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���������� , 
����������

�� !"#� $%�. &��� �'(, )*

+,-&��./0(/12/3456��7 ,

�89� 2 :+,-#;<=>��?@����.

8&"#� �'(, +,-ABC?D, E$% 2

DFG��� , �HIJ"#� K!"#� 

L. "#� K�MN+,-OP��7, Q)*+

,R-��S�TUF, V1���M?W; "#�

 L!X����� ?@ , �)*+,-R-O

P��7, YZ9� 4:+,-#;"[�\�-�

�. ]@, &^_\�-`a5, 9��a��+,

-#;bB�=>���cd. ef, � /���

gh?:���iCjk+,-��7.

l/���mnop6q, ��� S/0rs

+,-BC9��)*+,-&tuvw1��x

y��z{|, }~S(cohesion), �a&?�. ~S

��)*+,-&��� (/��������

�� , M5�)*+,-�r:+,R-S�T�

������� , ��H<�N���-QW��

����a(f5�)*+,-����1�IJ�

1��, biorientation), YZ&�������HV1

���QW . ~S���)*+,-���7��

���O? . � ¡� , �¢£¤�(Saccharomyces

cerevisiae)< £¤�(Schizosaccharomyces pombe)¥

��¦§��(¨©ª?«�¬<~S­®���

¯, °±²³ª)*+,-~S���´µ, M5¶

+,-�7U��+,-·¸!��-¹ºT��

�´µ�ª?��»¼ . ½¾&¿ÀÁTÂÃª"

#� �no	Ä�ÅRÆÇ+,-�7´Èi

C[1] , ÈÀSÁ�)*+,-~SÉ+,-·¸!�

�-¹ºT¥ :ÊhwË , Ì�ÂÃª+,-�

7���´µ!jkiC.

1 �������

����mnopÍÎ)*+,-�~S�0

~SÏ(cohesin)ÆÐ�[2]. ~SÏ�?ÑÒÓ´��

¯Ba-, t� S/<)*+,-�a, &(2/�

Ô5�+,-ÕÖ7. &¢£¤�(, ~SÏ×Ø0

Smc1, Smc3, Scc1/Mcd1( £¤��MN���

Rad21)! Scc3Ù 4:Ó´Ú	[2~4]. Smc1! Smc3�

��+,-�ÛÜÝ (the structural maintenance of

chromosomes-Smc)��Þß�	à , �+,- ATP

á�?:�â, ��ã�äå�æçÜè�[5]. Smc

��éê0 1000ë1400 :ì´íî´(AA)Ú	, ï

ð 5 :Üè��Ûñ(domains), }æçÜè� N-!

C-ò�Ûñ , (çÜè�(óôõ�ötQ÷ø�

ùúûü�Ûñ. N-! C-ò�Ûñ�Hïýªæç

Üè��þí�a´�(motif)Walker A(GxxGxGKS/

T, xJ�?ì´í)! Walker B(ΦΦΦΦD, ΦJ�?�

c�ì´í). f�, Cò�ïð ABC ATPá� ATP

�añ[6]. &~SÏ(, Smc1! Smc3����P�

1d%��		
a��-, t(P�?:ôõ, Q

ò�0?:���N-ò!
?:��� C-òÚ	�,

��< DNA ! NTP �a����	�Ûñ[7,8](�

1(a)). Scc1 ��t N-! C-ò�Ûñ�H<

Smc1-Smc3 
a��-Qò��	�Ûñ�a, 	
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	é���¯� , 0f�)*+,-~S�?

�[9](� 1(b)). Scc1�(P�ý 1:�������!

�7á(separase)�¼H�T P1< P4, P1���ì´

íî´J Arg, P4 ���ì´íî´� Glu(Ø#�

Asp)[10]. ���� ×(2/�Ô5, �7á���

Scc1 áÖÐ�~SÏ���¯���, �~SÏ�

+,-ÕÖ7, ��)*+,-��7[9]. � Asp �

>Arg��t�ì´íî´�>GluÛ­�RT� 

��, !���7ácÖ, t� -�+,-��"

�7. 8 2 :�Tì´í��� , #�$%&ª

Scc1 �Ö-, Ð�)*+,-'��7, ��(� .

