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1.1 Òªo'[TGaW�¼&�"1 ÖĀ�5 

  Òªo'èÒßÛ&Òz%�.5Ë�&ÓĜo!�4�head-to-tail%H_LW%g9

�[TGaW DNAĳrDNAĴĮ�&��%²¼�65�Òªo&�Îå$ÖĀ'[TG

aWß�¼&�!�4�[TGaWß�¼'Òªoz%�.5 3�&DKJS8÷ �

¼�65�ñbØħ'�rDNA8Ģ�"1� RNAU[XZaF IĳPol IĴ%25 rRNA

�Ĳoĳpre-rRNAĴ&ė|!�5�ñiØħ' pre-rRNA&ė|´tı1eĊ$Ğ~&

�Ç%2� �¼Ú1� rRNAĳ18S rRNA�5.8S rRNA�28S rRNAĴ%�Â�5S^E

B_A!�5�ñ 3Øħ'��63&¼Ú1� rRNA"[TGaWH_P@ē1 Pol III

áÏ& 5S rRNA"ö.�7� [TGaW8Óó�5;JE_R[a!�5(1)� 

� �&2
%[TGaW'Òªo%�.5ĉĪ$S^ED8÷ �¼�6 �4��6

3&S^ED'ÒªozĮ�&²¼%Ħs1 	5�Òªo%' 3�&ÒªozĮ��

¢�1 �4�zu
3 Fibrillar center (FC)�Dense fibrillary component (DFC)�Granular 

component (GC)"�(65��63&Į�'Ĭ¡į¶ģ1ÒªoH_P@8ąwxäÑ

ă%24Č§�5�"!��!���6�6&Į��[TGaW�¼&ã$5Øħ%Ħ

f1 	5"ý�36 	5�Pol Iė|' FCĮ�" DFCĮ�&�â!Ć76 �4�

Pol I ė|%Ħf�5�¡' FC Į�%Ē¦%¢��5�-��pre-rRNA &S^EB_

A&�Ğ~' DFC Į�!Ć76 �4�GC Į�%�	 [TGaW&Óó�Ć76

5��-4�[TGaWß�¼8Òªo&zu
3�u%�
� Øħå%ĝĆ�� 

	��Òªoz&�6�6&Į��ĠĊ$³�8À�(2)� 

  Òªo'zĞÓĜ8À�®�$ÒzÓĜo!�5��ßoĂ8Ì1 	$	�Òªo

&Óó`úÀ%'�Òªoz%�.5 rRNA �ĠĊ$³�8Ð���rRNA�Ü%Òª

oz%�.5 pre-rRNA%'i�&��$Ü·��5�ñb%�pre-rRNA&ė|ġ'ô



� ��

ÿyo& 50~80%&ė|ġ8�/ �4�Òªoz%'ù���ġ& rRNA�¢��5

�"�ñi%�pre-rRNA 
3¼Ú rRNA +&S^EB_A%' 200 íİlc0&H_

P@ē�Ħf1 	5"	
�"��-4�ė|�6��ġ& pre-rRNA '¯%�Å&

S^EB_AH_P@ē$#"çjpà1 �4��&øÐ"1 ®�$ RNA-H_P

@ēĉ�o8²¼�5��&ĉ�o���Òªo!�5��$7��rRNA'ÒªoH

_P@ē&ĕ�"$5�"!Òªo&Óó`úÀ%Ħf1 	5(2)��&�"'�Òª

oz%�.5 rRNA ġ%¸2 �Òªo�I=NVJ@%���5�"8ë1 	5�

¤Ĩ%�rRNAė|8¾��5"�ÒªoH_P@ē'Òªo�ęĞ%�	 ?YJS

ÓĜ8²¼1�4�Òēyo+¿Ä1�4�5�"�é36 �4��&�ċÕ$Òª

o&ÓĜ��8Òªo­�"�*(3, 4)�bÈ�rRNAS^EB_AÖĀ&×Ã'�Òª

oz% pre-rRNA 1 rRNA hĥo8Ąî���Òªo8þ����5�"����6 

	5(5, 6)� 

 

	���Òªo'DM]D¸ò&OR"1 ÖĀ�5�

  ôÿ%¨�5Ô�$DM]D'ÒªoÓĜ1ö¼8����5�"��Å���6

 	5�q�(�ôÿ� DNAIXaC8�.5"�Pol Iė|�¾��6�Òªo%�

.5 rRNAġ�nd�5��&øÐ�ÒªoH_P@ē�ÒªoĮ�%?YJSÓĜ8

²¼1�4�Òē+¿Ä1�4�5(7)�½�&vĆêï�2)k&êïA\aS��Ò

ē%«���1�ĉÅ&ÒªoH_P@ē�ã$5÷Ė8à	 ��9¾�H_P@ē

p53&Ù¹�8±�Ĕ���"8É3
%1�(4, 8-13)�-��p53&Ù¹�%�� �

ÒēìĆ1�ÒªoH_P@ē�>aMQ:Ca(14, 15)1ôÿ~�(16, 17)8ď©�5

�"0ë��6 	5��&2
$Òªo&�»��%m
�Ô$ôÿS^ED&ď©



� ��

'�[TGaWß�¼&��%æÁr¢1 $	�"
3�Òªo'�&�»8���

�5�"!DM]D¸ò&OR"1 ÖĀ�5�"�É3
%$4���5� 

�

1.3 ôÿ�Í"ÒªoÓĜ&Ħs%�	  

  Òªo'ĥÍ%�	 ĭ¯%DHK<J@$ÓĜo!�5��~ĈÍĳMÍĴ%�	

 '�&ÓĜ8I=NVJ@%����5(1)�M Í�ÍĳprophaseĴ%�	 �cyclin

r¢¹?NaF!�5 Cdk1� rRNAė|%Ħf�5 SL1ĉ�o1 TTF-1"	
H_P

@ē8[_ğ��5��&øÐ��63&�¡' rDNAc24čī1�Pol Iė|ÖÓ�

čo�6�Pol Iė|�¾��65�cĚ1�ě4�Pol Iė|&¾�%m	���&Ò

ªoH_P@ē'ôÿēyo+"¿Ä�5��bĞ&ÒªoH_P@ē$3)%bĞ&

rRNA' MÍÑăoć¬%Ąî1�perichromosomal region (PR)"	
ÓĜ8Óó�5�

MÍ�ĝĆ1�MÍ´ÍĳanaphaseĴ%$5"�nucleolar-derived foci (NDF)"	
}ĩ

o�ôÿē%�	 ²¼�65��3% M ÍõÍĳtelophaseĴ%�	 �NDF %�-

65�¡�Ñăoc+µ�%ìĆ1�pre-nucleolar body (PNB)"	
ÓĜ8Óó�5�

�&´�M ÍÑăo&ā}û%m	 PR ÓĜ%«��5�¡� PNB %ĩ-4�Òªo

�{Ó¼�65��&2
%Òªo' M Í%�	 I=NVJ@%�&ÓĜ8���

�5�"�é36 	5��M ÍĤ Ê%�.5ÓĜ��1�6%m� Óó�65

PR ÓĜ&ÖĀ$3)%ßÛ£ºü%�	 'Þč�ĝ9!	$	�ÎđÆ!'�Òª

o" MÍ&Ħs8Đ,5%��4�1)ÒªoI=NV@D" MÍĝĆ&Ħs�2)MÍ

Ñăoć¬ÓĜ%�	 & 2�&êï8Ć	��&z¥%�	 ĎĘ�5� 
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2.1  ŪĄ 

  ĒÖ�'ofRtjĳ²ð&À!�6��&ĕƇ'ofRtj RNAƫrRNAƬ&ſ�

Ƒ"Òû%ƕ�� �7	�ŧČƫMČƬ!'�MČƓÈ"³Ĉ% rRNAſ��ô¡�

87�"!ĒÖ��ġÇ�7	���$�5��&4�$ M Č%
�7T@YiVI

$ĒÖ�&ĕƇÃ¨" MČƉť&ƕ�%�� ''4���� �$�	 

  ñ�' M ČƉť"ĒÖ�&ƕ�;Ůď�7�0%�595 Ńƥ&ĒÖ�Ss]IŻ%

Ô�7 siRNA NIotZsJ;ť��M Č&ķÛ;ŵÕ�7ºÉ;úō��	�&Ő

Đ�Nucleolar protein 11(NOL11)"��ĒÖ�Ss]IŻ%ğĻ��	NOL11;[VIT

AsƫKDƬ�7"�ƔČ%
�7 rRNAſ�Ƒ&�x
4(ĒÖ�&ÙÂ�-��MČ

ŎŘ&Á¦$5(% M Č&ƓÈ�Ƥš%Ɗà�7�";ć5�%��	M Č&ƓÈ%

éƢ!�7 Cdk1 &Ġì¨Ęĕ;ŷ*�"�9�ş·ģ��"% Cdk1 &ô¡ĺosƏ

¨�Á¦��³ŷŮƚä1�&osƏ¨'Œù�8�--!���	�5%ñ�'�8

5&¬º�Wee1&ķÛ$Ţń!�7�";ņ
ě0�	ĿŅÏ�Ä&�8-!&ĿŅ

46�ƔČ%
�7ĒÖ�ÙÂ'Ė�$ŎŘcrPN%ƕz�7�"�5�NOL11 &

KDĈ%
�7ƔČĒÖ�ÙÂ� Cdk1&Ġì¨;ô¡� �7"Ŗ	�	��!�rRNA

ſ�%ƕz�7 TIF-IA2 UBF; KD��ƔČĒÖ�ÙÂ;ŵÕ��	�85&ºÉ&

KDĈ�7"�NOL11& KDĈ"³Ė% MČƓÈ�Ƥš%Ɗà��Cdk1&ô¡ĺos

Ə¨�Á¦2Wee1&ķÛ$Ţń�ĳ�7�";ć5�%��	 

� �w&ŐĐ�5�ƔČ%
� ĒÖ�ĕƇ;Œù�7�"��Wee1 Ƒ&¡ç;��

 �ƍĈ% Cdk1Ġì¨%ƐŪ!�7�"�ŀ�8�	�-6�ŎŘ¶Č&Ɖť"ĒÖ

�T@YiIN"&Ɣ%'Òû$ƕƈ��7"Ŗ	587	 

 



