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Lentivirus Mediated shRNA Interference Silencing RBP4 Promoted Differentiation

of Porcine Preadipocytes
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(Laboratory of Animal Fat Deposition and Muscle Development , College of Animal Science
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Abstract: To investigate the role of RBP4 during the differentiation of porcine preadipocytes and
the biological function of RBP4, we constructed porcine RBP4 lentivirus interfering vector, then
infected the porcine preadipocytes. The changes in morphology and gene expression levels were
studied to evaluate the effects of RBP4 expression on preadipocyte differentiation by BODIPY,
Oil Red O staining and real-time PCR analysis. The results showed that RBP4 lentivirus interfer-
ing vector was constructed correctly, virus titer was 6. 5 X 10" pfu « mL™'. RBP4 mRNA and
protein expression was remarkably reduced by approximate 60% in porcine preadipocytes infected
with shRBP4. Moreover, preadipocytes differentiation was promoted and the mRNA expression
levels of PPARY, SREBP-1c and aP2 were increased in adipocytes by knocking down of RBP4.
Therefore, adipogenic differentiation of porcine preadipocytes are inhibited by RBP4, which
would help the further exploration of the biological mechanism of RBP4 during the adipogenesis.
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M B 45 A & M 4 (retinol binding protein 4,
RBP4) J& T 8 i 25 4 8 1 W i B s o 1R N 6 52
s R A A FIE Y B H . RBP4
& LASHE LI Re i R 35 25 H I AR D 2H 47
RIEMG W, S5 W5 R L E" . A RBP4
BRI N R 7 40 A PR 5 DAk Ok 82 (1 B B
1ML E RBP4 7K1 T 55 00k JTT BDME JR s | Ji i 3=
AT SE — ROV B0 % DA O . Hodn, A X
RBP4 B #F 58 3 %2 4 b £ 3R 3k 28 40 B S i IR Bz
b RS e 20 S AR AR o B ARG BIE 5 A X A
U BE S AR S A B I 5 RBP4 7E 240 H
WG R TR KRR B EE T 3 B, L
e RBP4 B %% i 1 i 107 40 7 43 1k 2% 3K 32 ¥ 3
(BRI a5 R B8 K BLICIE & 1E 5 1R K
I A K - Bl R D7 0 R B i RBP4 1Y 3R 35 7K
V- T . R HEI RBP4 R REFE g 7 240 i 4
i B b A AR SEAE HTL Oy 7 ESE RBP4 144 i 14
JIg 7 4 L A AR R RO AE L B A T RBP4 E
02 T T P AR S ) AR 7 A e e
RBP4 i 235 » TR HOF 5% 1l 44 B 105 4 7 73 1 1) 52
Wil S TR SE RBP4 T84 g 107 40 M 53 1k 2 72 b Y
1 HIAIL ) 25 % RE A

1 #MRtEFE
1.1 ##}

1~3 H W& A7 4% th 19 b R AR BB R S 4
AL, BN A RGN 293T 4 R f AR SL K=
P17 . PRI NV (BamH T M1 Xho 1) . Taq [
T4 JE W Trizol, J ¥ 517 & 1 T TaKaRa
Aw ,DMEM/F12, [ i 5  Opti-MEM FiJifs 4

X1 ¥ RBPAEFEHTHMAE

ML W T Gibeo 23w BRL/) 5 52 BOR 0] & L 5 i [m]
WO & W T BioFlux 24w, 8 g Ak 7] CaCl, -
2H,0. NaH,PO, « H,0, NaCl, Hepes. Polybrene
W Sigma 23 W] RBP4 Hit 44 W T b 57 SO A M A=
PIH AR B2 ) HAth 1700 25 Sy 7 a2 o3 A 4t
1.2 BEuEEI IS

P B O AT I T AR R IRAE TR 1~
3 HWRAFH B T RE T ALZL, F3 A PBS 92 ok oft
V2 UGB 1 mm® LI A 1 mg« L' 91
RIS B ALV, B 37 C |G IEIKRMIEE 60~80
min 5, 2 200 H W 2 W, I8 LA 1 500
re min B0 7 min, 7 BV, & XPLAY PBS 2% o
WHEBTTIEY) .1 500 r » min "0 5 min, ¢ FF .
HA 3 WG HIEE A 35 3% VK DO UE A9 240 A AT o) it 2
MI B, LA 5 X 10" A » em * % AP T 35 mm
FRIL AP, I i& & &% 10% FBS By DMEM/F12 § 5
FLE 37 C.5% CO, AR 12 h |5# 8% 5%
W B R AR WG BE A, 22 )5 B 48 h 45 R L A
ik 80 o b, FS R #E (R YL .
1.3 %5 pLentiH1-RBP4 shRNA B EEHR K 14
B5LE

