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Abstract: There is a significant sex difference in the growth of yellow catfish (Pelteobagrus fulvidraco) at the same age
which shows that males are longer in length and heavier in weight than females. mTOR (mechanistic target of rapamycin ki-
nase) signaling pathway plays an important role in cell growth, development and protein synthesis. In order to understand the
correlation between the nutritional growth mechanism of yellow catfish and the mTOR signaling pathway, this study firstly ana-
lyzed the muscle nutrient composition of female and male yellow catfish in the aspects of physiology and biochemistry. The re-
sults showed that the nutritional quality of female yellow catfish muscle was better than that of the wild female yellow catfish
in terms of mineral elements, amino acid composition, protein evaluation and fatty acid quality, while there was little difference

in water, crude protein and crude fat content between them. Quantitative real-time PCR (qRT-PCR) analysis was conducted for
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the major genes of mTOR signaling pathway. The results showed that the expressions of AKT serine/threonine kinase 1 (4KT1),
AKT serine/threonine kinase 2 (4K72), AKT serine/threonine kinase 3 (4K73), mTOR, ribosomal protein S6 kinase B1 (S6KA),
ribosomal protein S6 kinase B2 (S6KB), eukaryotic translation initiation factor 4E binding protein 1 (4£-BPI) in muscle, liver,

kidney and heart tissues of male yellow catfish were significantly higher than those of female. This may be related to the growth

differences of female and male yellow catfish. These results provide an experimental basis for further exploring the molecular

mechanism of sexual growth difference of yellow catfish.

Key words: Pelteobagrus fulvidraco; nutritional composition; growth difference; gene expression analysis; mTOR signal-

ing pathway
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Tab.1 ¢RT-PCR primers and their sequences
Target gene Forward primers (5-3") Reverse primers (5-3")
AKTI ATCCATCAACAGAGGAGCAT CACACAGGCAGAGAATGACA
AKT?2 TTTCACGGAAGAACGAGCAC TGGCTTCATTGGTAATTCCCT
AKT3 ATGCTGCTACTATGAAGACGTT ATCACCACACCCAAACCCCA
mTOR AAACACCGCATCAATCACCA TTCGACCGGGCCACTAACCA
S6KA GGGCTCTTTCTCTGTCTGCAA GCTTCCCATTATCATACACGTCT
S6KB AAGCCTTTCCTGCAATCCG ACCTGATTTGCACTTTCGCTA
4E-BP1 GTCAGATAGTGCATCCCAAGC CCACCAAGAAGAGAACCGTTG
[-actin ATACTCCTGCTTGCTAATCCAC ATGTACCCTGGCATTGCT

SRR HL (essential
i DA S A

R g AAS . CS . T
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ARSI (1 ~5) Pk

S = R OPWHO BTN Bt Pl e B ()
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1004  100B  100C 100]
IEAA‘="\/ AE *BE *CE X IE (3)
f= T =N #Dﬂ*%ﬂnﬂ% i
% Ao~ = .
2, @aai(mg/gN) *:léuuq:‘ﬂ/]* %E ESE x 6.25 x 1 000 (4)
R SR i+ R A
S T CES T e v
AR WA LB IR WUt (1.8%) 10 1445, MEPE AU HLEE F1 AL

B AT PNRR A E’J%Eﬁﬁéﬂ%@ﬁ (7% mg/gN);
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BHENAFHEREFTRS

2
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BRIV O B T it (R 2) .
22 EFANAFHTYTESE
ARG e T8 BE LR SRR ot R
(Rt R I P A L PR 1 s 2 v
S S, 439 R 3 046, 3 007 mg/kg; 1M

