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WM AL AT s FoxO Hy 41 i A% e A3 20 Jfd Jo v
T2 o FoxO — M 9 4 F 4y Jox i 2 Ak : AKT |
IkB # i B ( inhibitor kappa B kinase B, IKKB) .
c-junZd LR v A (INK) A FL3h %) A 7 & 20
e % 1 ( mammalian sterile 20-like kinase 1,
Mstl) . 3% 4 Fhifilixs FoxO iR 1k 2 B A [ 1)
FIKYIRE , FoxO # AKT 5§ IKKB B iR 1k )5 1 P %
I, ML 3G 58, 7 A b g o i INK R Mistl 2 1k
YEHI AT % FoxO, {2 #F 20 i 94 T 2k A 1) 3R 3k,
AKT T84 200 i (1) 165 58 FI A7 3 L S 2846 H ( connector
enhancer of KSR1,CNK1) ¥£ JLAME 538 B 422 161l
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P, AR A SE i ok G i 4 A 5 40 i R A Y
JEPE MR AKT B35 7%, CNK1 J& INK Fi1LL INK
G Sk e OB IR T e, T H B S5
B AR O Mstl 75 53 19 40 B 99 T2, FoxO i i
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FoxO & [ i 2k £ 1 1, X — 2o 7 68 # Mstl I
INK FH %o

PAEER E 14-3-3 & — Rk ik EARSF R IR 45 4R
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FIk WL Sy it HE 2 B R A RN R A . G Zh BB
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FEIUL R 2, 76 40 B A P38 3 PIBK A%, £ 4 B
T JUL P A0 5 P 2 (1 98 1 (PDKL) i DNA 4§ i
PEE B W B ( DNA-PK) #% /R /F M B £ 80
AKT ) DR 7 40 55 1 40 A% T FoxO 2K 113
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WA i — 5. At A e SOk i,
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Fig.1 Schematic model for the regulation of FoxO transcription factors by reversible phosphorylation and acetylation'"
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DUBRAT S 55 R 1 ( SIRTY ) g 4 1ok Fic it ne
Ve R H IR (Rl G 1, NAD) — R #fi i H 2 & T 5k
il R I — 03, BERR R 2 S RAL I L R E B 4 BR
H RS 7% il £ Bk Ak 19 FoxO i 1 i 2 R % 5
GG AL QI (1) o 75 2L 30 9 240 v 1Y
SIRTL jif B 23K AT LUAT 20 i B Ik FoxO1 1y £ Tk
Ko UUBRAE B85 B F 2 (SIRT2) J&§ F NAD {K
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TR BEP REEZEM. FoxO HEH A
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(1) FoxO 35 A7 T 4 i 5T 4, DA Ak 1) 37 5 A6 33 A2 4k
(VT 491 4 R A B A 2B A ZE 2 . 7E FoxO
A BB FoxO1 78 JB i IE LB 85 L. B 68
JIg U A € g I A B T e g v 6k R B BB Y
X 2] L HS R S A PN BE R A AR, 4 A Y
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P ER R B 2R M5 58 H AR AR LA B & AT
kIR . ProF 2K 11 78 LA i 107 ¥ 1 it v A
& FoxOl 1288 [ F 2 A/E A T insulin/IGF- [ 1
INK 755 5 8% 207 7 2 b iR P9 R 5 745 i 100 IR
PR o 40 M 5T H ) ProF 5 AKT Il FoxO #H &
YEH, 75 FoxO 1Y Ser253 £ s b By #ffi ¥ AKT
B2 1L, 1% {7 & L F FoxO ¥ DNA 45 & 3§ |-,
ProF jf 12 X} FoxO W {i& PE4lifk , Bk insulin 75 % B
0 A B ) — A TE R YT 2, 7 431k B 20 A 2 i A
I WE I BRI

5 FxOHXESEEETRNEK
XEHRHATIER

AL FoxO %% (A s i 4 2 £ IGF- 1/
PI3K/PKB {55 5 I i # % 16 & H # B (INK Al
p38) I, I A2 S bR L DURE R A
S AT AN 23 i A3 1 3l 251 8 95, JUL A BE
KRG HE A B S B3 24 5%, 1 LA 25 44 5 3 H
JOFC AR 1 3R ) AR £ 9 ] B % JUL R FoxO1 i/