� 
�

2.2 Þ 

  ÞŸ!1ƃ*�ƅ6�ĒÖ�'ƠÛ%T@YiVI$ĕƇ!�6�ŎŘ¶Č&Ɖť"

"1%�&§ï;Ã¨��7	ƔČ%
� '�l_HUs¨2 SUMO ¨�osƏ¨

$#&ŕűä�Ʀ%ƕz�7ƎŌ�ĒÖ�%Ø»� �7	�&4�$ƎŌ'ŎŘ¶Č

%ê��ĒÖ�ĕƇÃ¨%4� Ø»�Ã¨��ŎŘ¶Č&Ɖť%Ñz�7"Ŗ	58

 �7	�&�"� �Cdc14B (1)
4( PP1g (2)�4�ľ58 �7	��8&Ss

]IŻ1eNa=StQĠì;1��G2/MČUBVIg@sX2 MČđŠ�&�ƞ%

ƕz� �7	�-6�MČƓÈĈ%
� �ĒÖ��Ů��8�ĒÖ�%Ø»� �

�Ss]IŻ�ķ$7Àó!Ęř��ŎŘ¶Č;ĜÛ%Ɖť��7"Ŗ	587	�8

-!&ĿŅ�5�ĒÖ�%' 700Ńƥ�w&Ss]IŻ�Ø»� 
6��85&{%

'ŎŘ¶Č&¡ç2 DNAũŨ�DNA�è%ƕz�71&�Åþ´-8 �7 (3)	�

��� �MČ%
� ĒÖ�&Ů�;ƅ� �Ss]IŻ��&Ø»;Ã¨�� Ŏ

Ř¶Č&Ɖť;¡ç�7±řì�Ŗ	587	 

� čĿŅ!'�ĒÖ�Ss]IŻ%Ô�7 RNAiNIotZsJ;ť��nucleolar protein 

11 (NOL11)%ĽĻ��	NOL11; KD�7"ƔČ%
� rRNAſ�Ƒ��x��ĒÖ

�ÙÂ�ĳ��	-��MČ&ƓÈ�Ƥš%Ɗà�7�"1ć5�"$��	ĮŊ�*


�"%�M ČƓÈ&Ɗà'ĒÖ�ÙÂ;á
ż���& rRNA ſ�ºÉ; KD � 

1ĳ�7�";ū���	ñ�&ŐĐ'�ŎŘ¶Č"ĒÖ�ĕƇ"&Ɣ&ĈƔĺ$ÿ²

ì��ƍ�$S@isJ!& MČƓÈ%ƐŪ!�7�";ŀ� �7	 

 

 

 



� ��

2.3� ŐĐ 

NOL11& KD'ƔČ%
�7ĒÖ�ÙÂ
4(MČƓÈ&Ɗà;á
ż�� 

  ƂÜ&ĿŅ�5�ĒÖ�'ŎŘ¶Č;´/ÅĖ$Ęř%ƕz�7�"�ŀ¸�8 �

7(4-6)	'�0%�ñ�'ÍƑĺcrWEiIN46³Í�8�ĒÖ�Ss]IŻ&�

�(3)�595Ńƥ&ĒÖ�Ss]IŻ%Ô�7 siRNA; HeLaŎŘ%XnsNaBILm

s��NIotZsJ;ť��	�&ŐĐ�NOL11 ;ū���	NOL11 '�8-!%

rRNA ſ�2crPLsJ%ƕz�7�"�¿µ�8 
6(7, 8)�ÎƝ%�NOL11 ;

KD�7�"! rRNAſ�Ƒ��x�� (Figure 1)	¦	 �NOL11; KD��ŎŘ!

'�ĒÖ�htFt!�7 Nucleolin (NCL)�ĒÖ��5ĒŻ��%øý� �7�"

;ć5�%�� (Figure 2)	�-6�NOL11'ƔČ%
� rRNAſ�%ƕz� 
6�

KD�7�"%46ĒÖ�ÙÂ;ŵÕ�7�"�ŀ�8�	 

  �8-!% NOL11 "ŎŘ¶Č"&ƕ�%�� '¿µ�$�8 �$����0�

ñ�' NOL11 ; KD ���5%UiMs;�Ĳ�7�"!ŎŘ; G1/S Č%³ŷ��

�	NOL11; KD��ŎŘ%
� 1�³ŷŮƚä%
�7 0�9ĈƔĻ-!&ŎŘ¶

Č&Ɖť%'+"<#Ã¨�ū58$����"�5�DNA Ƒ� 2N (G1 Č)�5 4N 

(G2/M Č))&Ɖť' NOL11 & KD 4� +"<#ãơ�8$��"�ŀ¸�8� 

(Figure 3)	����³ŷŮƚä 9�12ĈƔĻ%
� �controlŎŘ'�( G1Č)ò�

 �7&%Ô� �NOL11; KD�7" G2/MČ%ŎŘ�Ţń��--!���(Figure 

3)	��!�ñ�'46ŴŎ%ŎŘ¶Č&Ɖť%
�7 NOL11 & KD &ãơ;ŷ*7

�0%�ĒƏđŠųţ!�7 Plopidium Iodide (PI)" anti-cyclin B1 õ��7�' anti-

MPM2õ��anti-H3-pS10õ�";Ĵ��~ƐđŠ;ť��artK@XktSt;Ĵ

� ŎŘ¶Č&Ɖť; 2Ě�ĺ%Ůď��(Figure 4)	ControlŎŘ' G1/SČ�5&³ŷ



�  ��

Ůƚä 9 ĈƔĻ%
� M Č&�Ŧĺ$htFt!�7^NXs H3ser10 &osƏ¨ 

(H3-pS10)ƛìŎŘ�ëħ%Á¦�� (Figure 4 ƟŠ)	uĂ�NOL11; KD�7" 9Ĉ

ƔĻ%
�7 H3-pS10ƛìŎŘ'+"<#Á¦���10.5ĈƔ�ƙ%Á¦� ��	�

85&ŐĐ'�NOL11 & KD %46�M Č&ƓÈ�Ɗà� �7�";ŀ� �7	

�5%�MČ&hNStHYtQ!�7 Cdk1%4� osƏ¨�8�Ss]IŻ;ŀ

� MPM2 C`Xtc&ƛìŎŘ&Á¦]Sts' control ŎŘ
4( NOL11-KD ŎŘ

&��8%
� 1 H3-pS10 &Á¦]Sts"ƠÛ%ƥ�� ��� (Figure 4 ĩŠ)	

ğĻ�*
�""� �³ŷŮƚä 0~9ĈƔ%
�7 Cdk1&Ġì¨%éŪ$ cyclin B1

&Á¦]Sts'�control ŎŘ" NOL11-KD ŎŘ"&Ɣ%+"<#Ú�.58$��

� (Figure 4 ėŠ)	 

  �5%�ñ�' Cdk1 &Įķĺ$ƘÐ£!�7 RO-3306(9);Ĵ�7�"!ŎŘ; M

Č&ļ¢%³ŷ��G2-MČŁťĝƋł%
�7 DNAƑ" MPM2C`XtcƑ& 2Ě

�ĺ$Ůď;ť$�� (Figure 5)	³ŷŮƚ¢%
� '�control ŎŘ
4( NOL11-

KD ŎŘ&��8%1
� 1 MPM2 ƛìŎŘ&¥²'��--!���	Control Ŏ

Ř%
� ³ŷ;Ůƚ�7"�ëħ% MPM2 C`XtcƛìŎŘ�Á¦��ƭĈƔ!

50%&ŎŘ� MPM2ƛìŎŘ"$��	�&ä�å�% MPM2ƛìŎŘ&¥²��x

�� (Figure 5)	uĂ�NOL11-KDŎŘ%
� '�³ŷŮƚä�MPM2ƛìŎŘ&¥

²' 6 ĈƔ%ĥ� 3��6"Á¦��	�w&ŐĐ�5�ñ�' NOL11 & KD '

cyclin B1&ĹıƑ%'ãơ;®,�$���Cdk1&Ġì¨;ô¡��MČƓÈ;Ɗà

�� �7"Ŗ	�	 

 

NOL11-KDŎŘ!' Cdk1&ô¡ĺosƏ¨�Á¦��cyclin B&ĒŁť�Ɗà�7 



�   �

� Cdk1&Ġì¨%'�cyclin B" Cdk1"�ũ²�;âð�7�"%¦	 �Cdk1&ô

¡ĺosƏ¨;ƚ­�7éŪ��7	Figure 4&ŐĐ�5�NOL11& KDĈ%' cyclin 

B1&ĹıƑ%+"<#Ú�$��"�ŀ¸�8�	��!�ñ�' Cdk1&ô¡ĺos

Ə¨įï;ŷ*7�0%�ŎŘ; M Čļ¢%³ŷ��@j[brVW?sJ;Ĵ� 

Cdk1&osƏ¨%�� Ůď��	ControlŎŘ
4( NOL11-KDŎŘ&��8%
�

 1�³ŷĈ% cyclin B1&ĹıƑ%+"<#Ú�ū58$��"�5�Figure 4"³Ė

% NOL11& KD' cyclin B1&Ĺı%'+"<#ãơ�$��"�ć5�"$��	-

��³ŷĈ%
�7 Cdk1&ô¡ĺosƏ¨;ŀ� 15ĶĻ&UrLs&osƏ ƫ̈Cdk1-

pY15Ƭ' control%
� ƠÛ%���+"<#Ĕ�!
$��� (Figure 6)	³ŷ;Ů

ƚ�7"�Control ŎŘ%
� cyclin B1 �ĈƔ�Êĺ%Ĥ×� �7�"'�cyclin 

B1 � M Čä©!�Ů�8 �7�";ŀ� 
6�ŎŘ�ĜÛ% M Č)Ɖť� �

7�";î·� �7	uĂ�NOL11; KD�7"�ĈƔ�Êĺ$ cyclin B1Ƒ&�x

�ū58$��"%¦	�³ŷŮƚ¢&ĈĪ%
� Cdk1-pY15 qdp�Ƥš%Á¦

� ��	�5%�Cdk1-pY15qdp'³ŷŮƚä1Ʃ�qdp�Œù�8�--!�

��	�-6�NOL ; KD �7" Cdk1 &ô¡ĺosƏ¨�ÁÆ��Cdk1 &Ġì¨;

