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Regulation of myostatin promoter activity by myocyte
enhancer factor 2

Jia Li, Jie Deng, Junlin Zhang, De Cheng, and Huayan Wang
Department of Animal Biotechnology, College of Veterinary Medicine, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Myostatin (Mstn) is a member of the transforming growth factor- superfamily that functions as a negative
regulator of skeletal muscle growth and differentiation in mammals. The transcriptional regulation of Mstn is controlled by
multiple genes including MEF2, which raise the importance of identifying the binding sites of MEF2 on myostatin promoter
region and mechanisms underlying. In this study, we investigated the transcriptional regulation of MEF2 on porcine Mstn
promoter activity in C2C12 cells. Sequence analysis of the 1 969 bp porcine Mstn promoter region revealed that it
contained three potential MEF2 motifs. Using a serial deletion strategy, we tested the activity of several promoter fragments
by luciferase assay. Overexpression of MEF2C, but not MEF2A increased Mstn promoter activity in all the promoter
fragments with MEF2 motifs by two to six folds, in both C2C12 myoblasts and myotubes. When we transfected exogenous
MEF2C, Mstn mRNA level was also upregulated in C2C12 cells, but the protein level was only significantly increased in
myotubes. Thus, we propose that MEF2C could modulate and restrain myogenesis by Mstn activation and Mstn-dependent
gene processing in porcine. Our research also provided potential targets and an effective molecule to regulate Mstn
expression and gave a new way to explore the functional performance of Mstn.

Keywords: porcine myostain, transcriptional regulation, promoter activity, MEF2C, C2C12 cells
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W SEAFTE, T E i — LW E BT Mstn J23h 1
1) MEF2 M AVFIEAR 455 00

ARFFEE e PCR L4 11 1969 kb
W Mstn BRI 180, FUHA A5 B 205 03
Br it JE 852 7 51 o AT /9 MEF2 (945 507 55
HW, W8T 5 PREAFRESITE C2CI12
AT E . ASLEIE PEHCE A MEF2
s 3h 7 Bt, 5 MEF2C 5 MEF2A [ i5%;,
PRIL[RI e A C2C12 4iif, AR 3136 P 022
fb, i MEF2 B EZEAM . RIGHIT 2
A~ MEF2 A% Mstn mRNA 7K - F185 14 7K - 1
S
1 MRE7T %
11 #

C2C12 4L F A PR MBIHO 3y =
2% 5 T 40 i o0 R 47 3 pGEM-T Easy . pGL3-
Basic., pCMV-Renilla, Dual Luciferase Reporter
Assay. System kit, KpnI | XhoI | Sacl .
BamH I . Sal [ . B4 Ui &4 F Promega
AF); T4 DNA LA F TaKaRa 27l ;
LipofectamineTM ** J§Bi{&I [ Invitrogen 2%
H); RevertAid™ Frist Strand cDNA Synthesis Kit
1 Tag DNA G H MBI A H] 5 %40 Mstn
LRI Fl Abcam 23] 5 Sdihl b-actin HTIAE A
Sigma A H] 5 BRI ALY B bR IC BTSRRI
H SantaCruz /A F]; BCA Protein Assay Kit, ECL
Western Blotting Substrate Il H Pierce /A F] .
12 FH&E
121 Mstn BERE3TF R BRI TTE

2 18 Promega F& A1 R GG S Uil 45,
MARBUNERE NN LN DNA, Kl iR
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W 4t ARYE Mstn J5 3hF 53741 (GenBank
Accession No. AY208121), ¥t A Bz &
Kpn T A1 Xho T 95 8h+ L R 944 145 3)
TH BN 1969 bp, PCR R 25 uL &,
21k 95 "C7AEME 5 min; 94 °C 30s, 56 C45 s,
72°C90s, 35 FJ5 72 ‘CHEMH 10 min,
PCR F=¥)i%4%4E pGEM-T Easy Jof#ik I, £
W 3AIE 5 5EE 3 pEGFP-1 Hil pGL3-Basic ik
Ak, rPlar 4y pE2.0 Fil pL2.0, LA PCR
FEY AR, A I A BV S Kpn T 0
Xho I 4 b FiiE5 14, 9714 852 bp 466 bp.218 bp
137 bp WE BT R B, W S O RE 2
pGL3-Basic Fik# kb, 75l 44°4 pL0.8.
pL0.4. pLO0.2 Fl pLO.1, SI¥FHWFE 1,
1.2.2 MEF2A #l MEF2C B FE LA R

