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FeAE Ay e DRI 1 PR B U 48 DR 1 A e S S KT 4
RIPR e, 3 a4 e M RO LB JE ) mRNA
(1) 3 JERHEIX (3 UTR) 41 T 1 R KL DR 117 2 1 Bl ol
BEUOL R A L R E S R AN AT R AR
U LU <7 P (Va1 =11/ 4 228 9 i K= i T E
R TR) 78 JoT 140 P 5 1) 4y B4 IR 1D 4 e, 2 i
g N 1= W = P R Y SIS o2 o7 N o =1 i
S MITE O — A BT ol R, 2 KE A%
18V PSR LN S VN = o N B PSR R VWS &3
MLIBAE R PR A

DOI: 10.3724/SP.J.1206.2012.00267

IERIWTST 2 W, miRNAs 7618 15 40 f % & 2
P R B R B EA], Hoh miR-143 25
— AN R AT IR 7 A0 P oy Ak Tk R R O 4 A 1
miRNA, LA 3T 155 20 o 50 Ak A 38 Jok 58 B 41
f5 5 1 B 5(ERKS)SEHLIN®, St
miRNAs 7 i3 U7 40 1 v 4% S EEA T F R RI 9 ol 2
W, B, 78 3T3-L1 A 405 5 g pe o ik R 5k
miR-103. miR-143H1 miR-17/92 F#EI24E 1 {1 ¥t I
i o4k, AR 1T 26 IA miR-27b F miR-27a AEFN
il 3T3-L1 A1 44 5 7 40 M 1) Bl 284 i 15 400 M e 120,
EHAFERENE, —IRIEMIFeH, 5T/ R
JVR I BT 44 40 M 407 26 1 3T3-L1 B 44 g 7 4 e o

* K E AR B4 (310720 14) AN PH AL AR MR “ BT 11 BA
erkl)” BB

e GE IR R .

Tel: 029-87092430, E-mail: gsyang999@hotmail.com

Wekis HA: 2012-06-04, Hex2 HIY: 2012-11-22



e 166° EMEEEYYEHR

Prog. Biochem. Biophys. 2013; 40 (2)

I %I miR-155 fEMgil L 1 CCAAT B 145 &
5 1 B(CCAAT/enhancer-binding protein, C/EBPP)
1 cAMP [ 2 o454 55 F1(cAMP response element
binding protein, CREB) [\ 1 1fiy 41 1 JIg 15 41 Jd 53
A4, RS54 K miRNAs 781607 T i B b 1R
FURIL, miRNAs BEA] 8k s nl #0i s fis,
miR-27a/b. miR-138 % n] 1 | & IF , Let-7.
miR-21. miR-143 F1 miR-378 &5 | ] LUAE 3 g 15 40
Jao3 A6, AR, miRNAs 7425 B8 7% B i 9%
PAHWE. R T A T IR A R AN &
BH B miRNAs [FJRIEH, ARSI 5157 R 2
BRI, R AR IR R 28 W] 1) Solexa M7 4
ARAGI T AR AR B I 2R ERE s 30 5 1 g s 4L
21 miRNAs £iE1E, IFEMNEM EWIEGN T o0
W0 40 B K B LA e o s AR &5 T R R 4 A
{E% Solexa P )45 HHp HEAMEE & miRNA 7E 5 5 i
S 534 R e A FH DL RIS L2

miRNA Fik il 25 K AL AR AL VA0 VF 2 W Fi IT)
I 40 M B I AR A 3] TUESE, AFEAN DL A
W, A6 ASEEG ST Solexa WY 25 R R OKR,
TEPRANAN ] 88 ) (R 2R B R B g 0 A1 2R A7
7F 123 D2 5 R K K miRNAs, Hi FiRKH 93
A, NRE 304, 57 BT 5% N IR
HLUHLL, miR-191 [ERIAFTE 240 HEE T4 1
O R G AAEA  E FR 2.0829 £507. 1K
— 45 5 2004 4F Esau 2581 miRNA 5 4 2dE —
2, AT A R W, AR NSRRI TR 78
W or Ak TR A 22 4 miRNAs 2253 £k,  5aiik g
05 4 L AF EL R IR I 40 miR-191 ik & i
T 322 . XWAFE S miRNA kil pr iR
()45 R, 3T3-L1 144 g 5 4i i 7 43 A o 4 o
miR-191 ik B, SERTIIVE 2R, ik
A P 40 L R e A I 40 B P miRNAs [k A7 7
F5E, AIAERRE miRNAs 78I 7 40 i oAk fie v
RAEE WAL EAE D, X S 5T I 78 miR-191
AT HE A R 55 I8 7 40 T BT i 1 miRNA. 4R 1M,
T miR-191 e AT 0405 107 48 i 4346 77 1T PR
DIER B A WARIE.

