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Abstract: The aim of this study was to investigate the effect of activating transcription factor 3 (4TF3)
on the differentiation of intramuscular preadipocytes in goat, and to elucidate its possible action pathway
at the molecular level. In this study, the recombinant plasmid of goat pEGFP-N1-4TF3 was constructed,
and the intramuscular preadipocytes were transfected with liposomes. The relative expression levels of
adipocyte differentiation marker genes were detected by quantitative real-time PCR (qQRT-PCR). After
transfection of goat intramuscular preadipocytes with the goat pEGFP-N1-4TF3 overexpression vector,
it was found that the accumulation of lipid droplets was inhibited, and the adipocyte differentiation
markers PPARy, C/EBPa and SREBP1 were extremely significantly down-regulated (P<0.01), while
C/EBPp and AP2 were significantly down-regulated (P<0.05). The ATF3 binding sites were predicted to
exist in the promoter regions of PPARy, C/EBPa and AP2 by the ALGGEN PROMO program. The
overexpression of goat ATF3 inhibits the accumulation of lipid droplets in intramuscular preadipocytes,
and this effect may be achieved by down-regulating PPARy, C/EBPo and AP2. These results may
facilitate elucidation of the regulatory mechanism of ATF3 in regulating the differentiation of goat

intramuscular preadipocytes.
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T 7 1S Jre A 0 R T ZE B 65 2006 4F, Kim
SR R B, R /IN BB TR G D 4123 vh ATF3
B, IR BRI R BN Rk, IRER R
FI 43 WA 0 i I AR SR R A s 4 oAkt ik —
BRI, /N ATF3 )5, HhEIRkE
5 O B R AN 5 ) RE RS AR N EE, B R R
ATF3 ik, PR EHLIERR, XS,
ATF3 728 i 20 B A8 0 43 o) 7 v 47 o B
VET o W 42 300 8 A s B 7 RAT i U 20 A9 75 B
LA T RNA-seq WP &3, ATF3 FiE (KRR
HEXTIRA), HEFHKILT ATF3 mRNA £
BES IMF &R 55 A e ATF3 vf
REATE 2 LN B 5 DO Ay 4o i 5K (R -2 55 B8 iy 43
TR

BT FiRA R/NEINA: ATF3 SIS D85
(A 5 30 T T 1 A 1) B A ML [, AR F 5 LA
ATF3 RIWFFE YT ASER, LUl AL R A
A A AR, 3 R R R A Rk A
pEGFP-N1-ATF3 & A 4iiJifd b Z3h R 15 3 404k,
FIFLT O Yo o35 1 Mg o 4 B g i AL R 1
#, qRT-PCR H AN I Ag 17 4 M 43 Ak b 25 3 R
TR, HEBHILE ATF3 FENLNIRI TR
5 IR AL B4 Rk, MR A5+ F b
AR

1 #H57%

1.1
TRIzol, SYBR® Premix Ex Tag (2x). T4

DNA &R . FRAE AN DI Nhe | Fl EcoR 1
W [ TaKaRa /A ; DNA 4ifbHIGAF & . K
AT DHSa J2%52 285 40 i e 20 5 o ks /N
i R & B R AR IR W 5 e e
s IR R & F 5% LK R Turbofect Transfection
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Reagent lJ H Thermo Fisher Scientific 2\ F] ;
DEME/F12 £:38 3 H HyClone A ) ; B H
fil . Bad- VS MG R R A Gibeo 2H]; Ml
FRIE | Sigma 23] .

1.2 A%

1.2.1 IREH KmE"

TE NCBI Wulirh & 4RIl F ATF3 BEH P
mRNA JF51] (XM_018060748.1), LA Nhe 1 Fil
EcoR T {ERABEYIN ST efEs 1Y (R 1),
FIHSEEG = FHIRAE ATF3 TR AR,
WL W TR H B R B ATF3 &3 B #IA
& pEGFP-N1 I i FH R Gl N IR Nhe 1
M EcoR 1 AT XUMEY], R BEARHEE e v Tk
A AR AT RE (B 1) B Enat
TR NIRZ B M DHS o #4797 %, Ik
MTERIBFERM LB FlASEFRAE E, 37 CH:
7% 9h, PRIBCRITRER IS TS hiA R M LB ik
BRI TR SR, DA BEAR 1T PCR B iE
J5 3% 2 AR AE B A BR A EIE,
FRL/ NGRS AR TR, —20 TR A
1.2.2 BEEE3E. pEGFP-N1-ATF3 #5055
ik