ô¡� �7"Ŗ	587	 

� cyclin B &ĒŁť' Cdk1 &ëħ$Ġì¨%éŪ!�6�M Č&ƓÈĈ&ĒŜÙÂ

ƫNuclear envelop breakdown; NEBDƬ2đŠ��œ%y±ę!�7(10)	��!�ñ�'

G2Č–MČŁťƋł%
�7 cyclin B1&Ø»%�� Ůď;ť��	RO-3306;Ĵ�

 ŎŘ; MČļ¢%³ŷ��Ɲ%'�controlŎŘ
4( NOL11-KDŎŘ&��8%


� 1�Ē�% cyclin B1 '+"<#Ø»� �$���	³ŷ;Ůƚ�7"�control

ŎŘ!'ëƆ% cyclin B1&ĒŁť�ĳ��10�ä%
� ŋ 70ƪ&ŎŘ�Ē�% cyclin 



�  ��

B1;ċ� 
6�60�ä%' 80ƪ�w&ŎŘ! cyclin B1&ĒØ»�ŭÓ�8� (Figure 

7
4( Figure 8)	uĂ�NOL11; KD�7" cyclin B1&ĒŁť�š��Ɗà� 


6�³ŷŮƚä 60 �%
� 1 40%łß&ŎŘ!&. cyclin B1 &ĒØ»�ŭÓ�8

�	cyclin B1&ĒŁť"³Ė% NEBD�ĳ��ŎŘ&¥²1 NOL11-KDŎŘ%
� 

�x� �7�"�5 (Figure 7
4( Figure 8)�cyclin B1&ĒŁť
4(�8%ő�

Ē�%
�7MČ&@dsX' NOL11; KD�7�"!š��Ɗà�7�"�ŀ�8

�	 

� �w;-"07"�NOL11& KD%47 MČƓÈ&Ɗà'�Cdk1ô¡ĺosƏ¨&

Á¦
4( cyclin B1&ĒŁť&Ɗà�¬º!�7�"�ć5�"$��	 

 

ĒÖ�ÙÂ�MČƊà;á
ż�� 

� �%ƃ*�4�% NOL11& KD' MČƓÈ;Ɗà��7��!$��ƔČ%
� 

pre-rRNA Ƒ;�x���ĒÖ�ÙÂ;á
ż���	ñ�&�ťĿŅ
4(�&ĿŅ

Jptc�5�ƔČ%
�7ĒÖ�ÙÂ' p53 �Êĺ$ŎŘ¶Č&�ě2>gXtL

N�EtXa=Mt�ŎŘ�¨"���Ė�$ŎŘ@dsX;ŵÕ�7�"�¿µ�8

 �7(11-13)	�&4�%ĒÖ�ĕƇ&Ã¨�Ė�$ŎŘ@dsX%ƕz�7�"�5�

NOL11-KD Ĉ%.587ƔČĒÖ�ÙÂ� M ČƓÈ;Ɗà��7&!'$��"Ŗ	

�	�&±řì;ĔŲ�7�0%�ñ�' rRNA ſ�&ſ�ºÉ!�7 transcription 

initiation factor IA (TIF-IA)
4( upstream binding factor (UBF)%Ô�7 siRNA;Ĵ� 

ĒÖ�ÙÂ;ŵÕ��(Figure 9)	�� �TIF-IA2 UBF& KDĈ%
�7 MČƓÈ%

®,�ãơ;ŷ*�	'�0%�TIF-IA
4( UBF; KDĈ%
�7 G1/SČ³ŷ�5

&ŎŘ¶Č&Ɖť; PI 
4( anti-H3-pS10 õ�;Ĵ� Ůď��	³ŷŮƚä 9 ĈƔ



�  ��

Ļ%
� �control ŎŘ!'ŋ 40%&ŎŘ� M ČŎŘ!�����TIF-IA 2 UBF ;

KD��ŎŘ!' 10ƪ+#� MČŎŘ!��� (Figure 10)	³ŷŮƚä 10.5ĈƔ%


� '���8&ŎŘŔ%
� 1³łß& M ČŎŘ�Ĕ��8��"�5�TIF-IA

2 UBF& KD%
� 1 M ČƓÈ�Ɗà�7�"�ŀ�8�	�5% TIF-IA2 UBF

& KD' NOL11-KDĈ"³Ė%�Cdk1&ô¡ĺosƏ¨&;Á¦��(Figure 11)�cyclin 

B1 &ĒŁť&Ɗà���(Figure 12)�"�5�ƔČ%
�7ĒÖ�ÙÂ' M ČƓÈ;

Ɗà��7¬º"$7�"�ŀ¸�8�	 

 

ĒÖ�ÙÂ'MČƓÈ&Ɗà;á
ż��|¬º!�7 

� ����NOL112 TIF-IA�UBF; KD��ŎŘ%
�7 MČƓÈ&Ɗà��Ss]

IŻ²ðƑ&�x%4� á
ż��87±řì�Ŗ	58�	$�$5�rRNAſ�

2 rRNAcrPLsJ'ofRtjĳ²ð%ƕz� 
6�rRNA&ſ�2crPLs

J�ô¡�87"Ss]IŻ²ðƑ��x�7±řì��7�0!�7	��!�ñ�

'ĒÖ�ÙÂ�7�'Ss]IŻ²ðƑ&�x&#�5� M ČƓÈ&Ɗà;á
ż�

�¬º"$7�;ŷ*7�0%�ĒÖ�ÙÂ�ĳ�7Ď�
4(ĳ�$�Ď�%
�7

Ss]IŻ²ðƑ&ĦÍ;ų.�	�8-!%�rRNAcrPLsJºÉ& KD'ĒÖ

�ÙÂ�ĳ�$��"�¿µ�8 �7(14)&!�ñ�' rRNAcrPLsJºÉ;KD

�7�"!ĒÖ�ÙÂ;ĳ����%�Ss]IŻ²ðƑ��x�7"Ŗ	�	ÎƝ%�

rRNAcrPLsJºÉ!�7 PES1�DKC1�RRP5& KDĈ (Figure 13)%
� �Ē

Ö�htFt!�7 NCL &Ø»' controlŎŘ"+"<#Ã¨�$��� (Figure 14)	

ő� Cdk1&ô¡ĺosƏ¨;ŷ*�"�9�TIF-IA& KD!Á¦�7ô¡ĺosƏ

¨'�rRNAcrPLsJºÉ& KDĈ%Á¦'ū58$���(Figure 15)	-��G1/S



�  ��

Č³ŷŮƚä&MČƓÈ;Ůď��"�9crPLsJºÉ; KDĈ� 1MČƓÈ

&Ɗà�$���  (Figure 16)	Ě%�ñ�'>i[Ə&>YrJ!�7 L-

Homopropargylglycine (HPG);ŎŘ%¯6Ɓ-��āŬSs]IŻ²ðƑ;Ůď��	�

&ŐĐ�ĒÖ�ÙÂ;á
ż�� NOL11�TIF-IA�UBF & KD Ĉ
4(ĒÖ�ÙÂ;

á
ž�$� PES1
4( DKC1& KDĈ%
� �³łß&Ss]IŻ²ðƑ&�x

�ū58� (Figure 17)	�85&ŐĐ�5�Ss]IŻ²ðƑ&�x" M ČƓÈ&Ɗ

à"&Ɣ%'ƕƈ�$�"Ŗ	587	 

  ����rRNA ſ�&ô¡ŝ�� M ČƓÈ&Ɗà;á
ż��±řì�Ŗ	58�

0�ñ�'ĒÖ�ÙÂ;ĳ����%�rRNAſ�;ô¡�7�";ų.�	�8-!

%�^XŎŘ
4(ƎĞ%
� Ribosomal protein L11 (RPL11); KD �7�"!ĒÖ

��% rRNA�Ţń�7�"�¿µ�8 �7(11, 15)	��!�ñ�' NOL11�7�

' TIF-IA& KD"³Ĉ%�RPL11; KD�7�"!�rRNAſ��ƘÐ�8 1 rRNA

ƀƄ;ô¡�7�"!ĒÖ�ĕƇ;Œù�87�#��;ŷ*�	NOL112 TIF-IA ;

KD�7"�ĒÖ�htFt!�7 NCL�ĒÖ��5ĒŻ)Ý�� �� (Figure 18)	

uĂ�NOL11 �7�' TIF-IA " RPL11 ;³Ĉ% KD ��Ɲ%'�NCL &ĒŻ)&ø

ý�ô¡�8�	ő� �ñ�'ĒÖ�ÙÂ�ô¡�8�Ɲ& Cdk1&ô¡ĺosƏ¨

įï%�� ŷ*�	�&ŐĐ�ĒÖ�ÙÂ;á
ż�� NOL112 TIF-IA; KDĈ%

' Cdk1-pY15�Á¦� ����RPL11;³Ĉ% KD�7�"! Cdk1-pY15&Á¦�

ô¡�8� (Figure 19)	���� �ĒÖ�ÙÂĈ%
�7 M ČƓÈ&Ɗà'�Ss

]IŻ²ð2 rRNAſ�Ƒ&�x%471&!'$��ĒÖ�ÙÂ�&1&�¬º!�

7�"�ŀ�8�	 

 



�  ��

ĒÖ�ÙÂĈ%
�7MČƓÈ&Ɗà' G2/MUBVIg@sX%471&!'$� 

� M ČƓÈ&Ɗà%' 2 �&Ĳĵ�Ŗ	587	1 �Ļ' M ČƓÈ%éŪ$ºÉ&Ġ

ì¨�ô¡�87�"�2�Ļ' DNATktM$#%4� �G2/MUBVIg@sX

�Ġì¨�7�"!�7	�85&���äŗ& G2/M UBVIg@sX' Ataxia 

Telangiectasia Mutated (ATM)2 Ataxia Telangiectasia and Rad3 Related Protein (ATR)&Ġì

