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MAPK ��������	
��
����

��� � � ��� 	
�*

(��������	
��
�
�
���������, �� 100080. *���, E-mail: sunqyl@yahoo.com)

�� ��������	(MAPK)
��
���������� Ser/Thr ���	, ������

������� !"#$%. MAPK���&'�()���	�*+��. p90rsk
MAPK� !

,-, ./MAPK�01�2-�3. MAPK������ G2/M4�56��, �M7589�3:

;, <=>?�@ABCDEFGH��IJFK. MAPKL MPF�����"#���MNOP�

QR$%. ST, UVWX4/YZ, [ cAMPWX\]H���	 CWX\]F'��^_	`, a

����������bcd5"#eMAPK���. fghi�j$, kMAPKL�����lm

nonpqrstou.

��� ��������	(MAPK) 
��
 ���� ����

��������	�
��
�	����

���������, ����� (germinal vesi-

cle, GV)�. !�����"#$%&'()*+(	

������,-.+/)0 , 12����, ��

 3�(germinal vesicle breakdown, GVBD)4567

894:;<=>4?@��A<(polar body 1, PB1)

#�B% MC�, DE������BF�G
[1].

$HIJKLMN0 , �O12�P�����#

QR?@�PA< . STU+VWTUXYVZ[

�TU7XYMW\XYM , 	������]�

Z^��_`abc.

d�eLMTU+V(mitogen-activated protein

kinase, MAPK)fg��hZ[+V (extracellular-

regulated kinase, ERK), ��ijkl	mno��

�� Ser/Thr TU+V, p+Lqrm Thr W Tyr s

tuv�XYM. 	 MAPK wx��yQj�� 44

ku (ERK1)W 42 ku (ERK2)sz{|, }~����

��������Z[+V . ����N��4�

�4�W������, � MAPK ()��	��

������W$H��bc��������. N

����~��b , ���������� W¡

¢.

1 Mos/MEK/MAPK/ p90rsk ����

MAPK ()�£�o¤�¥zTU+V�¦§

XYM+L . MAPK +V(MAPKK, fg MEK)�

MAPK �¨©+L�O, ªM MAPK � Tyr W Thr

«¬�­®-XYM. MEK ���¯XYM°±+

L, p²³+V�� MAPKKK, ´�µ¶�·¸z.

p�Mos��t 39 ku� Ser/ThrTU+V, S c-mos

e¹¬º»¼ , �½¾���¿���ÀÁ�

MAPK²³+V. c-mos mRNA������"EÂ

l��Ã-(Ä, 	ÅÆ¯Ç�±ÈÉ, Ê� MAPK

�ËÌLM[2]. ´�	�������µ¶�· 10

t MAPK wxÅÍ, p� MAPK-1 W-2 Î����

`�ÏÐ, pÑ MAPK wxÅÍÒ�ÓÎ��	Ô

+ÕÖ��()×Ø , Ùfg*+LM�TU+V

(stimulation-activated protein kinase, SAPK).
p90rsk(ribosome S6 kinase)�QÚ�·� MAPK

Û�, �OÜ 90 ku. p90rsk�+LÝÞ��� Ser/Thr

uv�XYM, ´�µß p90rsk 	àáâã4äå4

��W��æ�������ÅÆ¯Ç��+Lç

qrm MAPK1/2 �L-[3]. 	��������~

�·, èéGê�� 3�W MAPK +L, p90rsk�

ëì±XYM, 	�$HIJKLMí0, p90rsk î

MAPK ïL°��\XYM [4]. ðñ�éçòóô

MAPK� p90rskL-Á`a-Z[bc. õöQ÷ø

� , p90rsk ¬ºùú���ûüý�B , þ��ï

p90 rsk �ë�N��Gê�O��BW$H[5]. �~

�� , ��<�	¸����M¯Ççl	
��


, �¬ºùú��é���@����, °�ùú

p90 rsk¬º���=�¬ºùú��������m

ìÜ����[5], ðz�����������¯Ç

�Á�����, º��ýB�#ë��ô�Ð !.
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2 MAPK �������

MAPK	����� G2/M×M�±+L, °	

Ád���"#Áð�·$. ���������,

º�MAPK�LM��	 GVBDí0IÎ GVBD%

E��, ÙMAPKL-ë�ÅÆ,�ºO(maturation

promoting factor, MPF)+LW GVBD&'��, ´�

µ��¯��z()��4��4�4*4+,W-,

�é.�/h. 0�	pÑ�z, èâã�, MAPK

�+L��	 GVBDN�, #�� GVBD&'��,

MAPK ²³+V Mos �12âã����3�ÅÆ

���`aºO. MAPK	 G2/M×M��4ìí�

�Gê����]�(cell division cycle, CDC)¬º

5� Cdc2 �67-XYM. 	âã�����, S

Myt1+V89 Cdc2�67-XYM. :;ÅÆ��

���<=L- MPF, Sm Myt1 �67bc, #ë

ìÊ�GVBD, 0�èé>?@MAPK�
LM, <

�� MPF AýNÊ�BC� DE+L. ð�º�

Myt1 � CFG�H�ýÎ MAPK��³+V p90rsk

­®-��, 0I± MAPK XYM#+L0FXY

M67 Myt1, �Z G2������ MPF �67J

7[6].

	&Á��¯���(K4äå4��Wâã)�,

MAPK L-Î��]�TU B(cyclin B)��Å	E

L²MN�O. MAPK+L0, cyclin B mRNA�È

ÉPQRS. âã�, èé	 GVBDE67 c-mose

¹¬º5� Mos ��ÅIL-, MPF �L-	��

�����0TUVWX , ����ëì���P

����� . Y G2 �G
�Z[@\�����

cyclin B �ÈÉ]^í&NRS , ýì�Smp

mRNA �ÈÉ_`±aú, �¯Çqrmp 3bGë

×cd��7 poly AÅ�(cytoplasmic polyadnylation

element, CPE). 	;ÅÆ�����, CPE� cyclin B

mRNA �ÈÉ_`ºO, MAPK �bc	mýaú

CPE� cyclin BÈÉ�_`bc[7].

��e�, MAPK� cyclin B�ÈÉf DE*

+bc, gh����i3 G2�G
, ð� MAPK

ÓÎ MPF +L��t�jJ7. küð�J7ë�

&Á���� GVBD ç'��, 0"�0l���

�>Öm`�� . �~	�����<hÅÆ��

����·, 	nñëopÅÆìq������,

<hrs0�7 MAPK �L-	V, þ�tu+L

MAPK�ìq���7ÅÆ�vwí�[8].

	xy MAPK Î����3��`�E, bI

��Á 3 t��z{Ô|}~R. �?, 	��Wâ

ãðsz�����, Mos �_bc�ELë%. 	

�����, Mos	 GVBDí0�Å, pbcÒ��

�UMC�G
, °ë��âãn�3� GVBD. 0

��ï c-mos �������!ëì�Bm MC�,

°� PB1�?[��, þ�	�����, ����

���küýNëqrm Mos ��, 0 !���

Mosûü	 M�/MC×M��_�2bc[9].

p�, kü�~[10]WpÑ����ç�� MPF

�bc#Áz�­®-, 0	ë%�zL, �m%�

�z�ë%��L, ����� MPF �ÂlÜë%,

pLM� MAPK �qr-�ýìë%, ºD	Áñ

��� MAPK�¯67 Cdc267+VI,� cyclin

�Å°5�@��� Cdc2 +VL-, �Å G2/M ×

M, °	��ñ��������ë��²�J7.

��, MAPKÎMPF�bc����. 	&Á�

z������, �Á! Cdc2LMN0 MAPK�ì

±��+L. Cdc2 ýì¨©IL©�+L MAPK �

²³LM�O Mos. 	âã� Mos�O�, Ser3«¬

�XYM� Mos L-&'�, �ýNR� Mos �T

UWa��-. MPFýì�ØôMos�XYM. �t

ýì�����MAPK	ÅÆÚ��¯ëqrmMPF

��
LM, ° MPF 	 GVBD E�¯+L Mos, ,

� MAPK�ÜLM.