� Scc1��7áá)¼H�T��N��á TEV¼

H�T�>5, *���á TEV áÖ Scc1, M@�

��)*+,-��7[10~12]. ef, &¤�(, Scc1

���;¿p+�����jk(2/�Ô5~S

ÏÖ7�Áh,��.

<��� ~SÏ�Ó´Ú	U- , ¤�"#

� ~SÏ� 4:Ó´(, 3:(Scc3, Smc1! Smc3)

<��� �UM, .?��H� Scc1 �"#� 

/0�~SÏ��Ó´ Rec8�>, Rec8�"#� 

+,-�71g�~SÏ�� [4,14], ;¿2'34

Scc1/Rad21 ! Rec8 5�60���<�Û´µ. &

æ¥����Ä7(Drosophila melanogaster)É89

(Caenorhabditis elegans)É:(Mus musculus)É;<=

>(Xenopus laevis)Éä(Homo sapiens)!?@A

(Arabidopsis thaliana)(, pBCª¤�~SÏ'M

Ó´�MN���¯[15~19]. <¤�Ñ-, äÉ:!8

9��Aïý 2 : Scc1 MN��, t(?:&��

� (���, 
?:�"#� /0�[18]. Ä7´

eÚ(D�?:EF Scc1 MN���´e[19], 8æ

¥G�?@A´eÚ� 3 :EF Scc1MN���´

e[19,20]. ÒÁì´í��HIJ³, Scc1!Rec8öt

æ¥�����MN����æçÜè� N-! C-ò

�Ûñ, t(P�ñK�LM�Üè�, EïýÜè

������!�7á�¼H�T . ´����U

-� , ]N����ÚO	?:��¯Þß , P�

Rad21 �Q?:��7�RÞß	à[21,22], ;¿ST

Õ�]:��¯ÞßI Rad21/Rec8 Þß(http://www.

ncbi.nlm.nih.gov/structure/cdd/). ]N�Ä°±UÎ

)*+,-~S<~SÏÖ7�´ÈiC&$��

'(�Üè�.

)*+,-~S�­®�?:FG�����

<ÚV�' , EWU¶XY�J~SÏ��VZ

(loading)<��(activating) 2 :[\[23,24]. ]~SÏ

���, ~S�'�ghÒ:t����¬<. VZ

�^� G1× S l/, �~SÏ��<+,¯�a�

�', gh Scc2 ! Scc4 �¬<. �Í_UÎ, SCC2

� SCC4´e� éé`aª�a�+,-Õ�~S

Ï���#b[25]. 0� Scc2/Scc4 <~SÏ��&+

,¯Õ��a�T'M , ?c»Jt<+,¯�a

2W�dÐ+,¯9��*�~SÏ��<O�a

�Ûe �, �)�iC2fÍg. ~SÏ����

� S/BChi�^�, &BChi<+,¯�a�

~SÏ���?N��e�j� , �k9��)*

+,-P		~S. ¤� Ctf7/Eco1 �<BChi�

� DNA BC���Ba-��, �jl~S�^�

����[26]. �gºÍÎ ctf7/eco1 mn� -�~

SÏ��VZ�", E S/�)*+,-~S'�­

®. �/�7-gºJ³ Ctf7/Eco1 �op3Vá�

�, ���qr!~SÏ���op�, s³R��

W���op�����)*+,-�~S[27].

