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BEAA LPL EERIEN AT ET L
REXMA ARS8 20
o oAk FEEY, BFRAL KL L ROES M R, AR, Lok’

CRFARL RS ARG, BAT 210095; 2 DU #B M TR R, AT 643000 °FisR BEPAB B HCE NI, AT 832001)

WE: [B6) A% FANN &S M (lipoprotein lipase, LPL) X mRNA B9 & B MR AE KL
AN SRR S B, D7 E ] A2, 30, 60, 90 Fu 120 H R MHBRSFER B AEE4 6 R (120 HE
RHFBHEETF), BERBRERKASMA NI EE, RN L EE PCR EAMALA LPL K F mRNA &Ik K
T, aMEFRHHGTMERAENAREEEN R, [£R] WEE RN o, EEBFERFN IMF
(Intramuscular Fat) & EHE LA, FAKHPZREE (£<0.05), MFEAMEFN INF S EESL £ K
TREZER (P>0.05), HESFELFN IMFEE 0~90d HEAREZET THBALTF (P0.01); HEREBFER
FNALPL EEWRAEE 2 HRHRE, 60 B AR KK, RAEEH LA, 2 BB PLXXEREZST
HeHE (P<0.01)., FBAEFHLAEAE 2 BRIEM, 30 BREARRSE, METHE, 2 90 B #etE3
A, A5 R # LA 30 BRREKKES 2. 90, 120 HHEZFMEF (P<0.01), § 60 H#EFBF (P<0.05);
60 H¥RAES 2. 90, 120 HWZREF (P<0.05); "iEm¥ LPL XK 2~60 B KK ELS IFAEER
MK, MRFZEN-0.625 (P<0.05); HBHAEF IMFEES IPLEARKAELREM XU, [(F] FEHEF
A ER EFBREMMAREHAROREERMAE, EAKLAFTFEH, BFERFHEE B mt INF EA, ¥
BE AR — MOEHACTE; LPL R AR 1 50 3 A K F e 2L o9 e Bl 69 AR T A A SO AR AE AL
Mixt# i L ¥ LA RIEA.
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Abstract: [Objective] The objectives of this study were to investigate the developmental changes of the Lipoprotein lipase
(LPL) mRNA level in sheep muscle and its effect on intramuscular fat (IMF) accumulation. [Method] Male Kazak and Xinjiang
merino sheep at 2 to 120 days old were selected to investigate the developmental changes of lipoprotein lipase mRNA expression and
its effect on intramuscular fat content in muscle. Six animals of each breed were slaughtered at 2, 30, 60, 90 and 120 days (only the
Xinjiang merinos at 120 days old were available) to collect samples from longissimus dorsi muscle. This was done for the purpose of
determining the IMF content and extracting total RNA for investigating the developmental changes of the LPL mRNA expression by
real-time PCR. [Result] In male Kazak sheep, the IMF content increased with the progress of development. There were significant

differences (P <0.05) between the age groups. However, there were no differences (P> 0.05) between age groups in Xinjiang
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merinos. The IMF content of the male Kazak sheep was significantly higher (P <0.01) than that of the Xinjiang merinos aged from
30 to 90 days. LPL mRNA expression was the highest at day 2 and it was significantly higher than that of all other age groups (P <
0.01), while animals at 60 days old had the lowest LPL mRNA expression in the male Kazak sheep. In Xinjiang merino sheep, the
LPL mRNA was the highest at 30 days old (P <0.01), followed by a continuous decrease down to the lowest level at 90 days old,
then it slightly increased. In male Kazak sheep at 2 to 60 days old, the LPL mRNA expression was negatively correlated to the IMF
content (y=-0.625, P <0.05), however, no such relationship was detected in the male Xinjiang merinos. [ Conclusion] There were
different models of IMF accumulation in male Kazak and Xinjiang merino sheep, the IMF content increased with the age increasing

in Kazak sheep and had not significantly changed in Xinjiang merinos in the early development stage; LPL maybe have a negative

effect on IMF accumulation in Kazak sheep at early stages.
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Fig (TG) A Ay H IRz 2 Mg 7 I S I (1 RSl Al !,
B H &M IRE A ARSI L TR, A
BRI IR B, DR S LA i A A
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UGS A EE MR L. LA A LPL X}
NE W DA A HEAE R, 0 AR &R 3 R 5 21 21
LPL 13 DRl e 1 R AN 2 18 MR AR A AR T K I
P RIS IR 243, LPL (f3RiA
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TSRS, R 2GS i i PCR H AR 45 E LA
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%6 M (120d MHATHIEEA B , LS4 M, B
SEJE RIS KWL, — 3 LR E TR g, 70
‘C{R17, FF RT-PCR; —#f4r{Rfr1-20C, FH+
5E IMF %4,
1.2 EZRAFIFLEE

