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Effect of Conjugated Linoleic Acid on the Composition of Myofiber
Types in Skeletal Muscle Cells of Pigs in Vitro

HUANG Jin-xiu, YANG Fei-yun, LIU Zuo-hua® , JIANG Shan, XIAO Rong
(Chongqing Academy of Animal Sciences, Chongging 402460, China)

Abstract;: This experiment was conducted to investigate the effect of CLLA on the composition of
myofiber types in skeletal muscle cells in vitro. The primary skeletal muscle satellite cells were
used, and when the satellite cells were transformed into muscle cells, different CLA levels (0,
50, 100, 150, 200 pg * mL™") were added into the cells. After D4, D8 and D12 of culture, the
ratios of mRNA abundance of four isoforms of myosin heavy chain (MyHC I, MyHC 2a, MyHC
2b and MyHC 2x) were determined by semi-quantitative RT-PCR. The results showed that the
composition of myofiber types in skeletal muscle cells changed markedly with culture time. From
D4 to D12, MyHC 2b type fiber was increased markedly, but the other three types of muscle fi-
bers were decreased significantly. The addition of 50 pg * mL™' CLA had no effects on the com-
position of myofiber types. The effects of 100 pg « mL ' CLA on the composition of myofiber
types appeared mainly on D12, while 150~200 pug « mL ' CLA affected significantly the composi-
tion of myofiber types from D4 to D12, with an up-regulation of MyHC I and MyHC 2a type fi-
bers, and a down-regulation of MyHC 2x and MyHC 2b type fibers. The results suggested that

the composition of myofiber types in skeletal muscle cells was influenced by CILA, which depen-
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ded on its dose and culture time. The effect of CLLA on the composition of myofiber mainly was

represented by increasing the proportions of MyHC I and MyHC 2a type fibers but decreasing the
ratios of MyH 2b and MyHC 2x fibers, which could explain partially why CLLA improved pork

quality.
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HEPES ¥y H Sigma /2 &) ; DMEM/F12 55 3% 3 .
B/ IS AT CF 8 R ViR ) W B E K
A S B TR PR 04T 2 ) s SO S (M-MLV) |
DNA B4 (Tag) \RNA [if # #] 7 (RNase inhibi-
tor) \RNA B 7 (RNArose Reagent) F1 5 N K
FERE 1 H H A< TaKaRa /A, CLAUR 9,2 11-
CLA,#lifF =98%) Il [ 2 [E Matreya 2>,

1.3 FENEF

A Ak R 1 35 46 (Froma series || s Thermo E-
lectron) |, #fi 7K & 45 (Mill-Q) . I 3 2 .0>» ¥l ( Fulgor
TDL-4A) & B (XDS-1, B PO AR ).
PCR {¥ (Whatman Biometra Tgradient) . Fg Jk & i
144 2 45 (Bio-Rad Gel Doc 2000) %5,
1.4 EFHEE

WeHL 2.5 mL f 0. 001 % L-Z Bt & R I W fn
A 25 em® LB IR N L AR 5 B RO 37 °C
TR PRE 24 h DL b (5 FH AR 8 R R L 2
ForB AR IF A K B 3 BR vk )G A T Al
FEI5 Ry o A
1.5 RERAMEIKE
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T TR Y D-Hank's 3 R RAT 3 KL @8 7 11
W BETR S R S L H B s UM 0. 1 %0 I 5 il
10.5 mL,37 “CiHfL 20~30 min; 5 b3 ¥ - F-0A
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400 H 4 A 5 2ok 0% WO R UEW 5 1 200 1+ min B 8
min, 7 DI AR R AT BT,
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gt Ak J5 1 40 M 58 F % 4 s 20 Y6 1 AR K R R
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A MLTE B oA EE FR B AT R R R 1 K. B
KA B 5 3U5E N WA 4 B i 55 A 00 O B R
TEAL RS 55 4.8 F 12 K, B A0 B30 JUHE 3 06 40
ML LA B RNA,

RIS 5 ML HL L 43 5 E i 0,50,100,150,
200 pg + mL~' CLA, CLA JgJIJo/K Z BETiAb B .
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PRI 10 70 /N L3 1) DMEM/F12 43 4k 35 57 HeAd
BB, HAA A BRAL W S REHR BE ¥4 7/10 000,
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mRNA fJ RT-PCR il

