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%ﬁﬁ@ﬁ%ﬁwﬁ‘%mﬁ% IGF-1 FF4H & GHR 7k
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(dREXE SHHHEFR, S K 7 M 510642)

WE AP RGEREPRA KA Fm R, M 21 B REyITFsE 220 3K, %555 4. A.B.C.D.EAS5
FEERS BR( B4 15 mg/kg) ¥ 0.50,100.200 meg/ ke HR R AAIR A4 200 meg/ ke BLERFRIFAR. 42,
63 BIRRIFRAFHE MR, T 63 BB A S 4 3k, 2 miF ICF-I. T4}/ GHR 7CF X AFAE JULA GHR mR-
NA.IGF-I mRNA &#. R E/x B.C.D.EAH LI BEFEE /A A HIEH 8% .13.8% (P <0.05) ,16.7% (P <
0.05) .14.1% (P <0.05) ; B M P ¥ g ol 235 32 M3 [CF-1 ¥R &2 AP GHR mRNA 7K (P <0.05) K T4 Ha fi2
GHR $R45 516 (P <0.05) , ik IGF-1 mRNA /K VPA BB EERTBE (P >0.05). 45R{ER -BREFE
HLEURR SRR YR 4 (100 me/kg ) T A2 21452 i ) BEG AR SR IR 4R (200 mg/kg) BOAEAE AR A AR BRSR (R AP JE A
KAT§E 5 FEATAE CHRICF-T ) E KK, /A K CHR Rl + IGF-I K FAH XK.

XEIR HERS; 75; BiEE,; GHR mRNA; IGF-1
hE 4% 5:8816.7 MHERARINAG A Y EHS:1001-411X(2007)04-0077-05

Effect of Cu-Lys on the Levels of Liver GHR and Serum IGF-I and the Gene
Expression of GHR and IGF-I in Liver and Semitendinosus of Post-Weaning Pigs

YU Bin, FU Wei-long, LIU Ping-xiang
(College of Animal Science, South China Agric. Univ. ,Guangzhou 510642 ,China)

Abstract: The objectives of the present study were to investigate the effect and mechanisms of Cu-Lys on
pig pedformance. 220 pigs weaned at 21 d of age were divided into 5 treatments. Pigs in treatments A ,B,
C,D,E were fed with basal diets (15 mg/kg of Cu). supplemented with 0,50 ,100,200 mg/kg of Cu from
Cu-Lys and 200 mg/kg of Cu from copper sulfate. Pigs were weighted individually on days 42 and 63,
respectively. Four pigs per treatment were killed to collect the samples of liver, ST for quantification of
GHR mRNA and IGF-I mRNA. Results showed that compared with treatment A, the ADG increased
8% ,13.8% (P <0.05), 16.7% (P <0.05) and 14. 19% (P <0.05) , respectively in treatments B,C,
D,E. Supplement with Cu increased the GHR (P <0.05) , the expression of GHR mRNA in liver ( P <
0.05), and serum IGF-1 (P <0.05), but the expression of GHR mRNA was not significant (P >
0.05). The results indicate that lower doses of Cu from Cu-Lys caused the same effect as higher doses of
Cu from CuS0,; One of the possible mechanisms on copper improving pig performance is that Cu stimu-

lates the gene expression of GHR, improves the GHR in liver and serum IGF-1.
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RV RERFRAR R T INE 2K HE T
PR IR E mRHRI . B B d R S5
Bt 7 R - A S R B IS e R . M BR 4R
(Cu-Lys) 2Hi SR SHE F LA LS A MM E
A1, A FRHGE SR R B A B A A s, AT
TEBARHIE TR B & B AR B2 A R e
AR LI, — AN 5 H AR 18 R BT 1
FAREEFEREEARXT. Zhou £ KWK S
N TR IR A B CRAIEEE SR (BE) A1TH
BRI R A K, I IR E AR A KR mRNA /K
. WJE A DRI B XA R A KR KF

Gt ASRIRTETRE B IS IR R 2K S B A
SRR, BrT T AR KA R R 2ok P A
RS REREWE W, A LA HZ S R
FTR R AEIRISIREE R B HOL AT R & .

