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F1 ZREANERSREFKERFEM)
Tab.1 Formulation and proximate composition of the

experimental diets (air-dry basis) %

SiH JEWiKF/%  lipid level

items 6 12 18

JR##l  ingredients

HECZEIR AR (CP 67%) 35.00 35.00 35.00
imported steam fish meal

T 12.00 12.00 12.00
soybean meal

INFEE R (CP 75%) 10.00 10.00 10.00
wheat protein powder

KENEERA L) (CP90%)  8.00 8.00 8.00
soy protein isolate

B i 2.00 2.00 2.00
gelatin

T 2.00 2.00 2.00
flour

EEER: 0.85 2.55 425
fish oil

IR 2.15 6.45 10.75
soybean oil

AT 0.30 0.30 0.30
choline chloride

$rERC 0.20 0.20 0.20
vitamin C

R A4S 1.00 1.00 1.00
Ca(H,PO,),H,0

SATRE 3.00 3.00 3.00
compound premix

WA gER 23.50 17.50 11.50
microcrystalline cellulose

Gt 100 100 100
total

BIRS nutrient levels

HEA 45.64 45.63 45.63
crude protein

bl 3l 6.46 12.34 18.22
crude lipid

iR 7.14 7.17 7.20
crude ash

K EY 5.41 5.41 5.41
carbohydrate

JfE (kI/100 g)
gross energy

1428.98 1661.20 1 893.69

i EATURECRH AR 2 A TRE, SRR K TREA
IR AR R TR R S T S mRHE vV, 18 mg, Vp
3.5mg, Vg 150mg, V(35%)500 mg, Vi 16 mg, Vps20mg, Vg,
18 mg, #%#%40 mg, NIEE320 mg, ZRE560 mg, MHEEIZS0 mg,
RS mg, EWE2 mg, ZEIEWHR100 mg; H VIR FURECAET
i kHEML: Na 30 mg, K 50 mg, Mg 100 mg, Cu 4 mg, Fe 25
mg, Zn35mg, Mn12mg, 11.6 mg, Se0.2mg, Co 0.8 mg

Notes: the composite premix is for carnivorous fish, including vitamin
premixes and mineral premixes. Vitamin premix provided the following

per kg of the diet: V,18 mg, V 3.5 mg, Vi 150 mg, V(35%)500 mg,
Vg 16 mg, Vg 20 mg, Vi), 18 mg, riboflavin 40 mg, inositol 320 mg,
calcium-D-pantothenate 60 mg, niacinamide 80 mg, folic acid 5 mg,

biotin 2 mg, ethoxyquin 100 mg; mineral premix provided the following

per kg of the diet: Na 30 mg, K 50 mg, Mg 100 mg, Cu 4 mg, Fe 25 mg,

Zn 35 mg, Mn 12 mg, I 1.6 mg, Se 0.2 mg, Co 0.8 mg

1.2 LR

SEHG RO R [ ER KX AR,
SEEG IR ST UAET, B K 1T 2R A B R AR KL
e, B SERE I U S N S5 B
5o K H AR 24 hE HRRIER (0.01% MS-222,
Sigma, USA)MEFEIFFRE, FEHLPEGE H R . #
& 17— 1 K T BB B0 () 4 44K 3T £ (23.60+1.26 g)],
T RINAEPRAL, REASALEE R 3N (A UK
RRZ180 L), WAER25EM, % NIRKNE
08 F G i L g AR Rk 13
1.3 AFER

75 H 8:30, 12:30, 18:00%# &1k, H#4H
BN AR T 1 3%~5% . Bk B 2 B R
FREEH KR MRS B KK, SEER A, JKiE A 25~
29°C, pH 6.7~7.2, Vf#%>7.0 mg/L, % A <0.1
mg/L, WAHERE: & <0.01 mg/L, Hifk¥ ik i <0.05
mg/L. JEML : D)k 12/12,

