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Mstn knockdown promotes intramuscular fatty acid
metabolism by f§ oxidation via the up-regulation of Cptlb
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Abstract: Myostatin (Mstn) is known as growth/differentiation factor-8 (GDF-8). Knockout or
knockdown of Mstn gene promotes muscle development and reduces fat content. Here we prepared Mstn
knockdown mice by RNA interference, then the morphology of the skeletal muscle, the content of
triglyceride (TG), the content and composition of fatty acids in the skeletal muscle were detected. The
expression of Mstn reduced in muscle of Mstn knockdown mice compared to the controls. The cross
sectional areas of the skeletal muscle myofibers were significantly larger while the content of TG was
less than that of the controls, and the ratios of n-3/n-6 and unsat/sat in the knockdown mice increased
significantly. Subsequently, we detected the expression of genes associated with fatty acid metabolism.
The expression of the genes associated with lipolysis and fatty acid transportation were up-regulated,
while the genes associated with fatty acid synthesis were down-regulated. Of these genes, the
up-regulation of a gene associated with B oxidation, Cpt/b, was up-regulated remarkably. We further
detected the enzyme activity of CPT1 in skeletal muscle and obtained the same results with gene
expression. Moreover, chromatin immunoprecipitation assay was performed and we found that SMAD3,
a transcription factor downstream of Mstn, directly binds to the promoter of Cptib gene. These results
showed that knockdown of Mstn up-regulated the expression of Cptlb through the binding of SMAD3 to

the promoter of Cpt1b, then promoted the B oxidation metabolism of intramuscular fatty acids.

Keywords: Mstn gene; RNA interference; fatty acid metabolism; B oxidation; Cptlb

Myostatin (Mstn) XFRAEK /MG T 8, &
ALK 7 B (transforming growth factor-p,
TGF-B) XKW RAZ—, FERETHBI, 7£
WL & & s b ke AR Y Btk
B, 7RG AZER 420 N B AR
L2 Mstn JER SRR ER S B CH T L
2T Y R4 A ILET 4 /N EG - Boey LA AE
K, MALESHRARGR. A, X8
A= TR R AE B 5 P A i JL A= JCnn i) 2% 90 e 560
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ALV E LT, Wi Mstm 133k
SRR, BT Msm JERAY X —4F
PE, WFIEE T 06 350 T 7 & A 300 3R W R B I
MSTN 335, LA UUA R 304 . Wang 251
Wi CRISPR/Cas9 Hi AN T Mstn FEH @il
#, Yu ZUR1 Wang %513 558 1 TALEN F
CRISPR/Cas9 AR 5 T Mstn FeD @R 10T,
Zhang 2831t CRISPR/Cas9 A FI4G T1E Mstn
PLSE SIS Farl SERPFEFERIEN, g
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Mstn FEDA R A Sh IR BAT SR 5 1 B L

SR CRISPR/Cas9 HE[F gl R 50 & S i,
(B A I 4 i ok ke P T 2 B0 0 i LR PT BB 2%
FIEARIGR, Wang SR8, KESE Msmb 1)
B 3T WU AR KRR 0, (BRI BT
JUAS B ZE AR DG BE R G SRk R R, AT 3L
HARBOR IR LRI (Escherichia tarda)
MIRE )1 2 PR, RNA T3 (RNA interference,
RNAi) FAR R — Py S48 ) B D) T4 HoAR
A RNAL 514 B8 PR 38 250 3 fige 48 A [A] )
mRNA, HFEAYJE, RNAL & —Fhi A il 5 5
FIR ) M AJE BHER, X T — 2 G
I RERY 5T BAT B A 2 L

TEZ T BFE T R, S A RIS YIAH L,
Mstn W T BER B m T BEH#HILLE . &
1K T LN BB & & - Rooney S5 & BH, Mstn 5875
500 T B i JILZORL (R R AT Mennerich 450
Zhang 5K B, BEWIHHZIR Mstn RO 2 530
SN LR TR AL IG R . ZORLIAE PR3
Re il 4T kg1, [RIFE, Fournier S5 UESE,
IR NG D740 Msm/ActRIIB 15518 % ] 14
SRACKLR DI REFNFIL I RE! . [HJ& Mstn ZERRN
TE 1 B IR B AT A . Mstn (RRBR = A
SR W ) 2 N2 LR T R

