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HE ZAR R, G A BT M (Sus scrofa) g i BR 45 6% €1 4(FABP4) AL B 44 4% ORI ALR], FF3K
IR RG WA aF M B3 T UM, VAR 8 K & % A A4, i 5% o€ FPCR% 4-Western blotiE
Bf) T $ FABP4 A A5 W 41 48 4% - M £ X B8R 69 I ), SR AT B A% s B 30 F R A= F-2115 bp——
2066 bp; FIE1FE| AT B AT 46 2] £ L 69870 bp. 2 914 bp. 5 060 bp i B, » AIAME T R
3% R F BEIR A BRI 4 % A pGL3-F-1 Kb/3 Kb/5 Kb, 547 X FpGL3-F-3 KbAE g I tm L ¥ ¢4
EMR G, M iR LE M, 815 5K B 4E k45 % B T (C/EBPa. KLF4#%=C/EBPp)
53 & I, C/EBPoE i35 FABP4%: & M, M KLF442C/EBPB 7 3z FABP4t 5 F & ., MRk
Bf), 5 FABP4A R 694244 AT L7353 Kb i FRELA BE W 40804 53 B 30 T & v, =T vA B T M & 08 i 4
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Cloning and Transcriptional Activity Analysis of Porcine Fatty Acid

Binding Protein 4 Promoter
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Abstract The purpose of this study was to analyze the transcriptional regulation mechanism of porcine
FABP4 (fatty acid binding protein 4) gene and obtain porcine adipose tissue specific promoter elements. Using
6-month-old large-white pigs as materials, it was proved that porcine FABP4 was a gene specifically expressed in
adipose tissue by fluorescence quantitative PCR and Western blot analysis. The core promoter region of FABP4 was
located between —2115 bp—-2066 bp. The truncated fragments 870 bp, 2 914 bp, 5 060 bp upstream of the start
codon were cloned, and dual luciferase reporter vectors were constructed naming as pGL3-F-1 Kb/3 Kb/5 Kb. It
was found that pGL3-F-3 Kb had the highest activity in adipocytes, but had no activity in non-adipocytes. By
co-transfection of transcription factors related to lipid metabolism, it was found that C/EBPa positively regu-
lated FABP4 transcriptional activity, while KLF4 and C/EBPJ negatively regulated the transcriptional activity
of FABP4. This study showed that the 3 Kb fragment upstream of the start codon of porcine FABP4 gene had
adipose tissue-specific promoter activity, which could be used to construct adipose tissue-specific gene modified
pigs.
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HE Wi UTAR MR 2 o B B A BE VIR, 5 A
WEE, P R ELEE 2 T D Habn 2 DIAH OG0,
958 S MR AR I S BR[N], R N DR i AR
BRI I %, 5 8 M 7 AR R gk AT 38 A% o R 1Y)
B . IR 4G & R H4(fatty acid binding pro-
tein 4, FABP4), 4% FR A g 197 44 ff 2 E12(adipocyte
protein 2, aP2), 5& 345 7 40 i o 08 = i A v 1
BNz —, HEORY SKERRE S, £
FR TR Fas FAU A HEAE L, & 8 R AE N i
5 44 R 3 A s ) o 7 R RO, R R ) B SE AE 5K
AW R R IR, FABP4R 5% Be O3 /N R S T kK AE AR
WY, FEZE ML, 2R IRE T
FABP4Jit 3L 2 25 5L i & AR R, (AL,
FABP452 5 s W RE A ) S 2L A

Y T FABP4F: B335 T 5 o7 4l e, PR ot /) B
FABP4] J3 8)) 1 5 fi¢ 5 T I8 107 41 255 e 1 2 ik
S T IUA . SCFRE FABPAI 3R I 58, FAE
19904F ARMSTRONG4: i i Western blot/7 %73
MR I, $EFABPHXAE g Wi 2 4R 321k . DINGEE!
FE1999AE IR 7T v, WLEMIE T bWl s o R, FRATTHE
Wik FABP4( JE 2+ B A e Wi H VR ek o AR
18T % ) 2 B PCRZE & Western blothfi A | & FABP4
IH R e e Rk, RIN T XM FABPAJE 8)) 1 id 1
HA7 HE R F B R, IR 1 % s 195 A
R 428 X 2 R e FE AR B T R FABPAR) A B
+, AR AR T A 2R e e B RS U R 2 1 kA

