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Abstract 

 
Meiosis is an essential process to inherit their genome to next generation. During 

meiosis, one round of DNA replication is followed by two consecutive nuclear divisions, 

resulting in the production of four haploid nuclei or gametes. In meiosis I, sister 

chromatids are captured by spindle microtubules emanating from the same pole 

(mono-orientation), whereas in following meiosis II, sister chromatids are captured 

from opposite poles (bi-orientation). For faithful segregation in meiosis II, centromeric 

cohesion must be protected throughout meiosis I. This protection is mediated by Sgo1, 

which accumulates at centromeres depending on kinetochore kinase Bub1. Furthermore 

meiosis specific kinetochore protein Moa1 also play a role in protecting centromeric 

cohesion, although underlying molecular mechanisms have been unidentified. 

Here I showed that Moa1-dependent cohesion protection at centromeres is largely 

mediated by Plo1 kinase, which is recruited to kinetochores by Moa1. I showed that 

during meiosis I, Moa1-Plo1 together with Mph1 phosphorylates the kinetochore 

protein Spc7, which thereby recruits Bub1 to kinetochores, and thereby Sgo1 to 

centromeres. Protection defects in moa1� mph1� cells was suppressed by ectopically 

localizing Bub1 to kinetochores, suggesting that Moa1-Plo1 has a function for cohesion 

protection by promoting Bub1 localization. Furthermore, it was suggested that 

Moa1-Plo1 plays another function for cohesion protection in addition to the regulation 

of Sgo1 localization. 
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ĩ  

� ɐ�łûAŎƅȓ¥AƔ��Åɔ�=�'-�¼%,ǆƽ,Ďǿ*'#%

ɘȠ&�=	ɐ�łû�ƙǹȉ�;Čǹȉ/'Ɣǡ*Ü�Ǿ�>= 6*-�

ƅȓ¥ÅɔAƔ��țļȠ��<�Ȃė)zLfYy*:<Ëĸ�>%�=	

ǘƈǆƽ-Ȏ;,Tn�A¦<þƗ�=ɨ*ț¥ǹȉÅȝ'�ƅȓ¥ŨAÓ

Ʈ��%ɔ³čAĲŇ�=ɨ*țƮŨÅȝ,��$,ǹȉÅȝƍĬAŹ�%

�=	¥ǹȉÅȝŻ*ƅȓ¥Åɔ,ǌĥ�ǆ�='�ă�,üßǹȉƕ�ȭǒ

�>=���ɓ,ǆĎ� ǹȉ�ǑÒ� <�Ǒ,ŁľÒA«ɇ�='ȅ�;

>%�=(Jallepalli and Lengauer, 2001)	3 ƮŨÅȝŻ*��=ƅȓ¥Åɔ,ǌ

ĥ-�űŻƦǇ8�Ĉ�3 ^G�ǐ8P�F�oH�]�ǐ'�# ¸ąľ

,ɐ�ľǏŀ,×ï')='ȅ�;>%�=	 

� SŻɼDNAßŇŻɽ*ȟȞ�> ĊĉƅȓÅ¥-�Tl�V�ȟß¥*:#

%śǙ�>=ɼò 1Aɽ	Tl�V�ȟß¥-�SMC (structural maintenance of 

chromosome) Up�f`c&�= Smc1, Smc3 ɼÅȝɖƙ&- Psm1, Psm3ɽ'�

kleisinUp�f`c�DPZU��Up�f`c Scc3ɼÅȝɖƙ&- Psc3ɽ�

;)=��Qƿ,ƌɅA'<(Nasmyth, 2001)�Tl�V�ȟß¥�ĊĉƅȓÅ¥

AÛ<ñ5:*�%śǙ�='�{b��ŝë�>%�=(Nasmyth and 

Haering, 2005)	¥ǹȉÅȝŻ'ƮŨÅȝŻ&- kleisinUp�f`c�ǌ)<�

Åȝɖƙ&-�>�> Rad21�Rec8�Ŏ#%�=	Tl�V�,ƅȓ¥�/,

��bE�Q-ÅȝǺŻ�; G1Ż*��% Scc2-Scc4¨ĎǓ*ȹ�<(Ciosk et 

al., 2000)�ĊĉƅȓÅ¥ɠ,śǙ- SŻ* DNAȟȞ'Ôȯ�%ȹ�='ȅ�;

>%�=(Lengronne et al., 2006)ɼò 1Bɽ	�,ĊĉƅȓÅ¥ɠ,śǙ-�ÅȝŻ

*��%ƅȓ¥A�$,Čǹȉ*öǲ*Åɔ�= 6*ļȠ&�=	ÅȝŻ*
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»='�Ƌ�;¡ɞ�%� Xn�d�ĹĝǴ*:#%Ñ×¥�Ŗ�;>=	

�,'��Xn�d�ĹĝǴ'Ñ×¥�Ɣ��ǽß� üß*,4�Xn�d

�ĹĝǴ*:=ĭÏ'ĊĉƅȓÅ¥ɠ,śǙÏ�őŋ�%įÏ�ǒǆ�%ǽß

�ĐĒÒ��ǹȉ-ÅȝĵŻ/'ɇț�=	 

� ÅȝĵŻ&ƅȓ¥AÅɔ�= 6*-�ĊĉƅȓÅ¥ɠ,śǙAȦɧ�=ļ

Ƞ��<�q�aD�[&�=Zk��X,ƥľ*¨Ď�%�=	Zk��X

-�Tl�V�ȟß¥," kleisinUp�f`cɼRad21/Rec8ɽAÆŬÅȦ�

=�'&�Tl�V�,��QƌɅ�ɟǅ��Tl�V�¨ĎǓ*śǙ�%�

 ĊĉƅȓÅ¥-Ȧɪ���$,Čǹȉ/Åɔ�>=(Nasmyth and Haering, 2009; 

Onn et al., 2008; Peters et al., 2008; Uhlmann et al., 1999)	 

� �,:*Zk��X,ƥľÒ�ĊĉƅȓÅ¥,ȦɪA ÅȝĵŻ/,ɇ

țAĭ�ȹ��,!��ǹȉ-Åȝ�Ż3&Zk��X,ƥľAŊË�=Ɛƌ

'�% spindle assembly checkpointʁSACAµ�%�=(Musacchio and Hardwick, 

2002)	ÅȝŻ&-�Ƌ�;¡ɞ�%� Xn�d�ĹĝǴ*:#%ĊĉƅȓÅ

¥,Ñ×¥�Ŗ�;>��Ůáľǽß�ǡǯ��ƅȓ¥�ȸɊɮ*ũÇ�=	

SAC-�0%,Ñ×¥'Xn�d�',ǽß�Ɣ��ț@>=3&�ÅȝĵŻ

/,ǩțAɣĕ�=Ɛƌ&�<�Ɣ��ƅȓ¥ÅɔA¬Ȫ�%�=	Xn�d

�*Ŗ�;>%�)�Ñ×¥�Ďô�='�SACïč�Ñ×¥/'ɩǫ�%

SACVQe�AƥľÒ�=	ƥľÒ�> SACVQe�-ÅȝĵŻ/,ɇț*

ļȠ) E3�mN_��M�[&�= APC/Cɼanaphase promoting 

complex/cyclosomeɽ*ǽß�%ƥľAɣĕ��ÅȝĵŻ/,ɇțAɢ�&�=	

�0%,Ñ×¥�Xn�d�ĹĝǴ*:#%ŗ;�;>='�SAC-Ȧɧ�>

% APC/C�ƥľÒ�=(London and Biggins, 2014)	ƥľÒ� APC/C-�Zk
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��X,ɣĕïč&�=ZN~��A�mN_�Ò�=�'&ÅȦ/'Ĝ�

ɼò 1Bɽ	Zk��XAƥľÒ�=�'*:#%�ĊĉƅȓÅ¥ɠ,Tl�V

��ÆŬ�>%�ƅȓ¥-Xn�d�ĹĝǴ*:<�Ƌ/'Åɔ�>=(Wirth et 

al., 2006)	 

� ¥ǹȉÅȝŻ&-ĊĉƅȓÅ¥��$,Čǹȉ/öǲ*Åɔ�>=,*Ě�

%�ƮŨÅȝŻ&-�î, DNAȟȞ,ĵ��î,Ɇǿ� ƅȓ¥Åɔ�ȹ��

4$,ɔ³čAĲŇ�=ɼò 2Aɽ	ƮŨÅȝŻ&-�DNAȟȞ,ĵ�Ǘàƅȓ

¥�NDYwA��%ƽǃǓ*ǽß�ɼ�©ƅȓ¥ɽ�Ǳ�Åȝ&-Ǘàƅȓ¥

,öǲÅɔ��)@"ĊĉƅȓÅ¥�à�Ƌ/'Åɔ�>=ɑ·Åɔ�ț@>

=	�,'�ĊĉÑ×¥-Ə�.*Țß� :)ƌɅA'=�'&à�Ƌ�

;¡ɞ�%� Xn�d�ĹĝǴ*Ŗ�;>8��ɼ�Ůáľǽßɽ�NDYw

A��%Ǘàƅȓ¥ɠ*įÏ�ǒǆ�=�'& SAC�Ȧɧ�>=	Zk��X

-ĊĉƅȓÅ¥Ȍɓ,TV�V�AÆŬ�=�'&NDYwAȦƨ��Ǘàƅ

ȓ¥�Æ<ɪ�>=	�,'�Z�c�zD�ɀ,Tl�V�-�ƮŨÅȝŻ

ƾǌǓ)ïč&�= Sgo1¨ĎǓ*¬ȵ�>�Zk��X*:=ÆŬ�;º>=

(Kitajima et al., 2004, 2006; Marston et al., 2004; Rabitsch et al., 2004)	Ǳ�Åȝ&-�

Sgo1¨ĎǓ*¬ȵ�> Z�c�zD,śǙ*:<��Ƌ�;¡ɞ�%� X

n�d�ĹĝǴ*:#%Ñ×¥�ŗ;�;>=�Ůáľǽß�ǡǯ�%�SAC

�Ȧɧ�>=	�,ĵ�À.ƥľÒ�> Zk��X�Z�c�zD*ƖĎ�

%�=Tl�V�AÆŬ�=�'&�ƅȓ¥��Ƌ/'Åɔ�>=ɼöǲÅɔɽ	

sgo1∆ āǌ¥&-Ǳ�Åȝ&Z�c�zD,śǙ�đ¼*ć@>= 6�Ǳ�

Åȝ&-ƅȓ¥���^y*Åɔ�>=ɼò 3ɽ	 

� ƮŨǱ�ÅȝŻ&ȡ;>=ɑ·Åɔ'�¥ǹȉÅȝŻ8ƮŨǱ�Åȝ&ȡ;



 5 

>=öǲÅɔ,��$,ƅȓ¥ÅɔƍĬ,Ɍ�-�Åȝɖƙ*��%:�Ȧƃ

�>%�<�Z�c�zDɱø,Tl�V�*:=śǙ,Ɍ�*ȹï�=�'

�Ǜ;>%�=(Sakuno et al., 2009; Watanabe, 2012)ɼò 2Bɽ	Z�c�zD,ś

Ǚ,Ɍ�-Tl�V�Up�fc,�$&�= kleisin*¨Ď�%�<�¥ǹȉ

ÅȝŻ&- Rad21��ƮŨÅȝŻ&- Rec8�Ŏ#%�=(Watanabe and Nurse, 

1999)	Åȝɖƙ,Z�c�zD-�n�cɔÇ�*ra�P�w_��ƌŇ�

>=Ă²ɱø'�Ñ×¥�ĲŇ�>=�Ćɱø,�$,ɱø�;)<�ɹǲǘ

ƈǆƽ'ɴ¢� ƌɅA'=(Cleveland et al., 2003; Hauf and Watanabe, 2004; 

Takahashi et al., 1992)	¥ǹȉÅȝŻ&- Rad21Tl�V��Z�c�zDĂ²

ɱø,4AśǙ���Ćɱø-ɟ� :)ƌɅA'=	�,ǽƄ�Ƌ�;¡

ɞ�%� Xn�d�ĹĝǴ*:#%Ñ×¥�ŗ;�;>=�Ůáľǽß�ǡ

ǯ�=	�Ů�ƮŨǱ�ÅȝŻ&-�Rec8Tl�V��Z�c�zDĂ²ɱø

*Ð�%�Ćɱø7śǙ�=�'&�ĊĉÑ×¥-Ə�.*Țß� :)ƌ

ɅA'<�à�ŮáAá�8��)=(Sakuno et al., 2009)	�, 6�ĊĉÑ×

¥�à�Ƌ�;¡ɞ�%� Xn�d�ĹĝǴ*:#%ŗ;�;>=�Ůáľ

ǽß�ǡǯ�8��)=	�;*Ǘàƅȓ¥ɠ,ǽßɼNDYwɽA��%�

Ǘàƅȓ¥ɠ*įÏ�ǒǆ�=�'&�,�Ůáľǽß�ĐĒÒ��Ǳ�Åȝ

&-ɑ·Åɔ�ȹ�=(Sakuno et al., 2011; Watanabe, 2012)	Rec8Tl�V�¨Ď

Ǔ)Z�c�zD�Ćɱø,śǙ*-�ƮŨÅȝŻƾǌǓ)Ñ×¥ïč&�=

Moa1�ɘȠ)¶�A�=�'�Ǜ;>%�=(Yokobayashi and Watanabe, 2005)	