AT T s Mstn ¥L[E)/NE Je RNA
(short hairpin RNA, shRNA) #A&k, I8 i
HENHEARNE T Mstn TH/DNEBERL, X Msin

#& 1 Mstn RNAi #1388 shRNA [F75

FH/NRSEHAER (WD) DB UL,
& UH M =g (triglyceride, TG) & & . Jgi
o e, VAR RR G % . o s iz
FHREE A RBHEAT T 00T, SRR Mstm 3
DRI 4400 ) 2 75 25 52 Wi g s 7R ) % et PR A B A B
HAPFEEALS

1 #H57%

1.1 SEIGzh4)

S5 T F B AR /N (CSTBL/6) W H N
S RFIY G A SLE /N AR R SR A
WSR2 SPF R Dy, A shW gy i N
S T KSR R S 22 L st (ki
SYXK 2014-0002). YGHE/mE M 12 h, iR
FRIE (2541) C, MXTREE N 70%+4%., A LLH
AR B P K S
1.2 T REHAEIE

HE /N Mstn B2 mRNA 41 (GenBank
kS NM_010 834.3) Fll RNA T 74k
TRIEI e /)N B R 4 P9 R A 7 TR I EE X DL HEBR
RS TN . BT 3 AXIAE R Mstn
RNAi 5, DK 1 AN IFS . Msin
RNAi 5X}HE shRNA B8 003 1. T3 A Bih
TaKaRa A "G IRk, #i A pCDsRed2 #;
i, BEITHEMAE (K 1A). WEEALcDNA
RGN Mstn ZEIR, P3G Mstn JEH ¢cDNA X
514~ OverMstn-F #1 OverMstn-R., Ff 5]

Table 1 Sequences of the Mstn RNAIi and the control shRNA

shRNA Sequences (5'—3") GenBank Accession No. Region (bp)
Control ACACTTTAACAACGGATGT

shRNA1 TCATTACCATGCCTACAGA NM_010834.3 356-374
shRNA2 TGAAAGACGGTACAAGGTATA NM_010834.3 542-562
shRNA3 GCTCAGGAGAGTGTGAATTTG NM_010834.3 929-949
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A Xho 1 (32) B
Hind 111 (41)

. shRNA Nhe 1 (7 835) Sac | (25)
_ ~ BamH [ (110) . Sal 1 (32)
pUC ORI N —— U6 pUC ori— gl
EcoR 1 (432) Loy i poly A—_ CAG
Kpn 1 (452)
HSV-TK—— LMV, R, BaiiRe
Sma 1 (1 050) CAG-MSTN EcoR | (1 750)
BamH 1 (1 052) 7839 b
~DsRED2 SV40 ori—~ P Mstn
Kanamycin/neomycin —
Not 1 (1 749) e
e b o A Bof ‘ BamH 1 (2 884)
st R . $V40 poly Rabbit globin poly A [RES

Af1 11 (2 056)

f1 single-strand DNA origin harl (s 199y

AcGFP1

1 RNA Fit (A) 1 Msen i3 RiE (B) #HiK
Figure 1 RNAIi vector (A) and over-expression vector (B) of Mstn.

YIS 2. 4l 1 131bp Mstn cDNA XF|  TFHEFR. PEHEE WA FIAR A 5 14 32 K5 B EA T

pCAG-IRES-GFP # &, 153 Msm it £k
& pCAG-MSTN (&l 1B).
1.3 TSRS RIE SR LGB )LK
FHEMAE

HY A 5256 2 AR AT 19 A iR L BT 4k 20 i e
YuoR e, T LA A B LT 2 440 it ke Ao il
TR KA LRET e an i B Rt e 12 FLAR
i8R J5 i Lipofectamine LTX i3] (Invitrogen
Life Technologies, Carlsbad), #i B8 154 B % 1 1K
JF kL (pCAG-MSTN) Fil T i Jii ki (pCDsRed-
U6-shRNA) #% 11 ByLL@ISLEEYy . 40 7e
38.5 'C CO, %M IEE 6 h, ARG HHKTFH
B Wik 48 h J5, $RHUE. RNA FIEA#H1T
Real-time PCR 1 Western blotting £ . %2 i
WA 3
1.4 Mstn E£F RNAi EEEF /DR ES
BE