PCR 5| #/# 4l GenBank H1%% MEF2A [1))7-%)
Pt 1A Xho 1 1 EcoR I 5% Sal [ ARGHI{ 4,
LTS IFES R 1, AL RT-PCR J7ik
M C2C12 ZHHI PR cDNA, F% ik PCR 44
P 1 MEF2A } MEF2C F B, ZF5IiESE,
B AN - BE ST F) pEGFP-C1 ik a8k b, 351
fir#4 A pE-MEF2A #1 pE-MEF2C.,
1.2.3  Zufassss K gRnt i gy

C2C12 M40 (Myoblast), NIH3T3 4
FH& 109% i35 113 9 DMEM $:358, £ 37 C.
T 5% CO, AN FRAT N EEFR , Sy Ot
AR, C2C12 WS4 (Myotube) J&
W C2C12 ML FRAE S 2% S 15 ) DMEM %
FEWH 24 h 53R . $%H8 Lipofectine 2000 fifi Jf]
UL, B ek pE2.0 JE 3ol A C2C12 L
AARAN 3T3 4, H Y45 30 h FEZOC ARG T
WMEER T, HIK, # C2C12 BUVLAn =L
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EANAETE 2.4 10YALIERN T 48 FLIGFRMCT, R an
Jit 5E AN REE 35 R E 509%~60% R, K pL2.0.
pL0.8. pL0.4, pL0.2 1 pLO0.1 Ji3 Bh Fo e 52k
& 500 ng Fl pCMV-Renilla FiL#iE (H2)
50 ng H[FEE AL, 30 h 5T T
JERBHEVERTN . Fe )T, W RO A
HH MEF2A 5§, MEF2C #5384k (4 pg) L%
AL s U 4R, 48 h J5 Rl 26 ' 28 B
P BEFP ORI 3 RBSL SRS, ARk 3 AR AL,
1.2.4 SERPEEER PCR

EEYL MEF2A 8{ MEF2C #ik#/& 60 h J5,
Trizol $2HU4H M & RNA, %18 RevertAid™ Frist
Strand ¢cDNA Synthesis Kit A1 B #4775 §% 5%
$4% cDNA, }£¥%31 qMstn #il qGAPDH (N£) 5|
.96 7 PCR NIRRT : 2xSYBR Green
Mix 10 pL, 25 mmol/L dNTPs 1 puL, . Fi#3]
¥4 0.5 uL (10 pmol/L), 5t cDNA 1 uL, £

F7K 7pL, #20pL. BMHEARKINEE, 5
WA 2 (LSRR I 25 B F KB AR o
R 2R 95°C 30s; 95°C 10s, 56 C 30s,
I 40 MEFF; 95 °C 10s, 56 Cil kBBl dEse
Hef55 . LrIPOLE B PCR BIYFH ILE 1.
1.2.5 Western blotting ¥

LSS 72 h WOERHNM, SR FH 40 B A
(Promega A H]) #EHUBEA . BEAMFEN S EE
#y 2x FARESEIRIR A, 100 CZSYE 5 min, 7K |
SERVRHIG LRE, DT 109% 3R P9 e e e i
Pko THJE 80 V #% PVDF i 4 h, & 5% MiAg )
Ky PBST £ 1 h J5, 1:500 Fi B Mstn Hiik
YEHT 4 CHERIERL, B LA 1:2 000 Fi B Ay B-actin
PUASEIRAMEN 1 h, PBST BEME 3 Wa, Bl
1:5 000 FABeRYFPi % 1gG-HRP ZFEME 1 h,
PBST iM% 3 Ui, A ECL b2 A 6KH], =
HIFE S min, BEEEY, B¥EY.
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Table 1 Primer sequences
Name Sequence (5'-3") Size (bp)