1 #R5F=E

1.1 HFAE

1.1.1 X®&shs REIEA 21 BiIRBrmashx
PR 220 Sk, AR IE M B & PRSI Ev ) A3 i SR U
¥R 4% AB.C.D.ES 4, B4 3 KE
8,5 FE 15.14.15 K (44 3L). A %R
A, PR H R (4 15 mg/kg) ;B.C.D iR nss
FRRIRIGA , 43 FI17E B M= ¥R 50,100,200 mg/kg
R BRAFRIR A E LA A BERAR (CuSO, ) 4, 7E3ERT
HARH SN 200 me/ kg BRERE IR 4.

1.1.2 Xzas 542 4,43 BB, &6
BIATEH 21 ~30 HigRME [ @R (&4
15 me/ke, 15 16 68 14.11 MJ /kg, w (LB 1) =
21.3% ) ,31 ~41 HREREBIAFIRH (&4 15 me/kg,
M1kEE 13.94 M)/kg, w(FAEH) =21.4%) ,42 ~ 63
F 4RSS T HATARE (&4 15 me/kg, THALRE 13. 84
MJ/kg,w(HlIEH) =19.6% ).

1.1.3 H#EE 7521 B, RAMEEE.
SHBERARE S =& R R msE bR, RO IR
B, B BSREAGOK, 5 3% B BB AE MR LR
TRFE. 42.63 AR MERES, SER K
6 SLEEUT V34 4 B B P AF 4 O R 7 KR I, ) 4% I
B URERKEERAE(CGHR) KRB RERKE F-I
(IGF-I) flixE. 63 H b4 HFAALIE 4 Sk (A B4 2
%) B B (EEM) CEBEAL, SRR AR AR
G, B -70 CHRFF, L& mRNA S EINE.

1.2 Mm% IGF-I W EME

RIEXARAEEE PRIk sy B e e sh. i
Ak R FRR R IR 5, B 40 pL M= 1.5 mL Ep-
pendorff &, fil1 360 L BREEIR-SVK V(2 mol/L EhfR):

V(K ZEE) =1:7,i85), 25 CHE 30 min,12 000
r/min.4 CE> 2 min, B EVE# 0.2 mL 0.1 mL
Tris-Base (pH =11) {B4), HIEE 50 pL KBS &
EHE(RIMDME. AANEWRERENLBEEEY
THRA R, BT
1.3 FFE. LA 4EAEAR GHR B R & & E M NE
1.3.1 A hsl e s & RIS M
HE3 g, /il 5 mL Buffer 1 (& Tris-HCl 25 mmol/L,
CaCl, 10 mmol/L, EEHF 250 mmol/L, pH =7.4) FiK
KB, 4 °C.3 000 t/min B> 10 min; K L&
WT 4 °C.12 000 r/min E . 60 min; B FiFRT
4 °C.37 000 r/min &.0» 30 min. F _FFW&, ULIEMN
1 mL Buffer 3 (4 Trs-HCI 25 mmol/L, CaCl, 10
mmol/L,NaN, 0.2 g/L, pH =7. 4) T, -20 CI7E.
1.3.2 LA aa s e TR ER
)3 o, MAET, TG T U4k o OF S BB AR,
5 mL] buffer 1 il AR, 2 a4t IER 1.3. 1.
1.3.3 @A Zamezen € XH Folin-
1.3.4 GHR#F44FHn T FHE S8 Tsushi-
mal'® & Breier 2 1 1:.
1.4 GHR mRNA.IGF-I mRNA PSR T
1.4.1 34 ARIEE KKK GHR cDNA FF31.
IGF- 1 #EFH MY BRI LA TR A4 &R
GHR Z: [ L5119 GP, FI T 514 GP,. JF5143+5|
H, GP,: 5-GAGATGCCTGTCCCAGACTATAC-3';
GP,:5'-TACCAAAGAAAGGCTAAGGCAT-3'. 5| ¥y g]
SR B8 166 bp. IGF- T 3LF | 95314 1P, 7 IP,
Fo4r 5, IP, : 5'-AGCCCACAGGGTACGGCTC-3';
IP, ;5’-CTTCTGAGCCTTGGGCATGTC-3'. 5| ¥ [a] # it
BE0E4 179 bp.
1.4.2 484 % RNA 4 RT-PCR & 7 4 64 /% 5] 547
& RNA $2EUAG &% B Promega /A 7). AMV j#i%%
SRS RNAsin R % # PCR Ff 37 24 TaKaRa /4 7]
FEn. RO SERLFAL PCR R K PCR =41 ) 44
3% — M 5 AT, i PCR =417 51 B b
BERAEYEAGRAFR TR
1.4.3 Za%kktEs PCR FE PCR XMKH
SYBR Green PCR Core Reagents €& PCR iRF| &, 7F
5700 BISEEPOGER PCR U (EEN ALY R
A) L#EFT. 25 pL R &K E & 10 x SYBR Green
PCR Buffer (48l flfi =) 2.5 pL, AmpErase
UNG 0.010 U/uL, AmpliTaq Gold DNA Polymerase
0.025 U/puL, dNTP dATP, dCTP, dGTP, each 0.2
mmol/L,dUTP 0.4 mmol/L; MgCl, 2 mmol/L; 5| #)
P, .P, 50 nmol/L;cDNA 4R 2 uL . ;28 PCR KA
24850 °C,2 min;95 °C,10 min;95 °C 30 s, 59 C
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A A SRR XT3 M ICF-T. AT 40 AR GHR 7K-F R AFAE (AL PA 2 (R 2R IR I 20 79

