 175 7K
Uk, FI A P 280 Y, B e
Bl55 (Carassius gibelio var. CAS V), 20185 4% [
F R R I3 2 o1 8 K= R B mfh, BAAK
7D Qs 5 A< P I VAR (R i = e W SR == 0
B AR rRRES S F Aok TRDEL R AR
S B AR S, (H 5 AR AR TR AR KA R AT SR
T m o kL, BRI, AHE 5T LR B AR b &L
557 R TN G, BR SR AR TR S AN [F] K
i R AR AR A R A UL AR AR ) 52
Wi, DA g i e IS ok bR HR SR A

1 #R5ERE

1.1 AR

A S8 DU foR T R (5% i) /R SR Rk kL,
MR 7 B A4 R R 7 oK, W B = IR 4
(LL). & HHRABRHML). iR HL), B2
AIERINO0S 2% 4% % IR (44 B =98%, b i 5
AR R A, BE L), FERE T WER T
N TARHERL R R I 1 36 E A F), N R A
s SRRISER e B B AR A R A . BT
A JE 40 B 5% f5 78 7018 27, KR $ JE F R AL
(SLP-45, it Mb U % &3 58 B, A DRz, T
R 70 CHET /G4 CARAF o 1AM 77 W3R 1T o
1.2 SCIGf FISCIGETE

SEUG BT S A AR R RS 5ok 5 b E R R

IKAE A W 50T B Mg . IR B SO A KT OB
WA HEAT A8 e T 2 TRV Y K 5K £ i o
, db 4 N29°49', L4 E112°28", taith W 46 R~ Ay
2 mx2 mx2 m, /KiR#I2.5 m). 7E1E 3 77 58 92 56 I
UETHT, Sk szt ta YLk 24h, FENLPRIE IS 50 4k
iR S B AR TR RS S 4 P E : (8.70+0.03) g]
BEATSENG . SEIR 3N AL ER A, 3N TAT, BN

x1 ARESHERER@EkgTE)

Tab. 1 Ingredient and proximate composition of the experimental

diets (g/kg dry matter)

J5 KBl Ingredient LL ML HL
188 White fish meal' 50 50 50
/N 7R 1 Wheat gluten meal’ 200 175 150
HH1Soybean meal” 140 140 140
S H{IRapeseed meal’ 140 140 140
TH %) Wheat flour 250 250 250
&R Lysine 0 20 40
JR-Arh0il mixture’ 80 80 80
Y HE Z TR Y Vitamin premix’ 39 39 39
B4 £ HR ¥ Mineral premix’ 50 50 50
4k JBFHCholine chloride 1.1 11 11
R LA 4 F 4 Carboxymethyl cellulose 30 30 30
44K Cellulose 55 60 65
H 754 i Proximate composition (g/kg)
7K 43 Moisture 663 457 54.1
#H 2K 4 Crude protein 351.7 354.0 351.0
HIR i Crude lipid 89.6 860 822
K4y Ash 625 632 662
#1 % B Lysine 177 394 682

Ry SR EEEA F UNE RO TR SR L
E AR IR T R A k=101 A R TUR Y
(mg/kg TRl 44 KA, 1.65; 484 KD, 0.025; 44 KE, 50; 4
A EKK, 10; 4EE 3 C, 100; B 3K, 20; IR, 20; 4E4: K Bo,
20; 4E4E EB12, 0.02; MR, 5; 2 BREY, 50; JJLEE, 100; MHER, 100;
EE,0.0; YR, 645.2; " 1) 35 TR (mg/kg Bk ): 1L
44, 500; -BK A TREREE, 8155.6; /K A WEER — & 4H, 12500.0; T
g &8, 16000.0;, — /KA BERREES, 7650.6; LK G B R W2k,
2286.2; FLK A FLERES, 1750.0; LK AR EREE, 178.0; — /K &R
Bk, 61.4; K ETRERIA, 15.5; LK ABRERE, 0.5; ALEN, 1.5;
FKVER, 753.7

Note: 'Fish meal is purchased from American Seafood
Company, Seattle, Washington, USA. *Wheat gluten meal,
soybean and rapeseed meal are purchased from Coland Feed Co.
Ltd, Wuhan, Hubei, China. *0il mixture:soybean oil:fish oil=1"1.
*Vitamin premix (mg/kg diet): vitamin A, 1.65; vitamin D, 0.025;
vitamin E, 50; vitamin K, 10; ascorbic acid, 100; thiamin, 20;
riboflavin, 20; pyridoxine, 20; cyanocobalamine, 0.02; folic acid,
5; calcium pantothenate, 50; inositol, 100; niacin, 100; biotin, 0.1;
cellulose, 645.2. *Mineral premix (mg/kg diet): NaCl, 500;
MgSO0,-7H,0,8155.6;,NaH,PO,4-2H,0, 12500.0; KH,PO,, 16000.0;
CaHPO, -H,0, 7650.6; FeSO, 7H,0, 2286.2; C¢H,,CaO4 5H,0,
1750.0; ZnSO,-7H,0, 178.0; MnSO,4 -H,0, 61.4; CuSO, 5H,0,
15.5; CoS0O,4-7H,0, 0.5; K1, 1.5; Corn starch, 753.7
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FHO0ZE fi . FFEHHE LI FF449d, £ H #5377 (6:30.
11:307117:30), 5256 18] /K 3 4 (34.9+0.3)°C, ¥ fi#
AGEmTS50mgL, AAYEMT0.5 mg/L, L5
nn YIS i
1.3 HmRE

FEFRFA SO0 45 R ), SLi 25 24h. 8 R
% 7 MS-222 (60 mg/L, Sigma, USA)¥ S5 £ ik i
JERREE . AMABRRE A T o & AR A R,
B2t T I ARSR ARG 52, 53 B3 R b AT HF b
KA. TR ANVETR(0.2%) L 7 5 % M SI2 56 121
S ER KR I, K5 I 3000 % g 25 40 10min 5 3 I 37,
{RA7T-80°CUKAR T Fl T J5 8253 Mt B =, H4 S2it f
fifEF LA 2R B TR R R, SR 5 e N-80°C
UKFEHRAT o
1.4 Hmath