2 �	
����
�	

S /)*+,-�~S­®2, ?tuÝ�(/

S�T�����1�	. &(2/�Ô5, ~SÏ

Ö7, ��+,-�7. no�ÄUÎ�7á�jk

~SÏv5Ö-���e� [28,29]. e�7á��N

'M, ;¿�wx'?�,  £¤���7á�wx

J Cut1, 8¢£¤���IJ Esp1[30~32]. &89É

Ä7É;<=>!ä¥æ¥������(Ay&�

7á [33]. �7á�?Ñæ��b�Òz (180ë200

kD), �?:Üè� C-ò�Ûñ, t(Üè� His !

Cys î´�á���T���ì´í, �{?:î´

�� |Ð�á���}n [11,34]. �¤���� 

$~(2/�Ô5 , �7á���XáÖ Scc1/

Rad21, 2��cÖÐ�~SÏ�+,-�!S�T

��$Ö7[11,29,35,36]. Esp1n�� Scc1�bU��¤

�� - , '�v5`Ö Scc1, t)*+,'��

7[33].

<¤�)*+,-Õ~SÏ&(2/�Ô5�

$Ö7�w§'M , ������)*+,-~S

Ï�+,-�!S�T�Ö7�5P�'?�

�[29,37,38], W��� 2 �'M�iCjl: (�) )*

+,-�P�~SÏ&��� l/�l(/5Ö

7 , RÖ7�''gh�7á�¬< [16,23,37,38]; (�)

S�T��~SÏ?tuÝ�(/ , &(2/�Ô
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5�Ö7��7á�jl[16,29,38,39]. ;¿, 2'34

��� l¿/�l(/5~SÏÖ7�jkiC,

HI?��Ö��f5~SÏÓ´�� Scc1� Scc3

MN����í�`a�%&ªt<DNA�t�Ó´

��a, Ð�~SÏ�Ö7. p6q��./��j

á, � Cdk1, Plk! AuroraW��jl~SÏ�í��

ÊháÑ. ;<=>�no�ÄAâÝR��, & plk

� -(, ~SÏ'��+,-�ÕÖ7[15,29,37,38].

0�"#� gh$%QDFG�+,-�7,

t~SÏÖ7w§<��� y&SÎJ�6

0[14,40]. �"#� K0(/12/�Ô5, Rec8�

��MN+,-Q�!r?:MN+,-�)*+

,R-Q�Ö7 , �MN+,-�f��ö)*+

,-Q��7. E)*+,-S�T�� Rec8 ?t

Ü��"#� 2/L[1,14,40]. &Ä7 mei-s332ö¢

£¤� spo13! slk19 mn� -(���"#� 

K)*+,-�¿�7�qe . ����gº�Ä

UÎ, MEI-S332, Spo13ö Slk19Êh�a&+,-S

�T�, W���Ü�S�T� Rec8 &"#� K

'��¿`Ö�5�[37,40,41]. ]ªS�T�~SÏ&

"#� KW�����Ü��, Y� Lee ¥ä[42]

�noÍÎ, &¢£¤��"#� �'(, PLK�

�já Cdc5 ��� Rec8 �í��t�"#� K

)*+,-�Õ��7á���X��áÖ1g�,

Cdc5�"#� K���jke�.