Åȝɖƙ&ǒȡ�> Moa1-�DxiɗɔÇ�s�&,Ǘàľ-ǥ�)�7,

,�wGX*��%ƐȊǓ)t{�Q&�=MEIKIN,Ďô�ûä�>%�<�

ɇÒǓ*¬Ď�> ɘȠ)ƐȊAŒ$]�kPȷ&�=�'�ǥê�>=(Kim 
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et al., 2015)	moa1∆ āǌ¥&-�Rec8Tl�V��Z�c�zD�Ćɱø*ğ

ô�=7,,�śǙ�Ň<ǯ )�	�,ǽƄ�ƮŨǱ�ÅȝŻ*��%7�

Ůáľǽß�ǡǯ�8��)=	����Ǘàƅȓ¥ɠ,ǽßɼNDYwɽ�

�='�-�NDYw¨ĎǓ*Ǘàƅȓ¥ɠ*įÏ�ǒǆ�= 6��Ůáľ

ǽß�ĐĒÒ�>8����,ǽƄ�ă�,ƅȓ¥-ƮŨǱ�ÅȝŻ*��%

ɑ·Åɔ,ƍĬAǥ�	�,'��ǿ�Ǳ�Åȝ&-ƅȓ¥,�Åɪ�ȥę�

>=�'�;�Sgo1'àƍ*Moa1*7Z�c�zDɱø,śǙA¬ȵ�=Ɛ

Ȋ�ǥê�>%� ɼò 3ɽ	�����,ȫǹ)ÅčzLfYy-�>3&Ų

;�*�>%�)�# 	3 �Rec8Tl�V�*:=Z�c�zD�Ćɱø

,śǙ*-�Moa1*:#%ç.ȿ3>= Plo1,Ne�[ƥľ�ļɰ&�=�

'�Å�#%�=�(Kim et al., 2015)�Plo1,úȷ8�,ȫǹ)ÅčzLfYy

-ż!Ų;�')#%�)�	 

� �,:*Moa1' Sgo1-ƮŨÅȝŻ,ƅȓ¥ÅɔAȢĒ�=ɭĥ*ɘȠ)

ƮŨÅȝŻƾǌǓ)ïč&�<�Moa1' Sgo1�ƐȊ�= 6*-Z�c�z

Dɱø/ɩǫ�=ļȠ��=	Moa1-Ñ×¥ïč Cnp3'ǖśǽß�%Ñ×¥

/'ɩǫ�=(Tanaka et al., 2009)	�Ů�Sgo1,Z�c�zDɩǫ*- SACï

č&�= Bub1Ne�['�ra�P�w_�ïč&�= Swi6�ɘȠ)¶�A

�=�'�Ǜ;>%�=(Kawashima et al., 2010; Yamagishi et al., 2008)ɼò 4ɽ	�

)@"�Bub1-Ñ×¥ɀ´&lXc� H2A,X�Kf�ƖúA��ɗÒ�%�

Sgo1'��ɗÒgP�K\�y',Ǘ�¦ǈA«ɇ�=(Kawashima et al., 2010)	

3 �Z�c�zDĂ²ɱø*ɩǫ�= Swi6' Sgo1,ǖśǓ)ǽß*:#%�

Z�c�zD, Sgo1,ğô�ĐĒÒ�>=�'7Ǜ;>%�=(Yamagishi et al., 

2008)	Bub1,Ne�[ƥľAŒ )�āǌ¥8�Swi6'ǽß&�)� Sgo1,
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āǌ¥&-�Sgo1,Z�c�zDğô�ƮĞ�= 6�ƮŨǱ�Åȝ&Tl�

V��¬ȵ�>��Ǳ�Åȝ���^y)ÅɔAã�=�'�Ǜ;>%�=	 

� Bub1-ÅȝŻ*Ñ×¥/ğô�%�SAC,ƥľÒ' ShugoshinɼSgo1, Sgo2ɽ

,Z�c�zDğôA«ɇ�=�$,ɘȠ)ƐȊAŒ#%�=	Bub1�ƐȊ�

= 6*-ÅȝŻ*Ñ×¥/ɩǫ�=�'�ļȠ&�<��,ğôÒƐƌ-¥

ǹȉÅȝŻ*��%:�Ǜ;>%�=ɼò 4ɽ	�)@"�SAC,Ÿ�Ʀïč&

�= Mph1 ��Ñ×¥ïč Spc7 ,¬Ď�> MELT ɔÇA��ɗÒ��

Bub1-Bub3ȟß¥'��ɗÒ Spc7,Ǘ�¦ǈA«ɇ��=�'&�Bub1�Ñ×

¥/'ğô�=(Shepperd et al., 2012; Yamagishi et al., 2012)	¥ǹȉÅȝŻ*��

% Bub1,Ñ×¥ğô-�mph1�āǌ¥8 spc7,ɭ��ɗÒ÷āǌ¥&đ¼*ƨ

ć�=�'�Ǜ;>%� ��ƮŨÅȝŻ*��= Bub1,Ñ×¥ğôÒƐƌ*

$�%-Ȧƃ�>%�)�# 	 

� žǞǭ&-Moa1-Plo1*:=ƮŨÅȝŻ,ƅȓ¥ÅɔËĸƐƌ�ƾ*�>3

&ȫǹ)ÅčƐƌ�Ų;�*�>%�)�# �Z�c�zDśǙ,¬ȵƐƌ

*$�%�ǃȦAƪ6=�'AǕǓ'�%ȦƃAɇ6 	 

� È6* moa1�āǌ¥*��%�ƮŨǱ�Åȝĵ*Z�c�zDɱø,śǙ�

ć@>=�'AǡȬ� 	�,Moa1¨ĎǓ)Z�c�zDśǙ,¬ȵ*-�

Plo1,Ne�[ƥľ�ļȠ&�=�'�Å�# 	ƮŨÅȝŻ*��%�Sgo1

,Z�c�zDɩǫ*ļȠ) Bub1,Ñ×¥ğôÒ-�Mph1'Moa1-Plo1,�

$,Ne�[*:#%ÔȯǓ*Ëĸ�>=�'�Å�# 	3 �Plo1*:=

Bub1,Ñ×¥ğôÒ*-�Mph1'àƍ* Spc7,MELTɔÇ,��ɗÒA��

%�=�'�Ų;�')# 	moa1∆ āǌ¥'ƚȼ�%�moa1∆ mph1∆�ɘā

ǌ¥&-�Sgo1,Z�c�zDğô�ć@>= 6*�Z�c�zDśǙ¬ȵ
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,ƑŠ��ɇ� 	moa1∆ mph1∆�ɘāǌ¥&ȡ;> Z�c�zDśǙ¬ȵ

,ƑŠ-�spc7-12Eāǌ*:#%Bub1AİËǓ*Ñ×¥/ğôÒ��=�'&�

ɓÅǓ*Ŋó�> 	Bub1,Ñ×¥ğôÒ�ć@>= spc7-12Aāǌ¥-�mph1∆ 

moa1∆�ɘāǌ¥'àǪī* Sgo1,Z�c�zDɩǫ�ć@>=7,,�Z�

c�zDśǙ¬ȵ,ƑŠ-ȥę�>)�# 	�,'��swi6ɐ�č,Ǡÿ8�

Swi6'ǽß&�)� Sgo1,āǌɼsgo1-VEɽAǻ4ß@�='�Z�c�zD

śǙ¬ȵ,ƑŠ��ɇ� 	�>:<Mph1'Moa1-Plo1*:= Spc7,��ɗ

ÒA�� Bub1,Ñ×¥ɩǫ-�Swi6'Ôȯ�% Sgo1,Z�c�zDɩǫA

«ɇ��Z�c�zDśǙ¬ȵAËĸ�=�'�ǥê�> 	�;*�spc7-12A 

moa1∆ �ɘāǌ¥8 sgo1-VE moa1∆�ɘāǌ¥*��%�moa1�āǌ¥&ȥę�

> Z�c�zDśǙ¬ȵ,ƑŠ��ɇ� �'�;�Moa1- Sgo1,Z�c

�zDɩǫ*Ð�%��,ǼȺ&Z�c�zDśǙ¬ȵA«ɇ�=ÝȊľ�ǥ

ê�> 	��,ǽƄ�;Moa1-Plo1- Spc7,��ɗÒA��% Bub1,Ñ×

¥ğôÒA«ɇ�=�'&�Sgo1,Z�c�zDğôÒAËĸ�=''7*�

Sgo1,Z�c�zDğôÒ'-ǌ)=ǼȺ&�Z�c�zDśǙ¬ȵA«ɇ�

=�'�Ų;�')# 	 
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ſū'Ůơ  
 

1.  ĄȍȕƇ 

� Ȝ 1 *žǞǭ&ǈ� ĄȍȕƇAǥ� 	q�Xxd,ƌǵ�Åȝɖƙ�;

,q�Xxd DNA,îÚ��ȑǓ)ɐ�čţ¦*- DH5αAǈ��Ąȍȕ*ǻ

Ş�]�kPȷAǒǂ��=ɨ*- BL21ɼDE3ɽAǈ� 	Ąȍȕ- LB ùõ

ɼ1 % Bacto TRYPTONE, 0.5% Yeast extract, 0.5 % NaCl [pH ~7.2]ɽ3 - Terricfic 

brouthùõɼ1.2ɻ Bacto Trypton, 2.4% Yeast extract, 0.6% glycerol, 17mM KH2PO4, 

72mM K2HPO4ɽ&ùɷ� 	ùõ*-�ļȠ*Ľ�%ǺƷī 40 µg/ml ampicilin

3 - 35 µg/ml kanamycinAƬÐ�%ǈ� 	Ęąùõ'�%§ǈ�=ɨ-�1

�`c�ı < 20 g,ĘąAƬÐ� 	 

 

Ȝ 1. žǞǭ*ǈ� ĄȍȕƇ'�,ɐ�č÷ 

DH5α� � deoR, endA1, gyrA96, hsdR17(rk-mk+), recA1, relA1, supE44, thi-1, ∆ (lac ZYA-argF)U169, 

φ80 lacZ∆ M15, F-, λ- 

BL21(DE3) F- ompT hsdSb (rB-mB-) gal (λcI857 ind1 Sam7 nin5  

lacUV5-T7gene1) dcm(DE3) 

 

2.  Ąȍȕq�Xxd'ǻŞ� DNAţ¦ 

� DNA,ËɥɖǸ*:=ÆŬ�ǽß�DM��XS�ɬƜƣÑ�Ąȍȕ,Ĳȷ

ȻŞǲ,ţ¦-�ƎƲǓ)q�cT�*� �#%ț# (Sambrook et al., 1989)	

q�XxdsP]�'�% pUC119�pCR2.1-TOPO�pBluescript-KS+�:.
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pBluescript-SK+ (Stratagene) A§ǈ� 	Ąȍȕ,ĲȷȻŞ- 18�ơɼInoue et al., 

1990ɽ*:<ț# 	 

 

3. Ąȍȕ�;,ǻŞ]�kPȷ,ǶȞ 

spc7+�plo1+, cDNAA pGEX4T-1ɼPharmaciaɽ*�mph1+, cDNAA pGEX4T-2

ɼPharmaciaɽ*�>�>P��f�Q��Ąȍȕ BL21 *Ĝ»�% GST

ɼglutathione-S transfereseɽȚßǻŞ�]�kPȷAǒǂ�� 	ĄȍȕA LBù

õ�37˚C & OD600=0.2 *ɋ�=3&ùɷ��ǺƷī 0.2mM ')=:* IPTG

AƬÐ�% 25˚C*ǩ� 	�;* 4-6Ŵɠùɷĵ�ǹȉAɍĻîÚ��ÝƳÒ

buffer (40mM Tris-HCl (pH7.5), 0.5mM EDTA, 0.5% Triton X-100 , 150mM NaCl, 

PMSF) *ņƶ��\fR�V��A 30Ǩ�4îț# 	ɍĻ�%ƟƘƽAÛ<

ɧ���ƭA GlutahioneZoC��XɼGEɽ' 4˚C& 2Ŵɠƫè���,ĵm

�YAÝƳÒ buffer &ƤƧ� 	�,ĵ kination buffer (50mM Tris-HCl pH8.0, 

10mM MgCl2, 0.5% Triton X-100, 150mM NaCl, 20mM Glutahione) Aǈ�%ƳÄ

� 	 

 

4.  ÅȝɖƙƇ 

� žǞǭ&ǈ� Åȝɖƙ,Ƈ'�,ɐ�č÷AȜ 2*ǥ�	 

Ȝɿ 

図 5A, B PL 67 h+ leu1 mes1 imr1-ura4-GFP 

 PB 127 h- leu1 mes1 ade6-M216 Z::natr-Padh13-mCherry-atb2 

 PD 753 h+ leu1 mes1 imr1-ura4-GFP ∆sgo1::kanr ade6-M21? 

