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Effect of Resveratrol on Mitochondrial Biogenesis and Muscle Fiber Type
Transformation in Bovine Myotubes via SIRT1/PGC-1a

ZHANG Jingyue, DONG Pengcheng, ZUO Huixin, LIANG Rongrong, MAO Yanwei,

ZHANG Yimin, YANG Xiaoyin, LUO Xin, ZHU Lixian™
(National R & D Center for Beef Processing Technology, College of Food Science and Engineering,
Shandong Agricultural University, Tai’an 271018, China)

Abstract: This study investigated the effect of resveratrol on muscle fiber type transformation in bovine myotubes. Cell
viability and related metabolic enzyme activities were measured by methyl thiazolyl tetrazolium (MTT) and colorimetric
assays, and myogenic regulatory factors (MRFs), myosin heavy chains (MyHCs), and gene and protein expression related
to mitochondrial biogenesis were determined. The results showed that resveratrol treatment significantly increased the
gene expression of Myf5, Myf6, MyoG, and MyoD (P < 0.05) and promoted the differentiation of bovine myotubes.

Resveratrol significantly increased slow MyHC expression and decreased fast MyHC expression, while upregulating the
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mRNA expression levels of MyHC I and MyHC Ila and downregulating the mRNA expression levels of MyHC IIx and
MyHC IIb (P < 0.05). Resveratrol also significantly increased succinate dehydrogenase (SDH) and malate dehydrogenase
(MDH) activity and decreased lactic dehydrogenase (LDH) activity (P < 0.05). In addition, resveratrol increased the gene
and protein expression levels of silent information regulator 1 (SIRT1), peroxisome proliferator-activated receptor-gamma
coactivator-1a (PGC-1a), nucleus respiratory factors-1 (NRF-1), mitochondrial transcription factor A (TFAM) (P < 0.05).
Addition of the SIRT1 inhibitor 6-chloro-2,3,4,9-tetrahydro-1H-carbazole-1-carboxamide (EX527) significantly attenuated
resveratrol-induced muscle fiber type transformation (P < 0.05), and the promoting effect of resveratrol on the gene and
protein expression of SIRT1, PGC-1a, NRF-1, and TFAM (P < 0.05). Taken together, resveratrol can promote mitochondrial
biogenesis and consequently muscle fiber type transformation by activating the SIRT1/PGC-1a signaling pathway.

Keywords: resveratrol; bovine myotubes; silent information regulator 1/peroxisome proliferator-activated receptor-gamma

coactivator-1a; muscle fiber type transformation; mitochondrial biogenesis
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1.1 MRS

g RE-AEMREERAE;
JREE M. RKYLFEHRE (ninimum essential
medium, MEM) | Xt (HFHR-#HHEFE) . Sl
W& WEWEEE (methyl thiazolyl tetrazolium, MTT) .
T HIEET A (dimethyl sulfoxide, DMSO) . Bfg#h
2% (phosphate buffered saline, PBS) Jb 5t
REFENA; A7 (fetal bovine serum, FBS)
PLf %) Biological Industries/A®; HZE S (4

E=98%) % EMedChemexpress MR A 7 ;
EX527  EESelleck &M RHEA R AF BRI ILA

B (succinate dehydrogenase, SDH) . 351 fiii & B

(malate dehydrogenase, MDH) . FLIZ i &l (lactic
dehydrogenase, LDH) X% 4l @ EY) TRERT
FUAT: DNAREURF & . RNARBGRF & kR
Al AbR R A R s b o R R R - 5 TN 0 T
Bt it vk (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) 7% . BCAKE HE =ik
A& LI AR R A R AR . RIPAY
A2 fAR . 2K H L EEEE S (phenylmethylsulfonyl fluorid,