F-GGGTACCAGITCTAGTTCATGTGGAG

W2 e a2 R-CCTCGAGCCTGCACTGTCTGAGAG 20l

) F-GGGTACCACTGGAAATCTGAGGC

WL 55242 R-CCTCGAGCCTGCACTGTCTGAGAG on
F-GGGTACCTCTGATTACACAGGAC

I ST R-CCTCGAGCCTGCACTGTCTGAGAG S

) F-GGGTACCAAGATTAATAATATTTAAG

WL 25542 R-CCTCGAGCCTGCACTGTCTGAGAG —
F-GGGTACCTGTTTGGTGACTTGTGAC

L L) R-CCTCGAGCCTGCACTGTCTGAGAG 170
F-CCTCGAGCTGCCACCATGGGGAGAAAAAAGATTCAG

MEF2A R-GGAATTCTTAAGCGTAATCTGGAACATCGTATGGGTAGGTCACCCA 1462
TGCGTCCATCC
F-CCTCGAGCTGTCGCCACCATGGGGAGAAAAAAGATTC

MEF2C R-CGTCGACTCAAGCGTAATCTGGAACATCGTATGGGTATGTTGCCCAT 1445
CCTTCAG
F-ACCCATGAAAGACGGTACAAG

gMstn 288

R-TCATCGCAGTCAAGCCCAAAG

F-GTCTCCTGCGACTTCAAC
LD R-TCATTGTCATACCAGGAAATGAGC L
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1.2.6 Gtz H(TA(A/T) 4TA), AT S (RS A5V T -189 bp
FFA BRI a2 R, JF& #|-206 bp (MEF2-1); ﬂﬁﬁ\wmﬂ@&ﬁéﬁﬂ@?
WU t-test K3 22 e i HA e it 3 o *FRon ~441 bp F]-449 bp (MEF2-2), —620 bp %-628 bp
P<0.05, **%/mx P<0.01, (MEF2-3),
2 EREAN 2.2 ¥ Mstn BaF# C2C12 & NIH 3T3 4
liiakes:obrf

2.1 ¥ Mstn B3 FRIME R X R E F4L
RO
MBI FEZH DNA 5EkE T 1969 bp (1) Mstn

H5E, K pE2.0 5 B T B 2R o A
A C2C12 4L A1 3T3 4liffl, 30 h JGFEZE RN
ST B IR A g Mstn b TSR SRR, O C2C12 AR
BT BRI R T AR (B 1A). 1 REREIOCIN 3T3 B A TOLE AR E
Mistn [ 58501138 50 bp LAY 7775 2 4~ 57 ) TATA (E 1B), X—Z5RUESE T Mstn J3 8176 LA
HE; 76-71 bp %1-66 bp 77 1/~ CAAT K ; #/ hRIRIRESE . R, RS AR RIS B0
P TR 16 4 B-box. YL BIAT K + R Bl A C2C12 LA FLAE dh
CANNTG J5 31, W] DL %54 i W4 4k Ht 5 WX L5 37 AT . TERUILARIE R, AR
(MyoD), ‘EWNLEHT 5 (MYFS)FENUEE B Mstn J5 31 TR, JOLRMKFZ A
T 6 (MYF6)%Z5 5L AK & & V8 1 5 H pGL3-Basic X R A LAY 20~60 1%, i —2LAIE
To TR BT EIRAE 3 SRR MEF2 25407 SSZA B FAEN A h R (B 2) BFTEA

TATA2
TATALI
-1969 MEF2-3 MEF2-2 MEF2-1
‘ ‘ CAAT
+H—H+1—H1 C '
E16E15E14 E13E12E11E10  E9E8 E7 E6 E5E4  E3E2El

B 1 ¥& Mstn B FHIFS S R B FiRK K pE2.0 £ C2C12 4AaF1 NIH 3T3 {HAE+ BYHIE

Fig. 1 Sequence analysis of porcine Mstn promoter and the activation of promoter-less vector pE2.0 in C2C12 cells
and NIH 3T3 cells. (A) The 1 969 bp porcine Mstn promoter was analyzed by Matlnspector software. 16 E-Boxes were
indicated by black box. (B) C2C12 (a and b) and NIH 3T3 cells (c and d) were transfected with pE2.0 constructs. a and ¢
are fluorescent images; b and d are phase-contrast images. Scale bars=10 pm.
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Relative luciferase activity
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[ b
pL1.9 A A—‘—'W _

NEF2-3 NEF2-2 NEF2-1

2 A[F R Mstn B 51772 B4R AE &% BILE 40 B B 35 1R AR

Fig. 2 Luciferase activity of five constructs with different sized Mstn promoter in myoblasts and myotubes.

