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��������	
��
������, �

���������������� !"�#��;

���$%�&'((spindle checkpoint))�*��

���+,�-./012�3�45[1,2], 6
7

���89:��;$%�<=> , ����?@

AB�C . $%�&'(DEFG&HIJKLM

NO����PQR���� , S�TU$%�&

'(VW��#)�XY�Z[\ . ]^�_`a

bc$%�&'(FGdefg(kinetochore)hi�

jk. lmno���pqr4s'tu, 7���

v
;qw<=, xyzJ{;qw<=>, fg|

}hi, fg~���������k, �����

��, ����k��F����� 3F3/2�J��

����; 7fg��;$%��{<=, fg��

hi>, ��k�fg�����k, ����AB

�C[3,4]; S�fg����k;���k��#)

�E������.

�C���o��� _`ab , �¡¢£¤

fg���,��V¥¦;����+�>§¨©,

����ª« Mad1-3, Bub1-3 ¬ Mps1 V¥­[5~7].

Mad1 �����k�� , @®; Mad2 <=¯°

Mad1/Mad2 �=± [8], *$%�²I³´> , Mad1

��	��k; Bub1���µ¶���V¥, @®<

=·��k Mad1¬ Bub3[9], ·¸45¤ Mad1�~

¹. Mps1 V¥*��ºC.»
"�¼@, ½.¾

���G,$%�&'(¨�. Mps1 �¿jÀÁJ

Â$%��Ã�; Mps1 �ÄaÅ>, ½ÆqwÇ�

³´, ÈFGÀÁ��ºC�ÉÊ, ·¸�	��k

Mad1[10~12].

_`ab , $%�&'(��ËÌ*Ak�

�.�ÍÎ�, �oMad1, Mad2, Bub1¬ Bub3­�

��ÏÐ±ÑÒ*ÓÔf±.��+ , ÕÖ×�;

fg<=��� , *
µ��./12¨�45 ;

Mps1 ��ÑÒ*YÏ�±�.��Ø , ª«Ù�

EskV¥�ÚÛÜÝ� XMps1V¥G,Þ� TTKV

¥­[13~17]. *Ù¬ÜÝ.ÑÒßs Mps1V¥*$%

�&'./01245, ]C_`àá, Þ� TTK

V¥*$%�&'VW./1245 , S·Y�.

¾���âãä� [18]. åÖ*Aæfg��ç¡ 

_`��., �Øè TTK ��V¥, é�êë TTK

V¥*��.�¢£ , G,$%�&'(VW� ,

TTK V¥;ìf�� CENP-E �45íî, åÖï�

TTK*
µ��A�.»
¦ð$%�&'(�45.

1 �����

(ñ ) ��;çg . CENP-E ����òóô

õ[19]; GFP ��� Sigma Ãö; GFP-TTK(÷�ø)

çgù Gordon Millúûüý.

(þ) ����;����. HeLa ��(Amer-
ican Type Culture Collection, Rockville, Maryland,
USA)��¤� 10%���[(Hyclone, UT)� DMEM

(Invitrogene, CA)���., 	
��	� 100 U/mL,



��	� 100 µg/mL(Invitrogene, CA); ��K�

� 5% CO2, 37�. HeLa����* 60 mmol/L���

., ��Ò��������� 18 mmol/L���, �

� 24 h�, Æ5 Lipofectamine 2000;çg DNA(��

����b)�� HeLa��; ���� 72 h �, ðB
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G418(200 µg/mL) !, "#$¢aÅ��î.

(%) &'()*. HeLa���� GFP-TTK 24

h�, +,���, PHEM-.�(100 mmol/L PIPES,
20 mmol/L HEPES, pH 6.9, 5 mmol/L EGTA, 2
mmol/L MgCl2, 4 mol/L glycerol)./ 1 min, 0�5

� 0.1%� Triton X-100 PHEM1t 1 min, #½* 4%

23.4¢ 10 min, PBS / 3 5�, 5� 1%BSA

(Sigma Chemical Co, St Louis, MO)� TPBS(� 0.05%

Tween� PBS)67 20 min. ��*8�.; GFP�

�, CREST ��(ACA)9:; 1 h�, TPBS / 35,

ðB<=
 FITC�>�Ù�?�, Gpu TTK*�

�.¢£; ðB<=
 Rhodamine@�Þ�?�, G

pufg�£�, DNA5 DAPI(Sigma)�� 10 min.

�èêë TTK ; CENP-E �AB¢£, ��Æ

5 GFP ��¬ CENP-E ��; ?���Æ5 Rhod-

amine <=�>�C IgG ¬ FITC <=�>�Ù

IgG(Jackson Lab), ��~DEFAæ. Zeiss ()p

qG(Axiovert-200)Hêë·I�.