PMSF) . BEBREGEIIHIF . PR B KE AR (F
DAPI) LEAREVEARAT; slow MyHCHL A

(M8421) . fast MyHCHifA (M4276) % [HSigma
A#l: SIRT1HiAE (8069) . PGC-ladifk (2178)
WL A (nucleus respiratory factors, NRF) -1
ik (46743) | R RH XA T A (mitochondrial
transcription factor A, TFAM) #ifk (8076) eS|
Cell Signaling Technology A #]: FEHiHRlgG. RPLR
1gG. Hi#E-3-B R il & B (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #ifk (ab8245) e [H
AbcamA A

12 5%

CFX 9652 5 't & & 2R & Mg ik =0 B (polymerase
chain reaction, PCR) 1. 16580293k, ChemiDoc
MPEER 540 2 EBio-Rad A #]; 3111 CO,RE 748
& [E ThermoA @] ; Epoch2Bbrix  ZE[EBioTek A Al ;
5840REEA A LHL  fEE ClemensBio GmbA A ;
IX7T3PIFF EZL e HAOlympusA#H]; VCX130

A AR AL TR AEYRIE AR AF; TU-
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1.3 HiE

1.3.1  ZHjukEss
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HPFRER IR A, NREE R Ee N E L. 55
24 hjE A% 0.5 mg/mL MTTHIRE 955974 h, Fihi 17
WG IIN100 pL — FEEEZAK, 38 4R35 10 min, 7EREARIX
I 5E ODsyg p ANAEYE J3ARHE T AT
A,—A4,
A,— A,

s A A StFLIOGRE s A A2 P Ak
HILIR IR s A7 I LG
1.3.3  AAZEPTEEN AR VLA 0 ) b 22

YR A B IE B T0% 2 AT I, FE IR X 10 AN/FLA
B, H e R TRk R I AL E 1737 'C. 5% CO 3457
R, FAIRTEANEEE, FEERMEERE, H
PBSIE ¥ 5 e 5 M s 7 3815 S otk 1599
102 A5 B S A A FEWE A2 EE (0. 10, 20 pmol/L
130 pmol/L) [ 3G IR KL, &2 dHE e — R¥E IR 2L,
HAE BB TSR AMOIRES, 165 d, WCERGH R 5
T A TR bR . AR 2 R 2 A5 38 I SIRT 152
A= LA S B JULET 4 8 R 4k, P8 INSIRT 1 1 7 EX 527
(10 pmol/L) AbFEANMI24 h)5, FEHSGoE A G HEE S
fE (10 pmol/L) -k 3R 5E, 40405 dfs WA 4N fps: b
FFI e M55 H8 bR (n=6)
1.3.4  mRNAFHNFRE &I E
1.3.4.1  HRNAREUE 591551

G AR P AR 3T b, T PB SR 8% 3% 4 11 4
i, 3 R U0 B B AR BUMRNA, B R R 120 B AU )
PR HURNA FI AL, BT BE 5 H10D 60 oso mmd I 7E
1.8~2.022 8] o F2 B s B S a5 U W] 15K RN A S i 58
cDNA. F1NLKFPCR (real-time PCR) 5|#F4, Hi#l
SRR AR R A R B A .

¥

ML F1/%=

X100

#1 real-time PCRY| )% 51

Table 1  Primer sequences used for real-time PCR
R Bkl P K bp
F: GCGTCTACTGTCCTGATGTACC
Myfs 110

R: AGGTTGCTCTGAGTTGGTGAT

Myfs F: TCCCAGTGGCCAAGTGTTTC 87
” R: CGAGGCCGATGAATCAATGC

MvoG F: TGTAAGAGGAAGTCGGTGTCTGT 84
e R: GGCTTCATTCACCTTCTTGAGTCT

MooD F: AACTGTTCCGACGGCATGATG 84
o R: GCTGTAGTAAGTGCGGTCGTA

F: ATCGCTGAATCCCAGGTCAA
MyHC I 148
R: ACCAAGATGTGGCACGGCTA
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HR1
HH S P bp
F: CACCCTGGAGCAGACAGAGA
MyHC Ila 84

