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1.1 EREE

24 R A 16 1 S B BRI 8 22 i I
Lt IAEERAEFEERANFEEREALR
VB, N E B R R . BlankZH L ARSNA N Pro;
ProZH¥N NS g/kg Pro, FH A2 IR K~ 1 % S 56 Tt
IR, 2755 B B KRR AL 7122 (NRC, 2011)
K A0 ) IR T R B AR S R S = .
S A KR H A E IR B AR VTR, TR
B BN 28R . Rk E RS 60 H i, 2785
WRIR A, F2.5 mmE AN HRL, 75 5 2808
PAFR S R T o UKL U ) A 2 st A B R 48 FL AT
fBLE—20°C, B2 .
1.2 & RIAFER

FEHE SLISAE ] ARG ISk T R LSk K A i
PEAE Y IG HE SE 50 0t P AT o R BTk I Yt
F— N ALY . eSS, BIRE K
AV B AR (3 mx3 mx2 m, x5 x5) 2, B H] $5

WL P55 M A8 CREL 2 191 40.0%, FHLAR 1710.0%, 48 BHE &,
HE). SZIGHT, fS2EBr24h, [HF 40 mg/LT &
i R (R TR PR A =, A BRI, AR IR
Ho 225265200 (11.621+0.154) g BEAL > A9
MIAR (1 mx1 mx1.5 m, Kx5ExR), 25/ 4H
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Tab. 1 Formulation and proximate composition of the experimental
diets

JEURHAL FJ} Diet

Ingredient composition (%) Blank  Pro
14} Fish meal' 2448 24.48
JR B2 5 H1 Fermented soybean meal 9.8 9.8
K E H4i % A Soy protein concentrate 142 142
£t i Fish oil 9.6 9.6
A EN Starch 165 165
a-JEHro-Starch 44 44
IR RS B Mixed crystalline amino acids’  12.8  12.8
S AAETH Choline chloride 1 1
Tl 412 Z Cellulose microciystalline 129  1.29
TR — 45 Ca(H,PO,), 1 1
L-fli& MR L-Proline 0 1.5
%% Alanine 293 143
14 iR R Mineral premix’ 1 1
YA R TUREL Vitamin premix4 1 1
£l Sum 100 100
5 7% 41 i Proximate composition (%)
7K 4> Moisture 8.884 9.435
# 2 F Crude protein 47392 47.149
FiLfiE 17 Crude lipid 10.153 10.263
7% %) Crude ash 6479 6443

el RE gk HEOSEN64.T%, MR &8N
10%; 2. IRA WA IEBR (g/kg HR): HER, 96.09; &M,
13.88; F AR, 4.05; BER, 3.47; HE R, 2.02; KA AR,
2.24; AR, 1.30; MU, 4.92; 3. H W HUEE (mg/kg H H):
NaPF, 1; KI, 0.4; CoCl,-6H,0, 25; CuSO,4-5H,0, 5; FeSO,-H,0,
40; ZnSO,4-H,0, 25; MnSO,4-H,0, 30; MgSO, - 7H,0, 600; Ca (H,PO,)-
2H,0, 1500; NaCl, 50; B4 F 4, 7725; 4. 44 R TR (mg/kg H
) giE KA, 32; 4ELE R B, 25; 4E4E R B,, 45; 4E4E KBy, 20; 4E
HFEB),, 0.1; EAFKC, 2000; 4E4 KD, 5. 44 KE, 120; 4i4
K, 10; ILEE, 800; iZ R, 60; MHER, 200; MER, 20; LMK, 1.2;
L%, 150

Note: 1. The white fish meal of the United States: crude
protein content of 64.7%, crude fat content of 10%; 2. Mixed
crystalline amino acid (g/kg diet): Glycine, 96.09; Leucine, 13.88;
Isoleucine, 4.05; Methionine, 3.47; Arginine, 2.02; Phenylalanine,
2.24; Threonine, 1.30. Lysine, 4.92; 3. Mineral premix (mg/kg
diet): NaF, 1; KI, 0.4; CoCl,-6H,0, 25; CuSO4-5H,0, 5.0;
FeSO,4-H,0, 40; ZnSO,4-H,0, 25; MnSO,-H,0, 30; MgSO,4-7H,0,
600; Ca(H,PO,),'H,0, 1500; NaCl, 50; zeolite,7725; 4. Vitamin
premix (mg/kg diet): VA, 32; VB, 25; VB,, 45; VB¢, 20; VB,,,
0.1; VC, 2000; VD3, 5; VE, 120; VK3, 10; inositol, 800; pantothenic
acid, 60; niacin acid, 200; folic acid, 20; biotin, 1.2; ethoxyquin,
150
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Tab. 2 Amino acid contents of experimental diets (umol/g dry