1 MR57FZE

11wl

111 SEahY). 3 Higfdk = oK o, WA
Bitm st , L3k, AE 1.5~25kg, 1y
SR N SERERE. 180 H b a B = e K A%,

TG ACRMRB R 5 S Je R AT 3R A, 4L 3 3k,
AT 100~ 110 kg.  5h4) SEREAE H KR 2 (L5 3)
WA, SRR A E K A SR 30 )
FARTHRITT A7 OGS0 20 A A AR () A0 5 1 L

112 JfURL. BAK A4 i 2. DHS5a Competent
Cells g H b s e A L AW R A A Al
pMDI18-T Vector 4 [4 H A Takara A l; E. coli 8
Pk BJ5183. pAd-miR-NTC (pAd-miR-nontargeting
control). pAdTrack-CMV. pAdEasy-1. &
pAdEasy [1] BJ5183 /& 52 #& 4l ffl . pGL3-Control.
pRL-TK H1 pGL3-Basic Jit kL 5 14 1) by A 52 56 =5
75 293A Fl1 293T 4 il 54 A 4G % AR AT

1.1.3 iX#]. RNAiso Plus. PrimeScript® RT reagent
Kit Perfect Real Time. SYBR® Premix Ex TaqTM II .
Xho I+ Kpn I F1 T4 DNA Ligase ¥ H H A% Takara
25dls Pac 1A Pme T W H 95 [H New England Biolabs
/v ¥); Bulge-Loop™ miRNA qRT-PCR Primer Set J4
H 71 [E RIBOBIO % 7 ; Dual-Luciferase® Reporter
Assay System ¥ 9 22 [E] Promega A A; Opti-MEM.
Hb 2 K H (dexamethasone)s 3- 5 | 3 -1- FF 3k 5 02t
¥ (3-isobuthyl-1-methyl xanthine, IBMX) Al JiE & %
(insulin) ¥4 % H 3% [E Sigma /& 7] ; Lipofectamine™
2000 %4 H 3£ [# Invitrogen 2 &]; DMEM/F12 T4+
[ BB 5B 2R (I AN Hepes 4014 H 26 [F Gibeo
Aw]s JRAIE I H 2% H HyClone A7) ; BSA I
H 2 [E Amersco A 7 ; HEPES £ [E Merck 2\ 7 ;
RIPA Z#2E % H T [ Beyotime 23 w];  B-actin
(C4): sc-47778. C/EBPB(H-7): sc-7962 H4iIH H
5% [ Santa Cruz Biotechnology A # ; 14 %% & )
ECL 7)) H 5% [E Millipore 23 H].

1.2 7%

1.2 JEHTARIR 7 40 MR 3k i 7. BUREdT A
0.5% Wik /R KIEVeAFHE 3 s, Hidhiibst. W
S BSAE B IR RS B2 F IR A2 T BU R 1 mm?
Fidi, &1 BRI 37°C 54k 30~ 45 min, FIfL
1220 200 HIAENIH L IE, WAEIEM 1700 g 25
A 5min, FF WM PBS ZEME RS BL, EE
FRAE 4~ 5 UG R DTRALE 550055 Tk 1Y) 40 e 141 5 A7
10%if3 2 IfiL 375 (1) DMEM/F12 5 55 97 FE T TR A
] S B L, R A VR S A T 0 4
TS A LA 5.0 x 10* A4S fom? % E 8RR, BT
37C . 5% CO, Bigifihae. FIH 22 s WiEE x4z
T A0 I T A VR P49 21 29 90% ) iy 424 s 177 40 .
122 JEHTARIR I 4 R 2tk S 10%)6
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I ) DMEM/FI12 B 7R3k, 42 37C L 5%
CO, AR IR A AAIR N 40, Frdi i E K 58 4
LG 2 ROEE 0 RN, e IR -5 8 77 (LA
DMEM/F12 (& 55 57 3 0 ZE At I 547 10%]16 74 1L
i, 1 pmol/L HiZEKHA, 0.5 mmol/L IBMX, 5 mg/L
B ER). 2 RIGMEH A, #4245 mg/L B
By, 10%fIA 2 137 () DMEM/F12 i b 55 77 3L 4k
SRt IR, 2R 2 RS 10% i 4 i 1
DMEM/F12 bl 5 FR B4, 255 8 R4 70%HH)
A IR 7 4 L S RS I I 4 B A 2.

