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A K PERE AR I & & 2 [ O R B B,
PRy 52 1 £ R 25 R IR ROIOUHOZ RE = 11
T, AR & AU S 23 b 35 5 i o A 1 iR D7
S, HE R AR AR LR . T
I, BIFSEAS [) 50 2306t £ A B 1 4 1 AL B 1Y) 52
e HLA H B

13k i (Megalobrama amblycephala)t&-% ¥ &
AWK EEEE, FE M T RILP T F
HIX o T HEAARKEENR. S s SE0
M, BETE &R E T Z5Rm, mril, T
T 300 AT 3k o 4y #0 AE AC PEBE L i T T M e N
73 WA LI RE FE W i A 5T R R B, R 4%~5%
I B A% & B v AT Sk 5 4l £ i A PR RE L R
SRR L M 1 S M R A KA DG RE R Y R s K
-, HAR A A 5 R E A KR A AT 2R ] A
R B il BRI R R 4.57% !, H IR,
TF 5% 30 4% 1 2R 0 2 B 25 52 ) £ 4R il 7 % 4
H W TE B AR HIBLE AN DR o PR, A S
ERAPNAPS AR SRRSO S o T N E !
RO e il B e AU D A A O i Y 2 ik B Y
SER L DL 4 75 151 255 e £ 4 g D7 4 AL e
AOBLEH I 3 s e 72 45 MR ORI Of ok 55 AT Sk 5 57
B ik b bR B A I Ao B T AR R D7 43 R A
Sl

1 MRS A

1.1 LG & ASRIgig it

W AW AL AT ERR M.
FE T tf 5% 36 T K 141 3k 5 &) €087 57 T R s ARl K
o REE o8 SN U e R DA A ST
TR AT Yk . FRHIE N A BT IR, PREE AR
e . AR R ST . WA (23.7440.09) g
A Sk 840, BHAL T BL6dl, 4N EE,
HAHELEISE,

FRIH LI AE P24 A (AS 1.0 mx 1.0 mx
1.2 m)FdEAT, B4 WA BE DL B B X — A1
H, RIS e MR REM2%. 3%, 4%. 5%.
6% F1 7% ( H 5 M & oy 52 46 0 R ot 2 1 el .
T A Sk 5 ) 0 0 e KRR, fE 9086 E S
T oA, BRI — A WA,
S PR AN 2%~9%, 455 3 B Y42 1 5k 8% FlI
9%}, LM EE AR E I, KA
3k 7 4y 0 e KA R T% AL . LR H

KR R o Ui = R A B D, M W 7 A 4
BN F PR . AW 60 d, B HHME3K
(6:30, 11:30116:30), RFIRFFLEEA/NET . BER
10T 555t PRI TR, MR i A o o 728 A 1 A 4%
R, SCIRIN, KR RQTR2) °C, BEKRT
3.8mg/L, pHH7.2~7.5,

®1 ZRAREFRER(%, URFHEFREM)

Tab.1 Proximate composition of the experimental diet

EIRAL i

composition contents

7K %1% moisture 7.1
H1H F1% crude protein 33.4
HUIRH% crude lipid 7.2
HIHK 5% crude ash 8.4
i #/(MJ/kg) energy 15.6

1.2 H@mX&E

FIHLIEE R G, B 24 h, IR R B
FREUCSE . AR BEVLIC6 R i, FH Mk R
100 mg/L¥MS-222(Sigma, 3 [E)%F £ {4 ¥ 17k
M, AR5 1% 25 80 A B 19 B 45 AR i ik R
I, SRAEJE B IR E T2 mLEY P, 4 °C
3000 r/min 10 min, 2K J5 4 12K & F-20 °Cvk
PR A . RIS, R R A ) O I
JEME, SR G W AR R Z 5 F-70 °CR RS H .

