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& 4 11 I§ B (lipoprotein lipase, LPL) Iif ¥ f H AL PRI 3% 9 52 JF 9120 4830 LPL

TR R B S IR N TURUY S A I8 A 3 90 d. &5 % . (1) MR vep i A et %) 3 8 £ JHF 0 45 L A i i
T RO T AR A R S LR NS U & i T s (20 TR s R U AR R I G £ Y B R R TR IR
BERECT B B3 (3 LPL e LE L & B 3k A ta Fp IR RIL th 38948 3K A FIE T LPL mRNA Rk FF R E
BT (O FE RN 48 h Y 7245 6 /BT A, 8 I A i 8 4 40 A LPL 3% 2 38 8 T b AR 17 3 56 21 . {5 B
JE R E AR, AR T 3. TR IR AL 7. TR 3. 7Y R I 4L fa A LPL WG M 2 BUE T R R B G
o 1 AR A 0 I AE R LPL mRNA RAFE R fw, 28 T 3. 7% RIS 4 (6) % & 2 4k @ s 4.
JFERE AL A IR WG & & 5L LPL ik B B &M EHSE. 458 % W, LPL mRNA 767 & 2 3k fa JiF ik A il

P H s HA VR S 5 v R DR 3 41 o

B 2 A R R S R AR e ik 1 W ¥ AR S AE LPL

B> M0 3 T AT IE s LPL 2PNk AR AT IE S LA NG M5 D0 s LPL N2 58T % = B AL i i .
X8R EEARELPL ; FRRKF: LPL ENRE; BT HE2 M

HESES S963 NXHRFRIRES A

g 45 H IR B (lipoprotein lipase, LPL) J2& i Wi i
JEL L AL 20 L JUL 4 P 5 S5 5 40 JH 5 s R 3 0 Y
— PR, s N 60 ku, 7 3% ~8 Y% kK fk
B R HE AL LR BIORL AR IR % B2 i 2 F b =
T (8 7K ik o 7 ARl I R Tk s i 25 1R 07 R AR T AR
o EAE BOE A0 LY A5 A RS ALY . LPL
o P 5 AR i 105 2 2 FEA 2 2 R kKR R
A TR ATLAA AR Bt 3 BLR I 7 A phe s MRS

T AE R XoF £ 2R i EE 1R 8 9 1A o3 A e LR
X LPL KR Rk C A A R E B A K
BHIR D5 7K 7% 828 LPL i M 5 56 K R 35 52 m , JF A
LPL ikt — B8R0 H 5 18 97 DT A 5 156 KL F
FEAR D ASOHS 37 307 250 45 T AR AL R 05 7K P X G IR
BT D LPL B R B M, 5T & i e
B A T a2 LPL mRNA 5 8 15 UUR ) ¢ B
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TR NG 05 T 75 & % AR A R 2 A R IR R
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o ARDRL X35 B % AR R A R RE I EE D T R A HG i PR 3R 1 5 97

Y57 20 d.
1.2 RAEEH

T N | SR e DO IR = Me el [0 i B =
ToREN 7.7%~9. 3% L FEARF 5T, k£
7.7 Y6 W RE 17 K- v B 1 A RE 2 AR R 2 IR fA L G
T BT AR 1 (SC/T 1025 —2004) , 3% JH 0 85, &
KSR G A RS g B R O T i A s D R L 1
TH& % AR o Rl iR G O A Rk R 5 L AR
250 pm Wi , WOIE R R B T vd iR & LT 22 57
VE 60 mg; VK 5 mg; VA 15 000 TU; VD, 3 000 IU;
VB, 15 mg; VB, 30 mg; VBs 15 mg; VB, 0. 5 mg;
MRR 175 mg; MR 5 mg; LB 1 000 mg; YR
2.5 mg;{Z M55 50 mg; ¥k 25 mg; il 3 mg; Hh 15
mg; il 0.6 mgsBE 0.7 g, B Ih A0 4 R
296 %6 F 15 %, Bt il B Ag W7 & 3. 700,770 A
16.6% 19 3 A% . = IR AR CHAE R & il
30. 4 %), Ho IR R B 4 (R B & & 3. 7%0) i X IR
AR IRy B R i IR 1 Rk OB R
F AR IR TR CCARDRE AN A L SRR MR LR 0 5, 33
FLA2 K 0. 25 mm i W I H & P KIER 55 il R
FARHR 1.0 mm W PORLRRE, 58— A AR XTI L CE
T4 CUKF T RAFE .