¨%4� ¡ç�8 �7	ATM2 ATR�Ġì¨�7" Checkpoint kinase 1 (Chk1)2

Checkpoint kinase 2 (Chk2);osƏ¨��ő� �85&HYtQ� Cdc25eNa=S

tQ;osƏ¨�7�"!��&Ġì;ô¡�7	�&ŐĐ�Cdk1 &ô¡ĺosƏ¨

�śosƏ¨�8��G2Č%ŎŘ¶Č��ě�7(16)	ñ�'ĒÖ�ÙÂ� G2/MUB

VIg@sX;Ġì¨��MČƓÈ;Ɗà��7&!'$��"Ŗ	�	��!�Chk1

&Ġì¨įï
4( DNATktM&ċī;ŷ*�	DNATktM;ŵÕ�7 Etoposide

;�Ĳ�7"�Ġì½ Chk1;ŀ� Chk1& 317ĶĻ&Pos&osƏ ƫ̈Chk1-pS317Ƭ

Ƒ�Á¦�� (Figure 20)	����ĒÖ�ÙÂ;ŵÕ�7 NOL11�TIF-IA�UBF KD&

Ɲ%'�Chk1-pS317'Ĕ��8$���	-��Ť��ĸđŠ;Ĵ� DNA~čƒ�

Ā;ŀ�^NXs H2AX&osƏ¨ƫgH2A.XƬ;ŭÓ��"�9�Etoposide�Ĳ%4

� gH2A.XLJYp'Ƥš%Á¦����ĒÖ�ÙÂĈ�ĳ��ŎŘ" controlŎŘ"

&Ɣ%ƌ�'ū58$��� (Figure 21)	�w&ŐĐ�5�ñ�'ĒÖ�ÙÂĈ%ū5

87 M ČƓÈ&Ɗà' G2/M UBVIg@sX"'İŇ� ĳ�7�";ć5�%�

�	 

 

ĒÖ�ÙÂ'Wee1HYtQ&ķÛ$Ţń���MČƓÈ&Ɗà;á
ż��	 

� Ě%ñ�'ĒÖ�ÙÂ�#&4�% Cdk1&Ġì¨%ãơ;
4,��%�� ŷ*



�  ��

�	Cdk1-pY15' Wee1
4( Myt1&Ʈ�&HYtQ" Cdc25eNa=StQa=i

ot&\nsN%4� ¡ç�87(17)	Myt1 &Ęř%�� '4�:�� �$�

��Wee1&ƘÐ£�Wee1%Ô�7 siRNA�Wee1-KOhAN%ƕ�7¿µ�5�Wee1

Ęř�ü$:87" MČƓÈ�ąĬ%ĳ�7�"�ć5�"$� �7(18-20)	-��

G2-M Č&ŁťƋł%
� Wee1 'l_HUs¨�Êĺ%crW>Rtj%4� �

Ů�8�³Ĉ% Cdc25� Cdk1-pY15;śosƏ¨�7�"! Cdk1�Ġì¨�7	��

!�ñ�' RO-3306;Ĵ� ŎŘ; MČļ¢%³ŷ���ĒÖ�ÙÂĈ%
�7Wee1

Ƒ
4( Cdc25Ƒ%�� Ůď��	�&ŐĐ�NOL112 TIF-IA�UBF& KD%4�

 ĒÖ�ÙÂ��ŎŘ!'�Cdk1-pY15 &Á¦%¦	 �Wee1 �ķÛ%Ţń� �7

�";ū��� (Figure 22)	����3 �& Cdc25 eNa=StQ%ƕ� ' NOL11

2 TIF-IA�UBF & KD %4� :��%Ã¨����siRNA �"&uź��Ã¨'ū

58$���	�5%�ĒÖ�ÙÂ;á
ż��$� rRNAcrPLsJºÉ& KDĈ

2ĒÖ�ÙÂ;ô¡�7 RPL11 & KD Ĉ&��8%
� 1 Wee1 Ƒ'Á¦�$��

� (Figure 23)	�85&ŐĐ�5�ĒÖ�ÙÂ'Wee1;ķÛ%Ţń��7�";ć5

�%��	Wee1Ƒ' G1/SČ�5ŎŘ¶Č�Ɖ/%�8 �l_HUs�Êĺ%�&Ƒ

��x�7�"�5(21)�Ě%ñ�'ŎŘ¶Č&Ɖť%�� Wee1 Ƒ&Ã¨%�� Ů

ď��	��!�ŎŘ; G1/SČ%³ŷ��&��MČƓÈ;Ɨ��0% RO-3306;´

/¾¼%¯6ĉ	 ŎŘ¶Č&Ɖť;�Ɠ���	�&ŐĐ�control ŎŘ%
� '�

Wee1Ƒ'ĈƔ�Êĺ%�x� �����NOL112 TIF-IA�UBF; KD�7" Wee1

Ƒ&�x�ū58$��� (Figure 24)	���� �ĒÖ�ÙÂ'ŎŘ¶Č&ƉťĈ%


� Wee1;Ƌ¤%ÌÍ¨��7�"�ŀ¸�8�	 

 



�  	�

Wee1HYtQ&ĠìƘÐ£'ĒÖ�ÙÂ%47MČƓÈ&Ɗà;¹è��7 

  Ě%�ñ�' Wee1&ķÛ$Ţń� Cdk1&ô¡ĺosƏ¨;Á¦���MČƓÈ&

Ɗà;á
ż���#��;ŷ*�	�&�0%�ñ�'Wee1&HYtQĠìƘÐ£

!�7 MK1775;Ĵ��(22)	'�0%�MK1775&ĊƍĨß;ŷ*7�0%�Ơ³ŷ

Ĉ&ŎŘ%Ô� �ķ$7Ĩß& MK1775 ; 2 ĈƔ�7�' 9 ĈƔ�Ĳ��	�&Ő

Đ���8&ĈƔ%
� 1 1 µM & MK1775 ;�Ĳ�7" M ČŎŘ&¥²�Á¦�

 ����10 nM 
4( 100 nM & MK1775 �Ĳ!' M ČŎŘ&¥²%Ã¨'ū58

$��� (Figure 25)	Ě% 100 nM& MK1775;Ĵ� ĒÖ�ÙÂĈ%
�7 Cdk1&

ô¡ĺosƏ¨%�� Ůď��	ĒÖ�ÙÂ;á
ż�� NOL112 TIF-IA�UBF;

KD ��Ɲ%' Cdk1-pY15 qdp�Á¦����MK1775 ;�Ĳ�7" control "³ł

ß%-!�x��(Figure 26)	�5%ĒÖ�ÙÂĈ%ĳ�7 cyclin B1&ĒŁť&Ɗà�

MK1775 ;�Ĳ�7�"! control "³łß%-!¹è�� (Figure 27)	¦	 �G1/S

Č³ŷŮƚä�9ĈƔĻ%
�7 MČŎŘ&¥²' NOL112 TIF-IA�UBF; KD%4

6�x����MK1775 �Ĳ�7�"! control "³łß%-!Á¦�7�";ć5�

%��(Figure 28)	 

  �8-!&ŐĐ�5�ƔČ%
�7ĒÖ�ÙÂ'Wee1;Ƌ¤%ÌÍ¨���&ŐĐ�

Cdk1Ġì¨�ô¡�8�MČƓÈ;Ɗà��7�"�ć5�"$��	 

 

 

 

 

 



�  
�

2.4� ŖÓ 

ƔČ!&ĒÖ�ÙÂ'�Cdk1&ô¡ĺosƏ¨;Á¦���MČƓÈ;Ɗà��7 

� ñ�' NOL11 2 TIF-IA�UBF ; KD ��Ɲ%ĳ�7ĒÖ�ÙÂ� M Č&ƓÈ;Ɗ

à��7�";ŀ��	M ČƓÈ' Cdk1 &Ġì¨%4� ŵÕ�8�Cdk1 &Ġì¨

%' cyclin B1 &ĹıÁ¦
4( Cdc25 eNa=StQ%47 Cdk1 &ô¡ĺosƏ¨

&ƚ­�éŪ!�7(23)	 

  ñ�'ƔČ&ĒÖ�ÙÂ'Ss]IŻ²ðƑ;�x��7��ŎŘ¶Č%�� cyclin 

B1 &Ţń%'ãơ;®,�$��";ŀ��	ĒÖ�ÙÂĈ%'�{łß&Ss]I

Ż²ðƑ&�x�ĳ� 
6��8'ŎŘ�&ofRtjƑ��x���0�"Ŗ	5

87	rRNAſ��ô¡�8 �7&%1ƕ:5��Ss]IŻ²ðƑ�Æ
��x�

$�&'�ĳĲËĺ$Ď�%
� ofRtj&©ĤČ� 5�10ă!�7�0"Ŗ	5

87(24)	čĿŅ!'�siRNA &XnsNaBILms�5 48�72 ĈƔ&Ɣ%Îƨ;

ť$� �7�"�5�rRNAſ�%ƕ��7ºÉ; KD� 1Æ
�Ss]IŻ²ð

Ƒ�Ã¨�$�"Ŗ	587	�5%�RO-3306 ;Ĵ� M Čļ¢%ŎŘ;³ŷ��

�Îƨ%
� �ĒÖ�ÙÂ;á
ż�� 1 cyclin B1 Ƒ%Ã¨'ū58$���	

����ĒÖ�ÙÂ' Cdk1-pY15 Ƒ;Á¦���cyclin B1 &ĒŁť&Ɗà;á
ż�

��";ć5�%��	���� �ƔČ%
�7ĒÖ�ÙÂ' cyclin B1 Ƒ&ĹıƑ

%'+"<#ãơ;®,�$���Cdk1&ô¡ĺosƏ¨;Á¦��7�"! Cdk1&

Ġì¨;ô¡� �7"Ŗ	587	 

  Cdk1-cyclin Bũ²�' Xenopus«ö�Ģ(25)2^X¾ƧŎŘ(26)&ĿŅ�5N@VU

&4�$crPN;ŏ Ġì¨�7	Cdk1-cyclin B ũ²��Ġì¨%éŪ$Ɩ�;Ž

	7"�ŎŘ'ëħ% G2Č�5 MČ)"Ɖť�7"Ŗ	58 �7	�8-!&¿µ



�  ��

�5 Cdk1-pY15 &śosƏ¨�1�"1 Č&Ɩ�"$7�"�ŀ¸�8 
6�

cyclin B1&ĒŁť461¢&ĝƜ!ĳ�7"Ŗ	58 �7(27)	�% Cdk1&ô¡ĺ

osƏ¨� G2Č%
� Á¦�7"�MČ%Ɖť�7�0&Ɩ��46Ʃ�qdp)