BBCHE S 0 2 M R LR A 1 LA LA AR
REWTAAL , 76 37 “CoKIE A ¥ 3 sk f fb a1 7
KI5, BDIERHAW, MAT 10%06 45 ik
(fetal bovine serum, FBS) #10.1%75 45 % 1Y 5¢
ERFRIE, F 37 T 5% CO, ¥ By fE I 41
B R R F3 A, FE ARSI, PBS IHUE,
AR FTREE AL | min JR 3025, A SE R IR
IR FFERT 12 fLAR, AR EERE] 90%
BFE T g, MR S U 1 opg Bk S
4 uL YA (turbofect transfection reagent) i
A7, TEZE TR R 20 min J520BIMA 12 fLiRkH .
AP EEFRA R EESR 6 h, FEERIR, MAWE
4 50 pmol/L MIHBR S T, 2 d e A4
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1.2.3 B4 O BERFE %

{1 I 24 FLAR 3557 1L =F LS H AR RE 7 248 7
UGBS, FERB WA PBSIEUE, H 10%
HESEE 30 min, M40 O YL i geft 30 min
JE3e2%, JH PBS S8 Ut sk R i kl, TR
U T ULEE LU= WL R AR B I 44t B Ak o 7 ep
BRI AR LI A IR
1.2.4 TRlzol % iZERZHAEE RNA

WCAEN I TRIzol B2 BUR RNA, F|
L UM GBI B ODo60/ ODogo BI1E 1.9-2.0,
it S5 SRR BoBF B RNA JU5E 58k cDNA, i
B 5%, HT qRT-PCR.

1.2.5 ¢RT-PCR #li3REGERBEXER
xRi&

#) F Primer Premier 5.0 % iT72¢ )6 5%E 7 PCR
19, 5IWE R a3 1 ok, qRT-PCR {4k
Z: 10 pmol/L L FIEEI44F 1 ul, ity 1 ul,
SYBR® Premix Ex Tag (2x) 10 uL, ddH,O 7 puL,

F1 REMIEFEHKESE PCR (qRT-PCR) 3|4

Table 1  Primers for cloning and qRT-PCR

SMEFN 20 uLo S 2542 95 CHIASYE 30 min;
95 CAs 10s, 60 ‘CiBk 30s, 72 CHEff 305,
39 MIEIR . BEFE UXT VE NS EEA , R 2704
2%+ QRT-PCR $dla b A 4L B, Ffdi F SPSS %k
% b B A RO AT B R Oy 22 4 B
Duncan f:45, P<0.05 Mz5R 2% B %, P<0.01
R ZEFWBE, KRG PRISM HAHE
B, 458 x+s Fon,
1.2.6 TMNEEHMS

il ALGGEN PROMO ¥ 7L il ATF3
HMRER RS F 46 K R

2 BREM

2.1 pEGFP-N1-ATF3 i3 Ri& &K HE
2.1.1 MIER

KA Nhe 11 EcoR T BRI X} 25
2SR A T ORI RS B0, 38 3 B A R R AT

Primer name Primer sequence (5'—3") Size (bp)

ATF3 S: CTAGCTAGCGATGATGCTTCAACACCCAGG 545
A: CCGGAATTCTCTAGCTCTGCAATGTTCCCTC

ATF3 S: AAGGAAGAGCTGAGGTTCGC 203
A: TCCTTCTTCTTGTTTCGGCA

C/EBPa S: CCGTGGACAAGAACAGCAAC 142
A: AGGCGGTCATTGTCACTGGT

PPARy S: AAGCGTCAGGGTTCCACTATG 197
A: GAACCTGATGGCGTTATGAGAC

C/EBPj S: CAAGAAGACGGTGGACAAGC 204
A: AACAAGTTCCGCAGGGTG

LPL S: TCCTGGAGTGACGGAATCTGT 174
A: GACAGCCAGTCCACCACGAT

SREBP1 S: AAGTGGTGGGCCTCTCTGA 127
A: GCAGGGGTTTCTCGGACT

AP2 S: TGAAGTCACTCCAGATGACAGG 143
A: TGACACATTCCAGCACCAGC

UXT S: GCAAGTGGATTTGGGCTGTAAC 180

A: ATGGAGTCCTTGGTGAGGTTGT

S: sense primer; A: antisense primer; UXT: ubiquitously-expressed transcript gene.

http://journals.im.ac.cn/cjben
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BRI AR RIP 25 (B 1A), 5300 K B
“h 545 bp ) H B9 ELR ATF3 FBORHHC EEZ) R 4.7 kb
M7 & pEGFP-N1 Br (5 KJEZ 5.2 kb 1Y
pEGFP-N1-ATF3 H&),
212 MFEER