(J) çK(MALDI-TOF)Lö�ò. CENP-E �

��=��M¬�+N*óôõ[20]. �=���ç

OP�, �Q&HKRST~UH, Ï>SVT§�

�U�KR4�W� ; XKRU°YZ , 5[��

(50% Acn-25 mmol/L NH4HCO3)[�, ðB\��¥

(Promega, WI)¤ 37�¥U 15 h; ]k��^_5

TFA/ACN`�1t, a§�bLöE 5 µL, c�5d

e
C-18�Zip-Tip1t�AæçKf¢(BIFLEX g,

BRUKER Analytical Systems)[21].
(h ) &'ij¬��kl . nocodazole(0.1

µg/mL)45 HeLa�� 18 h�, mn��C��, 5

op� TBS/ 35, ðB�q�(50 mmol/L HEPES,
pH 7.4, 150 mmol/L NaCl, 2 mmol/L MgCl2, 0.5%
Triton X-100, 1 mmol/L r2stuv, 10 µg/mL w

�¥^, 10 µg/mL �x¥^ A)yz�q 20 min, ¤

4�+¾ 15 min(14000 r/min), mn~[�. ��~[

�;<=
 CENP-E ��� protein A/G(Pierce)BÏ

:; 3 h, &'ij±5/[-.� (0.1% Triton
X-100, 50 mmol/L Tris, 300 mmol/L NaCl, 5 mmol/L
EGTA)/ 55; ðB 4 × ~L-.�¤ 95�{ 5 min;

8% SDS-PAGEOP�, ���|I}�~���~.

5%�[���67 1 h �, ��; TTK ��[,

CENP-E ��:; 1 h, 0���;��
����

k±¥�>�C?�(HP Goat anti Rabbit IgG):;

45 min; k �)�± ECL(PIERCE)p�·I�.

2 ��

2.1 TTK ����� CENP-E ���	


�è�bfg��#¡°,�*����+�

�.��#45)� , åÖ��èfg��ç¡ 

_`. �C_`ab CENP-E ;$%�&'(��

BubR1 <=[20,22]. �èf¢�Å�� CENP-E �Ç

e<=�� , åÖS��� HeLa ��.�+�I

CENP-E�fg�=±�, ���=±Ò SDS-PAGE

OP�+ , �+���çKRÒ\¥]k�ùçK

f¢,^K�çÄ, �.�K�#Ä�� 97 kD�K

R�f¢� TTK, Þ� Mps1V¥(� 1, a 1). Mps1

V¥ËÌ*<�~Ú�ÍÎ, C��V¥�. TTKV

¥�;�o� Mps1V¥�
 41%�ÏÐ�.

�èA�Eßs TTK ; CENP-E �A¯°�=

±, åÖ5 CENP-E ��S��� HeLa ���q�

.&'i�F`�� CENP-E. &'i�±Ò

SDS-PAGE OP , �|I}�~��~ , ��5

CENP-E , TTK ��[��. 5 CENP-E ����

>, *�#Ä� 300 kD ��I���KR, ßs�

CENP-E(� 2); 5 TTK ��[���, ßs�#Ä

97 kD�KR� TTK; *J�Æ5 protein A/G, Yð

���W�s'. , v
&HI CENP-E ¬ TTK;

S�C���q�&'i� CENP-E, <�ab

CENP-E *�C>�Ä��, ¸Y�*¤fg, �>

&HYI TTK; SPßs TTK ; CENP-E �=±¯

°�� �.

Ï>, ��~DN*, 5 GFP��S GFP-TTK�

�� HeLa��.i�è GFP-TTK. ÒOP, ���5

CENP-E����, È&HIè CENP-E(��Çt¡).

G~<�e��b, TTK ; CENP-E *
µ�

�>¯°�=±.

2.2 TTK ��
��, � CENP-E �����


�¢£ TTK�¤��¢£, GFP-TTK¥>��

I HeLa��., 5 CREST ��<=fg�£�(�

3(a), ¦§âu), GFP ������Ø, *����

�. TTK £¤Vn�����fg~, ¨W(©�

ª(� 3(c), ¦§âu); S ACA ��¬ TTK ��«

ð��¬�(� 3(d), ¦§âu, ¬�Çpu)FG­

,, ?y·Y®81=¯¯TTK °°¢£* ACA �

±². GFPJ�����>, GFP³�()(Çpu)´

µ��ª*��ç., Ç�Ø
bp�¶¢£, ab
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� 1 TTK����(CENP-E���)	
��


� 1 �������� a)

gi: 12653697, TTK����(Homo sapiens, BC000633), ���: 97980, �	
�: 46

��
 ���(��
) ���(��
) �
 �� �� �� ��

1163.59 1162.58 1162.59 −0.01 10 19 0 ELTIDSIMNK�

1419.70 1418.69 1418.79 −0.09 345 357 0 SSELIITDSITLK

1537.80 1536.80 1536.85 −0.05 524 538 1 IYSILKQIGSGGSSK

1567.73 1566.73 1566.79 −0.06 103 115 1 YGQNESFARIQVR

1639.89 1638.89 1639.91 −1.03 72 86 1 LEKNSVPLSDALLNK

a) �	��: �	���� !", #$%&�'()*+(,, ������-./, ��0123� +1, 4	5�6� 5, ��7

���, ���
�85, ��9�:��;0.08 %, <=>?@A�BCD�6� 1

� 2 TTK� CENP-E������
1 E CENP-E FGHI M JKLMNO, 2 E CENP-E FGHIPJ

KLMNO , 3 EPJKLMNO , 4 E M JKLMNO , 5 E

proteinA/G(QRST)UV. WX�YZ[\]^_, `X���ab

(CENP-Ec TTKSde)

TTK��������	�(
��
�).

TTK � ACA ������ TTK �����,

��������. ��� TTK ��� ��, !

"# GFP$ CENP-E%&�'() TTK� CENP-E

*+, , FITC � Rhodamine ()�-%.���,

TTK $ CENP-E ��/0123, 
456���

�7��&���8 (
 4(a), (c), 9:;4 ).

CENP-E � TTK -63<=�>�
?(
 4(d))@

A23, B� TTK CD� CENP-E ���7��&

���EFG.

3 ��

!"H,IJKL TTK �MN���OP�*

+QRS , 7� TUVWXCDY�Z[&\]

^_` . Z[&\]^abcdefg_5N*+

RS Bub1/BubR1 $ Mps1 hij[23]. !"kl�m

nop, BubR1���qr*+ CENP-EOPsY�

Z[&ij_`. tk, !"u#��*+Qvwx
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� 3 TTK ��� HeLa ���� �!"#
(a) ACA, (b) DAPI, (c) TTKfghJ HeLa KL(ij)chJ HeLa KL(kj)hAFGlm^_, (d) nopqr. st� 10 µm

� 4 $%�&' TTK� CENP-E (��)!"
(a) CENP-E, (b) DNA, (c) TTK fghJ HeLaKLhAFGlm^_, (d) DNA, CENP-Eu TTKnopqr. st� 10 µm

yVz{� ���*+Qv|'op} TTK, {

� Mps1, ~�op, Z[&\]^R�', TTK�

D��CENP-E�|�P�. ��!"���� TTK

� CENP-E ����|�P��. �lTmn��,

���� Mps1 g_� CENP-E $ Mad1/Mad2 v�

���8��o�Z[&\]^�D , ����

Mps1=, CENP-E�D�����, ��Z[&\]

^�D��; ����TopMps1� CENP-E  ¡

01¢#�K£. !"��D�� TTK � CENP-E

����¤T¥. TTK¢�M¦RS, 7TUVW'

D�o§¨©ª«¬, ­
4} TTK CD® ¡ª

«¬ CENP-E, sij CENP-E ���8�¯*+�

01¢# 1). °F, TTK �TCDg_±¦²³´µ

*+� CENP-E 0¶, ·"7��8v|MN¸�

�P�, s CENP-E�X¹, º» TTK, Bub1$ Mad

¼Z[&\]^*+, s½±¾¿�À��*+. !

"Á7g_Â$Gz�ÃÄ���&XVÅÆN�

��P�, ÇÈÉÊVÅ=, u# MALDI-TOF À�

ËN*+, slopÌÍ���*+, ­ÎTu�!

"Ï4Z[&\]^��Ð½cdgÑ.

TUVW*+QRSÒÓ(mitotic kinase)7Z[

&\]^X��DÔhÔÕ�2Ö [24,25], ×���

�ØÙOP, Ú6 nocodazoleÛØÙÜÝ=, ��8

ÞÍ��*+ß*+RSª«¬ , ª«¬*+�à

áCD¢�M¦¬wab, ij� VW�â`. t

kÞÍ*+QRSH,ßÀ�VÅ, º» Aurora Ò

Ó, NIMAÒÓ, PlkRS¼, ·"g_ª«¬¢#$

�ª«¬¢#, 7X¹&�VÅãZ[&�Ð$��

&VÅ¼äåXæç2fij¢# . ���*+R

SÒÓèé01¢#, 01êë, ��ijTUVW

1) vw, xyz. {|Z}��A~�u��. ����(���)
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�_`. �lmnop, ìí Aurora/Ipl1p RSÒÓ

efY���&VÅ$ QVW_` , �'��

Mps1 RS_î�rdï\]^R�'ð�Cñ�*

+, Ipl1p��=, Mps1òÛ_î�r, � VW�D

ßóô.

õö, Z[&\]^�MNÍV÷ãÍgÑ�§

¬ij_`, øçù TTK �OP*+s½ú�*+

���½Vz , ùû�·7Z[&\]^gÑX�

�DüT2f�ýþ.

�� ��������	
��
��� (��� :

39925018)����������(���: KSCX 2-2-01).
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