 PB 128 h- leu1 ∆sgo1::kanr mes1 (ade6-M216?) imr1-ura4-lacO 
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Z::natr-Padh13-mCherry-atb2 

 PF 558 h+ leu1 mes1 imr1-ura4-GFP ∆moa1::natr 

 PF 582 h- ∆moa1::kanr ∆mph1::HB Z::natr-Padh13-mCherry-atb2 mes1-B44 leu1 

Ade+ 

 PL 952 h+ ade6 leu1 mes1 bub1(K762R,D900N)  imr1L<<ura4+-lacO 

his7+<<Pdis1-GFP-lacI 

 PL 947 h- ade6 leu1 mes1 bub1(K762R,D900N) 

     図 5C PL 67 h+ leu1 mes1 imr1-ura4-GFP 

 PE 918 h+ leu1, mes1-B44, imr1<<lacO<<ura4+, his7+<<Pdis1-lacI-GFP, plo1-tev 

 PE 927 h- plo1(341,405tev), leu1, mes1-B44, rec12-15::LEU2, Δ

lys1::Prec8-Cnp3C-CFP<<Hyg.B 

 PE 928 h- plo1(341,405tev), leu1, mes1-B44, rec12-15::LEU2, Δ

lys1::Prec8-Cnp3C-CFP-TEVp<<Hyg.B 

     図 5D PH 634 h+ leu1, imr1L-GFP, mes1-B44 

 JZ 874 h- mes1   leu1   ade6-M216 

 PH 650 h+ leu1, imr1L-GFP, mes1-B44, moa1::NATr 

 PZ 269 h- mes1-B44 moa1::kanr leu1 ade6 

 PD 774 h+ leu1, mes1-B44, imr1<<lacO<<ura4+, his7+<<Pdis1-lacI-GFP, 

3PK-moa1-T101A 

 PD 773 h- ade6-M216, leu1, mes1-B44, 3PK-moa1-T101A 

     図 5E PH 650 h+ leu1, imr1L-GFP, mes1-B44, moa1::NATr 

 PZ 269 h- mes1-B44 moa1::kanr leu1 ade6 

 PH 656 h- leu1, ade6, mes1-B44, moa1::kanr, lys1

Δ::Prec8-cnp3C-CFP-plo1N<<hygr 

 PH 657 h- leu1, ade6, mes1-B44, moa1::kanr, lys1

Δ::Prec8-cnp3C-CFP-plo1NKR<<hygr 

     図 6A PJ 414 h90 bub1-GFP<<kanr leu1 z<<padh13-mCherry-atb2+<<natr 

 PC 793 h90 bub1-GFP<<kanr leu1 z<<padh13-mCherry-atb2+<<natr mph1::hygr 

     図 6B PC 896 h90 mph1-GFP-hygr ade6-M216 leu1 z::Padh13-mCherry-atb2<<natr 
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 PF 389 h90 plo1-GFP-kanr leu1 pNATZA13-mCherry-atb2 

 PF 390 h90 plo1-GFP-kanr moa1::ura4 leu1 pNATZA13-mCherry-atb2 

     図 6C PJ 414 h90 bub1-GFP<<kanr leu1 z<<padh13-mCherry-atb2+<<natr 

 PC 793 h90 bub1-GFP<<kanr leu1 z<<padh13-mCherry-atb2+<<natr mph1::hygr 

 PJ 415 h90 bub1-GFP<<kanr moa1::kanr leu1 z<<padh13-mCherry-atb2+<<natr 

 PC 794 h90 bub1-GFP<<kanr moa1::kanr leu1 z<<padh13-mCherry-atb2+<<natr 

mph1::hygr 

 PC 805 h90 bub1-GFP<<kanr leu1? z<<padh13-mCherry-atb2+<<natr  

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 

     図 7A, B YX 108 h90 Δlys1::Prec8-Cnp3C-CFP-TEVp<<Hyg.B  bub1-GFP<<kanr 

z<<padh13-mCherry-atb2+<<natr leu1 

 YX 109 h90 Δlys1::Prec8-Cnp3C-CFP-TEVp<<Hyg.B  bub1-GFP<<kanr 

z<<padh13-mCherry-atb2+<<natr leu1 mph1::hygr 

 YX 110 h90 3HA-plo1(341,405tev) Δlys1::Prec8-Cnp3C-CFP-TEVp<<Hyg.B  

bub1-GFP<<kanr z<<padh13-mCherry-atb2+<<natr leu1 

 YX 111 h90 3HA-plo1(341,405tev) Δlys1::Prec8-Cnp3C-CFP-TEVp<<Hyg.B  

bub1-GFP<<kanr z<<padh13-mCherry-atb2+<<natr leu1 mph1::hygr 

     図 8 PC 896 h90 mph1-GFP-hygr ade6-M216 leu1 z::Padh13-mCherry-atb2<<natr 

 PF 389 h90 plo1-GFP-kanr leu1 pNATZA13-mCherry-atb2 

 PF 390 h90 plo1-GFP-kanr moa1::ura4 leu1 pNATZA13-mCherry-atb2 

     図 9 PX 994 h90 leu1 ade6-M216 cut2-GFP<<kanR sad1-GFP<<kanR 

 PR 660 h90 ade6-M216 leu1 cut2-GFP<<kanR sad1-GFP<<kanR moa1::ura4+ 

(ura4) 

 PC 800 h90 mph1::hygr leu1 ade6-M216 cut2-GFP<<kanR sad1-GFP<<kanR 

 PC 801 h90 mph1::hygr ade6-M216 leu1 cut2-GFP<<kanR sad1-GFP<<kanR 

moa1::ura4+ (ura4) 

 PW 360 h90 leu1 ura4-D18 mad2::ura4+ cut2-GFP<<kanR sad1-GFP<<kanR 

     図 10D YX 57 h+ C::5'-3Flag-HA-Spc7(WT)-3'-hygr pat1-114 Prad21-slp1<<kanr 

Prad21-cut23<<kanr bub1-GFP-kanr spc7::ura4  
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 YX 58 h+ C::5'-3Flag-HA-Spc7(12A)-3'-hygr pat1-114 Prad21-slp1<<kanr 

Prad21-cut23<<kanr bub1-GFP-kanr spc7::ura4  

 YX 59 h+ moa1::bsdr C::5'-3Flag-HA-Spc7(WT)-3'-hygr pat1-114 

Prad21-slp1<<kanr Prad21-cut23<<kanr bub1-GFP-kanr spc7::ura4 

 YX 60 h+ mph1::natr C::5'-3Flag-HA-Spc7(WT)-3'-hygr pat1-114 

Prad21-slp1<<kanr Prad21-cut23<<kanr bub1-GFP-kanr spc7::ura4 

 YX 67 h+ mph1::natr moa1::bsdr C::5'-3Flag-HA-Spc7(WT)-3'-hygr pat1-114 

Prad21-slp1<<kanr Prad21-cut23<<kanr bub1-GFP-kanr spc7::ura4  

     図 10E PC 872 h+ bub1-GFP<<kanr bub3-S(GGGGS)3-GFP<<kanr 

     図 11 YX 70 h90 �lys1::Padh13-Cnp3C-CFP-bsdr bub1-GFP<<kanr leu1 

z<<padh13-mCherry-atb2+<<natr 

 PC 877 h90 �lys1::Padh13-cnp3C-CFP-plo1∆C-bsdr bub1-GFP<<kanr leu1 

z<<padh13-mCherry-atb2+<<natr 

 PC 878 h90 �lys1::Padh13-cnp3C-CFP-plo1∆C-bsdr mph1::hygr bub1-GFP<<kanr 

leu1 z<<padh13-mCherry-atb2+<<natr 

 PC 875 h- �lys1::Padh13-cnp3C-CFP-plo1∆C-bsdr ura4-D18 leu1 

bub1-GFP<<kanr z::Padh15-mCherry-atb2<<natr 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 

 PC 882 h90 �lys1::Padh13-cnp3C-CFP-plo1(KR)∆C-bsdr bub1-GFP<<kanr leu1 

z<<padh13-mCherry-atb2+<<natr 

     図 12A PJ 412 h90 sgo1-FLAG-GFP leu1 ade6-M210 z<<padh13-mCherry-atb2+<<natr 

 PJ 413 h90 moa1::kanr sgo1-FLAG-GFP leu1 ade6-M210 

z<<padh13-mCherry-atb2+<<natr 

 PC 798 h90 mph1::hygr sgo1-FLAG-GFP leu1 ade6-M210 

z<<padh13-mCherry-atb2+<<natr 

 PC 799 h90 mph1::hygr moa1::kanr sgo1-FLAG-GFP leu1 ade6-M210 

z<<padh13-mCherry-atb2+<<natr 

 YX 27 h90 p35-FLAG-GFP leu1 ade6-M210 z<<padh13-mCherry-atb2+<<natr  

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 

     図 13A PL 67 h+ leu1 mes1 imr1-ura4-GFP 
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 PB 127 h- leu1 mes1 ade6-M216 Z::natr-Padh13-mCherry-atb2 

 PD 753 h+ leu1 mes1 imr1-ura4-GFP ∆sgo1::kanr ade6-M21? 

 PB 128 h- leu1 ∆sgo1::kanr mes1 (ade6-M216?) imr1-ura4-lacO 

Z::natr-Padh13-mCherry-atb2 

 PF 558 h+ leu1 mes1 imr1-ura4-GFP ∆moa1::natr 

 PF 582 h- ∆moa1::kanr ∆mph1::HB Z::natr-Padh13-mCherry-atb2 mes1-B44 leu1 

Ade+ 

 PF 583 h+ leu1 mes1 imr1-ura4-GFP ∆mph1::kanr ∆moa1::natr 

 PF 582 h- ∆moa1::kanr ∆mph1::HB Z::natr-Padh13-mCherry-atb2 mes1-B44 leu1 

Ade+ 

 YW 467 h+ mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

     図 13B YW 464 h- mes1 c::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 ura4-D18? 

 YW 465 h+ mes1 imr1-ura4-GFP c::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4  

moa1::natr ura4-D18? 

 PF 558 h+ leu1 mes1 imr1-ura4-GFP ∆moa1::natr 

 PF 582 h- ∆moa1::kanr ∆mph1::HB Z::natr-Padh13-mCherry-atb2 mes1-B44 leu1 

Ade+ 

 PF 583 h+ leu1 mes1 imr1-ura4-GFP ∆mph1::kanr ∆moa1::natr 

 YW 466 h- mes1 c::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 moa1::natr 

ura4-D18? 

 YW 499 h+ mph1::bsdr mes1 imr1-ura4-GFP c::Pspc7-spc7(12E)-Tspc7<<hygr 

spc7::ura4  moa1::natr ura4-D18? 

 YW 500 h- mph1::bsdr mes1 c::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 

moa1::natr ura4-D18? 

     図 13C PH 634 h+ leu1 imr1L-GFP mes1-B44 

 JZ 874 h- mes1 leu1 ade6-M216 

 YW 467 h+ mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 468 h- mes1 c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 538 h+ swi6::kanr leu1 mes1 imr1-ura4-GFP 
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 YW 539 h- swi6::kanr leu1 mes1 ade6-M216 Z::natr-Padh13-mCherry-atb2 

 YW 536 h+ swi6::kanr mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 537 h- swi6::natr mes1 c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1 

moa1::kanr 

 YW 556 h+ imr1L<<ura4+-lacO his7+<<Pdis1-GFP-lacI mes1 sgo1(V242E) leu1 

 YW 557 h- mes1 sgo1(V242E) leu1 

 YW 560 h+ mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 sgo1(V242E) leu1  

 YW 561 h- mes1 c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 sgo1(V242E) leu1  

    
 図 13D PH 634 h+ leu1 imr1L-GFP mes1-B44 

 JZ 874 h- mes1 leu1 ade6-M216 

 PF 558 h+ leu1 mes1 imr1-ura4-GFP ∆moa1::natr 

 PZ 269 h- mes1-B44 moa1::kanr leu1 ade6 

 YW 467 h+ mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 468 h- mes1 c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 533 h+ moa1::kanr mes1 imr<<lacO-ura4+ his7<<Pdis1-GFP-lacI-NLS 

c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1  

 YW 468 h- mes1 c::Pspc7-spc7(12A)-Tspc7<<hygr spc7::ura4 leu1 moa1::kanr 

 YW 556 h+ imr1L<<ura4+-lacO his7+<<Pdis1-GFP-lacI mes1 sgo1(V242E) leu1 

 YW 557 h- mes1 sgo1(V242E) leu1 

 YW 562 h+ imr1L<<ura4+-lacO his7+<<Pdis1-GFP-lacI mes1 sgo1(V242E) leu1 

moa1::kanr 

 YW 563 h- mes1 sgo1(V242E) leu1 moa1::kanr 

 PD 753 h+ leu1 mes1 imr1-ura4-GFP ∆sgo1::kanr ade6-M21? 

