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Effect of tubulin in skeletal muscle on mitochondrial Rho-GTPase1 protein (Miro1) after

high-intensity exercise and the underlying mechanism

Liu Xiao-ran', Huang Tao?, Wang Yun-hong', Yan Shou-fu', Wang Rui-yuan?, Li Jun-ping? ('School of Kinesiology and
Health, Capital University of Physical Education and Sports, Beijing 100191, China; 2Sport Science College, Beijing

Sport University, Beijing 100084, China)

Abstract

BACKGROUND: High-intensity exercise can induce the depolymerization and/or degradation of tubulin in the skeletal
muscle. According to the close relation with the mitochondria, tubulin may influence mitochondrial movement track and
molecular motor, thereby varying the movement and distribution of mitochondria.

OBJECTIVE: To observe the effect of high-intensity exercise on a-tubulin, MAP4, Miro1 and mitochondrial
ultrastructures, analyze their sequential changes and further explore whether tubular depolymerization regulates the

movement and distribution of mitochondria via Miro1.

METHODS: Fifty-six Sprague-Dawley rats were divided into control (n=8) and exercise (n=48) groups. The rats in the
exercise group ran on the treadmill ( -16°, 20 m/minute) for 90 minutes, and the soleus samples were removed
immediately, 6, 12, 24, 48 and 72 hours after exercise (n=8 each time point). The expression levels of a-tubulin, MAP4
and Miro1 were detected by western blot assay, and the ultrastructural changes of mitochondria were observed under

transmission electron microscope.

RESULTS AND CONCLUSION: The expression level of a-tubulin was decreased significantly at 6 and 12 hours after
exercise. The expression level of MAP4 was increased significantly at 6, 12, 48 and 72 hours after exercise. The
expression level of Miro1 was increased firstly at 6 and 12 hours after exercise, and decreased at 72 hours after exercise.
In the control group, the paired mitochondria were arranged on the both sides of Z line, and few appeared in the
myolemma. Mitochondria began to accumulate in the myolemma immediately and 6 hours after exercise; the number
achieved the peak at 12 hours, reduced at 24 and 48 hours, and returned to normal at 72 hours. These results suggest
that high-intensity exercise can induce the depolymerization of microtubules in the skeletal muscle, thus regulating the

movement and distribution of mitochondria via Miro1.
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Funding: the National Natural Science Foundation of China, No. 31271277, the General Program of Science and
Technology Planning of Beijing Municipal Education Commission, No. KM201510029001; the Fundamental Research
Funds for the Central Universities, No. 2017YB022 and 2016YB041; the Research Platform of Capital University of

Physical and Education (Molecular Biology Platform)

Cite this article: Liu XR, Huang T, Wang YH, Yan SF, Wang RY, Li JP. Effect of tubulin in the skeletal muscle on
mitochondrial Rho-GTPase1 protein (Miro1) after high-intensity exercise and the underlying mechanism. Zhongguo

Zuzhi Gongcheng Yanjiu. 2017;21(16):2570-2575.

0 3IE Introduction
TN LA B B LA oy, E4ERR AN T A 4G
W, S5MMIZE). B AN SIS S 5 T R A
H o BIFFTUE SECE 5 i B LA sh R fik i e (R ok iAok
Ry, kst AP AR REES S A
KB LR AR A — P R B e, S, 4
A~ BRI ZIF AL T A R, 2R bR/ 40 T AR
IEENNIE, o> ISR g, 10 DY REARA R X Seis
s, LeRARAE UM VE IS s vy, Tl F s st &
& M (microtubule associated proteins, MAPs), F T4
(E AT LAV TP 3R &l 2R, i FLe ml DA 4 sh ek
PR A AN i B SRR IS BN 40 T 3k LR Sy
TR YRR 1 (Kinesin) M1zl 1) 2 (1 (dynein),  $)8 T4
SAEN, WahEAEES SERARRITE, 3hE
I 3 B2 G 2 R AR ) 14 T2 5h