3 MAPK ��	
��

	��������3�0��jk����

H, ��7��³ ��=>Å��:;<. ���

��=¡�¤(microtubule organizing center, MTOC)

Å���XYM, @��¢�ìqR�. 	����

���, MAPK�y	MTOCW����:;<�s

A, #���������W567��$ MAPK

Z^. Q@	MPFL-±67�ÕÖ�, MAPK�ì

£Ø�����56789W:;<¤Å [11,12]. 	

�������·, MAPK 	 GVBD E��XYM,

GVBDN0L-MAPK¢9	89�56<]¥[13];

	��:;<², MAPKÒ�umsA, 	��F�

¦§%:;<�¨, Q0!A<?@E MAPK l	
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m����©². c U0126 67 MAPK L-0, 5

6<� 4��A<?[W MC�:;<�¤Åç

±67 [14]. �~��·c,���=>�ª�«¬

­(taxol)®¯� MC�����, ýN£Ø@·¸t

MTOC, 	ðñ¸°� MTOC ��Á MAPK �¢

9[15]. *���� GVBD � MAPK :o�¦§, è

:�� �<= MAPK ­®-XYV MKP-1 �

mRNA, ýNGêMAPK+L. <=¯�����û

ì������, 0:;<±¤456<ëì	²�

?�	³�´² , °�B���JKLM [16]. N²

��çµ� MAPKÓÎ���:;<�=>W�U.

¸��������������ë��� ,

ð�S���:;<�ë��2u&ØO� . :;

<�¶�·1m:;<å<W��¸7���bc.

	¹�|�������, :;<	���¨¤Å,

#	?[��A<í�¦§%¸7. 	0�, :;<

ëFº"; 0	 mos¬ºùú������, :;<

	���¨¤ÅN0ëF¦§ , #�	0�:;<

ANº" , �é?@�t®!����A< [17]. µ

ß�����:;<�¦§ë$��L�Z[ , °

Î�d»¼�L�Á`[18], ðþ� Mos-MAPK �


�Z[������d»¼�L� , °��m�U

:;<W PB1� !¤½m`��.

kü MAPK �:;<=>Á��Z[bc, 0

�m:;<²� MAPK¾�O�&ß�¿. Polo-like

+V(PLK)���iZ[no��:;<=>�TU

+V, }	 M Ú�9�	:;<sA, 	�-0�×

ME::;<�¨¦§ 1). �~�· , MEK 67À

U0126 ýNGê�� MC������ PLK S:;

<sA:�¨¦§, òó PLK ýì� MAPK �
�

4ì-¾�O 2).

ÁÂ\���µ� , 	���l	:;<=>

Ã�v , 	�����; j=>�:;<ý�¯

ÄzJ7�U MPF L-, @��ë����0�.

Åü MAPK�Z[����:;<=>����O,

n}�L-�Æ�$%:;<=>�DEZ[? ´

�ð������	¿. �~�·, 	������

cÇWÈ/3É:;<4c taxol £Ø��=>, I

c��ÊË/ B a¢�d, MAPK �L-Ìë$Í

Î[19], þ� MAPK L-ë$:;<=>�¨©Z^.

MAPK	:;<=>Ã�v��bc�Á�����.