WAEFE RBP4 3 5% (GenBank I %5 : NM
_214057. 1), | F Invitrogen 2 &) 1 £k & 4
BLOCK-iT™ RNAi Designer ffii% 3 4 shRNA 4§
FE A s G BUER X EE 7 81 (0 AH B SE A% IR I 91 (3R D),
5 B R ZE A% R IR KB AU . 5 4 BamH
LA Xho | XUEGYIG B pLenti-H1 #K i% 42, 7 9
Ak DHS o JESZ 2540 M, Bk 328 P e B 4 %501 4 B
JoREL , U S 8 R e 2% B AR T W .

Table 1 Design of siRNA targeting on porcine RBP4 gene
T (AN Fr 515 A
RNAI Location Synthesized oligo nucleotide

5-GATCCGGACAACATCGTCGCCGAAT TetegagAATTCGGCGACGGTTGTCCATTTTTTC-3'
5"-TCGAGAAAAAGGACAACATCGTCGCCGAAT TetegagAATTCGGCGACGGTTGTCCATG-3'
5'-GATCCGAAACGATGACCACTGGATCActegagTGATCCAGTGGTCATCGTTTCTTTTTC-3'
5'-TCGAGAAAAAGAAACGATGACCACTGGATCActegagTGATCCAGTGGTCATCGTTTCG-3'
5'-GATCCGCTGATCACTCACAATGGTTActcgagTAACCATTGTGAGTGATCAGCTTTTTC-3'
5"-“TCGAGAAAAAGCTGATCACTCACAATGGTTActegagTAACCATTGTGAGTGATCAGCG-3'
5'-GATCCTGGCATGCGTAGAAGGCAActegagTTGCCTTCTACGCATGCCATTTTTC-3'
5'-TCGAGAAAAATGGCATGCGTAGAAGGCAActcgagTTGCCTTCTACGCATGCCAG-3'

sh-RBP4-1 168-189 bp

sh-RBP4-2 353-374 bp

sh-RBP4-3 552-573 bp

Nonsense

/NG FEAR R loop 3

Lowercase letters stand for loop ring
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T4 SR A S ShRNA T3 RBP4 {35 5% 1 14 NS 107 240 B 10 31 939

1.4 SEHBFSERE. RKERFENE

K FH W R 5 % Y vk R UL ET 24 h DL 2 X 10°
A e em K 293T 41 EAF 10 em LA, £
ANARL 2 8026 ~ 90 0 I HEATBE e, #EYLHT 2~4 h
A 8 ml B ff B 5% 5L A8, 9, VSV-G FI Lent
H1-shRNA 41 Jit ki 4% — & H i A ddH, O Hr, fff
SRF 480 pL, HEIRA) 4 520 wl 0.5 mol « L}
CaCl, Jm A JT k0 B & 9, W i€ 1 505 4% 20 pLl 70
mmol « L' NaH,PO, 1 980 pL ) HN Z& #p i 1 2]
S HINP 2 w4 HL 32 308 T 320 A B3 KR & 9 o
IR E 15 min JERLITVE s BT G P00 I 2 40 i s
FRML 3 14~16 h Ji5 584 fief 1 55 36548 1 72 h Ui
£ FEW .3 000 r « min B0 10 min, E R0 EE
F,0.45 pm JE ML €, 100 000 r » min ' &0 30
min, 75 [V . 75 2R 45 00 8 1 B0, H B/ 10 fiF £
FERs B TR L 107 ~ 107 ¥k 27 46 32 3 ik e 293T

x2 EHEEPCRIYER

Table 2 Primer sequences and parameters for real-time PCR

AL, 2 d J5 WL EEDE R IRAE B 15 2 3 0 7 1%
(pfu* mL ") = GFP 114 41 Jf % < ik 55 Wi B A% %
=-0. 01 mL, 715 % B .
1.5 real-time PCR #& il
RN 107 20 MR e i 75 48 h 5 WA S IR
AR R IR RNA DL R BT, 4 I8 e it 1k 71
A UL A Y SRR AT SO SR G L cDNA 55— ki
LI cDNA it Rk IR 8 AR 455 SYBR
Green I 35 #E4T real-time PCR Wl 2 . H & #5142 1
YL B 9 & 4k AT, Xt Bactin, RBP4, PPARY,
aP2 Fl SREBP-1c 3£ [} # 1T real-time PCR 43 #7
HE4E NCBI F$2 4185 i) 3k K 51 B9 39 4% 8 IR
A0 PCR % 2451 %) F(Forward Primer) f1 R
(Reverse Primer) , 5| ¥ Ze $5 2 K3 A A BR 23 W &
(R 2,