*1 RBEABNEFREIEEFES (RFOHE)

Table 1 Formulation and nutritional ingredient

of the experimental diets

Hi [ Ttems T B IE 1 7K SF Dietary lipid levels

f& Low ™ Middle & High
JE Bl Ingredients
114} Fish meal 8.0 8.0 8.0
M1 Soybean meal 25.0 25.0 25.0
AEZE K Peanut meal 10.0 10.0 10.0
SHF KT Rapeseed meal 18.0 18.0 18.0
W H3 Wheat-middlings 14.0 14.0 14.0
FKVEH Corn starch? 18.0 14. 0 5.0
MR 24 Ca(H,POD, 1.5 1.5 1.5
#3l Fish oil 2.0 6.0 15.0
ik Salt 0.2 0.2 0.2
A ALREEH Choline chloride 0.3 0.3 0.3
T4} Feed premix 3.0 3.0 3.0
B Total quantity 100. 0 100. 0 100. 0
FEE IS/ % Main nutrients
K43 Moisture 10.8 10. 4 9.8
ML Crude protein 30. 4 30. 4 30. 4
HUE W Crude fat 3.7 7.7 16. 6

1 E K JE BB 4> B B GB-T 8885 — 2008 — 44 it 45 #fi Corn
starch ingredient refers GB-T 8885 — 2008 standard of first

rank standard.

1.3 REEITS5RAFERE
1E 35 4T Pk O o A 38— 1Y 315 )8
HEP A Fh (KA 2. 63 - 0.16 g, BEHLA
F] 9 ANIK R (100 em X 80 em X 60 em) HT, 8K J5 K
9 MNKIEFEBEAL Y A 3 4L, R E 3 AN E A
NERG 8 3 50h 3. 7% .7, 7% A 16. 6 % 1l 3 Fl 45 &
TR ISR 90 d, 50 R FH I K 06 R4 T R A R 4
TACGEREZ R 5 L/ min, & RKEAR R 10%~15%,
M Wz B O 04T 35 3 R, g R R 3 UK, IR
6] 4352 06:30.12:30.,18:30, 4% M 22 Bij W B4 25
I K A B S AR B 5 d ik 1 kIR
WiE 4 KIS, KR 22~27 C,#EE >5. 0 mg/L,
pH ff 6.8~8.0,
14 HmRE

90 d 1RIFR 45 H G . A58 24 h, B K %A Rl AL
BUR 0 f8 3 .8 T 200 mg/L #Y MS-222 ¥ HH Rk
i 2 T B AR £ o R G R ARDRE R B IR R
B UE AT B RE T B L IBORT IO RLIL PR R S g I
oM LPL mRNA F0, #1558 24 h 48R 55
6.12.24.48 /INEF B, B B ASOKE A I 3 R A,
fige 0 IBORF HIE 0 52 LPL iEIG 1 o A0 . MK R 4 v i
HLI 3 R 56 A 9 i 0k AL PR A I 28 L PL mR-
NA FRE B S LA LPL RE P 3Rk 731
FE S AE T — 80 “C AR IR VKA B AE > F A W24 #r .
1.5 $EHREEMNEFE

DB K38 B, T 4K $5 L (hepatosomatic index,
HSD . 44 35 %k (viscerosomatic index, VSD) ., Al 1 J&
(condition factor, CF) \ BRI A 20 E B SCHR 9],

VAR iR TN G TN b I TR i I O e
Y 6 £ AR R 1, T 048 T R (weight gain, WG) H
1A B} 22 81 (feed conversion ratio, FCR) , A A5 2%
XS Mwk[10], HEEE R AXNT .