Łť��46Ʃ�Ƒ& Cdk1-cyclin B1;éŪ"�7�"�}í�87	ñ�'ĒÖ�Ù

Â� Cdk1&ô¡ĺosƏ¨;Á¦���RO-3306;ƚ­� 1�&osƏ¨qdp�

Œù�87�";ć5�%��	�85&ŐĐ'�ĒÖ�ÙÂ%46 M ČƓÈ%
�

7 Cdk1-cyclin BĠì¨%éŪ$Ɩ��wĆ��MČƓÈ�Ɗà�7�";ŀ¸� �

7	 

 

ĒÖ�ÙÂ%4� á
ż��87 Wee1 HYtQ&ķÛ$Ţń� Cdk1-pY15 &Á¦

&¬º!�7 

� Cdk1 &ô¡ĺosƏ¨' Wee1 
4( Myt1 HYtQ" Cdc25 eNa=StQ&\

nsN%4� ¡ç�8 �7(16, 28)	Wee1" Myt1&#�51 Cdk1&ô¡ĺosƏ

¨;÷�HYtQ!�7��Wee1 'Śē§ĭ%
� ��%���"�¿µ�8 �

7(29)	ñ�'�x&ŐĐ�5�ƔČ%
�7ĒÖ�ÙÂ�Wee1&Ţń;á
ż���

Cdk1&ô¡ĺosƏ¨;Á¦��7¬º"$7�";ć5�%��	ŉu%�G2Č%


� NOL112 TIF-IA�UBF; KD�7�"!ĒÖ�ÙÂ;ŵÕ��Ɲ%�Cdk1-pY15

&Á¦"³Ė&]Sts!Wee1Ƒ�Á¦�7�"	�&Ɲ% 3�& Cdc25>@RaD

tjƑ&Ã¨' Cdk1-pY15 &Ã¨"'uŞ�$���7�'+"<#Ã¨� �$�

���"	ŉ~%�NOL112 TIF-IA& KD%47Wee1Ƒ" Cdk1-pY15Ƒ&Á¦'�

ĒÖ�ÙÂ;ô¡�7 RPL11"&³Ĉ KD%4� �%ò7�"	ŉv%�Wee1&H

YtQĠìƘÐ£!�7 MK1775 ;�Ĳ�7�"!ĒÖ�ÙÂĈ& Cdk1-pY15 &Á¦



� ���

'ô¡�8��5% MČƓÈ&Ɗà�¹è�7�"	 

  ƔČĒÖ�ÙÂĈ%
�7Wee1&ķÛ$Ţń�#&4�$�ÉkFZOj%471

&�'�ä&Ŷƣ!�7	ñ�'čĿŅ%
� �ĒÖ�ÙÂĈ%Wee1Ss]IŻ�

Ĝ���Ů�8��ķÛ%ÌÍ¨�7�";ŀ��	Wee1 Ss]IŻ�ÌÍ¨�7±

řì" �ĒÖ�Ss]IŻ�ĒÖ��5ĒŻ)Ø»;Ã¨��7�"!Wee1&ÌÍ

ì%ãơ;®,�±řì�Ŗ	587	$�$5��ťĿŅ%
� �Ė�$NXqN

%4� ĒÖ�Ss]IŻ�ĒŻ)Ø»;Ã¨��7�"!�p53&Ġì¨$#;ŵÕ

�7�"�¿µ�8 �7�0!�7	ƅÛ�Wee1' G2-MČŁťƋł%
� �Cdk1

;'�0"�7����&HYtQ%4� osƏ¨�8��85&osƏ¨�Êĺ%

l_HUs E3oGtQ!�7 SCF-bTrCP%47l_HUs¨;°��crW>Rtj

�Êĺ%�Ů�87(30)	���� �ĒÖ�%Ø»�7l_HUs¨ƎŌ�śl_H

Us¨ƎŌ�HYtQ�eNa=StQ�ĒÖ�ÙÂ%4� Ø»�Ã¨��Wee1 Ƒ

;¡ç� Cdk1&Ġì¨%ƕz� �7±řì��7	 

 

ĒÖ�ÙÂ'MČƓÈ;Ɗà��7|$¬º!�7 

� ñ�'ƔČĒÖ�ÙÂ;á
ż���Ɲ%�MČƓÈ�Ɗà�7�";ū���	�

���ñ�' M ČƓÈ&Ɗà&|¬º�ĒÖ�ÙÂ!'$��ĒÖ�ÙÂ%���&

ıŹ�¬º!�7±řì;Ĕů��	čĿŅ!'�&±řì"� �G2/MUBVIg

@sX&Ġì¨�Ss]IŻ²ð&�x�rRNAſ�&ƘÐ;Ŗ	�	 

  ŎŘ� DNATktM;°�7"�G2/MUBVIg@sX�Ġì¨��Cdk1&Ġì

¨;ô¡�7(31)	-��DNATktM' rRNAſ�;�x���ĒÖ�ÙÂ;1á


ż��(32)	�&�0�rRNAſ�&ô¡� DNATktM;ŵÕ��G2/MUBVIg



� � �

@sX;�� Cdk1 &Ġì¨;ô¡�7�"�Ŗ	58�	����NOL11 2 TIF-

IA�UBF& KDĈ% G2/MUBVIg@sX&htFt"$7 Chk1&osƏ¨2 DNA

~čƒ�Ā&htFt!�7gH2A.X &Á¦'ū58$���	���� �ĒÖ�Ù

Â%47 Cdk1&ô¡ĺosƏ¨&Á¦2 MČƓÈ&Ɗà'�G2/MUBVIg@sX

"'İŇ� ĳ�7�";ć5�%��	 

  rRNAſ�&�x%4� ĳ�7ĒÖ�ÙÂ'�ofRtjĳ²ð2�8%ő�Ss

]IŻ²ð%ãơ;®,��"�Ŗ	587	�-6�Ss]IŻ²ðƑ&�x� M

ČƓÈ;Ɗà��7¬º!�7�"�}í�8�	ÎƝ%�wŰ!ñ��ƃ*�ƅ6�

rRNAſ�ºÉ; KD�7"Ss]IŻ²ðƑ'�x��	�5% PES12 DKC1"�

�� rRNAcrPLsJºÉ; KD��Ɲ%1 rRNAſ�ºÉ& KD"³łß%Ss]

IŻ²ðƑ��x��	����rRNAcrPLsJºÉ!�7 PES1�DKC1�RRP5;

KD� 1 MČƓÈ&Ɗà'ū58$���	���� �Ss]IŻ²ðƑ&�x'

MČƉť&Ɗà&ļû&¬º%'$6æ$��";ć5�%��	 

  NOL112 TIF-IA; KD�7&"³Ĉ% RPL11; KD�7"�rRNAſ�Ƒ��x�

7%1ƕ:5��ĒÖ��%
�7 rRNAƑ�Ĥ×�$��0�ĒÖ�ÙÂ�ô¡�8

7	ñ�' NOL112 TIF-IA" RPL11;³Ĉ% KD�7�"!�ĒÖ�ÙÂ%47 Cdk1-

pY15&Á¦�ô¡�87�";ū���	�-6�ª% rRNAſ�Ƒ&�x!'$��

ĒÖ�ÙÂ�&1&� Cdk1&ô¡ĺosƏ¨;Á¦��7¬º%$7�";ć5�%

��	�w&ŐĐ�5�ñ�'ĒÖ�ÙÂ�&1&� M ČƓÈ;Ɗà��7|¬º!

�7�";ņ
ě0�	 

  čĿŅ;-"07"�ĒÖ�ĕƇ&ķÛ%46�Wee1Ss]IŻ�Ƌ¤%ÌÍ¨��

ŎŘ¶ČUBVIg@sX;Ġì¨��% Cdk1Ġì¨;ô¡�7	�&ŐĐ"� M
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ČƓÈ�Ɗà�7�";ć5�%��	���� �ƍ�$S@isJ! M ČƓÈ�

7�0%'�ĒÖ�ĕƇ&Œù�ƐŪ$ŪŌ&u�!�7�";ñ�'ū���	 
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2.5  Ì¦»ļ86/Īī 

·ĬěĶ 

  `XÃ� 9<Ĳķ- HeLa ·Ĭ. 10% fetal bovine serum (FBS)�¬éģË-¬ã�º

´±Ĵz�penicillin 100 unit/mL�streptomycin 100 unit/mL�;�3 Dulbecco’s modified 

eagle medium (DMEM);ĵ5(�5% CO2�37ºC -Þ¢~)ěĶ�%
 

 