matter)
e e 2H FiDiet

Amino acid profile Blank Pro
Wi AFEREAA
i & B2 Arginine Arg 133.89 137.68
1 % B Histidine His 37.42 37.79
Hi % FR Valine Val 217.83 216.16
2% A2 2Phenylalanine Phe 79.19 78.86
& B Leucine Leu 234.56 238.86
& FRIsoleucine Ile 99.33 100.93
& L Cysteine Cys 10.67 10.59
752 B2 Threonine Thr 133.27 133.97
& B Methionine Met 48.51 48.01
#i5 B Lysine Lys 212.88 205.28
e TR A FEENEAA
KA & Aspartic Asp 289.20 290.50
2254 % Serine Ser 98.93 94 .44
BE B Glutamic Glu 279.09 275.34
PE B Alanine Ala 489.73 354.36
‘H 5 MR Glycine Gly 509.95 506.30
Ii% % B Tyrosine Tyr 53.08 50.36
Jiti% B Proline Pro 70.94 181.98

3R — 2w B AL 4 B 21 34N 4 B 4H (Blank . Pro
FOxymatrine), Blank 47 [ 41, 15 M Pro 2 s i 17
EF, ProflOxymatrine S 46 4H 1A R Pro s A k. JF
J&& 8 JE R R B S B, (E R4 J5 T 4 T kg .
Oxymatrine S 5 2H K F I8 5 13 3 26040 5 2 b
(Oxymatrine), Oxymatrinei® 7 £ FMedChem-
Express(MCE) A &) (1, i), ¥ AR F10xymat-
rine7E A% FH H &% DMSO % ISk, S8 )5 A2 2
K ¥ 1220 E6 B AR ORE BROE S . — B IR E
DMSOX A FRIMEH, 456 sk g K. i
18 T E SR 100 nL/IR BT, BoeHiE T
Oxymatrine PR R S ES 7 RN : fE@E ST
100 mg Oxymatrine¥ J-1 mL DMSO(100 mg/mL),
i B8 kR J7 SRR BE BT S (24K FE S mg/mL).
ST E S 258 10 mg/kg!' ™ T, Mt E 4
50 g, AT LA HE100 /R4 2. A T TH By 5 L
FE RN e A FERA R R 52 e, DD 5208 R TR 22,
BlankF1Prosi 56 41 55 3 S Oxymatrine ¥ 711l . 7E
ST B EIFE AN, R N T AH P R (07:00F0
16:30), WLEC 5 10 (R4 BEIR DL S A AR 0 4%, 485K
It FE A, YE R (A 13—14h, JEE23—30°C, pH
7.8—8.1, A% T°0.05 mg/L, $h/F31—33 g/L, &
fift485.2—6 mg/L.

1.3 HmXEE

TR SIS LE T, 155 £r24h, SR T &Hy(100 mg/L,
A, P R, AR E SR, R AR A K
FVERDELR FH 26 o AN Y 4 Bl B3 B 6 72 sic B £, Wl
MR E TR, TSI R AR AR KR A R
Py FESE L M BERR E, b S AR AR DL, o fo 6 E T
20CHTEERFEREASEINE. REMNEH
TAHZY) FwgR, B R CG ) 23 B/ (1 emx
1 cm)[# %2 T Bouin’s . SbAk, FE4RE/M, HT
KA AR L, Ay My, — 1 B T—20°C H
T IR SRR T, i — W PR 7 5 L EE
WA, b5 g A7 7E-80°C F FRNA $2 BRI 5 [H 3=
E53HT
1.4 FFBEBLRESERM