K A A A SR 48 Mstn RN A F5 5
RUNER . B9, THE A AR 1 /) B M 2
ANE, A BRI SRS O A A /R . DAL
A 1 P D TR SO BE SZAE O, KSR IR T
KSOM-AA ¥, T 37 'C. 5% CO, &M

: 010-64807509

JERZTE 5T 3B shRNA AR Fok: , etk fhaifl,,
PA 3 ng/uL B9 EE A . KA shRNA [
MRRRE IR 2 2 4ifdy, % 2 RBHEBZELE

*2 519F5
Table 2 Primers used in the study

Genes Sequences (5'—3")

Over Mstn-F ATGATGCAAAAACTGCAAAT
Over Mstn-R  TCATGAGCACCCACAGCGGT
CF1-F TTTAGTGAACCGTCAGATCCC
CF1-R CCCCGTTGAAAATCATCCAC
Mstn-F GCTCAAACAGCCTGAATCCAACTTA
Mstn-R CGCAGTCAAGCCCAAAGTCTC
Scd-1-F CTCCGGAAATGAACGAGAGAA
Scd-1-R GTAGAGCTTGCAGGAGGGAA
Fasn-F GCAGCTGTTGGTTTGTCCTG
Fasn-R GGGGGCAATTCCTTCCATGA
Pparg-F ATTGAGTGCCGAGTCTGTGG
Pprag-R GCAAGGCACTTCTGAAACCG
Cptlb-F CGTACCAAGTAGCCAAGGCA
Cptlb-R CAGGAACGCACAGTCTCAGT
AcoxI-F GAACCTGTTGGCCTCAATTACT
AcoxI-R CCTCGAAGATGAGTTCCGTGG
Fatpl-F TCCTAAGGCTGCCATTGTGG
Fatpl-R ACACAGTCATCCCAGAAGCG
Gapdh-F TGGCCTTCCGTGTTCCTAC
Gapdh-R GAGTTGCTGTTGAAGTCGCA

X: cjb@im.ac.cn
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AN o SRR 2B U A AR Y % T
AR . A 19-21 d J5, I PCR J5 %)
HAE P2l BREA TS0, Ok 2 R DL B /D B
FHF 46 B 5L U INER 5 1998 CF1-F #1CF1-R,
FEHI L 2,

1.5 MREAFRERRE

JIT A S50 /N BRI R 2 /N R3S ) R AE AR
AT IRBEEYERRAE(25+1) C, FELL 70%+4%
PRI, At EER . BB T RS
MR =4 Ho /NRATHEERRED K, Frf/
BRUAE SR IO F 1 A SR AT S5 BRI . A SR DR iy
A= RN B TR B/ NER /- L 2, —
WL AL B AR, T qPCR.
Western blotting . H il =I5 &% & . N5 5 & 41 s Fl
CPT1 F & PRGN . JLARE 5 B 4% 2 5% B 1 i
L, HFHSHAEY) A
1.6 KHXTE= PCR

i F§ TRIzol i3 (Invitrogen) MEFANEE M
HHERHCE. RNA, ffiffl PrimeScript RT 5] £
(TaKaRa) #1746 554 % cDNA. £l SYBR
Premix Ex Tag'™ 1l (TaKaRa) #4734, X+
FEAFESD , H BYSEEDUR N 2 3 K 7 [R] — S A
] i BHE 17 sl 7 93 3 k. PCR B 9RM
95 °C 30's, 95°C 55, 60 C 34s, 3£ 40 MEH .
P15 AT AR M 2 A BT, SR SN Y R S
BT RERIRIR SO . PG R PCR 3 Ik, Hl
WE-3-WE IR I UM (Gapdh) FERAVE NS RN .
Real-time PCR 5|# L5 2.,