XS LA P R RUE RIS, B TR R A RO R, 4300k 14.1,10.6 mg/kg,
HERRAa LA K o & BTN 78.7% . 79.9%; 76 Bk BERIR =R T R 1Y O f A0 MM BB T
HUBOY & b, MEPE B A S (2.6% ) EEVERE (3R3).
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Tab.2 Muscle nutritive component of Pelteobagrus fulvidraco

unit: %

Basic nutritive component

Species

Moisture Ash Crude protein Crude fat
Female Pelteobagrus fulvidraco 78.7 2.6 15.5 34
Male Pelteobagrus fulvidraco 79.9 1.8 15.0 33
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Tab.3 Mineral element content in muscle tissues of
Pelteobagrus fulvidraco

unit: mg-kg!
Mineral element content
Mineral
element Female Pelteobagrus Male Pelteobagrus
fulvidraco Sfulvidraco
Zn 14.1 10.6
Mg 252 243
Fe 6.09 4.79
K 3046 3007
Cu 0.419 0.339

23 HF&NATHEERANKREE

TEME | il 2 3900 ) UL A AR 16 A
Hfg, A4 7 Fhoo 75 Z 3R (essential amino acid,
EAA). 2 e b7 2 FEMR (half-essential amino acid,

HEAA ) F1 7 fhdE 75 2 2 ik (non-essential ami-
no acid, NEAA ) . o, Wi 85 550 40 19 0 2 L R
i (157.5 mg/g) J& MEPE v B0 D 2 AR & it
(128.1 mg/g) 1) 1.23 4%, 7ELT 2L (EAA) & &
T3 T, e v R AR R T R 7 i (62.6 mg/g)
JE e R BT R R B & (52.9 mg/g)
M 1.18 %5, 7EBERZ TS (delicious amino acid,
DAA) S5 5 J7 1, W v 30 0 R R R 2 SE R
i (76.8 mg/g) S MEE U0 SRR 2 B R Y i
(61.6 mg/g) [ 1.251% (& 4) .
24 EHF&IRPHERLFEIERAMITM
| 0 A L PR T R S A T SRR Y 1
B2 749, 2 400 mg/gN, fi& T4 4G 3 & H AR ER)
2960 mg/gN, {H =T FAO/WHO Fr i) 2 190 mg/gN,
R4 FAO/WHO HYEK o R4S AAS FI CS 4521,
Tof % 00 £ 1 55— BRI 1 R R Y O R R + 2 e
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Tab.4 Amino acid composition and content in muscle of Pelteobagrus fulvidraco

Amino acid content

Amino acid content

Amino acid Female Pelteobagrus Male Pelteobagrus Amino acid Female Pelteobagrus Male Pelteobagrus
fulvidraco fulvidraco Sfulvidraco Sfulvidraco
Threonine’/(mg-g ™) 7.4 6.2 Glycine”/(mg-g™") 11.4 7.6
Valine'/(mg-g™) 7.9 6.7 Alanine”/(mg-g™) 11.2 8.8
Isoleucine’/(mg-g™) 7.3 6.2 Tyrosine”/(mg-g') 5.6 4.7
Leucine’/(mg-g™) 134 114 Proline/(mg-g™) 6.1 4.2
Phenylalanine”*/(mg-g™) 7.3 6.1 Y AA/(mg-g™) 157.5 128.1
Lysine”/(mg-g™) 14.6 12.3 Y BEAA/(mg-g™) 62.6 52.9
Methionine”/(mg-g') 4.7 4.0 Y NEAA/(mg-g™) 82.1 64.8
Arginine*/(mg-g™") 9.6 7.8 Y HEAA/(mg-g™) 12.8 10.4
Histidine*/(mg-g™) 32 2.6 Y DAA/(mg-g™) 76.8 61.6
Aspartic acid”/(mg-g") 16.8 14.0 Y EAA/Y AA(%) 39.75 41.30
Serine/(mg-g ") 6.5 5.1 S EAA/Y NEAA(%) 76.25 81.64
Glutamate®/(mg-g ') 24.5 20.4 Y DAA/Y AA (%)  48.76 48.09

Y AAK R EE SEAAN & F R E A0 Y NEAA R 3E 4% BRI BAn , YHEAA A 20 % BRI B A, Y DAA K $fok BN PR B Am; 2

SR EURR, DB RRE, A F L E AR,

Notes: ) AA is total amino acids, ) EAA is total essential amino acids, ) NEAA is total non-essential amino acids, ) HEAA is total half-essential ami-

no acids, YDAA is total delicious amino acids; * is delicious amino acid, * is essential amino acid, * is half-essential amino acid.