FRDRL I 4 f1 f) A 10 28 1 7E 2% AOACT
Ji i TR 43 5 SR F R E Y, TE105°C P2
L H ;4 (1) WA R R BETE 5 1R 28V K B 46 (ES-
315, Tomy Kogyo Co., Japan)120°C 2£30min, [ 5
PR FE T70°CHET, i o AR5 T-105°C
T EEE, T RERE KRS E. HEA
I 5E K 9L B 58 &% (Kjeltee Auto Analyzer 4800,
FOSS Company, USA); A JIg 7 I & K FH & G 42
%(Soxtec System HT Tecator, Extraction Unit, Hoga-
nas, Sweden); K 73l /& K A 5 A A (L9 A6 5 1
B I e rfilis) ) 550 CHRERIE,

TR AL A A R SE R A R L I 3 37 B R R
15 /2 4 3 32 FE L 43 M1 (Membra Pure, Bo-
denheim, Germany)&: . HU50 mgi& % T-J6¢ 5 #O1A
B EEE WUARE & T2 B R A, INAN10 mL
ER IR (6 mol/L)J& 7E LA Fh i il 24h (110°C), i 5
P4l K E 28 250 mL. B mL¥& W3R4T AR
TWLER, B 5 A1 mLAB 26K 7, F10.22 pmyEfE
I SE AT MU HY0.4 mL I AL IO, 1 mL
10% it 3 7K ¥ TR IS IR & ¥ 51 )6 B T 4°C ¥4
60min, %R J5 15000x g% 02 15min 5 X200 pL L& W,
TA800 pLABZE/K, F10.22 umy it g J5 247 _EAL
1 11 A = e B L= Y [EN T g 7
T vt 70 2 R AT MR (Rt g A ) R I A
)

Xof JL PRI 2H 23 o A G 25 TR 3Rk s R AT S 4y
Mo ff FHTRIzol (Invitrogen, USA)$EE AL A 4L 2L H
FRNA, 3 3 1 %35 e B R L PO U RN AT 5
HNE, il it Nanodrop 20008 13 2 43 Y6 76 B T (Ther-
mo Fisher Scientific, USA)H il 5 RNA [ ¥ B A1l J
. [ HM-MLVI¥ # 3 [ (Promega, USA)¥RNA

R 3 B.cDNA, S FISYBR” Green [ Master’% )
Y471 (Roche, Switzerland)7E % [X Light Cycle 480
II PCRAX(Roche, Germany)_I 347 SZH 5% ) 58 & %
R, W E H AR 2L R KRI85, Lhgapdhflrpl7 9N 2
B, BArERAN S ER 5P 5INE 2. H
PR R RO 36 1 8 2 IR Paffl ) 7 A7 H
1.5 HUESHh

15 F GE1H 84 SPSS 25.0%F 5246 B4k i3k 17 4t it
30T, EHE DL B bR A R R s o R SIS H i i
1T 7 2& 55 V£ K %6 (Levene homogeneity of viarance
test), FH FLIA 2 75 %2 43 HT (One-way ANOVA)FIDun-
can B LLEON B BT 70 4T, P<0.058R E 7 B3 .

2 %

2.1 HKMREFFAIERR

5B AR LS54 R AN R R KT
TRl E A KRR SR Fe bR W3R 3. BRI InAS
) 7K 1 B 36 = R 6 S AR R RS S B R
R EK R WRACR. BEATURE. RITTH
RV BBV (P>0.05). ARk Vs N 2% &
TR S B AR P RE S5 (R IR BE U A LU R A
EC VR A BB ST (P>0.05) . ARk o R N 4% 2
FRAA XS NGB . AR L ¥ A 2 3 52 (P>0.05), 12
FE RS T B A b RS 5 AL (P<0.05)
22 2HEMARMNERE S FSEERERK

5B AR R R 55 &) B B AN R B KT
TRl G 4 RLA S A 2 L3 4. kb i
2% M1A% IR B X 4 K 2y IRy R0 G 7 2 i
H R ELM(P>0.05). TR IN2% & R, 4
B AR B R T A (P<0.05). WiEk 4T
7, R e S N 2086 24 R 0 i UL B E B AT S
i~ K& BB BERI(P>0.05). TEHEN
4% IR AL WL UK o & B A R
i (P>0.05), {H 2 5 2 F# KT LIS 7 75 8:(P<0.05).

S B AR R RS 5 g f B AN R = R KT
TRl fE 4 RLA R R BR A R LR 5. Tkl ifs
2% R R, MR EERTE. B0 FHRRE
MR 2 B 3 2 T A P S AL P 2H (P<0.05), it
R HEAR. FREAR. 4R, KHEAR.
HARANBEARETHLFAERTERE S TH
- 2H.(P<0.05) LRSI R 2H R 7 45 4 18] I 50l 3%
PEZF(P>0.05).
23 M¥REEHE. Hm=EEMoBEESE R
EREARSE