1.3 #H&NE

M3 M =BR(TG) . S H [ EE(CHO). =
% J& N5 25 H (HDL) AR % 2 i 85 H (LDL) &% & 1
K FH P ol A A Y TORE I A T L R
frie, A &S hAL10-1, ALLL-1,
AL12-1. A113-1, TEA0INE B30 AL TR 2 W)
VLAY . MR AR B A (VLDL)K R H
Sigma’y F) AR 7 (14 il E A 928 W BRI 35 4 A A T
IYAINE , R BT M H249, PRI E T ik
Z DL S U 15

ERNARIL, B4R i TaKaRa/A Al
RNAiso Plusi il & o 9] 45 $2 U IE S RNA, 58
I HL VKA T RN AR 52481, EppendorfiZ iR 43 Mt
ORI 46 B, fxJm, R HH Takara Prime Script®
RT reageat Kit/ % st 07 & &5 licDNA, JF&E T
20 °CHFHI,

ZZPCR (515 88 GenBank 44
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PE e i 7 51, B H Primer 5.0 2R 511 N 5 3
[H f-actinC& 35« AY170122). k3 P B #2 i
(carnitine palmityl transferase I, CPT I)(& k%5 .
KI141198) . i &1k ¥y i 14 14 58 W) 05 52 K o
(peroxisome proliferator-activated receptor a,
PPARa)(% 5% 5 : HM140628) . ik & Ak 4y it 4 3%
BE W) 405 SZ AR B (peroxisome proliferator-activated

receptor B, PPARB)(E X5 : HM140629). N5
H s (lipoprotein lipase, LPL)(B %5 .
KF114279), HAth5 |4 035t 00 2 RE w78 i &
Sl TS R D5 2 5 NP 7N A0S 2ol AT 7/ B B W 52
Invitrogen A /] & W, FHZ W EK2, ()]
Takara/A 7] 4 7= i) SYBR"™ Premix Ex Taq TM IIi&
A G AT E #/PCR, HARL RS Wt 45,

#*2 EEZPCR3IHFT

Tab.2 Nucleotide sequences of the primers used to assay gene expression by real-time PCR

4K 1E SCEEF 51 K SUEEF3
target gene forward(5°-3’) reverse(5°-3°)
G H A s LPL TGTGAAGGACGTCGACAAAG TGAGAAGCTGCATGTTTTGG
k5 A B 5 RS T CPT 1 TACTTCCAAAGCGGTGAG AGAGGTATTGTCCGAGCC

TS VR S BT 52 Ko PPARG

GTGCCAATACTGTCGCTTTCAG

CCGCCTTTAACCTCAGCTTCT

I AL W A G TE P05 2 /5B PPARB CATCCTCACGGGCAAGAC CACTGGCAGCGGTAGAAG
NRTESHRE AL ACO GCTCAACCCTGGCATACT CTGGCTCAGCTTTACACG
#HFHEEB Apo B GAGCCCGTGCTTCTGTAT ACTCCTTTGCTGTAGCCTTT
Wil 45 & & 11 FABP GCTTTCCCTCCCTCCAGT AAACCGTCACTAACACCTT

T e A Bk %% B i1 CPT 1T CCATAGCCCACTCCGAAAC TGCCGCCATAAACCACAA
X324k LXR ACGCCCTCCACTCTTACA GCGGGAGTTTCTTGTCTT

MR TR 12 H H FATP CTTCTTCCTGGTGGCATCCT TGGGTTCAACAGTCGCATTCT
B-actin CGGACAGGTCATCACCATTG CGCAAGACTCCATACCCAAGA

Notes: LPL. lipoprotein lipase; CPT 1. carnitine palmityl transferase I; PPARa. peroxisome proliferator-activated receptor a; PPARP. peroxisome
proliferator-activated receptor ; ACO. acetyl-CoA oxidase; Apo B. apolipoprotein B; FABP. fatty acid binding protein; CPT II. carnitine palmityl

transferase II; LXR. Liver X receptor; FATP. fatty acid transport protein

14 BEAIE

K45 FHSPSS 19.08 14 #4175 K 28 Jr 22 43 Bt
(One-Way ANOVA), I Tukey[X HSDZ i 3%
DML R RN ER R ENE, ZREEKT
FP<0.05, A L5445 R UmeantSE®R /v, B
4NEH

