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T, B EH2 NS FEES FRATLE Xdeke &F Y Y IS AV HE =S AT
T3, 2 o A7) o 24 E o3 2548 o e Anye At

TR, By A7 2 o 5 £ vHS FHIIE S Ady

EI, 2 Uy Y] FEES FEARSRE EFee TopEe |E2e] #3F 318 AoF 242 Al
Rl

T, U Y] A 2AAES AYste GAE 236k, ZobME] SHAlERS E3t FX ES A

AZH Q172 0.6 kg B35t 2% &7)d Y AAFTE 100FE 2 F 60 ColA 33X St wvlalo]
FE3ATE. FEAL AFYARZ A7} F ofdo] eAF| Futsk wizkx] 50 ColM 7Y FFete] A% F=
E (o]3} PE266°]E‘r S ATk, ol W &2 oF 49.59 %= YEFSUE.

[AAld 2] AXE 284 o3 2 75 AX B F442 23 Hg 43

C2C12¢ immortalized mouse myoblast cell linelZ %& ¥A At]A (high serum conditions)olx] A7o]
w9 wEw e d3 Ar)A (low serum conditions)olA] ZobAE (myoblasts)® E317} 2+ dojiur] wj&
of o]lARE THAHE B3lo] AF AFEEHIL e AFoltk. F, W& dF #AYA (low serum conditions)
+ starvationold @3 ZolAE  (mononucleated myoblasts)E7]8] 3oz 3] < (multinucleated
myotubes)©] WHEOIX|aL ZHAA  (myogenesis)E B3 FFA FZFT AE (contractile skeletal muscle
1= 2371 18, webr ZobAl3E (myoblasts)e] #3bo] #HE 71A14 A3shsd H =2 (mechanistic

biochemical pathway)®] #2418 gk thefst @il T+ {32 23 AT AMEE 5 Sl
0%, 7

7% M 4 olo] 2 &F 8 T WstE IRlsy] sk (2012 MEE 5Y T A

A% FE5 10 ug/ml =5 100 ug/mlS 24A13F A@letdtt. 1 & AEZE Trizol S A3 RNAS FE3191
o]Z cDNA TAS 98 Reverse transcriptase (Nanohelix)E o]-&3Fo] cDNA A3 = ¥ 19 27

AF&-8tod qRT-PCR (CFX Connect Real-Time PCR Detection System, Bio-Rad)< AA|&}4ith.
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# 1
Gene Direction Sequence (5° =3 )
MyoD Forward CCGTGTTTCGACTCACCAGA
Reverse GTAGTAGGCGGTGTCGTAGC
Myogenin Forward GAGGAAGTCTGTGTCGGTGG
Reverse CCACGATGGACGTAAGGGAG
NRF-1 Forward CTTCATGGAGGAGCACGGAG
Reverse ATGAGGCCGTTTCCGTTTCT
Tfam Forward GAGCGTGCTAAAAGCACTGG
Reverse CCACAGGGCTGCAATTTTCC
CytC Forward GGGCCTCGTTAGTGCAGCAGG
Reverse GGGCTCCCAGAAAAGGTTGCCT
Cox2 Forward ACGAAATCAACAACCCCGTA
Reverse GGCACAACGACTCGGTTATC
COx4 Forward ACTACCCCTTGCCTGATGTG
Reverse GCCCACAACTGTCTTCCATT
ATP5g1 Forward TGGGGACCAGGGCAGCCATT
Reverse AGGGCTTGCTGCCCACACAT
SIRT1 Forward TGCCATCATGAAGCCAGAGA
Reverse AACATCGCAGTCTCCAAGGA
SDHb Forward ACTGGTGGAACGGAGACAAG
Reverse GTTAAGCCAATGCTCGCTTC
PGC-1a Forward GTCCTTCCTCCATGCCTGAC
Reverse GACTGCGGTTGTGTATGGGA
UCP1 Forward CGGAAACAAGATCTCAGCCG
Reverse CTGACCTTCACGACCTCTGT
ERR a Forward GAGGTGGACCCTTTGCCTTT
Reverse GGCTAACACCCTATGCTGGG
PPAR a Forward ATCCAGGGTTCAGTCCAGTG
Reverse GCTTAGGGACAGTGACAGGT
PPAR B Forward GTTCCTCTGACCCTGTCCTC
Reverse CCAGCAAGTTTCAAGCCACT
TSC1 Forward TTATCCATCCTCTCGCTGCT
Reverse AGGTGCTGCTTCCCTGACT
TSC2 Forward ATGGATGTTGGCTTGTCCTC
Reverse CAGGCAGTTGTAGCAGACCA
MuRF1 Forward CCGGACGGAAATGCTATGGA
Reverse AGCCTGGAAGATGTCGTTGG
Atrogin-1 Forward ATGTCTGGAGGTCGTTTCCG
Reverse CGTCTTCGTGTTCCTTGCAC
GAPDH Forward AACTTTGGCATTGTGGAAGG
Reverse GGATGCAGGGATGATGTTCT