1.2.3  EWE B b S REE B 0. R 1 2% 3
FE Y TargetScan(Release 6.2)(http://www.targetscan.
org/) M PicTar (http://pictar.mdec-berlin.de/cgi-bin/
PicTar vertebrate.cgi)f# 28 miR-191 ¥ 53 K FfHU L
ACAE, IR S IR 0T A0 A B AHOG IR B K a2 fik
% A 1 3k Microlnspector (http://bioinfo.uni-
plovdiv.bg/microinspector/) /2 [] §7i i , T 56 75 5 B
i ] miRBase £ 4 F (release18.0, 2011)H 4 fr
A B miRNA ST 538 228 46, 4k HAmA
Microlnspector X1, WE AW N 37C, &
1% H FH fE(MFE) 4 20 keal/mol, FFARHE /751 UCHL |
miRNA 5 mRNA XU )RR E P AR R i) O
SEVE, AT RIE SR 3T UTR 55 0T 41 11 228 4%
miRNA 2 [8] AT GETE ) 284K, $2 IRl 1~ DX )
G E MEZ AR IE, SHHRE 5 XL 12 #E I R
HAF ) miRNAs; 2R J5 K 31X 2% miRNAs 5
Solexa £ RN N, MHHKILF L M Iz e o

B 2 B 45 R 4 miRanda (http://www.microrna.org/
microrna’/home.do). RNA22 (http://cbcsrv.watson.ibm.
com/rna22.html)#1 RNAhybrid(http://bibiserv.techfak.
uni-bielefeld.de/rnahybrid/submission.html) i 2 — 20
Kk,

1.2.4  miR-191 B 41 R 33 R I8 BRI by 3t J 2
5. N T HEAFHAITSY miR-191 78 W 40 B ot i
Ty fe . J ok e B v B K U7 5, BAJE miR-191
stem-loop /3 #1J(NR_038528.1) 4 H 0y 75 48 5L [K 40 4y
Sl 1) B U AE A 300 bp,  HE I ALK E S et RE
AL pre-miR-191 JBfs (& 1), A1 1
H e DD A7 R R T 1) AR R DR AL
pre-miR-191 }y B, 3el& %] pMD® 18-T #fk I,
DU TE A PRI BH 1 50 % 32 44 8 T-miR-191. FH Kpn 1
M Xho T 4% B AU HE P T-miR-191 A1 7 b2 2 14
pAdTrack-CMV JF[RI H (1 7 Beidb AT H e, 4
DNy 5 5 SR AT A7 38 i Y 2 10,9 Dl £ 1 (EGFP) 4R
5 IR () 4R TR pAdTrack-miR-191. #5200 ng
pAdTrack-miR-191 & Pme 1 2Pt IF 2L G 5
pAdEasy-1 A0 N TG4 50k #1411 BJ5183 &2
YU, IR0 R A 1 NS A R K
#41¥) DHSa KIAAT B . 45 MR 2 Pac |
il 1) 45 5 W] LUOREJRCHE — 2% 23 kb (19 K v BOH— 4%
4.5 kb (/N B S Bl D) S B ) B o o N
YE a4 oA pAd-miR-191. NP TAERA S Lifs
A A TR RS AT BR A W] (LR AR Lt
T).