H #£ DFI(daily feed intake,g/d) =
(47 — R A (P ) 1/ GRS A AR 5+
R D X 3R KE/2]

JHF 5 UL PA) v B 00 SR B G 4 L
Y

3)LPL M6 MW a2 . A0 5 W i % S B
AR ) TR IR T P 4 4 1 3 ) 1 S . o R
HU— R 40, T 0. 68 %6 1 A B ER K H i 1A FR
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19 #E4745)9% .2 500 r/min .0 10 min, B F7E
T o R Ay R 5 P 2500 D0 S A i 2 A I R ) i D
Al LPL ETE M Ay ik O e T @ AR T
5T BT iR Ui B 15

LPL BTGP0 8 S . B 2 v U 1 B/ i 7E
B B GE HE PE AR B 1 pmol BYT7 B RS MR FFA K
1 AN PR 247 (FFA pmol/(mg + h)).
HRARXN .

LPLE DM — A% DM e o n v gl
= = i D Ly At N ~‘(? W - B B4
LPL= e b i — 2 11 D{Exﬁ/ﬁfp FFA ¥ B (500 pmol/L) > R fif 32t 1 F B 4% 8 X

3/1 0005 K & 1 & & (mg/mL)

OLPL JeFRik, MG &2k LPL cDNA
J¥ %1 (GenBank : GU433189) ¥ i 51 ¥, F1:5'-AGAG-
CACACTGTCCC GAGGCGAT-3"; 5-AAGGTGC-
CTCCGTTGGGGTAAAT -3', MR ¥ & & ¥ 4k
Bactin J¥* %1 ( GenBank: F026001) ¥ i 51 4 F2.5'-
CCTGAGCGTAAATACTC CGTCTG-3'; 5'- AAG-
CACTTGCGGTGGACGAT - 3', A5 b
Hi A ) T AR IR AL R

B 100 mg 247 7 & 2 e 08 i 04 F E L AR 4
Trizol Reagen(Invitrogen 23 7)) Ui B $#2 BLEL RNA,
— e 43 6 E BE TN %E Dago /Doso B 1. 8~2.0, LA
500 ng & RNA, N B A& 10 pl, S K&
TaKaRa 24 7] 5 5% s 10 & 17 R 5% 5% 345 cDNA,
MW IE K i#E TaKaRa /A F SYBR green I # & % 1%
AT real time PCR ¥ 3% Jx i (Mini Option Real-
Time {¥ &%, BIO-RAD, USA), %% 6E RGP
By R 1.5 %6 1 B IR W B RS R UK A 56 7 0 Y R
S
1.6 HiEAE

2t B DL Y {H 4 R 1R R 78 (Means + SE) 3
/8 SAS9. 0 Ak #EAT One-ANOVA HL[R & )7 2
S8, IE A Duncan’s #Hf7 Z E LB 4T, R B #H
PEKE P<<0.05, U2 dE M Bactin NS5
X & RE S EE C (E AT — b A B, DL 3. 700 % R
HEE A LPL 3L B mRNA /K0 5, i
2 AACT kL B R RE S mRNA A &4,
I ZePE I 40 B o F— IR BB B DL i B A
) LPL 5& N 3k 5 16 i 7 & i A48 %50 1 Ik
5 WUPA v g A DG

2 #RE55%Hm

21 AEAREHEERANNEETFaaMERKIE
N
EREE R 2, 207 20 Al L, 5 3. 7400

56 2 A ) IR g I 7 ) ek 1 X £ T A 4 X 2
Thies o A 50825 e T X B AR b g s 4 2% S
AN 2% 2 2 () S R A A
x2 FREHEEANNEEZTEEET
R IERE R
Table 2 Effect of dietary lipid levels on body shape

indicators of juvenile GIFT tilapia

AR S 5 TR 5 7K SF Dietary lipid levels
Shape indicators I Low th Middle & High
JFMRE% HST  0.42+0.08 ¢ 0.7540.12b  1.26+0.22 a

JUEfA 48 % VST

e CF 3.27+0.15a 3.6640.18a 3.55+0.12a

8.33 £0.16 b 10.28+0.47 ab 12.08£0.93 a

D [FAT AR 8 FRom 22 73 3% (P<<0.05), FIH, Mean values
in row with different superscripts were significantly different