W 5 AR+, NS AR BUVLAE M L AE
WU AR R 2 s 2~3 45 (18 2), X ATRERZ MK
JUL20 e v s R ik — RGN BREI LA 731 & &
AT, X Mstn G 8T &1 T —E WP RIS
EH

BT OGR4 R, R K AE
1969 bp Mstn X EhF B, &7 54
TGP X, FE 3 AN EME LIEIX (1 bp 2
~137bp. 137 bp 218 bp. ~218 bp F-466 bp
F1-466 bp F|-852 bp) Al 1 A~I&M T 8 X 45
(-852bp E£-1969 bp), HH, EH—A X, 24
R 137 bp AT B (pLO.1) 2 LI
WA BTG PE (% R B P 2 X FREA /Y 15
f#5), 1E-137 bp Z-218 bp X FI-466 bp =
-852 bp DXI, ZOGEBHEGVE R EH N, 7ML
AL G, R 2R pLo.2 YIS PR 5351
JE pLO.1 1Y 2 £ F0 4 1%, RWITE-137 bp 218 bp
X — XA B IE AR SRR T2 5 Mstn g
BT . 218 bp =466 bp, JH BT
PEVEA BB A, R X — I T REAN 2 Mstn

Je Bl I B X
2.3 MEF2 X% Mstn /2 zh FiE B 200

e C2CI12 Zuff b, #2807 IN 1
MEF2 X4% Mstn & 8 5GP a R . 2 bk
MEF2A Hl MEF2C W0 BY (1) 223k 3k 5 A8 [
(49 )5 3l b B e (] e G B L 44t e 5 JUL A8 400
60 h JE KNP R B EM: . TR, TEmRIA
MEF2C #HJ5, &A MEF2 4560 )E s+
A Bt (pL2.0. pL0.8. pL0.4 Al pL0.2) %A
WaBE | R{H MEF2 454005 0 2h + A B
(pLO.1) 1HMEWA WELZI (B 3A. B), i,
AT MEF2-1 {37 514 pL0.2 1% AR fh i A A i
TERUILA B AN LE 40 M, 3 s o il e T
6 fi5F 5 %, S 4H 3 4~ MEF2 i 51 pL2.0
Fl pLO.8, FENIA MEF2C Fik#hik)g, #EMEd
B AT 2~34%; &A MEF2-1 1 MEF2-2 {i;
SN pLO.4 B, HIEMEMR N R pLlo.2 A B
1 50% . ZZERFY, NFEF MEF2 456005
XF MEF2C 1) 5 PR, LLUE S HY) MEF2-1 i
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A Myoblast B Myotube
8
‘5 *l* = pEGFP-Cl = pEGFP-C1
g .l = pC-MEF2C | - = pC-MEF2C
o % mm pC-MEF2A L mm pC-MEF2A
|2 =]
é% Al o . ok sk
QT
2 ;—91 N *k
o
= T
[0} T
~
o 1ol ol ol (e ol e ole ol

PLO.1 PLO.2 PLO4 PLO.8 PL1.9 PLO.1 PLO.2 PL04 PLO.8 PL19

El 3 MEF2A 1 MEF2C XA i B R9%E Mstn /B8 Fi& £ R R
Fig. 3 Luciferase activity of different porcine Mstn promoter fragment response to MEF2A or MEF2C overepression
in myoblasts and myotubes.

JECONEUR, J& MEF2C 7Y Mstn J5 3h TG P A Myoblast B Myotnbe
FEEAN L, M RA MERA WG, &RshT
A B AR L, BB MEF2A A v] BE7E 14
FERE Mstn J5 3l -3 1 TR R 5 .
24 MEF2 X} Mstn ¥ RKFEREHKER
e Tz

45 MEF2A 1 MEF2C 19 3520 04 5 e . m

C2C12 LA MRS 408 , K Mstn B mRNA Myostatin

[ee]

*%

(o))
T

Relative myostatin mRNA level
) A~

AT (KT 455 5%, 16 BUNLAR Bactin (N DD
dr, % A MEF2C J&, Mstn iy mRNA 7K 2 TF > & aF > & ¥
B 1290545, EEKFOAAIE (B 4A); ¥¢&¢ ¢