Table 1 Primers of pri-miR-191 sequence and primers with restriction site

Gene name Primer sequence (5'~3’) GC content/% DNA Tm/C PCR Products/bp
E-miR-191-F1 with Kpn I CGGGGTACCATCAGAGTGGCCCGATAAAGTA 54.84 68.65 401
E-miR-191-R1 with Xho I CCGCTCGAGAATCCTACCCCGTGGATCTAAT 54.84 68.65

1.2.5 Ad-miR-191 [EL3e. § % DL AZ G Jn AR 4n
M. s Pac 1 2 VEAR I 464k (1) 5 41 B3 9% & pAd-
miR-191 DNA Jy BLFE G 23145 5 R 60% ~ 70% [T
293A A& . G P BR4% B Lipofectamine™2000
VB P4, BT 24 h 0] 75 B 98O i e
TAEL, AT F Ik EGFP B 40 i 000 2 B
BROAMERNAMA, JFIF R B &
miR-191, 3 YL)5 %5 3 Kal W AR % i,
LIEEFE, Y55 4 £ 6 KN4 K= EGFP

Rk, BEYLEEE 7 RAE DB SR T AT LU g2
FI 40 H S B9 A3 B Bk 41 95 7% 24N (cytopathic
effect, CPE)ILZ -1 B XS4 figiid, 286 miM
BE N BB S 21 5 L H BRI IR U B A4 P 2 2008
A, I EGFP 5. M4axidl ik 98k, H
70% ~ 80% 4 M i1 T~ 95 25 12 Wk 52 I 5L RS TE B
%, KU OB R poe B SR, Ik
ISR AN M S B 7 3 3. BT -70°C AT
EYCE A 1 ml #5595 LERFE, AR 37C K
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W R VR 4~5 1K, 7000 g #5010 min, Y
FIERIA AR, 7T TP % Ad-miR-191
I3 B UKL . )V 3Rk A4S 6 B Ad-miR- NTC 7 & 5
B R AR IR 7 A A K ARV A IR 70%~ 85%
i) 4 5 5 3R A 1 35 401 1995 2 Ad-miR-191 12 %,
h T SRR RR DT A oAk, AN EEALEE 2 KRG
122 iR 7600 65 S, A7k Ad-miR-NTC
b BT A

1.2.6 HZL O Jeth. R T4t n gl fu 5 i g
573, PBS ¥t 3 ¥k, H 4%% KT #E(PBS AL
#)37°C [# %€ 45 min, PBS ¥ 3 X, W4 O LIVE%
WG : 0.5 g A O % T 100 ml 55 A %5
TAERHCIAL O il & il 5 28K 3% 3 1 2 A RUR
fr, e &R 15 min, PBS ¥E 3 X,
15 5 W BT T LS A,

1.2.7 20 RNA 20 SER 8 &5 PCR Al 4k
W miR-191 LA i 440 107 40 AN [R) A i B ik
I, DREHESE 00 2. 4. 6. 8. 10 KWL

W B USRI, $4 Trizol ¥EHEHRIR 05 40 L fr) 5k
RNA. 28 0.9%~ 1.2% 55 JI5 B Bk 12 r vk s 0 4
RNA, K RNA FEF 45— %] 200 pg/L, A
SN 5E & 2 I Bulge-Loop™ miRNA qRT-PCR
Primer Set 1t B 1084, Ff 5 i U6 Rk /KT brifk
1. 43 BT RV T O B 2 s DXL -1~ 555 I 0 40 Mk e
1) 2% 35 5 I S 3% 5% 4% 8. PrimeScript® RT reagent
Kit Perfect Real Time $ilH 15454, K s i s =i
4 {5 Hi B¢, Real-time PCR J W F2 ¥ % . SYBR®
Premix Ex TaqTM Il # 1, RIEFHEL N ZH
B-actin. miR-191 LAAS bR ZE DI IK) mRNA AHx)
FIA TS oy BT R 2700 L AT A X e
miR-191 5 2 U6 1) 56 57 51 90 S S I o+
SIS ) M A DR BR A J B S k. ik
flEFR&IE R PPARy. C/EBPR Al aP2 (152N 5 &5
Y RN Z B-Actin 51¥)(K 2)H Eilg A TAY) TR
FARA A E & .