S B AR rp RS 5 g i B AN R R R KT
PRk i 2 A A L e = TR R ] R D
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#2 LEOAERIY K1, AL T R E 2 R (P>0.05). 5 R«
Tab. 2 Primers used for gPCR BES 5oy 0 55 1 A [R] R 22 B2 /K ST 1l Rk I U
%fééﬁ ELLz] Zﬁﬁn BRE F£3 ARRMB RS SR RS S E KA
Acronym Prime sequence size (bp) Accession No. Tab. 3 Effects of dietary lysine on growth performances of gibel
gprcba  TCAGGGGCTTGTCTG 170 XM 026283875 carp “CAS V”
GAACT —
CTGAATGGTTGCTTT FA ¥ Diet
GACTCG LL ML HL
p-arrestins ATCATCATCACCCGC 99 XM_052616007 o 1
ACACATA FIUEARE IBW (g) 8.68£0.02 8.71+0.02  8.69+0.43
A ceaTTTaE HARMEFBW () 66354176 70.51£338  69.46+4.29
erk GTGGAACGGAGGAA 188 XM 052551292 B PR’ (6BW/)  3.18+0.07 3224019 3.120.07
AGCGTG 5584 KR SGR (%/d + + +
GCAAATGAACAGAC . i (%/d)  4.15£0.05 4.26+0.09  4.23+0.12
GAGCGAG TR FE (%) 97.89+2.83 97.67+7.64 100.26+5.16
rheb g%TCgGCGTTTCGAC 118 XM 052599328 EATUBIHEPRE (%) 42.5142.00 43.5745.12  43.39+3.07
ACAAACTGTATCGTG JEMIVUBISELRE (%) 84.3147.82 74.1546.63 91.04+11.21
) CICTCTGCTCCCCTG 144 XM 02546044 o702 (glemt) 3388002 ©3.3420.03 - 3.35£0.02
AAACAC AL HST 4.99+0.40" 4.69+0.14" 3.88+0.15
SO GIGTTCAGAC R E VST 11.36£0.35 10362003 10274038
tor CGAATCAGGACCTAT 126  XM_052603534 T R PR MR A T I EEARAE B, T2 L hr 5
GAAGAAA SCFREAS R U 26055 22 S 535 (P<0.05); R A, WIUG IR *2ok
AGCAAGACCACACT P R AT FR (% BW/d)=100x T4 5 £ 1/ K $< (R4
oA e H 4R R )/2]; R E A KR SGR (%/d)=100x[In (K ) -1
s6kl1 TCCCACCCTACCTCA 217 XM_052576553 =TS / 5) 1 AR (%/d)= [In ( ) ;n
CACAAG (BTE Y/ RHE RRHER FE (%)=(100x fi kS 38 & ) A5 fr i /K
SaMeahacteaeTe FIYTRL PRE (%)=(100x i {2 115 JUR )/ 2K mmﬁ)\%,
7 iy
4ebp?  CACTTTATTCTCCAC 175  XM_052612896 Tl AR LRE (%)= (looxﬁ‘ﬂiﬁfﬂﬁm&)mﬂﬂﬁ%}\
CACCC T CF (g/em’)=100x /4K, *FF 44 L HSI=100% ¥ I i/ﬁi
GATGTTGTTAGCCTC & WK L VST=100x P I 2 /44 i
. ATTCCT Note: Values are presented as mean+SE (#=3), Values in the
eifte ](“}égﬁ?TGACCGCTTC 84 XM_052613501 same row with different superscript 1etters are significantly diffe-
rent (P<0.05); The same applies below. 'IBW: Initial body weight;
??gggCACACACGTC *FBW: Final body weight; "Feeding rate (FR, % BW/d)=100xdry
myod CTCTGACGGCATGAT 139 XM 026239323 Ofeed mtake/[daysX(IBW+FBW)/2. “Spemf}c growth rsate (SGR,
GGATTTC %/d)=100%[In (final weight) — In (initial weight)]/days; Feed effi-
CAGACAATCCAAACT c1ency (FE, %)=(100xfresh body weight again)/dry feed intake;
CGACACC *Protein retentlon efficiency (%)=(100xbody retained protein)/
myfs ACCAGTCTACCACGT 199 XM 052572730 protein intake; L1p1d retention efficiency (%) (100xbody retained
CCTGT lipid)/lipid 1ntake *Condition factor (g/cm’)=100x(body weight)/
TTCAGCCAAGATTTT (bodylen%th) ’Hepatosomatic index=100xliver weight/whole body
GAGGCAA weight; — Viscerosomatic index=100xviscera weight/whole body
myog  GGGGGCTTAATTTCC 122 XM_052609869 weight
AGACAGA
GAATGTCGTATGTTT x4 EARPRMBERENSEREPRSS A MY AE
CGGCAGG LR RR BB
mstn CGCAAGACACTGTGC 128 XM 026271441
AATAGAA Tab. 4  Effects of dietary lysine on chemical composition in
TACATCCACGTAACG whole body and muscle of gibel carp “CAS V”
TTGGACT ——
myle CCAGATTCCATGATG 158 XM 026271459 S5 Tndex PR Diet
GCAGG LL ML HL
AATGGCATCCAAGA
ATGGAC 4= Whole body
paxfe. OCCTCTICCGTIAGC 250 XM 026275167 $175 [ Crude protein (%) 14.75+0.18" 15.23+0.08° 14.69+0.11"
GTGTAGATGTCAGGG FHLIE i Crude lipid (%) 6.70+£0.45 6.11£0.14  6.48+0.63
TAGTG W45 Ash (% 3.7340.06  3.76£0.04 3.7240.05
gapdh AAGGCTGTGGGCAA 229 XM_052578517 ( ©) ' ' ' ' ' ’
AGTCA K43 Moisture (%) 72.2040.90 72.5140.26 72.68+0.87
GCACATCCCCGTTGA
Muscl
AATC WL Muscle
rpl7 TGGTCGTTACGGAAT 153 XM_059563610 ¥ F Crude protein (%) 22.21+0.07 22.56+0.14 22.41+0.35
CATCTGC S S a a b
CCCTCAACAAAGTGG *ﬁﬂaﬂﬁ§rude lipid (%)  1.61£0.13" 1.52+0.08" 1.17+0.10
GTGGTC 7K 43 Moisture (%) 74.67+0.23 74.37+0.23 74.71+0.54
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VFOCHESR: (IR E TRDRHAS I R 0 57t 8 AR b RS 5 i A K e S AR s 5

REMR S BN 6, ML IR AR A Z 5
TRk 2 R 7K Y 1Y) S 3 52 e (P>0.05)
24 ALAFHEXERRE

S B AR BE5 54 10 4% AN A R K P
RPARH I UL PA) 2 TR S R S 25 AH G R PR R A
WK 2, gprc6a~ B-arrestins erk rheb. tsc2. tor-
s6kl 4debp2. eif4efFERENRILBRA ZENREF

TRPRLJE LR AR K AH oG BE DR ik & DL ] 3, L ZH 24
Hmyod. myf5~ mstn mylcFpax7aff)FH A R IA &
B B M7 R (P>0.05), 4% & B AL Wmyog 1)
FIL BT 2% 2 FR 4H.(P<0.05) .