=

R Bk FEFl (5'-3") K J¥ /bp Length
Gene GenBank Accession No. Primer sequence(5'-3") (bp)
F. GGACTTCGAGCAGGAGATGG
Bactin AF054837 ) ) 138
R: AGGAAGGAGGGCTGGAAGAG
F: GGGCGTAGCATCCTTCCT
RBP4 NM_214057. 1 264
R. TCCGATTTGCCATCACAG
F. AGGACTACCAAAGTGCCATCAAA
PPARY NM_214379 o ) 142
R: GAGGCTTTATCCCCACAGACAC
F. GCGTGAGCGCAACAACA
aP2 HM453202 121
R: TCACTGGTCAGCTCCAGCAC
F: GAGCACCATAACCTTAGATGGA
SREBP-1c NM_214157 201

R: AAATTCTGGTAGCCGTGACA

I 20 uL B R cDNA B4 | L. F A1 R & 1
pL.SYBR Premix Ex Tag™ (2X)9 uL,ddH,O i
Z 20 pL AZ LN P 4T PCR 974 .95 C HilZAR %
3 min;95 CAE4 30 5,60 CiBk 30 s, #4740 §
LB ok iF R % 96 k. pactin, RBP4, PPARY,
SREBP-1c 1 aP2 ¥ D4 A1 [6] 1 25 {4 3£ 47 real-time
PCR ¥4 HE 3 W RN KX ERA 2 22
EIE LU Bactin NS HEN
1.6 Western blot 4%

VR 107 A0 R B 72 h e WL . i
ARG ML B 1 2 A YR AR BB L B 1 A A g

ARG 2 d J5 L AT IR S = 404k 8 d JE K
SN AR, FH AR 1 2R A7 4R RS B 1, BCA 6 8 2R
FWRE Kk B3 — 80U A 2 X EREZ v,
9 15 min, fl 10% SDS-PAGE Ji 1k - ¥ B 19 5%
W% %) PVDFE B E, 5% Bl g 4 05 = i 1) 2
h,—%ii & 2 h, Z4HH 1 h, & J5 H Bio-Rad
ChemiDocXRS+ W R G Rl H A& A .
1.7 BODIPY Sl O &

995 7 SRR UL A A I A0 B s L R AT IR S 5 00
k.8 d J5WE H % 35 3L PBS ¥k 3 ¥k, 10 % HI i & 5
30 min,PBS ¥ 3 ¥, i BODIPY T {F ¥ it % 13 Y
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15 min 8 60% B4 O 4 {4 30 min, PBS ¥ 3 &%
Jei 45 B 58 R LR A
1.8 HEAIE

FH SPSS 13. 0 F44 X B4 SR FH 54 DR 28 05 22 49
(One-way ANOVA) fil ¢ 8156 #4705 22 /0 i 5 Wb 3%

2 & B
2.1 %% pLentiH1-RBP4 shRNA B/ S EH R
B5a%

JeE T 3 4 RBP4 A 18 9% & T 30 24 4
6w 4 sh-RBP4-1,sh-RBP4-2 fil sh-RBP4-3, ¥
i g A T ) 0 o # A O ORL R A S TR AL 9,
VSV-G 54 293T 41,24 h J5 W% GFP ik,
5 WoR . 293 T 4 AR K R 47, 80 %0 LA I 41 i 3% 5k
S CEE (B D, QkLL R 3%, 09T 36 #1 72 h
WA EE LV . Gl UE VR SE T AT R 6.5 X
10" pfu*» mL™',