myoD®} myogenint <& #3o| ToJdtE FHA X =
factors)® muscle?] w35 F3ste= Aoz dHA gloH,
2 (skeletal muscle mass)e] =7 .
e 100 ug/mlS AR A5 2F 2,13 W) (= D9} 1124 (= 2) T/ ﬁtﬂﬂsﬁt}. o] A =4
A} (myogenic regulatory factors)?] ©d ZVles FAEY R3IE FE3519
A3} AL (skeletal muscle mass)e F71HE
ofyel, ZHAE &4o] dojd W &4 A F
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NRF-1 (Nuclear respiratory factor 1) 2F3}4 <148}l (oxidative phosphorylation)e} W|EZ=glo} A& W
Ay (mitochondrial biogenesis)E& ZXHate FAA L& dse vWle T3 JAL AAE U8 gloH,
NRF-1& Tfam (Mitochondrial transcription factor A)E 1145}—‘:* Ao IdHA Y. TfamS v EZ=glo}
o] AA} CIlRE mEF=gol ARt AAF 24y nEF=gol Al (genome)d EAE 2dEE 23 A
A2 4dA drt. T3k, CytC (mitochondrial cytochrome C), Cox2 (Cytochrome ¢ oxidase subunit 2) %
Cox4 (Cytochrome c oxidase subunit 4)& HAHAEAS FASE dEAZ AXRAGAES S5 Ay A
T8 AP FAdol Holstar vk, wEhba o] Tl W Frhe AAHEAE ﬁ‘qﬁ}ﬂg ojuj gy,
ATG5g1 (Mitochondrial ATP synthase lipid-binding protein)< WEZE=glolo] ATP X FAL] 3 HEoZ
ATPe] 3HAdoll Tojsle= M Ao|t}. SDHB (Succinate dehydrogenase [ubiquinonel] 1ron—su1fur subunit,
mitochondrial)= PEZZ=go} 2 (mitochondrial membrane)elX succinated] At3lo] #ojdt= FAE ¢33}
Stal 9o, FAX F7] (Citric Acid Cycle)®} AxPAG A #ofstar e &aoltl. UCP1S Thermogenin
(uncoupling protein 1)eZ <z dom Ax 35 AAZY (uncoupling)S FEdte], 71" Ak3}
(substrate oxidation)9 &£XEZ F7MAA FF oz 2 o] ATPY AAo] HrsE 3o},

kA, 7% FEE o9 NRF-19] W F7F (2,52 v $7F E3)% A A8 AlE sFe z_}oqg}_t,
el dge] gofat= HAF dApe] WAL TS WEk, o] Tfam«l H S §7P v, =

(1.611 YA
nEFZzgol fHxte] AAF A3 nEFEEglo} ﬂllﬂ B4 55 A8l ZHAHEe] d4S z7%1 &
olmgit}, HAAGAE FAstE CytC (1.105W), % 5)¢F Cox2 (4.354) 100ug/m1 % 6), Cox4 (1.899w,

DHFAA FdS T7HAES geledvt. E=g v EFZ =g o] ATP synthased] & Fi& FEslel= ATGGgl

I-rl ruo _& uv)