1 MRER*®

1.1 #%Y

1.1l %Rzt THR
HWLE T EREmARAA.
112 @mfef=aXA  3T3-LUARWI AT R40 R A1293T
NG E R A 5 A S5 = 52 (i, DMEM#S % 5
H PLEFIBIA &); G4 M5 (fetal bovine serum, FBS)
4 H 3% E Gibcos 7; IBMX. 5 5. HZE KA
It 5 3% ESigman 7; H—4E 5 2 WP H 3 EHy-
Clone /s ; Trizoli # M1 Lipofectamine™ 20003 7] &
4 B 2 [E Invitrogen A 7 ; cDNA #3107 & H H
AKTaKaRa/s#]; 2% Plus SYBR real-time PCR Mixture
W) PR . BCAK A 35 &3 3 b
FRRE AR TR A ] ECLAL 22 R G LR
A7) & 1 35 EMillipore A 75 Rt FER 5 5

H¥E, R E22 ke, W

DRI K71 &0 1 2 [l Promega /A 7

1.2 753

121 HARE  BOHEKRAM, PNk
507 AL A3 S AEAT, T5% ARG ARG, fETC T 2F AT
T ERBUTE I O B B BRI T ARG
WL, WEREG G E T-80 CCUKFEIRFF&H .. A
LI T A S TR B PR e W
¥ HE i (kS JUMC2021-125).

122 Ba TR AE G FIATELK
4 Promotor Scan(http://www-bimas.cit.nih.gov/mol-
bio/proscan/) 5¢ A% 0 J3 21 7 5P, J8 s i 5
T B4 FE TRANSFACH? F £ 28 % s PR 1~ Tl £
fl45 Patch. P-Match. Ali Baba2(http://www.gene-
regulation.com/pub/programs.html) Tl FABP4 )5 5
TR AEAE et

123 FABP4RZ)THRIZA K EMmAME R
I FAEFABP 4IRS Ll e A vt AR v Bok
FERI 519, B 513t 53 B ¥ A F Primer Premier 5.0
HiOligo 6.0 A Wit 1 4 H4 FABPAFE PRt 4 % 51
E#1 Kby 3 KbFIS Kb/ 45 Jy B 514, HAERTA

R B s PN 27 E A=Y NS D s i e £ 53
RAE FEFABP4 3 5 AU B IR e 22 Bl 5
1A&pGL3-F-1 Kb/3 Kb/5 Kb,
124 #FmB BT EESA 12
FEH0 A5 W7 40 3 T3-L1, BFFLIIALS mL7510% FBSH)
DMEMH;773E, B 137 °C. 5% CO,MIFIESE () 15 77
FE R, I~2R A LUK, 20 B BT A SN 70%~80%
I, W R B 7R, AR FLINN2 mLif S5 4 85 77
F+0.5 mmol/L IBMX+1 umol/LH ZEKFA+5 pg/LIE &
%), 557748 h; W H2 mLiF 701, % SHI(GE 4
B IR 55 ng/LIE B ), FERE#R48 hy W H 5 S A0,
BUNT10% FBSHIDMEM 3 57 950, BERE2 R il
VIR, 535040 5 558K, BUANE 1D 4 M o 2 20 i T AR
[1190% i 45 135 7=,

3T3-L1SHE I T b 28 4%, A 1 pGL3-
F-1 Kb/3 Kb/5 KbJii ki Fl N 2 5 ki pRL-SV40B#
L YL3T3-L1 A AR 20 i FI293 T4 il F5 44 pGL3-
basic{F PP BR, REFRTURLS 3 RO B d i
o2 2K R 7 ' 2R R B < 't 2R T )3 A R e
FABPAFE R %5 U5 )5 3l T (G S s 1 o
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1 FABPIBENTEIEF R E511
Table 1 The primers for truncated promoter of FABP4

5144 7 B 51(5'—3')

Primer name Base sequence (5'—3")

F-pro-1 Kb GCTAGC ATG GCT TGT GAC CAAACCACTTCT G
F-pro-2 Kb GCTAGCTTT GGG AGA TTG TGA TGT GCT GGT G
F-pro-3 Kb GCT AGC GAG GAT ATA CGG GTG GCC AAT ATG C
F-pro-5 Kb GCTAGC ACT GCC CAATAG AAA CAT AAC
F-pro-R CTC GAG TAC TTC ATG TCT GGC TGG TGC TTC

N RIZES > NI BEDIAL KT

The underlined part is the introduced enzyme digestion site.