2.2 BREREEBEEN ARG RBP4 EE
RIEW =

JRULHT 1 d IR 2X10° A « L% BE SRRl O
HUAARRE T 4 AE . e it FIVS A 6 pg » mL ' Po-
lybrene [ 1 mL Jj5 8¢ W 5 462 4 i 35 72 55, 24 h J5
k4 10% FBS fi§ DMEM/F12 k3235, 2 d J5 5%
I A R WLER L AT UL AN & SR 6 0 o . R 18
B ORGP AN M R AL R IR 16 238 GFP R4k
R B,

o 74 % e A T AR B DT 40 L 48 h JE IR RNAL
K H real-time PCR #l T4 i Bexf RBP4 3 [H 1y
FHeak &, Hop sh-RNA-3 [ T 50 R 75 60% LU
B3k B I RO, R R i 4 4 shRBP4,
Western blot ;] 45 R 1 5 /8, YL T sh-RNA-3
44 I 4 s J7 4 B . RBP4 25 1 4% 5k 2 B AR (&
2). SR K W], shRBP4 18 9 57 6 0% A 25040 il 44 A
R4l i RBP4 (9 33k, 78 J5 223X 55 o Al F 14 16l
RBP4 3£,

2.3 T RBP4 g i 55 5 4 A5 B 40 B 55 1

JH shRBP4 95 75 8% Je 5% Hi 44 B 1D 40 Ml )5 o 247
7550k, 8 d 5 647 BODIPY FIHZL O 4 (@, ki il
UUBR RBP4 J5 5% i 7 248 B 43 16 1 5% s 45 21 (I 3)
7R, shRBP4 4b #2021 it (4 43 A6 72 B2 B I 1 25 1
Xif 8 4 0 T 56 47 Ak 40 1 0 T e 2SR HE 4R
TG K74 Ab B A (1) 22 53 A5 B 3, 156 W08 2> RBP4 11

35 BE 8 12 4 W AR A U5 40 B 69 3 k. real-time
PCR #ill RBP4 DL K 5 g b 5 3 B 3 416 90 i A4
18 e W nE 57 4K v (peroxisome proliferator-activa-
ted receptor gamma, PPARY) . JEife 4 5 HE H 2
(adipocyte protein 2, aP2) F1 [& EE 8 35 o445 &

H lc (sterol regulatory element-binding protein
lc, SREBP-10) 3£ mRNA 2 ik i, 45 5 (E 1)
MR FEAR RBP4 18 38 350 i IE B A ) mRNA 7K
A AR L B 52

3 it it

W5 7 B LU0 S 9 43 s i i AT
RS A5 2 v B (e N o oS R s A S o
O BE 65 DR S5 AR 25 A AEH . RBP4 &5 4
R A BLE i 10 40 L R 1 R K Y T S R
By ARG UA e 11 BB PR 55 — R AU 25 B AL A
K Q. Yang SERFIT R B R AR T 5 R ARHTAY/D
B 78 L 1 26 B 5 1 v RBP4 ZKSF- T R 2t
11 B AR LT RBP4 7K1 BE 8 A R /&1 R 15 2% 1) B0k
P, 598 & (leptin) fl H 4 % 6 (1L-6) 4 kb, RBP4
55 RIS BE R A S X SR
FEHBZE W L G 7 40 PR RBP4 5 AR B R 5 ZE HE P
LA 5 G AR 22 [] /4 8 7E 35 AR (H HC o 3 % A AL A
AN A AR B AR L R i B
RBP4 1) 41 it 2 BE b A AL i % 425 i AL JBE 36 97
W DR S5 R R A B R L

AR LG oAb ) e 94 05 1 18 0% # A § 19 RNA T
Yo HA R S0 Ak R s L RE I R R 434
FHAERE R G FEH M T 58 RBP4 1295 7
TR A A GFP, ] B0 A 2% 8% e 20
Heo 4R IR . shRBPA 18 95 75 28 5 2l 4k . % B ik 2]
6.5X 107 pfu « mL™" . J& Y5 15 UK fig Dy 40 0 F , RE
A R AR TR 20 g b RBP4 #3235 KF .