R: TCCCTGGATTTGCGTGATG

F: AGGGCATCGCTGGAACAGAC
MyHC IIx 96
R: CAGAAGCTGCACACGCTCAC

F: TTTCCAGACCGTGTCTGCTC
MyHC IIb 100
R: GGGATGATGCAGCGTACAAAG

SIRTI F: AACTTTGCTGTAACCCTGTGAA 129
R: CTGGTGAACTTGAGCCTTCTG

PGC-] F: GGAGCAATAAAGCGAAGAGCA 13
e R: TGTGGGTTTGGTGTGAGGAG

NRF-1 F: CTGATGGCACTGTCTCGCTTAT 7
i R: TGACTGTGGTTGGCAATTCTGA

TEAM F: TGGGAAAGTCAGGAGCGGATC 120
R: TGGGCTTCTTTGGATAACCACTCA

F: GATGGTGAAGGTCGGAGTGAAC
GAPDH 100
R: GTCATTGATGGCGACGATGT

1.3.4.2  real-time PCR

PLcDNA MR, KHISYBRZEX HEATH 8. %t
EE A Z20 pL: 2X SYBR® Green Pro Tug HS Premix
10 uL, cDNARHR2 uL, b. FiF5I¥%0.4 L, &
% ddH,0 7.2 uL. real-time PCRZff: 95 C¥iAs it
30s; 95 CAPES s, 60 ‘CiBk30s, 72 CHEMH60s, 7
40 ;65 °C 5, 5s—HH, HAMEHRTHERS C,
HF95 C. A2 I HE KM mRNAR X £ ik
B, HihlE-3-BR i Al (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) F:RN{ERNNZ,
135 R E P EEsEA il & 1 R IA

KPR (R 40 i P o ARIPAZH I ZLf#% (471 mmol/L
PMSE) , ¥k FZ4#20 min, 4 °C. 12 000X g&5.0 5 X E
B, HBCAGHI &N E &AW, MAEENES L
FREGEME, 100 ‘CAEPEL0 min, BUEEFES EAE, £SDS-
PAGE4} 5, {#iH0.45 um PVDFEWRHE,  FH 5% /i Jig 5%
FHHH1.5h, 4 COKFERE M —Puid i, 2 RIFE X
N ZPi1.5 h, FAZEROERWE, FlImage Labik
P53 5% s IR BEAR I REAT SR 2 00 b7 o
1.3.6  ACUERE LRI e

A58 FH 7R 75 U8 240 AR A AN VAT ) A R, e TR
)£ B o6k A4 LA b () SDH . LDHAIMDH I P 34T
WME
137 AR

24 FLAR 41 fa FHPBS i e3 IR 5 500 pL 14 %

B EW, FIEEE10 min, 4545 FPBSH Ik

3. FE0.2%h 41 iEX-100/PBSiEi% 10 min, PBS
V3 e H& 5% 1IE B & E S PR E R 1.5 h
MY R R BEDUAR, ERMELSh, 2R /EPBS

PE3 k. WOEEERME Pl h, PBSYE3 WL Wi
JeRE K (FDAPD , W E 10 minj5 T 206 RAE T
A
1.4 Hnbr s i

FIHISPSS 26.0% fF kAT Htls gi vt 7 b, 2 EE
BRI BRI R 7 208 (ANOVA) Rl /s i 35 1 2 5 3%
(least significant difference, LSD) HH{T£ & L4, Wi
[P LU R F ek 56 . SR 25 R DL £53R, LAP<<0.05
FoRNEREE.