1.7 EBHFR%ZENIZ (Western blotting)

W WU IRIRE S B A, Rl 1R R 22 v v e
FEAE 150 pL VKB RIPA 28 M P 247 . SR )5
B R ZRRAE 4 °C L 8 000xg 5.0 30 min, |
THR P B AR 10% SDS-Z8 74 4 Bk i ke
LYK (sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE) [ HLUK4 &, FHH

http://journals.im.ac.cn/cjben

El ik %] PVDF i . ZE=H T, A 5%
AWk TBST BB A 1 h, A5
$1-MSTN (Santa Cruz Biotechnology, Santa Cruz)
FI4i-CPT1B (Protetech, Beijing, China) FYE 7 [
Prik (TBST1: 1000 FikE) MFE . FAHBURL
A ALY AR L B WL AP/ ZHiAE TBST
1110 000 %5 1 h, i HI4b2% AR ICA
7] ECL Plus (Thermo Scientific) #£47il .
1.8 AABLEET R

Mstn T3 /N A BEZH /N B LA 4140
TE 4% R EE 24 h, FHOEEBIK, 36
HEA N RS PR LA A AL 5 pm
YR, IR ARG I L e e . fi T S GUBE
(DS-Ril, Nikon) FAHE & & FH AR E AT Leica
QWin il 5 AILZF 4k 45 L 71 £ (cross sectional
area, CSA),
1.9 HHBE=ESEMNE

FKH TG F a4 (Cominbio, Jiangsu,
China) $2H0 Msm T-HATEF A4 R/ SRR LAY
T =R, IR e S o Mstm TR A
AN 0.1 g B #EUUERE, $RHCH M =18, H
R BRAAE 505 nm WO EE T A H b =Tk .
1.10 A5 RAER 4R RS

XF 6 H Mstn TH/INRF 6 HXTHRZL /N B
WL 24 BRI (12 FMVEFIE i ER F0 12 F)
ARG IRR) AT TR . N-3 Z 0 FIAE i
MR 3% C18:3 n-3.C20:3 n-3.C20:5 n-3 Fl C22:6
n-3. N-6 Z AR R LdE C18:2 n-6. C18:3
n-6. C20: 3 n-6 1 C20: 4 n-6., N-9 B RAIFINE
iRt 4% C18:1 n-9. C20:1 n-9, C22:1 n-9
C24:1 n-9. MFPENIRREFE C12:0. C13:0.
C14:0, C15:0, Cl16:0. C17:0, C18:0, C20:0.
C21:0, C22:0. C23:0, C24:0, HAMFEIIEEZ
0.1 g 414, 21 WEE A 15 mL .08 =R
B, MRS ZEE, DIERERERHE, T2
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HAE MR N 3 mL &5/ (V/v=2/1),
FAMRAE, BELR. AIFIRERY A
FEW, AW 60 CARIER TR, MUTH .
DUUEN 2 mL (34l I CGes i, i 400 uL
TR0 RN S A AL S - T B VR A T TR R AL, I 2R
2 min, #®E 10 min, WH 700 pL F3EMMA L
FE/IN, AORR BT T AG DU s 7 PR 55 1 o
1.11 CPTI1 Bg;E MM E

K FH PR B b5 e It 5% # i (CPT1) 7] &
(Cominbio, Jiangsu, China), #& B i BH - $2 0
Mistn T30 FEF A5 0B85 JUL A PR Ao ] 5k 2 A% il
HIETEE. ¥ 0.1 g Mstn T4/ BUFNEF A4 7
NECE B LB RE , vKI RS R, SRS B bR
AXAE 412 nm W B AR 5 I SHAA
1.12 RBREERESHT

Rt — BT Mstn 222 PEE Cpelb (IVEH
L, i JASPAR (¥ %2 (jaspar.genereg.net)
T Mstn T Ui % I SMAD3 5 Cpelb 5
A FIAHE G, JRE LR SMAD3
PP (Abcam) HEFT Y4 (85T 258 T TE (chromatin
immunoprecipitation assay, ChIP) X4, ik
Mstn 5 Cptlb JRABh FIOMHESS & . LI B IR
ChIP i{#]£: (Thermo Fisher Scientific) i 545
P, MR (1) BORAREAERDNR AL 4
21 g BT S0mL i, A 10 mL 1x PBS;
(2) IHEERZIRE R 1% E, EE TN
15-20 min; (3) il 2.5 mol/L Glycine & HkJF
4 0.125 mol/L 2 528Kk ; (4) 100xg, 4 CELLE:
A 5min, 3 B3, BUOE, APRE 1x PBS i
P (5) A 2 mL #il¥® 1x PBS, 213HLZLH
ZHZH; (6) 1000 r/min, 4 ‘CES.L> 5 min, 77 Eif,
BT &H 1% Halt Cocktail [175¥4 PBS H;(7) H
MNase 4% F17H L DNA; (8) FEUK EXT 41T
AL DA IR A AL (9) KR E S

