FEAY THEZ<E  China Biotechnology,2014,34(4) :27-35

DOLI:10. 13523/j. cb. 20140405

BREFZARY 170 2 SR XT38 AT Bt
£ e ¥ s X7 B9 %2 0

—;5/:\5%1 %LR%I & jz}{l F 77%((2 X'Jffﬁé—“*
MR o

(1 ZRAbfl I E e TR SRR = R 150030 2 MR/RIEOLHOARE B IR/KEE 150030)

MWE B 69833 shRNA T30 % 2SR AT ik 40 B IRST Fe IRS2 JK A 64 AiA | ¥ o B iE 5t T
AERE AR AAR K IE R KA Hvm, A 2 A RORAR A S Sk ak, k. AR E & PCR 7
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AR R TR =
1.2 X 7

F i AR & LA Taq i\ SYBR %t 52 i & &
PCR X & T4 % #2[§F . PMD-18T #{K 3 RACE 5
& SRR PR @ X A TaKaRa 28057 22 7 5 5 1214
A G 1 Axyzen /47 s BB/ B0 £ 0 1 R AR
WA BR/NE] . DNA marker I} | Transgene A & ; i 4= IfL
5 \DMEM 8557 5k AR 06 75 LR 4 A BEIE | Lipofecta
min LTX and plus #J05) § Gibico 23] ; DNA Ul i i
SEARAPIEAA IR R 58
1.3 ¥ IRSI EFAMTEE

M C A 2% IRST BEA R 51, it 4 X514
(£ 1), FHES PCR Jrik, e IRST K EER
HRSE 1,2,4 X519 00 87 X 9 EABE N E T,
FLAE DA Dy Ak R 2 O AR 9E 4T PCR 93, 26 3
UL TN X, DL BT cDNA Sy Al A7
PCR 44, SRR A 50 pl, PCR R NAARALEE LA Taq
1 wl,10 x LA Taq Buffer 5 wl, dNTPs 4 pl, #i4g 1 pl,
Forward Primer 2 pl, Reverse Primer 2 pl, dH,0 35 pl,
PCR LW S H0 R :94°CFiAE P 5 min; 94°C A5 4 30 s,
60°CiRk 30 s, 72°C LEfH1 2 min, 35 PEHR;729C A AE
fifi 10 min, PCR =MI1E 1% H) 350N I L Ik Hh ML 4¢
S5 H HRZE B EI, E #: PMD-18T sl aliA ittty
MR,

TP 23 A5 8] 4 BEICRALFF A1 Z 5, 4% H M BORL

FPCR ROk IR HEAT RS I, Sy 1B 1 R AR AR R
PEY 8 ORI IR BEEAT A S 4, PCR B S AR &
25 wl, f1$E : Blunting Enzyme Mix 1 pl, Quick Blunting
Kit Buffer 2.5 wl, dNTPs 2.5 wl, BB A B 10 pl,
dH,0 9 pl, PCR Jz W #2)¥4:25C 1 h,16°C 30 min,
2T 4 BeH v B, 4300y IRSI-1, IRS1-2, IRSI-3,
IRS1-4 ,YE & PCR BB, 55 IRSI-1 55 IRSI-
2 H&,PCR GSVAIE R 50 pl, S Wik R a4 IRSI-1
10 wl, IRSI-2 10 wl, 5|44 wWl(IRSI-F1 2 pl,IRSI-R2 2
wh) ,LA Tag 1 pl, 10 X LA Taq Buffer 5 pl, dNTPs 4 pl,
dH,0 16 wl; ¥ IRSI-3 5 IRSI4 #E ,PCR 2 Wik &
50 wl, ) AR R A0HG IRSI-3 10 wl, IRSI4 10 wl, 5|4
4 wWl(IRSI-F3 2 wl,IRSI-R4 2 pl) ,IA Tag 1 pl,10 x LA
Taq Buffer 5 pl,dNTPs 4 pl,dH,0 16 pl, PCR 5%
J¥ O :94°CHUAEHE 5 ming 94°C A5 30 s, 60°C 1H K 40
s, 72°C ZEf#1 3 min, 40 G FR; 72°C & ZE i 10 min,
PCR P WI1E 1% BN BEBERS UK P4 1] H Y
Zt I RIS, 1% 8 PMD-18T 5 b2k (AR UE A 7 , 7521 8
AL IRSI-12 55 IRS1-34 J Br, WKLY 4 PR Z s,
AT A AN, AN SER R R 0 B e LA IRST-12
IRSI-34 Jy M, B & PCR 74 2 5% IRSI 3k 4 K.
PCR B WK A 50 wl, 045 . TRSI-12 10 pl, IRSI-34
10 wl, 5194 wl(IRSI-F12 pl,IRSI-R4 2 pl) LA Taq 1
wl,10 x LA Taq Buffer 5 wl, dNTPs 4 ul,dH,0 16 pl,
PCR W 5 2 - 94°C BZL R 5 ming 94°C A2 1k 30 s,
62°CiE k40 s, 72°CHEH 3 min30 s, 40 PMEFH;72C L
FEAH 10 min,
1.4 0 IRSI F1 IRS2 HER HHIER BT HARE P
HyFRIXE SR