Azpel g E7}(1 24wy, )&= A HEAQl AUl ATP el ZF7HeS omshy oluvx] A<
Sk <Aste] A% 2ol SAT ¢ A8 4 ARG T Db W F7 (L3N, E 09 CPL)
w7k (0,811, & 10)E AT e AE EF3 P F7] (Citric Acid Cycle), @Al wojshe=
AAER oo Wd 2L Bl AX e AP S I/AUS & = QAT oA APe] o] 24
HoZ AxE A 4o T7Hla oy ESAE 47 2 Vs 2Ed T8 ZAEE 7 Ades T
o}

AMPK (5' AMP-activated protein kinase =+ 5' adenosine monophosphate-activated protein kinase): A3
Y dyx] F=Fo] gAas A9 SF I A4 (Fatty acid)9] AlXE W29 =453 4kl (Oxidation)E 57}
AA AE W dUA S FASH AATE 98-S sk @4 olth. SIRTIS sirtuin (silent mating
type information regulation 2 homolog) 1° % metabolic regulatory transcription factor PGCl-a/ ERR-a
23 gl AdS t]olAes} (deacetylation) AlA A4S 2H3sH7]% 3}, PPARs (Peroxisome proliferator-
activated receptors)t & T 2R 8 =¥ H2 (nuclear hormone receptor superfamily)el]l &3t &3t
= #gA3} HAF <A (ligand-activated transcription factor)® PPAR-a/B (peroxisome proliferator-
activated receptor-a/B)x AWHAF thAF (fatty acids metabolism)S Z4d3lc).

°olF EUE QIXE FE2E YR Ud JEE 1, T4 (skeletal muscle)ell A sirtuin 1 (SIRT1)<]
WES 17134 (= 11) 7719, 713 SIRT1S PGC-1a (1.86¥), = 12), ERR-a (1.1729, = 13) ¢}
PPAR-B/a (1.089 Z7F, 0.78¥) A&, Z+ & 148 = 15)¢] wd3 @S WA A, FFI29 Ak
(fatty acid)d &4 % Ak3} (oxidation)S VMM A oUA d4AS FAAA FE 9 ouA st nEE=

glo} AE WA (mitochondrial biogenesis)E F7HAZ 4 oS ).

TSC1 (Tuberous sclerosis 1)¥ 3&mFEEl (hamartin) o ® E8]7]%= &4, chaperone Hsp90 (heat shock
protein-90)¢] ATPase &AE A &5+ co-chaperoneo® A&}, w3 TSC1S TSC2 (Tuberous Sclerosis
Complex 2, Tuberin)®} TSC complexZ ©]|Fw GTPase-activating protein (GAP)ZE Z-83}e] mTOR signaling<
Negatived}A =ZZ3ch. Mammalian target of rapamycin (mTOR)& mechanistic target of rapamycin X
FK506-binding protein 12-rapamycin-associated protein 1 (FRAP1)S o2 E¥]7|% 3, cell growth, cell

ok

I~

5 1o

proliferation, cell motility, cell survival, protein synthesis, autophagy, A} 52 Zd3t}. E3
skeletal muscle massE ZAs= 715 Ao &HA A, ol EURE A& FE2E A= ¥d HEE
golghar, TSC1/29 & 7+2:(0.539), 0.484), T 169 % 17)E mTOR signalingS A stste]l AE 24

7}
.
S} 2He FH7IE U ol d Aow oyd + Ytk
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LS g RelE AssheA ElEty] flsked MuRF17 atrogin-19] @S Belsiich. 1 At
2 200 wE uf, INF-aol o) el Eafo] ¥ojsh= MuRF13} atrogin-19 eﬁﬂ»aﬂﬂﬂ%,ﬂ%br$
=

\r
5 Adhel whel MuRF13 atrogin-1¢] @ 7ol #4ad & &9 = AU

[AAle] 3] A% FE2F] o7 2 75 A #d 99 28 W3 43

= 7% M R oeolel @ % £ T WakE #sly] fJske] (2012 AEE 59 T3t 2SN F, Z
o1& FZ5E 10 ug/ml = 100 ug/mlE 24717+ AR, 2 F M EE modified RIPA bufferE o]-83}o]
gk g3 4 =27 H 20 ugel w@HlAE Ao AESIIth. ZF ERK(sc-135900: santa cruz) p-
ERK(9101S:Cell Signaling), mTOR (sc-8319: santa cruz) p-mTOR(2971:Cell signaling), p70S6k (sc-230:
santa cruz), p-p70S6k (sc-11759: santa cruz), p38 (sc-535: santa cruz), p-p38 (sc-17852-R: santa
cruz), p-AMPK(4186:Cell signaling), GAPDH (sc-25778: santa cruz) 1x} A|E Al&3sle] BA1819 ).