1 min,36 MEIF. BeRAHEXT IR (FoREARXT BR) (FH
XfBR(B-actin, g1 LR iR A1) . F—HSMH3 1
T F B RS HEAT SR E & PCR, DU I 25 5 (9
B
1.5 HELESSRIT

BAE R AT 28+ iR, F SPSS 10. 0 3K
475 22 BT F Duncan’ s Z 3 LLEL.

2 HR

2.1 BEBEEX T E R
gk 1A, IR IR AR (21 B Y ) & AR AR

REFARE(P>0.05), 42 Ak, C AAEKER
EETFAH(P<0.05),63 HigsT C.D.E HIAFE
HRERT AH(P<0.05). WEZFHAMAWKE,
C.D.E AfF R BRI H (21 ~42 d) \J5H1(43 ~63
d) R&H(21 ~63 d) BMAEHN R ER T A 4 (P
<0.05). 2 HFEE C.D.E A7tk A HiES
T 13.8% .16. 7% F1 14. 1%.

R2HEER, &R AE CD.EAYBER
T AH(P<0.05), £ F PRtk B.C.D.E 44
Gtk A RS T 0.8% .1.3% 2.1% 2.8% ,{H5 A
HERWABE(P>0.05). )

#*1 MEBAXMFEERE.FHRMRENYME"
Tab.1 Effect of Cu-Lys on body mass and average daily gain { ADG) of piglets
A& body mass/kg S B 8 i average daily gain/(g - d™)
415 group
21d 42 d 63 d 21 ~42d 43-~63d 21 ~63 d
A 5.45+0.14 9.88+0.27a 17.88%0.37 a 207.8 +8.4 a 381.3+10.9 a 294.6 +6.9 ac
B 5.43+0.16 10.23+0.33ab 18.82+0.45ab 226.5x10.2ab 408.9+11.2ab 317.7x8.3 cd
C 5.46 £0.14 10.68+0.24b 19.58+0.42b  246.7+8.0b 424.0+13.8b  335.4 8.1 bd
D 5.41+£0.14 10.61 £0.29 ab 19.91 +0.42 b 246.7+10.1b 440.0x£12.0b 343.9+8.0b
E 5.48£0.14 10.54+0.26ab 19.63+0.45b  239.5%9.5b 432.8+13.7b  336.2+9.9 hd
1)8+SE,n =44; R $IBE TG FH4 7 £F BFH (P <0.05, Duncan’ s %)
®2 BERARFERIE.ARLYZE"
Tab.2 Effect of Cn-Lys on average daily feed intake and feed efficiency of piglets
K&t average daily feed intake/ (g - d") PURLEL feed efficiency
7 group
21 ~42d 43 ~63d 21 ~63d 21 ~42d 43 ~63d 21 ~63 d
A 353.6+12.8a 613.4+15.4a 483.5+3.5a 0.587 £0.039 0.621 +0.003 0.610 +0.003
B 369.3+15.8ab 665.3+26.3ab 517.3+16.4ab 0.609+0.037 0.617+0.001 0.615+0.012
C 402.3+10.1b 690.7+25.9b 545.5+14.4b 0.617£0.027 0.616+0.008 0.618 +0.010
D 393.8+13.8ab 700.6+22.3b 552.3+4.8b 0.626 £0.034 0.620 £0.007 0.623 £0.008
E 383.1+15.3ab 688.2x15.1b 535.6+12.6 b 0.623 £0.031 0.629 £0.005 0.627 +0.009
1)Z+SE, n=44; A5 &G R F B FH&FEF 2% (P <0.05,Duncan’s %)

2.2 BMAERGFEXME IGF - 1 kFRIFMm

33 R B~ 42 A ket B.C.D.E HiTHE Mm%
ICF- 1k VPR T AL EF CEASAHERR
#(P<0.05).63 B, C.D . EAFHIMmIE
ICF-1 K FHETAH KT DAS AHEREHR
(P<0.05).