·ĬÔ�-đĄ 

  ·Ĭ; G1/S �,đĄ!9%4,�OqJnUfPqbpVIī86/TbnUfP

qbpVIī;ĵ5%
OqJnUfPqbpVIī).�2 mM -UfPq; 24 Æ

�·Ĭ,Øĸ��·Ĭ; G1/S �,đĄ�%
TbnUfPqbpVIī).�OqJ

nUfPqbpVIī,68·Ĭ;vþ G1/S �,đĄ�%¨�â�5ěĀ,Ñ8ü

7�·ĬÔ�;¶��"%
#�(�8 Æ�¨, 2 mM -UfPq;ĉ���16 Æ�

ěĶ�!9�*)�68ç�,·Ĭ; G1/S �,đĄ�%
·Ĭ; M �-ąñ,đĄ

!9%4,�·Ĭ;OqJnUfPqbpVIī,68 G1/S ��,đĄ��đĄ�Ú

¨ 4~6 Æ�¨, 10 µM - RO-3306 ;Øĸ��12 Æ�ěĶ�%
 

 

siRNA QIm�[qJ,69©ĨwÃ-ý½ 

� 595 ÒĿ-�ÛùSq_IË,ú!9 siRNA ;î���Invitrogen Î68°ė�%


96 ABnco�X, 3000 ·Ĭ- HeLa ·Ĭ;ęÒ��#:$:- siRNA ;XlqQ

aBIOkq�%
72 Æ�¨�¥Ğ�;ĵ5(·Ĭ-�û;�¾�%
v'İ-QI

m�[qJ*�(�206 - siRNA ,68 M �·Ĭ-Äğ)49�à-·Ĭ9õ��

%
ø5(��:7- siRNA ;¶čXlqQaBIOkq�72 Æ�, RIPA ^Va=



� ���

��20 mM Tris-HCl [pH 7.4], 150 mM NaCl, 0.8% NP-40, 0.1% SDS, 1% sodium 

deoxycholate, and 2 mM EDTA�;ĵ5(·Ĭ;Ĵ��%
M �-Äğ)49`QXq

H3 -mqÁ�; anti-H3-pS10 ¬ù;ĵ5(@g-bpVW?qJ,68Ą1%
#�

(�M �-�Ę9ĩ²�:(5+5Sq_IË,āİ��NOL11 ,'5(�ì�%
 

 

¬ù 

� ĮÜ).r~-¬ù;ĵ5%
 

ANHdmIp�Zn¬ù�NOL11 (HPA022010, Sigma), Cdc25B (#9525, Cell Signaling 

Technologies), Cdc25C (#4688, Cell Signaling Technologies), Cdk1p-Y15 (#9111, Cell 

Signaling Technologies), Chk1-pS317 (#12302, Cell Signaling Technologies), 86/ γH2A.X 

(ab2893, Abcam)
eAQi]Ip�Zn¬: β-actin (sc47778, Santa Cruz Biotechnolog), 

cyclin B1 (sc245, Santa Cruz Biotechnolog), UBF (sc13125 Santa Cruz Biotechnolog), Cdk1 

(sc45, Santa Cruz Biotechnolog), Wee1 (sc5285, Santa Cruz Biotechnolog), tubulin (DM1A, 

Millipore), NCL (M019-3, MBL), H3-pS10, (MABI0312, MBL), MPM2 (05-368, Millipore)8

6/ RPL11 (3A4A7, Invitrogen)
jHdmIp�Zn¬ù�TIF-IA (sc11805, Santa Cruz 

Biotechnolog)
 

 

siRNA 86/XlqQaBIOkq 

  siRNA .Ĉí+ Stealth RNAi (Thermo Fisher Scientific);°ė��Lipofectamine® 

RNAiMAX (Thermo Fisher Scientific)-êġcpXMn,Õ&(XlqQaBIOkq

�%
2%�Stealth RNAi siRNA Luciferase Reporter Control (Thermo Fisher Scientific);

\FW?bMqXp�n*�(ĵ5%
r~,ĵ5% siRNA -Ěŀ;�¸!9
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NOL11-#1, 5′-CCAAACGCAUGUGCUUUCUUACAGU-3′;  

NOL11-#2, 5′-GUCUACUUCUGGAUGCGAAUU-3′;  

TIF-IA#1, 5′-CGACACCGUGGUUUCUCAUGCCAAU-3′;  

TIF-IA#2, 5′-GGGAUCACACCAAGCUCCUUUGACA-3′;  

TIF-IA#3, 5′-AGGAUGUCUGCUAUGUAGAUGGUAA-3′;  

UBF#1, 5′-UUCGGCUGCCUUCUUAAUCCACAUC-3′;  

UBF#2, 5′-AUCUCACUCAGCUCUCUCUCAUAUC-3′;  

UBF#3, 5′-UCUCCCUGGAAUUUCAUCUUCUUGG-3′;  

PES1, 5′-CCAUUGUCAACAAGUUCCGUGAAUA-3′; 

DKC1, 5′-GGCCAAGAUUAUGCUUCCAGGUGUU-3′; 

RRP5, 5′-GAACCAGGAGUGACUGGCCUUCUUU-3′; 

RPL11, 5′-GCUAGAUACACUGUCAGAUCCUUUG -3′.  

 

@g]bpVW?qJ 

� ·Ĭ-ăÖģ;dm>Imn>fYLnČ�yĐ,68ĤĹ��PVDFhqboq,

Ċt�%
5% skim milk;�3TBS-T buffer [20 mM Tris–HCl (pH 7.5), 150 mM NaCl, and 

0.05% Tween20])hqboq;30Ĥ�bpVGqJ�%¨�hqboq;vÇ¬ù*

�,4ºC)vĝěĶ�%
TBS-T buffer)3�ïß�%¨�horseradish peroxidase¡±Ė

Ç¬ù*1Æ�Ĝ|�"%
£Ö,.Chemi-Lumi One (Nacalai tesque) 86/Chemi-

Lumi One Super (Nacalai tesque);ĵ5%
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�ªį{ðáī 

  �ªį{ðá;¯6¹,.�poly-L-lysine )M�X�%E^�FlQ,·Ĭ;ęÒ

�(¯+&%
·Ĭ; 4% paraformaldehyde (PFA)/phosphate-buffered salin (PBS; PBS; 

140 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, and 8.1 mM Na2HPO4)) 15 Ĥ�§Ć��

0.2% Triton X-100/PBS )3Ĥ�-ď�Øĸ;¯+&%
#-¨�3% bovine serum 

albumin (BSA)/PBS ;ĵ5(Ê})1Æ�-bpVGqJØĸ;¯+&%
Ç,�vÇ

¬ù; 3% BSA/PBS ,�Ð�%5-;ĵ5(1Æ��Ê})Ĝ|�"%
Ĝ|¨�v

Ç¬ùz;Ú���0.01% Triton X-100/PBS (PBS-T),68ïß¼�;3�¯+&%


ø5(�Alexa Fluor® -488 495.-594 -�ªğÉÅı9¡±�%ĖÇ¬ù; PBS ,

�Ð��ÏªÞ¢~,85(1Æ�Ê})Ĝ|�"%
#-¨�PBS ,69ïß¼�

;2�¯5�4',6-diamidino-2-phenylindole (DAPI)Ĵz,68 DNA ;ðá��

VECTASHIELD (Vector Laboratories);ĵ5(Ģė�%
�ªį{ðá�ô.�Biorevo

¥Ğ�( Keyence),68ÙĒ�%
2%�ImageJ RaXAB> (National Institute of 

Health) ;ĵ5(Ē7:%�ô-Øĸ;¯+&%
 

 

Real-time qPCR 

� ·Ĭĕ-ò RNA ; ReliaPrep™ RNA Cell Miniprep System (Promega);ĵ5(ăÖ�

%
ăÖ�% RNA ;lqTgcl@e�86/ RevatraAce reverse transcriptase (Ďĳ

ĭ);ĵ5(�ĊÍ��cDNA ;±æ�%
cDNA ,ú�(#:$:-uċÃ,ēsć

+cl@e�86/ SYBRgreen Realtime PCR reagent (SEl^@D);´±��Thermal 

Cycler DiceTM TP800 (SEl^@D);ĵ5(�real-time qPCR ;¯+&%
r~,È!

-9ĮÜ)ĵ5%cl@e�)49�Fw: Forward primer�Re: Reverse primer�
�  



� �	�

pre-rRNA Fw: 5’-GAACGGTGGTGTGTCGTTC-3’, pre-rRNA Re: 5’-

GCGTCTCGTCTCGTCTCACT-3’  

 

ap�N@XhXm� 

� ·Ĭ 700CS]�n;ĵ5(§Ć�%
·Ĭĕ-Sq_IË;ðá!9%4,�0.1% 

Triton X-100/PBS ;Øĸ¨�3% BSA/PBS ,�Ð�%vÇ¬ù;1Æ�Ĝ|�"%
PBS

;ĵ5(·Ĭ;ïß¨�3% BSA/PBS ,�Ð�%ĖÇ¬ù;1Æ�Ĝ|�"%
#-¨�

PI and RNase A solution (BD Biosciences),68�Á;ðá�%
DNA Ľ86/·ĬĕS

q_IË-�ª�č,'5( FACS Aria II (BD Bioscience);ĵ5(÷Ć�%
 

 

â�±æ RNA 86/Sq_IË-ğÉ�ðá 

� ·ĬěĶĂ,85(�ěĶÝè, 0.5 mM *+966, 5-ethynyl uridine (EU);ĉ�

��30 Ĥ�ěĶ�%
EU Øĸ�%·Ĭ.�4% PFA/PBS ;ĵ5( 15 Ĥ�§Ć��

0.2% Triton X- 100/PBS ;ĵ5( 3 Ĥ�-ď�Øĸ;¯+&%
#-¨�Click-it™ Cell 

Reaction Buffer Kit (Thermo Fisher Scientific)86/ Alexa Fluor™ 488 azide (Thermo Fisher 

Scientific);êġcpXMn,Õ&(Âĵ��RNA ,Ñ8³2:% EU -�ªðá;¯

+&%
EU -�ªOJZn.¥Ğ�;ĵ5(�¾�%
 

� â�±æSq_IËĽ;Ą19%4,�·Ĭ; Methionine 86/ Cycteine free -ě

Ā) 1 Æ�ěĶ¨�25 µM - L-Homopropargylglycine (HPG); 2 Æ�Øĸ�%
#-

¨�·Ĭ;�Ó��-20ºC - 700CS]�n;ĵ5(·Ĭ;§Ć�%
Click-it™ Cell 

Reaction Buffer Kit (Thermo Fisher Scientific)86/ Alexa Fluor™ 488 azide (Thermo Fisher 

Scientific);êġcpXMn,| (Âĵ��ap�N@Xh�S�,68�ì�%
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Figure 1 siRNA ,69 NOL11 - KD 86/ pre-rRNA Ľ0-x� 