MMLV [ 5% lighy 26 [H Promega A7), Taq
DNA %-4&Wf. EXTag HS DNA &M pMD18-T
Simple Vector % | K% TaKaRa A @], Opticon %% 5K
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1.4 3Mgit5&/K
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-3-phosphate dehydrogease, GAPDH) J &, MW
GenBank %245 LPL fl GAPDH mRNA J¥41], H

F 1 18 LPL F0 GAPDH 2 FE 893195 %

Primer Premier 5.0 % Fiits14) (R 1), HRKEE
WA o

Table 1 Parameters of oligo-nucleotide primer pairs used for amplification of the LPL and GAPDH

H LA cDNA %75 1751 T/ PN BKAE(C)
Target gene cDNA sequence Primer sequence Expected size of PCR product ~ Annealing temperature
LPL GenBank X68308 F: 5-GTCATCGTGGTGGACTGG-3' 398 bp (509-906) 54

R: 5-TGGAAAGTGCCTCCGTTA-3’
GAPDH GenBank AF030943 F: 5-“ACTTTGGCATCGTGGAGG-3' 379 bp (364-742) 58

R: 5-GAAGAGTGAGTGTCGCTGTTG-3'

1.5 RNA ZERFASEER

P TR RIS 07 RNA — 25 SR IUEBEUYL A

RNAP, A e Y FETHINE 8 RNA R FE R4l
(OD54/ODagy=1.8~2.0)

FBEHLG P S RNA #EAT R 5% (reverse
transcription, RT) , [ AKZRA 25 pl: 2 pg & RNA,
1 ug BEHLT 4, 0.4 mmol-L™" ANTP, 20U Rnasin, 200U
MMLV #3558, 5 pl 5XRT Buffer (£ 250 mmol-L™!
Tris-HCI pH 8.3, 50 mmol-L™' MgCl,, 250 mmol-L™' CI,
50 mmol'L™" DTT, 2.5 mmol-L" Spermidine) . J W%
J¥: 560 RNA B4R , INTP FIBEHLS 4, 70°CAETE 5 min
JaSLHBOK BT, BRG], A S 37°C ROV
60 min, 95°CKiE 5 min. RT P*YMRTET-20°C 4.
1.6 PCR Rz

S NiAAZR A 10 pl: 0.5 pl RT 724, 1 U Taq DNA
B4, 1 ul 10X PCR Buffer, 0.25 mmol-L" dNTP,
1.25 mmol'L"MgCl,, 0.5 pmol-L™ L3I FifEs 4.
SNFER: 94°CHiIAZTE 3 min, PCR 7H¥R, 94°C 30s,
Bk 30s, 72°C 30s, —3L40 MEH, FfEw72°C
ZEfH 5 min. PCR P74 H] 8% 3 PN 45 B Rl e FRL ik 3 25 5
LYY 5 FH BRI AR R G A
1.7 PCR P4 =l Us K 52 FE M

TEANFE LR E 20 N EEAT 5 RE . PCR P2 H] 1%35
JUE g s LYK A B, AN R EIECH B, H
V-gene DNA Bt RO G 2lAk . [2 1) DNA B
Lj pMD18-T Simple Vector # A& R, 1k IM109
Wik BREBHYE7RE, F V-gene JFiki DNA $2HGAF
EARHUIRL, PCR %E NG, 1% HigERAEYEAA R
AT
1.8 TWHAXHFES PCR

BEAMFE SO NS, e BEAT H I R BU Ok
BEEERRE ISR AR UE S, HIERRHEM L. RIVARR N

20 pl: 1 pl RT 724, 1 U EX Taq HS DNA 4, 4 ul
5XPCR Buffer, 0.3 mmol-L"'dNTP, 3.75 mmol-L"
MgCl, 0.5 umol-L™" H LD BJ#AT RIS 14, 1wl 20X
SYBR green [ o NAEFH: 95°CHlAL M 1 min; PCR
3K, 95°C 10s, Bk 10s, 72°C 155, BA (Plate
Read) , —3L 45 MEIR: SRJ5 1 72°CLEMH 5 min; i
ITIRARRZ 0T : 65~94°C, HERE 0.2°CHEAR—%, i
FEMEE 1s Jat: )5 72°CAEH 5 min.