WK S o ok SR AL R, X I R S EUE
B L0 25 46 0 J 05 AL ook 2 1 R A R A
TEAS A, TR W 5L, 452 FH R0 22 Ak 1) 25 41 B i L
H1 FoxOl Fl FoxO3 (] mRNA ik i, Ut 4
FoxO3 W1 & 2 1% vl AUV 1Y 3 B BUK i
FEAR FoxO1 JEIN 3 ik e M AR LA 45 1 B e A ™
AOFFEUE] 45 PR ILY H A i) FoxO Y e s 16 1
AR (R JLF 172 WY LEF 4t K HE 25 48 , W 0E T 1E
oA BAE AR R IR UL B ZE 4 1 2 FoxO 1
o WA KA Z AR A T # K 3) E L R R e
1) atrogin-1 F MuRF1 A, B A5 Y H 8 7 A6 1)
Fox03 i3 5 F iR 6B & atrogin-1 #1 MuRF1 |3 3
T HTE M S mRNA (1) 355, B HAE L A 68 A
[ esh, FoxO3 [ fift 5 ML B 1 Fox03 ik
TERELEAG BT 40 il atrogin-1 FI MuRF1 J5 3 ¥ 1%
PEAYIG I, (AN & 75 i A 19 28 4 1 2R A TS #f2x ih
P FhER 4 . FoxO3 FoxOl [ & @4l atrog-
in-1 J3 3 T 1% M3 & atrogin-1 Fl MuRF1 & —
SEBAEVESME PR FRE™ . 5 Fox03 KA, Bk
A H BRI TEACHY FoxO1 JE R (1) 3k B 3R A8 /2 LA |
e atrogin-1 8, MuRF1 ki34 in. B HRi N
1E, fRZA & F FoxO4 4 57T atrogin-1 , MuRF1
H1UPS ({438 , 7T REAS [ 19 50050 R LTS A W] Y
FoxO ZE M b, 177 38 3 AN [m] (9 AL 915 UPS 3k
BB A B AER]

WFLS Y E IS R EEEE S Y 1 ( mammali-
an target of rapamycin complex 1, mTORC1 ) 3 5
5 A, B35 8 RS R AR G R SO
TREEM & R 2 43 AR, A 20 e s 210
mTORCI {55 H L RE S 5 | &2 & #% UL X, FoxO 7]
LLF i mTORCI {55, Wi/ BT & i, AT 7 19
HHNIE A & &, FoxO3 A5 Ras S HREE G
K Y Rheb A1 HAE HIHS im0 Brip3 1) 35
B P mTORC {55 5 # 3 1o 45 35 8 1k
4% 1 (tuberous sclerosis complex1, TSC1 ) 4§ #fi
LN mTORCL ™ F52 |, 78 C2C12 AL
Jf1 53 AL R, FoxOl fE5 5 mTORCI K 2L 25 4 i) 2
P AR A e i, AT 985 A 119 9 2> mTORC
(R

5" — AMP — ¥ 7% & [ B (5’ -AMP-activated
protein kinase , AMPK ) /N Y % 5 & 11 Jit [ i 1) 3%
LB AT DL R RS R TR L,
AMPK 5 i o] R AL ) > 15 25 1 B Y ik A
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Fig.2 The signaling molecules pathways involved in the regulation of protein degradation in skeletal muscle'*
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Regulation of FoxO Transcription Factors Activity and Its Functions in
Growth and Development of Skeletal Muscle

ZHU Yujing' YU Zhijiao' ZHANG Yong'*® LI Yan' SHAO Caimei’
(1. College of Veterinary and Animal Science, Shenyang Agricultural University, Shenyang 110866, China;
2. Liaoning Wellhope Agri-Tech Co., Ltd., Shenyang 110164, China)

Abstract; FoxO transcription factors are regulated by a wide range of external stimuli, including insulin, insu-
lin-like growth factor I (IGF-1 ), nutritional status, cytokines and oxidative stress. These environmental
stimuli control FoxO activity by altering an intricate combination of post-translational modifications of FoxO,
such as phosphorylation, acetylation, ubiquitination and methylation, which in turn regulate subcellular locali-
zation, DNA-binding properties, protein levels and transcriptional activity. Changes in FoxO activity are some-
how involved in regulation of protein degradation and/or protein synthesis, growth and development of skeletal
muscle. But the regulation of FoxO activity and the regulatory mechanisms of its signaling pathways in skeletal
muscle are a little known. This review summarized the regulation of FoxO activity and its functions in growth
and development of skeletal muscle. [ Chinese Journal of Animal Nutrition, 2013, 25(4) :677-684 |

Key words: FoxO transcription factors; activity regulation; protein degradation; protein synthesis; skeletal

muscle
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