P FE L ikl pEGFP-N1-ATF3 % N2 45
YA, FE RIS E PR R IR SR T
PRGE R /I, P45 R 5 H Ry
SIHEATHOXF, Z5RFRIW, LA Rk a A
pEGFP-N1-ATF3 (& 1B).
22 TERIEPR
221 HEYR

MY 535S 48 h, W4 pEGFP-N1-
ATF3 Fikih 2 M AN RIBNE L, kK3
PO E R A RSB (K 24), 200
JEARIE (& 2B).
222 RIFHE

AR 2 I8 T IR i e 5 5 01k 2 d B A i,

ATF3 (XM_018060748.1) .........c......

pEGFP-NI-ATF3
Consensus

ATF3 (XM_018060748.1) [
pEGFP-NI1-ATF3 G
Consensus

ATF3 (XM _018060748.1) B
pEGFP-N1-ATF3
Consensus
ATF3 (XM _018060748.1) B
pEGFP-N1-ATF3
Consensus

ATF3 (XM_018060748.1) E
pEGFP-N1-ATF3 A
Consensus

ATF3 (XM 018060748.1) HESSIER
pEGFP-N1-ATF3 A
Consensus

ATF3 (XM_018060748.1) [H3=
pEGFP-N1-ATF3 C
Consensus

pEGFP-N1-ATF3
Consensus

1 ATF3 BRiEHREE
Figure 1

i F QRT-PCR Kl ATF3 mRNA AR XS 2 kK-,
RN, SHYEXTEE (NC) ML, ATF3 id3%
ik#H (OE) ATF3 mRNA #ik#t FT} 332.55 1%
(P<0.01) (Kl 2C).
2.3 SRIEWFE ATF3 WAL A RS L4 R
e
2.3.1 FEEFERNEFRIE ATF3 AL A RTIABE
Bh¢RBE o 1k Y 220

o1 g P RS [ 5 B AT O Mgt ), T
N2 WA T MEE LI, ATF3 33 R4 B g
PRI B3 (K 3A), i FRIR AR & B
TR (P<0.05) (K 3B),
2.3.2 qRT-PCR #MASAAA R > KRS EE
By FRIX

qRT-PCR il % B, JIg U 240 Jfd O A s 2l ik
C/EBPo.. PPARy F1 SREBP1 % 'R # K
(P<0.01), C/EBPB 1 AP2 W% FiH (P<0.05),
LPL Fik/KF- NG 837840 (P>0.05) (K] 4A).

EcoR 1

Identification of pEGFP-N1-4TF3. (A) Digestion identification of pEGFP-N1-ATF3. M: DL2000

DNA marker; 1: pEGFP-N1-ATF3. (B) The result of sequence alignment.
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Before transfection Transfection efficiency 5]
2 0.15 e by
P=0.4 = 500 - I I
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2 WU ATF3 ¥ 2 A TR BE B 40 B & 53 SRA R

Figure 2 Transfection of goat ATF3 into intramuscular preadipocytes and detection of overexpression
efficiency. (A) The transfection efficiency of pEGFP-N1-ATF3 in goat intramuscular preadipocytes. (B) The
determination of Fluorescence intensity. (C) ATF3 overexpression efficiency. **: the difference between the
control group and the overexpression group was extremely significant (P<0.01); n.s.: the difference was not
significant (P>0.05).

B 020

|

0.10 -

0.05 -

Content of lipid droplets

0.00

NC OE

3 dFRiEWE ATF3 HIHI AL A B KRS B 40 A8 5 1L

Figure 3 The overexpression of goat ATF3 inhibits intramuscular preadipocyte differentiation. (A)
Morphological observation of oil red O staining. (B) Determination of lipid drop content. *: the difference
between the control group and the overexpression group was significant (P<0.05).

233 FM ATF3 SEERBHHFEEMSR T, AEE S 5T LARIE , AU Pang! TR

FII ALGGEN PROMO 7EZRTUM ATF3 55 RNA-seq Miikf35] ATF3 Sy &g s 4L AU NG s
CEBP/o PPARy AP2AFAEZ MR EAL (ET4B)e o A5 K LAY 25 S PR, (FL 14 oA B T 2L D
N ATF3 JE AR — 2RIk CEBP/a. PPARy. AU 26 ATF3 3R 2K A LN