Real-time PCR J5 ¥4 46 I B 5 4% A ] 2H 4 &% B
IRSI F1 IRS2 BRI )25, FH Trizol 1051 $2 1L 2d 2 5
R HUR AR i JULPY R B BB MR
17997361 2% NN IR NN -3 1y i =117 AN ]
RNA, ) 53¢ 5 ¢cDNA, Real-time PCR fil £ F 4l 21
HiIRST Al IRS2 HE N ik e AR R 9 20 pl:
Forward Primer 0. 4 pl, Reverse Primer 0.4 pl, SYBR
Mix 10 wl,cDNA 1 pl,dH,0 7.8 pl, JJWFEF K :95°C
30 5;95°C 5 5,60°C 34 5,40 PEF;95C 15 5,60C 1
min,95°C 15 s,
1.5 3% IRS2 HF 3'UTR XIFMFEE

AHY IRS2 FE P31 0 B Y, 45 TRS2 LD 55 4%
A AL AT EXT , AR AR <7 DX S B3 147, LA 2d
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Tablel The primer sequences and amplified fragment length

Primer name

Length (bp)

Primer sequence(5'-3")

IRS1 F1 ATGGCGAGCCCTCCCGA 2113

IRSI R1 CCCCTACCCCATTTGTCCATAAC

IRS1 F2 CATCAGACGCCACCCCCAG 1612

IRSI R2 GTCCTTGACCAAATCCAGGTCTATGTA

IRS1 F3 CTCCGAGACCTTCTCCTCGACAC 593

IRSI R3 GTGTAAAGTAAACAAACTGAAATGGATGC

IRS1 F4 AATGAAGACCTAAATGACCTCAGCAAA 1 106

IRSI R4 AATGGTGCCAATGGAACAGGAA

IRSI Real-time Forward GAATCTCAGTCCCAACCGCAAC 102
Reverse CTGGGTGTCGAGGAGAAGGTCTC

IRS2 Conserved Forward ATTCATTGGAGATATGAGTTGGGC 181

sequence Reverse CGTTTGCATTGCGATTAAATAGATT

3'RACE Outer TTCATTGGAGATATGAGTTGGGC 862
inner AAATGAGGCTTTTCTAGAGGAAGAC

IRS2 Real-time Forward ACAGACTAAATACAACGCACGACTC 142
Reverse GAAGTATATTTCTGGCTCTTGGGAC
Forward TACGTA CAAGGTCGGGCAGGAAGA 277

hU6 promoter
Reverse GCTAGC GATCCCGCGTCCTTTC

Nr5a2 Real-time Forward CTCTGTCCTGTGTGTGGAGATAAAG 157
Reverse GCTTTCTCTGTGTTTTGTCAATCTG

PEPCK Real-time Forward GGAGATGGCGACTTCGTCAAG 194
Reverse CGAAGGGCAAAGCACTTCTTG

F-1,6-BP Real-time Forward CTCTCCAATGACCTGGTTATTAACG 197
Reverse TTTCTGTAGATGCCAAAGATGGTTC