: 010-64807509

SMAD3 HifAFIEE 11 G fiERAE 4 CHRF TR T
W, U 1gG BB RN BRI s (10) PRI 22
PR R TTRE ) DNA, ] DNA 4lifbilF) &4l
fk5 SMAD3 FEH %541 DNA. (11) FJH qPCR
HARY 1 5 SMAD3 L5 A1 Cpelb JEHE )
F. qPCR 5|k Primer Premier 5 #CI4AR ¥
Cptlb FEHJE 3T, 51F5R
ChCpt1b-F:5-TTCTGGCCGACCAGGATAGT-3';
ChCptlb-R: 5-CAGGCCTTGTTAGTCCTACCT-3',,
113 HitoHh

Mstn T3 201 5 %} B4 Fr AT B s 35 % A ¢ 46
Wi AT Gt E T, DA BEAR 2 (xks) R
Ne PIH/INTF 0.05 NESEHITHE .

2 X504

2.1 SWTHEIKRRIHIE

T Msm 762E R JLSER e 40 i rp AR 3Rk
FAR IR , FRA TR 2k 22 TR AR TP 2 M LA
e, SRJF4r 7T QRT-PCR il Western blotting
Rl /N Msen BFRIBAEDL, PP mfE shRNA,
Z5IFKW, shRNA3 [T scrmm, S5
X B E TR R 90.12%, shRNA2 A4k
RORALT shRNA3, HERARE (B 2). iF
shRNA3 B TR, FIHHHT Msm
FHe/N B i A% o
2.2 Mstn 2R THNRBIIRISTEE

A3 BIEREC FO A1 F1 A Mstn RNAT B 5L K /1N
FRAY DNA, iiid PCR A S ks Y 2k 15 B o
ARAT 7 H FO fRELSLE/INEL (B 3A), 3EHL T B
FO R4 5 PR R /N BR5 HEF A 8 CSTBL/6T i /)N
BACHD, 345 2 K F1LACBHE/NEL (B 3A).
2 R ACBHPEREE /NS FO AR BHPE R /)N
FEsg, kMG F2 fRFEME/NEL (B 3B), H
6 X F2 AP /N TR 2o . /N5 E
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A c
shRNA3 MSTN expression in protein level
1.0
ShRNA2 " . 06 S s
shRNAI hE 5 06
8
shC 2 04l
=
3
Control & 0.2}
-0.5 0.0 0.5 1.0 0.0
Interference efficiency o R P P ™
A S
P R NS
B Blank +Mstn shC shRNAI shRNA2 shRNA3

MSTN

2 shRNA FHMEWHRDN  A: THHEHMALE mRNA KV FETHSCE. S AERTHEIL; B:
Yl RN TIREMSG MSTN e UK Lk, C: BMARBKFKENHrEE R, Blank: K
YLAMO4 s +Mstn: Mstn 23R4, TCTH; shC: XFMRTHLEAL, 3 k+shRNAC; shRNAIL-3:
ShRNA -3+ #ik. *: P<0.05; **. P<0.01; ***. P<0.001

Figure 2 The interference efficiency of the interference vectors. (A) The interference efficiency of the
interference vectors at mRNA level. Control: vector without interference segments. (B) The expression of
MSTN in protein level after transfected with the interference vectors and quantified in (C). Blank:
untransfected cells; +Mstn: Mstn overexpression without interference; shC: control shRNA+overexpression.

shRNA1-3: shRNA1-3+overexpression. *: P<0.05; **: P<0.01; ***: P<0.001.