3 ifie

3.1 KRR mEaERX =B REl<hRIsS”

i(P>0.05). s H KM RERIFZ M
55 AR th BS54 8 5 B AN [R] = R K F A e RXM D FRER L —. CHUR
F 5 ARNPAIMBEERYRBRE<PRSS 26 LA SREERA KN (g/kg T415R)
Tab. 5 Effects of dietary lysine on amino acids profiles in whole body and muscle of gibel carp “CAS V ” (g/kg dry matter)
. 4z Whole body WL Muscle
FebrIndex
LL ML HL LL ML HL
W7 FEFREssential amino acids
W Lys 31.80+1.51° 37.70+0.63"  32.05+1.43" 76.1543.57 78.18+0.77 73.7743.27
KRR Arg 26.87+1.02° 31.18+0.44" 27.17+1.65" 47.5842.37 49.04+0.27 44.57+2.16
21 R His 7.330.56" 8.46+0.15" 7.0320.21° 15.26+1.27 17.69+0.18 15.65+0.50
Fre i e 16.51£0.73° 19.84+0.31° 16.58+0.88"° 35.61+1.38 36.11+0.13 33.25+1.57
EE L Leu 28.82+1.44° 34.90+0.65" 29.75+1.72" 61.45£2.51 63.63+0.35 58.59+2.32
KN L Phe 16.05+1.02° 19.34+0.51° 16.27+0.95" 33.87+1.75 34.27+0.16 31.46+1.09
JRE R Thr 17.27£0.71° 20.65+0.45" 18.14+0.82" 34.98+1.98 35.19+0.31 32.72+1.46
4R Val 18.63+0.98" 22.44%0.58" 18.67+0.94° 37.28+1.77 38.27+0.38 35.35£1.49
IR Met 10.92+0.61 12.36+0.35 11.23+0.73 21.42+0.88 21.07+0.15 21.010.94
B TRAFERTEAA 174.1948.52°  206.86+3.08"  176.89+9.19" 363.60+17.17  373.43+1.55  346.36+14.47
0 T A FE R Non-essential amino acids
REER Asp 37.88+1.73" 45.18£1.03° 39.24+1.94" 78.87+3.88 80.610.47 75.64+3.31
25 Ser 15.49£0.58° 18.50£0.74"  16.63£0.83" 27.69+1.11 27.87+0.28 26.75+0.77
HEMR Glu 53.93+2.23" 64.43£1.91° 56.00+2.85" 111.85+4.60 116.03+0.39 109.10+4.82
B Gly 34.50+1.34° 40.45+0.69" 34.24+1.79"° 35.11£1.72 35.48+0.25 35.3443.05
FE Ala 27.45+1.35° 32.60+0.61°  27.84+1.39" 46.24+2.20 46.99+0.26 44.63+2.34
l& S Tyr 10.48+0.56° 12.59+0.32° 11.1240.45" 24.36+1.03 24.62+0.34 23.51£0.76
% fR Pro 20.61+1.08" 25.02+0.55" 21.59+1.33° 23.29+1.42 23.96+0.35 23.20+1.71
= Cys 0.38+0.24 0.82+0.25 0.44+0.22 1.07+0.35 1.15+0.46 1.00+0.07
AR TR TNEAA 180.13£7.97°  214.58+5.37"  185.50+9.35" 325.19£14.62  332.76+£0.76  315.97+£14.68
BEERTAA 354.32416.48"  421.43+837"  362.4+18.49° 688.79+31.73 706.20+2.31 662.33+29.15
40 | 1 T

e =S e

S S 5| 3

= g g

E 4 g E 4t

: 2 2 2

2 & S

&) 2 m [—l' 2 F

S = | =

= =

. . . =
0 0 1 1 1 O 1 1 1
LL ML HL LL ML HL LL ML HL
B 1 ARl R AR A X S AR s RS S i S A AL PR AR G S R
Fig. 1 Effects of dietary lysine on plasma biochemical indices of gibel carp “CAS V”

BUH TR R EERRUHE R (n=6); T[A

Values are expressed as means£SE (n=6); The same applies below
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Tab. 6 Effects of dietary lysine on plasma free amino acids
profile of gibel carp “CAS V” (umol/mL)
B Diet
LL ML HL

T8 FrIndex

W T Z LR Essential amino acids

HER Lys 2.6840.26 2.54+0.30 2.81+0.23
WA Arg 2.94+0.12  3.07+0.15 3.28+0.16
2R His 1.20£0.14 1.20+£0.14 1.21+0.07
FSLE R Lle 2.1540.19 2264031 2.55+0.17
S Leu 1.84£0.12  1.81£0.13  2.02+0.10
AR Phe 0.37+0.03  0.40+0.04 0.33+0.04
P& MR Thr 2.83+0.14 2.72+0.20 3.01+0.26
SRR Val 3.80£0.32  3.82£0.47 4.32+0.32
EER Met 0.33+0.04 0.27+0.03  0.24+0.02
ML TFA R TEAA 18.14+1.06 18.10+1.48 19.76+0.94
B F A R Non-essential amino acids

REZIR Asp 0.15+0.03 0.11+0.02 0.17+0.03
L2 F IR Ser 2.64+0.22 2254022 2.73+0.28
HEAM Glu 0.68+0.06 0.61£0.09 0.73+0.05
HEE Gly 2.59+0.44 2.11+0.17 2.51+0.26
WA Ala 3.3840.29 3.14£0.20 3.66+0.29
B% R Tyr 0.87+0.11 0.81+0.54 0.89+0.11
JifiZ 18 Pro 0.32+0.98  0.39+0.15  0.39+0.10
JIRE R Cys 0.10+0.01  0.08+0.01 0.06:+0.01