(P<C0. 05). The same as below.
22 AEEHEERANNEEFTEFEEMERY
BERBERF & ERIR T

T & AR A A PP RE AR bR LR 3, A AT
S, AR 7 e A Al AR R B R R, W e T
e AT 1D a6 2 T i k2 4R R B IR
TG 3 50 4 0 e B ik g 4 AR AR B s 3 5 2
A g D7 16 40 22 18] fRRE R B N B . Wb,
T B v B 0 A A R e 2 H AR A 0 T R

2807 2% 7 BT AL, 9 2 IR £ £ T R LY
w5 B R R D K B 3G i . =2 T
e s TR B s & v T LA IR D &5 &
23 HEFFEMFESANAHR LPL mRNA £ &
b3

R ZE W5 25 & 48 h, #7796 & PCR M
JE LPL mRNA Rk F B IR HE =Y EA
o IE AT LA ) BE A DU ) LPL mRNA, 435
9 1.4140.40 A1 0.42+0.25( LPL mRNA/Bac-
tin mRNA), A7 & Z ¢ o faF it b LPL 3
RAFEREHNAT IFZ . 27 0%,
24 AEAEHESEANTBEBENETES S
f LPL &89 50

AN TR B 7 2 S AR R P MR 3w 2 I £ £ i
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LPL G PER s 25 R DL 1, 2875 22 70 B ol L PEA%
W5 48 h N AR NG X B 41T UE LPL g % 7 % &
THIE T B B e 3B TR iR 5 A
LPL & P58 b It B 8 J5 w0 R i 2 s i
7 ek B 3 B 20 BE LPL B IR R S B SE R RE

x3 AREEHRSERMX

==
==}

Ja BT AR A B, B LR TR s 7 R
it LPLEGWE M2 BT &S . &iEulsa
LPL & PEAE SR 6 /i 2 35 o T RIS 7 3 36 21 A v
Jig 75 20 L AH TE S5 12,24 A8 /NI 1 25 I T I
Jig 7 i 2
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Table 3 Effect of dietary lipid levels on growth performance and lipid content in the liver and muscle of GIFT tilapia
B2 TR ELBR 1 7K OF Dietary lipid levels
Indicators 1% Low i Middle % High
K/ (g/FE) Finial weight 46.2942.16 ab 52.0040.31 a 44,6441.87 b

WER/ % WG

1 588.552103. 69 ab

1 860.18+£44.76 a 1348.27£93.73 b

TR E FCR 2.00+0.01 a 1.85+0.01 a 1.59+0.04 b
H# &R/ (g/d) DFI 1.3440.02 a 1.2940.02 a 0.94-0.04 b
WL BB &t/ % Lipid content in muscle 2.340.2 ¢ 3.340.3 b 4.340.3 a
JFJUE B8 5 5 5 / % Lipid content in liver 7.940.9 ¢ 9.940.1b 12.7+1.3 a
16+ 03.7% mRNAZ & = BB & T . Hod s g b7l 5 41
14f i LPL mRNA ikt i % TR ik % 4, H 5
b R K B 4 2 S R B o B U I 5 4L 5 (G B
o ot 41 22 A W 2
26 LPLmMRNAXRZFESHFEFFEEMAK
Y R ER XK
KB Hr 4 R &L, LPL mRNA £ikEE S
12 24 48 TR 5 K S Z 18] £ 2R GEAH OC (P<<0. 05) , 5 &

EBEN S I i) /h
Time after refeeding
HE T B E AR UE IR SRR =9, RFE/NE F 0k KR [/ — 4178
ST B ] Py LSD 2 5 L8822 S ik 3 (P<C0. 05) 5% »x 7 R [a] — i
[i) A 2% 2 22 [0 57 RE AR -4 98 22 5 0 3 (P<C0. 05) ., Values are
means = SE,n=09). LSD multiple range test:different lower case
letter are significant different among different times of the same
group (P<C0.05) ; independent-samples ¢-test:astersks above the
bars showed significant difference among different groups of the
same time (P<C0.05).
Bl AEERHEER/MMBERREI
HEFIFEEMAESD LPL FER W
Fig.1 Effect of dietary lipid levels and refeeding on
LPL activity in liver of juvenile GIFT tilapia
25 AREHEERAMNNEEFTEL LTS
LPL EEFREHF M
T kB 05 K SF- 3. 7% 7.7 Y6 16. 6 Y0 Y 3 ANk
W) LPL R IR 4350 0. 477 34+0. 19,
1.120 24+0. 40,2, 014 4+0. 45, ¢ AT %0, Fifi 25 1