AP2 R 8§ RS . MBI Rk RIS WA, IR A R R B, 3%
1 \ BZE ARt SN QP AR s I 8
3 T%YE—E%YE P2 =] 5 LINE

iy LB AR R B i D R R RT RE ML, A
HHiTA K ATF3 MR K ZHEPHENF/NL H qRT-PCR Kl &3, C/EBPa. PPARy.
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A B Suppressed
= NC

EREly == OE —//— 'E{CEBPM}—
2 *% *% * * sk

g ” M ™ o | ™~ m Suppressed

= B = | &= PPARy

o 05}

=% I Suppressed

=

2 0.0 7/ /_ s -

C/EBPa. PPARy C/EBPp LPL SREBPI AP2 '

Gene

4 BEMPUIRERERRIEKTER ATF3 SEEBHFHEE LT
Figure 4 The expression levels of differentiation marker genes and prediction of binding sites. (A) The
effects of ATF3 overexpression on the expression of adipocyte differentiation marker genes. (B) Prediction of

ATF3-binding sites with gene promoters.

C/EBPB. SREBP1 HI AP2 %% & i 40 1 /3 Ak b s
FLRE N, ik e T R R R
VEHIRY 4%, i3k ALGGEN PROMO 7EZk il
KI, WU ATF3 1€ C/EBPa. PPARy Fl AP2 J
Bl KIAEAEZ A5

CCTTA 3458 4548 M o (CCTTA-enhancer-
binding protein o, C/EBPa) Fl3:t 48 Ak Wy 1A
B I0E 2K (peroxisome proliferator activated
receptor y, PPARy) &5 Wi oAb 72 v S fa i s
H, HAPFEERY. Adams S BF5E F£
PPARy Rik/KV-FIHE W5 A U AE HA 0 52 TR AR DG AR
1k, INEIEIRBEZ PPARy J:IK WA GETE 1 NG By
AU Jang KT, ATF3 ] PPARy #ik
ST e G [ At U A | ) & o o ¢
3T3-L1 #ifji ATF3 5 C/EBPa J3 51T (—1928
F-1907 XIk) 454 F 8 C/EBPa #ik , Wil Ig
R R R AN e~ S g £ ) BB U 37
ATF3 J&5 C/EBPa., PPARy Wik 54|, FFAR
PRTFI 25 A, ATF3 7] G4 454 C/EBPa.
PPARy Ja 8T XS FL ek, 1k 20 g I
TR, POl 4 o1k
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AKWF5E ik &%, C/EBPB. SREBP1. AP2
FkZEPE, ATREIRN 451 C/EBPR it
WY C/EBPa #1 PPARy WIS 8 T-4%. DS, M
Mi% C/EBPa 1 PPARy 5%, ik shA: g
{55221, 31 H Pan Z22% Bl ATF3 7] 5 C/EBPB
SR RIS ATF3, #El i %6
ATF3 512 C/EBPB T A¥4 5 St 1y H B 5%
s, (A A BARPLRIAS R if— 2P HR5Y . SREBPI
VERE B RN T, EEJRE IS A B
QU AR SC B3 R 1 A, Ku PR
ATF3 0] L8 Jg i 4 B o3 Ak 1 B 2215 55 4 I
R NG & 1 BUEF  (AMP-activated protein
kinase, AMPK) # ik, SREBPI J& AMPK Fijf
HEA RS2 P B ARGE R ATF3
T AILPN B 105 4 B o3 Akt B v SREBP1 3RikK
R BRI AT Re AR, BRSPS
XF AMPK {5538 B UEA TR 9 o N8 7 B NG 7 R 25
& % 1 (adipocyte fatty acid binding protein,
AP2) XK EENG TR ARSR IG5 A1), J& PPARy
TR R i A A7 RN S5 A I 1 A 3 PR 12526
DR A AR 5E AP2 19T P W] RB 5 PPARy 94
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WA 5. EAEENE, B MATRIESS ATF3
TV AP2 M AFAE S AR R 7 =, ATF3
5 PPARy tHEAEH, BT PPARy 256 3L 1H )5
7 B PPRE, il AP2 56507, teAhRAT]
MR ATF3 W5 AP2 JRsh T X4 4, B
B — 20 1 WU ' 2R R 1 5 DR A I R e
NATF3 5 AP2 B EHARI LR,
AT G BT 4K pEGFP-N1-ATF3 i
FE IR B AT Y 30 2 59 LA BT A B 105 240 7 vh O35
FHAME, R FIRINF ATF3 FEH B
il WL R4 R 17 2 B R AR ER 9 FLIX AR
FH 0T BB 2 8 2k T 9 NS A M ) A A ik
CEBP/o.. PPARy 1 AP2 fY2iRSEIHY .
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