1.9 BURSH

RO 45 B K 8 N x+Sd , ] SPSS11.5 For
Windows FAFFEAT A 434 o Hor [A]— it RoAS [ AR
I 39) IMF Sk R ik 5 1) 22 5 FH One-way ANOVA 1
AT s [N AN [ b i) IMF B S DA 3 08
It 7 5 ] Independent-samples Test AT 20 #7: FLIA 1)
FiL®Y IMF 4 & 1A Bivariate Correlations i
751
2 HRE5SH
2.1 BEESKINM INFZE (%)

BEAE HRE T I, BEPERG B w215 S UL IMF
TR b, BRI IMF SRR BE (P
<0.05) ; HEMERTIRAN B S AL KRN IMF LR
Zgr (P>0.05) 3 HMEPERSE® 5 F 1) IMF & &1 30~
90 d JHIRIA 2 TR s B (B D .

2.2 433 LPL #0 GAPDH £ [ RT-PCR 145 5

DAZR-F LA RNA A, FH P seit i) LPL Al
GAPDH 5|43 %34T RT-PCR 1%, PCR F*#I£: 8%
TR AR I B e FRLUK , 3 7011 345 398 bp A 379 bp IH15%
i (B2 .

2.3 433 LPL #0 GAPDH X [ 52 % Rkl FéE R

LPL F1 GAPDH AE[M #4714 Jv Bt e B T pMD18-T

Vector, PCR %% (4 3) /5, JJ DNAstar X}
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1.8 0 HSK

IMF (%)

2 30 60 90 120
H & age (day)

HSK: WIB¥3EF; TXM: Hisia Bor. bl i A [m) % i o 2= 7 15 B
Fox (B NGFRE HENET: KSR, AMFETE
MR 22T B (P<0.05) 5 **3R75 [ H il fn i) 27 0 B2 (P<
0.01) . T

HSK: male Kazak sheep; XJXM: male Xinjiang merino sheep. Means
without a common letter (the capital letter for male Xinjiang Merino and the
small letter for male Kazak sheep) differ significantly between age groups
(P<<0.05); ** indicates significant difference at P<<0.01 between breeds at
the same age. The same as below

1 HYMRFERENFEAEEN INF 2

Fig. 1 IMF content of male Kazak and Xinjiang merino sheep

bp bp

404 — 04
353 e

1, 8: DNA 4fH#brid PUCIS; 2~3: GAPDH; 4~7: LPL
1, 8: DNA marker PUC18; 2-3: GAPDH; 4-7: LPL

2 432 F/LFA GAPDH FA LPL [ i RT-PCR HikE
Fig.2 RT-PCR of GAPDH and LPL mRNA of sheep muscle

P2 R 5 5 e v e I HEAT [ LU, 45 SR I
LPL JE[K 1) 547 71— A—T HAlIERAT, 804 i
A=A ALK, 869 (A7 —A T—A HIRIEFAR,
899 A A —A C—A RIHHTRAR, HolWhi)Fsl
I RIJE MR 99%; GAPDH JE K448 B B iF 51 5 5]
WA e AR, [FUETES 100%. £ PCR
I3 A BON R £ 19 LPL 1 GAPDH cDNA
2.4 HEIALPL EEREMNEZBHET L

F 9GS 2 PCR {26 Ml ME A 1% 7 2 A0 7 8
MEFWAN LPL BN RIEFAT T s (Kl 4) o 45
BRI, WAL LPL ZEN R R & AR
BECUANR],  HEMERG B2 e SE M RIA AT 2 d e, AR
JE B R, 2 60 d I EERIEAR, BES SXCH BRI,
2d e g HB N ZERMEE (P<00D) , e

bp bp

404 —
— 404

353 —
— 353

242 —|

1, 6: DNA 7> FHFric PUCIS; 2-3: GAPDH; 4-5: LPL
1, 6: DNA marker PUC18; 2-3: GAPDH,; 4-5: LPL