FEeb B 7 R ., E P AR O IF I P LPL

A y=11.3750x+0. 1383, R*=0.989 8; & & & ik
PRS2 S5 HTFIE LPL mRNA 3k F 2 i) 2 1
Z81E A 56 (P <C0. 05), F A y = 0. 5605z +
0.1374, R*=0.999 9; 5 &P MNP AR TS
JFWE LPL mRNA ik F 5 Z [a] 5 B £ 0F #H ¢
(P<<0.05), N y=1. 3158« + 1. 7211, R*
0.986 8; % & & k@ iF WENR W7 & & 5 M LPL
mRNA F ik =F B 2 [A] 5 F 28 1F A & (P<<0. 05), 7
A y=3.19302+6.3351, R*=0.999 6,

3 #
31 AEEMEERARXEEZT FaEMATKiE

HER KRR R

ARWFFTEE R LI s N R R B B P A
v AU AR S 8 O U W e I I AL T
JUE 28 B B L B — s A2 Ak TR DA R I
fige i 107 ) A B HH I B S B U R L X — WR S 2
5 FA — S AH DGR I — B, A i i g A R
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FR A L ) REAS [ 1 1 7S A £ G £ (Sciaeno ps ocel -
Latus) F] RE 1 BLE FVE NG D5 905 5 2% R W] 4 H
FR T 4 Y0 g 2 X e B HE 4. (O. niloticus X O. au-
reus) FFNELH NG5 A0 A — s S0 . AT HIF 50 45 1l
FW L BEAE TR R D7 B T e R A A R I
JE 5 e T v I R A A L v AR D e R X
P £ JIE W6 B TG W 5 e, £ 2K Y I R JRE B TR 2%
DA R A A B B R R A K B B A2 kL 5 P AR Y
REAK,

32 AEAEHEERARNEEFEEEMEKY
BE R 1 RS I AR B0 22 i

AL R R, e ik B A T
PAmmmryE K, X - FRESERS 5 F 0
(Carassius auratus gibelio)'™ | K P4 V% (Gadus
morhua)"'" AFHRIE A — B, FTREM R . — I
5 IR U R RR AR 1 ek 3 1 S P AR
o A TS e A A s 5 — O T i D
B0 S M 72, 52 el JHF JUE T B 0% A IS FR D EE L A
T 52 W f1 2800 g 7 R TH AL A e A S BOHAE KRR
R AR IR Al B £ e i s R A 1 5 £ 1)
PR AR A A U b e B i g 4 H
AR P ERT o AR AR r B SR, gk —
AIEW T HRE RN S Y EaafiigE T RS
Hik i TREA HELR,

EAWTEW R, EE P AR A LA R & A
Bl 2,300 ~4. 300 JFMEN 7. 906 ~12. 700 . i IR Wi
0 20 UL PR T 1 B 7 L R TR AR D
I, R A R % T LA R D
F2 W 1R s ) RHOE 2 2 A I E S LR B 1D DL
L PR FE LA BE 25 5 2 BRUIR I . SRR STt 3k
B, 24 gk b i D 2 e 10 g A2 2 b ) i D
B 22 B BRR A R i A
FHEER LT 2 A BE &, T SRR s 1o 2 78 T JE 40
FfL b CAR DT R BE AR 3 SRR AR DT
33 AEEFHEEARTERRNSTES AR
il LPL & T B9 % 1

JHF B 2 0 26 IR 7 & AR 32 2 0 PR T IR
T, B AT 88 (Oncorhynchus m ykiss) . H 1
(Pagrus major) S 5% 3 W] £0 ) JE A 5 % &
R INE] LPL MBS M, AR R R, &
B TARHE AR RS 2 6 /NA R R E T E PR
fFIET LPL 3G 25 i 5 7 & P R it

