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B LPL & H i RiE R LS B IR X E 5 0
T4, AW, X %, EHE, AodT, ARIR, EEE

(1. FILRARPH RE S4B BRVT #%k 7121005
2. TGP R K= RHEBTFLBT , BR T B 712100;
3. R RRKRFEMPIE S EARER, )] R#  610041;

4. HARESK AP, HA& =ZE 516 —0193)

WE: R/ T E £ & G iz % (lipoprotein lipase, LPL) # 4 cDNA /¥ 7| ( GenBank & #f % %
FI612596) , 5t # 4T T F 71 R R B 247 KA+ 2 B K #% % K 4% 4 X X M (SQ-RT-PCR)
BBRMT LPLEARER X FAL L F KT BB 20 F R AR TR T R
BRRAEERM LPL 2FR AW H. EREF, IRGHEE LPL 34 cDNA F 5 K
JE % 360 bp, & 3 E Ap At W IR B K T0% ~89% 5 LPL B A2 BT R Bt LA L o ik 86 JB I8 R
AL T HRE, LT ERBER AR T REFERT, BT REFE RN £ KB E 2
HEWREEREEF T T EMIKE 4 2 (stromal vascular fraction, SVF) 41/ ; ¥ # LPL X F %
EAFENRBLEEFAT BEABRRELZh A OhMKWREKRTF, HARER, Ed
IPLEFFAL R BRSO RIGFERNBEHTRE, EXRHAEZ X AAL B
wRACFRAERER, AN, EREARFZERRANALE, RXERLRRF/EEE LPL
KL HH 4 cDNA 5], et H#ATT REZ LM, RER T LPL A & R o RAH # WAER

FRRESE FRE
REW: o BEERE; XEREL R
ES%S:Q 78658 917

8% A 8B (lipoprotein lipase , LPL) 44k
SEHUHEBRN M =EKRERNEE, BT
BHENFNEE, 2Hm =8 A% i e
MAE M. B ¥ m W% R OBE MR
( chylomicron, CM) fl#i /K 25 8 IE & H ( very low
density lipoprotein, VLDL ) fir &4 i) H iyl = Eg 7K
B H AR R, MEA R HRIHF A,

FrEH KA T X IE R S EE R R
HHE HRK = FE N FERHE L —, EAERR
R ERRKFHEALZ —, ERRERAENF
FAXTER, FARITIF X A ot 8 B AR R R o LL B ™
H, LPL AT C BEmE , 5 IR By 40 M 71k
KRBT X R, Bt A 2 8 JR i A o
KERENBEREEEEN, BRICAERD

15,48 H #A :2009-05-19 &5 2 #A :2009-07-19

MHKFRIRES A

" ( Danio rerio ), T 84" ( Oncorhynchus
mykiss) JEHA"! (Pagrus major) (& 388"’ ( Sparus
awrata) FE KPS LPL B H, KM%
HAPHRBIMFE W AREEREMR,BE
SEhTWKE Rk R kAP, Albalat 4
RPN SRR 5 4 b LPL V& P 2 AR s i
Wi, Saera-Vila 25 5% T A 623 AR R4 B
Y4 Sk R RS B 4L R R P JE Ik LPL R 3235
IR, Oku %™ Bi% T E#H LPL K AL+
FRZ 5 DL AN A B R 4 I R LPL
mRNA FAEFREM, WAT LPL ZREE
£ T RIS M R AR

AR A RT-PCR H AR FEE R £ LPL 13
4> cDNA 3] B T H7E R A A R 4H R BB

HRIG A : Eo B AR EEE T (30771667) ; TR JLRMBLE R FFELEARE T 3T B mILR AR R B L s e
WIRIEE S5 4L ,Tel:029 —87092139 ; E-mail ; jihong @ nwsuaf. edu. cn
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el 40 B 5 B fR Bk B 45 0 ( stromal vascular
fraction, SVF) ZHif f Ry R UL, P-AG T UL K
FAR MR B A IR LPL B Rk R, o
— BT LPL BT RE A LB L R R f8 2R AR
B LR BT 1R B2 25 SRR LS R AE o