WE 3C iz, 6 H[E#E CSTBL/6 B A= /N RAE
X} B
23 Mstn R TFIEERNDNRINARET L
WK 4A B, A Mstn THNR (F) Fl
Xt HR/INE, (). i#iid Real-time PCR £l Western
blotting il Mstn T-4/IN BAD BN ERALIA H
MSTN {35 45 5 /R , MSTN ZE5- 8% L mRNA
R K ERRIB S HIRER T 43.31%F1 64.51%
(181 4B—4D). BHE/IN R -5 B A /N AR Kt 2k
Bl 25 (& 4E), RNAi /NEETEAG BEE
43504 (0.85+0.02) g Al (1.84+0.18) g, FLEFA:

http://journals.im.ac.cn/cjben

RUNEL (20918 (0.61+0.04) g F1 (1.13£0.16) g)
& (Bl 4F F1 4G)o R BUSRE A LA LEF
4: CSA, RAFEAILMI & 15 B AR m A AR
RNAi /] EUFIXT BRZH/ N LER 4 CSA 4300k
(29 484.9+£135.23) um* F1 (22 007.9+£227.6) pm*
(Bl 4H. 41), ZRRE . XL RERY], Msm
THAEH AL E
24 Mstn EETFIMBEBEEE/NDRBIRANANMA
RE AR R BE RA BR & 2 4N

X Mstn K& R0 5% BRI B % LU
W RE I Mo 25 BRI e & e AT 1A, 25
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A C
F2 )
| FO C57BL/G]
bt ad & TS
LI ] LI}
286 bp @

Fl Fl

M123 456789101112 3 9

B . . .

M12 3456 789101112131415161718M

3 BERNRETE A FOURILE/NER F1 AU R /N A 48 7E . M: DL 2000 Marker; 1-7:
Mstn RNAi FOfCREEEDN/IN; 8-9: F1 UKL/ 100 ARBEXFIRFEN AT /N 11: BHYEBURI X
BE; 12: ddH,0. B: F2 AR FEHA/NRATEEE. M: 100 bp Marker; 1-17: F2 fREEFEHF/NE; 18 B4
FEDR /N SR IR C e e i PR/ B 5 14

Figure 3 Identification of the transgenic mice. (A) Identification of the FO transgenic mice and F1
transgenic mice. M: DL 2000 Marker; 1-7: the FO transgenic mice of Mstn RNAi; 8-9: F1 transgenic mice;

10: the negative control of non-transgenic mouse; 11: the plasmid of positive control; 12: ddH,0O. (B)
Identification of the F2 transgenic mice. M: 100 bp Marker; 1-17: F2 transgenic mice; 18: the negative

control of non-transgenic mouse. (C) Reproduction diagram of the transgenic mice.

7N, Mstn FETT JRBEAL T UL H =B & &=
(& 5A), XULH Msm FHLw> T LN EEDT &
o ARIE R Msen T4/ BRURTER A= B/ BRLIA
1 n-3/n-6 .n-6/n-9 Fl unsat/sat JEIHIR (4 Fh n-3
ZAMHANENIER . 4 B n-6 ZARMHANENITE |

4 Ff n-9 BARFINEITERFN 12 Fhif A0 DimR)
)& R . LA T &SRR IR & & WL 3K 3.
iR, Msm TH/NENAS n-3/n-6 IE
BFE LW, n-6/n-9 WAEICRZE A2, ARG
Ji BR /40 A HE W5 R HE {H (unsat/sat) & 3% [
(1 5B). 3R Mstn SENA T FAEHE T omega-6
RE Wi BR K% S N omega-3 RRNITR, FHAEIEIRFIAG