4 MAPK 
�� M����

cyclin B�Ïa��� M��Ð&'��, MPF

8DE+L0�,�2�< (anaphase promoting

complex, APC), APC@��]�TUk/M0, FS

26STUV<Ïa��]�TU. 	½¾�����

��l	��ÑêºO(cytostatic factor, CSF), @�

��������G
	 MC�. ´��� CSF ë

�Ò�ºO , °�¸zTU+V�=�� . kü�

CSF��7�;���Ó, 0µß Mos-MAPK-p90rsk

���p`aÅ�. :Ô��Õ�<= Mos mRNA,

LM�MAPKI p90rskçìGêp��Ö��. c-mos

¬ºùú�������	?�0ë�� MC�G


, °�B��JKLM[20]. MEK 67À U0126 ì

£Ø�����i3 MC�G
[21]. N²�éçµ

�, MAPK ��	 MC�ì�Gê APC qr���

]�TUÏaW56<� ¯Ç. 0bI�� CSF

ë×��S MAPK ��=Å, }�2�(Ø;ß�

���O, º� MAPK �
	 M��µ±��+L,

0����#ëG
	 M�� , þ�	 M��Î

MC�íLÁÄt;ßºO@· , @����op

���� CSFÅ�.

	�����, cyclin B®	�ÅÎÏa��½

XÙí�, CSF �bcJ7ýì	mGê APC �p

Û��k/M, II@ MAPK qr�TU�ÅWX

Ú¯k/qr�TUÏaWX. ÁÛ��, kü CSF

ØO� MCG
, 0����	$H0i3 MCG


"ë�� MAPK I CSF ïL. 	�¯ÕÖ�, �

���i3 MC�G
�S Ca2+/ÜZTUqr�T

U+VC(calmodulin-dependent kinaseC, CaMKC)

�Ø�. CaMKC@ M���]�TUÏa, ÝÞ5

6Ò<� [22]. A�þ, èé MAPK 67��]�
 

1) Tong C, Fan H Y, Lian L, et al. Polo-like kinase-1 is a pivotal regulator of microtuble assembly during mouse oocyte meiotic maturation, fer-
tilization and early embryonic mitosis. Biol Reprod, 2002(���)

2) ��������	
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1) Tong C, Fan H Y, Chen D Y, et al. Parthenogenetic activation of mouse eggs induced by cycloheximide is calcium-dependent and can be
blocked by okadaic acid. Acta Zoolgica Sin, 2002 (���)

2) ��������	

����, CaMK����	
��
���. ��

��������������� M���� !

"#$%&'()*, +, MAPK -.�/012,

3456789:� M��: ;�<=34569

: ;>(CaMK�)?@AB$C . DE , ��F�

�GHI3456*J$56*-K�LM, NEO

PF�9QR� M��ST�U��? ��F�N

V MPF, MAPK W��XY? Z[��Q��\]^

!_`a.

5 MAPK �������

��Ebc&'()<= M��9: �de

f;>. ��K&'()��HYghijkl0,

mn)opqrstu()vwhxyz{|}~

�[23].

�$%�, ��K MPF  /�����, �E

&'()<= M��9:��� , D MAPK �G

�I3456��*���/� , H�Z����

��, +GHIW�56�� DNA����8�,

MAPK /����, ���RK ()��*8�

��. �  MPFy MAPK ¡/E¢£8¤F�¥

� . MAPK�GHI&6* ��^�¦§¨, ©

RE&/0KMAPK ª«¡/¬M�-­�L0 

®¯W°±². ³´Wµ��, �¶·u¶¸u¹�

¶º!"#$%*, 
�&'()* MAPK /�,

��K»c¼�r¸|½��� , ;¾½����

K MAPK 
��r¸| �¿, �ÀE$%ÁÂÃ

� H�F�[24].

ÄÅ�ÆP0ÇÈÉbcÊË&'()ÌÍ/

0, ÎÏÐupqrÑ| A23187[25]u��fÒ
�

É staurosporine[26], Ro-31-8220, genistein[27]y���

�
�ÉÓzÔÕ 1 ) , ��������Ö��

M A P K ��¡/ . �×Ø£�* , ��ÙÚÒ

(protein phospholytase, PP)
�ÉÛÜÚ(okadaic acid,

OA)Ö��9Q MAPK ¡/y����. ÝÞ��

ÈÉß ¢£8¤F�bc&'() ÌÍ/0 ,

DàÅ³KÖc¼H�á¤ �0âã, + MAPK

¡/, ä�åæ MAPK E
��ç�� H�;>,

à ¡/E��K���çxè �½ , �V

MAPK�3456Réêë ìÀíH¼. MAPK¡

/EîPïð�ÙÚÒ�� ñò , DZ[��Q

óô�õö$%*�� MAPK  ïð�ÙÚÒ, ß

  PP1y PP2A
�É OAÀ9QMAPK¡/, D�

÷ø��8À�¾ùúE�ûPÙÚÒüý MAPK

 þ/, �ÀW��óô�� OA�� ��ÙÚ

Ò��� MAPK/�*�UX���.