1 MRSk

1.1 R REE

AT LPL ZEH T R HA A ERREIFA
[ X BB B Ie R 40 M LPL £ 3R55 ) B £ (500 ~
800 g) Iy B PRI AR BOK = i . i
W 18] /5 PP EAT A ), SR SR T JRAEE UL 1Y o JOEE B8
8 Bl 2 BB i (intraperitoneal fat body, IPF) &
FHHA, -80 T REFWMBTH XK, REX
P Oy e R B B B B A NE T 40 AN SVE 41
Jdo

YT 2 LPL B FE X H K%
(2945 g) , M B BT SIS 6 X g, 1 65
FmEEMRATH R A, 7275 JLRAMBE B KK 7
PHRPIEIKFE RGP 2 F, FRRE &
BHARFEAOLRASMRERE. BRERE,
B30 BAEMEE 1 MEFKFHEG P, BE
48 h JF R, #5I7EEER)50 h,12 h.24 h.48
h, DR F#R 12 h 5REVLEE: 4 B, B R AT
JRAEHAR 80 CTLRAFEH.
1.2 FERH

Trizol (M AR AR) , R R A & Tag
DNA B4 ( Fermentas 22 7] ) ,DNA ARG &
(K Jutf), PMDI9-T #{k.EcoR 1. Xho I
(TaKaRa A ) , FOhri & R B & (2B &
A7), | B R (Gibco 2AR]) , i 4~ ML (HL
M PYZE3E /7] ) , DMEM 3 55 3t DMEM/F12 %
75 (Gibco 24 H]), T B % JR B (Invitrogen 23
A]) , 4 IM3E HE H (Amersco 24H] ) o
1.3 Ef LPL EE#4r cDNA Hy5RE

SR A Trizol $:42HX IPF & RNA, Fl F g
BERS IR A A3 0000 BRI RNA 7 8 f 4k
&, cDNA & B 4 pL 2BE B RNA, #%
Fermentas RevertAid ™ First Strand cDNA Synthesis
Kit #K1621 5] & #E#F 1 J7 5 DL Oligo (dT) 2y
%A M cDNA % —4%, HiE GenBank H1 H &
LPL 2R3 (AB243791 ) BEit -5 B 1 X 6 3
719,

P1, Sense:5'-GATAGCAACGTIATHGTIGTI
GAYTGG-3',P 2Antisense ;5'-GGTGTGAAGGAC
GTCGACAAAGTCAGCGTCGTC-3' , 5|¥H
Y5t T AR A M. 25 pL PCR BRI R : KK
%7K 15.75 pL.2.5 mmol/ L dNTP Mix 2 pL,
PCR buffer (NH),SO, 2. 5 pL,25 mmol/ L
MgCl, 1.5 pL.cDNA 1 pL .25 pmol/ L Primer |
0.5 pL.25 pmol/ L, Primer 1 0.5 pL.0.5 U/
pL. Taq DNA Polymerase 1.25 uL, PCR #2F¥:
94 C #ZAs# 5 min,94 T 50 5,55 T 60s, 72 T
60 5,35 PMEH,72 CIEM 10 min, 3 3 BH
AL IR P PSR AR M BERE DNA [BIGA S &, 1%
PRI, A 1% SrARM BRI b BI B B &
Bl =4 16 CTF, & T-8k 4 h, &E ™Y
SeqbJ5 O 36 FH P T e, 4R BUSRCRL R HE AT I R
DNA FE31 9l 5 78 76 IR AR R ep ol
BEAT . ¥ J5 K F§ DNAman 3443647 7 51 [/ 98
P X R RGBS HIAE
1.4 %8 LPL ERFEMRT