3 �	
��
��

Securin ��7á����C�, ��7á��

�Êhjle�. &��� l/, Securin ��t

N-ò���~��7á� C-! N-ò�ÛñOP, <

�7á�a&?�, �C2��cÖá��; ���

./0(/12/�Ô5, APC(�I cyclosome)ÆÐ

��Ï� ¡����`Ö securin, �¢£���

��7á, 2���áÖ~SÏ�� Rad21/Rec8, �

~SÏ�+,-ÕÖ7, ��+,-�7[43,44].  £

¤�� Cut2 !¢£¤�� Pds1 �5�I34�

securin, ¤¾å�%&+,-'�"�7�5

�[32,45,46](� 2). Cut2 ! Pds1 K���U-�, ;¿

& GenBank #_¥(AK���U-���¯. E

Cut2! Pds1�ÙM/¦�|� D-box(the destruction

box D: RXLGXXXN, XJ A� V� T), &-���

APC�Ï�[45,46]. &Ä7É;<=>!ä¥��(p

6qª< Cut2§Pds1 5�Ñ-���[47]. & £¤

�(, Cut2 ! Cut1 ��a�?�¨�', ���©

P�Û�jl . Cut1 &��P/����¯( , 8

Cut2 Êhy&����(; ���$~��� l

/, Cut13V���� ��-Õ. Cut1< Cut2�a

		�0N��- , � Cut1 <+,-�aª1g

�[48]. ef,  £¤�� Cut2 &��./(��Á

��, &��� �^[\, Cut2«¬ Cut1�a��

�-Õ, �S�7á���C��5�, &2/�^

5, APC�� Cut2cÖ, � Cut13 J��¨. Ñ-

�qeA&Ä7� securin� -(���ª[49].

0���jk�7á���gh, Securin &�

 ��(�ýb1­v®t5��gh , &��.

/�'M[\�����jl . &��./�é¯

�5P°, Securin<�7á�a&?�. &¤�ö�

���(, Securin & G1±/�^éba	, �l M

/5��Yæ². 8��./0(/12/�Ô5,

Securin �� APC ÆÐ��Ï� ¡�^³´`

Ö[29,44,45,50,51], ]?`Ö�'���./�� Cdc20

! Cdh1 �jl. Cdc20 ! Cdh1 ��< APC 		

APC-Cdc20� APC-Cdh1Ba-, j� APC. µ�&

��� /, Cdc20 �ýb¶·¸æ8¹���, 8

Cdh1 µ�&��� �º2� G1 /¶���
[57,58].

ef, Securin&G1/�cÖ�APC-Cdh1jl, 8&

(2/�Ô5�cÖ� APC-Cdc20 jl . APC-

Cdc20���Êh� Cdc20ýb�jl, Cdc20& G2

/� M /»¼ , �2/�^5��t���ñ

²[52,53] . APC-Cdc20 �����tÓ´���í�

���jl. f�, ��-�½kiCöt�C��

Emi1A¶ APC-Cdc20�Áhjl��[54,55].

4 �����(chromosome condension)

+,-·¸�¾�������./(´eÚ

DNA &��� l/æç¿À, �¹i�;��Á

¨ , ÂÜÍ��./0(/12/�Ô5)*+,

-|¥X�1���QW . &´eÚHIé��G

���(, �ÄK�+,-·¸, ÃÄÅe¤¾�&

��� (��|¥��1���QW.

Ú���¬<+,-·¸�Y´È���¯ .

&������(, Ú�� H2A, H2B ö H3 ! H4

Æ 2��Ú	�Ç-��È, �ËÉÊ 147:Ë´�

DNA, Û	�Ç- . ¤�+,-·¸�'(�´È

R�. �Ç-&Ú�� H1 �y&5, xy{|		

t¡J 10 nm�8Á�Û. f�ÛÌ$?±ÍÎÉÉ
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� 1 Smc �������	
���
�(����[7])
(a) Smc1� Smc3� 5����: N-� C-����, 	
��WalkerA

� WalkerB 
�, � Rad21/Rec8 �������; ��������

��������� !". (b) Smc1� Smc3#$	%�&'�()

*+�,-./0�1234�5678�9:�./0�123

Ê, ÚV	+,-�æÏ�Û. Ú���ÐÑ&+

,-·¸!)*+,-�7��'6ÒÁh5� .

�Ó�T»J, Ú�� H1 ��í�&Ô�+,-·

¸��'(���[56]. Y�no�ÄUÎ, ¢£¤�

Ú�� H1mn� -��Õ!Ö\K���×Ø[57].

&��no(, Ú�� H1 &K���í�ÐÑ�s

��, +,-A���dÐ6�·¸[58]. ]ÙÎ, Ú

�� H1 ��í�'�jl+,-·¸�1heÏ.