Gek Real-time Forward GGCTGGAGACCCACGAAGAG 181
Reverse TGGTGCTTGGTCTTCACACTCC

SREBP-1 Real-time Forward TGACCGACATCGAAGACATGC 126
Reverse GGGAGCTGGCATCAGGACTG

LXRA Real-time Forward ATCCGCCTGAAGAAACTGAAGC 177
Reverse CTGGTCTGAAAAGGAGCGTCTG

Abcg8 Real-time Forward AGGTCTCACCTACCAGGTGGACATG 144
Reverse TTGTCCGCTCCTCACTCTGAAGC

CYP7al Real-time Forward CCGCTTCTGATACCTGTGGACTTAG 148
Reverse CGTCACAACAGAGGCTCCAGC

EL D AP ZH 2L cDNA g t5id, ekt 4% IRS2 L
HIRST 751, PCR B AR 20 wl:ecDNA 0.5 wl, 54 2
wl,rTag 0.5 wl,10 x PCR Buffer 2.5 ul, dNTPs 2 pl,
dH,0 17.5 pl, PCR W2 F H:94°C 5 min;94°C 30
$,59.3°C 30 s,72°C 30 s,35 MEH;72°C 10 min, PCR
FEITE 1% WY BRNE M BEI P Uk R 45 58 Y 2501
JEE I, % He PMD-18T e e B A4 HE AT o 454 2 6
ARFFA AT 3'RACE 418, b 44 1 I TaKaRa 23 7]
R U AT

1.6 p-Genesil-shIRS1/shIRS2 FHi £ Rt

M 4 7 B Ak A5 5% IRST UL M IRS2 ¢ %)), i i
Ambion 5553511 4 XFTHE R B (£ 2) , 40 345 B
WA BamH 1Al Hind I BV 47 53049 6% shRNA 410
R B, EAERONEE IS #4340 BamH 1 F1 Hind 1l £&
PEALIY p-Genesil 1.0 44, L ab il 7 E# Z )5, 14
S B # &k & p-Genesil-shIRSI-14 F1 p-Genensil-
shIRS2-14

shIRSI-1 Fl shIRS2-1 733! o i 3k i A 20T A



30 i E £ TFEZ=E China Biotechnology

Vol. 34 No.4 2014

BLCEB A AT Nhe T 1 Xho T g U) A A5 1) B 5%
shIRS2 T4 Jr B, S 1 UBURE S5 , 32 2 3 7 128 Hh A7 380
283k Nhe 1 Fl Xho 1 2 AL p-Genesil-shIRSI 14
2 J5 PCR ¢t hU6 38+, %A SnaB I 5 Nhe | HiY)

PLRL, AR AL T BER ek AL A, 22ad
FPERE UG, 7 81 AE W 1 2814 B Ry p-Genesil-shIRS1/
shIRS2 T4 #AA

F2 JHIRSI YR IRS2 EFRMTHMFERFT!
Table 2 The shRNA sequences of porcine IRSI and IRS2 gene

shRNA shRNA sequences(5'-3")

shIRSI-1 GCAGTAGTGGCAAGCTCTTGTGTGTGCTGTCCACAAGAGCTTGCCACTACTGC
shIRSI-2 GCAGAAGATTCGTCGTCATCCGTGTGCTGTCCGGATGACGACGAATCTTCTGC
shIRSI-3 GCCTATGCCAGCATCAGTTTCGTGTGCTGTCCGAAACTGATGCTGGCATAGGC
shIRSI-4 GGGTACCCAGACTCTATTTCAGTGTGCTGTCCTGAAATAGAGTCTGGGTACCC
shIRS2-1 GGTTTCTGGAGATGGAGATGCGTGTGCTGTCCGCATCTCCATCTCCAGAAACC
shIRS2-2 GGAGATGCGAAGTATATTTCTGTGTGCTGTCCAGAAATATACTTCGCATCTCC
shIRS2-3 GCGAGAGTCGTGCGTTGTATTGTGTGCTGTCCAATACAACGCACGACTCTCGC
shIRS2-4 GCTCTTCTTAATAGCCATATGGTGTGCTGTCCCATATGGCTATTAAGAAGAGC