5 F Primer Premier 5. 0 34, #8851 ik it
BGRATR , Wit Bactin 3 PCR 5145191,

Sense: 5'-GATATGGAGAAGATCTGGCA-3’,
Antisense; 5'-CAGAGCTTCTCCTTGATGTC-3', 7=
YIKE R 410 bp, BB EBWEMA LPL B, %
It LPL # B PCR % 5 9" 3 7| ¥, Sense: 5'-
CGCAACAACATTACCCAA-3', Antisense ; 5'-AA
TCCCAATAGCGATCTGG-3', FIFH 1.1 frik
& ZH A BRI Vs 40 e B2 SVF 4 ffd, R ¢ €
& (semi-quantitative, SQ)RT-PCR &+l LPL 2
BHLA R RHERFR T B BARN 4 PRy R
KIEB, LPL FHF B-actin ZF PCR 2 Wik &
F1.3, RMWAMH:94 CTHA M 5 min,94 T
50 5,55 T 60 /53 T 60 s (B-actin) , 72 T 60 s,
35 MEFF,72 TIEM 10 min, FEHOEKBINL IE
RBL, 2.5 pL PCR § ¥ SEERBERS,
15 1% W) &R AL CBER BRARVE BERE BTk, Rt
il DNA Marker 2000, LA## €Y 38 74 v BRI R
/No BLIKHTE Wealtec BRI R REEHH IR, HH
Dophin-1D BER7-Hr#k 507, 4R LPL #H
1 B-actin HIKTRIGEH AR
1.5 HESH

K SPSS 13.0 #kf4, F§ ANOVA X} A[E 4k
BHE] B E TSI 07, 2 P <0.05 i, A
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2.1 Ef LPL ER#% cDNA HISERER 7315
i
R4 RT-PCR J5 53 HE & IPF
i LPL #1799, R —
/I 360 bp (1),
1 2

AP, HK

230 bp -

all bp -

1000 bp -

E1 BE&AERfHS LPL ) RT-PCR &R
1:Marker DL2000 ;2. 454 1y
Fig.1 RT-PCR results of LPL from

adipose of grass carp
1. Marker DL2000;2; Specific amplification band

AT B4 5 438 7 ) 2 [ SO X e 7 37
ERRBERTS (8 2) o #E T, & Ham 4
REMAR LPL FE, A LPL EEMES cDNA
7% GenBank IS & FI612596, /& LPL 3
BEEHRF S5 H MY R LPL A5 XD &% H R
PR3 AT Z B LA, AT T REMHIE(E 3) ,
HRBREMA LPL R 5H MY LPL EEK
[ ¥R PS> 3 T0% ~89% , F LPL FEFMA
(Homo sapiens) . KX B, ( Rattus norvegicus ) -, /)N B,
( Mus musculus ), 4+ ( Bos taurus ), 3% ( Gallus
gallus) 3 ( Felis catus) 13 ( Capra hircus) 43 £
(Ovis aries ), ¥ ( Sus scrofa ). BK R ( Cavia
poreellus) JixME ( Macaca fascicularis ) |, il ( Neovison
vison ) | B # ( Papio anubis ) . & 3k # ( Sparus
aurata) \BE 54 ( Danio rerio ) I #8 ( Oncorhynchus
mykiss) \ FL48( Pagrus major) LPL SEIA9IF) PR
A 8% . 11% .70% . 72% . 73% , 1% . T1% .
1% ,70% ,70% ,71% ,70% ., 72% . 73% .89% .
78% 1 74% .