MAELTFRAEERR TNEAA  10.41+1.03 9.1140.71 10.76+0.93
BRI TAA 28.55+1.98 27.21+2.18 30.52+1.84
VE: R TR EEE R IR A P PR HE R (n=6)

Note: Values are presented as mean+SE (n=6)
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Fig. 2 Effects of dietary lysine on the mRNA levels of gene involved in sensing and responding to lysine in the muscle of gibel carp “CAS

V”
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Fig. 3  Effects of dietary lysine on the mRNA levels of gene
involved in regulating myofiber growth and development in the
muscle of gibel carp “CAS V”

H IR [F) - BE R R 72 R 2. 35 (P<0.05)
Different letters indicate significant differences among groups
(P<0.05)

DR 0k & IV BBl N o (RIS, AR 9 A 4908 24 R 2
WL myog ) 22 18 & /51 T2 %8 2 B 4., 1t BH 1 ) A
TN Aoz B AL — e R At 1 LS 40 i 7
1o WL AE K #0125 (Myostatin, MSTN)2& LA 4=
K i % B 1, it 45 & 2 RS 515 16 B X
W, 0 myod i B 1 F3E5™s FEARTT S, msmif)
M REEAESHNEHFRELEER, 5B 29
£ (Oreochromis niloticus) 76 F1 1B ) 45 527, 7]
B 5 myod () 45 B AORFF— 2. WIERE AR5 (Myosin
light chain, MyLC)/& WLk 25 14 1) 5 22 41 pie 4 43,
B UL A KRR B 38 Ak g 75 PR R
%t £ 3 ] (Paired box gene, PAX)%5% 5 H ™, 7
AT, 57 E R rp RS54 0 5 AN [F] A

TR /K ~F R L E WL 2 myle A pac 7o) FH X 2R3k
EXRAEREEER. NANAEKE - NE RN
T2, B TR X 7 5 ARSI AT 4 2R K VR LA FF
Tit—PHRA

SR TR, AR AR R IS N 2% A1 4% 58 2 TR
X5 B AR b B S S i AR K R TG B 3 Y, H
ST N IN2% 581 28 1R 1T LAAG 2UHE vy F A B o A s
TR &, BARIIEEILEE it — P R
IC, W e 45 Bn N 7 B AR rh R S5 B RS HEC
TR AR Ry R RHC 77 8 T H 3 s = 4
(fE3 75 BHA SCRF A RRAS BREE3R)

SEHL:

[11 Han D, Shan X, Zhang W, et al. A revisit to fishmeal
usage and associated consequences in Chinese aquacul-
ture [J]. Reviews in Aquaculture, 2018, 10(2): 493-507.

[2] FuB, FuL L, Cao J M, et al. Effects of four additives
added to low fish meal feed on growth performance,
serum biochemical indexes and physical and chemical
indexes of breeding water body of Lateolabrax japonicas
[1]. Feed Industry, 2022, 43(6): 45-51. [#5 4%, (R 1%, &
R, S ACHOH ERDRE R 4R n 50 7 B A 4k
fie M3 A A TR AR K FRGE K AR BRAG AR AR 1 R M) [T]. 1
ATk, 2022, 43(6): 45-51.]

[31 Sun S K, Gao Y N, Ma S, et al. Effect of adding micro-
capsule lysine and methionine on growth and biochemi-
cal parameters of Cyprinus carpio in feed [J]. Feed
Research, 2023, 46(12): 51-55. [FhA 22, v WA, 3¢,
RPN B R . RO A A K
AFBARIISZIA [J]. TERTE AL, 2023, 46(12): 51-55.]

[4] Jewell J L, Russell R C, Guan K L. Amino acid signalling
upstream of mTOR [J]. Nature Reviews Molecular Cell
Biology, 2013, 14(3): 133-139.

[5] Wellendorph P, Brauner-Osborne H. Molecular basis for
amino acid sensing by family C G-protein-coupled recep-
tors [J]. British Journal of Pharmacology, 2009, 156(6):
869-884.

[6] Winter J] N, Fox T E, Kester M, ef al. Phosphatidic acid
mediates activation of mTORCI through the ERK signal-
ing pathway [J]. Cell Physiology, 2010, 299(2): C335-
C344.

[71 Winter J N, Jefferson L S, Kimball S R. ERK and Akt
signaling pathways function through parallel mechanisms
to promote mTORCTI signaling [J]. American Journal of
Physiology Cell Physiology, 2011, 300(5): C1172-C1180.

[8] Ye R, Pi M, Nooh M M, et al. Human GPRC6A media-
tes testosterone induced mitogen activated protein kinases
and mTORCI signaling in prostate cancer cells [J]. Mo-
lecular Pharmacology, 2019, 95(5): 563-572.

[91 Zhang D, Han S, Wang S, et al. cPKCy-mediated down-
regulation of UCHLI1 alleviates ischaemic neuronal


https://doi.org/10.1111/raq.12183
https://doi.org/10.1038/nrm3522
https://doi.org/10.1038/nrm3522
https://doi.org/10.1111/j.1476-5381.2008.00078.x
https://doi.org/10.1152/ajpcell.00039.2010
https://doi.org/10.1152/ajpcell.00504.2010
https://doi.org/10.1152/ajpcell.00504.2010
https://doi.org/10.1124/mol.118.115014
https://doi.org/10.1124/mol.118.115014
https://doi.org/10.1124/mol.118.115014

3 1

VFOCHESR: (IR E TRDRHAS I R 0 57t 8 AR b RS 5 i A K e S AR s 9

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

injuries by decreasing autophagy via ERK-mTOR path-
way [J]. Journal of Cellular and Molecular Medicine,
2017, 21(12): 3641-3657.