2 HiH

2.1 AEHRIEER T BE 7K B 520

N TR 8 T S ) 1A 3k 5 &)y £ it g KA L
S, YA H 2% = 4%, I A
[ I =R A AR R AR AR A
ThiE (P<0.05); HEHARTHE RT%0, HE Y
BITREAG . R S%A = R A i
w, H5 7% R 2 8] TG i3 2 5 (P>0.05),
B2 3% T H AL (P<0.05). 28 1H R H 2% T
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F 5%, IR B RR AR 1 i 3 T (P<0.05);
PRI R T%E, L EREIT(P<0.05)
(#3).

22 ARERFIEBENERRBEELERRIEN

AU

AN TR) 8 S5 68 JHF O i 7 K 35 R O R TR iy 3%
KA W E DR o LE R T is A DG R R Rk
W, YR 2% T R B 5%, IR R s &
FIAY R 5 i 35 T (P<0.05); H 5 $ A318 n
7%, HFIREN G E T FEP<0.05). HHH%E
M1 3%t i B 5%, 25 8 A B TR 45 &
PR R IR RSB T &5 F R &S,
JIg B P R g 2 38 1 1) AR AL R S 5 2 M R (D).
B RN 2% T B 4%, Tk P B A i
I(5R2%2H) . BEAE A BB E RS I, S 5t 4 il A S AL
il 11 3o S 0 T 348 0 T 7 R o5 B 3K o
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3 TREIRIE R E 84 f 10 Ak F 49 8208 mmol/L

Tab. 3

Effects of different feeding rates on plasma lipid profiles of juvenile blunt snout bream

mmol/L
B H /% feeding rate
2 3 4 5 6 7
JRJHE[EEE CHO 4.72+0.05 © 6.72+0.05 ¢ 9.92+0.09 * 7.24+0.18 ¢ 8.98+0.10 " 7.384+0.03 ©
Hi =M TG 1.17+0.06 1.70+0.04 2.48+0.01° 2.18+0.03 ° 2.01£0.05° 2.01£0.01°
e % S IR 1 HDL 5.60+0.09 * 7.62+0.11°¢ 7.48+0.03 9.45£0.20° 10.54+0.02 9.44+0.18 °
iK% IR A LDL 0.81+0.09 ¢ 0.86+0.01 1.2940.05 © 1.96+0.08 * 1.64+0.08 ° 1.21£0.04
AR B R & VLDL 0.84+0.01° 0.89+0.01° 0.90+0.01 * 0.76+0.004 © 0.70+0.01 ¢ 0.67+0.003 *
W AT B ARANRI T RER 7R 22 57 5 3 (P <0.05)
Notes: mean values in the same line with different superscripts were significantly different ( P <0.05)
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Fig.1 Relative mRNA expressions of genes related to lipid transportation in the liver of

juvenile blunt snout bream subjected to different feeding rates

different superscripts mean significant differentce (P<0.05), the same below

¥y 5 TR (P<0.05); [HBEF B R 3 n, HR
M%%A%%%ﬁ‘a%%ﬁwﬁﬁ%ﬁﬁMw
B 2 1k 1 ] {2 2% T [ (P<0.05) (K25 &13).
x%%%ﬁ%ﬁﬁﬁﬁmw,ﬁﬁﬁm$ﬁwe
B EIUEAE , 15 W3 T B (P<0.05)(1%13),