3T 4 WF 9% 4% 18 £k ki /K Rho  GTP i 1(mitochondrial
Rho-GTPase 1, Miro1)59Ka) & (1iEH:, TR Lb RN
EIIEEE, Miro j&— P A T LRk S I I G TP g ,
il 5L E A (Milton) . BK2h 8 A #5%(kinesin heavy
chain, KHC)%H 144, MMIIRIEE G4, WELoh

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

KIIE5) . FranssonZEM ki 57 4 Miro1 (1) S8 A5 ) 1
RRINIZE), SRR ERR, WRLIRER A,

Wang 25 a5 I 8¢ 3 2k ki AR SZ 451N, Miro14s /™ 4202 2%
b, AT Miro 3@ i B (I B ARIR TR B, o TR Rk
(VB A5 11 o ASURLBEZE S0 1 9 S50 M SR B — YO R (%
OED)IZF T FEE R AIVERE L ERIE R, RE
T SRR AR SR B B AR AT ST B B R (1
filh b, HE—20 WS E B IMiro1 8 1 &8 A8 1k, LU s
NERRLERI A APIRAS, IR RIS B A Miro1 8 BLK
e PR AR BRI, T ERIAE A Zebi iz
B PR A5 KSR B IE B A 75 2 T8 I i 3R A i 2
LRRLARLE N T ) oy A, DA SR I B R Lk
KL (AT BE RSB

1 #EIFIAE  Materials and methods
1.1 &3t HdU RSP .
1.2 B Ab,E SEEGF2016459 H 2201791 HAE LK
PRE RKEIB B N ARRE 22 Bed LSR5 % 58 il o
1.3
Lagzrdy. HEESD K562, SPFZ, A&

2571



ABER, R KRS S RT3 FIX26#E 1 Rho GTP i 1(Miro1) 11935 1 8L/

@]%2 www.CRTER.org

(196.16+6.96) g, HIAbHL 4EM R L SLI B H AT R A 7
Fet, VPaTiEge 5 : SCXK(51)2002-003, fEb ke K2
BHE I O N BN s N AT R SR RIS B ko 43 ST,
H AR, 20 (2242)°C, X 30%-60%,

12 G2 hEIT R H B A

1.4 F¥HFik

1.4 LA H WISIZ)E AR AL, H S50 3Pk
U W7ANAL, B 2t 84l 1285 %041, 12556 h
4. iBFNE12 hil. 183))524 h4l. 155548 hZ iz s)
JE72 hell, &R8H.

1.4.2 188)Ji% BBy — b KR RO M Gz
8l), 1EUSER AT XS A AR FOATIE N B 5 I 2R3 d, 2
1RIEFEE0°, 16 m/min, 10 min; 2 K35 F-5°, 16 m/min,
15 min; 3 RILE-10°, 16 m/min, 30 min; E4RAKE;
BER IR, HAE-16°, 20 m/min, 90 min.
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S8 FLUKASE LI TA) o H O SR VR AT 8 A L i B

300 mA, 90-120 min. 5% BSA: MW EEIFE2 he L
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LA5% BSAL FHBHEE —Hi(1 : 5000, TH4eHAT), =
HFE2 he HECLAEMIRA S ARG & V. B, X
Sk R AT F 5 Zipp6. 03K A1 Xt H 18 11 FdE A7 e 2% %
FEOOS T T AT, KBS 4545 55 AR IR i I GAPDH 4 A7 ROl
FEAHAT EA, T B R4 IAR T B A