2.2 B LPL ZEARARARFEAEZEMEER
HRaEyRIE

SRF SQ RT-PCR ik, X R A& HAR LPL

mRNA FXEAHEAT TR (& 4-A) , LA B-actin

TIGTCCCGTOCOC AACAACATTACCCALCOTCAGCTOCCTACACCAA ACTAGTGOGCA
AGGATGTGCCCATGTT TOTCAACT GO TTACAGGCTGAGATTGACTATCCTIGGRAGAA
ACTGCATCTGTTGGGCTICAGTCTTGG TGCTCATG TAGC AGGARTCGCTGGCCTTCTCA
CCAAACATAAGCTTAACAGARTCACAGGCATOGATCCCOCTOGCCCTACCTTIZAGTA
COCAGATGCCUAAAGUACTCTTTCCCCAGATGATGCOCTTTTCO TOGACGTTCTICACA
CCAACACTCOCGOCTCTCCAGATCOCAGTATTIGGATT CAGAGGCCAGTGCGCCACAT
AGACATCTAC

B2 % LPL EERIES cDNA F3
Fig.2 Partial cDNA sequences of
LPL on grass carp

=
[
o

l_i BiE# Zebrafish
=

i Grass carp
$=3LAY Silthead seahream

R YT {# Rainbow trout
# Chicken
B ®, Guinea pig

_': /N, Mouse
KM Rat
3 Cat
Bl Mustela
# Cattle
3 Goat
#32% Sheep
¥ Pig
¥5E Macaque

¥ Baboon
A Human

H3 =& LPLERSHEYWM LPL EEKRSGH
Fig.3 Phylogenetic tree of LPL gene between
grass carp and other species

EHNNZ, AR Y ¥ &H 2 Dophin
DOC ¥t RAEF AT , BN HEEY AW
H LPL By%%#: OD {65 B-actin B{EAH L, BR78
LPL BN B M FBE K (B 4-B), BB 4 1
A, LPL & PR 7E TR UL P 0 L 88, g Bl 4H R
¥k, e IPF pRAERER , Ml R
BEERM,

8T W4k LPL 7e 55 £ g 5 40 a5 4k P 9 4
PR T R BRIS 40 B A1 SVF 48 o B 2%
BZF (B S5). WE S LA N LPL 7E BRI
ZHREA SVF 20 P37 223k , 7E B IE I 40 e =
HFRBFEEBERT SVF 44 (P <0.05),
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-LPL

-B-actin
B
— 1.0d
[
>
B =
¥ oo
-
r g 0.50
= o
E |-
E <«
=
g 0.00
IFF AT Lo HRNFE
hepatopancreas heart IPF
WA i
muscle gill

H4 LPLERER&ZKAARHRIE
A. PCR Y 3§l ;1. fFMBAE;2. ALY ;3. 00k 4. A8;5. IRpE
#1; M. Marker DL2000; B. Efa&E#4HHAH LPL mRNA X}
REFE.
ARIFBARBEMESR (P <0.05)

Fig.4 Expression of LPL gene in each tissue
of grass carp

A. Result of PCR amplification; 1. hepatopancreas; 2. muscle;
3. heart; 4. gill; 5. IPF; M. Marker DL2000; B. The relative
level of LPL mRNA expression in each tissue from grass carp.
Different letters show significant differences (P <0.05)

) ST

Marker adipocytes

S'T A
SVF cells

250 bp-
—LFi.
AO0 bp-
| — _1 ! - A— B-actin
B [ *
0.08 | T
« Z 006}
=S 0.04f (it
= Il
2 _ 0.02f i
=
E il

CRBEnAE Sy
adipocytes SVF cells
B 5 LPL#EE&RFARIAREF SVF AREHREIRIE
A. PCR ¥ 3§ 8 ; B. B I8 i 40 L A1 SVF 4 Jfd /7 LPL
mRNA HWFREZFE, =« Fw P<0.05
Fig.5 Expression of LPL in adipocytes and
SVF cells of grass carp
A. Result of PCR amplification; B. The relative level of LPL
mRNA expression in adipocytes and SVF cells of grass carp.
% means P <0. 05