 PL 80 h- ade6 leu1 mes1 sgo1::natr 

 YW 571 h+ leu1 mes1 imr1-ura4-GFP ∆moa1::natr sgo1::bsdr 

 YW 572 h- mes1-B44 moa1::kanr leu1 ade6 sgo1::bsdr 

    
 図 14A PC 865 h90 bub1-GFP-kanr Z::Padh13-mCherry-atb2<<natr 

C::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 leu1 ura4? 
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 PC 866 h90 bub1-GFP-kanr moa1::kanr Z::Padh13-mCherry-atb2<<natr 

C::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 leu1 ura4? 

 YW 530 h90 bub1-GFP-kanr moa1::kanr mph1::bsdr 

Z::Padh13-mCherry-atb2<<natr C::Pspc7-spc7(12E)-Tspc7<<hygr 

spc7::ura4 leu1 ura4? 

    
 図 14B YX 61 h90 sgo1-FLAG-GFP leu1 ade6-M210 z<<padh13-mCherry-atb2+<<natr  

C::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 ura4? 

 YX 62 h90 sgo1-FLAG-GFP leu1 ade6-M210 z<<padh13-mCherry-atb2+<<natr  

C::Pspc7-spc7(12E)-Tspc7<<hygr spc7::ura4 ura4? moa1::kanr 

 YX 134 h90 mph1::bsdr sgo1-FLAG-GFP leu1 ade6-M210 

z<<padh13-mCherry-atb2+<<natr  C::Pspc7-spc7(12E)-Tspc7<<hygr 

spc7::ura4 ura4? moa1::kanr 

 PC 799 h90 mph1::hygr moa1::kanr sgo1-FLAG-GFP leu1 ade6-M210 

z<<padh13-mCherry-atb2+<<natr 

 

 

5. Åȝɖƙùɷ, 6,ùõ 

� Åȝɖƙ,Ʉĥ,ùɷ*-�đ¼Ɔɷùõ'�% YESA�ŸĞßŇùõ'�

%MMAǈ� 	Åȝɖƙ,ȉčĲŇAȭĜ�=ɨ*- SPAĘąùõAǈ� 	

Þùõ,ǻŇɼ1 �`c�ı <ɽA��*ǥ�	q��cA¦Ȟ�=ɨ*-

20 gɼSPAùõ,üß- 30gɽ,ĘąAƬÐ� 	 

 

YESʁđ¼ùõ 

kanrɐ�čŕ»Ƈ,ɏŌŴ*-�G418ɼGeneticinɽAǺƷī 0.1 mg/ml*)=:

*ƬÐ�%ǈ� 	hygr ɐ�čŕ»Ƈ,ɏŌŴ*-�Hygromacyn-BɼWakoɽ

AǺƷī 0.3 mg/ml*)=:*ƬÐ�%ǈ� 	natrɐ�čŕ»Ƈ,ɏŌŴ*
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-�ClonNatɼɘƂȶųɽAǺƷī 0.1 mg/ml*)=:*ƬÐ�%ǈ� 	bsdr

ɐ�čŕ»Ƈ,ɏŌŴ*-�Blastcidin S, hydrochloride ɼoeTVɽAǺƷī 0.1 

mg/ml *)=:*ƬÐ�%ǈ� 	G�V�ȠƞľƇAɏŌ�=ɨ*-�

5-FOAAǺƷī 0.5 mg/mlÐ� 	 

 

� � Yeast extract  5 g 

� � Q�T�X  30g 

� � Dbf�  75mg 

� � G�V�  75mg 

� � �W�ýɗý  75mg 

� � L-�FV�  75mg 

 

�MMɼMM+NɽʁŸĞɏŌùõ 

 

�  (Gutz et al., 1974)o]�ɗƝǸL�Gy  3 g 14.7 mM 

� � Na2HPO4   2.2 g 15.5 mM 

� � NH4Cl    5 g 93.5 mM 

� � Q�T�X   10 g 1 % (w/v) 

� � 50×Salt stock (*1)   20 ml 

� � 10,000×Mineral stock (*2)  0.1 ml 

� � 1,000×Vitamin stock (*3)  1 ml 
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�SPAʁßŇȉčĲŇùõ 

 

� � Q�T�X    10 g   1 % (w/v) 

� � KH2PO4    1g  

� � 1000×Vitamine stock (*3)    1ml 

 

*1� 50×Salt stockʁ 

� � � � � � � � �  � � � ɼ1Lı <ɽ 

� � MgCl2�6H2O  53.3 g  260 mM 

� � CaCl2�2H2O  0.735 g  5.00 mM 

� � KCl   50 g  670 mM 

� � Na2SO4  2 g  14.1 mM 

 

*2� 10,000×Mineral stockʁ 

� � � � � � � � � � � � � � �  � (100 mlı <) 

� � H3BO3    500 mg  80.9 mM 

� � MnSO4�4H2O   530 mg  23.7 mM 

� � ZnSO4�7H2O   400 mg  13.9 mM 

� � FeCl3�6H2O   200 mg  7.40 mM 

� � (NH4) 6Mo7O24�4H2O  1000 mg  2.47 mM 

� � KI    100 mg  6.02 mM 

� � CuSO4�5H2O   40 mg  1.60 mM 
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� � PI�ɗ   1000 mg  47.6 mM 

 

*3� 1,000×Vitamin stockʁ 

� � � � � � � � � � � � � � � �    (100 mlı <) 

� � k�ca�ɗ   100 mg  4.20 mM 

� � fT_�ɗ   1000 mg  81.2 mM 

� � FiVc��   1000 mg  55.5 mM 

� � mK_�   1 mg  40.8 µM 

 

 

6. Åȝɖƙ,�ȑǓ)Ûŉ�'ɐ�ďǓȦƃ 

� Åȝɖƙ,�ȑǓ)ɐ�ďǓȦƃ-�Gutz;,Ůơ*Ķ# (Gutz et al., 1974)	 

� Åȝɖƙ,ĲȷȻŞ-Ģģ;*:<ťȒ�> ɕɗ�_Gyơ(Okazaki et al., 

1990)Aťā�%��)# 	YES,Ʃ¥ùõ&ùɷ� ǹȉAɍĻɩȕ� ĵ�

ɕɗ�_Gy-TEƳƩ (0.1 M Lithium-acetate�10 mM Tris-HCl (pH 7.5)�1mM 

EDTA) *ņƶ� 	ņƶƩ* DNA (0.1-1 µg)�URǶč DNA (N|�D DNA) �

:. 280µl, 40 % (w/v) v�I_��Q�T�� (#4000) -ɕɗ�_Gy-TEƳ

ƩAƬÐ�%Ĕư&1ŴɠF�N~s�c� 	�;*�40 µl,dimethylsulfoxide 

(DMSO)AÐ�%ƫß��42�& 5ÅɠƻV�`PA�� 	�,ĵ�ƭAɍĻ

ɧØ��ǹȉA YES*ņƶ�%ɏŌùõ*Ĩ� 	 

� ��^yXvDÃǃ-�SPA q��c�&ȉčAĲŇ�%�=ǹȉAŜ�Û

<�5%Q�X��[ƳƩ*ņƶ��Ĕư& 3�; 5ŴɠF�N~s�c�%ȉ
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číAƳȦ�� 	�,ĵI]i��ǺƷī 30%')=:*Ð�% 5 ÅɠF

�N~s�c��ɍĻĵ�ƭAŘ%�ȉčA 0.5ml , YES *ņƶ��Ɏı)ù

õ*ȉčA3� 	 

 

7. Åȝɖƙ,sP]�q�Xxd 

� Åȝɖƙ,ĲȷȻŞ*-�ȩ,V|c�sP]�Aǈ� 	 

pNATZA13, pHBCPspc7, pHBKPrec8 

� (pNATZA13) : adh13q�{�]�ɼİÏ�$ĿĥǓ*ǒǂ�ȭĜ�>=�adh

q�{�]�, TATA u`PX*āǌAĜ»�ǒǂɚAŊ� q�{�]�ɽ

,�Ʀ*w�_P��f�QUFc�Ďô��clonNAT ȇľɐ�čAw�L�

'�%Œ$ pUC119 Ǌƀ,sP]�&�=	q�Xxd�*Åȝɖƙ zfs1 ɐ�

čɀ´,SiyɔÇ�ŕ»�>%�<�Apa�&ÆŬ� ĵ*Åȝɖƙ*ĲȷȻ

Ş�=�'& zfs1ɐ�čɀ´*q�XxdAŕ»&�=	 

ɼpHBCPspc7ɽ: hygromycinȇľɐ�čAw�L�'�%7$ pUC119Ǌƀ,s

P]�,w�_P��f�QUFc*�spc7 q�{�]�Aŕ»� sP]�

&�=	q�Xxd�*Åȝɖƙ SPAC26F1.12cɐ�čɀ´,SiyɔÇ�ŕ»

�>%�<�Apa�&ÆŬĵ*Åȝɖƙ*ĲȷȻŞ�=�'& SPAC26F1.12cɐ

�čɀ´*q�XxdAŕ»�=�'�&�=	 

ɼpHBKPrec8ɽ: hygromycinȇľɐ�čAw�L�'�%7$ pUC119Ǌƀ,s

P]�,w�_P��f�QUFc*	rec8 q�{�]�Aŕ»� sP]�

&�=	q�Xxd�*Åȝɖƙ lys1 ɐ�č,SiyɔÇ�ŕ»�>%�<�

Apa�&ÆŬĵ*Åȝɖƙ*ĲȷȻŞ�=�'& lys1 ɐ�čɱø*q�Xxd
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Aŕ»�=�'�&�=	q�Xxd�ŕ»�> ǹȉ- lys1Ƞƞľ')=	 

 

8. Åȝɖƙ�;, DNA,ȯȞ 

� Åȝɖƙ,Siy DNA,îÚ-���,ŮơAǈ� 	YESq��c�&ǆ

Ȉ� ǹȉAîÚ��0.2 ml, breaking buffer ( 1% SDS, 500 mM NaCl, 20 mM 

Tris-HCl pH 8.0, 10 mM EDTA)�0.3 g,Q�Xm�Y (φ= 0.5 mm)��:. 0.2 ml

,oHi��/P��t�yAÐ��2 ÅɠƵ��Ţŏ�%ǹȉAǠǟ� 	�

,ĵ�Ĕư& 7ÅɠɍĻ���ƭAîÚ� 	I]i��ƟƘAț#% DNAA

Ɵɤ���ɵ��� 	�,ĵ�ƴȕƝ*ƳȦ�% DNAƳƩ'� 	 

 

9. ƮŨÅȝ,ȭĜ 

� �®¥ǹȉAƮŨÅȝ/ȭĜ�=üß-�ĚŨþƗ�,ǹȉAɍĻîÚ��

�ƭAÛ<ɧ� ĵ��FV�ƳƩ (20mg/ml) *ņƶ��SPAq��c�& 26.5

ī*%ùɷ� 	h+Ƈ' h-ƇAŚ�ß@�%ȥę�=üß-�ņƶƩAǲɚ�$

ƫß�% SPAq��c�*Xv`c� 	 

� ǹȉAàȯǓ*ƮŨÅȝ*ȭĜ�= 6*-�pat1-114 ưīńÜľāǌ¥ 

(Iino and Yamamoto, 1985) Aǈ� 	ǹȉAMM+Nùõ& 1*107 cells/ml3&ù

ɷ� ,"�MM-N ùõ& 2 îƤƧ� 	�,ĵ MM-N ùõ*ǩ��25�&

16 Ŵɠùɷ�% G1 Ż*àȯ� 	Ëɥưī&�= 34�&ùɷ�=''7*

NH4Cl AǺƷī 0.5mg/ml')=:*Ð�%�ƮŨÅȝŻ/ȭĜ� 	 

 

10. ÅȝɖƙƇ,¦Ȟ 
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moa1+, mph1+, sgo1+, spc7+ GFP

PCR-based gene targeting (Bahler et al., 1998)  

3xflag-HA-Spc7 spc7

3xflag-HA pHBCPspc7-3xflag-HA-spc7-Tspc7 

SPAC26F1.12c

 

 

11.  

mes1  

cut23 slp1

rad21

 

 

12.  