(A) `XÃ�Ł�Ĳķ HeLa ·Ĭ,ú�(�NOL11 ,ú!9s+92'- siRNA ;X
lqQaBIOkq��48 Æ�ěĶ�%
#-¨�@g]bpWV?qJ,68 KD «
ĺ;Ą1%(siCont.; lanes 1–5; 100%, 50%, 25%, 12.5%, and 6.3%)
 

(B) NOL11 ,ú!9 siRNA ;XlqQaBIOkq��48 Æ�ěĶ�%
#-¨�#
:$:-Nqcn-·Ĭå;ł7�X�Sn RNA ;ăÖ���ĊÍĜ|;¯+&%

cDNA Àģ;ĵ5(�real-time qPCR ;¯+&%
åÿ. siCont.-óúÿ)48�ĔĻ
�%3�-Ì¦-Ħ�ÿ±ğ×ħµ)È�%
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Figure 2 NOL11 KD ,69�Ûù­ö,ú!9x� 

HeLa ·Ĭ, NOL11 - siRNA ;XlqQaBIOkq¨�NCL ¬ù�ľ�;ĵ5(�
ªį{ðá;¯+&%
2%�DNA . DAPI�ë�;ĵ5(ðá�%
QK�n^�.
5 µm ;È!
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Figure 3 NOL11 KD ,69·ĬÔ�0-x� 

HeLa ·Ĭ, siRNA ;XlqQaBIOkq¨�OqJnUfPqbpVI;ĵ5(�
·Ĭ; G1/S �,đĄ�"%
đĄ�Ú¨�äÈ�:%Æ�,·Ĭ;�Ó��DNA ; PI

)ðá��ap�N@Xh�S�,68 DNA Ľ;÷Ć�%
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Figure 4 NOL11 KD �5� M 2/;3J* 

HeLa 9T�CE���5	� #&!%�(#'"��U�� G1/S 2�MK
��MK-B7�E=���<1�9T�.?
��
���� PI-cyclin B1�Pi-MPM2�PI-H3-pS10 3O@GDU3�($&�
��)E��HQL�-F5,�=
�
������3D
�=���:04� 4N-cyclin B1+�4N-MPM2+�4N-H3-pS10+9T�=
����+E35,��NV
��.3>65,3R3I±P
AS8�=
�� 
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Figure 5 NOL11 KD '14 G2-M u]�i¸'354 Cdk1 t�(VY�f'²94a
v 

¤§'�411'�Ì7 M u(¶¬'½µ7� 
½µj¢�(§�75 �s'�
Ì7k�8��§(¦Ä4(�qy$�75411' 4N-MPM2+�Ì(r�7·Ø8 

`§)�·Ø7|h7�8#33��k(¾×8 �~(Çx³±Ã È�$�8 
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Figure 6 NOL11 KD '14 Cdk1 (®n¹VY�f+(av 

Figure 5 %½Ò'�Ì7½µ8�½µ�(§�75 �s'�Ì7k�8 
�(��
:RJNXFG9Y='13�75 EYL<�Ø31*VY�fØ7µ, 
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Figure 7 NOL11 KD '14 cyclin B1 (p]�31*pÍËl'²94av 

Figure 5 %½Ò'�Ì7½µ8�½µ�(§�75 �s'�Ì7 4% PFA/PBS 7Ó0
#�·8 
�(��cyclin B1 �±7Ó0#�z�Ïc«¦7�0�cyclin B1 (p]�
'"0#µ, 
72' DAPI '14 DNA («¦% cyclin B1 (w�7­.�6�46
%$�pÍËl'"0#/µ, 
Ð^)p]�8 cyclin B1 7�8�8X�PFI
)pÍËl8 �Ì7�9
C>�WK�) 10 µm 7�9
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Figure 8 NOL11 KD '14 cyclin B1 (p]�31*pÍËl'²94av 

Figure 7 '"0#·Ø8 |h7�8 
o¥}'"0# 200 �ÌZ¤7{°8 
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Figure 9 TIF-IA KD 0 UBF KD '14p£±�¯+(av 

HeLa �Ì'²8#§�75 siRNA 7HUYCM;<ATY8�48 �sÁÔ8 
�
(��NCL �±7Ó0#Ïcz�«¦7�&! 
C>�WK�) 5 µm 7�9
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Figure 10 TIF-IA 31* UBF KD '14 M um�'²94av 

HeLa �Ì) Figure 4 %½Ò' G1/S u'½µ7� 
½µj¢�( 9�10.5�12 �s'
30#�Ì7k�8�PI 31* H3-pS10 �±7Ó0 ¿�«¦7�0�MX�@:H
S�E�7Ó0# M u�Ì(r�7jª8 
̈ ³)¾×8 �k(�~(Çx³±Ã
 È�$�8 
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Figure 11 TIF-IA 31* UBF KD '14 Cdk1 (®n¹VY�f'²94av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
½µj¢��§�75 �s'�Ì7
k�8�:RJNXFG9Y='13�75 EYL<�Ø31*VY�fØ'"0#
µ, 
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Figure 12 TIF-IA 31* UBF KD '14 cyclin B1 (p]�'²94av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
�(��Figure7 31* 8 %½Ò' cyclin 

B1 (p]�'"0#·Ø8 
o¥}'"0# 200 �ÌZ¤7{°8 
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Figure 13 rRNA OXDAY=_�( KD �Ö'"0# 

HeLa �Ì)�TIF-IA�PES1�DKC1�Rrp5 ( siRNA 7�5�5HUYCM;<ATY
8�48 �sÁÔ8 
�(��KD �Ö7:RJNXGF9Y='13jª8 
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Figure 14 rRNA OXDAY=_�7 KD 8 �(p£±�¯'"0# 

HeLa �Ì)�TIF-IA�PES1�DKC1�Rrp5 ( siRNA 7�5�5HUYCM;<ATY
8�48 �sÁÔ8 
�(��NCL �±7Ó0#z�Ïc«¦7�&! 
C>�W
K�) 5 µm 7�9
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Figure 15 rRNA OXDAY=_�( KD '14 Cdk1 (®n¹VY�f+(av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
�(��:RJNXFG9Y='13
�75 EYL<�Ø31*VY�fØ'"0#µ, 
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Figure 16 rRNA OXDAY=_�( KD '14 M um�+(av 

�Ì7 Figure 4 %½Ò' G1/S u'½µ8 
½µj¢��9 �s'30#�Ì7k�
8�PI 31* H3-pS10 �±'14¿�«¦7�0�MX�@:HS�E�'13jª
8 
¨³)¾×8 �k(�~(Çx³±Ã È�$�9
 

 

 

 

 

 

 

 

 

Mitotic cells at 9 h after release
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Figure 17 rRNA »�_�31*OXDAY=_�( KD �'354EYL<��©Ø
+(av 

�Ì' siRNA 7HUYCM;<ATY8�48 �sÁÔ8 
�(��HPG 7ÁÔb´
+g2�72' 2 �sÁÔ8 
HPG (�3�-5 EYL<�7�Click it Âd'1
3z�Ã�8�MX�@:HS�E�'13jª8 
̈ ³)¾×8 �k(�~(Ç
x³±Ã È�$�8 
eÅ(p£±Ël(ÑÎ'"0#)�Figure 9 31* 14 7�
�'8 
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Figure 18 RPL11 %(½� KD '14p£±�¯+(av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ7� 
�(�
�NCL �±7Ó0#z�Ïc
«¦7�&! 
C>�WK�) 5 µm 7�9
e§)�p£±�¯7·Ø8 /($
�3�p£±Ël7Ù��¯7Ê! p£±7�$�8 
o¥}'30# 400 �ÌZ
¤7{°8 
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Figure 19 RPL11 %(½� KD '14 Cdk1 (®n¹VY�f+(av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
�(��:RJNXFG9Y='13
�75 EYL<�Ø31*VY�fØ'"0#µ, 
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Figure 20 p£±Ël�'354 Chk1 (VY�f'²94av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
�(��:RJNXFG9Y='13
�75 EYL<�Ø31*VY�fØ'"0#µ, 
- �QBG9N?YHX�
W%8#�10 µM ( Etoposide 7 2 �s¡Õ8 
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Figure 21 p£±Ël�'354gH2A.X '²94av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
�(��gH2A.X �±7Ó0#z�Ïc
«¦7�&! 
- �QBG9N?YHX�W%8#�10 µM ( Etoposide 7 2 �s
¡Õ8 
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Figure 22 p£±Ël�'354 Wee1 31* Cdc25 ''²94av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
:RJNXFG9Y='13�75 
EYL<�Ø31*VY�fØ'"0#µ, 
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Figure 23 rRNA OXDAY=_�31* RPL11 (½� KD �( Wee1 '"0#jª 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
:RJNXFG9Y='13�75 
EYL<�Ø31*VY�fØ'"0#µ, 
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Figure 24 p£±Ël�'354 Wee1 Ø(Éf'"0#(jª 

�Ì7 Figure 4 %½Ò' G1/S u'½µ8 
½µj¢� 6 �s'30#�RO-3306 7
ºg8 
RO-3306 7g2#�s7 0 �s%8��75 �s'�Ì7k�8�:RJ
NXFG9Y='13�75 EYL<�Ø7µ, 
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Figure 25 Wee1 ®n� MK1775 '14�Ì�u+(av 

�Ì7\&4À¼( MK1775 $¡Õ8�2 �s�40) 9 �s�'k�8 
k�8 
�Ì7 PI 31* H3-pS10 �±'13¿�«¦8�MX�@:HS�E�$jª8 

�qy$[-5 ÅÆ) 4N-H3-pS10+�Ì$�3�M u�Ì7�9
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Figure 26 p£±Ël�'354 MK1775 ¡Õ'14 Cdk1 (®n¹VY�f+(av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
- �k� 3 �s¬' 100 nM ( MK1775

7ºg8 
�Ì7k���:RJNXFG9Y='13�75 EYL<�Ø31*
VY�fØ'"0#µ, 
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Figure 27 p£±Ël�'354 MK1775 ¡Õ'14 Cdk1 (®n¹VY�f+(av 