MAPKy MPF�&'()��V��£�* 

/�l0�ìÀ	ñ
� 1.

6 MAPK � cAMP/PKA 	
��

õö$%&�*9:� G2� &'()�|


A�&�*�Ó��, ������3456, �£

�E�()� cAMP ����y�¾c¼ ��f

Ò A (PKA)¡/��� . cAMP ç¢����%

dbcAMP(dibutyryl cyclic AMP)u��Ú 0Òf/É

!">(forskolin)yÙÚ�#Ò
�É IBMX (isobu-

tyl-methyl-xanthine)Ö��
� GV �&'()�|


����3456. DEZ[��Q, PKA¡/K

¢£$% F��� GVBD^8&'.

ÄÅ±²CÊËu(Ëy)2)&'()��£�

* MAPK /012V cAMP *+,-�­ XY,

ñò��, ./01� MAPK �!/�12Ã��

GV�&'()*, � GVBD�K��ÙÚ0äf/;

2345*t6 dbcAMP, IBMX 7 forskolin ,

cAMP��8�K, GVBDyMAPK f/9�Z


�, DEÎò�GVBD�K�t6×ØÈÉ, �8�

À:
� MAPK f/ , ä��K 3456âã ,

Î PB1 ;ÓuM��<=| ���, 78��Z

>?, �ÝÞ GV � cAMP �����ÀE MAPK

f/ �½[28,29]. DE�÷�8ø� cAMP,-E¢

£
� MAPK /��9Q GVBD  , ;��õö$

%*MAPKf/�8EGVBD �½, cAMP¢@7

�ÀE¢£��
�MPFf/ F��9Q GVBD.

DE cAMP/PKA,-NE$%
�MAPKf/

 A? ÄÅ��, Îò�8�&'()* cAMP��

 ¤Bt6 OA ���	
 PKA f/¬ GVBD y
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� 1 �������	
� MAPK � MPF �
���� MAPK ����� 

1) Lu, Q, Smith G D, Chen D Y, et al. Activation of protein kinase C induces MAP kinase dephosphorylation and metaphase-interphase transition

in rat oocytes. Biol Reprod, 2002, 66(���)

MAPKÙÚ0 
���. C
, PKC
�Ép�D

�� C(calphostin C)7À,HE5A dbcAMP9:�

GV � &'()��3456 . ��ñòFÞ ,

cAMP/PKA ,-�À¢£H� OA �� ��ÙÚ

Ò­G
� MAPK f/ , ä� PKC 7�ÀHV

cAMP¬ MAPK/� ��[30].

7 MAPK ����� C

()�pqrIJ8�E�W$%&r/0�

�� , Dà �K5r^8&'. ´L� PKC �

� Ca2+�À M5rNZO�OÆ XP[31~33]. Ä

Å�ÊË[30]y(Ë1)  GV�&'()*Ö���Q

RSf/ PKC�K, GVBDATU
�; ¬�M��

&'(), QRS��bcÌÍf/������,

+ PKC  f/	E,&'()9:�3456 ­

�. �� PKCy MAPK*+¢@9HV3456�

�, ��;� MAPK EÆV*+,- WXY, Ä

Åø� PKCyMAPK�À�&'()��y/0 

*+Lc£�*Ã�¬Z . �[\NZC¥]ñò

 ^�_¬� GV �&'(), PKC f/É�
�

GVBD  ¤B7W`9QC MAPK  f/, ä¬�

M��&'() , PKC bc ÌÍ/07abc

MAPK ¡/, ÝÞ�3456d�*, PKC f/

ec�� MAPK�� ��.