1.8, 1 HRHUE RNA S 40 i85 352 6 19 8 4
MR 77T . 88 J5 2 I RNArose Reagent i 5 1 1
B3 BUE RNA L FE A0 20 66 EE T 2E ODaso i
F1 ODago o {71880 RNA ¥R, H ODygo /ODyg, b
7 1.8 LU I

1.8.2 E*RT) 5 RNA 2 pg,5 pmol « L
MyHC Fi##514 1 x1,0.5 mol « L' dNTPs 4 41,20
U RNA i 41 #) (RNase inhibitor)0. 5 pL.10 U 2
%W (M-MLV RTse)1 pL.5 X RT Buffer 4 pL
(4 250 mol » L' Tris-HCI pHS. 3,50 mol » L™
MgCl, ,250 mol « L' KC1,50 mol « L' DTT,2.5
mol « L' Spermidine) , |2 i B &R 20 pL. Jgin

*1 HHEBESWFIE PCR &4

RNA #EMR FMBEILGH,70 “C/KH 10 min, HEE T
UK E¥ 205 min, SR 5 I A AL, 37 C Iz 60
min, 95 CK %% 5 min,

1.8.3 PCR 2 L RT 7=4,1. 25 U Taq DNA
RAE&W .5 pL 10 X PCR Buffer, 0. 2 mmol « L'
dNTP Mixture (£ 2.5 mmol « L7'),1.6 mol » L™
MgCl, (25 mmol « L"'),0.4 pmol « L' H 3L A
519,

H 3L H 51 8 & 5 ¥ J5 5 2 B8 Tanabel”
Zhao® 238t 7 i 7 i, MyHC I.MyHC 2a.MyHC
2b f1 MyHC 2x 4 B L5190 (H T g5 948
[, 8 e pm 3G 5 F W 1. [ ddH, O il
RNA K it 23 5B RT 7= W 7R %) BR L LUK 36 02 15 A7
HMEFNEE 20 DNA 15 4%, 9 HTR & FF dh CRF DU A A
S5 LU TR ) o Sl 37 A AR I 2% 1 RS TE AN [R] itk Tk
il RT 1 PCR 2R 2 5

Table 1 Forward and reverse primer sequences for target genes and PCR condition

ERSE- S PCR 7= /bp 19751 (5-3) PCR 21
Target gene PCR product Primer sequence PCR condition
MyHC I 384 F: AGCCTCTTTCTTCTCCCAGGGACATTC 95 °C A M 9
MyHC 2a 375 F. CACTTGCTAAGAGGGACCTCTGAGTTCA min; 94 °C 30 s,
MyHC 2b 398 F. CATCTGGTAACATAAGAGGTACATCTAG 55 °C 30 5,72 C
MyHC 2x 429 F. CTTTCCTCATAAAGCTTCAAGTTCTGCC 60 s,30 4N 3 s
Antisence R: ATCCAGGCTGCGTAACGCTCTTTGAGGTTGTA 72 °C 7 min
1.8.4  HLik & K BE o b Bt 6 uL. PCR P=#11E T 76.3% (P<C0.000 1) 44. 7% (P=0. 000 5),

8.0 U/ TR TA i Tk g 06 s I 1E A7 3 AR PR K o DU R
ey, JTBE I R 53 2 8 00 B 2l IR

1.8.5  Hudiab ¥ 5 g it o bt MR 4l 55 2% B 1 JE
KBS 2x SEPR K Z (8 19 HefE (2x B2 1,3k
A A5 AN FE R 7 B L) B A A 3 R T AR
TN AR . R SAS 9.0 R —
M APERIAL (GLND #2347 W R J7 22 404 . e it
PR A A5 CLA 7K kb B[] K CLA 7K 5 4b
BRI BAE . 20 B35, DL LSD i3 ECF
B e i 2 5 1

2 & R
2.1 BEFEE 8 X AN AT 4 2 B 48 B B0 B2 0

i 2 Al HL, MyHC T #1 MyHC 2a B JJLEF4E L
151 i 55 5 B[] 09 A2 K 32 T T B o L 6 i O I 1 4%
A [ ] 22 S A W 25 (P<C0.003 2), %5 12 5 4 K
HE . MyHC 1 #il MyHC 2a LT 2 451 43 1) [ A6