HB buffer (25mM MOPS, 15mM MgCl2, 15mM 

EGTA, 60mM	-glycerophosphate, 0.1mM Na-orthovanadate, 0.1mM NaF, 15mM 

p-nitrophenylphosphate, 1% triton x-100, 1mM DTT, 1mM PMSF) 5

1ml Multi bead shocker (Yasui Kikai)

SDS-PAGE buffer ( 2% 

SDS, 0.1M DTT, 50mM Tris-HCl (pH6.8), 0.1% Bromophenol Blue, 10% Glycerol)
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SDS-PAGE PVDF Immobilon (MILLIPORE)

30 5% ( )-TBST (0.9% 

NaCl, 20mM Tris-Cl (pH7.4), 0.05% Tween-20) 1%

-TBST Can Get Signal Solution A (TOYOBO)

4 TBST 3 1% -TBST

TBST 3

Clarity Western ECL substrate (Bio-Rad)

Sgo1  1:1000 FLAG M2 sigma 1:2000

Spc7 pT77  (Yamagishi et al., 2012) 1:1000 Spc7 pT257

 (Yamagishi et al., 2012) 1:1000, GFP 1:5000  

 

13. β  

Sgo1-flag-GFP, Bub1-GFP Delta Vision P system (GE) 

time-lapse 

 

Bub1-GFP  Axioplan2 (Zeiss) 

Bub1-GFP

 

 

14.  

pat1 PMSF
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1mM*)=:*Ð��ǹȉAîÚ� 	îÚ� ǹȉA NP-40 buffer  (6 mM 

Na2HPO4, 4 mM NaH2PO4, 1% NONIDET P-40, 150 mM NaCl, 2 mM EDTA, 50 mM 

NaF, 0.1 mM Na3VO4, 1!mM dithiothreitol, 1!mM PMSF )& wash� ĵ�NP-40 

Buffer * complete protease� inhibitors (Roche)' phos-STOP (Roche) AÐ� 

buffer*ņƶ��ǹȉņƶƩA boil�=�'&tXoC]�['q�aD�[,

ƥľAɣĕ� 	�,ĵMulti bead shocker (Yasui Kikai) *:#%ǹȉAǠǟ��

ɍĻÅɪ�%�ƭAǹȉōÄƩ'� 	ķ;> ǹȉōÄƩ* anti-FLAG M2 

affinity gel (sigma)AÐ� 4�& 2ŴɠÙĽ�� ĵ�NP-40 Buffer'HEPES buffer 

(50mM HEPES, 10mM NaCl) & wash� 	Anti-FLAG M2 affinity gel,�ɓA

30�& 30 Åɠ lambda-phosphatase (NEB) &ÃǃA��5�M phostag (NARD 

Institute) Aâ5DP��DxdS�Aǈ�% SDS-PAGEAț��GHX]�p

�`aE�Qơ*:<ºǎƟɤƽAȦƃ� 	 

 

15. in vitroNe�[D`ZF 

� Ąȍȕ*ǒǂ��%ǶȞ� ǻŞ]�kPȷ�GST-Spc7-N A GST-Plo1 �=

�- GST-Mph1∆N' kinase bufferɼ50mM Tris-HCl pH7.5, 10mM MgCl2, 0.5% 

Triton X-100, 150mM NaCl, 5mM Dithiothreitol, 10mM ATPɽ�&ƫß��30�*

��% 30ÅÃǃ� 	ƫßƩA SDS-PAGE&Åɪĵ�Spc7 pT77, pT257��ɗ

ÒƾǌǓŋ¥Aǈ�%GIX]�ȦƃAț# 	 

 

16. ɖƙǹȉōÄƩAǈ� in vitro pull-down D`ZF 

� Ąȍȕ*ǒǂ�� əǆ÷7��-āǌ÷,GST-Spc7A glutathione beads
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&ǶȞ��glutathione beads *ǽß�� ƿŅ&�GST-Plo1 �=�-

GST-Mph1∆N' kinase bufferɼ50mM Tris-HCl pH7.5, 10mM MgCl2, 0.5% Triton 

X-100, 150mM NaCl, 5mM dithiothreitol, with or without 10mM ATPɽ�&ƫß��

30Åɠ 30ī&Ťŏ�)�;F�N~s�c� 	Bub1-GFP, Bub3-GFP�ǒ

ǂ�%�=ÅȝɖƙƇA Buffer H/0.6 (25 mM HEPES (pH 8.0), 2 mM MgCl2, 

0.1 mM EDTA (pH 8.0), 0.5 mM EGTA (pH8.0), 0.1% NONIDET P-40, 600 

mM KCl, 1 mM PMSF (phenylmethylsulfonyl fluoride, Sigma)) with 

phosphatase inhibitors 1 µM okadaic acid (Wako), 1 µM microcystin (Wako), 

PhosSTOP (Roche) and Complete protease inhibitor (Roche)) *ņƶ��Ʃ¥

ǮǸ�&Âǽ���freezer mill (SPEX) *:#%ǹȉAǠǟ� 	Ǡǟ� Â

ǽǹȉ* Buffer H/0.6AÐ�%ƳȦ���ɍĻÅɪĵ��ƭAǹȉōÄƩ'�

 	ķ;> ǹȉōÄƩ*Ìɂ, glutathione beadsǽß GST-Spc7AÐ�%�4�

& 1.5ŴɠF�N~s�c� 	Buffer H/0.4 (25 mM HEPES (pH 8.0), 2 mM 

MgCl2, 0.1 mM EDTA (pH 8.0), 0.5 mM EGTA (pH8.0), 0.1% NONIDET P-40, 

400 mM KCl, 1mM PMSF) ' pre-elution buffer (50 mM Tris-HCl (pH8.3), 1 

mM EGTA, 75 mM KCl) Aǈ�%ƤƧ� ,"�GST-Spc7*ǽß� ]�k

PȷA elution buffer (50 mM Tris-HCl (pH8.3), 1 mM EDTA, 0.1%SDS) �&

Ťŏƫß�%ƳÄ� 	ƳÄǇƽA anti-GFPŋ¥Aǈ�%GIX]�p�`c

Ȧƃ� 	
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1. Moa1-Plo1  

Moa1

Moa1

 

lacO

GFP-LacI

μ β

lacO

GFP-LacI imr -GFP (Sakuno et al., 

2009)

mes1

(Izawa et al., 2005) imr1-GFP

imr1-GFP

sgo1∆ imr1-GFP

50 2

sgo1∆ 
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Ǳ�Åȝĵ*Z�c�zD,śǙ�đ¼*ć@>%�='ȅ�;>=(Kitajima 

et al., 2004)	Ķ#%�,ȦƃŮơ&-�Ƿ 50%,ǹȉ& imr1-GFP,VQe��

2Ƹ*ȥę�> üß�Z�c�zD,śǙ�12đ¼*ć@> 'ÉŬ&�=	

¸țǞǭ'�ȏ�%�moa1∆ āǌ¥*��%-�Ƿ 10ɻ,ǹȉ&�²*

imr1-GFP ,VQe��ȥę�> ɼöǲÅȝ�ȹ� ɽ�'�;�Moa1 *-

ƮŨǱ�ÅȝŻ*��%Ñ×¥,�ŮáľA«ɇ�=ƐȊ��=�'�Å�=

ɼò 5Aɽ(Yokobayashi and Watanabe, 2005)	Ȑæƪ��'*�Ǳ�Åȝ&ɑ·Å

ɔAǥ� moa1∆āǌ¥,"�Ƿ 25ɻ,ǹȉ& imr1-GFP � 2 Ƹ,VQe�

'�%ȥę�> 	�,Îß-Tl�V�,¬ȵ�đ¼*ć@>= sgo1∆ āǌ

¥'ƚȼ�%¤��'�;�Moa1*-ɓÅǓ*Tl�V�A¬ȵ�=ƐȊ��

=�'�ǥê�>=	Sgo1 ,Z�c�zDğô- Bub1 ,Ne�[ƥľ*¨Ď

�%�=�'�Ǜ;>%�<�Bub1,Ne�[ƥľ�ć@>= bub1-KDāǌ¥

*��%7�sgo1∆ āǌ¥1(&-)�� imr1-GFP,VQe�� 2Ƹ'�%ȥ

ę�>=	�,�'�;�Sgo1 ,Z�c�zDğô�Tl�V�,¬ȵ*ɘȠ

&�=�'�ǡȬ�> ɼò 5A, Bɽ(Bernard et al., 2001; Kawashima et al., 2010)	

ƒ* Moa1 - Plo1 Ne�[AZ�c�zD/�P��c�=�'�Ǜ;>%�

=,&�Moa1 ¨ĎǓ)Tl�V�,¬ȵ* Plo1 Ne�[�ɡ��=ÝȊľA

ƊȪ� 	Plo1 -ǆȈ*ļɰ)ïč&�3 Xn�d�ĲŇ*ļȠ) 6�ǹ

ȉ¼¥& Plo1A�ƥľÒ�=:)āǌ¥-ƮŨǱ�Åȝ�ɇț���Ȧƃ�

ðɫ&�=	��&Z�c�zDɱøƾǌǓ* Plo1 AǠÿ&�= plo1-tev āǌ

¥Aǈ� ɼKim et al., 2015ɽ	plo1-tevāǌ¥*Ě�%NhcTDïč Cnp3,

NhcTDğôdzF�ɼcnp3CɽA TEV q�aD�['Țß��=�'&�
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TEV

Plo1 plo1-tev cnp3C-TEV

imr1-GFP 2

5C Plo1 Moa1

moa1-T101A 5D moa1∆ 

Cnp3 Plo1

cnp3C-Plo1N Plo1

moa1

5E Moa1 Moa1

Plo1  

 

2. Moa1-Plo1 Mph1 Bub1

 

Mph1 MPS1 Plo1 PLK1

α PLK1 Spc7

KNL1 (Dou et al., 2011; 

Espeut et al., 2015; von Schubert et al., 2015)

Bub1 (Kawashima et al., 2010) Moa1

Plo1 Bub1

Bub1 C GFP

N mCherry

Bub1  
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� ¥ǹȉÅȝŻ*��%Bub1-ÅȝÌŻ*�ɉǓ*NhcTD/ɩǫ��Åȝ

�Ż&-ƈ¿*VQe��Őŧ� ɼò6Aɽ	�,ğôk]��-Bub1,Ñ×

¥ğôAËĸ�=ïč&�=Mph1,ÑŅ*ɴ¢�%�=ɼò6Bɽ	ēɨ�¥ǹ

ȉÅȝŻ*��%Bub1,Ñ×¥ğôÒ-�Mph1Ne�[*:=Ñ×¥ïč

Spc7,��ɗÒ*¨Ď�%�<�mph1∆ āǌ¥&-Bub1,Ñ×¥ğô-ć@

>=ɼò6Aɽ(Yamagishi et al., 2012)	 

� Ȑæƪ��'*ƮŨǱ�ÅȝŻ*��%-�Bub1-ÅȝĵŻ3&Ñ×¥*ɩ

ǫ� ƿŅ�¬ >=�'�Å�# ɼò6Cɽ	�;*¥ǹȉÅȝŻ'-ǌ)<�

mph1∆ āǌ¥*��%7Bub1,Ñ×¥ğô-ƖĎ�%� 	�Ůmoa1∆ āǌ

¥*��%-�Bub1,Ñ×¥/,ɩǫ-Åȝ�Ż,ĵÓ�;ÅȝĵŻ*��%

ƮĞ��mph1� moa1� �ɘāǌ¥&-Bub1,Ñ×¥ɩǫ-1'B(ć@> 

ɼò6C, Dɽ	�>;,ǽƄ-�ƮŨǱ�ÅȝŻ*��%�Moa1-Plo1'Mph1

-ÔȯǓ*Bub1,Ñ×¥ğôÒAËĸ��ƾ*Mph1�Ñ×¥�;ƨć�=Å

ȝ�Ż�;ÅȝĵŻ*��%-��*Moa1-Plo1�Bub1,Ñ×¥ğôÒAËĸ

�=�'�ǥê�> 	 

� ƒ*�Moa1,�Ʀ&Plo1�Bub1,Ñ×¥ğôAËĸ�=ÝȊľAƊȨ�=

�'*� 	È6*�plo1-tevāǌ¥Aǈ�%�Z�c�zDɱøƾǌǓ*Plo1

A�ƥľÒ� üß,�Bub1,Z�c�zDɩǫAƊȪ� 	�,ǽƄ�

cnp3C-TEVq�aD�[Aǒǂ� üß*ƮŨÅȝ�Ż*��=Bub1,Z�

c�zDğô�ƮĞ��plo1-tev mph1∆ �ɘāǌ¥&-Ŷ)=ƮĞ�ȥę�>

 ɼò7A, Bɽ	�>:<�Moa1*:#%Ñ×¥*ɩǫ�> Plo1�Bub1,Ñ

×¥ğôAËĸ�%�=�'�Ųǡ*)# 	 
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� Mph1'Moa1-Plo1*:=�Bub1,Ñ×¥ğôËĸ*��=]Fx�Q,Ɍ

