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ABSTRACT

Myogenic satellite cells (MSCs) are mononuclear, multipotent progenitors of adult skeletal muscle possessing a capacity of
forming adipocyte-like cells (ALC). To identify the skeletal muscle type-specific myogenic and adipogenic genes during MSCs
differentiation, total RNA was extracted from bovine MSCs, myotube-formed cell (MFC), and ALC from each of Beef shank,
Longissimus dorsi, Deep pectoral, and Semitendinosus. DNA microarray analysis (24,000 oligo chip) comparing MSCs with MFC
and ALC, respectively, revealed 135 differentially expressed genes (>4 fold) among four cuts. Real-time PCR confirmed
expression of 29 genes. Furthermore, the whole tissue sample RNAs analysis showed 6 differentially expressed genes in Beef
shank. Among which, 1 gene in MSCs, 4 in MFC, and 1 in ALCs were highly expressed. This study will provide an insight for
better understanding the molecular mechanism of differentiation of skeletal muscle type-specific MSCs. The identified genes may

be used as marker to distinguish skeletal muscle types.
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Modified Eagle’s Medium; HyClone Laboratories, Logan, UT,
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1% P.S (Penicillin-streptomycin; invitrogen, Carlsbad, CA, USA)
o ZFH viAe] FH3ka 100 mm ALMYHA] BT F vl
71 (37°C/15% COy)oll o o]& with g ¥ wjx|E wAlskch
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sone (Sigma-Aldrich), 0.5mM 3-Isobuthy-1-methyllsanthine
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S Gl 7 o =M= AES} AT S ©f

§3le] RANE & & ¢55 I
5. Microarray =44

24,00071¢]  oligo-nucleotide (70 mer)7} J4 %]
(Texas A&MS] Christine Elsik ®ollA T]AIQl, Texas A&M,
USA)S ol8ste] Z17he] & §-9fuith 28le7] A 5274
X9} 50 T3 AX, IEFV|ME} Ao Bl Alx
oA %3 RNAS %3H& ol&ato] 7k waatelE A8k
ok Zpzhe] v} 3uks Ags Adgstlon A 66739 3
S B4 o]&3tl. Microarray w4 A3} T Z7te] & X
SlolA 4l o WAE L YA 3749 F9jellx= 2u) odtE
e f47 135715 Addste] £4e o]&al3

o)1=
AT

o

O

6. Real-time PCR &4

Microarray 4 235 AZF387] 913 microarray w404 ©]
83 5U% RNAZ real-time PCR H4jo] ALgslsith(AZ, =
2 B 3 HHE). 1uge RNAS oligo (dT)w 2E2to]™ (Bioneer,
Daejeon, Korea) 12]1. Superscript-Il reverse transcriptase
(Invitrogen)E ©]43lo] ¢cDNAE FAsIATH(42ColA 502, 72
TollA 158). 39 cDNAE 10912 34 3 2ulZ power
SYBR®Green PCR Master Mix (Applied Biosystems, Foster
City, CA, USA)9} 10pmole?] EZ}o|HE o]-83}9] real-time
PCR (7500 real-time PCR, Applied Biosystems)2 3}%Itl. PCR
B48 93] Predenaturation; 95°ColA 10%, denaturation; 95
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Col A 33%, annealing; Zz}o| 7 2%ol|M 33%, extension;
72 CAA 33%, % 403] %] TS o83l on 1.2%
optE = Ao WhS- ofH-E oll4t). Real-time PCRS E3t
co(t) F AR 27MC WS o8 dlglom(Lay 5, 2002) W&
8} (normalization)= GAPDH 34} 3+ ©]-43}%th PCRo| A
45 zgo]rE NCBI @71ME ARE o]8389 Primer 3
software (http://frodo.wi.mit.edu)S ©]-83}e] TIA}15} T} (Table
4).
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; Identification of Cuts-specific Marker DNA
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Microarray 4 ZAZol|4 MSC7} MFCZ #3}5+= #7443} ALC
2 o|giEst B HAA A7 Aolg Ueilie A T & 2

5 F9elA frefgt AEE o]&e A9 TellAe 48] o9 A
ol Yehiu vHA] 3719 25 F-9lellxle 2u) muke] Zjo|E
Uehlle= f2E At (P<0.05). ol WS E8 A}