Mai K S. History and prospect of aquaculture nutrition
and aquafeed industry of China [J]. Feed Industry, 2020,
41(1): 2-6. [ FERR. H EK 7= s E 720 7 5 kL T
LR R I FE 5 R EE (7). vkl Talk, 2020, 41(1): 2-6.]
Wang X, Proud C G. The mTOR pathway in the control
of protein synthesis [J]. Physiology, 2006(21): 362-369.
Jiang H, Bian F, Zhou H, ef al. Nutrient sensing and
metabolic changes after methionine deprivation in
primary muscle cells of turbot (Scophthalmus maximus
L) [J]. The Journal of Nutritional Biochemistry,
2017(50): 74-82.

Qin Q, Cao X F, Dai Y J, et al. Effects of dietary protein
level on growth performance, digestive enzyme activity,
and gene expressions of the TOR signaling pathway in
fingerling Pelteobagrus fulvidraco [J). Fish Physiology
and Biochemistry, 2019, 45(5): 1747-1757.

Tu Y, Xie S, Han D, ef al. Dietary arginine requirement
for gibel carp (Carassis auratus gibelio var. CAS III)
reduces with fish size from 50 g to 150 g associated with
modulation of genes involved in TOR signaling pathway
[J]. Aquaculture, 2015(449): 37-47.

Li H, Ji S, Yuan X, et al. Eicosapentaenoic acid (EPA)
improves grass carp (Ctenopharyngodon idellus) muscle
development and nutritive value by activating the mTOR
signaling pathway [J]. Fish Physiology Biochemistry,
2024(50): 687-703.

Ministry of Agriculture of the People’s Republic of
China. Chinese Fishery Statistical Yearbook [M]. Beijing:
Chinese Agricultural Press, 2023: 25. [FF £ A\ R 31
ARMVATES. [ L Gt R (M. dbst: T ER O R
1, 2023: 25.]

Gui J F, Zhou L, Zhang X J. Research advances and
prospects for fish genetic breeding [J]. Bulletin of Chinese
Academy of Sciences, 2018, 33(9): 932-939. [ 7,
#I, GRBRAR. IS H MO RIUIR S & ()], E R
BT, 2018, 33(9): 932-939.]

AOAC, Official Methods of Analysis of the Association
of Official Analytical Chemists [M]. 17th ed. Association
of Official Analytical Chemists, Arlington, VA, USA.,
2003.

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

Azizi S, Ali Nematollahi M, Mojazi Amiri B, et al.
Lysine and leucine deficiencies affect myocytes develop-

tification

ment and IGF signaling in gilthead sea bream (Sparus
aurata) [J]. PLoS One, 2016, 11(1): e0147618.

Niu X T, Zuo Y N, Zhang J S, et al. Effects of dietary
lysine level on growth, feed utilization, serum biochemi-
cal indexes, lysine metabolizing enzyme activity and

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

related gene expression of Leuciscus brandti [J]. Journal
of Fisheries of China, 2019, 43(10): 2154-2165. [“F-/N K,
TR, TR R, A, TRL ho R KT g IHERS f
AL FRIRIA . MR A SR BRI A Bl v
Ko Al FE R R IE M m [T]. K77 244k, 2019, 43(10):
2154-2165.]

Wei Y, Li B, Xu H, et al. Effects of lysine and leucine in
free and different dipeptide forms on the growth, amino
acid profile and transcription of intestinal peptide, and
amino acid transporters in turbot (Scophthalmus
maximus) [J]. Fish Physiology Biochemistry, 2020, 46(5):
1795-1807.

Zhou X J, Xie S Q, Xie C X, et al. The utilization and
requirement of dietary lysine for juvenile gibel carp [J].
Acta Hydrobiologica Sinica, 2006, 30(3): 247-255. [ %
B, RS, WAHT, . 7 F RS f0 0] R R
(R Je 75 B AE 5T (). /K AE AR 24 3R, 2006, 30(3):
247-255.]

Tu Y Q. Comparative study on utilization of dietary
lysine and arginine in gibel carp of different body sizes
[D]. Beijing: University of Chinese Academy of Sciences,
2015. [#R7KST. AN RURS 57 B ERAH A R 2 R AR 2
FRA I LR FE [D]. Jbat: o ERFERE R, 2015.]
Shen Y, Qiu Q J, Sun L S, et al. Effects of dietary argi-
nine /lysine on growth performance, body composition,
serum biochemical indices and amino acid deposition rate
of all-male yellow catfish [J]. Chinese Journal of Animal
Nutrition, 2017, 29(7): 2575-2586. [JL B, BRI, #h I
A, S VDRRRG SR N TG B 4 B 00 £ A K
BE MRALR. IMIE A2 A0 4R AR S Z R IR T AR 2 1) i
[7]. shE 3243k, 2017, 29(7): 2575-2586.]

Gatrell S K, Silverstein J T, Barrows F T, et al. Effect of
dietary lysine and genetics on growth and indices of
lysine catabolism in rainbow trout (Oncorhynchus mykiss)
[J]. Aquaculture Nutrition, 2017, 23(5): 917-925.

Bodin N, Govaerts B, Abboudi T, et al. Protein level
affects the relative lysine requirement of growing rain-
bow trout (Oncorhynchus mykiss) fry [J]. The British
Journal of Nutrition, 2009, 102(1): 37-53.

Zarate, Lovell, Payne. Effects of feeding frequency and
rate of stomach evacuation on utilization of dietary free
and protein-bound lysine for growth by channel catfish
Ictalurus punctatus [J]. Aquaculture Nutrition, 1999, 5(1):
17-22.

Zhou Q C, WuZ H, Chi SY, et al. Dietary lysine require-
ment of juvenile cobia (Rachycentron canadum) [J].
Aquaculture, 2007, 273(4): 634-640.

Zhang C, Ai Q, Mai K, et al. Dietary lysine requirement
of large yellow croaker, Pseudosciaena crocea R [J].
Aquaculture, 2008, 283(1-4): 123-127.