JFFIE 2H 21 25 2 A M 7R GV SR 4 R AR R4
BIRA BT 56, SEE D BRE BA 0T %
1 4 SURE B T 4% 2 B H RS [ 2 24h; H
T5% G- T0 7K B2 A6 P55 It 7K 6h; A5 FH — HA 24525 B
20K, BFIR10min, B3R, B 1h; B, A2 1)
L VA B FE 3575 5—6 um; %% T, HESeh, Bk
B, Yot gh B A% 6, AR IR B E AT
BB, FF Case Vieweri HHEAT B KA/ HT .
1.5 SEENE

AR N s A 2 25 2 5 R 20 i P VR 8 1 -
B A X TSQ-Endura(Thermo Scientific Dionex,
USA), MR E Z b 7715 (GB/T 18246-2000)1E 1T
W, FH VR 208 i i B FH A A b 2 R 1Y) o2
— U, R ) U A ) R0 v U A LR DG TR, AR AR
THE fit 2 TR DN 75 10 s 4 ol 28 (R B A iy, 06 T A
NN, TR H B — S R R L R ) A IR
HRAEE it b B 2 (AR RS 4L, T A s
REEMR M & &, BT R RRTE R /KM G A BE gl
B, R, A D E SR A .
1.6 REEBSENE

Hyp & & & K H {7 & (Art. No. A030-2; F§
S AR TR TR, e A, o )RR AT A
PR, BRAETT 5 3 B O U B, {8 Infinite”
Pro 200/ FR1X (Tecan, i 4) 7 AT A i, FH AR A AE
550 nmi K R I & ROERE, Hypif BE H ARV S AR 4
AR EA R & A E 2= B Hyp & &3 DA
8fi H 15 FI(AOAC, 2002). I ANHyp LT REET
R D 2 1 e LR R D B 1 4 AR R M, Hyp
B R A A [ E N 12.5% . Lk, H A
Hyp & &kt 4 e 5L A 5
1.7 EEFREDH

B2 2 A RN AR U 4 TR1zol (Invitro-
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gen™0) 3255 1l W 5 45 F 007 - 5 TR Bk AR, A1 A
DNase [ {1 2:Bri5 443K ZHDNA (TaKaRa), i
11.2% (wiv) B AR BEBERL 70 i 2 L 58 B A T &,
#| FiNanodrop “ND-20007} 3 )¢ J it (Thermo Sci-
entific NanoDrop, USA)ll i£260/280 nm4kb [ )t
JE, AT A 5E RNA Y B W B . RNA R 17) 2 5% Bl
cDNAf TransScript® One-Step gDNA Removal#ll
cDNA Synthesis Super-Mix Kit (Trans Gen E#)$5
A, b5 WHHENHUWT: 2 pgtRNAS1 uL Oligo
(dT);g, 10 uL 2xTS R4, 1 L TransScript’ RT/
RUE G, 1 pL gDNAZ FRFE & /5 4t DEPC/K 2
20 pL. 7E42°C R & 15min, 2R J5 I FI85°C,
5K i gDNAZ 4 7 Fl TransScript RT/RIfG . ¢DNA
FAETE-20°C, BELZAEH .

F| FiPrimer Premier 5.03% ff(Premier Biosoft In-
ternational, Palo Alto, USA)IR4E K& 4 Larimich-
thys crocea~ WiSiniperca chuatsiFfyi Micropterus
salmoides =5 [ FH IS FE R 0o J7 B AR F X T 1% 5%
AL RE SR SR 3), 1 W35 el A R T PR (b o ik
DRI LRI T, VR B ke SR H L A4 R S Vet
#APEIA (Thermo Fisher Scientific, USA)HT R &
M 55 20 M (PCR), #73 H 2 FIDNA Jv Bt
PCR v BUAE1.2% SR IRWE BRI B vk EAS I, B =4
KNS FHARTE G, 4 PCR =ik A R L DA (A it 2
RIZABEFE T BRI, FeZIAENCBIEBEAT Hox
NN

U AR AR IC B 20 pLAIqRT-PCR SR R A
2 uL ¢cDNA. 7 uL DEPC7K. 10 pL SYBR Premix
Ex Taq Il (Takara)fl1 pL5| ¥ K&K 8 H bRkt
[Al), 20 pL 2 BV A VR AE SER 9% % 8 EPCRAX iz
1T(Roche Light Cycler® 480 System, i 1-). 1#H
AACHH XN B4 v B 574, Sl B 5K 5 (8-
actin)iAT IH— LA EE, 3IPMFEAR, HAEAR— 340
W SR Cr, AC=H i R Cr— K3
Cto AACEEFMEARKL IR ACHEHIHLACT (S5
%), MR ERKRIER KRN H AR E 4
PR SiEh A RIE R BRI EEH
542 1k (Fold change)ik, FEH T —ANifR %L,
Fold change=IF({E>1; {8, —1/{8), # X KI5 B
SRS ERAL .