JIE LPL 23 AHAR B2, fEAR KK P, 258 48 h 5
PR ZEIL)E 6 h L IR s IR ik 7 & % R fa fk
PR I A 0 4 R o 1 I =R L R B K& LPL 43
fife H 3l = L B AT BB R S TR LPL 43 8, 1 7E
PR 12 hoJR 24 b5 iR 56 f0Ab TR R AR Y
DURIRZS , 38 (8 5 5 2 £ BUA3 fff 44 9 i 7 R 38 7
IV 7 8, AT A 35 L A JUE H LPL W& T
v NG 7 42 HE T B % 3Rt LPL 3% P 23 0 i B AR HIL
HAETARRIERE AT R IRA TR
34 AREEMEEARXNEHE T IF & & AT i
LPL EERIEM G

AR A R R, MR RAE S S B P Ak
fFIE LPL mRNA ik, i 20 % B 5% 5 %
PSSR AR TN TN AW ¢ RN S I R Y
R RS HOFFIE LPL 3 B K OF 3 T o, A 5
g5 5 FRGE — 50, o — 2D Ul W A DR £ 2
It LPL mRNA £ikA 7% FHEEMEM . Liang 557
AT 5% o 3 BA 4 MR o5 G ) BL 5 5 LR P A K& LPL,
A BE 43 H i R S B AL T R A R R 3K
JHHE A 0] B B8 3% 06 i T

ARG T % & % dE 1 LPL 3L %3k
SR RERg 5 K SF- L 3 5 B AR AR B S LA
NEWG &5 LPL K3k 0y G KL, i 58 45 2R
FW L E P e LPL mRNA 3k 556 B g 7 k
-5 2R R T AH G (R?=0. 989 8), JIFARFE 5 T 5
WLABE I & 85 LPL mRNA JLH # ikt 24 M IE
A& CHHOE R B4y A R* =0. 999 9. R*=0. 986 8,
R?*=0.999 6), /56§32 (P<C0. 05) , #E— {5 W]
T RIE W7 KT S ARk B Ak LPL SR RA,
I LPL JEPR kA2 i T 1) 6} i 17 7% £a 2 BT Ik 5 L
TR, X A REER LPL B9 2k PRI REA ¢, B4
WL v M 0 AR ARk IS, LPL 32 B A Ak L B8 SR R A IS 2%
JE R B 1 A H TR =R K DA SR L LR 45 g 1D
HAVAACBERE . & R N g 107 20 21, 02 3 A 07 A T
e LA A 2R iR, IR LPL 3EH S 5
w2 AR W DO I BLRAE LA R IR AT .

AN A I S K IR A AR A LA
H LPL mRNA ik F B, LPL FEH 7 IFIE &k
W T NLUA SRR UL LPL R AT LA
A FRIE PN S P AR LPL RiA0) E2 4
HZ—, Cheng "/ 58 % M, LPL mRNA 7£ #
W (Cy prinus carpio var. Jian) AP YHFL,H
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DA JFF O S5 e o %F T 0 O 4 Sk 891 i1 F 5 A B
LPL &N 32 B AR TR b 2 2k, A il 46 25 2R 5 Al
— B ABAN A T FL S T HE o LPL IR R R i 45
SR HORT R Y A DR O M 2R B = R R R T L4

O P 25 B 17 AL % UE e LA 2 0 28 AR iR 2 AR
F BB, T A E T B SR LPL =R KRR 2
frz—,

& % x M

[1] AUWERX J,LEROY P,SCHOONJANS K. Lipoprotein lipase: re-
cent contributions from molecular biology[J]. Critical Reviews in
Clinical Laboratory Sciences,1992,29.243-268.

(2] WhsE, 3207y, 200 IR, 4. 8106 28 (6 G RUH IR ik R 45 4 5
HAFRIET]. hEK R ,2009,169(4) :506-517.

[3] OKU H,KOIZUMI N, OKUMURA T,et al. Molecular char-
acterization of lipoprotein lipase, hepatic lipase and pancreatic
lipase genes:effects of fasting and refeeding on their gene ex-
pression in red sea bream Pagrus major[]]. Comp Biochem
Physiol B,2006,145:168-178.