TENVE AL, mRNA ZKCFFHE T 4~5 4%, i H
e o B 4 33 pC-MEF2A = pC-MEF2C f§ Mstn Hj
NG N H o — Y, g:t
HHACFIA B FIH (F%l 4B). LR A4 R MRNA K FAIE Bk
ML, 58 A MEF2A FRISEMWG , EPFh AT T Fig. 4 Mstn mRNA and protein level after transfection
Mstn 14 55 55 7K S K B 1 K S 35 %A B S ol A of pC-MEF2A or pC-MEF2C in myoblasts and

(F 4A. 4B). W FZERELT, AL ads O

o BRI E M U A i 2 P, MEF2C .

A M AT e S A

mRNA 5 SR A%, EARTRFE T, AT JME TR Mstn 7 3)
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¥, JHEE SRR E 37 Bk 2k pEGFP-1
pE2.0 Ja g+ AAENLA 4R , % Mstn J5 3+
RFeik . L HRAESE Mstn 3 8T A9 7E LA 20 i
W SIERIL . X 5 UARTZEAAISE | Mstn J5 3]
F s —3 ",

IRIG, FA1LZB MEF2C [U£IEXHE Mstn
Ja s FIEEA B FRYER . MEF2 (MEF2A |
MEF2B ., MEF2C #l MEF2D) & L4021k
UL PR A8 S5 5 DA 1 5 S PR 1) A AT /N R
MEF2C 1) 3R AR 7= & UL . i AL 5 iy
MEF2A . MEF2B #l MEF2D 0|2 %3k T Bk
AL B MRE &L, MEF2 2T
FET WL A, R Rhr o B LA Rt
DNA Z5E 1R T, AT 5 RZEIRFRE R,
) 2 R R - - MR 2R 1 KR L BT (Baasic
helix-loop-helix protein, BHLH protein) A9)5 3 ¥
SRR T ELEAEG BOE B LR DG R i
PEOL, SEIRYRIEST & B, MEF2 A D)5 —se 47
PENLA A K Rk & 5L K B 8l R 45 G O 3 3R
TR, B Mstn S TRIM72129, 78
% Mstn L 317 |, MEF2C 25407 5 19 & B
DL B MEF2C 5% Mstn #4515 PRI UE 6 R 0T, %
7 rl UGl 500 Mstn B3R5 %S 558k LA
KAGMERYIY o BET, A HRGEIESE, MEF2 7]
PLE IR Mstn B[R ) 2R o2/ BRUE-BR UL
LI AL O LA I A B TR IS
MEF2 jii i 55 Mstn (5 31 DNA 2540 AL
ApIEE , IO AT E RN, AR, K
IT& 3 MEF2C 2B B AL b & FE 2 s AL ] 1)
R AE LA M RS Al i, 5 3R35 MEF2C
J&, M Mstn S SRR T 3~4 £, St

XN H) mRNA % 57K FVEE H K7 sUULAR i
HRTHE T 0.5 A, b EARA BIERA
P2 o AR R, TERILAEAE T, MEF2C
AT REROE T HABAR 5 B, ¥ Mstn Rk
AENLE A, mRNA 54 5K S Ak (H KT+
TR R 5 R 2 FOn M RO R B AR, R
MEF2C mJ 7E LA & B IR Mstn (85 0 B8 50
2, BT Mstn FFERERBIE#SIVERAE,
N AP, MEF2C #4396 Mstn )3 3 F RIS
A RE S 1 A - 07 5t 3 5 400 o UL 4 e 3 2R i B
iz P,

B, AR EE T T8 Mstn SE 5
TIFH), HREI T HEE TP HHE 3 4
MEF2 56 fi. o, S MEF2-1 25
R B & MEF2C 7E C2C12 41t |4 Mstn
Ja B IE PR R FE A A AL T HL, FENLAHM
MEF2C £ 1] Ui [ 38 Mstn Ji5 25776 PR3 50 %
R SERE OB, AR R R,
MEF2C A Dl i #8076 Mstn 85555 LA A= K F k&
B, X LEES TR Mstn FE ] 2L
PR B 5 7 TR T i B A A
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