�-��>�>,ïč,Ñ×¥ğôŴŻ�ǌ)=�'*ȹï�=ÝȊľ�ȅ�

;> 	��&�Mph1'Plo1,ƮŨǱ�ÅȝŻ*��=ÑŅAȥę� ɼò8ɽ	

¿ôľ,Mph1'Plo1,CŽǰ²*GFPAȚß�� ]�kPȷAǒǂ�=ǹ

ȉAƮŨÅȝŻ*ȭĜ��ƮŨǱ�ÅȝŻ*��=ÑŅA]Fy�qXȥę�

 	�,ǽƄ�Mph1-ƮŨǱ�ÅȝÈŻ*�ɉǓ*Ñ×¥/ɩǫ�%��*ƨ

ć�=,*Ě��ƮŨÅȝŻƾǌǓ*Moa1*¨Ď�%Ñ×¥/ɩǫ�=Plo1-�

ÅȝÌŻ�;ĵŻɟċ3&Ñ×¥*ȀŒ�>=�'�Å�# 	 

 

3.� Plo1 ' Mph1 -ÔȯǓ* SAC AƥľÒ�= 

� Bub1-GFPVQe�,]Fy�qXȥę�;�ƮŨǱ�Åȝ*��=Ŵɠ��

mph1∆ moa1∆ �ɘāǌ¥&əǆƇ'ƚȼ�%ɭĥ*ǜ��'�Å�# 	�

>:<�Mph1'àƍ*Moa1-Plo17 SAC,ƐȊAŒ$ÝȊľ�ǥê�> 	

�,ÝȊľAƊȪ�= 6*�ƮŨǱ�ÅȝÌŻ�;Ǳ�ÅȝĵŻ3&,Ŵɠ

A�Åȝɖƙ,�Ļ¥ɴ¢ƽ&�= SPB,ÅɪɼXn�d�ĹĝǴ,ĲŇɟċɽ

�;ZN~��,ÅȦɼÅȝĵŻɟċɽ,]Fx�QAœƎ'�%ȧƱ� ɼò

9ɽ	əǆƇ'ƚȼ�%�mph1∆ āǌ¥-ÅȝŻ,Ŵɠ�ɳȖ*ǜȃ� ��

moa1∆ āǌ¥&-ÅȝŻ,Ŵɠ�¡ɞ� 	�>-�moa1∆ āǌ¥&-Ċĉ

Ñ×¥,�Ůáľ�ć@>= 6*Xn�d�ĹĝǴ'Ñ×¥,śǙǌĥ�ȹ

��SAC �ƥľÒ�>ÅȝĵŻ/,ɇț�Ɉ>  6&�='ȅ�;>=	Ȑ

æƪ��'* mph1∆ moa1∆ �ɘāǌ¥&-�mph1∆ āǌ¥'ƚȼ�%��

;*ÅȝŻ,Ŵɠ�ǜȃ��SAC �¼�ƐȊ�)� mad2∆ āǌ¥'àǪī*
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Mph1 SAC

Bub1 Moa1-Plo1 Mph1

SAC  

 

4. Plo1 Spc7 Bub1/Bub3

 

α PLK1 KNL1 Spc7

MELT (Espeut et al., 2015; von 

Schubert et al., 2015) Plo1 Spc7 Bub1

in vitro Plo1 Spc7

10A, B Mph1 Plo1 Bub1/Bub3

MELT Spc7 N (Spc7-N)

Plo1 MELT

12 MELT 2

10C Mph1

Plo1 Spc7 MELT in vitro  

in vivo Mph1 Plo1 Spc7

pat1 Cdc20

APC/C Prad21-slp1, 

Prad21-cut23 Spc7

Spc7

SDS-PAGE
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ī,¤�ɽAGIX]�p�`cȦƃ*:<ƊȪ� ɼò 10Dɽ	�,ǽƄ�ə

ǆƇ&, Spc7 ]�kPȷ*��%-�tXoC]�[Ãǃ*:<ƨć�=ɳ

Ȗ)j�dVoc�ȡ;> 	�>:< Spc7-ƮŨǱ�Åȝ�Ż*��%��

ɗÒ�>=�'�Å�# 	�,��ɗÒ¨ĎǓ) Spc7 ,j�dVoc-

mph1∆ āǌ¥8moa1∆ āǌ¥&¤���mph1∆ moa1∆ �ɘāǌ¥&-Ŷ)

=¤��ȡ;> 	3 MELTɔÇ,X�Kf�ƖúAD�f�Ɩú*āŞ�

 �'& Spc7���ɗÒɶAÜ�)� spc7-12Aāǌ¥*��%-�1'B

(j�dVoc�ȡ;>)�# 	�>:< in vivo *��%�Plo1 ' Mph1

�ÔȯǓ* Spc7A��ɗÒ�=�'�ǥê�> 	 

� Mph1 ¨ĎǓ) Spc7 ,��ɗÒ-�Bub1/Bub3 ȟß¥',Ǘ�¦ǈA«ɇ

�%�Bub1/Bub3AÑ×¥/ğôÒ��=�'�Ǜ;>%� (Primorac et al., 

2013)	��&Mph1'àƍ*�Plo1*:= Spc7,��ɗÒ7 Bub1/Bub3ȟ

ß¥',Ǘ�¦ǈA«ɇ�=ÝȊľAȅ� 	��&�Ąȍȕ�;ǶȞ� Spc7

A Plo13 -Mph1&��ɗÒ� ĵ�Åȝɖƙ,ǹȉōÄƩ'ƫß��Spc7

, pull-downAț# ɼò 10Eɽ	�,ǽƄMph1'àƍ*�Plo1& Spc7A�

�ɗÒ� üß*,4�Spc7 ' Bub1/Bub3 ',Ǘ�¦ǈ�ȡ;> 	�;*

Spc7-12Aāǌ]�kPȷ*Ě�% Plo13 -Mph1&àƍ,��ɗÒÙĽA

ț# üß*-�Bub1/Bub3',Ǘ�¦ǈ-ȡ;>)�# �'�;�Plo1-

Spc7,MELTɔÇ,��ɗÒA��%Bub1/Bub3',Ǘ�¦ǈA«ɇ�=�

'�ǥê�> 	 

� ƒ*Åȝɖƙ,ǹȉ¿*��%�Plo1 Õǀ&ɼMph1 )�&ɽBub1 AÑ×

¥/ɩǫ&�=�AƊȪ� ɼò 11ɽ	¥ǹȉÅȝŻ,ɠŻ*��%�Plo1 -
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ǹȉȷ*Åŧ�%�<�Ñ×¥ğô-ȡ;>)�	�,'� cnp3C-Plo1Țß]

�kPȷAǒǂ��=�'&�İËǓ* Plo1AÑ×¥/ğôÒ���Bub1-GFP

,ÑŅAȥę� 	�,ǽƄ Plo1,Ne�[ƥľ¨ĎǓ* Bub1,Ñ×¥ğô

�ȥę�>��, Bub1 ,Ñ×¥ğô- mph1 ɐ�č,Ǡÿ*:<ĳɯAÜ�

)�# 	�;*�spc7-12Aāǌ¥*Ě�%Plo1AÑ×¥/ğô��%7Bub1

,Ñ×¥ɩǫ�ȡ;>)�# �'�;�Plo1 - in vivo *��%7 Spc7 ,

MELT ɔÇ,��ɗÒA��% Bub1 ,Ñ×¥ğôA«ɇ�=�'�ǥê�>

 	 

 

5.� Sgo1 ,Z�c�zDğô- Mph1 ' Plo1 *:#%ÔȯǓ*Ëĸ�

>= 

� ƮŨǱ�ÅȝŻ*��%�Sgo1,Z�c�zDğô- Bub1*¨Ď�=�'

�Ǜ;>%� ,&�Mph1 ' Moa1-Plo1 � Bub1 A��% Sgo1 ,Z�c�

zDğôAËĸ�=ÝȊľAȅ� 	��&�¿ôľ, Sgo1, CŽǰ²* GFP

]QAȚß��Ăïľ,�_~�p��, N Žǰ²* mCherry ]QA�Ð�

 ]�kPȷAĿĥǓ*ǒǂ�%�=ǹȉAǈ�%�Sgo1,ÑŅA]Fy�q

Xȥę� ɼò 12A, Bɽ	 

� əǆƇ*��% Sgo1 ,Z�c�zDVQe�-ƮŨǱ�ÅȝÌ�Ż*Ÿ7

İ�ȥę�>��Ż�;ĵŻɟċ*��%ƒǱ*Į3# 	�,ğôk]��

-ÅȝĵŻ3&Ñ×¥*ȀŒ�>= Bub1,ÑŅ'-ǌ)=	�, Sgo1,ÑŅ

-�Bub1'-Ɍ��ÅȝĵŻ* APC/C¨ĎǓ)ÅȦËĸAÜ�= 6&�=

'ȅ�;>=(Kitajima et al., 2004)	moa1∆ āǌ¥&-�ƮŨǱ�Åȝ�Ż�
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;ĵŻ*��% Bub1,Ñ×¥ğô-ƮĞ� 7,,ɼò 6Cɽ�Sgo1,Z�c

�zDğô*-1'B(ĳɯA��)�# ɼò 14Bɽ	�,ǃǊ'�%�Bub1

,Ñ×¥ğô�ć@>%7�Sgo1 ,Z�c�zDğô*ļȠ) H2A ,��ɗ

Ò-���*-ƨć��*ȀŒ�>%�=ÝȊľ�ȅ�;>=	�Ů�ƮŨǱ

�ÅȝŻ,È6�; Bub1�Ñ×¥�;ƨć�= mph1� moa1� �ɘāǌ¥'

spc7-12A āǌ¥&-�Sgo1 ,Z�c�zDVQe��ɳȖ*ƮĞ� 	�>

:<�Mph1'Moa1-Plo1¨ĎǓ) Bub1,Ñ×¥ɩǫ-�Sgo1,Z�c�z

Dğô*ļȠ&�=�'�ǥê�> 	 

 

6.� Z�c�zD,śǙ,¬ȵ- Mph1 ' Plo1 *:#%ÔȯǓ*Ëĸ�

>= 

� Sgo1,Z�c�zDğô-ƮŨǱ�ÅȝŻ*��=Z�c�zD,śǙ¬ȵ

*ļȠ&�=�'�Ǜ;>%�=(Kawashima et al., 2010; Yamagishi et al., 

2008)	mph1∆ āǌ¥&-Z�c�zDśǙ¬ȵ,ƑŠ-ȡ;>)���mph1

� moa1� �ɘāǌ¥- moa1∆ āǌ¥'ƚȼ�%ɳȖ*Z�c�zDśǙ¬ȵ

,ƑŠ�ȥę�> ɼò 13Aɽ	�>:<�Mph1'Moa1-Z�c�zD,ś

Ǚ¬ȵ*Ě�%ÔȯǓ*ƐȊ�=�'�ȅ�;>��,ƐȊ'�% Bub1 ,Ñ

×¥ğôÒËĸ�Ŕ�;>=	��& mph1� moa1� �ɘāǌ¥*Ě�%�

Spc7 , MELT ɔÇ,Ǎ¢��ɗÒāǌ¥&�= spc7-12E āǌ¥Aǈ�%�

Bub1 AİËǓ*Ñ×¥/ğôÒ�� (Yamagishi et al., 2012)	ēɨ*

spc7-12Eāǌ-mph1� moa1� �ɘāǌ¥*��%7�Bub1,Ñ×¥ğô'

Sgo1 ,Z�c�zDğô�Ųǚ*ȥę�> ɼò 14A, B and Cɽ	�;*
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spc7-12E āǌ-�mph1� moa1� �ɘāǌ¥&ȥę�> Z�c�zDśǙ¬

ȵ,ƑŠAɓÅǓ*Ŋó� ɼò 13Bɽ	�Ů�spc7-12Eāǌ-moa1∆ āǌ¥

&ȡ;> Z�c�zDśǙ¬ȵ,ƑŠ-Ŋó�)�# �'�;�Moa1*-

Bub1,Ñ×¥ğôÒËĸ,1�*7�Z�c�zDśǙ¬ȵA«ɇ�=ƐȊ�

�=�'�ǥê�>=	��,�'�;�Mph1 ' Moa1-Plo1 ¨ĎǓ) Bub1

,Ñ×¥ğôÒËĸ-Z�c�zD,śǙ¬ȵ*ɘȠ&�=�'�ǥê�> 	 

 