B, 54,

l:]:‘— o]

FA, FFA 9 F shte] F9lelA vk MSCO| w3t
313} = oA SolsAl Wle] lolE HolE 135
A GARE ﬁ%o}@‘lﬂr(Table ). & £° MFC% Hlugls
uf MSCellA tf o] LaEE FaH(S>M) F AL F-9lellA
frefsh AEelAE 4u) o We] AfolE Holi, v 37
& F9lelA g Az E 2uf olate] Apolg Bl frlAte]
A & SoMGo A Al H9jA] frefg AlEeAE ol
2ot fdzE BAEA eRokrh MSCeF Ml Es W MFCOlA]
o BEEE FA4(S<M) T AR 914 gk AEeAE 4
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Fig. 1.

MSC, MFC, ALC in Beef shank.

MSCs after 10 days of primary culture (A), MFCs after 14 (B), and transdifferentiated ALCs after 7 days of culture in

an adipogenic medium (C).
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; Identification of Cuts-specific Marker DNA

Table 1. Results of DNA microarray analysis of bovine MSC, MFC, and ALC in Beef shank, Longissimus dorsi,

Deep pectoral, and Semitendinosus

Skeletal muscle part S>M" S<m? S>A" S<A?
Beef shank 59 40 7 19
Longissimus dorsi 0 4 2 0
Deep pectoral 0 1 0 0
Semitendinosus 0 1 2 0

S = myogenic satellite cell, M = myotube-formed cell, A =
Y'S > M = Genes highly expressed in MSC compared to MFC
?'S > A = Genes highly expressed in MSC compared to ALC
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2. Real-time PCR &4 (Mlx)

35709 frdatel e real-
Aegstsict. folA AF
St microarray v‘i—‘j.oﬂ s 1" strand
cDNAES AT & 7k 135709 Fdas Soldow $3d &
JE PCR Zo|HE o843 real-time PCR ¥41S A3t
Microarray #AA7 oA §¢ Eolqoz {Hz dH| Aol&
UER 135709 Ak & 29709] fradapute] gk F9jellx] frefst
AEAARE 4uf o) o] At o] F7E AL vA] 37K 59
o M= 2wl mRke] Zpo]E YERNSITH(Table 2). dlE E°] Table

adipocyte-like cell
?'S < M = Genes highly expressed in MFC compared to MSC
?'S < A = Genes highly expressed in ALC compared to MSC.

19] microarray w4243 olA SAFELNA e 5ol A ALC
o} vjasjA SMC7} 48 oSl frdah dds Holal yHA] 3
FSlelA= 2w mnke] ZolE vEhd fdAH(S>T)7E 270 ]1
Ho|| real-time PCR A A3l A= o] 2719] 427} fAkeE 2

#2 Rl 2t

3. Real-time PCR &4 (=2)

Sl A 2070e] SRl thal A Al B4, B, &
57 29 2RZAN 253 RNAS ol43) 3eld fa4 2
Aol Aolz DAL o A5 4hel 2% 29 F 1)) 9
A 3708 24 B9le] wal 4u) olge] AR wAe 2
ol HQl vk Mukslith (Table 3). L A3 2971 44 5 4
A R g Ao Gaxe] wde] Ao)E e Ao

Table 2. Results of real-time PCR analysis of bovine MSC, MFC, and ALC in Beef shank, Longissimus dorsi,

Deep pectoral, and Semitendinos

Skeletal muscle part s>M" S<M? S>A"Y S<A?
Beef shank 7 16 0 5
Longissimus dorsi 0 0 0 0
Deep pectoral 0 1 0 0
Semitendinosus 0 0 0 0

S = myogenic satellite cell, M = myotube-formed cell, A =
Y'S > M = Genes highly expressed in MSC compared to MFC
?'S > A = Genes highly expressed in MSC compared to ALC

Table 3. Results of real-time PCR analysis of four skeletal muscle, Beef shank, Longissimus dorsi,

pectoral, and Semitendinosus

adipocyte-like cell
?'S <M = Genes highly expressed in MFC compared to MSC
¥'S < A = Genes highly expressed in ALC compared to MSC.