�¡�noÍÎ, Ú�� H3 ��í�ÐÑ&+,-

·¸!)*+,-�7��'(6ÒÁh5� , t

�í��T��N-òQ 10 ���ìí(Ser). &ÚÛ

9(Tetrahymena thermophila)(, Rì´í��í�Ð

Ñ�Ü6�&+,-·¸�^/, �ÄR Ser � Ala

�>, #t{×Ø+,-�·¸!)*+,-��7.

æç·¸�+,-]ªïýÚ��� , �ïý


� 2�Áh���, }ÝÞLDNA�aá(TopoL)

!·¸Ï[59]. TopL�?Ñ��DNA�ûü6�õÖ

4�á, ¬<+,-·¸É)*+,-�7ö´eÚ

ß���uÝ¥Áh���' [60], Êh5��à5

á�+,-·¸�'(U�ÉÊ� 2 s DNA õ, �

ÐBâ � DNA õ. ã#, DNA �õ�ÉÊ·Ð�

� /+,-�â . ·¸Ï�?Ñ0Ò:��¯

Ó´Ú	�Ba- . ¤�<;<=>�·¸Ï|ï

ý 5:Ó´��[61~63]. +,--�ÚVgºÍÎ;<

=>·¸Ï�t+,-·¸ª1g� [61]. ¤�·¸

Ï�{?Ó´�� , |�ä�+-·¸�må, Y

Z×Ø+,-�7[62~64]. æ_Ó´5��60, ·¸

� 2 ��������(����[36])
(a) ;<	=: 1> �?@, ABCDEFGH3IJKL, MNGH3�OPQR; 2>S?@, EFGH3T��ABCUV, MNGH3�

�WXYZ[QR\/, MNGH3	V; 3>GH3]^S, EFGH3�_�`aAB; 4>MNGH3_bIc, defg3hi�jkl,

#$ Mad2m��n^o APC�lp, q	=rbstS?; 5>�?u, MNGH3	VS, EFGH3#$Bv�w�ABI�JKL; 6>

S?u, EFGH3Bv�w�ABCU3, EFGH	V. (b) �v	=: 1>GH3]^S, EFGH3�_�`aAB, defg3hi�

jkl, #$ Mad2m��n^o APC�lp, q	=rbstS?; 2>GH3]^S, EFGH�`aAB; 3>Jxy?, EFGH3Tz

�ABCUV, ABv�w�ABCK{|}~�S$�����; 4>J�S?$�e, Bv�w�ABCU3, EFGH3�d	V
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ÏW��	 2 :ÓBa-, t(ÈBa-0 Smc2 !

Smc4Ú	. Smc2! Smc4< Smc1! Smc3|� SMC

��Þß�	à, ����P��		
a��-.

Smc2-Smc4 ��-�< DNA �a, �� ATP á�

�[59]. 
 3:Ó´Ú	�ÓBa-K���5�, <

(ÈBa-�a2�·çè2�� DNA�a��ö

ATP á��, W��?:�jk���ÓBa-[64].

+,-�·¸'�?:ÅR� DNA ��¿À�',

8¶+,-�7�?��jl5� . +,-·¸W

�·ä�<)*+,-�a�~SÏ��'ß� ,

«¬��~SÏ���+,-�ÕÖ7 , �8�+

,-��7. ef, +,-·¸WÂ�é��(2/

�Ô�?:êë�'.

5 ������(spindle checkpoint)
��-�		���� �?:Áh/¦ . �

�-¹ºT�%&+,-6�ìí�7�?:¯b

½k«Ó, t��¹î��-���måÉ���

 �"#� �+,-'�"�\¶�~ïÂö�

�'����1, %&+,-�7���, �8ð

�+,-�ìí�7öý�;ñò+,-����

		[65,66](� 2).