ERKs (Extracellular signal-regulated kinases) H+= classical MAP kinases (ERK1/2)E #H+EE, FAHEYE

fAFED & 7)% 2 AE =2 (meiosis, mitosis, postmitotic functions and cell proliferation) & %

Aale Qiksk axolth. AM% FEE| 9dhe] ERK1/29] 14tElh FUMEllen (K 20), ol ALY
(e}

:El_
TE A4S 24%%S & F A
T3k, mTORS] 21Aksle]l Z71 (= 20)& TSC1/29] wH& ZHA (0.538), 0.48¥))e} $HA mTOR signalingS &4 3}
sto] Al S 25%S S7A7IEY 719 Hog el

S6K1 (Ribosomal protein S6 kinase beta-1)+ p70S6K (p70S6 kinase, p70-S6K)Z %= <& 12w, PI3 kinase
pathwayoll A @]H.<% (ribosomal) WA FAlS FH3IIT}, AR FZE 93l p70S6Ke] A3t F713k
A (% 20)2 ribosomal TMA o] Z7te} ol wWE gl e Z7ME o = AN

p38E P38 mitogen-activated protein kinases®, H|= muscle stem cellsolA w3} 5o 2|l o] A
FHog AEHoRZ st 259 AL JAEIIE AR, AEe S ¥d FTheE AE 23E £3
g 4=l WA, QX% FEHF 9t p38e <14tE TUHE 20)= EHAEY Bl IS Fo] &5

F Skl 71gE & 7 AT

T3 AMPK (5' AMP-activated protein kinase)®] <14F3} =7} (&= 20)+= SIRT1, PGCl-a, ERR-a z¥]aL
PPAR-B/a 9] ¥d ZA3} &7 FFA29 AHAF (fatty acids) AE W29 %3 thA} (metabolism)& %
Asle] nEZ=glol AE WA (mitochondrial biogenesis)E #7HZ F IS F<Fc).

[HAld 4]107A% FZ2E 93 (2012 AXH 9 ATPY W)

A7) ARE& FEEC og (2012 MEWS] ATPES SAH8r] fste], #3d AEE F2olA 2X ATP
detection reagentS ¥ o]+ t}S, Mitochondrial ToxGlo Assay(Promega) kitE AF&3}o] LuminescenceE &
At 2 A3, A% FEELS FEo gEHOT AE U ATPES F/HA7S Fosdon (= 21),
25ug/ml o] FXoAl oF 55%9] F7HE RISt ole Y] Azl Po] mEIZ=gote] A4S FUMA &
71% MA ‘j% SIEAE S ST S G

B 93 A A3 Ast

5o 93 AXE AHS 3lsty] Yste] C2C12413Ee] ZF 10 ug/ml, 100 ug/mlS =123k & MIT
[, 10° cells® AXE 96-well tissue culture plates (SPL)2] Z} wellel] ¥ 3 DMSO
g3y 7 248 FAE FEZ culture platesol] F718F9lth. vzt DMSOE AW HE71 0.2 23selx &
5= 7 platesoﬂ Bt o | 48412 A3 F 10040 Smg/mé MTT (sigma Cat. M2128)E F13+ %, 243 &
oF 37C ¥FSAIFHY. WA= AA F 0.1m12] DMSOES H<Jstar 108 &< ¥F$AZl 3 microplate reader
(BioTek Instruments, Korea)E ©o]-&3}o] 540 nm FF oA A4S =AsYG ).

AR, = 220] yEhd mks} gro], 1% FEES ALF A vizel Bl Alxe] ol k= 9

i

Ho=z
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