1.5.2 BHF BTSRRI B A M 5 2.5% % 8
etk Hel, 0.1 molfiRZE vt Li1%EkiE
Il , P I R0 K, BRER IR Spurr 3, LEICAUCSI
YR HDVIBEY) F FIRETRXCGEA, F AT 1 .
JEM-12303% 5 HiL - Sl Al 45 W0 52 B i JUL 8 s A s 1l 45 4 A%
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2.2 —RK3REZFHF#Ma-tubulin® & £ A 4% R
WS 2R, a-tubulin®s R IALEIZ 3] 5 B ZI T 4R H B
N, 2356 hA12 hor i) be2e o AL B2 B T
54.0%7%160.3%, I HArz3) 512 hill R E RAE . i23)
524 h o-tubulin# FARIATFLARIET, 123))548 hfl72 hid
BEAWA B 2 EOK-(3R . B)-

£ 1 KRBR—RKBEZHEARFTIE S a-tubulin, MAP4 #1 Miro1
E{=E ey:0 Rl (xts, n=8, Hilti#iktt)

Table 1 Expression levels of a-tubulin, MAP4 and Miro1 in the rats
at different time after high-intensity exercise

215 a-tubulin MAP4 Miro1

L AL 1.000+0.000 1.000+0.000 1.000+0.000
&5 e B %4 0.711+0.186 2.130+0.805 0.891+0.092
JE5)5 6 h 4l 0.460+0.107° 5.485+0.804° 1.143£0.275
EEE 12 h 4 0.397+0.074° 7.009+1.309° 1.211+0.338
EEjE 24 h 41 0.680+0.115 1.759'+0.265 1.169+0.405
B35 48 h 41 1.060+0.068 3.393+1.572° 0.993+0.043
B T2 h 4 0.950+0.202 5.072+0.918° 0.822+0.265

ik HueHxRAUELL, P <0.05, °P<0.01.
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alpha-tubulin 2 [ A% % ik &

C EpOh EP6h EP12h EP24h EP48h EP72h

1 KRBR—XRKEBEEZHEARFRIES a-tubulin EHFRIETL
Figure 1 Expression level of a-tubulin in the rats at different time
after high-intensity exercise

BlE: Coh2elixiiedl; EpOh: Z3)jEHi%I4l; Ep6h: i23))5 6h
21; Ep12 h: iE38)J5 12 h4l; Ep24 h: i&3))5 24 h 4; Ep48 h:
BH)JE 48 h 4l; Ep72h: 185ja 72 h 41, Scixtmaltitt, °P<
0.01,

2.3 —RKBEIEHFRIMAPAE & R A HH B
FEER BN, MAPATE HRIA/EZE)EZ]. 6 hHI12 hoy
AT T 11345, 4.4965H16.014%, JF HAE1Z3) 512 h
HILR IR, HAEES 24 hRIERHERE, MifEiEs)
Ji48 W72 Wi F13IA 5 ) 3% T i 12,3945 F14.04£% (&
1, E2).
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B2 KR—RKBEEHFEFRERES MAP4 EERIEHITN
Figure 2 Expression level of MAP4 in the rats at different time
after high-intensity exercise

Bl C haciin f4: EpOh: i23)/FRIZI4H; Ep6h: i23)/5 6 h
H; Ep12 h: 1235 12 h4l; Ep24 h: iZ23))5 24 h 41; Ep48 h:
B35 48 h 41; Ep72h: iZ3))5 72 h 4. Lacion AL, °P<
0.05, °P<0.01.

4 RB—RKBEIEEEFE R B SRR (<10 000)
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Mirol
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1.0 1
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Mirol £ {1 H1x Feik it

C EpOh EP6h EP12h EP24h EP48h EP72h

B3 KER—XKBEEFERERES Mol EEFREHTH
Figure 3 Expression level of Miro1 in the rats at different time after
high-intensity exercise

Bl Cohaeiin iidl; EpOh: 22)ERI%I41; Ep6h: i23)/5 6 h
4; Ep12 h: 235 12 h4l; Ep24 h: Z3))5 24 h 41; Ep48 h:
1B3))5 48 h4l; Ep72 h: Z3)j5 72 h4l. Miro1 HHARIEEIZE)
SRl A,