14 Hmilg5oih

TET 3R 5530 60190 K J5 AR I FIIURE , 4
NEEREVLRG R, e K b GH i ) oy B
e FpiE . B R, UM M. UL . GO B
ZZFIE NS, A 1.5 mLIJG R TG Y B O A
L, M ARNAR$5] Sample Protector for RNA/
DNA(TaKaRa, #45-9750)5 TR A %, —80°C
WURIRAF . RIE S 2% %, HIRNAisoPlus
(TaKaRa, 715910920 H4HMmRNA, AR5
H11.0%#E i Agarose Regular (TaKaRa, %5
5260)HE AT LUK AR, I H B 45 {Y Nano Drop
2000(Thermo Scientific)ll ;¥ mRNA YV & . fifi
105 5% 557 £ NovoScrip Plus All-in-one 1st Strand
cDNA Synthesis Supersis Super Mix(gDNA
Purge)(novoprotein, #!“5E047-01B)# mRNAH A,
N cDNABES —4%, #3815 #Y cDNAT—20 °CIKAf
RAF 3 o SR SIS 9L E i PCREE AR, 118S
Y50 2 3£ K (GenBank & 55 A XR_003942051),
R A< PR 20 JE R o e A5 31 (19 CPT1A% 0 7 91 i
TR SRET Y, 220 G Rk 57 & NovoStart
SYBRq PCR Super Mix Plus(novoprotein, #!5
E096-01B), F%¢)t5E f PCR{Y (Bio-Rad CFX96,
USA)iE4TqPCR, BMHERMIXEINER . @il
2 AR U A B 45 A 2 CPT SR B 1 A X
FILBHE . PCREIWFHIILER2, S Ac b st
FRVEWREA R A B E R A AT A . T
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JIE Fr P A A B 2 A2 Bl (CPT1) T P Y ELIS AR
B E (S EIA-17041, FHFAL AR WAL A R
NEIDE
#2 qPCR3I¥F7
Tab.2 Primers used for gPCR

5|¥1%F5  primer name 51¥F % primer sequence

18S-F GGACACGGAAAGGATTGACAG

18S-R CGGAGTCTCGTTCGTTATCGG

CPTI1-F AGTATGTGTCCTCTGGAGGTGGAT

CPT1-R TGGAGATGTGGAAGTTGATGTGGTT
1.5 HIESH

K FHISPSS 22,05 {4 Xt v 15 B 4w #E 47 254
6 1 BT 28 7 22 40 1 (One-Way ANOVA), #52
SR B K, W#EFT Tukey R 2 EH LR, @
FMEIK T P<0.05, S50 K e 38 DL 2 {8 45 U
1% (mean+SE)# 7 . Graphpad 7.0% /4% 56 S 72
R HATERL

2 4

2.1 AR R ZK T XK O RSB CPT18E &
A

TR B M 7S %o G I S s O CP TR 3
MY SE I AR 3FT7R o AN AR 7 7K P-4 33 0K 1 R s
30160 d, JFHEH CPTTREE I P ¥ f iR (ML) 2H
% = (P<0.05), H30 df A8 (HL)ZH CPT1RE I 7%
1 5 2 B AR AE (LL)4H (P<0.05), 130 dk O3
55 JiF JE e CP TG 6 PE 5 60 dAH HL TG B 35 M 25 57

(P>0.05),
=3RBSRI K E XK O EE5 AT A CPTIEE & M B R2 00
Tab.3  Effect of dietary lipid levels on CPT1 enzyme

activity in liver of M. salmoides U/L

TR LY &I 7KF/%  lipid levels

feeding days LL (6)

ML (12) HL (18)

30 114.78+3.66" 255.08+16.28°  173.31£7.66°

60 155.25+11.17° 247.51£16.85"  153.30+14.98"

e AT EARAN NG R ROR 2 57 L (P<0.05)