#£3 WMEMEXFHELE ICF- | kFERZmY

Tab.3 Effect of Cu-Lys on serum IGF-I levels of piglets

o (IGF-1)/(ng - mL™")

415 grovp 24 63 d
A 188.5+10.2 a 190.6 +8.5 a
B 197.9+£7.3 ac 189.4+9.9 a
C 219.9 £11.7 be 212.3+11.7 ab
D 217.5+13.5 ab M1.4+11.3b
E 237.8+11.8 b 216.9 +10.7 ab

1)ixSE, n=18; AAKBELERAVNEFERATERES
(P <0.05,Duncan’s %)

2.3 BMEMF GHR #RIZAFEEHZIE
MK 4 BlRE ,63 BiRAT B.C.D.E AP AT4N
MR Z R ERY S TAL, HHD EASAHER
BE(P<0.05). XAGEGREAEHEZEEERE
—3. B.C.D.E A JIPI4RAEE CHR A B M Z AL
BRPEHRT AL AERFEE(PL>0.05).
2.4 SEESSFIXATAE LA GHR mRNA 7K R0
B AR AR S DK IR — 3 R AT, L
F Marker 100 ~ 250 bp, A] %) H| € % 30 RT-PCT 45
RBEFY . MFLREKH,GHR cDNA f PCR
FEHIFFSS Cioffi %M B % %19 GHR cDNA 4§ i
FRE AR, Y] PCR 433 T ALY . Mk S AL,
BRI RK P g3 & T A2 T GHR mRNA
R, EHDAHSAAEZREE(P<0.05). K4
JFIE GHR mRNA SF4IMIRE 5 CHR HEZEM
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MAEIFRS 63 BT CHR BHFE( <107 ) MBAEA R ( x10°) KM

Tab.4 Effect of Cu-Lys on GH binding capacity( x10~°) and binding site{ x 10°) of piglets on 63 d

453 group 4R ¥ membrane of liver LA 4B I membrane of muscle cell
Z{K AR binding capacity FARAL BB binding site ZRAE binding capacity FARAL BB binding site
A 1.57£0.46 a 0.95+0.28 a 1.60 £0.22 0.97 £0.13
B 1.65 £0.50 ab 0.99 £0.30 1.80 £0.84 1.09 £0.51
C 2.66 +0.59 ab 1.60 £0.36 ab 1.89 +0.88 1.14 £0.53
D 3.16£1.05b 1.90£0.63 b 2.27 £0.40 1.37£0.24
E 2.79+1.07b 1.68+0.64 b 1.89 £0.30 1.14 +0.18

DNz +SE, n=4; R HEEREDFEHLAFTEFEF(P<0.05,Duncan’ s %)

IEARFE(r =0. 862) ¥ 1N 200 mg/kg i 4 FR 5 SR VR 1)
T R ERE LA GHR mRNA & & (HERRRAH
KT XTI FR 4.

000 bp

166 bp|

M: DNA marker DI2000; N: BI¥ExTE ;A B .C: FEERE S
PIHE
M:DNA marker DL2000 ;N : negative control; A, B, C:liver sample;C,D:

C.D: L

semitendinosus sample

E'1 GHR cDNA B PCR F=415E B B ik B

Fig. 1  Electroghoretic figure of RT-PCR products of GRH
mDNA

®5 BMEBHEIFHETE, LA D RNA B7& CGHR mRNA

2 ANE A
Tab.5 Effect of Cu-Lys on GHR mRNA copy numbers in

liver and semitendinosus of piglets

FFHE liver e B semitendinosus
5 group /(10° -1 s .