1.8 HES%ITSH

R 8 A4 K 2R (Specific growth rate, %/d)=[Ln%&
RAR (@) -Lo W 4644 5 ()1/ K Ex100

TR 2 $ (Feed coefficient, FC)=RK & & (g)/[#&
KRR (g)-WIIaIAHE ()]

R3S B PR 2 (Swim bladder somatic index, SB-

SI=100x £ % # (g)/ 1 1A H (g)

1235 % (Survival rate, SR, %)=100x & K fi1 $5/49]
ERERAY

JIEL3% £ (Condition factor, CF, g/cm’)=100x f {4
()M K (cm)’

A H s K I SPSS 20.0F4 55 (SPSS, Inc.,
Chicago, IL, USA)i#47 HL.IK 25 77 % 43 1 (One-way
ANOVA, LSD), 7% F Tukey# 47 21 5] {2 2% PEAS
5o s L S5 1R 7 (mean+=SE) £ I,
P<0.05N%EmA G55 L.

#= 3 BREEBRREEXEENRT-PCRS4F5

Tab. 3 Sequences of real-time PCR primers for gene of collagen
metabolism

Y T C——

23| 355 Annealing PCR

Sequences of primers : Accession
Gene Ay temperature efficiency
(5'—3" (C) (%) number

Collal AGACCTGCGTGA 58 8 XM 0107
CTCCCA 494943
AGCCCTCGCTGC
CATACT

Colla2 CAAGAACAGCGT 59 92 XM 0192
TGCCTACAT 62659.2
ACGGAGAAGGTG
AAGCGG

P4Hal GTGCTTGGCTCAC 58 96 XM 0192
TGGCTAC 69311.2
CCACGTTGCTATG
CGATTG

P4Ha2 ACCAGGTGTTCA 60 94 XM _ 0192
CTCCAATGC 64583.2
ATAGCCACAAGT
CGGCGTGT

P4Ha3 CTGAGAATGAAG 58 90 XM 0107
GGACTTTGGA 39670.3
CAAAACTCTTCC
ATTCATCGG

TGF- AGAAACGAGCAG 56 91 XM 0107
AGGATTGAGC 52699.3
CTGAAAGTGTGG
CAGGGACAA

TGF-§ TCAAGCGAGCCG 59 89 XM 0272

RT ACATCTAT 74176.1
CTCTGCCAGCGG
TTAGGAAT

Smad7 GCTGAAAATCGG 58 93 XM 0107
ACACGG 42557.3
CGGAGCCTATGA
TAATGAAT

Smad2 CAGTCGGTCAAT 58 92 XM 0192
CAGGGGTT 71769.2
CATCTGGGTCAG
CACCTTATCC

Smad3 TGCTCCAGTGTGT 55 93 XM 0107
CGTAGG 35124.3
AGTCCTAAAAAC
GACCATCAA

Smad4 CAGTGGCCGGGA 59 95 HQ59621
ACATTC 3.1
CAGCAGGGCGTC
TCTTTGA

S-actin GGTTACTCCTTCA 58 100  GUS58418
CCACCACAG 9.1
TCCGTCGGGCAG
CTCATA
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2.1 RMProX 5 Oxymatrinexl /X B EHih &%
K BRI RZ N

N 4PN, FrE A KR (SGR) HE R
(FC)\ NEWFE(CF) A LL(SBST M AFIE . (SR) %
TifgFr7EBlank4l . ProZH A1OxymatrineZH ]33 G ¥
#HZ5(P>0.05). HAHAFEFI=90%, HILA]
DA Hh et R AR B 100 32 Sz g 2% A, HLAF 450
SRR R AR i R B R S
2.2 ARIProf ERtOxymatrinedf X EG A H
HERS IR & R AR AR