Notes: in the same row, values with different small letter superscripts

mean significant difference (P<0.05). LL. low lipid, ML. medium lipid,

HL. high lipid
22 KORHCPTIERREVAERERM
R B Ay - ) H CPT R DR ) 2 3k i de 1 (P<
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0.05), HUCRMEAENE, MULA . ONE. 82z,
B . OAEE T CPT1) 33k 22 55 R 1. 35 (P>0.05)
(E1),

100 . d
0 [T
60 || €

40 b
20 | I|

CPT1 MAXt ik E

CPT1 relative expression

HA tissue

E1 CPIERERORBELAPHNREESR
LIFRE, 2.8, 3.8, 480, 58, 6.0, 7.8, 8.0,
NP . AR AR A [F) 72 BER IR 2 7 12 2 (P<0.05). R [A)

Fig.1 Differential expression of CPT1 gene in

various tissues of M.salmoides

1. liver, 2. intestine, 3. kidney, 4. spleen, 5. brain, 6. heart, 7. stomach, 8.
gill filament, 9. muscle. Column with different letters mean significant
differences (P<0.05). The same below

2.3 AEIBEMRKEXROREHLP CPTIRIE
=5

FHASTR] B 195 7K SF- 1) ) ek ] MK 1 R 8930 d
MLA A . B AERLAZH LR CPTIR ik /1Y
12 5 TLL FIHLA (P<0.05); faMi60 d, MLZH
JERE . B f s E L 2 CPTII R A B B &
THAbH , WAL T CPTI/EHLA Y 3235 18 3%
T HA A (P<0.05); 1AIME90 d, HLA144~2H4
CPTIHYFRIA 51 i 2 5 T HAh 4 (P<0.05)(&12)

24 AREKMEKXKOREHELH CPTIRIE
B =5

AN TR A A B BEX K 11 2R A 20 21 CPT1 3R 3K
AW E 3R . i & LLY . MLALE 2
HLA , K E BN . I f1 LR 4 2
CPT1HY ik e R 60 dJF ik 3] #5  (P<0.05) ;
T R4 2 CPTTIY 23K B AR AR IR 90 dJ 35 31 B
5 (P<0.05).

3 iR
31 CPTIEFRAEXOBEHALFHREIERM

KRBFGERIT, R, AR
B9 B RIR  T 0 CPTIE I 1
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(d)

CPT1 X RIL &
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B2 GARBERKFENKORYPAASCPTIRIEENT N

(@FFBE, OBIE, ©F M, @ILA,

N o AR AR EAS A T B 2R 7R 7] I 18] AS [ 77 7K 7 B CPT1E B 35k 22 5 Bk 3 (P<0.05)

Fig. 2 Effect of dietary lipid levels on the expression of CPT1 in tissues of M. salmoides

(a) liver, (b) intestine, (c) kidney, (d)muscle, the same below. Columns with different letters mean significant differences in CPT1 gene expression of

different lipid levels at the same time(P<0.05)

Ko [FBE, CPTIFEN Y5 B AT H L8 Fl
FeSPER A F T A LB Fh IR A A T R A
I RE A —E M 2R AR RE/R, CPTI
TER HRGTONH LRI G FRIL, X HIEFE R
AR AR — 3, U CPTITEZh IR N 2 —
DRI, WARX RS . AL &
B, CPTUAENFRE . i A1 I b 320k B i,
M AEALR R E R AL, HRBEAZ
BEWiZKFFAE SR T4 . FEXT AR 2h g
AL 8 (Lateolabrax japonicus)P W 5T vt W 25
FIRA WL R, W SDAR B A IE 45 R R
CPTUEYETE e e, B E e AR X R
CPTV5E P AE AN [R) 49 b 22 1) 1 38 45 BIL ) AT B8 A7 A
R 22 5, (A FE RO 45 AR L= A4 = B AF 58
AR DLIESE S XA AR R 22 ST RE S