MR LA EAATE D 88.59 (M) >77.42 (K
PE) o PHFY FAE R 2.22 ~2.25, 225K (35)
2.5 HF &P FRIRERERARR

TEEPE 5 U ARSI H 8 AR DR ( fatty acid,

FA), 1045 3 P A1 G TR (saturated fatty acid, SFA )
S FRALATG AR (unsaturated fatty acid, UFA );
HfEdE B AR ARG I ) 3 FR R TR , 4% 1 7 SFA I
2FUFA . ANIEJE AR R B Rh e 2 5 i, N
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Tab.5 Essential amino acids profile in muscle of Pelteobagrus fulvidraco

Evaluation of essential amino acid composition/ (mg-g'N) AAS CS
EAA Female Pelt.ea— Male Pelteo.— WHO/ Feg Female Pel- Male Pel- Female Pel- Male Pel-

bagrus fulvidra- bagrus fulvi-  FAO mod- . teobagrus  teobagrus  teobagrus  teobagrus

co draco el protein Sfulvidraco  fulvidraco  fulvidraco  fulvidraco
Threonine 298 258 250 292 1.19 1.03 1.02 0.88
Valine 319 279 310 411 1.03 0.90 0.78 0.68
Isoleucine 294 258 250 331 1.18 1.03 0.89 0.78
Leucine 540 475 440 534 1.23 1.08 1.01 0.89
Methionine+Cysteine 189 167 220 386 0.85 0.76 0.49 0.43
Phenylalanine+Tyrosine 520 450 380 565 1.37 1.18 0.92 0.80
Lysine 589 513 340 441 1.73 1.51 1.33 1.16
Total 2749 2400 2190 2960
EAAI 88.59 77.42
F value 222 2.25

Lo E L I o, MRtk —
7N 8 (docosahexaenoic acid, DHA ) & H 4
0.048 6 mg/g, MITEMEM:E A P AR E] (R 6) .
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Tab. 6 Fatty acids content in muscle tissues of Pelteobagrus fulvidraco

unit: mg- g’
Fatty acids content
Fatty acid  pemgle Pelteobagrus Male Pelteobagrus
fulvidraco fulvidraco
C14:0 0.092 8 <0.0330
C16:0 0.3890 0.1170
C18:0 0.156 0 <0.066 0
Cl6:1 0.081 8 0.034 4
C18:In-9¢c 04720 0.1450
C18:2n-6¢c  0.0511 <0.066 0
C18:3n-3  0.0407 <0.0330
C20:5n-3  <0.0330 <0.0330
C22:6n-3  0.048 6 <0.0330
> SFA 0.637 8 0.1170
> UFA 0.694 2 0.1794
Y FA 1.3320 0.296 4
2.6 qRT-PCRZR
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1) 22305 SRR DT M B S0 T R ZEAILIA L
B2 A b A S6KA 1335 5 A N T
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1 S6KA 12 35 1 AH X T I 1 28 5 £ I 25 R 5 AE
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3 itig
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th,ﬁ%ﬁéﬁﬂﬂﬁﬂhmm/w%i@&?#/\ I
Bl A RA Y B, YA E=15%
B U380 2 PR 2 M R oA e R T TR ﬁ%ﬁ@ﬁ@*ﬂ
EHSEYETHET 15%, Wik, #EHmR
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Fig. 1 The relative expression of AKT1, AKT2, AKT3, mTOR, S6KA, S6KB, 4E-BP1 gene in different tissues of male and female
Pelteobagrus fulvidraco
(a~g) 9 7 &7 AKTI, AKT2, AKT3, mTOR, S6KA, S6KB, 4E-BP1 35 W JE et 2R S 69 LA PR BORE | il | S Bk, B | MERR AL 22 84 A R
* A RFZ5 (P<0.05), ¥ R FAMEF £ (P<0.01).
(a~g) represent the expression levels of AKT1, AKT2, AKT3, mTOR, S6KA, S6KB, 4E-BP1 gene in muscle, liver, kidney, brain, heart, intestines and
gonad of female and male Pelteobagrus fulvidraco, respectively. * indicates significance at the 0.05 level (P<<0.05), ** indicates significance at the 0.01
level (P<0.01).
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Zn Mg Fe K, Cu CZE M & at, Mtk a2
THEPEE R . WANFT )BT, MEPE 1 3
oA YR