Table 2 Primer sequences and parameters for real-time quantitative PCR of related genes

Gene name  Primer sequence oligonucleotides (5'~ 3") GC content/% DNA Tm/C ~ GenBank Accession No.  PCR Products/bp
PPARy F:  AGGACTACCAAAGTGCCATCAAA 43.48 62.07 AF059245 142
PPARy R:  GAGGCTTTATCCCCACAGACAC 54.55 62.12
C/EBPR F: GCACAGCGACGAGTACAAGA 55.0 58.00 NM_001199889 98
C/EBPB R: TATGCTGCGTCTCCAGGTTG 55.0 58.00
B-Actin F:  GGACTTCGAGCAGGAGATGG 60.00 62.26 AY550069 138
B-ActinR:  AGGAAGGAGGGCTGGAAGAG 60.00 62.14
aP2 F: GAGCACCATAACCTTAGATGGA 50.0 58.21 DQ450677 121
aP2 R: AAATTCTGGTAGCCGTGACA 47.8 58.23
128 Western blot. ¥ SR MMM MR i 5e & FERIRERE. 19556 08 MO AR A A 35t )

BRI REFRM, PBS ¥k 1 K, BR/MILIIA 100 wl
B R TG A0 PR T A TR 40 R
A ARG TR I BN RN B0, B TR R
30 min {37843 241, 12 000 g B5.0> 10 min, H [
I, LA Bradford /7%t S (AT @ . AR €
SEAGAL, B E I ) ) A0 e R AR 5 E
JEORE b I B R % — U5 95°C /KA 10 min. B
T RAE S 80 wg EAET SDS-PAGE AL, B
80V 1H 43 B A e i I 5 A e U Ol 120V 143 %
R 785y 4y B AR BT, AR JE BL 200 mA fE K
JF R #1) PVDF 5 1, 5% W W9#s & 141 2 h, A
$it C/EBPB A B-actin I —HT(FoRELLA] 1 ¢ 300) 4°C

“¥i(anti-mouse, MR LLAI 112 000)F i FIFE
2h, Bio-Rad ChemiDoc™ XRS+ /815 2 Zekar il H (1)
H I, HH Quantity One BAE/3HTER K IA &
1.2.9 pGL3-C/EBPB 3'UTR % ) 2 il $i% 15 3k X 3%
AR 2. M4 GenBank I /N A ff1 %% C/EBPR
3’ UTR &35 FI869121.1 it 51 #1(% 3), Al
23 I BRI PCR M SE R4 4 46 3K
W Ut AT Xba T B V)47 211 C/EBPR 3 UTR Jv
B, #EN pMD® 18-T #4847 B PCR %5, FH
PEFRTIRE L Xba 1 B V)Y REREIECH 215 bp 11 H 1)
gy, PREEREDIS w SERHPE M B e b I b A T
J¥, W Eh ki 44 4 T-C/EBPR 3' UTR. H4ill



2013; 40 (2)

XY, Z: miR-191 BT A C/EBPP 4% K MIERIKBERT AR 5 ¢

*169-

J- 1A () PRS0 [ 48 Xba T R VI 3RA3 215 bp 1
C/EBPB 3'UTR B¢, i\ Xba I HH§ V)Y pGL3-
Control #f4(5.2 kb)#g K HR 56 FR MR & B AR i

X3, K45 o8 C/EBPR 3'UTR F BEIE [l 4di A
pGL3-Control % 4 ) . 3¢ % iy 44 &y pGL3-C/EBPB
3'UTR 56 2 B 75 FE D 40K

Table 3 Primer sequences and parameters for PCR of related genes

Gene name Primer sequence (5'~3’) GC content/% DNA Tm/C PCR Products/bp
E-CEBP-F with Xba I TGCTCTAGAAACCCACGTGTAACTGTCAGC 50.00 66.13 215
E-CEBP-R with Xba I TGCTCTAGAAGTGTTCTTAATGCTCGAACGG 45.16 64.69

