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Effect of aerobic exercise on the expression of tuberous sclerosis complex-2 and insulin
receptor substrate 1 serine phosphorylation of skeletal muscle in mice

Yang Feng-ying’, Niu Yan-mei', Liu Yan-hui?, Chen Ni', Wang Jia-zhong', Fu Li"?

"Department of
Rehabilitation and
Sports Medicine,
Tianjin Medical
University, Tianjin
300070, China;
2Department of
Health and Exercise
Science, Tianjin
Institute of Physical
Education, Tianjin
300381, China

Yang Feng-yingyYt,
Studying for
doctorate, Lecturer,
Department of
Rehabilitation and
Sports Medicine,
Tianjin Medical
University, Tianjin
300070, China
nini@tijmu.edu.cn

Correspondence to:
Fu Li, Doctor,
Doctoral supervisor,
Professor,
Department of
Rehabilitation and
Sports Medicine,
Tianjin Medical
University, Tianjin
300070, China;
Department of Health
and Exercise
Science, Tianjin
Institute of Physical
Education, Tianjin
300381, China
lifu@tijmu.edu.cn

Supported by: the
National Natural
Science Foundation
of China, No.
30871213*; the
Applied Basic
Research and
Leading Technology
Projects, No.
09JCZDJC17400*

Received: 2010-09-06
Accepted: 2010-12-07

1232

Abstract

BACKGROUND: Studies demonstrated that, expressions of insulin receptor substrate 1 (IRS1) serine phosphorylation and
tuberous sclerosis complex-2 (TSC2) and abnormity of mammalian target of rapamycin (mTOR)/S6K1 signaling pathway play an
important role in the agitation of insulin resistance.

OBJECTIVE: To study the effects of aerobic exercise on TSC2 and IRS1 serine phosphorylation activity of skeletal muscle in
mice.

METHODS: C57BL/6 mice were randomly divided into the control group and exercise group. Mice in the exercise group were
acclimatized to the motorized treadmill by running at the intensity of 75%VO2max, for 6 weeks. No intervention was performed in the
control group. The expression and location of TSC2, IRS1, IRS1-Ser’® and IRS1-Ser®®**%* in mouse skeletal muscle were
measured by RT-PCR, Western blot, and immunofluorescence.

RESULTS AND CONCLUSION: The expression of TSC2 mRNA and protein of the exercise group were significantly increased
compared with the control group (P < 0.05). There were no significant difference between two groups in the expression of IRS1
mRNA and protein. And the expression of pIRS1-Ser®®” and pIRS1-Ser®*¥®* protein was significantly decreased in the exercise
group compared with the control group (P < 0.05). The aerobic exercise probably agitate insulin pathway by enhancing the
expression of TSC2 which attenuating the activity of IRS1-Ser®” and IRS1-Ser®*¢%* phosphorylation.

Yang FY, Niu YM, Liu YH, Chen N, Wang JZ, Fu L. Effect of aerobic exercise on the expression of tuberous sclerosis complex-2
and insulin receptor substrate 1 serine phosphorylation of skeletal muscle in mice.Zhongguo Zuzhi Gongcheng Yanjiu yu
Linchuang Kangfu. 2011;15(7): 1232-1236. [http://www.crter.cn  http://en.zglckf.com]
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K A& =5 AR W RB-Tubulind =AM, SFEIEA
FEmBREAMMENGE, BefdaARKEHERN
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FEIMEIER: OTSC2 mRNA K& A LB,
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PIRS1-Ser®%¥ s R ik AL .