[4] SAERA-VILA A,CALDUCH-GINER ] A. GOMEZ-REQUENI P,
et al. Molecular characterization of gilthead sea bream (Sparus aura-
ta) lipoprotein lipase. Transcriptional regulation by season and nutri-
tional condition in skeletal muscle and fat storage tissues [J]. Com-
parative Biochemistry and Physiology,2005,142.:224-232.

[5] AMAYA A. SANCHEZ-GURMACHES J,GUTIERREZ J, et
al. Regulation of lipoprotein lipase activity in rainbow trout
(Oncorhynchus mykiss) tissues [ ]J]. Gen Comp Endocrino,
2006,146(3) :226-235.

[6] FSHTHT, ARG 54, 4 fDRHIR 17 K 7 % B IR 8 i A4 K R
e B NG i R 2R T8 IR s R [T ], K AR AR W27 4. 201034 (4) ¢
815-821.

[7] DEY M M,PARAGUAS F J,BIMBAO G B,et al. Socioeconomics
of tilapia culture in Asia:an introduction[ ] ]. Aquaculture Econom-
ics & Management, 2000,4.:1-2.

[8] EZR. e, Boiae. 5. MRS AKX &P ek K
IR IS AL B M A A B bR B R [ ). K AR A A AR
2011,35(1) :80-87.

[o] e, 2RI, 5. AN R AE 0 2R 1 5 Ak X i 6 A 4 % Py
R[] ], de gl K254, 2013,32(5) : 84-88.

L1070 XT38k, SRIBEL 2 AL, 55 ARDRHI 5 7K 7 % gl £ 2 4 | A A 43
Fe A5 A AL A bR A E ma [) ], A8 rp Al K2 24 41, 2012, 31(3)
357-363.

[11] JEE M H. Official and standardized methods of analysis[ M ].
3rd ed. Washington DC, USA : Elsevier,1995:382-383.

[12] LIVAK K J.SCHMITTGEN T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2742CT

method [J]. Methods,2001,25:402-408.

[137 v, 4 FhAS 6 I I 5 % oA S ¥ ik 2 4 R A B I s e ). K
H A W22, 2006,30(3) 1 256-260.

[14] Z R0, g, s I, 45 fRHIR 7 & 5t 5 5 e W A 4)) i
U 265 265 K 5 E 1 R OG AR LT ], B 5 7K 77, 2008(10) + 37-43.

[15] EER, B& B 30F, 5. RUIR 7K 7% 5 7 8 604 KPR pe
PRIEORR L JILIA) B 43 B 0 P it % M 2 i [ . 3h 8 37 4R,
2010,22(3):625-633.

[16] HANSEN J 0, BERGE G M, HILIESTAD M, et al. Apparent
digestion and apparent retention of lipid and fatty acids in At-
lantic cod (Gadus morhua) fed increasing dietary lipid levels
[J]. Aquaculture, 2008,284:159-166.

[17] XU J H,QIN J, YAN B L, et al. Effects of dietary lipid levels
on growth performance,feed utilization and fatty acid composi-
tion of juvenile Japanese seabass ( Lateolabrax japonicus)
reared in sea water [ J]. Aquaculture International, 2011, 19:
79-89.

(18] R, whigh, B W 5L, 55 G W5 7K - xof 5 Jisk 555 i ) A= 4 % i 1
i W5 G A By S e ). ) R0 T K 22 4, 2010, 30 (1) + 13-
17.

[19] GAYLORD T G.GATLIN A M. Dietary lipid level but not L-
camitine affects growth performance of hybrid striped bass
(Morone chrysops X M. saxatilis ) [J]. Aquaculture, 2000, 190
(3):237-246.

[20] ANDO S, MORI Y. Characteristics of serum lipoprotein fea-
tures associated with lipid levels of muscle and liver from five
species of fish[ J]. Nippon Suisan Gakkaishi, 1993, 59 1565-
1571.

[21] B J7,OKU H,OGATA H Y. 4. /K fa F 0 5 55 4 1 15 B
N DNA FISABRBT] P EAY RS0 T EY ¥
##,2002,18(6):712-719.