) /(10° - pg~)
A 1.40£0.34 a 4.39+0.69 a
B 2.04 £0.45 a 3.52£0.79 a
C 3.16 £1.18 ab 4,96 +0.30 ab
D 4.66+0.64 b 8.12+2.33b
E 2.42 +1.19 ab 1.43+0.34 a

Dx+SE, n=4; BAKBERRANFELATFTEFEF
(P <0.05,Duncan’s #)

B SRR AR LA IGEF-1 mRNA 7K FRIR2NE
2 J& IGF- 1 cDNA ) PCR 7= i) % B2 B Ik

2.5

B RSB — 3 P ) 4, ST Marker 100
~250 bp, 55 179 bp WAL EADE. MFEREN, ™
Y515 Muller™ % 32 9% ICF-1 cDNA FF 5155
SRR, EAGE T HEY . mko [, FR PR
HR RIKSFE 432 1= 74728 FFAE IGF- T mRNA &8
(BB, HHP EHRZERTF A H(P<0.05).
63 B I8 4T5 FEIE IGF- T mRNA 7K 5 1 % IGF- 1 7k
SEIFARX(r=0.947). LA IGF- I mRNA &5
HFRWAS A HERWAEE(P>0.05).

500 bp

250 bp

100 bp

M: DAN marker DI2000; N: B4EXTER; A.B: LK ; C.D.E: Jif
RERE
M. DNA marker DI2000; N: negative control; A, B: semitendinosus

sample; C, D, E: liver sample

B2 IGF-1 cDNA # PCR 7=y 5% i 81 ik I
Fig. 2 Electroghoretic figure of RT-PCR products of IGF-I
mDNA
*6 BMEERFXfFREATAE. LA RNA BT & IGF- I mRNA
b A

Tab.6 Effect of Cu-Lys on IGF-I mRNA copy numbers in

liver and semitendinosus of piglets

#H 7 FFRE liver 224811 semitendinosus
group /(10° - pg ™) /(107 - pg )

A 2.37+0.28 a 1.09£0.32 ab

B 2.17+0.30 a 0.39+0.13 a

C 4.08 £1.29 ab 1.59+0.37 b

D 4.18 +1.23 ab 1.24 £0.39 ab

E 4.91+0.47b 0.87 £0.24 ab

1)E+SE, n=4; RIS A&EERRAIEFERTEFER
(P <0.05,Duncan’s %)
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SRS R B XTI M IGF-1 A4 EL GHR 7KK AFAE LR S FE FR A MR 81

3 itig

A FAR 4 & MR 2 S BV (03 B8
), B ERRASARANREW SRR HE
N, 051 3 pH FRE R e AuoR
SNSRI 4 AN R BE 32 B A1 3 0 A P 1
fig, 1 100 mg/kg i 42 R 4 e IR MU AR YOR 5 200
mg/ kg G EREM K VR B R BCR AR S, RIS ERA A
B AR, T EBEAE T RE SR ELH
FMRERIER, ANTEA T B BOHIER T BT HEK
AR S Xt B8 A B e, 2 — TR A IR BRI
M, BT MRS R .

A KBRS sh i ik KT o B 2 (A 3 50 AR B
—FIN5ER AT HVAHXHEE L2 A
BB ENMWESE. AKEREEKMPRESN
WEKEEHZ L. RERTBHAKEE (GH)
it BRI E M B E NS ARSTE, FEEFE
ST F A KBRS G RH T4 5
W IGFs, IGFs B4/~ GH MIAM#1E M, WX 242
ARAER. AU E T FFRE VLN 40 B B GHR
de B e AR T 1 W IGF-1 7K, 45 5 B IR Vs in 200
mg/ kg # SRR SUET BRAR R IRAR I 2 AT 45 AT AE
GCHR ZRREF & T x4, IGF- I /Kt & 21
(P <0.05) , RHARMAMEEKHERZ SHM A K
MR SR MREEA .

VNN 2 R 4 S B BR 4R 40 f7 3% GHRIGF- T 4
W EATHTA 2 FfgEJRE : —2 GHR.IGF- I £l
Wb BRE AR R TF R RS 5 — R AT RE R RS
GHR.IGF- ] #f%&. w& PCR 4R B 7R, /745 FF it
GHR mRNA.IGF- [ mRNA ¥t B 47K F R A
EF. A& AT GHR mRNA 5iFHREER
GHR AEMX R, “& R ERMIEMK, MK IGF-
I 7K 5 FF 1 IGF- I mRNA X R B A%, =
B FF 40 GHR \IGF-1 K7+ & B F GHR.IGF-I
SEFE AR, A& B £ 51EM.
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