GiitF i bR TR Hixes®k s, B SPSS13.0
SRR AT AR B SR AT SR R O = Ay b, R A
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2.3 B IRST, plRS1-Ser’” #2pIRS1-Ser®*®®¥ ¢y
FE - RIKENER, B35IRST mRNA LHEAR
IETCHE RN (P > 0.05),

S NAO RN, NG

39.16%#1141.77% (P < 0.01), EMHHH 25w UL %
BACE 8501 pIRS1-Ser’®, pIRS1-Ser®*®%% & 114
K

Control  Exercise Control  Exercise
group group group group
PIRS1- 2
ST PIRS1-
er Ser 636/639 t

Molecular weight of pIRS1-Ser307 or pIRS1-Ser636/639 was 180 000

Figure 2 Expression of pIRS1-Ser3O7, pIRS1-Ser63G’639 protein in
skeletal muscles
2 BB pIRS1-Ser’™ # pIRS1-Ser®®®*® 25 (1 %1k

gL R L L BOR, B4/ R
WAZpIRS1-Ser’”, pIRS1-Ser®®¥0%9%% yu 2 rir i A%
T, RRIBEA /DR B B NITSC22E K K AL FFAIK,
T G AN A P B 85 BLfE— 0 3 FF T Western blot
g R, WK, 4.

F1 FANRBHEIL IRST, pIRS1-Ser®” #1 pIRS1-Ser*****
EHSESSE
Table 1 Expression of insulin receptor substrate 1 (IRS1),
pIRS1-Ser’™, pIRS1-Ser®*®*®* protein in rats of two

groups (xts, n=20)

Group IRS1 pIRS1-Ser’” pIRS1-Serd6%
Control 100.00+0.00 100.00+0.00 100.00+0.00

Exercise 103.64+10.12 60.84+7.47° 58.23+10.43°

P < 0.01, vs. control group

Control Exercise Control Exercise
group  group group  group

eAron E B_TUbu”n -

Molecular weight of IRS1 mRNA and protein were 408 and 180 000

Figure 1 Expression of insulin receptor substrate 1 (IRS1)
mRNA and protein in skeletal muscles

1 FHUL IRST mRNA fifEH &L

H1 B2 W, S g sl pIRS1-Ser,
pIRS1-Ser®®% i [ 2 ik i 2 #4142 BB AK T

1234

a: pIRS1-Ser307 control group b: pIRS1-Ser307 exercise group

c: Nuclei control group

d: Nuclei exercise group

e: Merge control group

f: Merge exercise group

Figure 3 Expression of pIRS1-$er307
staining, x40)

K3 pIRS1-Ser™ ik i e e M Ab S Yot (e FO Y,
x40)

(Immunofluorescent
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a: pIRS1—Ser636’639 control group  b: pIRS1—Ser636/639 exercise group

d: Nuclei exercise group

f: Merge exercise group

c: Nuclei control group

e: Merge control group

836639 (Immunofluorescent

Figure 4 Expression of pIRS1-Ser
staining, x40)
4 pIRS1-Ser®™* ik [l G FNAF R (S IEH
Jhgi, x40)

a: TSC2 control group b: TSC2 exercise group

c¢: Nuclei control group d: Nuclei exercise group

e: Merge control group

f: Merge exercise group

Figure 6 Expression of tuberous sclerosis complex-2 (TSC2)
(Immunofluorescent staining, x40)
6 TSC2 iAW AT F M (IETI I, *x40)

2.4 FHITSC2th Rk 6GAEHLK)E, 85
I TSC2 mMRNA K 85 (1 3R 3k 8 22 4 7 il 4
N12.84%#110.32% (P < 0.05). &7~ Eizsh Al
DL E NS 8 N TSC2 mRNAK & AR #ik, W
K5,

Control Exercise Control  Exercise
group  group group group

TSC2

GAPDH B-Tubulin

Figure 5 Expression of tuberous sclerosis complex-2 (TSC2)
mRNA and protein in skeletal muscles
B 5 FEML TSC2 mRNA R HE [ R

BN LA RO R G, BN
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HENLTSC2AE N FKIL M5, WK6.

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH
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(Phosphatidylinositide-3, 4, 5-P3, PI3P) [y &',
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ARE LR, MHIRS1-Ser” filIRS1- Ser®06%
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IRS1-Ser® "y i [ty i 1 A0 V5 P 2 77 S5 2 1 715 i &y
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