1210 XUROG RS LDV Je Sam e, %
YT 12~ 36 h [l 4L 293T 4007140, Krai e
TR 24 SR IR, AT LA R G IN IR G B Ak
80%~90%. i Ff] Lipofectamine 2000 ¥ XU %¢ Yt %
B 80 [F) miRNAs JLE e %8 203T 4l flurp, %F
FLAN AR pAd-miR-191 Uk B G HEAL 1 14 B pAd-
miR-NTC &3 &% 4 600 ng, pGL-3-C/EBPB 3'UTR
ol pGL3-Basic Jii i 225 ng, pRL-TK JF i (P Z)
75 ng, Opti-MEMI medium 5 35 YL S W85 77 40
Ml 4~6h Ja¥ ol I w A KR, #Y 48 h )5,
W SEAN i 4% 1 Promega 72 ] XU it 22 B RS I3 75
VLW 4, PerkinElmer™ VICTOR XS5 £ 5
TCAHF AR IS 502 AN [ Ak B 201 1 95 55 (PN 2%)
KRR BE T

1211 ZEik o, RS ER 3k, LR EdE
PLx + s ®7~n. K SPSS11.5 % F 1) One-way
ANOVA HHAT 5 ZE 530 5 W A8, F e 3%

(a) _ ®)

ZERR(LSD)RL I AN ] AE B2 [ ) 22 57
2 FHRE5SH

2.1 JERIARRSRAZBAR S 1L id %2 miR-191 RYFRIE

TERE TR 07 4 15 5 A 28 1. 4. 8K 4)
TS A0 H o A DL IR L EAT W40 O B 1,
Bl L P, BES B H R A4 0 10 40 L m) DL A2 s
SRS, O THFST miR-191 763 U AR ARG 41 i 41k
WINMRIAS) )%, S5 0. 24 4. 6.
8. 10 RIS, F4 Trizol VEIRHUE RNA, SEH
€ 1 PCR A2l miR-191 3Rk, &5 R lE 2 s,
PRSI EE R IR AR T 107 4 e 5 2 e R b 5 oK
ZEACFR AR 0 RAFIEAHLE, 7E%8 6 K miR-191 KiX
IR T 2.7 £ HAR A G W UE AR R R K
o FEASCHETINAGE, 7 N7 1A 78 BT 4 Bk
3T3-L1 & i W5 4t A 1) f% 20 I 40 Jf 2 A ok 72 vh
miR-191 FKiEH L Is ™,

Fig. 1 The morphological observation and Oil red O of porcine adipocytes
(a) The first day of preadipocyte induction. (b)The fourth day of adipocyte induction. (c)The eighth day of adipocyte induction. (d ~ f) Formation of
lipid droplets was observed by light microscopy and by staining with Oil Red O.
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W%, A PicTar . TargetScan 43 A7 L 7] Bg
MIAE B #E 55, TargetScan 5 PicTar 73 3l ¥l 21 7
54 AT 26 ANMFEIEDY, LT HAZE AT 13 M
BEIR. R IEAS TR P B A IR R OC B A
C/EBPB, 4k ifii i# it Microlnspector % [] i 1%t 5 %%
C/EBPB 3'UTR 4% & 1) miRNAs, 45 Rk s 84
5¥#% C/EBPB 3'UTR 454 Fe s I 16 miRNAs. 73
Mr &% BL, ssc-miR-187. -1271. -503 ¥ £ Hi B £

24 sd 8T Solexa JllJ % 5 L (1 45 Rt i ssc-miR-1307,

-92b-3p. -92a. -2476 {ENETE B E T AR AL

Fig. 2 Histogram displaying of miR-191 relative RIEEAMAETAL, HA ssc-miR-191 [R5 F &
expression in porcine adipocytes during differentiation E, HEARR K BB IEEZ FIBi LR %R

