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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 α-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 α-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 α-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. 

Subject headings: Sports Medicine; Physiology; Microtubules; Mitochondria; Tissue Engineering 
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Table 1  Expression levels of α-tubulin, MAP4 and Miro1 in the rats 

at different time after high-intensity exercise     
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Figure 1  Expression level of α-tubulin in the rats at different time 

after high-intensity exercise 
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Figure 2  Expression level of MAP4 in the rats at different time 

after high-intensity exercise 
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Figure 3  Expression level of Miro1 in the rats at different time after 

high-intensity exercise 
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Figure 4  Ultrastructural changes of mitochondria in the rats at different time after high-intensity exercise (×10 000) 

���� A �����	�Z  !"#$� %&'()�*+�,-.�/0 %&12
B �����	�Z  34 %&56)/�

,-. %&7012
C��� 6 h	�89:;<=>? Z �Z 34 %&'(9*+�,-. %&12@A
D��� 12 h

	�Z BCDE9;�,-. %&12F/
E��� 24 h	�:;<>? Z �,-. %&50F/
F��� 48 h	�Z G

HI'JK�,-. %&LM12
G��� 72 h	�Z !"#$�,-. %&/012� 

 

 A 

B 

 C 

D 

E 

F 

G 

a 

b 

b 

b 



 

�����. ���	
����������� Rho GTP � 1(Miro1)����� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

2574 

www.CRTER.org 

����α-tubulin�¼�½¾¿À�Á�¨eLM�Y�

¨eÂ¾����12hVÃ¨e�e©IÄÅ@���

�48 h�72 h%&'()e©LM �ÆÇ��ÈÉ{°��

ÊËÌÍÎ~9:oÏ`ÐC��ÑÒ��CZ�|}I�

¥<pN�uGÓÔÕ��ÖY×IØÙ|}ÚÛoC��

{?Ü

[14]

 HeinÝ

[15]

I��Þ1ßC��A�IJKà�ß

CáâIiãä|�¥IJK���åÑÒæ�çèßC�

�I�¥�¯x SakuraiÝ

[16]

I�����bé�êëì»

íÏ`ÐC{tubulinîc�³�´�zï5 dI()�tubulin

îc&'()o-./0  

«ð�'��ñòó;MAP4I�	
�/0 MAP4

�¥V�ôz��A�{|}I���©�	�¦�õ�

|}ðö�i¯x�3|}�	�÷~<xøù|}Iú

û�üY�oýÎ|}I�4

[17]

 MAP4Iï
��¶u

G��{xþ�|}�	¤eF�csÂ�s¸��A�

I���¿

[18]

 HuÝ

[5]

I��°���ßC��á�15min

��MAP4��K�³s¸	á�30 min��MAP4��K


¶�s¸��¶��oá�60 min ������ß

Cá��MAP4�	
�vÕ����

[19]

 �������

��ABCMAP4�	
�JKæ������U6 h

�12 hG��³��;1.13�U4.49��6.01� MAP4

�ÃýÎ|}�¥I��ª���¶·b¸¹�º»|

}¨eI��{��ïMAP4�	îcIsÂ���x�

�|}IýÎ�a�|}��I ¹ ªY�12{MAP4

�	JKI��!α-tubulin�	
�"#Æ$����

�12 h§��;α-tubulin�MAP4�	
�I%@  

3.2  ��������	
�����	
����

���Miro1����� 

3.2.1  ¶·b¸¹�-DEFGHIçè  ��»

íDEFä|�¥I&J ��ÈÉbéz7 d�'(��

:oú·)*�24 hIbéC+,-�./0¨�1æ�

pNIC2�¥�]^DEFbcs3�^4£�/5�

�ÑÒIC����6C789:

[20]

 '��{��+,

LM��ABCDEFRSIUV-IPQ�ZDWX�C

Z�[\ ;���Á��ZDWXIDEF_`a[�

YCZ�DEFbcdeI�<�=i���12 h�l

mn<opNIZDqr�de�CZ�IDEF_cs

t �>

[21]

�'��I&?�
¶�@ACZ��C��

�?DEFIBd�_`IJK�GCDo��>?

@CZ�DEFIBdE+,-.FR�³sÂ�YC�

��?DEFIBdG�æ�JK	��<=>?@C

Z�DEFI_`E+,-.FR�<= ¹IsÂ�Æ

$�C���?DEFI_`R�³´²  

HI�J�DEF�KL��IM�NOP�QQGH

�xR��RSTcE�Iu~

[22]

 ¶·b¸¹�»í

ABCCZ�DEFBd�_`æ�st�YC���?

DEF_`Uæ�a[ DEF_`I�³JK�µ�D

EFV3;W� DEFW�IºªXY��ï {�

�-xc��ISTcst Zó¶·b¸¹�ï {�

~���L��[8�IL\FS©V�	[]!C^_

`a��bSDEFµcbcxc�í3DEF�C��

�?�CZ�I��LW��üYdÞcxI�>�ef  

3.2.2  ¶·b¸¹��|}�	-DEFW�ÆÇ�

	Miro1I�2�4  DEF���[{IGH�W�!