O W A B 5 I T A L L A
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Fig. 2 Relative mRNA expressions of genes related to lipolysis in the liver of

juvenile blunt snout bream subjected to different feeding rates
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JH B 3 i 380 A0 i) 20 240 i vb i A AR08 8 1Y B
AR, BRI ALZ B VLDLEHl 4", Ak 5L
B0 45 I 5 9k 5 2 5 AR £1.(Chelon haematocheilus)
I Rk R USRS B A (Ctenopharyngodon idella)
RS R IE AR
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Fig. 3 Relative mRNA expressions of several transcription factors in the liver of
juvenile blunt snout bream subjected to different feeding rates
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5%Tt i B 7%, PPARBAYFE I S B H T R 1)
fadh, X5 AR & AR AL, R R
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F5E W], PPARBEZEEZS S5HLIK PRI 1A HUAI
PEIRAE L RO H ek i 1 [ AR 2 B AL A R iy
AT F . FRPPARsAN, LXRX a4 fg i £t
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BCO 22—, ) LAYA 5 B BT A AR G i R i 3R 5k
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R INLXRF R TS G AR, ik ig i &
LA A LAY S A R S, U R [ 48 5
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AEPSYE N B BF ST B R B, LXRAENS E R A4t
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R 2%} i T A% I 2 B T A 17 K i B
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T, XS RFEMERHNN FMTLPL, LXR,
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MfE & A BTN R, XA ReRm T &
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Effects of feeding rates on plasma lipid profiles and the mRNA expressions of
genes related to lipid metabolism in juvenile blunt snout bream
(Megalobrama amblycephala)

XU Chao, LIXiangfei, TIAN Hongyan, ZHOU Man, CAI Wancun, LIU Wenbin "
(College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This study aimed to investigate the effects of feeding rates on plasma lipid profiles and the mRNA
expressions of genes related to lipid metabolism in juvenile blunt snout bream, Megalobrama amblycephala
(average initial weight: 23.74+0.09 g). A total of 840 fish were randomly distributed into 24 cages and fed with a
commercial feed at six feeding rates ranging from 2% to 7% body weight (BW)/day for 60 days. The results
indicated that plasma triglyceride and total cholesterol levels increased first, then decreased as feeding rates
increased with significant differences observed between treatments (P<0.05). The highest high density lipoprotein
and low density lipoprotein concentrations were observed in fish group fed 6% and 5% BW/day respectively. They
were significantly higher than those of fish fed 2% BW/day (P<0.05), but showed no statistical difference with
those of the other treatments (P>0.05).Very-low-density lipoprotein was the highest in fish offered a feeding rate
of 4% BW/day. In addition, feeding rates had a significant effect on the expressions of genes related to lipid
metabolism (P<0.05). The mRNA expressions of carnitine palmitoyl transferase-I and II, Acyl-CoA oxidase,
apolipoprotein B, fatty acid binding protein and peroxisome proliferators activated receptors all increased
significantly (P<0.05) as feeding rates increased from 2% to 4% BW/day, but Acyl-CoA oxidase, fatty acid
binding protein and peroxisome proliferator-activated receptor f mRNA expressions are decreased with further
increasing ration levels(P>0.05). Lipoprotein lipase expressions of fish fed 3% and 6% BW/day were significantly
(P<0.05) higher than that of the other treatments. Liver X receptor and fatty acid transporter protein expressions
increased first, then decreased as feeding rates increased with the highest value observed in fish fed 3% and 5%
BW/day, respectively. In summary, our results suggest that different feeding rates significantly affect plasma lipid
profiles and the mRNA expressions of genes related to lipid metabolism in juvenile blunt snout bream. Low
feeding rate (2-3% BW/day) leads to the lower fatty acid transport and oxidation. Higher feeding rate (5-7%
BW/day) will result in decreased plasma lipid profiles and the mRNA expressions of genes related to fat
deposition. The optimal feeding rate (4—5% BW/day) can maintain fat metabolism balance of juvenile blunt snout
bream.
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