2.3 DEFEERMES LPL mRNA RIENS
i
R THE LPL R EFETES e T
IR0 h.12 h.24 h 48 h BESES 12 h FHER
th LPL mRNA FikCF-( B 6) , 33 HE R HEST
TREEIT(E 7)., AE6 ME 7 ATLIEH,
EaA{LE 48 h 5, IPL mRNA 5K TR EHA
&L R 12 b 5, HEEEESR O b AKE,
L L 2 3 4 a
260 bp_
RN

250 bp- ,
and bp- —A-actin

E6 fURTFERIRNTES LPL mRNA XM
L0 h;2 12 h;5. 24 hyd. 48 hy 5. FFE 12 h; M Marzer
DL2000

Fig.6 Effects of fasting on LPL mRNA
expression of grass carp
1.0 h; 2.12 h; 3.24 h; 4.48 h; 5. 12 h after refeeding; M:
Marker DIL2000

2.000 F
—
[}
-
B2
X
®-Z 1.000
zZ4
< T
=
=
3 =
£
E 0000 . .

0 12 24 48 12
. THREE
timz after fasting
7 REES L EERRZERESD
FTEERE LPL RIEKFHITL
FRIFEHIREEEZR(P<0.05)
Fig.7 Changes in the expression levels of grass carp
LPL i hepatopancreas doring 48 h fasting
and the refeeding process
Drifferent letters show significant differences (P < (05}

3 it

SRR UL B BE 1 EEBOR T HA RN
HE SRR, R BR T Hl =B AR R
HEEEE. RBEAET, 258 K508
RS BRI 22 5 M % 9 CML Al VLDL &5 L5
feE BB ElE , giE i H il =B EA

BUT PN AHLUE , 75 B — R 5 B KA B T 19
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25 MBI NEITRR , 7E NS SR P Y

BT ML A AR I A B AL AR . e
Firh LPL R3%E XTSI, BE % LR
CRENEREEH N ESEKEENEZ RN S
HORE TR K 5 A B o B0 BB B2 R T # X ER h
el

LPL B A S R DIBE X 3R, 40 N4
AL B KT BERR B 45 & %, cDNA
TR, X BT BR X R 7E SR E) B AR ST
FL7E 1987 4E, Wion %1 B s I T A LPL
HEFEFENF. 4 /DRSS LS YR LPL
EEG R R N EY, aRPEE,
Arnault 2™ 18 8 T BE T 45 R T 64 1y LPL #5453
cDNA J31|,Oku %' % fif Race 3 o753 T &
#3f¢) LPL cDNA 2K FFI3E3T TP, &
W LPL R F A B G BT B T M-
PR £ KB  BE UURR AL

ALK KA RT-PCR Jrik 318 T 2y LPL
FFISy cDNA F5 , R HAb R LPL #EFETR
BT, R S H e REYE R 10% ~
89% , XEFFIEFM M LPL ZEFRD
fa LPL % ABGE , X 5 W89 4 K A, &
8 1 BE I #4 [F) 82 F% B ( Cypriniformes ) #% )
( Cyprinidae) 25,

[ % PR 4 LPL 5k PR 76 B A ) i) F b 4
SRR L L P 0 JE L 88 IPF) i 3%, X
5 Oku % 7E B4 - PR SSAH—3, B) LPL 2R
TFER I 69\ b 2 4R CJF R AEE L JUL P 0 O 68, TP
PR KL NS ) shi gk, ABS L ST
i LPL &R B M ERARY ™, % LPL &
SEAAHA R AT, X THER Tk
Z E TR, H BN AR IPF, B
SR JLA . LPL 725 £ A [F] 41 4 i) mRNA 3
BEEFELR, K PF b REAEF RS, 7EH+
FBEFRMK, Oku % 55t &3, BH LPL 75
LA RRRE, EREHATHERRE R
S X RRR i TR AR B R A
KRR, BT SHRAMRRE %,