S shRBP4 {44 Fir (45 107 240 I, 2235 5 20 Ak
Ja R 25 2 A U IE BT 1 ) RBP4 3% 35 BE % 4 i 4%
FIA I s 200 1 o B o 2R R 3 > 5 2R 5 28 2 T A
I RBP4 7E 5 Hi AR I 5 240 0 25 1 3 A v i 3 3k e 4
45 3R CEUIE R o) 3L [F 38 0E T RBP4 X4 Fif 14
JIG 17 40 M B or A A T EAE R HEDN . (H Y L.
Munkhtulga 28 % RBP4 ¥ 3T3-L1 4 il iFs 5 4 1k
AR R A RS 22 X TR R T
200 R AN [ 1Y 22 S . BODIPY A 2 — ¢
URL Ry 7 1k 19 5 4 M P R B 2S5 0F R a5k,



6 P % AR EE NS shRNA T4t RBP4 {2 #E 5% AT 0K N5 07 40 1 R g 434k 941

SR FHT A 405 2 % 1 040 A s 1 0 119 18 o 7 T 4 R T 3 OREANS. 9 VSV-G L #6 e 293 T 4. 36 M1 72 h U5k b
TGRS 2L GFP B335 MU 8 e &%, Al. A8.9.VSV-G il Nonsense # 4Ly 293T 4l i ; B1. A8. 9,
VSV-G #1 sh-RBP4-1 # 4L 293T 40} ;C1. A8. 9. VSV-G F1 sh-RBP4-2 #5441 293T 4ijitt; D1. A8.9.VSV-G Hl
sh-RBP4-3 #5 4t 1) 293 T 4 fifd s A2 .B2.C2 1 D2 & A1.B1.C1 I D1 AH v 75 575 40 B 1Y W 5%

Three recombinant plasmids and control vector were transfected into 293 T cells in the presence of packaging plasmids
by calcium phosphate method. Supernatant was collected at 36 h and 72 h, and the infection efficiency was deter-
mined according to the expression of the reporter gene GFP. Al. 293T cells were transfected by /A8.9, VSV-G and
Nonsense; Bl. 293T cells were transfected by /8.9, VSV-G and sh-RBP4-1; C1. 293T cells were transfected by
A8.9, VSV-G and sh-RBP4-2; D1. 293T cells were transfected by /A8. 9, VSV-G and sh-RBP4-3; A2, B2, C2 and
D2 were observed in bright field

1 BREENaE

Fig. 1 Production of recombinant lentivirus
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RBP4 T 1868 R NG SR AT IS 5 40 M. A. LV-Nonsense %} J&;B. LV-shRBP4-1;C. LV-shRBP4-2;D. LV-
shRBP4-3;E. real-time PCR ¥l T4 - B % RBP4 3L R 1 T4k % , Hirp sh-RNA-3 i TR 60% DL E (n=
3; % P<C0.05);F. Bt 72 h, Western blot ;] RBP4 ﬁﬁlﬂéﬂj,ﬁfﬂctin S % A

Primary cultured preadipocytes were infected with RBP4 recombinant lentivirus. A. LV-Nonsense control; B. LV-
shRBP4-1; C. LV-shRBP4-2; D. LLV-shRBP4-3; E. Identification of RNAI efficiency by real-time PCR. Preadipo-
cytes were infected with recombinant lentivirus for 48 h. Total RNAs were obtained for real-time PCR to analyze the
relative expression level of RBP4, LV-ShRBP4-3 had the highest interference efficiency, approximately above 60% in
mRNA level (n=3; % P<0.05); F. Preadipocytes were infected with recombinant lentivirus for 72 h, using West-
ern blot analysis of RBP4 protein expression, B-actin as internal control

B2 EHBFRSELBIEERABNERE

Fig. 2 Identification of recombinant lentivirus

Bodipy

Oil Red O

shRBP4 5 7 8 Y 48 A 1A A8 107 40 o )5 2647 75 5 4046 . 4l ie ] BODIPY A 4L O Jea LUK AR R AR 2. AL A2, RI&RY i
Jg %t & s B1,B2. Nonsense B J 40 g %F 1 ;C1,C2. shRBP4 Jg e 4 i

Preadipocytes were infected with shRBP4, then were induced to differentiate. Cells were stained with BODIPY and Oil red O
to assess lipid accumulation. Al, A2. Primary cultured porcine preadipocytes were not infected by lentivirus; Bl, B2. pri-
mary cultured porcine preadipocytes were infected with Nonsense as a control; Cl1, C2. Primary cultured porcine preadipo-
cytes were infected with shRBP4

B 3 T3 RBP4 X% i 4 A5 i 20 A B B Y 22

Fig. 3 BODIPY and Oil red O staining of porcine preadipocytes after differentiation
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Fig. 4 mRNA expression for RBP4 and adipocyte marker
genes PPARY, SREBP-1c and aP2 in porcine
preadipocytes infected with shRBP4 after differ-
entiation by real-time PCR
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