GIETRAT AR {a R 28 e 2L, HFPE SRR
[ 4 PR o KUK Y BB S R BT . AR 4 v 3RATT AT
DA, 7EME . b2 g fa L IR rh A 1 16 Fh 2 2
fii, Hohfds 7 Ml i s LR | 2 Fl Wb FE A LR A
7 RhAE T B LR, S B T AT Y P B AR A
2 TAI A 2R

H4E FAO/WHO Ry 3R, o /e 3 i i 2
Y EAA /Y AA K 40% /247, Y EAA /Y NEAA T 7E
60% A1, ARG, e HERESUILAN AR IUY EAA
/Y AA 439155 39.75%., 41.30%, Y EAA /Y NEAA 43
IR 76.25% . 81.64%, 1 IH sl f 8 5 £ 114 L 1R) 4
P L AGSF-A, E R (LG T L O e 00
R 1Y AAS Fl CS P4 I91R i, 2497 FAO/WHO #rifErY
2%, XU B R — AR A B Rk IR . AR
P EAAL B8 H AN [R) B 30060 2R 1 RIBR I B A 1)
TREE, M HER RO EAAT(E 53] 88.59., 77.42,
5 I e 8 8 1 T SR SRR A A N T B

BRI TE B WIn#JE RE =AW AIE A, M En
Z AR IR (polyunsaturated fatty acid, PUFA )
fE B E I I mR . Wl ER (linoleic acid, C18:2n-
6¢) S AR FF B iR, AMUREHEUE Bk, 1 5
I Af AP 928 e UL T2 5 i, Y9 BJ5 sl ko R A AL 2
AR5, C18:2n-6¢ 1 MEPE v F 8 LA rp iy 5
}10.051 1 mg/g, 17 b 360 oh B A A K]
F . A, WRERE (linolenic acid, C18:3n-3) HA %
AR | B 1k i A i D) RE . P B A 1 C18:3n-3
T 0.040 7 mg/g, HAEMEVE 0 b If AR A
B, — K 4R (eicosapentaenoic acid, EPA ) £l
DHA A &7 5K I 48 FNPT RS |« B 36 /0 Hiki 1 765 92 o 25

Iifie' ', EPA FIDHA FEAETE T /K4 4 Wy i
Jij a2 )0 5 () EPA Il DHA SRR A 56
HH TGS a1 0 S 0 A0 2 M 5 2 A AG N )
EPA, {H 27 M P 3 it vh G T DHA, Ho &
0.048 6 mg/g. Zx L ULHT, BETFRZE Wl b M 2 i fn,
) it BT AL

i 12 qQRT-PCRAGIN A& 3, ZEM:BRZH 21 mTOR
1 A B JLANJE N (AKT1, AKT2, AKT3,
mTOR, S6KA . S6KB. 4E-BP1 ) ¥ ifEEw it rh it 3%
A MEE R AR RO B3 R A (P<0.01),
e A K AT A TR KRR E ST
Tk, 75— FERE L RRAR T MEPE AR IR 1
FARKMEER, X—8 5 ERgE RS -
WLPA L LB RO I 2 20 22 38 S A DG L PR AKT
AKT2, AKT3. mTOR, S6KA. S6KB. 4E-BP1 1£ It
R P A 2k T S M A AT L R R
A, MR A K SR O i s
WL R ONE . B, AR RIS 2 B
mTOR 5 Zi@ A EEH AT e S 5 T E i witkAd
K28 7 1y IR AL, L EAR RSB 5 2
E— IR ABIESE .

B2 ARG X v U B IR AN R A R R
S EA BAFRTE S0 X, TR A B B mTOR {55+
VR 4 A R A A 2R SR S A R AR TR
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