��-¹ºTÊh��óî&+,-�7��

O¿e��-���ôä&S�Tõ��+,¯9

��ö� , ¹î+,-�7��O¿W�6��ì

í. &��./(, ��°�Äy&�K�F{��

�-����� , ÷·9�j���-¹ºT��

�, �8%&�øù2/��^, t�R����X

F{���-��Õ[67~69]. &¤�(, �Ä+,-K

�BC÷$~��� / , ú���-��!�!

+,-F{, EeJ+,-K�6�BC, rs+,

-µ�?:�� , '�<�q��-QW����

a, �Ä&S�T�'�9�ö�, ]�ìí��ª

��-¹º��[70].

��� !"#� ()*+,-��!��

-���F{w§�'M�, tjkizA'?@.

&��� (, )*+,-��!����1F{,

}Q)*+,R-����H!�q��-QW�

��F{. ;¿2'34�1F{­®���´µ.

D+û~SÏ! auora-like já Ip ¬<]?�

'[67,71,72]. Y�, �¢£¤�(6qª?:¬<]?

�'���´e SPC34[67]. SPC34'D�)*+,-

��!����1F{­®!u«ª1g� , 8¹

¶uÝ+,-�72��-�ß��A�×�Áh

� [67]. <��� 'M , "#� et5��gh,

& 2 D� ()*+,-���<��-���F

{w§�'M�, &"#� K, ?sMN+,-Õ

�Q)*+,-���ÙMF{��q��-?W

��� , ]�F{w§IÙ1F{ (co-orientation),

ÂÜÍ"#� 2/Kµ6�MN+,-�7 , �

8�)*+,-V1���M?W . 8&"#� 

L , )*+,-������1F{<��-QW

����a. &¢£¤� mam1� -(, "#� 

K)*+,-!��-���F{w§!��� 

�?@,  	ª�1F{, )*+,-&"#� 2

/K}6��7. E mam1 ´e� '×Ø Rec8 �

Ö7, ÙÎ Mam ��&"#� KW����t{

<����jl)*+,-�Ù1F{ , '���

Ü�S�T� Rec8 '�`Ö8P{X6Ò��[73].

]< Spo13, Slk19, Mei-332 ö Bub1 ¥�5�'M,

]N��Êh��Ü�S�T� Rec8 ��'��¿

Ö7 , ¬<"#� K!L���1�jl [37,40,41].

Mam1 &"#� ü8/�^a	, �2/�^5�

ýþn. ef, Mam1 �;¿6q���jl"#�

 K)*+,-��Ù�1���¯.

;¿, ¬<��-¹ºT�����, � Mad1,

Mad2, Mad3/BUR1, Bub1, Bub2 ! Bub3pU���

7£�[74~76]. ���-¹ºT��5, ¹ºT��d

Ð Mad1, Mad2, Mad3 ! Bub3		��Ba-, R

Ba-< APC j�� Cdc20 �a, �C Cdc20 �á

��, �8�C APC �� Securin cÖ���, %&

+,-��7[76,77]. 0� Mad2 ���2�<��-

���a���Õ , ¤W���?�WÂ����

���, ��< Cdc20��, �C APC���. �<

��-���a���W��j� Mad2 ��T[76].

Mad1!Mad2?@, A�< Cdc20�a, �UM��

a��, 8¹< Cdc20 �a2, 6�U-�©P�Û

 � . Y��no�ÄUÎ , &��-¹ºT( ,

BuR1 < Mad2 ?@, ���C APC �����.

BuR1 �C APC �����hH Mad2 �é©Ò, ¤

<APC�a2, %&ª Cdc20<APC�a��Cdc20

i�;��Á¨, Â���C APC���;�[78].
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S�¬���� �'( DNA �ÐB,  £¤�~

SÏ��Ó´�� Rad21Y°}���J DNAÐB

���7� [20,21,79], Rec8 ¬<ª"#� �MNÁ

Ú[85]; (�) &"#� (, ~SÏ��Èr÷�ï·
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���(|U� [19,20], ½¾pÍÎc#´eÚ(A
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