3 482 LPL #0 GAPDH £ [ 5z b i PCR HLX &
Fig.3 PCR of LPL-pMDI18-T and GAPDH-pMD18-T

HS G B35 25 (P>0.05) . FHlgl B rrEiAE
762 d I, RIS BTE, 76 30 d A B 5,
B JE R TR, 2190 d B RF 5K, #1120 d B &
W ETte 30 d I FRIAE S 2. 90 1120 d )7 5+
W (P<0.01), 5 60 d KiAH 7% 7 B3 (P<0.05);
60d 5 2, 90 1120 d 5 3% % 5% (P<0.05) . 7£ 30
160 d I, BFrsman B2 LPL FE ik ol B 2%
TR S (P<<0.01) , 2 d R BAC T
FiE (P<0.05) , 90 d WP Z R REEER (P>
0.05) .
2.5 MIETEMALPLERARIES INF S E/HEX

R

X EE LA LPL FERRIA Y IMF &
FARIHT R W LPL FEN (RIS S AT 2~60 d W5
IMF &8 205G, MHXREN-0.625 (P<0.05)
WrimalEF LPL SRR =Y IMF &30 3% 1A
It (P>0.05) .
3 it

FEEE I ORI, AR A KR
WL RO ORI AN TR TR 2y e i, —Aelag L i
JUiRE H S 36 n & BT, KA e B AN A K
WU i 7 B S AR R LE — R E I KT o AT R IR
KA H W39, HEMERG v E 1 UL IMF 2 &
FRE: BTE, B R EAEM IMF &) LT 21k
RIS L FA A KR E R, IR O R FER
IMF 7, TiHEgl B 120 d LARrdEsA FaE M
IMF, 35 WL I 007 FRD G CRRAE AN [ i 2 o R AR K
ZESE, X ELERE LA RE T DT IORTIT EARMIEY . LA
JE 107 PRI CR R LR IRAE M ANTE 2, BRI AR )
KB AR TGRS AR I 40 M &5 H SO/ B P A L TR 1)
BN R I 45 5], Anderson 252\l a5 4L 4R
(RS AERT AN H L2 i i M 25 H (3, 78 2~5
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=0.28+8.90; R*=0.99]
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e DR B At 2

A and D, B and E, and C and F represent the amplifications, standard and melting curves of the LPL GAPDH genes, respectively

4 LPL F GAPDH E[E Ry 1B Lk, Hr/f il Lo FOAA AR il
Fig. 4 The amplification, standard and melting curve of LPL and GAPDH genes

LPL/GAPDH

2 30 60 90 120
i Age (day)

* TR A H R SR ) 72 e 2 (P <<0.05)
*indicates difference at P<<0.05 between breeds at the same age

5 EMRTEREMIBAEENA LPLEFARENEE
T
Fig. 5 Developmental changes of LPL mRNA expression in

male Kazak and Xinjiang merino sheep muscle

JI 2 T A0 ML A5 8 A A 4 e ARG KA
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FLA A TG (¥4 fic ke 25 B 2 (118 A ). Hartman!"”
AR LPL J2& o s IR0 40 M K/ i) — AN, HAE
JERE RS 1 LPL 3% i L i . Waylan 2510
WEFCR I, W0 T N BRFF VW 1 8 I 1A 24 LI
LPL ik A IMAL AR 312%, A ALERIN T
NEJRRFF IS, PR JUL PR R 1) 7 22 280l A2, T LA LPL
SITENR I FRaRIG N, MR I 5 e A UL P g 7
1% . Bonnet 2700 e A 2 (1 R A A AEAR G R 0, i
& 3 A ULA H LPL 2R (G v i 2 1458, {5 mRNA
AP EAT W LA ; Faulconnier 5% 4 b4 T 24
MR, 4S5 UARRL, R LPL RAE/EH v fE 22
SEATRE S5 B RS AP Fok SR, 51 mRNA
FES KSR R AN K . LPL FE IR (2 38 VA 2 46 UL AL AN g
Wi PR ZE 5, 18K RIS R 2 e 5
SRR Bonnet 25 45 2E AR 7 d JE, RO
UL LPL mRNA /KW R FE; B A 21 d )5,