Note ; the sense sequence and antisence are both 21 bp and the loop is 11 bp

1.7 FERFEERKHEMEES

FERPIE AR 40 ML A 8 9% 2 BB T Farrell 251 (97
o BRI d BB IFIEHZRZ 0.5 om® HUE &
A BT AR BRER K R, o 2 GUHEA T3 U SR g M R 2 T
BB IR L5 2 1, 1 Uk 2 TP IR 4 4L R AT 40, Uk
MWW A . AN EREFRIZ G, T AR
FCBYRE. BN S ml BEEA 37 C HFRA N EAT I AL
15 min, JIASEFRRAATL L . K HBREL IR &
P inE) e 04 R AT B0, 1200 1/min, 3 ming B0
Ja FE RN A 3ml BRI E R AN E 3 AR
P& 3 37 CREFRA P R AR o B RS 20 A7 2 2Ll
BE BT EE R B IR, 4 ~ 5 KRG 1R 20w AT 40
Ji K R 85 B IR B 60% LA L AT AR ARARIE S PL AR, #%
PL AR IR 2% IR F)] 100% I, HEATRAT-
1.8 Real-time PCR #UtER I SAE2EXERRIE

A5 NCBI B uf b 42 4k i1 58 5 e 51, 33t 44
PEPCK ,G6Pase ,F-1,6-BP , Gck ,SREBP ,LXRA , Abcg8 Fll
CYP7al R[] Real-time PCR 5|y, B A 5112 X
5149, 2838 RT-PCR Jy & S ik Rf 5% )5 , i 3 Real-time
PCR A6 % AT JUE 48 i 75 53 51| %% J¢ p-Genesil-shIRSI | p-
Genesil-shIRS2 ) & p-Genesil-shIRSI1/shIRS2 T 4% {4k
ZJE, BREE R R AL B Real-time PCR J2
WK Z K 20 pl: Forward Primer 0.4 pl, Reverse Primer
0.4 pl, SYBR Mix 10 pl,cDNA 1 ul,dH,07.8 pl. &
MARF N :95°C 30 5;95C 5 5,60°C 34 5,40
95°C 15 5,60°C 1 min,95°C 15 s, Real-time PCR JZ )if

[ A% 955l ABL 7500,
2 ZR59MH

2.1 3 IRSI EFRWMRERER TR RITHIE
PCR 434 Bt 1444 IRST LI il i 88 PCR (1))
PARH] IRST WK HE N . Sk F 4, seRE i IRSI
S5 CHUT 5 LR ¥ S AL 100%  ( Gene
ID:100512686) . % IRSI J:[ mRNA 445 4 814 bp,
B AP S AR, 55— S -2 3 747 bp 55 T Ah i
4 1068 bp,CDS [X ¥4k 3 726 bp,3"-UTR J¥51| A

215 bp(El 1),
(A bp M 1 2 3 4

€DS 5673%p
| I
5 _UTR 3 _UTR

3726bp  215hp

B 1 % IRSI EERRE
Fig.1 The cloning of porcine IRSI gene
(A) The four fragments of IRSI gene amplified by PCR  (B) The
full length of the IRSI gene cloning by overlapping PCR  M:DNA
marker; 1:2 113 bp; 2:1 612 bp; 3:593 bp; 4:1 106bp (C)

The structure of porcine IRSI gene
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BORNE 55 [Pty ZRZAAIRY) 1A 2 SAROuH 48 I e 240 W A Qi 1) 32

31

Real-time PCR K| TRSI J PR 76 4% 4% 4 41 b i 3¢
KGO, G5 R R G N2 IRST (355 5 35
THEHL (P <0.01) (B 2A), HT kR, FAI7EH T
JESH M b 0 2 IRST BRI T4 A B RATRAT
Farrell 25" {0 75 1 55 7 5% P M 40 ., JHL o 52 Jo 4 i
J BB, A BT ARGE R B, NrSa2 JE TR JIF 52
J AN s ek, AT S PSS R A AR
£ Real-time PCR A6 I , 75 3 AT 3R A5 19 % I MU 4 il v
Nr5a2 FEPR i ik R WA IS % 0 4 JH e 40 e b
KISy R IFSE B ffL (18 2B) o #% p-Genesil-shIRSI-1-
4 B JL A R 240 1, o) BECZH AN B e TP 204, Real-time
PCR A5 T4 2005, 2 g 25 R R W, shIRSI-1 W 35 il
KT IRST FER IR, THRRIES] 61% (15 2C)
2.2 ¥ IRS2 E£FE3'UTR FHIWEEMRENTHE
By iz
AT B IRS2 B2y 3"UTR 741, AT i 1
shRNA T4 5 B, iF 47 RS2 BEP Ak FRATTERAR 1Y
JirBEM 950 bp, HAT PolyA 254, L T4% 11 S A fA,
AN FERR , 5 N IRS2 [N 3"UTR J3 31 () A8 U i
2T 73.08% (& 3A) ., Real-time PCR #;l] IRS2 3}t [X
TEME SR i AR 00, 45 R R W, 0% I I 2H 41
IRS2 ik IAE i 2 & TH B4 4U(E 3B) . # p-
Genesil-shIRS2-1-4 T Y4 AT I 40 )it , Real-time PCR #%
TR, TRaE R F M, shIRS2-1 B ERHIL T IRS2