[22] LINDBERG A, OLIVECRONA G. Lipoprotein lipase from rainbow
trout differs in several respects from the enzyme in mammals [J].
Gene,2002,292.:213-223.

(23] F L0, JR i, XU, 46, B LPL 36 8 () 3% 55 B LA 0 7 3¢
Xt H LR [T, 7K 7 242 2009, 33(6) : 980-986.

[247 LIANG X F,OKU H,OGATA H Y. The effects of feeding
condition and dietary lipid level on lipoprotein lipase gene ex-
pression in liver and visceral adipose tissue of red sea bream
Pagrus major[]J]. Comparative Biochemistry and Physiology
Part A,2002,131:335-342.

[25] CHENG H L,SUN S P,PENG Y X,et al. cDNA sequence and
tissues expression analysis of lipoprotein lipase from common
carp (Cyprinus carpio var. Jian) [J]. Mol Biol Rep,2010,37:
2665-2673.

[26] COOPER D A,STEIN J C,STRIELEMAN P J,et al. Avian ad-
ipose lipoprotein lipase: cDNA sequence and reciprocal regula-
tion of mRNA levels in adipose and heart [ J]. Biochim Biophys
Acta,1989,1008(1):92-101.



102 e p Al R 2 AR AR

#
g

Effects of dietary lipid levels on growth performance,activity and gene

expression of lipoprotein lipase in GIFT tilapia (Oreochromis niloticus) juvenile

WANG Ai-min  YANG Wen-ping YU Ye-bing LYU Fu WU Wen-jing
FENG Gong-neng WANG Zi-sheng

Department of Ocean Technology ,Yancheng Institute of Technology/
Key Laboratory for Aquaculture and Ecology of Coastal Pool of Jiangsu Province/
Jiangsu Province Coastal Aquaculture Fish Feed Engineering Technology Research Center ,
Yancheng 224051,China

Abstract A 90-day study was conducted to investigate effects of dietary lipid levels on perform-
ance, fat deposition, activity and expression of lipoprotein lipase (LPL) in GIFT tilapia (Oreochromis
niloticus) juvenile,and to explore the correlation between LPL gene expression and fat deposition. 315
GIFT tilapia juveniles (average weight 2. 634 0. 16 g) were randomly divided into three groups with
three replications, and fed with isonitrogenous diets with different lipid levels of 3. 7% (low-lipid
group) s 7. 7% (middle-lipid group)and 16. 6% Chigh-lipid group) by supplementing with 2% ,6% and
15% fish oil as lipid source,respectively. The results showed: (1) the hepatosomatic index (HSID) , viscer-
osomatic index (VSI) and lipid contents in liver and muscle increased with increasing dietary lipid level
(P<C0. 05), but there was a trends for condition factor (CF) with first increased then decreased
(P>0.05); (2) with increasing dietary lipid levels, the weight gain (WG) first increased, then de-
creased, and feed conversion ratio (FCR) decreased(P<C0.05); (3)LPL gene was expressed in liver and
muscle of GIFT tilapia, while the expression level in liver was significantly higher than that in muscle
(P<<0.05); (4) during the 48 h post-refeeding period,liver LPL activity in high-lipid group was signifi-
cantly higher than that in low-lipid and middle-lipid group at 6 h,but significantly lower than that in
low-lipid group at the 12 h,24 h and 48 h. There was a trend in low-lipid and middle-lipid group that liv-
er LPL activity increased first and then decreased; (5) the expression of LPL was significantly higher in
high-lipid group than that in low-lipid group (P<C0. 05); (6) there were a significant linear positive cor-
relation between HSI,lipid contents in liver and muscle,and liver LPL expression in GIFT tilapia juven-
ile. The results indicated that LPL expression in GIFT tilapia was in a tissue specific pattern and liver
was the main organ for secretion and expression of LPL; high dietary lipid level could inhibit growth of
GIFT tilapia juvenile,decrease feed conversion ratio,induce the expression of LPL in liver,and promote
fat deposition in liver and muscle; liver LPL expression was involved in fat deposition of GIFT tilapia ju-
venile,

Key words lipoprotein lipase (LPL); dietary lipid level; LPL gene expression; fat deposition;
GIFT tilapia (Oreochromis niloticus)
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