mRNA 7P BT 7R i AR s 5
OIM—2, (HARNAKCPEIE. 54, AATEAENA
UG WA DU 2 B FPAS A ) mRNA, BFF mRNA
TEWL R W 23 [y Lo 56 A5 ANl LPL 20k i
TeARE R, WRER AR BRI R .
i &ANKFP, Ranganathan 5PV, LPL HEKAE
NARANE] TR 20 23 mh 1) 2 s Jm B BEHLRI AN [/, A LPL
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cDNA f5—A K 3-UTR, GEPHNAFIM poly-A {7
S, JRF AL LPL mRNA 38 A [&] (1 8547 77 3 52
IRPEACE IR . EANARIIZHZA%, LPL mRNA
3"-UTR [T 24 MR LB DI HEAEH, P&
L X S5k, 00 ) 3 1D 2 1 R G S A AR PO R
LPL J D5 A HE A P — A F B2 8 SOl A2 7 4 o i il
BEANFI ) mRNA BSUIRSEIL . 482F1) LPL JEKR O
SPRIT LT 2 S Ek b, EE AR IR
B LEAE, gafidh 450 ANEEERR, LS CAYR Y LPL
FEHIkLL, R EFRFAIR DNA 5-UTR Fealis i fpaptl,
EAR IR, A LPL mRNA 3'-UTR KJEI1)
P BASF T 3 BN ) mRNAP?, I HLAEL
JUFI g 5 21 2R3 7 LPL mRNA ) K/NANTH] , 3 WIAESRF
AR ZAr LPL R34 1) 53¢ Ja 8y Y& JL 5 i — /N
BT o X6 T432F LA R K LPL mRNA [ 45 K9 F1 85 17)
MURIERAE AR WARE, T2 — D s, AR RIL
FEALFARFILH o

EE SR IPYLPL mRNA #ik 5 IR ILA
&R B AL A K T I &, A5 LPL Rk &
N, DA RNIEE BT, KR, LR
HVL A RIIE AR AT A K, BT AR KA —
B, U UL ARG KRN I 4 M H R n,
BTbA LPL ikt im, fEAKIEI, ARG 322
JUE 7 40 PRLAES R0 g i ) e st 1T 4 L 5 A A A
I, BEWAR DGR AR VA N B, B ARAE S RNA
HHRIAFDGS AR [, BT 2 B0 A B i /K AR
KE AT e E WA ORI &5 R —5, LPL
mRNA BEAERE N2 Fas. W2 A 183
YINLA A LPL FER R A IR 2, H4E R A3+
PIRIETT, R lExt R 2 B LA LPL 2 R 3R IA (1 ik i
B ARWFIURIL, WA LPL & MR IA B AR 5% 7 2
AR R (P<0.01) , SHrasal BoE7E 1 H e m
(P<<0.01) , #RJi5 P iP5 DRI 3R R AR AR A AR —
B, BT R, SR )5 )BT LT, iX 5 Semenkovich
76 BT gt BAFEM, LPL mRNA /K-FAE BRI
AET A I d e, TR UL PR A S AR S B A R 1
1, 2113 d J5A T, RIEEAFEYF LPL RIAM K
BN 402 1K AR B A AL
VIR 7 R CRR S L AE B A TS [, FERR % 5 2 AR
FLHH LPL JEK mRNA ZKFFIIL P AR D ORR £ 22 5 £
DG, $EORGA=ENLAH LPL (14 1 F bl e AN Je 7E
mRNA RIEAK b, i A REE TR 53 5 B 3 KT
VR (R TEKCT o AFFCARBM LA LPL &

PRI B PR AL, BT LPL 4R IL P IR it
RS I 5 78 5 1 BKCP_EAEBE— 2B IR 9T

4 i

B IR B SE RIS A1 A UL I D7 DURR R
KRB MR, e 5 bE H S 13 NI IMF _E 7,
WA B R S R R — AR /K. LPL S
mRNA ZKCPAERS B 70 21 S KU NI AR I g, 4R
Je Bifl E S 38 i N B, £ 90 d BT AT IRITEs B A
BT H KN LPL mRNA KCFAERITH AR AR, 30d
A B g5, AR JERE H BB R %, 2] 120 d A
Fralgt. WEEE s LPL LK 2~60 d [H3RIA &= S5 IMF
TR BN, MKRECN-0.625 (P<0.05) , LPL
FIE N LIAE R s ma s 5% v SE LA i 05 ORR IR — AN asi A%
PRI TR BIE E
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