Deep

Skeletal muscle part s>Mm" S<Mm? S>A? S<A?
Beef shank 1 4 0 1
Longissimus dorsi 0 0 0 0
Deep pectoral 0 0 0 0
Semitendinosus 0 0 0 0

S =myogenic satellite cell, M =myotube-formed cell, A =
Y'S > M = Genes highly expressed in MSC compared to MFC
»'S > A = Genes highly expressed in MSC compared to ALC

adipocyte-like cell
?'S < M = Genes highly expressed in MFC compared to MSC
Y 'S < A = Genes highly expressed in ALC compared to MSC.
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5 . . 3 ﬁ . e
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=
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8 shank dorsi pectoral 3 shank dorsi pectoral

Fig. 2. Gene expression in different types of cut.

Real-time PCR analysis was performed for four skeletal muscle, Beef shank, Longissimus dorsi, Deep pectoral, and
Semitendinosus. Fold difference was analyzed considering beef shank as control. Different letters indicate significant statistical
difference (Tukey’s test, p>0.05). The data shown are normalized by GAPDH.
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Table 4. PCR primers
Gene Name Abbreviation  Size (bp) Forward Reverse
Thymidylate synthase TS 194 S'-ctacgtggtgaatggggagt3'  S-tcagtggctcgatgtgattc3'
Tropoelastin TE 205 S'-caaaccaggacaaggatgga3' 5-tccagttggtacccaagcat3'
Similar to RAD52 motif-containing protein 1 . 207 S'-caggctttcttcctgeaaac3'  S-tgtaacctgggaccettgag3'
Unknown (CV980409.1-A:r) . 201 S“tcaggtgcttcacacaaatg3'  5-ccactacaccctcaccetgt3'
Myosin, light chain 2, regulatory, cardiac, slow MLC2 205 S-gcgtgtgaacgtgaaaaatg-3' 5'-cgttgtcagcatctecttga-3'
Thioredoxin-interacting protein TXNIP 182 S'-ccagaattgattgggtttge-3'  S-ttgccaacaggagaacacag3'
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nosus) 471¢] ZZe|x MSC (myogenic satellite cell, <5E7]A

DHE F 7Y & 5 o] AEE AEHUYS 53] MFC (myotube-
formed cell, <ol FHH AEHEZ BAIIAY, ALC
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mRNA 9] ApolE Holes FHzE ~ae]daiginh o] Wy
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Al Sl 491 Aoz dEA o (Derenzini 5, 2002)
Aol DNA 3 3 AlZ S0 88 98& sfe slo= A
g2Hth & Aol AES o83 AP DI TSi= MSCOA
FUASE =& mRNAS HdS Holt7l MFCE #3151+ 3%
Aol 2 o] 7+asle AoZ YERITh TE (tropoelastin),
RADS?2 (similar to RADS52 motif-containing protein 1), MLC2
(myosin, light chain 2, regulatory, cardiac, slow), 7]%5°] <&
A k2 FA7} (unknown gene)t EF MSC7} MFCZ £3
¥ FAelA mRNAY Lol F7lste Zlo® vehylth
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Tudt g T8 A%
(tropoelastin)2 A3 ] 7]He
A WS MEHoT A A4

3t (Goetsh %5, 2003). TE
T8 74 54 F9 E =9
Bo| Wy = depaw Gy
Aol A4EHo|t} (Anthony 5, 2010). 7| 2A (myosin)> F4
oA 7P ol EAlshE dlleR 59 5o Hojgith W
212 MHC (71241 &4; myosin heavy chain)¢} MLC (7241
74l; myosin light chain)& A0 oW, MHCE & 5%
e AR T8 89008, MLCE MHCE &38R 75
WAt} (Emerson 5, 1987). MLCE ZaAdchizdzs
MLCK (Myosin light chain kinase)oll 2]l <123} ¥v] <lxks}
" MLCE actin¥} ZAgsHA Hof & A o719, MRLC
(myosin regulatory light chin)¢} MELC (Myosin essential light
chain) ¥ F#H7} 9tk MLC % MLC2 (Myosin light 2,
regulatory cardiac, slow)= ZATA EHoT WEHHE
Azl F9] SR (Lyons 5, 1990, Alexander %, 1993), ¥4|<]
5S4 59 B g3 (polymorphism)dl] thet A4S F3 117]
o] pH, 54 &4, 29, T $8% s viXvka B g
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e AR, Az A& F8¢ 985 dr} (Bankmann
1992, Park &, 1992).
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