��A��gh¢��DEF����A��	ÃiÉ
j

�I�=>�k��	

[23]

U�N�	

[24]

UCl�	ÝG�

m�ÃDEF�µc�N

[2-25]

 Miro�DEFðZI 

GTPase noVp��DEFW�ÆÇIk��	�-�

DEFIGHU£MU�¥qr�k�st `uI��°

��vw�x{k��	Iy�z{�	�z{�	�i|

F�	"�Miro

[26]

�Miro!z{�	£V)©x!k��	

IClk}~z��¬DEFw|}IW�

[27]

  

'��òó;Miro1���<=>?@I�	
�

JK 12�����Miro1�	
����6 h�12 h

��������12 h�o
����!iãÆÇ��È

É¶í C57�é�{Ý¸¹��(��{��30 min

>Miro1 mRNA��	
�!"s��120 min>Miro1 

mRNA ��	
�!+,-.FÆÏ�³sÂ

[28]

 ñ��

��Ã�Miro��J��JK���z!m��	KIF5�

©

[29]

 '��°��b��¸¹���Miro1�	Iï


�µ�ABCDEFW�sÂ�DEF�x�ïW���

MGHI&J-�FxcSTI��JK
j��½¾¿

À =>�DEFW�õ�Ã�DEF�©!G/�»I

8��¥JKI&?�üYº°DEFI�©�G/�


YçèDEFIxc�� �D�sI����12 h�

¶���I>?@�α-tubulinUMAP4�Miro1�	R��

�>?@��
����Y�DEFÑÒ�Ãæ�Yjk

v������12 h ¦��>��IJK�¶íI 

µ��º»|}I¨e�x-DEFIGHr�¶ÎI

çè ¶·b¸¹��xº»|}�	¨e�=>78

�9:oDEF�+,LM�NOIPQ�ZDWX�Y�

��12 h�ZDI~�%�g<h�ÃDEFµc�i

ÉI|}�¥°3;���V3;DEFGH�IJK 

«ð�ñ9:o�DEFY����!"�CZ���

���12 h�CZ�de�Ãjk DEF�GH�I

JK�xS�Miro1Uz{�	��iãG�m�µc� 

N�3DDEF�ï�©�G/1�k�  

���¶·b�����béABC|}�	�ï

i�©�	I�¥ÑÒ�3|}I¤eFIe©xN´²�

V3|}I¨e =>�|}I¨e»íDEFÆÇ�	

Miro1I�	ï
���°DEF�GH�IJK�üY


¶�çèDEFI¯x��DEFI�Mk�  

 

�����������	
��������������



 

�����. ���	
����������� Rho GTP � 1(Miro1)����� 

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

2575 

www.CRTER.org 

������������ ��!"#�$%&'()��*+$

,-�./01��23����	
��456��789��:

;<=��*+$,-�.>?@A

�����BCDEFG��HI����J:��KL1BC

DEMNO*NPFG@ 

��	
�QRDESTUVNPWXYZ[\]@ 

������^_�������$%&`abcdef@�

�_ghijklmn�opqdrY�
s`a4tZ-DEuv

Swx:+y#kz{|@��
s}~���������QR-

��1O�C��.����y��������:��@NP-�

�4op���NPh8jr
s������$,��| uvx

(ARRIVEuv)@ 

�����NP¡¢£¤¥_ CNKI¦§¨N©ª«¬�� 3

®¯°@ 

�����NP¥k�±T�²³´zµ¶²³1·¸+¹º»

¼½@ 

�����BCDE*�$,:��-¾N%¡¿-ÀÁ�ÂÃ

ÄGÅ@¾N%Æ#-ÇÈÉÊ�ËÌ(ÍÎIÏÐËÌÑ)ÒÓ#Ô

+¤ÕÖRY|×ØÙ�ÚÛ:ÜÝ1VÞßà¯@ 

�����NP¡¢£áâ¤4ã�DE�äåæçj¢äXY

qè@ 

�������éêCëìíîïNP1NP¡¢£áâ¤4ã

�DE�äåæçj¢äXYqè@ðÌrñwSÛòVqèxóç

ô�õö÷øùú�XTûüSÛ3.0ýþ�1}¸a�ú-���1

�ò�å"õö÷ø�-��ÇN�	op�
�:�1T��ò

Å�ú����������������ª�����Þ�N©1

OÂ� !��1úD"#-$%ËÌ&�'Å�¸{ú(@ 

 

4  ����  References 

[1] Guzun R,Varikmaa MK,Granillo MG,et 

al.Mitochondria-cytoskeleton interaction: Distribution of 

β-tubulin in cardiomyocytes and HL-1 cells. Biochim Biophys 

Acta. 2011;1807: 458-469. 

[2] Cai Q, Sheng ZH. Mitochondrial transport and docking in 

axons. Exp Neurol. 2009;218(2): 257-267. 

[3] Maldonado EN, Patnaik J, Mullins MR, et al. Free tubulin 

modulates mitochondrial membrane potential in cancer cells. 

Cancer Res.2010;70:10192-10201. 