2 ZREH

2.1 EEEFTREN A UYL RIS T R

WE R, BEE B2 EER 0, 2 s
W JTBW A . E0~40 umol/LK FESG I, 4 fE 5%
BIRT-80%, = B I 24 e L4 it 386 56 3 A A S R il
TR E0~40 umol/LIK VL N, BEH A%
P BESE T, 2 VLA BTG 7 5 0k HEZH A bL 22 e A 2 3
(P>0.05) , MEZ P EEA A 240 pmol/LE, X
40 (0 pmol/L) AHLL, HIF/IEZHFEL (P<0.05) , #&
J& 435256 % FH0~30 pmol/L [ 22 25 s ab PR i

120
100 - & a
8ot
60
40t
20}

0 1 1 1 1 J
0 10 20 30 40

H PR (umol/L)
AP RERORZE R EE (P<0.05) .
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Fig. 1  Effect of resveratrol at different concentrations on cell

NS F3/%

viability of bovine myotube

22 EAEEFTEEREWUVE A A S

NI FT A A IV A o A s,
0. 10, 20 umol/LF130 pwmol/L [ 22 1 i (1) 43 Ak, 1% 97 £ 455
TGN . FEA IR K B SRR AR A S IR G T
2 160 7] s L 200 M A PR R A DR, T R A TR T B R
HRAILE B AL TR T (myogenic regulatory
factors, MRFs) FGEEHE M7 hii (myogenic
differentiation, MyoD) . ANl F5 (myogenic
factor 5, Myf5) . MRF4 (siMyf6) FlLYH A % &
(myogenin, MyoG) x4 M FF, BRI
L2 A Sy B AT UL A B R T L A e )
S, MyoDHIMyf5 /& 41 gk N B L4 A &R K S hh, 14
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R AILZ0 I 1E % 234k L MyHC 26k B s s Y.

BHEI2TT N, A2 P B R 2 2 3G I Myf5 . Myf6 Rl
MyoG mRNAHZE/KF (P<<0.05) , 10 umol/L [ %8 7
B INMyoD mRNARIA/KTF (P<0.05) , Ht, J&
SR HI10 pmol/LIYy F 2 S I Ab FRAN ML . 13 2L it o — b
R4, AR F0 2 B 1 27 I LA e 3 o T4
58 20 PR R AT Ak 4T AR I P Y S RO T R
H AP R C2C 12 L4t B 4 4t, BRI 23t A
KB T, FHEWALERE A RI%R L. MontesanoZs!
W T R IAE /N B4R B R s i L 2 i s, ROHLE
BB B 1) AR B MMy 5 FIMyo D 8 435 7K 1t 2 1
e BA S5 R 5 AR TR, Ui B B 22 B ge 8 (2 ko
WUE 4 734k o

00 umol/LHZEFHE O 10 pmol/L 2P liE
©20 pmol/LAZE /% m 30 pumol/L [ 22 7 i

a
¢ 251 aa =
L a
:@ 2.0 b
® st bp a
= c d c b[FIb b
Z 10+
<
Z 05}
g
0.0 1 1 1
Myfs Myf6 MyoG MyoD
HE[H 2T

M FRAFF R ZEREE (P<0.05) , R
Pl 2 AN 1 4 P WAL IR 2 JULAS AL 71 JDL A 35 PR G
KEPIRTRS 7K - 5wl
Fig.2  Effect of resveratrol at different concentrations on the relative

gene expression level of myogenic regulatory factor in bovine myotube

23 EEEPTREN A VE A B LR 4E SR A (R R

FHEF A PR LA AE R R R, A SRR
Hreal-time PCRAFNEE [ 4 2 EN7ZE A6 1 10 umol/L (1 22 5
i 4k 3 S A= WL 240 b JUL 2T 4 28 RAH O ik PR RN 2 1 1Y
FKiEw. HE3IH, SXRAML, [ EE Y
T MyHC IFIMyHC Ila mRNA{E L (P<0.05) , [#
% T MyHC IIxFIMyHC IIb mRNAE L (P<0.05) .
MEATT R, AESEESE LR TS 4%EA
(slow MyHC) #ik (P<0.05) , T 1 HRULL4E 5%
B (fast MyHC) Fik (P<<0.05) . 40 42
DR A= WU rR AN R LA 4 28 T g B, 9% e e i
FUBRK, UM 4ESERE, hESaa, SxEa
FAEG, R I R 3 0 T A U A P e JUL AT 4 1) L
&, [ERECD TARIVA AR R . AR SRS = R R
L, TERIAE EUR AR IS0 22 7 I I 2 B v 4 P A A Y
WLEFZE (I L™, SAHIE T 45— 5. Wen Wanxue25™