: 010-64807509

15 R % e S AN TR T PR -
2.5 Mstn SRIBIE LA Cpelb (R 3HALKBE
BRiEg p S 4L

J T BE— Y Mstn FEDR 0w A i
BRI A PLER, R qRT-PCR K T 5 i ER AR
WG I RiE . BB, MBI & s
Scd-1. Fasn. Pparg ik N, RRIWIR 70 i
N Cptlb. Acoxl . ¥%iz 3N Fatpl ik B3
A (E 6A) TEXSEE 5 B AL OCH)
Cpt1b FER R FJRJE A  Mstn @ ik)5 ,CPT1B
FERE KT EERiA Bl (B 6B i 6C). R BAS:
W7 ALE CPTI BgATEE, 25 R E/R Mstn
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Figure 4 Mstn knockdown induced strong muscle development. (A) Mstn RNAi (down) and control (up)
mice. (B) Expression of Mstn at mRNA level. (C) Expression of MSTN at protein level detected by western
blotting and quantified in (D). (E) Growth curve of the Mstn knockdown mice and the control. (F) The
fore-limbs (left) and the hind-limbs (right) of Mstn knockdown (up) and wild-type mice (down). (G) Weight
of fore- and hind-limbs of Mstn knockdown and wild-type mice, n=6. (H) Paraffin section of muscle from

Mstn knockdown (left) and control (right) mice (Bar=100 pm). (I) Cross-sectional area (CSA) of muscle
myofibers (n=15). *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Effect of Mstn knockdown on the content and the composition of intramuscular fat in skeletal
muscles. (A) The content of triglyceride in Mstn knockdown and control mice skeletal muscle. (B) Ratio of
fatty acid component in skeletal muscle of Mstn knockdown and the control mice (n=6). *: P<0.05; **:

P<0.01; ***: P<0.001.
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Table 3 The content of fatty acids in muscles

Sample n-3 (mg/g) n-6 (mg/g) n-9 (mg/g) unsat (mg/g) sat (mg/g)

Control-1 3.37+0.82 8.84+0.94 7.85+2.98 20.07+3.84 52.80+0.95
Control-2 7.53+0.48 9.58+0.75 8.52+1.06 25.63+3.02 10.51£2.09
Control-3 23.42+1.55 14.02+1.74 31.35+0.57 68.79+6.87 44.73+1.06
Control-4 54.77+0.69 49.82+0.24 18.73+0.25 123.32+5.32 98.66+0.78
Control-5 75.51+0.80 111.16+0.74 80.63+1.82 267.31x1.71 239.78+1.89
Control-6 67.13+0.75 53.28+0.79 159.43+2.74 279.84+2.56 434.94+6.45
RNAi-1 41.07+4.04 14.37+1.34 71.44+6.49 126.88+8.84 30.15+5.54
RNAi-2 86.22+4.65 27.70+0.71 154.84+0.91 268.77+4.27 74.64+8.67
RNAi-3 13.68+2.67 9.91+0.89 24.11£2.93 47.71£0.65 2.96+0.58
RNAi-4 78.04+1.22 18.07+0.54 52.14+2.45 52.14£2.45 34.92+1.26
RNAi-5 102.70+2.82 27.7340.98 33.86+2.62 164.27+4.53 64.89+0.86
RNAI-6 123.37+1.69 9.77+0.33 8.11+0.58 141.24+3.94 52.14+2.45
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Figure 6 Mstn knockdown promoted the metabolism of intramuscular fatty acid through B oxidation. (A)
Expression of genes associated with fatty acid metabolism in the muscles of Mstn knockdown mice and the
control. (B) Expression of CPT1B at protein level and quantified in (C). (D) Determination of CPT1 enzyme
activity in Mstn knockdown and control mice skeletal. *: P<0.05; **: P<0.01; ***:. P<0.001. Scd-1:
stearoyl-coenzyme A desaturase 1; Fasn: fatty acid synthase; Pparg: peroxisome proliferator activated

receptor gamma; Cptlb: carnitine palmitoyltransferase 1b; Acox1: Acyl-CoA oxidase 1; Fatpl: fatty acid
transport protein 1.
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Figure 7 Mstn regulated the expression of Cpt1b through the binding of SMAD?3 to the Cptlb promoter. (A)
The binding motif of the transcription factor SMAD3. (B) Binding of the transcription factor SMAD3 to
Cptlb gene promoter detected by ChIP-qPCR. *: P<0.05; **: P<0.01; ***: P<0.001. (C) The binding of the
transcription factor SMAD3 to Cptib gene promoter detected by PCR. M: DL 2 000 bp Marker; 1:

input-Cpt1b; 2: SMAD3-Cptib; 3: 1gG-Cptib.
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