SR, TR K] 60% (15 3C) .

25
4)
=}
=
Z 20
(5
a
815
2
Z10
@
5 5
Ol--II- .-I.._ -
LR I P R R BN ARSI
I ‘”%Q’&%i%%QV\A@Q\;@Z%‘i“&&‘&@@@%@
¥ > o O
&S R @& >
o S SEE °
® 7 Nr5a2 © 2 IRS1
6 i 1
3 038
4
3 0.6
2 - I I I I
1 0.2
0 = 5
liver cell PEF she shl sh2 sh3 sh4

2 R IRSI EERHR T BRATHE
Fig.2 Screening the effective interference shRNA
fragment with the knockdown of IRSI
(A) IRSI gene expression in tissues of pig (B) Nr5a2 gene
expression in liver cells and porcine embryonic fibroblasts ( PEF)

(% P<0.05 vs PEF)
by Real-time PCR( s P <0.05 vs shcontrol )

(C)Screen of effective interference fragment

(A) consistency=73.08%
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Fig.3 The 3'UTR cloning of porcine IRS2 gene and screening the effective interference shRNA fragment

(A) Multiple sequences alignment result of /RS2 gene between human and pig

(B) IRS2 gene expression in tissues of pig (C) Screen of

effective interference fragment by Real-time PCR( # P <0.05 vs shcontrol )
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2.3 ZEPTRE4 AR E BRI IRSI #n IRS2 E FE X} #E
KRy 220
5 p-Genesil-shIRS1/shIRS2 & YL 5% AT 41 i , Real -

@A) pUC ori
Bsal

HSV TK Poly A

Kan/Neo

Clal

©
12 IRS1

0.8

06

04

02 -
0

shIRS1/IRS2

shcontrol

time PCR BiF IRSI J: P9 %55 F I T 78% ,IRS2 3E[N
MFIE TR T 64% (B 4) . #t—2, ATRHA Real-
time PCR A 1A SC 2 D i ik A2 fe

®)

12 IRS2

shIRS1/IRS2

shcontral

El 4 p-Genesil-shIRS1/shIRS2 T IRSI Fn IRS2 EEHIFRKIE
Fig.4 The knockdown of IRSI and IRS2 by p-Genesil-shIRS1/shIRS2
(A)Structure of p-Genesil-shIRSI/shIRS2 vector (B)Identification of plasmid p-Genesil-shIRSI/shIRS2 by Ase [ digestion (C) (D) Real-time
PCR detected the knockdown of /RSI and IRS2 by p-Genesil-shIRS1/shIRS2 ( # P <0.05 vs shcontrol)

B R4 0 R FR B ( PEPCK) | M1, 6- B IR
i (F-1,6-BP) S B 57 A A1F L W Rl O e g, R385 24 3
BT R % 1 2 UMM 5 1 PB4, AN T4 0 T 1t
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FFREANNEh PEPCK 5 F-1,6-BP 3[R (9361543 3 o %
BRALI 2. 46 155 2.96 fif . i S T4, 3 PRI A
BB A S S (16 SA I 5B)