1.2.5 A4EFABP469 3+ Z A T 69052 3T3-L141J
S 4 RiE T RS, BpGL3-F-3 KbJii fi 73
W5 C/EBPa. C/EBPB. KLF4. KLF15. PPARy%%
SR AL e 24 h)E CHOAE IR R AT 98 6 R R
FE DRI PR A I o

12,6 RAZZPCRGAT I Trizol ZfEZEHEEL
HYIULRNA, 28 TaKaRa x4 563057 & 100 B 1547
3%, K F Thermofisher QuantStudio 3 %€ #PCRAX A
M FABP4fImRNAFH X 1K /K-, LLGAPDH NN %
FEPH, PA2 AL T S BE PR AR X Rk 2 Bl

1.2.7 Western bloto 47 FI 8 H 2R IR AL
T, BCAVEN & & IR EE, B E AIREE, IIAIE
#2x SDS EAEZZ MR, &S5 min, —20 °CLRAE#H
i i112% SDS-PAGE /3 & ik F15% SDS-PAGEWK 4 fiZ,
100 VEEIK2 he 4°C. 200 mA#5#52~2.5 h, ¥ H 1%
Wi ¥ F5 2IPVDFRRE L. 37 °CHf 1412 h, —$i(1:1 000)
37 °CH# H2 ho TBSTIARIEEBEAL3 K, —$i(1:20 000)
37°CHEHE 1 h. 1§t)5 HIBio-Rad ChemiDocXRS+HE
ARG MFABPARE (A 3Rk KT,

1.2.8 it Faotr SR DOPIE HhR iR
(£SE)ZF 7R, FH SPSS 13.045 14 M i 44 h 1) Stu-
dent’s thr S0 0T & 43T 22 7 BEVE S HT, P<0.05°H
ERAAGIHER L.

2 FR
2.1 JEFABP4RLFTIRIE DT

FIH R E EPCRALAR, i £:48 /ST 24T
Gy BT KN, FABP4AE K2 T 197 v 2 A v 3= P 3Rk,
T8 O JUE FIVEF U v kS 0 31 FABP AR B AR =5 B 1) ik,
O R AN E HmRNAE FE 75 7 AH 24 T 52 s 7 1)
1/50F11/100(E1A). F|H Western blot 47 % 2H 21
FABP4E [ ik F 1, RIVNAE K FREMF A b A

R AR, O B S A S 45 R AR
B (FIB)Y. Rk, #E W7 5% FABP4A g I 21 2 S 1
RIS LA o
2.2 JEFABP4#%:0 BEhF TN

X FABP4E IR %05 1 B35 Kbk K45 513047
N, KA TSRO B 3+ X, Kb aE
5 e IR B3, 9F B SRR AL U A, FEE SRl
SR A BUEI3T bp, AF1E—MRSE T FINGTA AAA
ATG GCA GTIITATA-box(#2). #t—%t5 Kbf¥5
TELE ISR 4% ok, RIILE B3 P [ I35
B EEZ, 3F HA MR s # 5% K 7 C/EBPa
FIPPARy I 45 4 A1 5.(112), A I HE Wt FABP43E [ (1)
ot 3 8 7 X AR AT BEAL T—2115 bp—-2066 bplI 4L
&
2.3 FABP4E=hFEFE R BN R ESEME SR

BT R F IR H15 4T, ¥ d8 FABP4 G 35+
W oy N =ANEE B, BI-870 bp—+1 bp. —2914 bp—
+1 bps —5060 bp—+1 bp, o[ 1F 2% Fr B H 451
fir 4 NF-1 Kb, F-3 KbAIE-5 Kb, ¥ = A B2 il
HERUR N R iRk pGL3-F-1 Kb/3 Kb/5 Kb

R R 6 AR 0 R 48, 4 R sk o)
) L S T 40 B RR3T3-L1(5 S 4 AL 4 ) M AE IR
T4 22293T, 3 Ja sl st ZEREM, =AM
BAE293 T 35 AR R It 3 B Fis Pk, 7E3T3-L14H
fferf, pGL3-F-1 KbAllpGL3-F-3 Kb L H & 3 i 4,
H A pGL3-F-3 Kbif %2 HpGL3-F-1 Kb #if, 1M
K BipGL3-F-5 Kb A AR R I H 5 3 715 1 (E13)
2.4 FMFABP4RENFiEMHEREFiFE

N T 9% A 5 FABP4 3 5 7 3% 1 (1 i 55 7
T, ¥ pGL3-F-3 Kb% 5 5454 C/EBPa. C/EBPp.
KLF4. KLF15. PPARy . P s R+ 9 i 2k D] 1)
JRE R Y3 T3-L 140 MY, i X% R R S R &R
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A: mRNAJKF; B: EEEHKT .
A: mRNA level; B: protein level.