[4] Otera H, Mihara K. Molecular mechanisms and physiologic 

functions of mitochondrial dynamics. J Biochem. 2011; 149(3): 

241-251. 

[5] Hu JY, Chu ZG, Han J, et al. The p38/MAPK pathway 

regulates microtubule polymerization through phosphorylation 

of MAP4 and Op18 in hypoxic cells. Cell Mol Life Sci. 2010; 

67: 321-323. 

[6] Nogales E. Structural insight into microtubule function.Annu 

Rev BiophysBiomolStruct. 2001; 30: 397-420. 

[7] Wang Zai, Cui Ju, Wong WaiMan, et al. Kif5b controls the 

localization of myofibril components for their assembly and 

linkage to the myotendinous junctions. Development. 2013; 

140: 617-626. 

[8] Fransson Å, Ruusala A, Aspenström P. A tyical Rho GTPases 

have roles in mitochondrial homestasis and apoptosis. J Biol 

Chem. 2003; 278: 6495-6502. 

[9] Glater EE, Megeath LJ, Stowers RS, et al. Axonal transport of 

mitochondria respires Milton to recruit kinesin heavy chain and is 

light chain independent. J Cell Biol. 2006;173(4): 545-557. 

 

 

[10] Fransson Å, Ruusala A, Aspenström P. The atypical Rho 

GTPases Miro-1 and Miro-2 have essential roles in 

mitochondrial trafficking. Biochem Biophys Res Commun. 

2006;344(2): 500-510. 

[11] Wang X, Winter D, Ashrafi G, et al. PINK1 and parkin marget 

Miro for phosphorylation and degradation to arrest 

mitochondrial motility. Cell. 2011;147(11): 893-906. 

[12] ���,���,��	,
.���������������

�����[J]. !"#$%&', 2016,20(33): 4949-4956. 

[13] ()*, +,, �-. ./�01234./5678�&'

9:[J]. ;<=>?@A, 2015, 40(7): 599-602. 

[14] Boudriau S, Vincent M, Cote CH, et al. Cytoskeletal structure 

of skeletal muscle: identification of an intricate exosarcomeric 

microtubule lattice in slow- and fast- twitch muscle fibers. J  

histochem & cytochem.1993; 41(7): 1013-1021. 

[15] Heins DC. Ischemia induces early changes to cytoskeletal 

and contractile proteins in diseased human myocardium. J 

Thorac Cardiovas Surg.1995; 110(1): 89. 

[16] Sakurai T, Fujita Y, Ohto E, et al. The decrease of the 

cytoskeleton tubulin follows the decrease of the associating 

molecular chaperone αB-crystallin in unloaded soleus muscle 

atrophy without stretch. FASEB J. 2005; 19(9):1199-1201. 

[17] BC, BDE. MAP4K11FGH���IJKL[J].  M�?

?N:>?O, 2015,40(3): 326-335. 

[18] Cheng GM, Takahashi M, Shunmugavel A, et al. Basis for 

MAP4dephosporylation-related microtubule network 

densification in pressure overload cardiac hypertrophy. J Bio 

Chem.2010;49(285):38125-38140. 

[19] PAQ. ��I7��4RSTU�./VWXYZ[\]^

_<`ab �KL�cd&'[D]. ef=>�?gh?ij

k, 2010. 

[20] lFm,�n,�op,
. qrsU����t���uv`�

�wx;cd���[J].Xyz?, 2010, 30(6): 76-80. 

[21] {|. }~������t���VWX��`�����

����KL[D]. ��Xy�?gh?ijk�2015. 

[22] Gamboa JL, Andrade FH. Mitochondrial content and 

distribution changes specific to mouse diaphragm after 

chronic normobaric hypoxia. Am J Physiol Regul Integr Comp 

Physiol. 2010 ;298(3):R575-583.  

[23] {���;����g�
. �T����������AD���

�VWX��\�[J].��Xy�??N,2016,39(6): 63-68. 

[24] Morlino G, Barreiro O, Baixauli F, et al. Miro-1 links mitochondria 

and microtubule dynein motors to control lymphocyte migration 

and polarity. Mol Cell Biol. 2014;34(8): 1412-1426. 

[25] Korobova F, Gauvin TJ, Higgs HN. A role for myosin 

2mammalian mitochondrial fission. Curr Biol.2014;17(24): 

409-414. 

[26] Glater EE, Megeath LJ, Stowers RS, et al. Axonal transport  

of mitochondria requires milton to recruit kinesin heavy  

chain and is light chain independent. J Cell Biol. 2006; 

173(4):545-57. 

[27] Leidel CP. Measuring molecular motor forces to probe 

transport regulation in vivo. 2013;103(3):492-500. 

[28] �D�,���,��, . VWX6�I7�� miro1 R�[�� 

� ¡¢£[J].  !��>?@A, 2010 (2): 173-176. 

[29] Macaskill AF, Rinholm JE, Twelvetrees AE, et al. Miro1 is a 

calcium sensor for glutamate receptor-dependent localization 

of mitochondria at synapses. Neuron. 2009;61(4):541-555. 

 