HEIWE G ( Gk ) J2 Ak TR Ik oW 12 i 10 58— 20 I
B HO G , 22 A7AE T S R . 25 3 R 3 1
il , 2 52 Mo A 1 A7 A FH B AP, I 2% b o 0 & i s T
TR0 AN SIS AT 4 MY Bl e AIG TRST JE R B, Gek
FETWET 79% , T4 RS2 JEH 2 5 , % HE K 2
KT 8 25 5, ] B B AIG IRST 1 IRS2 it , Gk 5K 3%
BT 36% ([ 5C)

3 e % SERRAT T LA , 24 IRST A IRS2 3L
(g s RN 32 S04 T, T il 2 00 00 e B S92

VR FTLA B2 410 o) 0 M08 D3t 1 28 8, T 3 850 I % 7 F
) ETt,
2.4 ZEBTREZEAE SR ALK IRSI 70 IRS2 E FE XY B BB
NG EA

AN 2 O B S AR L TR 2 S BUIMIE AR 25
ARMHA S, 7 RN R ZRST A IRS2 K& PR )4 i 2
I P AT ARSI L [ e OGS  [R By Rk o LI
P ICIF 45 & 8 1 (SREBP-1) 2y JIE 18 B AU &% , 7T 3
9 LT A A K i e L B K- SREBP-1 k[
FEETH i, Al B S W [ K CF- T o B AR T
HEZA0 M Hh AR IRST B IRS2 I, % A5 N 3Rk T B8
A, [ o ARk T > B PRI, SREBP-1 JE IR 363k 8. 35 |
Th R IRZE 3.0 £ (B 6A) o JBR 5 3R A4 AT LA A3 %
HFRE X 5Z 44 (liver X receptor A, LXRA) J&iHF5 I8 24X,
o ASSEEIEN], HA 2 B EAIC IRS2 HE I, LYRA
FER )RR B FE EIE, X R4 1.6 5 (K 6B)
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FATHE—LIAUE T LXRA Tl 5 ZMEE G0 — R 14,6 4.8 4%, CYP7al FERFRIBWL R E LT, Jyxt

9 N EEACES Y SE N, B4R Abeg8 L Jk CYP7al o S5 HEZHR 6.0 F1 8.3 £ (B 6C) . DA B&5HFEM, @Ak
SR LS AR B TG TRS2 LR A K [R)E i AIG IRST F IRSI 1 IRS2 FE A, 235|648 T U 200 e JIEL 9 st A 33k 14
IRS2 ST Abcg8 SEF I F A0 W E FIF, A RAL 5.
(A)35 PEPCK (B) 35 F-1,6-BP N ()16 Gek
< ¥ 3 i 1.4
25 25 1.2
2 . 08 :
15 15 06
1 ) 1 0.4
0.5 i 0.5 0.2 L
0.0

0 0
sheontrol shIRS1 shIRS2 shIRS1/IRS2 sheontrol shIRS1  shIRS2 shIRS1/IRS2 dheontrol shIRS1 shIRS2 shIRS1/IRS2

B 5 Tt IRST #1 IRS2 Xt HER AKX EE RIER T
Fig.5 The effect of IRSI and IRS2 knockdown on glucose metabolism genes
( % P <0.05 vs shcontrol; ##P <0.01 vs shcontrol )

A) 4 2
Gy oy SEERP - ® 2 LXRA .
'3 1.6
14
2.5 1.2
2 1
0.8
1'? 0.6
; 0.4
0.5 - 0.2
0 shecontrol ~ shIRS1  shIRS2 shIRS1/IRS2 0 shcontrol shIRS1  shIRS2 shIRS1/IRS2
© 7
Abeg8 12 CYP7al
6 ok
i 10 |
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4 8 *k
3 6 *
2 4
1 2
5 o N

shcontrol ~ shIRS1 shIRS2 shIRS1/IRS2 shcontrol ~ shIRS1 ~ shIRS2 shIRS1/IRS2

6 FHi IRSI 71 IRS2 34 RE EEZAE X & E RIA K200
Fig. 6 The effect of IRSI and IRS2 knockdown on cholesterol metabolism genes
( % P <0.05 vs shcontrol; ##P <0.01 vs shcontrol )