Figure 4 Ultrastructural changes of mitochondria in the rats at different time after high-intensity exercise (x10 000)
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DLES A W, WUBE PR F RIS G N3G 72 h d: Z 4850451, WU R &kifh ik,

2.4 —RRIBEZFHFHIMIro1 & & X #om i
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25 —RKBEZEHSEEIEEARNH R0 AL
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3 1}i¢ Discussion
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VLA AL T UUR L4 2 0], UBE N a2l £F
A, 1) U SR B. O S AN M P SR I R A
B, R oA BRI A K B A 1 LA AR IR BRI £ TE R
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AR sh el
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HaftgE R hfie. SakuraiRoY Sos, KR NEERES
F bk H AN Htubulin &8 23 TR, 2005 dikE, tubulin
BRI BIRROKF o

AN, AWFGEKI T MAPA R 11835 7KF- . MAP4
MR A S R S AR, CaAEE
TR EE, LD R A B 1 SR AN BRI B U (R
i, AT E RS E S VAT, MAPATR L ik 1E —
5341 M T B R A IR R, 1 AN e 2
IR RO, HUZEBT 9T 5 B, 600 ILAN R 48,1 5min
Ji . MAPATERRA B 10 430 minj5, MAP4TERRAL,
PP ahag, JE— H4ERFEIHA60 min. Y3 SCHRE ROy
WU R MAPAZE [T & 1A 4 B ™Y, BP9 4 1 2w,
B85 HHVIMAPAE I KIA W, 188)501%]. 6h
A2 W5l B T T1.1365 . 4.4945516.0145. MAP4
YRR S AR BB 7, FE—IROKSR S8 3 15 T 1l
R, W MAPAE (I BN, R RedE
R AT, I/ IR IR o DRI A SE 56 - MAP4
R AL S a-tubulin B (AR IE EFM I, Jf HAEZ
112 ik H I T o-tubulin FIMAP4 2 [ 2 1A (1473 5.
3.2 —R KRR Fhat KA ARAR S L5 M Fu K ALARAS 3 AR
*FaMirol & A8 %k
3.21 —IRKMEZIEFN ERAR A W IsF) Al 3
B RS IS . BEURIE K AT d NS,
KEIRRINGRIG24 WO KR L AL, Wi, LU
SEAEMIMT S50, M bR R A, ETE, K,
FEARA (R LS 2T 4 o FELAILSR I3 KPP0 ARHIF g, il
RE T, HEULRARI S0 Bt FIHERIEZZ P, AL
JER /D UL HAEIE Bl e S I Z 4 I b A5 H b
MU R Rk KRR IS, JUHAEIZES)E12 h, L
FEANBTEREIIZEE v B, BURTENUR T 1 de b AR £l
2. TEPYEARDIR AR L3t G U R RV 2T
YE R A TR H A1k, /i3 3112 5)) 5 % I 1)
SUURSE S 2o A 1) THI B 58 2 e ox FLAH 38 2 2 388, i LR
2T Yk [ 2 R TR TR A W 2784 s 38 3l AN [ B ] UL
IR b A R K e 2 ot R ALY AN R RE FE R o, A
B USET 2 (R 2Rk 1) 450 H 3 535 BRI

IR, LRI AL AN “B) k7, w4
FEREFEAEFE TR BB i, koK izsh S8
U R R AR S H B8 2, i UL 21 4 R)
SRR ARK H W) Sob o b pREH 1 AR, $oR gk
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RPN B R AR RS S, deRi R T Beia i 4% 5)) K 5
A0 A5 1 SR X AL 6 2 75 SR 1) 2 AR A AT S G
%o [, SRRAARE SN LR ARl & 5 RN T 1
W 2 R AR AL R S At TS R ZeRAR Rl & 5l 24, 1
I sE M SRR i Be AR . (S EME, 231512 hig
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R HIAEIESE12 he e LA 2 — 301 .
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