The endogenous expression pattern of miR-191 at the different stage of ji % j% 1:& A ;:le 17, ﬁ % , miRanda. RNA22 ﬂzﬂ
?orf:ine pre.adipocyte adipogenesis. The expression of miR—l?l .at RNAhybrid ﬁﬁ 'H% IE {E Eﬁ ﬁ‘ %‘ ﬂﬁ ?L ij] t[t@ miRNA-
indicated times was assessed by SYBR Green-based quantitative
real-time PCR of 3 pigs using miR-191-specific primer sets. The data mRNA E(J :;Eé’ﬁi E i Q\E ’ 1#‘ o ;J/': %LIE i L& %
shown are averages of three independent experiments ( x + s ). % . /J\ LA ks ﬂl %" /j& E‘J ?Jﬁ au % % RYSN g @J
miR-191 5 C/EBPB 3’ UTR A4 — 4b &5 & A7 5 H.
miR-191 F 1 F41] 5 C/EBPR 3'UTR 5¢ 4 HAMC X}
2.2 FIMA TargetScan % E £ miR-191 5 X A5 (K1 3). ZArHgfFik Wl mik-191 15 C/EBPB 7E44
FEH SR E R BN IRIT Ak, Bk, AERR EPF miR-191
R SG4TSR B AR I miR-191 2 9 C/EBPB 3'UTR AARE S & [ L.

CEBPB 3’'UTR 5’ . .. UAUUUUGGGAAUCUUUUCCGUUL. . .
TargetScan RRRERRN FETTEE
miR-191 37 GUCGACGAAAACCCU————AAGGCAAC
CEBPB3'UTR 5" A GUC AUA AUCUU U 3
RNAhybrid GGC  UGU  UUUUGGGA UUCCGUU
: UCG  ACG  AAAACCCU AAGGCAA
miR-191 3’ G C 5
miR-191 3’ gucgacgAAAACCCU—— AAGGCAAc 57
miRanda LN (RRNARIN]
CEBPB 3'UTR 5’ cuguauaUUUUGGGAAUCUUUUCCGUUu 3’
CEBPB 3'UTR 5" TGCTGTTGTTTTTGT--TTTTGTTG 3’
RNA22 ) | 15 A A RAT RN
miR-191 3" GU--CGACGAAAACCCUAAGGCAAC 5
PicTar
miR-191
CEBPB 3'UTR 5 c

Fig. 3 Predicted the potential miR-191-C/EBPf interaction
The putative binding site in 3’ UTR of C/EBP@ was found. The predicted results were identical among five different algorithms, by TargetScan,
RNAhybrid, PicTar, RNA22 and miRanda, respectively.

2.3 R REEERAC S S C/EBPB 3'UTR M 45 & A i & 3 frow,
FI ] TargetScan 255 VA P miR-191 S#E%L 544~ 550 47 A % /& UUCCGUU, /& has-miR-191



2013; 40 (2)

XY, Z: miR-191 BT A C/EBPP 4% K MIERIKBERT AR 5 ¢

*171-

76N C/EBPR 3'UTR HME—RHEA7 25, HiZJF5
12 ML e B IR F (K 4a). ARH8%E C/EBPB
mRNA 3'UTR 7£ GenBank _| [f) % [ifi 5 FI869121.1,
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Fig. 4 Schematic diagram of predicted miR-191 target sites in the 3'UTR s of C/EBPf3
(a) The predicted, conservation of the miR-191 single binding site in the CEBP@ 3’-UTR in mammals. miR-191 seed match region was highlighted in

filled with white box. Hsa, Homo sapiens; Ptr, Pan troglodytes; Mml, Macaca mulatta; Oga, Otolemur garnettii; Mmu, Mus musculus; Rno, Rattus

norvegicus; Ocu, Oryctolagus curiculus; Cfa, Canis familiaris; Eca, Equus caballus; Laf, Loxodonta africana; Ete, Els tenrecins. (b) miR-191 is partially

complementary to a region in the CEBPB 3'-UTR in the porcine.
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The effect of miR-191 on adipogenesis of porcine preadipocyte

(a)Porcine preadipocytes before being infected by Ad-miR-191. (e) Porcine preadipocyte after being infected by Ad-pre-miR-191. (b and f) The

preadipocytes were induced in the second day. (¢, d and g, h) Oil red O stain of porcine preadipocytes which infected with Ad-miR-NTC and

Ad-miR-191 after 8 days' induction.
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Fig. 6 miR-191 regulates expression of adipogenic marker genes