XFF MyHC 2x BILEF4E, 55 8 55 4 K ok WL
BEAMP=0.279 5 HE 12 RWLH B ET
B, [ 15%~20% (P<C0. 002 9), MyHC 2b I
ZF 2 L A1) Bt 35 7 B[] ) S K 2 3 s LA B ) A
(B 2% 54 B3 (P<<0. 000 1), 45 12 5 4 KAH Ik,
MyHC 2b #Y JJLZF 4 b ) 2 35 35 17 4 £ 2 (P <
0.000 1), P, WLEF4E 25 71 20 1 bl 55 7 B[] 7
AR FELR N MyHC 2b B JJLEF 4538 i 1
HoAy 3 P RINLET ek b
2.2 AEIFHERXT MyHC I BY A £F 45 bk 651 B9 82 1
f 1 AT EN 50 g+ mLT! CLA X5 4~
12 K MyHC T B JJLEF 4k Lo 5] 6 i 3 5% e (P =
0.1353), % 100 pg » mL™" CLA %5 4 K iy
MyHC T LT 4k b il G i 3 5% i (P=0. 989 9),
BAE5E 8 M 12 KB L il 43 il #5249 22. 8% I
240% (P<C0. 006 9), ¥ 150 Ml 200 pg » mL™"
CLA X% 4~12 K MyHC T B4 JJLEF 4 L 4] 1 52
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M & % (P<C0. 000 1), H.FE CLA & a8 i, H
SN AREEIE K. 200 pg « mL ™' A PR 5 %) B4 A
HL, 45 4.8 Fi 12 K MyHC T % jILEF 2 L 451 43 5] 2

F2 EFEEITELBARK I

%Té"‘] 37. 4V\192%ﬁ5[] 348%(P<O, 000 1), i
2 CLA X MyHC T AULEF 4 H ) 1 42 8 1 T B 05
I 2k A B R s 5% B ] A HEE K S T R

Table 2 Effect of culture time on the composition of myofiber types %
85 Parameter H4RKRDA4 HSKRDS ¥ 12 R D12 SEM P {f P-value
MyHC 1 37.1° 22.1° 8.8 1.1 <C0. 000 1
MyHC 2a 26. 6° 21. 2" 14.7¢ 1.0 0.000 5
MyHC 2x 26.0° 24. 8" 20. 9" 1.0 0.0317
MyHC 2b 10. 3¢ 31.9° 55.5° 1.9 < 0.000 1
b AT AN R T RE A bR RN 22 5 W3 (P<C0. 05)
“beMean with different superscripts within the same row differ significantly (P<Z0. 05)
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Means with different letters differ significantly among different

CLA levels at the same time (P<C0.05), the same as below

1 AREKFR IR MEXT MyHC I 24T 4 Bb 61 B 2 i

Fig. 1 Effects of different conjugated linoleic acid levels on

the proportion of MyHC I fiber

2.3 0 E X MyHC 2a 9 fL4F 45 bk 61 i 201
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Fig. 2 Effects of different conjugated linoleic acid levels on

the proportion of MyHC 2a fiber
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Fig. 3 Effects of different conjugated linoleic acid levels on

the proportion of MyHC 2x fiber
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2.5 I HERXT MyHC 2b 2 Al £F 4 bk 51 59 2 0
i 4 ml RS0 50 pg » mL " CLA XF&5 4~
12 Ky MyHC 2b AU LR 4E b 1) TC 1 3 5% i (P =
0.06), %M 100 pg « mL~" CLA XF45 4 il 8 K
MyHC 2b Y {JLEF 4 b 5], T i 25 5% 0 (P=0. 177 9),
RS 12 K0 L) 58 35 B AIG, Eo 4 BRZH 2 % 35, 404
(P<C0.000 1), ¥4 150 F1 200 pg « mL 'y CLA
% A~12 Ky MyHC 2b B JJLEF 2 L) 3 5 35
iR (P<C0. 006 3), H. 200 pg » mL " 4b B 20 {1 KK
FERKF 150 pg » mL "AbFRA] . FE 200 pg « mL T Ab
FRZLEE 4 F1 8 KA MyHC 2b P 2 3k # HL i 55
PLSCF A RT-PCR SRRkl s 2155 12 RWRSB
AR 38 N B0 R 30 %6, W] B @ AR T L
flab BEZH (P<C0. 000 1), A IL,CLA % MyHC 2b
RYNLET 4 LU 5] 6% 1 T AR B8 B A 7K SF- 1 38 i 4
s 5% Ak B A) 52
70