Deng D, Dominy W, Ju Z Y, et al. Dietary lysine require-
ment of juvenile Pacific threadfin (Polydactylus sexfilis)
[J]. Aquaculture, 2010, 308(1-2): 44-48.


https://doi.org/10.1111/jcmm.13275
https://doi.org/10.1152/physiol.00024.2006
https://doi.org/10.1016/j.jnutbio.2017.08.015
https://doi.org/10.1007/s10695-019-00664-z
https://doi.org/10.1007/s10695-019-00664-z
https://doi.org/10.1016/j.aquaculture.2015.02.031
https://doi.org/10.1007/s10695-024-01299-5
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1371/journal.pone.0147618
https://doi.org/10.1007/s10695-020-00828-2
https://doi.org/10.3321/j.issn:1000-3207.2006.03.001
https://doi.org/10.3321/j.issn:1000-3207.2006.03.001
https://doi.org/10.3969/j.issn.1006-267x.2017.07.043
https://doi.org/10.3969/j.issn.1006-267x.2017.07.043
https://doi.org/10.3969/j.issn.1006-267x.2017.07.043
https://doi.org/10.1111/anu.12459
https://doi.org/10.1017/S0007114508158986
https://doi.org/10.1017/S0007114508158986
https://doi.org/10.1046/j.1365-2095.1999.00083.x
https://doi.org/10.1016/j.aquaculture.2007.08.056
https://doi.org/10.1016/j.aquaculture.2008.06.035
https://doi.org/10.1016/j.aquaculture.2010.07.041

10

KR R

2025, 49(3): 032508

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

Wilson R P, Poe W E. Relationship of whole body and
egg essential amino acid patterns to amino acid require-
ment patterns in channel catfish, Ictalurus punctatus [J].
Comparative Biochemistry and Physiology Part B:
Comparative Biochemistry, 1985, 80(2): 385-388.

Ng W K, Hung S S O, Herold M A. Poor utilization of
dietary free amino acids by white sturgeon [J]. Fish Phy-
siology and Biochemistry, 1996, 15(2): 131-142.

Zarate D D, Lovell R T. Free lysine (I-lysine - HCI) is
utilized for growth less efficiently than protein-bound
lysine (soybean meal) in practical diets by young channel
catfish (Ictalurus punctatus) [J]. 1997,
159(1-2): 87-100.

Cao J M, Chen Y, Zhu X, et al. A study on dietary I-
lysine requirement of juvenile yellow catfish Pelteoba-
grus fulvidraco [J]. Aquaculture Nutrition, 2012, 18(1):
35-45.

Zhou F, Shao J, Xu R, ef al. Quantitative I-lysine require-

Aquaculture,

ment of juvenile black sea bream (Sparus macrocephalus)
[J]. Aquaculture Nutrition, 2010, 16(2): 194-204.

Burtle G J, Liu Q. Dietary carnitine and lysine affect
channel catfish lipid and protein composition [J]. Journal
of the World Aquaculture Society, 1994, 25(2): 169-174.
Huang X, Song X, Wang X, et al. Dietary lysine level
affects digestive enzyme, amino acid transport and
hepatic intermediary metabolism in turbot (Scophthalmus
maximus) [J]. Fish Physiology and Biochemistry, 2022,
48(4): 1091-1103.

Zhang Q G, Wang J X, Wei Y L, ef al. Requirement of
lysine in juvenile tiger puffer (Takifugu rubripes) [J].
Chinese Journal of Animal Nutrition, 2020, 32(2): 847-
855. [kIKI), B, DH R, & L5 R 75 i %)) i
5 75 SR =W IT [J]. 30908 7% 523, 2020, 32(2): 847-
855.]

Waullschleger S, Loewith R, Hall M N. TOR signaling in
growth and metabolism [J]. Cell, 2006, 124(3): 471-484.
Li X, Wu X, Dong Y, et al. Effects of dietary lysine
levels on growth, feed utilization and related gene expres-

sion of juvenile hybrid grouper (Epinephelus fuscogutta-

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

tus @ x Epinephelus lanceolatus 3) [J]. Aquaculture,
2019(502): 153-161.

Kassar-Duchossoy L, Gayraud-Morel B, Gomes D, et al.
Mrf4 determines skeletal muscle identity in Myf5: Myod
double-mutant mice [J]. Nature, 2004, 431(7007): 466-
471.

Johansen K A, Overturf K. Alterations in expression of
genes associated with muscle metabolism and growth
during nutritional restriction and refeeding in rainbow
trout [J]. Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology, 2006, 144(1):
119-127.

Ropka-Molik K, Eckert R, Piérkowska K. The expres-
sion pattern of myogenic regulatory factors MyoD, Myf6
and Pax7 in postnatal porcine skeletal muscles [J]. Gene
Expression Patterns, 2011, 11(1-2): 79-83.

Tang Y J. Effects of dietary lysine on growth perfor-
mance and flesh quality of sub-adult grass carp and its
mechanism [D]. Ya’an: Sichuan Agricultural University,
2022, [JEIEA. TR R A 5 I A AR Kk R S

JULPA it S5 FRT 52 ) B A I MLARD (D], e 22 DU TRk oR 2,

2022.]

Zhang F, Deng B, Wen J, et al. PPARy and MyoD are
differentially regulated by myostatin in adipose-derived
stem cells and muscle satellite cells [J]. Biochemical and
Biophysical Research Communications, 2015, 458(2):

375-380.

Prabu E, Felix N, Uma A, et al. Effects of dietary L-
lysine supplementation on growth, body composition and
muscle-growth-related gene expression with an estima-
tion of lysine requirement of GIFT tilapia [J]. Aquacul-
ture Nutrition, 2020, 26(2): 568-578.

Hettige P, Tahir U, Nishikawa K C, et al. Comparative
analysis of the transcriptomes of EDL, psoas, and soleus
muscles from mice [J]. BMC Genomics, 2020, 21(1): 808.