(a) The overexpression efficiency of miR-191 was detected by real-time PCR(n=3) after being infected. Detection of exogenous miR-191 expression in
porcine preadipocytes. Expression of transfected Ad-miR-191 was assessed by SYBR Green-based quantitative real-time PCR(n=3). Data is presented as
x = s. The resource of control was the mRNA of porcine preadipocyte without any treatment and cultivated for the same days (*P < 0.05, **pP < 0.01).
(b) The detection of C/EBPE mRNA expression level using real-time PCR (n =3) and their expression levels in Ad-miR-NTC infected porcine
preadipocyte were significantly higher than that in Ad-miR-191 infected cells in day 2, 4 after induced differentiation. (c) The detection of PPAR~y
mRNA expression level using real-time PCR(n=3) and their expression level in pAd-miR-NTC infected porcine preadipocyte was significantly higher
than that in Ad-miR-191 infected cells in day 4, 6 after induced differentiation. (d) The detection of aP2 mRNA expression level using real-time PCR(n=3)
and their expression level in pAd-miR-NTC infected porcine preadipocyte was significantly higher than that in Ad-miR-191 infected cells in day 2, 4, 6,
8 after induced differentiation. [J: Ad-miR-NTC; M : Ad-miR-191.
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Fig. 7 miR-191 inhibits protein level of C/EBPf in porcine preadipocytes
Porcine preadipocytes were transfected with the Ad-miR-191 or Ad-miR-NTC, and treated with MDI 4d after transfection. The expressions of C/EBPR
were analyzed by Western blotting(a) and quantitative determination(b). 3-Actin was used as a loading control.(n=3,**P < 0.01). (0 : Ad-miR-NTC; H:
Ad-miR-191.
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Fig. 8 miR-191 downregulates the expression of a reporter gene containing the C/EBPB 3'UTR
(a) Construction of recombinant pGL3-C/EBPB 3’UTR. The complementary miR-191-binding site found in the CEBP@B 3’-UTR site was inserted into
downstream of the luciferase reporter plasmid pGL3-Control. (b)293T cells were co-transfected with pGL3-CEBPB 3’ UTR, pRL-TK and miRNAs. /:
pRL-TK +pGL3-control; 2: pRL-TK+pGL3-CEBPB 3’ UTR +pAd-miR-191; 3: pRL-TK +pGL3-CEBPB 3’ UTR +pAd-miR-NTC; 4: pRL-TK +pGL3-

Basic. Data is presented as x + s (n=3, **P<0.01).
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miR-191 May Regulate Pig Preadipocyte Differentiation by Targeting
The Transcription Factor C/EBPB"

LIU Shuai, NING Xiao-Min, LI Mei-Hang, QIU Yang, LI Yan-Jie, DONG Pei-Yue, YANG Gong-She™
(Laboratory of Animal Fat Deposition and Muscle Development, College of Animal Science and Technology,
Northwest A & F University, Yangling 712100, China)

Abstract Based on our previous solexa sequencing data, combining with bioinformatics analysis of microRNA
expression changes in porcine adipose tissue from different growth phases in a model of obesity, we found the
expression level of miR-191 was significantly different in developing swine adipose tissue. In this research, we
successfully overexpressed miR-191's transcripts by recombinant adenovirus in primary cultured porcine
preadipocytes, and then investigated the impact on differentiation of pig preadipocyte by Real-time quantitative
PCR, Western blot. The results showed that miR-191's expression level gradually increased during differentiation.
The miR-191 transcripts increased dramatically when miR-191 overexpressed compared to the control group,
which caused the decrease of C/EBPB, PPARy and aP2's mRNA level and the sequentially repression of
preadipocytes differentiation. Meanwhile, Western blotting results indicated that the expression of C/EBPR protein
in primary cultured porcine preadipocytes that overexpressed miR-191 was 55% lower than that in control
cells after 48 h post-transfection. Importantly, we predicted that C/EBPB was miR-191's target gene through
bioinformatics software TargetScan and Microlnspector. This is conformed by dual luciferase reporter vector
system assay which showed that miR-191 can target C/EBPB 3’ untranslated region (3’ UTR) directly and then
decrease its expression. In conclusion, this study indicates that miR-191 can attenuate pig preadipocytes
defferetiation possibly by repressing the gene expression of C/EBPR which is one of the early marker gene of

adipocytes differentiation.

Key words miR-191, C/EBP, porcine preadipocyte, profiling, target genes forecast, adenovirus, dual-luciferase
reporter assay system
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