3 # ZHIA NGl /N B IRST BN mRNA 751 5
FEAEN AT LU A3 B OR ST R B, SR el R 22 %

SERERRAS T4 IRST B mRNA & JFRBC TR (977 AR 2% IRST LR (4 4 619 X7 51, -5 ik AL fir
IRS2 FE WISy 3'UTR FP 40, il ad xf 2 d S 84541 T4% 15 SREIKRRY q25. IRST FEPITE AR 7] ) 2
YAvp IRSI I IRS2 FEIR F KB40 M, 4 IRST M IRS2  KEFRJY 1) & 28 2 1) X 1) A% 5 R 7 51 0 A A v 114 [ 5
SERTERPIEA S P R IR B m TH B, R PE IRSI EERY NH, Sy BRI (L2 F 38, 17 58 7 3
SOREARATAOSE IRST R IRS2 KNP 5 il it ot 56 115 (U RRRZ H], L DO RESS MY 480 IRS1 S b i
B, 3 SV T I JOE 200 05 B AR A T R HEA Be. MRSEIONERR  ZEN VN B R IR A R R R
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N5 2R S o ) B IR IRST A RS2 ZEIXE T4 IRST JEPRI A mRNA K741, (HZ, X T4 IRS2 S K
EACH B2 e, DT Oy J5 223K 4% 2 BUOBE DR RERUSEBE AORIFSEAR A A S 3 5 A RS2 LK 5% SE I 4
TE T HEA FUHEAT EEXT AR B OR ST Fr BUR BEAT 3'RACE 973, 3R1%
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IRSI FI IRS2 BLPR nT 2 50h 5 A4 Sk AE F li§ PEPCK 5
F-1,6-BP ¥ .25 300 , SR 1T Gek W FRBHNG 2] T B 3%
BRI, T A 4 (] e AR R R DS, R RE AN
2 1 T S A AR T AR S A 2 32 B B
PAos 8 M b A 09 . 5 e A e, AT kB
SREBP-1 A (1% 323K 2 25 5y, LA SCH: Ay 7 775 IH [ it
AL DR 2635 B T, U B 7 A QI S B4 T A
235 | ARSI =5, W INER] T IRST A1 IRS2 K&
PRIXT 45 I 1 5 7 A BRAR R 2 A5 1 o
25 TR, ARSC G SOk T IRST S5 1 47 51 AN
IRS2 JED 4y 3" UTR, 3 13 shRNA 4 £ A 1 3% fif
T X PSR AN 1 7[R i AIK IRST Fn IRS2
D] )% JH U 240 e v % g A5 356 DT 7 2R 38, ik BH L ]
o AT S A 1 P O (0 e A 2 g 2 31 490 1 ok 5 3
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The Effect of Insulin Receptor Substrates 1 and 2 Knockdown on
Porcine Hepatic Glucolipid Metabolism

HUANG Tian-qing' KONG Qing-ran' LI Yan' YU Miao LIU Zhong-hua'
(1 Laboratory of Embryo Engineering, Department of Life Science, Northeast Agricultural University, Harbin 150030, China)
(2 Harbin Power Vocational Technology College, Harbin 150030, China)

Abstract Objective: Through efficient shRNA interference to knockdown simultaneously IRSI and IRS2 in
porcine liver cells, and verify its effects on genes expression related to glucolipid metabolism, which may lay a
solid foundation for producing the type2 diabetes mellitus model pigs. Method: First of all, cloning porcine IRS1
gene and the partial 3-untranslated region sequence of IRS2 gene by Overlap PCR and 3'RACE respectively.
Then screening the most effective interference shRNA fragments of IRSI and IRS2 by Real-time PCR. Finally,
the glucolipid metabolism related genes experssion were detected in the porcine liver cells of both knocking down
IRSI and IRS2. Result; The knockdown of both IRSI and IRS2 resulted in significant upregulation of
gluconeogenic enzymes PEPCK and F-1,6-BP, as well as a decrease in Gck expression, at the same time, also
led to the upregulation of lipogenic enzymes SREBP-1, Abcg8 and CYP7al. Conclusion: The knockdown of both
IRSI and IRS2 may lead to an increasing level of blood glucose and also can cause a disorder of cholesterol
metabolism. Therefore, IRSI and IRS2 have important roles in the regulation of hepatic glucolipid metabolism.

Key words [RSI IRS2 RNA interference Glucolipid metabolism Pig