Ell FABP4TERERNMARAHHITRIA
Fig.1 Expression of FABP4 in pig tissues

R2 FABP4ERZ% U BEF AT
Table 2 The prediction of core promoter regions for FABP4 gene

STR) ik £l IHE AT RS

Fragment Start End Score Promoter sequence

1 =735 —686 0.89 GGT CTATTT TTT TAA GGG GTC CGT GAA AAG CAA CAT CAT C[CJr
CTCATT GA

2 —1346 —1297 0.82 ATG AAT ATA TAA TAA CAA AAG CCC ATG GGG AAA CGT ACA ddA
CCCACAGT

3 —2115 —2066 0.99 ATG GAG AGA GTA AAA ATG GCA GTG GTT TGA TGG GGT TGA GAIG
CAG GAG TG

4 —2742 —2693 0.98 TGG GAA TGT AAA ATA GTG CTG CCC ATT TGG AAG CCA GTG C[GA
TGGTTTCT

5 —2832 —2783 0.96 TAG CAC CAG TTA AAA TGG CCA AAA TTA CAA CAT TGA CAA AT

CAAGTGCT

T3 HE HL IR g s R UG A7 15 R RN TATA-box [X

The bases in the box are transcription initiation sites. The underlined bases are TATA-box.

I HT AN S IR F X pGL3-F-3 KbJi 3 1 il M i 5
. WE4fT7R, C/EBPofig %358 pGL3-F-3 KbJH 3
it KLF15HIPPARy%tpGL3-F-3 KbJd 2l i ¥4
TC 8 Fei; KLF4RC/EBPBREWSINH]pGL3-F-3 Kb

JE B FIEPE, HA KLF4 ] ik B 23

3 wht
T K T 7 SR B 05 1 IR 4 38 P R R A
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ATG
| — ABPspromoter 5060 bp g——pq exon! g exon2
+1
pro-5 Kb jC/EBPﬂ KLF4 GC box TATA box PPARy C/EBPa T A
~5060 [ 1 [ 1 [ 1 I /- 1 [ 1 L 1 :I
pro-3 Kb j/ 1178
2914 o
pro-1 Kb +178
-870 =]

[E2 FABP4EEIRES T iP5 BT BINR 42 7T 4 7

Fig.2 The prediction of potential cis-acting regulatory elements in the upstream sequence of F4ABP4 start codon

(A) (B)
0.04 1
2 >
£ £ omq
g g
2 [
g 2 0.02 1
8 8
K 3
0.01
0
F e e
50N b N
< I

V8T ST s
3 W
€ 9 R

A: 3T3-LI4HAE; B: 293 T4l **P<0.01, ***P<0.001.
A:3T3-L1 cells; B: 293T cells. **P<0.01, ***P<0.001.
&3 FABP4& RN T H ERAE3T3-L1F1293 T4 AR R AYT% e R EGSE 1
Fig.3 The luciferase activity of FABP4 trucked promoter in 3T3-L1 or 293T cells
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*P<0.05, ***P<0.001.
[El4 FEEEREFIHFABPAR ST AN
Fig.4 The impacts of different transcription factors on FABP4 promoter activity

L, WLA IR 5 AR BUE DR O, BIRER AR IR R E, JE WA B RER A 1 . R4 9 RNA
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BATARREZE N U0, EgREEE AR R AT R0 1 7 50, (BAE 40 )= TR
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BRI

JE AR R 2 2 (G R IR N . ARBF SRR T
FEFABP4 N RE i H VR e e Rk Bk i £ 1A, JF B
HEWT T HAZ O JE B 7 X AL T-2115 bp—-2066 bp,
SLBEAS B B RN AR R S Y B 3T B
F-3 Kb, fieJafifi 8 T 5 L5 S5 0E P (10 3 5% R 7/
EBPa. C/EBPBFIKLF4.,