S AR 7 R 1 RE T B s i DURRAG O, FIE 2 g
10 12 B- S Ak 1) EZE A ™, R 195 A fa R v i i A
P E ET AL . WA R AR, Xt
VR NFIE . W38 v CPT13E IR 363k B 50 10 i
PR UL PR B HG b 2 27 B- 4 1 i I 1R 20k I
TR P Ui B i 7 R RN R Ak R H IR = R Y B
AR, R LA v CPTTAY 3k S BT .
WA, SHMARZEIF LR EES . FIEE
MRS T RS, TERRRVUR N E
U BRI h & 45 B E BRI, AR
FH G R R R T2 6590 d, B EH CPT1IR i
O IE A 80T, X AT RERE N T 5 e ik
MRS R g ik B U R AL, JF
VLAY G e RN, B IE AL T 8 T BR Y
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B3 AREKMEXAORGEHLAS CPTIRIEERF N
AN ) 7 B R [R] — Kb 38 20 A ] BORE I (8] f) CPT 135k [R 3698 22 7 (2 3 (P<0.05)
Fig. 3 Effects of different growth stages on the expression of CPT1 in tissues of M. salmoides

Columns with different letters mean significant differences in CPT1 gene expression at different sampling time for the same treatment group(P<0.05)

32 AREERKEROEZHS CPTIRIENESR

AWEIE LI, A2 CPT13E I 2% 3k 2 bl
TRl 7 7K P Y T e T3 /DN B 1
(Cyprinus carpio var. jian) W HFFE 04 2L
B, X AREE P N CPTIIEH Y Rk K V- 5 1k
NEWs & A . BEFERM, CPTIEN SHLIAN
7 B DURR B DI AR OG0 SRk A T A B
)R] 3= o N WA= T BT AR 3 R S
JE& . FIR30d, BRAFMESL, MLZR R b
i . B HERTLA R CPTTIY 33k & i 3 T H
b2l o TMifA 60 d, BRALASN, MLALK R
JFRE . BAiE M CPTI RSB BB B E & T
FoAb AR, 3 55 0K H B AT b CPT LR 5 14 1 245
R—F, W 5TEKE M (Larmichthys crocea)””
A 3k 5 (Megalobrama amblycephala)™*' W52 1)
SERAL . X AT RESE h T s AR ARDRL P KCF B n-
3 LC-PUFA I 3 P22 JIT FFE e b A i 1y 12 L 1l 11
CPTIHZW £, BT HA T CPTIR L
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Effects of dietary lipid levels on the expression of
CPT1 in Micropterus salmoides

SONG Mingqi, ZHONG Yunfei, GUO Jialing, CHEN Yongjun, LUOLi, LIN Shimei”

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, College of Animal Science and
Technology, Southwest University, Chongqging 400716, China)

Abstract: To study the effect of lipid level on the expression of carnitine palmitoyl transferase I (CPT1) gene in
the body tissues of Micropterus salmoides and the expression patterns of different growth stages, three different
isonitrogenous diets with graded levels of lipid [6% (low lipid), 12% (medium lipid) and 18% (high lipid)] were
fed to M. salmoides with the initial weight of (23.60 + 1.26) g. Tissue samples of liver, intestine, kidney and
muscle were taken on the 30th, 60th and 90th day of feeding, and the 18S was used as the internal reference gene.
The real-time PCR experiment was performed with CPT1 specific primers, and the relative expression data of
CPTI1 gene were obtained by 2 “““  method. The results showed that the expression level of CPT1 gene was the
highest in the liver, followed by intestine and kidney, and the expression level was lower in gill filament, heart,
muscle, stomach, brain and spleen; at different fat levels, the expression of CPT1 increased with the increase of
lipid level; in different growth stages, the expression of CPT1 increased with the prolongation of feeding time. The
results showed that the increase of lipid level and feeding time would induce the expression of CPT1 gene, and
CPT1 gene may play a certain role in the decomposition of fat in M. salmoides.

Key words: Micropterus salmoides; lipid level; CPT1; gene expression; qPCR
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