Bhagavati S, Song X, Siddiqui M A Q. RNAI inhibition
of Pax3/7 expression leads to markedly decreased expres-
sion of muscle determination genes [J]. Molecular and
Cellular Biochemistry, 2007, 302(1-2): 257-262.


https://doi.org/10.1007/BF01875592
https://doi.org/10.1007/BF01875592
https://doi.org/10.1007/BF01875592
https://doi.org/10.1007/BF01875592
https://doi.org/10.1007/BF01875592
https://doi.org/10.1016/S0044-8486(97)00184-1
https://doi.org/10.1111/j.1365-2095.2011.00874.x
https://doi.org/10.1111/j.1365-2095.2009.00651.x
https://doi.org/10.1111/j.1749-7345.1994.tb00178.x
https://doi.org/10.1111/j.1749-7345.1994.tb00178.x
https://doi.org/10.1007/s10695-022-01098-w
https://doi.org/10.3969/j.issn.1006-267x.2020.02.040
https://doi.org/10.3969/j.issn.1006-267x.2020.02.040
https://doi.org/10.1016/j.cell.2006.01.016
https://doi.org/10.1016/j.aquaculture.2018.12.035
https://doi.org/10.1038/nature02876
https://doi.org/10.1016/j.cbpb.2006.02.001
https://doi.org/10.1016/j.cbpb.2006.02.001
https://doi.org/10.1016/j.cbpb.2006.02.001
https://doi.org/10.1016/j.cbpb.2006.02.001
https://doi.org/10.1016/j.cbpb.2006.02.001
https://doi.org/10.1016/j.gep.2010.09.005
https://doi.org/10.1016/j.gep.2010.09.005
https://doi.org/10.1016/j.bbrc.2015.01.120
https://doi.org/10.1016/j.bbrc.2015.01.120
https://doi.org/10.1111/anu.13018
https://doi.org/10.1111/anu.13018
https://doi.org/10.1186/s12864-020-07225-2
https://doi.org/10.1007/s11010-007-9444-3
https://doi.org/10.1007/s11010-007-9444-3

3 VFICGE G AIC OB TR RHAS D B 0T 7 7 AR Ao R 55 i AR K e R AR R R i 11

DIETARY LYSINE SUPPLEMENTATION ON GROWTH PERFORMANCES AND
METABOLISM IN JUVENILE GIBEL CARP (CARASSIUS GIBELIOV
AR. CAS V) FED LOW FISH MEAL DIETS

XU Wen-Jie', WANG Yu™’, WU Li-Yun’, DONG Bo~’, ZHU Xiao-Ming’, HAN Dong’, LIU Hao-Kun’,
YANG Yun-Xia’, ZHANG Zhi-Min’, XIE Shou-Qi”’ and JIN Jun-Yan’
(1. College of Food Science and Engineering, Guangdong Ocean University, Yangjiang 529500, China; 2. State Key Laboratory of

Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: How to improve utilization of protein especially non-fishmeal protein in fish is a problem demanding prompt
solution in aquatic nutrition. Studies in mammal showed that G protein coupled receptor family C, group 6, subtype A
(GPRC6A) could sense the amino acids, and then regulate the muscle growth via ERK-mTOR signal pathway. But
mechanisms of sensing and responding to lysine in fish are still unclear. A 7-week feeding experiment was conducted to
investigate the effects of dietary lysine supplementation in low fish meal diets on the growth performances, biochemi-
cal composition, nutrient deposition, plasma biochemical indices, and metabolism related gene expression in the muscle
of gibel carp (Carassius gibelio var. CAS V) initial mean body weight: (8.70+0.03) g. The diet containing 5% fish
meal was set as the control group (LL), the other groups were supplemented with 2% (ML) and 4% (HL) lysine, respec-
tively. The results showed that lysine supplementation in low fishmeal diet had no significant effect on the feeding rate
(FR), specific growth rate (SGR), feed efficiency (FE), protein retention efficiency (PRE), and lipid retention effi-
ciency (LRE) in the gibel carp (P>0.05). Dietary supplement with 2% lysine did not affect the condition factor (CF),
hepatosomatic index (HSI), and viscerosomatic index (VSI) in the gibel carp (P>0.05). The 4% lysine group had no
effect on the CF and VSI, but significantly decreased the HSI (P<0.05). The protein content of whole body in ML
group was higher than that in other two groups (P<0.05), and the total amino acid level and the total essential amino
acid level was also higher than LL group and HL group (P<0.05). The levels of seven essential amino acids including
lysine, arginine, isoleucine, leucine, phenylalanine, threonine, and valine in the whole body was the highest in the fish
fed diet supplemented with 2% lysine (P<0.05). The lysine supplementation in low fishmeal diet had no significant
effect on the levels of protein and moisture in the muscle of gibel carp (P>0.05), but the HL diet decrease the lipid
contents in the muscle (P<0.05). Plasma glucose, triglyceride and cholesterol levels showed no significant difference in
the three groups (P>0.05). The diets supplemented with lysine did not affect the plasma amino acid profile in gibel carp
(P>0.05). The mRNA levels of genes involved in sensing and responding to lysine including gprcéa, f-arrestins, erk,
rheb, tsc2, tor, s6kl, 4ebp2, and eif4e in the muscle of gibel carp were not affected by the diets (P>0.05). The lysine
supplementation in low fishmeal diet had no significant effect on relative expression of genes involved in regulating
myofiber growth and development including myod, myf5, mstn, mylc, and pax7a in the muscle of gibel carp (P>0.05),
but the mRNA levels of myog in the HL group was higher than that in the ML group (P<0.05). These results suggested
that low fish meal diet supplemented with 2% lysine could increase the total essential amino acid level and protein level
in the whole body of gibel carp “CAS V”, but the mechanism remains to be fully elucidated, which might offer new
insights into improving the feed formula of gibel carp “CAS V.

Key words: Lysine; Growth performances; Amino acid sensing; Metabolism; Carassius gibelio var. CAS V
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