fig 7 1R 45 & 55 M (fatty acid binding protein,
FABP)) 2 A7 1E T8 MEZN WA TG HE 2047 1) 48 )i
W, TR A R SURI B8 B AR R A aE . AR
R EEAER, AN, 7 HRETA
[F] I H 2021, FABP iy 44 /2 3 1 f S R L IX A
HEEMAL, s — KU FABP(FABP1)F 2
Fak T I, B0 A 44 AL-FABP. FABP4F: % 5E
ik T e W ALZR, R SR Y S A-FABP, 3 I RE 2 {F
NHREBE A, SRR 28064 RRIS AN 4k H iR 25
g4 NS5 e AR ANE F2 7E 3P AR AR
HOREEZEERH. BFRRY, VA= ad it
i, FABPAIE 3E [ H I s 152 A IS F 448 it Hh o i o oK,
ftas Hofh 20 23 e B 7 2 (H 243 AL T IE R AS I,
FABPAE3E 1 e AR R VBRI, FEUFAE . O EANEE
SyBAnf AR I AR R, S AU A P mbR
FABP43E [ 5, /I BRTE i IR 1AV AR SR LR R B AR AR 141
1B FABP4JE R FE A8 R AU h 0 Th RERI FE b 50D,
B2 MRS T FABP45:H 2 50 558 L S

G BT RE W OUR & B A G HER,

15 8 i 4 3 434k i, FABPAI) 3R IE 7Kk
This, AN AR s 3 B e R R 2 — 2, %
T FABP4E [H ) %% 5% 1 1%, TUNCMANZ:CF-2006
SEARIE | FABP4SEA IR % 051 B Ii—87 bpib RAE
(TR KC) 2 T 8 9855, M BEARAL AR B AR
I XK o SR 1T 5% T FABP4FE R A 2 T HIWF 7T,
Z AR WARIE . AT I T34 FABP43E [F k2 1f %
W57 L3 7 4 43 i, TI0 45 30 AN E %0 R B
To BT CEST, &1 RIERNAK & BEIEE 5%
IEH R LFR . /> FIDNATF Y, 457 5ok
GE AT s e SR AR AT s I TATA-box . X F1L /4N
TEBIAZ 0 I8 B 17 50 53 i R B, 17 90350 B e, H
FLHE RN RUNA, TERE SRR 55 B#31 bpit,
HTATA-box, J& #ATh BEH Fi ik B, F-3 Kby Bt B
ARG sh TG, IF B A B i RE i 40 215
S, B, IRATTHEWT FABP4RE A (A% 0 5 31 T X AL
T—2115 bp——2066 bp I & .

FABP4 - BLRIA TR I NG D7 20 21, HE v &g 5
DRl 2 L3 536 3ok P 75 2 R 7 A s A I 3 S R 7 5
Yo ARSI % O fE 7O NE AR B DA OC ) B s A
T, 43 A5 F-3 Kby Bl 7 X6 &R s 04, 0
1% 13 3| T C/EBPa.. C/EBPBFIKLF4=/%: 55 T,
BTN FABP4E: R 1) i 5k B 1 . KLF472&
Kriippel ¥ Kl F-(KLF) 5 1 i 5% Rl 7 B R, 2 g B
A2 R B Y R T, B 5 C/EBPRIA B T 45
& 5 S C/EBPBINI R IL; C/EBPRFRIE o, 7] LMLk
C/EBPofIPPARyI 3 IEPY . AW Fu 25 K B, BIR
F-3 Kb BYIX A S KLF4E ) T 454 X 38, H2 5
KLF43LE 3 5 o ) 8 3 Figte . Fe R 1 1E
LTI B E B 20 B 2 4, SRR 7T BB R A
o FAEH o RS [R] 0 B2 Tl 45 S A AE — 1 22
S FRATE AT A AT B A R U TRANSFACTE 26 Tt
A, HEEBRMCEE MR ER, e T
F-3 Kb 7 B A KLF44L 15, B Z 5 S50 30 IEKLF 4%}
F-3 Kb B 2 TiE P B35 Ro 0, 15 B 7 45 A7
FEARBIE, 5 KLF472 7570 oA AR 4 55 0 1t At 1)
BER XK. 5T DINGE T 7L, FABP45E g i
ARG AR A BTG RIK, MR T EETR,
C4 R E KL AT TS 0 2080 7T LA
fE R 25 3L 4 1G0T 4 MUl B35 3 AL 1B S I,
KLF4i%5'5 C/EBPBFIE, iX — W FABP4I) # 5 4
FNEIER, 124 C/EBPatifs SR 15 5, H8FABP4I)
s, A feJA sFABP4IRIA o

gx BRI, AW G T R FEABP4 A R i 4H 41
RIS BRIV LK, %€ T C/EBPo. C/EBPBAI
KLF4=AN 35 R T % FABPA) s 55 B AT W 1E H,
I H RS 7 H2AG e 7 AL SV 1 BT iE PR
F-3 Kb B AHF AR T %55 M 17 42 X 4%
PR, I8N B RS g SR AL 1 i 0 2 23 e 1k S
¥ ootk
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