7.� Z�c�zDśǙ¬ȵ- Bub1 ,Ñ×¥ğôÒ' Swi6 *:<Ëĸ�

>= 

� Bub1 ,Ñ×¥ğôÒ-�Sgo1 ,Z�c�zDğôÒA��%�Z�c�z

D,śǙ¬ȵ*ɘȠ&�=�'�ǥê�> 	���)�;�Ȑæƪ��'*

Bub1 ' Sgo1 ,Z�c�zDɩǫ�¤��= spc7-12A āǌ¥*��%�Z�

c�zD,śǙ¬ȵ,ƑŠ�ȥę�>)�# ɼò 13Cɽ	ɉØ,Ǟǭ�;Ñ×

¥*ğô&�)� Bub1,āǌ¥Aǒǂ�� üß*�Sgo1-ra�P�w_

�]�kPȷ Swi6 ¨ĎǓ*Z�c�zD/ɩǫ�=�'�Ǜ;>%� 

(Yamagishi et al., 2008)	9�*�spc7-12Aāǌ¥&- Swi6¨ĎǓ*Ğɚ,

Sgo1 �Z�c�zD/ɩǫ��ƐȊ�%�=ÝȊľ�ȅ�;> 	ēɨ*�

spc7-12A āǌ- swi6∆ āǌ¥&ȥę�> Z�c�zDśǙ¬ȵ,ƑŠA«

ɇ� ɼò 13Cɽ	Swi6*-�Sgo1,Z�c�zDğôËĸ�Ă*7�Tl�

V�,Z�c�zDğôËĸ8ra�P�w_�,ĲŇËĸ,ƐȊ��=�'

�Ǜ;>%� (Grewal and Jia, 2007; Nonaka et al., 2002)	��& Swi6,�

>;,ƐȊ' Sgo1 ,Z�c�zDğôÒËĸ,ƐȊAÆ<ɪ� 6*�
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sgo1-VE āǌ¥Aǈ� 	sgo1-VE āǌ¥- Swi6 ',ǖśǓ)Ǘ�¦ǈ�ć

@>= Sgo1,āǌ¥&�<�ra�P�w_�ĲŇ*ĳɯ�)��'�Å�#

%�=(Yamagishi et al., 2008)	siw6∆ āǌ¥'àƍ*�sgo1-VEāǌ¥&-

Z�c�zD,śǙ¬ȵ,ƑŠ�ȥę�>�spc7-12Aāǌ*:#%�;*�,

ƑŠ��ɇ� ɼò 13Cɽ	�>;,ǽƄ�;�Mph1'Moa1-Plo1*:= Bub1

,Ñ×¥/,ɩǫ-�Swi6 ,¶�'Ôȯ�%�Sgo1 ,Z�c�zDğô�:

.śǙ¬ȵ,ƐȊA«ɇ�=�'�ǥê�> 	 

 

8.� Moa1-Plo1 - Sgo1 ,Z�c�zDğôÒ�Ă,ǼȺ&Z�c�z

DśǙ¬ȵA«ɇ�= 

� spc7-12Aāǌ¥'ƚȼ�%�moa1∆ āǌ¥-�Sgo1,Z�c�zDɩǫɚ

�ă�*7ɡ@;�ɼò 12Bɽ�Z�c�zDśǙ¬ȵ,ƑŠ�ȥę�> ɼò

13A, Cɽ	3 �moa1∆ āǌ¥��=Z�c�zDśǙ¬ȵ,ƑŠ-�spc7-12E

āǌ&Ŋó�>)�# �'�;ɼò 13Bɽ�Moa1*- Bub1,Ñ×¥ğôÒ

Ëĸ�Ă,ǼȺ&7�Z�c�zDśǙ¬ȵA«ɇ�%�=ÝȊľ�ȅ�;>

 	ēɨ* moa1∆ āǌ¥'ƚȼ�% moa1∆ spc7-12A�ɘāǌ¥8�moa1∆ 

sgo1-VE �ɘāǌ¥&-Z�c�zD,śǙ¬ȵ,ƑŠ��ɇ� ɼò 13Dɽ	

�Ů�sgo1∆ āǌ¥' moa1∆ sgo1∆ �ɘāǌ¥&-�Z�c�zD,śǙ¬

ȵ,ƑŠ�àǪīȥę�> 	��,ǽƄ�;�Moa1- Bub1¨ĎǓ) Sgo1

,Z�c�zD,ğôÒ*Ð�%��,ǼȺ& Sgo1*¦ǈ�%�Z�c�zD

,śǙ¬ȵA«ɇ�=ÝȊľ�ǥê�> 	
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3'6'Ġź  
 

� ƮŨǱ�Åȝ*��=�Ůáľǽß,ǡǯ'�Z�c�zD,śǙ¬ȵ-�

ƮŨÅȝŻ,ƅȓ¥ÅɔËĸ,Ą�)ƾĺ&�<��,ËĸƐƌ-ɖƙ�;é

�Ñƽ3&Ĩ�¬Ď�>%�=	�ŮáľǽßAËĸ�=ïč'�%�Åȝɖ

ƙ&àĒ�> Moa1-�ɔÇ�s�&,Ǘàľ-ȡ;>)�7,,�polo-like 

kinaseɼÅȝɖƙ&- Plo1�wGX&- PLK1ɽ',Ǘ�¦ǈA��%¶��

'�;�wGXMEIKIN, ÄȔɖƙ Spo13��,ƐȊt{�Q'ȅ�;>%�

=(Kim et al., 2015)	Z�c�zD,śǙ¬ȵ-�* shugoshinɼÅȝɖƙ�

:.ÄȔɖƙ&- Sgo1,� wGX&- SGO2ɽ*:#%Ëĸ�>%�=	Åȝɖ

ƙMoa1�ÄȔɖƙ Spo13�:.wGXMEIKIN&7�Z�c�zDśǙ¬ȵ

,ƐȊAŒ$�'�ǥê�>%� (Katis et al., 2004; Kim et al., 2015; 

Yokobayashi and Watanabe, 2005)	���)�;�,ȫǹ)ÅčzLfYy

-Ų;�*)#%�)�# 	 

� žǞǭ*��%�ǧ-�ÅȝɖƙMoa1'�Moa1*:#%ƮŨÅȝŻƾǌǓ

*Z�c�zD/ɩǫ�= Plo1��Z�c�zD,śǙ¬ȵAËĸ�=Åčz

LfYy,�ǰAŲ;�*� 	ƮŨǱ�ÅȝŻ*��%Moa1-Plo1-Mph1

'Ôȯ�%Ñ×¥ïč Spc7 ,¬Ď�> MELT ɔÇA��ɗÒ�=�'&�

Spc7' Bub1/Bub3ȟß¥',Ǘ�¦ǈA«ɇ��Bub1AÑ×¥*ğôÒ��

=�'AȡÄ� 	Ñ×¥*ɩǫ� Bub1-�lXc� H2A,��ɗÒA�

�% Sgo1AZ�c�zDɱø*ɩǫ����;*ra�P�w_�]�kPȷ

&�= Swi6 ' Sgo1 �ǖśǓ*ǽß�=�'&�Sgo1 �ĐĒǓ*Z�c�z
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MPS1 PLK1

KNL1 Bub1

SAC (von Schubert et al., 

2015) MPS1 α PLK1

MPS1 (Espeut et 

al., 2015) PLK1 KNL1 Bub1

SAC

Plo1 Mph1 Bub1

Moa1 Plo1 Mph1 Plo1

Spc7 Bub1 Mph1

Plo1

8

Moa1-Plo1 Bub1

6C PLK1 KNL1

MPS1 SAC (von 

Schubert et al., 2015)

9 Moa1-Plo1 Sgo1

13B  

MEIKIN Moa1
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ƍ*�ƮŨǱ�ÅȝŻ*��% PLK1 AÑ×¥*ç.ȿ4�MPS1 'Ôȯ�%

BUB1 ,Ñ×¥ğôA«ɇ�=�'�ǥ�> ɼżǒȜb�]ɽ	� �#%�

žǞǭ&Ų;�')# �ƮŨÅȝŻ*��=Moa1-Plo1*:= Bub1,Ñ×

¥ğôÒËĸ-�ɹǲǆƽ*��%7¬Ď�>%�=�'�Ų;�')# 	

�ĵ,Ȯɲ'�%-�Meikin-/-�GX&ȥę�>=Z�c�zD,śǙ¬ȵ,

ƑŠ��BUB1 ,Ñ×¥ğôÒËĸ*¨Ď�%�=,���=�-Åȝɖƙ

Moa1'àƍ*�,ǼȺ*:#%7Ëĸ�>%�=,���;)=Ȧƃ�ŻĴ�

>=	3 �Åȝɖƙ*��%ûä�>%�=�ra�P�w_�]�kPȷ

Swi6 *:= Sgo1 ,Z�c�zDğôÒËĸ-�ɹǲǆƽ&-Ȧƃ�>%�)

�	� �#%�wGX SGO2 ,Z�c�zDğô'ƐȊ*$�%�ra�P

�w_�]�kPȷ*:=ɡ�Aâ5�ȫǹ)Ȧƃ�ŻĴ�>=	 

� žǞǭ*��%�Moa1-Plo1-�Sgo1,Z�c�zDğôÒËĸ�Ă,ǼȺ

&7�Z�c�z,śǙ¬ȵA«ɇ�=�'�ǥê�> 	ıǞǭĔ*ňġ�

%� ǝɺÖĀ*:=Ȧƃ�;�Plo1Ne�[�Tl�V�Up�f`c Rec8

,ƾǌǓ)ɓ£A��ɗÒ���,��ɗÒ�śǙ¬ȵ*ɘȠ)¶�A�%�

=�'�ǥ�> ɼżǒȜb�]ɽ	� �#%Moa1-Plo1-�Spc7,��ɗ

ÒA�� Bub1,Ñ×¥ğôÒ*Ð��Rec8,��ɗÒA��%�Z�c�

zD,śǙ¬ȵAËĸ�=ÝȊľ�ǥê�>=	�ĵ,Ȯɲ'�%�Moa1-Plo1

*:=Z�c�zD,śǙ¬ȵ*��=��Ȇ,ɡªľAȦƃ�%�� �	

�>3&,Ǟǭ�;�Zk��X*:= Rec8Tl�V�,ÆŬ*-�L[F�

Ne�[ɼCK1ɽ̈ ĎǓ) Rec8,��ɗÒ�ļȠ&�=�'�ûä�>%�=

(Ishiguro et al., 2010)ɼò 16ɽ	3 �Sgo1-Z�c�zD*��%tXoC
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]�[&�= PP2AAɩǫ���CK1*:=��ɗÒ*őŋ�=�'&�Z�

c�zD,śǙA¬ȵ�=�'�Ǜ;>%�=(Ishiguro et al., 2010; Kitajima 

et al., 2006; Riedel et al., 2006)	9�*�Moa1-Plo1¨ĎǓ) Rec8,��ɗÒ

-�CK1Ne�[¨ĎǓ) Rec8,��ɗÒAŊË�=��=�- PP2A¨ĎǓ

*:<ȋ��ɗÒ�>8���=Ëĸ&�=ÝȊľ�ȅ�;>��;)=Ȧƃ

�ŻĴ�>=	 
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ȲȽ  
� žǞǭ-Ɓ�ĄďÅčǹȉǆƽďǞǭňƯɒǞǭĔ*��%�ĄďɦĀȮ

Ǫ'ÖĀȮǪ, 6ħɠ*Ư#%ț@> 7,&�	 

� ĄďɦĀȮǪ»ďŴ�; 6 ħɠ,ɞ�*@ <�ƉƜİ���$łƻAŒ

#%œĜ�%���3� Ưɒì¾Ŧř*Ļ�;ńȲ� �3�	3 �ɖƙ

,ēɸ,úǤAŦ�%��# ¦əÍĀÖĀ�ăǉ±�ÖĀ�ēɸ,�'A:

�ǗȰ� ĵȗǦĦƛA-�6�Ű
ȴȱA��ÆǢǄǣ�%½*ǞǭAɇ6

%�# ǂô�:.ɉØ,ƯɒǞǭĔ,ǔƍ*ńȲ� �3�	 

� Ÿĵ*�ȡɁ<Aƞ6)�ŃłA7#%ǧAȈ%%�> �Ȥ�ǞǭĔ,Ă

²�;�$7Ľş�%�> Ėů*Ļ�;ńȲ� �3�	 
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<5.ąMoa1-Plo1ĥ�s±�!ÆģČĉğņŪŏũšķĤq§�ÒģfÉĠĈĲ
A. 1 �Á�ĤņŪŏũšķì@ĵGFPĠ�ÑĔěimr1-GFP�ġ��ÑĤ�ĵpđ4ĴĘğ�s!Æ|ħÏUĔĆ
mes1E¡ģįĝğ�s±�!Æbģ��ēĘĆ3µ½�ģČđĲimr1-GFPĤŕŉūŪĵÍ�ĔěćĿťřĤ2
ģimr1-GFPĤ!ÞŕŉūŪĤ�ĵ¬ĖćŬn > 150µ½ĠĆö:Ĥ�¯ĔěQîĵÄĝěŭ
B. <AĤ M I reductional ĤĊĜĆ separatedĤµ½Ĥ%4ĵ¬ĖćŬn > 130µ½ĠĆö:Ĥ�¯ĔěQîĵÄĝěŭ 
(*p< 0.05,  **p< 0.01, ***p < 0.001, NS; not significant,  ANOVA (Bonferoni) with multiple comparison test.)
C, D and E. �s±�!ÆĎ�\ģÄĴĳěµ½ĤĊĜĆ�s±�!ÆbģņŪŏũšķĎŮ�ģëĳğÊċĲµ
½Ĥ%4ĵÍ�ĔěćĻťūŔūĥ���Zĵ¬ĖćŬC; n > 110, D: n > 200, E; n > 200µ½ĠĆö:Ĥ�¯Ĕě
QîĵÄĝěŭ (*p<0.05,  **p<0.01, ***p<0.001, NS; not significant,  ANOVA (Bonferoni) with multiple 
comparison test.)
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<6.ąMoa1-Plo1ġMph1ĥ�s±�!Æ|ĤBub1Ĥ'+�ê®ģfÉĠĈĲ
A.3µ½�ĠBub1-GFPġŋţūŚŦŪŬmCherry-atb2ŭĤłĿőŧĵ�µ½!Æ|ģČĉğĆ1!æĤĹŪŉū
ŔŧĠŉĹŠťśńÌRĔěćÔ¨íĥ!Æb|åLx|ĵ¬Ėć<Ĥ��ģĆ3ŉĹŠŞĹŪŏģČđĲBub1-
GFPłĿőŧĤyG�ġńŘŪŐŧdV³ĤäēĤPã�ĵ¬Ĕěć
B. �µ½!Æ|ģČĉğMph1-GFPĩěĥPlo1-GFPĤ'iĵŋţūŚŦŪĤłĿőŧġġĭģĆ1!æĤĹŪŉū
ŔŧĠŉĹŠťśńÌRĔěć
C. 3µ½�ĠBub1-GFPġŋţūŚŦŪŬmCherry-atb2ŭĤłĿőŧĵ�s!Æ|ģČĉğĆ1!æĤĹŪŉūŔ
ŧĠŉĹŠťśńÌRĔěćÔ¨íĥ!Æb|BåLx|ĵ¬Ėć<Ĥ2�ģĆ3ŉĹŠŞĹŪŏģČđĲBub1-
GFPłĿőŧĤyG�ġńŘŪŐŧdV³ĤäēĤPã�ĵ¬Ĕěć!Æb|åLĵtime = 0ġĖĲć
D. BĠÌRĔěµ½�ģĞĉğĆWTŬâ��ŭĤ0minĵ1ġĔěB4ĤĆ�s±�!Æ|ĠĤBub1-GFPłĿőŧ
ĤyG�Ĥ]?�ĵPãĔěćĻťūŔūĥ���Zĵ¬ĖćŬ3:Ĥ�¯ĔěQîĵÄĝěćÍ�Ĕěµ½sĆ
WT; n = 37, mph1∆; n = 47, moa1∆; n = 40, mph1∆ moa1∆; n = 37, spc7-12A; n = 26 µ½ŭ
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<9.ąMph1ġMoa1-Plo1ĥ�s±�!Æ|ģČĉğ)Ð¤ģSACĵ$cĖĲ
Cut2-GFPġSad1-GFPĵ£�ĔğĉĲµ½�ģČĉğ1!æéĠŉĹŠťśńÌRĵÄĝěćSad1-GFPĤłĿő
ŧĎ2�ģĢĝğčİCut2-GFPĤłĿőŧĎ�IĖĲĩĠĤxæĵPãĔěŬn>40µ½ŭćŬError bars, SD. n.s., 
not significant; ****P < 0.001, ANOVA with Bonferoni’s multiple comparisons test.ŭ
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<10.ąPlo1ġMph1ģįĲSpc7ĤŦŪà(ĥBub1/Bub3È4�ġĤ¦
��ĵ�ÛĖĲ
A. !Æß�Spc7ĤMELTÞ#Ĥ�¼ġin vitroŦŪà(Í�ģ�ĉěu�Ĥäēĵ¬Ėć
B. G¿Âčİ´ÇĔěGST-Spc7Ĥu�ĵ[γ-32P]ATPN>�ĠĆGST-Plo1ĈĲĉĥGST-Mph1∆N (251-678a.a.)
ġ�4ĔĆrT�ÑēĳěŦŪàAĤ/ı×ĪĵļūŏťŃļĿťřĸūĠÍ�Ĕěć
C. G¿Âčİ´ÇĔěGST-Spc7(N)ĵGST-Plo1ĈĲĉĥGST-Mph1∆NĠin vitroĽőūŇ.gĵÄĉĆSpc7-
pT77, pT257�¡¤l�ĵ�ĉğĺĻńŉŪŚũŌōĸŪĿĵĖĲĒġĠĆSpc7ĤMELTÞ#ĤŦŪà(Ĥz�ĵÐ
Ĩěć(*)ĥMph1∆NĤÀ[ŦŪà(ĵ¬Ėć
D. Spc7ĤN~°�ģ3xFlag-HAŬ3FHŭŉĿĵĔě�ġĔğĉĢĉ�ĵĆpat1-114E¡ģįı�s!Æ|ħ5Ð¤ģ
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Bub3-GFPĵ£�ĔğĉĲµ½m �ġ�4ĔĆĻľńŏťľŏśŧŊĺŪĵÄĝěć�ç�ĵSDS-PAGEĔĆ3l�
ĠĺĻńŉŪŚũŌōĸŪĿÍ�ĵÄĝěć
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Plo1ĤĽőūŇŐšĹŪŬPlo1NŭĵCnp3CġÃ4ēĘĲĒġĠ`$¤ģ'+�ħê®ĔěġďĆ�µ½!Æ|Ĥæ
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<12.ąMoa1-Plo1ġMph1ĥSgo1ĤņŪŏũšķê®ģfÉĠĈĲ
A.3µ½�ĠSgo1-GFPġŋţūŚŦŪŬmCherry-Atb2ŭĤłĿőŧĵ�s!Æ|ģČĉğĆ1!æĤĹŪŉūŔ
ŧĠŉĹŠťśńÌRĔěćÔ¨íĥ!Æb|åLx|ĵ¬Ėć<Ĥ2�ģĆ3ŉĹŠŞĹŪŏģČđĲSgo1-GFP
łĿőŧĤyG�ġŋţūŚŦŪĤäēĤPã�ĵ¬Ĕěć
B.3µ½�ģČĉğĆWTŬâ��ŭĤ0minĵ1ġĔěB4ĤĆ�s±�!Æ|ĠĤSgo1-GFPłĿőŧĤyG�
Ĥ]?�ĵPãĔěć!Æb|åLĵ time = 0 ġĖĲćĻťūŔūĥ���Zĵ¬ĖćŬ3:Ŭmph1∆, moa1∆, 
mph1∆ moa1∆ and spc7-12Aŭĩěĥ4:ŬWT, bub1-KDŭĤ�¯ĔěQîĵÄĝěćWT; n = 64, mph1∆; n = 60, 
moa1∆; n = 47, mph1∆ moa1∆; n = 37, spc7-12A; n = 33, bub1-KD; n = 26 µ½ćŭ

0

1

2

3

4

5

6

7

8

-10 -5 0 5 10

ðWT

ðmph1∆

ðmoa1∆

ðmph1∆moa1∆

ðspc7-12A

ðbub1-KD

 WT�
 mph1∆�
 moa1∆�
 mph1∆ moa1∆�
 spc7-12A�

N
or

m
al

iz
ed

 S
go

1-
G

FP
 in

te
ns

ity
 (a

.u
.)�

Time from spindle elongation (min)�

 bub1-KD�

B



B

0
10
20
30
40
50
60

Se
pa

ra
tio

n
 a

t p
ro

m
et

a 
II 

(%
) ****�

n.s.

<13.ąMoa1-Plo1ĥBub1Ĥ'+�W>(ġĆ�Ĥ·Öĵ�ĔğņŪŏũšķĤq§�Òĵ�ÛĖĲ
A, B, C and D. 1 �Á�ĤņŪŏũšķì@ĵGFPĠ�ÑĔěimr1-GFP�ġ��ÑĤ�ĵpđ4ĴĘğ�s!
Æ|ħÏUĔĆmes1E¡ģįĝğ�s±�!Æbģ��ēĘěć3µ½�ģČĉğ�s±�!ÆĎ�\ģÄ
Ĵĳěµ½ĤĊĜĆ!ÆbģņŪŏũšķĤłĿőŧĎŮ�ģëĳğÊċĲµ½Ĥ%4ĵÍ�ĔěćĻťūŔūĥ�
��Zĵ¬ĖćŬA;n>140, B;n>110, C:n>180, D;n>140µ½ŭŭð(**p<0.01, ***p<0.001, ****p<0.0001 NS; not 
significant,  ANOVA (Tukey) with multiple comparison test.)�
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<14.ąscp7-12EE¡ĥmph1 moa1	áE¡�ģČđĲBub1ġSgo1ĤW>¡\ĵk=Ĕě
A. 3µ½�ĠBub1-GFPġŋţūŚŦŪŬmCherry-atb2ŭĤłĿőŧĵĆ�s!Æ|ģČĉğ1!æĤĹŪŉūŔ
ŧĠŉĹŠťśńÌRĔěć
B.3µ½�ĠSgo1-GFPġŋţūŚŦŪŬmCherry-Atb2ŭĤłĿőŧĵ�s!Æ|ģČĉğĆ1!æĤĹŪŉūŔ
ŧĠŉĹŠťśńÌRĔěćÔ¨íĥ!Æb|åLx|ĵ¬Ėć<Ĥ2�ģĆ3ŉĹŠŞĹŪŏģČđĲSgo1-GFP
łĿőŧĤyG�ġŋţūŚŦŪĤäēĤPã�ĵ¬Ĕěć!Æb|åLĵtime=0ġĖĲć
C.BĠÌRĔěµ½�ģĞĉğĆWTŬâ��ŭĤ0minĵ1ġĔěB4ĤĆ�s±�!Æ|ĠĤSgo1-GFPłĿőŧ
ĤyG�Ĥ]?�ĵPãĔěćĻťūŔūĥ���Zĵ¬ĖćŬ3:Ĥ�¯ĔěQîĵÄĝěćÍ�ģ�ĉĉěµ½
sĆWT: n = 38, spc7-12E; n = 38, spc7-12E moa1∆; n = 34, spc7-12E mph1∆ moa1∆; n = 29, mph1∆ 
moa1∆;n = 37µ½Ŭ<12Bġ5ĕŭŭ
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Moa1-Plo1ĥMph1ġ)Ð¤ģSpc7Ĥ�NēĳěMELTÞ#ĵŦŪà(ĔĆBub1Ĥ'+�W>(ĵ�ÛĖĲć'+
�ģê®ĔěBub1ĥĆSwi6ġ�ģSgo1ĤņŪŏũšķW>(ĵ�ÛĔĆ�s±�!Æ|ģČĉğņŪŏũšķĤq
§ĵ�ÒĖĲćĩěĆMoa1-Plo1ĥSpc7ĤŦŪà(ĵ�ĔěBub1Ĥ'+�W>($cģ&ċğĆRec8ĵŦŪà(
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<16.ąCK1ĽőūŇ�N¤ĢRec8ĤŦŪà(ĥĆņŕŨūńģįĲRec8ŀŖūłŪĤ"u�ÛĖĲ
A. !Æß�Rec8Ĥ�_<ćCR; keisinĠ�NēĳěÞ#ĆSeparase cleavage; !Æb|ĠņŕŨūńģįĝğ"
uēĳĲ�AĆCK1; CK1�N¤ģŦŪà(ēĳĲņŦŪĩěĥńŨļŒŪ�AĤľťńŉūì@ć
B. �s±�!Æ|ģČđĲņŪŏũšķĤq§�Ò��ĤŢŎŧ<ćCK1(casein kinase) �N¤ĢRec8ĤŦŪà
(ĥņŕŨūńģįĲ"uĵ�ÛĖĲćņŪŏũšķì@ĥSgo1ġĆSgo1�N¤ģņŪŏũšķģê®ĖĲPP2Aŝ
ńřĶŉūŇģįĝğĆCK1�N¤ĢŦŪà(ĵk$ĔĆņŕŨūńģįĲ"učİ�ÒēĳĲć
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