Wi 1H7R, Profl {2 % & T Blank 4 M1Oxymat-
rine41(P<0.05), 1t B Tk} R IS N Profie i3 1 £ i
B2 5 B R UTCRR, T I s 3 S I 7 T A o i SR
HHEHPDI.
2.3 AMProf EStOxymatrinesf X B EHGE H
2 th REFRZH AY IS

WM 5PN, iR, 11U R BB (Pro.
Glu. Gly. Ala. Thr. Tyr. Met. Leu. Ser.
LysHll Asp) 32 i (P<0.05), F R 2 I B /K T A XA
SE o Ik 2 LA A BT Pro ¥ N B S T HE 7
OxymatrineX 2 F R AC 520, 41ProflOxymat-
rineH 5 BlankZH L85 R I, ¥ INPro S 38Uk 0 8 &
i o B v — L B R S B T, WPro. Glu,
Asp. MetflISer; [FRf 22 FH Tyr. AlafIThr & &
P . 81T OxymatrineZH 5 ProdH Lb B R A, ¥4 54+
#7Oxymatriness T EGlufl Ala s & F =, [FIET S
HLeu. LysFIGly & & &Ko
2.4 Oxymatrinefig J=/E 51 %1% & B ik & AT B 2H R
e i=apA

T Oxymatrine 1 71 1 &5 A DMSOSEA &
HI3, FI e 20 AR A BRI il G T, SEge R
PriZ e e H R . DR, FRATHEAT T IR 21
= 4 ARPRMProdt A Oxymatrine T AR BRFHAE K
1 BELLER AR
Tab. 4 The effect of inhibitors on growth performance of N.
coibor fed diets with Pro of optimal level

IR 3 A, SRS AR DA S AT I 2R
Zir e, AR SR, B A R 2 B 4 i £

275 -

g B
1 E 250 T
4152
me s 225
My A A
MR 5 op 200 1
j;f &L 175
Il
& 3 s 150 L = 2L = =

O 1 1 | S —
Blank Pro Oxymatrine

Johpats PRl T~ Stress factor

B 1 kRIS InPro S Oxymatrine Tt X i €65 i 1 £ 822 fi JiR
S = (g/kg i )M R

Fig. 1 The effect of adding Pro in feed and Oxymatrine inter-
ference on the collagen content (g/kg wet matter) in swim bladder
of N. coibor

AR AN [R) S BERR S b B2 () 7 A 2 3 22 5 (P<0.05; n=3)
The absence of identical letters in the superscript indicate
significant differences among the groups (P<0.05; n=3)

=5 AR PIRMProH A Oxymatrine T3 X% & 3 i £ £ 6Z
FEBRAMBIFN

Tab. 5 The effect of inhibitors on collagen in swim bladder of N.
coibor fed diets with Pro of optimal level (10 pmol/g dry matter)

S EEBE Amino SEG AR BE Experimental treatment

KM B8 Growth SEH AL ¥ Experimental treatment

performance Blank Pro Oxymatrine

FEHSR (%) 93.33+1.333 97.33+1.333 96.00+2.309
FREAEKESGR (%/d) 1.40£0.108 1.56£0.078  1.55+0.058

TR REFC 1.95+0.158  1.93+0.043  1.88+0.033
4K L. SBST 0.47+£0.058 0.46+0.015 0.41£0.009
JE3H 1 CF (g/em’) 2.10£0.116 2.21£0.031 2.06+0.046

acid profile Blank Pro Oxymatrine
Jiti & 2 Proline 49.49+2.895"  80.95+1.706° 78.65+2.487"

Aot A RIsoleucine  8.18+0.359  8.12+0.303  8.85+0.349
AREFGlutamic  42.17£0.914" 47.31£1.162° 51.61+2.276°
i %l Tyrosine 5.77+0.226"  4.48+0.330" 4.34+0.166°
SR MR Valine 17.43£0.667 18.37£0.858 19.25+0.376
AR Cysteine  0.65+0.026  0.78+0.031  0.71£0.019

ab

KA WeAspartic  28.49+0.204" 30.85+1.409° 31.14+0.571°
P& Alanine 85.1240.360° 62.31+2.390° 78.59+1.206"
@ MMethionine  6.2240.230°  7.95£0.056°  7.66+0.337