SVF %A g 52 25 # #  J8 7 46 fi. Van
U3} SVF 4 RGP TE R T B EHT AL
i 4RIEEEE , IERA T SVF 2 B BB A iS40
oML BRI BT B B 4 B . ABRSE & 8L LPL 75
B IR IR £ SVF A Fik,

HEERBIEp Mt iR B EE B EE T SVF
M, XTS5 EKES™ REESEM s

0 200 45 £ B SRR R ERSIE., B R 40 O 7 4
YR, LPL F3% £ B RAK, AL 78, 214>
WHRIFEREE R,

LPL W PL A0 e B 5 LA VR S LIRS B AR
W EERIIRE H, H7EE R 39 Bl ae Rt
REERED ™ BRI EA SHEHS
WE LPLEXKERN B RER R ESHARY
i RS BT AR B FE o, M TIT R 2 S M
AN FCBHE R, B LR ST P 7 A 3 58
YR RE R IE L, H R A XTHLRAR R E FUR
W= E W, T LPL 7235 L D BE BT
FAER. BEPFEEY, YR AL T & i 84 IPF
i LPL BB IS . B—0rm, AR, &
SRR T LPL R EE X ZEN B UE M,
H IPF AP 4 LPL 32 57 fh A — 3,
HEBEEBEE, X 5HEN & B MHE—3,
ULAER S LPL R ZEBE B RS, X TR H
FUARE X BB HEREMURE AL BE
¥, E#H LPL HEEFBEGEEFESNS
55, IR BB R U ERRERBRSE T,
0 Oku &™) %8R, e 414 it 18] fry 3% fn , B4 LPL
mRNA X BEFE, R 6 h )5, HEkkE
EF 0 h k¥, ABRLRSHM—, LR
FIELR AR o, 254 IF I LPL mRNA 3% 7K
FFE 48 h BETHE, RASEE, IS8R
BRI, BRFEe R0, %% LPL R K
PR Z AR A B BT SEN, B2 EFH
KBRS, B FHIEEE 5.

BE 30k
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Study on the LPL gene expression and the influcence of fasting and
refeeding on it in grass carp, Ctenopharyngodon idellas

JI Hong"?, SU Shang-shun', LIU Qian', CAO Yan-zi',
YANG Gong-she', LIN Ya-qiu’, OKU Hiromi*
(1. College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China;
2. Institute of Fisheries Science, Northwest A&F University, Yangling 712100, China;
3. College of Life Science and Technology ,Southwest University for Nationalities, Chengdy 610041, China;
4. National Research Institute of Aquaculiure, Minami-ise, Mie 516 —0193, Japan)

Abstract ; For the better understanding about the mechanism of lipid metabolism at the molecular level in
grass carp Ctenopharyngodon idellas, the partial cDNA sequence of lipoprotein lipase (LPL) gene was
cloned (GenBank accession number FJ612596) , and its expression in different organs, adipocytes, as well
as the influence of fasting and refeeding on it in hepatopancrease were studied by means of semi-quantitative
(SQ-RT-PCR . The results showed that the obtained cDNA sequence was 360 bp in length, and the
homology is 70% —89% with other species. LPL gene is widely expressed in hepatopancreas, muscle,
heart, gill, intrapaneal fat body (IPF) ,mature adipocytes and stromal vascular fraction ( SVF) cells , with
the highest expression level in IPF, lowest one in gill among the organs (P <0.05), and higher level in
mature adipocytes, compared to SVF cells (P <0.05). On the other hand, LPL gene expression level
significantly increased in hepatopancreas after 48 h fasting and retrieved to the same level as 0 h after 12 h
refeeding (P <0.05). It could be concluded that LPL gene is wildely expressed in various organs and at the
initiation and final differentiation stage of adipocyte, regulated by the energy expenditure status, which
implies its important role in lipid metabolism in grass carp. The further study on the modification mechanism
of LPL gene is required in fish.

Key words ; grass carp ( Ctenopharyngodon idellas) ; lipoprotein lipase; gene expression; fasting