W R IAEC2CI240 i, HRE P I3 N 118 ULLF 4
315 L S MyHC TRMyHC a8 A A AILET 4 3 DY i) %
ik, BEAG T PRIILAR 4 8 1 3R LA My HC IIFIMyHC TIbYE
B R BT e BRI R0 . FERE L At R R R A3 3128400
gE, AEPTEERIN TN 4R ARRE, BT
YR AMRED, RS R SAT AL, RURIN A
P AL A IV LT AE R AR UL 18 L A

a mPayi
a BESE )
b b a
b b

mRNAA N R IE KT

OO ==
ONRRNOONRON®

1 1 1 J
MyHC 1 MyHC Ila MyHC IIx MyHC IIb
B[R
P13 FIREYRERIILAS AN D My HCRE IR 15 K - (¥ 3 mil
Fig. 3  Effect of resveratrol on the relative gene expression level of

MyHC in bovine myotube
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Fig.4  Effect of resveratrol on protein expression of slow and fast

MyHC in bovine myotube
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Fig.5  Effect of resveratrol on the expression of fast and slow MyHC in

bovine myotube

24 EFEPTREST AR UV A0 A QU S 1 (1 R

JULET 4 2570 R [ He i B AC MR R th AN ], S AL UL
YR A FE ML R A AR, BARENA
thBE Sy, FEKEE ARG IREMERE: PR A LA 4t
W 2R R AR RIS AL, B KE B AR OCHE, +
BAR SERERE R 7 SN AERE . LDHAEAL BB = A SR, 7
DS £ i P TG SRR 1) 7 R 5 2 . MDHFEAE - £ b A
b, Z2HZRERIER, 2ERSE R, SDH
H5HAMZ5 =R IERAE, 46 B2 hk
PR 1 (RO, ) A A% 40 I L A R e R el
SDHFIMDHI3 g = SR FRIE A Hh () kg il , Vg e —
FEPE e 7 LA AR AR KT, S LR 4E 28T A
WRAEE— M /%7, k2w &, 3 Y 3 AR
TLDH{EME (P<0.05) , &% 7 SDHAMMDHIE %
(P<<0.05) . iZ&h B Ui (A 22 I RE e 42 A A AR K
Py XG0 AR R A A B LA 4 L T, R
fE AL LA 4 LU R BRI 45 R — 8. BTSRRI,
AR T C2C12 40 f 18 LT e Le s,  [R]B
407 SDHFIMDHYE M, F#(K TLDHIE M, X 5ARW
SERMRL. 2Bk EYT DI IE LT 4E L, HAkR
R 2 Wy 2800 50 R 0% S 25 38 02 LT 4k B 1 R IAIKF,
B INSDHYE M, A P IR LDHE 1,

22 CUEGSEON UL A DA RS Vi 5 0
Table 2  Effect of resveratrol on metabolic enzyme activities of

bovine myotube

Fiztiap of HE 4. SE IR
MDHiF 1/ (U/mg) 1.69+0.23 2.25+0.03"
SDHiFE M/ (U/mg) 33.2141.28" 56.44+6.20"

LDH/EM/ (U/mg) 2019.70+268.94" 1402.52+168.67°

Ee AT FEARRREREE (P<0.05) .

25 EAEEPTEERS A WU R LR A O R
BORLAR B R A S R S A, BRI B
fedifas, AR A Z R RDNAMAZDNA 3L [ i
1, SIRT1/PGC-1 a2 S L b i AL PR A M A 5
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Fig. 6  Effect of resveratrol on the relative gene expression levels of
SIRT1, PGC-1a, NRF-1 and TFAM in bovine myotube
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