18.28+0.083° 15.56£0.046" 14.96+0.086"
15.7740.323"  17.16£0.293" 16.97+0.071°
18.87+0.882° 19.19+1.498° 15.68+1.316"
20.25+1.271° 20.46£0.760° 18.79:£0.680"
33.16£1.156  34.33+2.475 35.85+0.953

7% R Threonine
425 [ Serine
ToZ M Leucine
BRI Lysine

¥ %R Arginine

2H & R Histidine 4.19£0.127  4.55£0.269  4.60+0.090
KHER

Phenylalanine 10.2840.836  10.63+0.509 10.83+0.323
HE M Glycine 188.59+4.981" 217.25+4. 068" 182.73+3.739°

T BE P EEARE R (n=3)

Note: Values represent mean+SE (n=3)

A HE ESSME AR R 1R (n=3); 12 [F—AT 8 1 BAR T,
AR /NS - B R R R B 2H ()77 7 2. 35 22 57 (P< 0.05)

Note: Values represent mean+SE (n=3). Different lowercase
letters in superscript of the same row indicate significant differences
among the groups (P< 0.05)
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Fig.2 Effect of Oxymatrine interference on the liver tissue structure of N. coibor
H1. H2A1H443 % ABlank4l. ProZl flOxymatrineZH (15 0 37 i £ JF T 4 2R 45 1)

H1, H2 and H4 have shown the liver organization structure of N. coibor in the Blank group, Pro group and Oxymatrine group, respectively
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Fig. 3 Compared with the blank control group, ratio changes of
collagen metabolism related genes expression in Pro added and
Oxymatrine interference groups
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Taking the control group as the baseline, a value greater than 0 on
the X-axis indicates that the expression is up-regulated compared
with the control group, and the specific value represents the fold of
the up-regulation. On the contrary, less than 0 means down-
regulation, and the absolute value of the specific value represents
the fold of down-regulation; The different number of “*”
represents a significant difference between the corresponding
treatment groups (P<0.05; n=3)
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TGF-B/SMADS SIGNALING PATHWAY REGULATES PRO TO PROMOTE
COLLAGEN DEPOSITION IN THE SWIM BLADDER OF
CHU’S CROAKER (NIBEA COIBOR)

RONG Hua"’, LI De-Qiang’, MA Min-Wei’, DOU Teng-Fei’, SHI Qing-Chao’, KONG Ling-Fu’,
BI Bao-Liang” and NING Li-Jun'
(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China; 2. College of Animal Science and

Technology, Yunnan Agricultural University, Kunming 650201, China; 3. Key Laboratory of Sichuan Province for Fishes
Conservation and Utilization in the Upper Reaches of the Yangtze River, Neijiang Normal University, Neijiang 677000, China)

Abstract: Swim bladder is an ideal optional source for collagen production and has long been considered as a traditio-
nal tonic in China. Therefore, strategies are required improve collagen content in the swim bladder for producing
products with high nutrition and economic value. Proline (Pro) is the main proteinogenic amino acid needed for colla-
gen production. Our previous study found that Pro can promote collagen deposition in the swim bladder of Chu’s croa-
ker (Nibea coibor), and it is potentially regulated by TGF-B/Smad signaling pathway. In order to further verify the role
of TGF-B/Smad signaling pathway in Pro promoting collagen deposition in swim bladder, the content collagen and tran-
scription levels of related genes in the swim bladder of N. coibor were analyzed by inhibiting the TGF-B/Smad path-
way. It was demonstrated that proline improved significantly the collagen content in the swim bladder of N. coibor, al-
though no obvious enhancement in growth performance was observed. Proline supplementation up-regulated genes in-
volved in collagen biosynthesis in the swim bladder. However, oxymatrine interference reduced significantly collagen
deposition and the expression of Collal, Colla2, TGF-f and Smad?2 genes in the swim bladder of N. coibor. These re-
sults suggested that proline promoted collagen deposition in swim bladder mainly through regulating TGF-f/Smad sig-
naling pathway, most likely via transient overexpression of Collal, Colla2, TGF-f and Smad?2 genes. Our results help
to understand the molecular mechanism of collagen deposition in N. coibor for developing new strategies of producing
fish products with higher quality.

Key words: Proline; TGF-f/Smads signaling pathway; Swim bladder; Collagen; Nibea coibor
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