DEÄÅø�MAPK8E PKC�&'()*�

�3456 fHM5r, ;�� GVBD y MAPK

f/�K�� PMA .d&'() , ���8>?

MAPK /� 01�9Q PB1 ;Ó, ä�QRS¬

GVBD  
����À78E¢£ MAPK ¥� ,

;� MAPK gÊË&'() GVBD ���. �÷ø

�, PKC�ÀE¢£MPF, ägMAPK����û�

£�.

�hiCMAPKV cAMPy PKCû*+,- 

XY�K, �À»jµ��% kl_miHPÈÉ

À
�7nd GVBD, �à7
�7nd MAPK f

/. ÄÅ7opq PKA7 PKCf/�K¬MAPK/

0 
���mE9QC GVBD  ñò, cAMP y

PKCû*+,-V MAPK �­�À�rW�G í

s��. DÄÅyRé±²÷ t�ÖFÞ, ���
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1) ��������	

uv�wx&'() ����K, MAPK-Àyz

./ �¿B�f/, ä PKAy PKC f/�!�

01�7¤%
� MAPK /0, �P
���7¤

%��A PP 
�É OA �	
. �FÞ PKA, PKC

V MAPK  ís��E�&)o*�¥Ã� , ä

8E
� GVBD ­Gñò1).

8 MAPK ������

��fÒV��ÙÚ0¬()�{/$�� 

X�?@W[á|. R¥, R}£�, +��ÙÚÒ

~c ��owÙÚ07E()*+Lc hi�

��H. ��ÙÚÒ 1αy 2A?@�ÊË&'()*

�ú��. �&'()* PP��c MAPK/�yu

�xè. PP��¢£, ERK1/2 ��Ú��wÙÚ

0äþ/ MAPK. PP1 y PP2A 
�É OA ����

	
/� PKA ¬ GVBD y MAPK f/ 
���,

;¾ÄÅø� PP ¬ MAPK  
���.�

cAMP/PKA �K. OA^��c¼ÊË M��<=

|xè��. +,�&'()��7ÌÍ/0�K,

OA7À,�ç=6, ��o��, MAPKh�f/.

OA ��t�&'() GVBD y MAPK f/, )&

'()@ OA.d 5 ~ 10 minKMAPK+Af/, ä

�+,� MPF /�A
� 01� OA -Àb�

GVBD �f/ MAPK[34]. ;¾ÄÅø��&'()

��3456�Ã�H���ÙÚÒ�� MAPK

/���F�, OAbc GVBDy NEBDÖE¢£	


¾
�F�, , MAPK ¥�f/ . ß ��d

01�E MPF, äg MAPK  /0B$C&'()

 G2/M L0, D@ OA .d, MAPK ½�f/,

MAPK7À�2 GVBD ��;r.

9 ��

MAPKy MPFû�hi ��fÒ�&'()

��£�*����CÆP�Y , àÅ9¬345

6y���Whi ���� . 8�îP$%&'

()34569:y�������()��Bí,

MAPK  f/y¡/	E�W¤%��, +R/�

V��o��ía��, ��8V�ç¤BÃ�. ©

RE�ûI3456�­, MPF¡/, DMAPK-�

��/� , åæcà¾B�À9Q��ow��y

DNA ��, �ä� C3456 ./d¡y��

£�*�;x �¢|� . ß ?���H�34

56âã* , p90rsk £� MAPK  �K , µÅ¬

MAPK  ¤%-�¦§¨, �7E[�¥�()*

+Lc±²�¦§ ¨]_+©ª��fÒ �d�

M5r.

õö$%*��*+Lc ±²^«K�¶º

!"#$%y��"#$% ¥]±² , ¬Æ¥]

ñòmE���l­Øy­GJ® , ¬3456y

�� ìÀ�¯°^¬W± . ß E5�;E��

õö$%í¬uÊu²¨ &'()y|���³�

j±²´�8µ, D�÷ø�, 3456y��EH
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