56 m Control

N 50 ng'mL'CLA

0100 pg'mL'CLA
@150 pg'mL'CLA
0200 pg'mL'CLA

4
28
14

MyHC 2b (% of total MyHCs)

0

fisfH) Time/d

B4 AE KRG IR jhER X MyHC 2b B LT 4E b
AL
Fig. 4 Effects of different conjugated linoleic acid levels
on the proportion of MyHC 2b fiber
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A K R R W — 5 ) A CLA W] 32 m s i ( E ,
WEAR T K B 101 L e T CLA Blg 38 P 5 1 4
PLER, AT 64T T — S8 AR5 L {H 32 22 ARG D5 AR 18 A
JERETT CLA 52 m fig o5 ot B /B LR . fe il
FER I WLEF 4 SRR B 5 1A o %% D0 AH 50,
SR CLA J& 75 38 3 52 i) JULET 24 248 78 20 10Ok 036 %

PR i A2 4 oA DL TR A AR . AR R B O LA
JUL T2 40 1 o 4k s FAAR S 7 s T Tl 1A T T 4R

A 00 25 AR U] B UL TR A A S AR
WU L s BLLER 4 0 Fe 1k 05 L B AR i — 2 5 AL ILER
A () 3 FEHEHE . MyHC | \MyHC 2a,MyHC 2x #il
MyHC 2b 4 FhIERILLF 4 o) & 4= 7 3 748 4k . B
FEI Ry E ALY WLET A ok /D o T T fige 28 UL 4 35 X
58 € & Zhao*! A5 LI 1 5% WLET 2 S RN
A Ja B A AR AL AL AE L . AR i R
B, CLA o a] fif L 2F 4k 28 B 41 5 & A= A2 4k B
AR5 U8 0K AR 3% 0 (R % PIAR OC . WS 50
pg e mL " CLA X85 4~12 KA WLEF 4SS R 24 B
BEHI 100 pg » mL ' CLA FEE I 12 K
LT A T2 15 17 150~200 pg + mL " CLA AT
S A~12 KAWL 4E T Y

PE— 0BT R B CLA R LT 2 28 70 26 1% 14 5%
M 2R WA 4 m MyHC 1TH MyHC 2a R LT 2
(4 EE A T R My HC 2b F MyHC 2x B JJLEFZE 1
Fofol X e — i B B B RE T CLA B84 A Bt
I, MyHC T #1 MyHC 2a B L7 48 & T 48 1k
AL MyHC 2b A JLET 48 J& F % fig 7, MyHC 2x
RIILLF 45/ T MyHC 2a % 5 MyHC 2b # 2 [q],
AACRULET dE R o & 5 0 & S 7E — € B E B2
WLPI G & 1. Hu 885 % AL % 5 138 I8 7 1
AR A MyHC B K 3235 F B 5 BT ¢ & 15
KB, MyHC2b mRNA 7K 5 WL g I 7 = Ak
A AELCRE B A DG A DG R i Dy — 0. 617
F—0.597(P<0.05), — e, AL B LEF 4 &
B W ILEL AR L LA b S Ak AL JILET 2 i L 4
e T LA B B 20 o R S o T TR LT 4 r %
IVLEL B85 A o A1 o 7 T i 28 UL 2F 4 72 UL IR v e o
Lo LR B8 B A9 8 1. R K 7t 5 LA 4
FERUAT e, (e P it I I A T LA 4 25 S BONL IR AR K
PEREAY TR . AR bR B AR 4 2K R 5 85 A
JRHIEFR L5 A T AHGE 19 CLA XFRE A & 5 52
M) 45 SR R AR 3 5 45 2R L AT HEI CLA X 4% PR il 5t 1)
YOS AR FHAE AT AR 2 38 5 5 i JL2F 4 248 389 1 20 1ok 55
R AEIZ W A 1 i i — 25 ISR S

TR R

CLA A] g fA A1 55 37 1) 5 B % UL LT 4 26 Y
RS HAZAR 5598 0 K - R Ak B ] 4 D) A OG
CLA X JLEF 4 26 Y20 J 00 5 i 2 2R B 42
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