�Ì7 Figure 5 %½Ò' M u¶¬'½µ8 
- �½µj¢ 12 �s¬' 100 nM (
MK1775 7ºg8 
½µj¢� 20 Æ'#��Ì7�·8�cyclin B1 �±7Ó0#z
�Ïc«¦7�&! 
cyclin B1 (p]�8 �Ì'"0#·Ø8 
o¥}'30#
350 �ÌZ¤7·Ø8 
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Figure 28 p£±Ël�'354 MK1775 ¡Õ'14 M um�+(av 

�Ì7 Figure 4 %½Ò' G1/S u'½µ8 
- �½µj¢� 6 �s'#�100 nM (
MK1775 7ºg8 
½µj¢� 9 �s'30#�Ì7k�8�PI 31* H3-pS10 �
±'13¿�«¦8�MX�@:HS�E�$jª8 
4N-H3-pS10+�Ì�M u�Ì�
7·Ø8 
¨³)¾×8 �k(�~(Çx³±Ã È�$�8 
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3.1� Ɖĕ 

 MĚģž�%Ɔã&�perichromosomal region (PR)!»'7�ƴĚĤà�$ŎĠ�6

Îď%Ss`FƗ�ƁŤ�6�!�ůŹÊıguBu �6 Ki67��%ĩƣÇŕ$#

6�!�È¹�7��6	§	������% rRNA1 PR$ƁŤ�6��PR$
�

6 rRNA%Ĭź&+!;"Ė4�!#���#�	ĝŜť &�rRNA�ƴĚ$
�

�Ĥà�Ss`FƗ%áÃ:Ć�“ƚÉ”!�����!$ŚŖ��PRĩƣ$
�6

rRNA%ò¦$���Ŝť:ƅ#��	 

  &�0$�MĚģž�$ RNase A:�ŋ��MĚňőŔ$ RNA:Ʒ®��!�

8�Ĥà�Ss`FƗ� PR�4ƎƼ�6�!:Ė4�$��	�4$�rRNAƛ�%

ƶÙ¥2 siRNA:ō�� rRNAƛ�ÀÒ: KD��ƺ$1·Ī%ŲĢ�õ47�	�

�����rRNA&Ĥà��� #� PR$
��1Ĥà�Ss`FƗ%ƚÉ!��Ĭ

ź���6�!�Š�7�	Žºļ��!$�RNase A�ŋ2 rRNA%ƛ�ƶÙė$


��1�PR%ĩƣÇŕ!��È¹�7��6 Ki67% PRáÃ$Ì©&Ɗ47#�

��	�� �Ki67% KDė$
�6 pre-rRNA%áÃ:Ɣ*�ŲĢ�Ki67% KD$

35�MĚ$
�� rRNA& PRx$áÃ���rRNA%�ƻ�:ðÿ�6�!:Ɗ�

��	������Ki67& MĚ$
���rRNA: PRx$İ��âƳ�6Ĭź:1

��!�Š½�7�	 

  �x%ŲĢ�4�MĚģž�x% PR& Ki67�rRNA�Ĥà�Ss`FƗ%wã�4

ĩÿ�76kXp:ċ¾�6	ĝkXp &�Ki67�ĩƣÇŕ!���
� Ŵ��

rRNA�|ƴã$
��ĊŚ¥!��Ĭź�6�! �Íã$à�Ss`FƗ:�#

�!0��6!Ÿ	476	 
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3.2 ì 

  ƪ�ýÈ��Ó�7��6ģž�&�ĳůŹ�4~�%ÑůŹ)�%ýÈ:İş$

�Ʀ�6�0$T?[hVF#ĩƣÌ©:ƙ��	ƴĚ$
�6ų.¶��ģž�

&�MĚ)%Ƥƅ!·ė$Ɯĩƣ:ĉ� MĚģž�$��%ĩƣ:Ì©��6	ðÿ

�6	MĚģž�x$&�ŻƫFrgUsǃÅ�Ɯĩƣ�OsYrj=ǎD]YJ=

ǃÅ�Wrj=ǃÅ�ģž�ƆãǃÅ%��%ňøŔ#ǃÅ�ÓÃ�6(1)	�74%

���ŐŖ%ǃÅ �6ģž�ƆãǃÅ$&�ģž���% 33ǋ%Ɨư�ÓÃ�6!

È¹�7��6(2)	�����%űÿ
3(Ĭź$���&+!;"Ė4�!#��

�#�	�%ģž�ƆãǃÅ&�perichromosomal region (PR)!»'7�
5�MĚ%

¤Ě�4óĚ$9����Ī�#¨ŇtĦŇůŹ ƍÜ�6�!� 
6(3)	İş#

PR%Ĭź&ě�Ė4�$#���#����7- %Ŝť�4�(1) MĚģž�!ů

ŹƗ:ƹ�6�(2) MĚģž�$Ss`FƗ%Ų¶ǃÅ:{	6�(3) oeQui¶ÿ

$Ƶ96ÀÒ:ÑůŹ)Äū$�Ƭ�6!���ò¦�ċ¾�7��6(4)	 

  PR$&�Ĥà�$ŎĠ�6Ī�#Ss`FƗ2 RNA�áÃ���6(5)	Ĥà�&

MĚ%ƳÐ!·ė$�Cdk1D[uP$35 rRNAƛ��ă£�76�! Ǝ��7

(6-8)��%��vƫ%Ĥà�Ss`FƗ! RNA& MĚģž�Ɔǀ$áÃ:Ì©��

PR:ĩŭ�6!�7��6	Ɵê�pre-rRNA2 rRNA|ƴ�� PRx$áÃ����

��% rRNAdrOLsGSs`FƗ%ƚÉ!#6�!�È¹�7��6(9)	-��

siRNA:ō��ůŹÊıguBu �6 Ki67: KD�6!�Ĥà�Ss`FƗ% PR

áÃ��y�6�!�È¹�7��6(10, 11)	�4$�Ki67:Ʒ®��ůŹ &�M

Ě|Ě$
�� MĚģž�%­��Ƣè%Ůª�$�y�6(2)	�%3�$Ĥà�

Ss`FƗ% PRáÃ& Ki67�6�& rRNA$�Ó���6��PR$
�6 Ki67!
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rRNA%Ƶ�$���&3�9����#�	 

  ĝŜť &�PRx$
�6 Ki67! pre-rRNA�Ĥà�Ss`FƗ%�7�7%Ƶ�

$���Ǝġ:ƅ��	Ā�& PRx$
�6 rRNA:Ʒ®��ƺ$�Ki67%áÃ$

&ñǁ�#������%Ĥà�Ss`FƗ� PR$áÃ 
#�#6�!:Ɗ��

�	�4$�Ki67: KD�6!�Ĥà�Ss`FƗ�� #��rRNA1 PR$İ��

áÃ 
#��!:Ŧ
į0�	�x%ŲĢ:-!06!�PR$
��& Ki67�ĩ

ƣÇŕ!���
�rRNA: PR$áÃ��6	Ŵ���|ƴã$� rRNA�Ĥà�S

s`FƗ:�#�!0�Ĥà�Ss`FƗ: PR$áÃ����6!Ÿ	476	�

74%ŲĢ�4�Ā�& PR�wãĩƣ�4ÿ6ĒƋkXp:ċ¾�6	 
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3.3 ŲĢ 

MĚ$
���RNA& PRx$Ĥà�Ss`F:áÃ��6%$úƉ �6 

� &�0$�RNA�Ĥà�Ss`FƗ% PRáÃ$úƉ�"��Ɣ*6�0$�Ā�

& MĚ|% HeLaůŹ$Ý���1 mg/mL%@LƄĿ=pchs (controlǍ
3(

RNase A:�ŋ��ƃ��Œģž:ƅ#��	ControlůŹ
���Ĥà�Ss`FƗ

 �6 nucleophosmin (NPM)
3( Myb binding protein 1A (MBBP1A)& PR$áÃ��

����RNase A�ŋ$35���7%Ĥà�Ss`FƗ1 PR�4ůŹƗ��)!Ĉ

Ď����ǌFigure 1Ǎ	Žºļ��!$�RNase A$3�� Ki67% PRáÃ&+!;

"Ì©�#���ǌFigure 2Ǎ	�� �PR$
�6 NPM�MYBBP1A�Ki67%ƃ�

ïí:Õư��!�8�NPM
3( MYBBP1A%ƃ�ïí& RNase A�ŋ$35Ů

80%�y������Ki67%ƃ�ïí&+!;"Ì©�#��!�Ė4�!#��

(Figure 3)	Ŵ���Ā�&ůŹ�ŏĶ:ō�� MĚģž�ŏ�:¬Ƽ��Ĥà�Ss

`FƗ% MĚģž�x)%áÃ$Ý�6 RNase A�ŋ$36ñǁ:Ō©ÔŔ#ēĶ:

ō��Ɣ*�	?i^crWV>sG%ŲĢ�ģž�ŏ�$
�6 RNase A:�ŋ�

6!�Ĥà�Ss`FƗ �6 NCL�NPM�MYBBP1A%ư��y�6��Ki67%

Ĥà�ŏ�%ư&Ì©�#��� (Figure 4)	�x%ŲĢ�4�RNA&Ĥà�Ss`

FƗ: PRx$áÃ��6$z´ĭ �6vē�Ki67 & RNAƿ�ÓŔ$ PR$áÃ�

6�!�Š�7�	 

 

pre-rRNA&Ĥà�Ss`FƗ% PRáÃ:£ö�6��Ki67%áÃ$&ñǁ�#� 

  �7- %È¹�4�Pol IŎĠ%����% rRNA��ƇĚ$
�� PR$áÃ

������%Ĥà�Ss`FƗ% PRáÃ$úƉ �6�!�È¹�7��6(9)	
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Ā�&�ĒƋ¶ÿ RNAīƕ! RNA polymeraseƶÙ¥:ō���"% RNAfojn

uPŎĠ% RNA� PR)áÃ�6�:Ǝġ��	ůŹÆǉĻ|$ 5-Ethynyl Uridine 

(EU):ľ§���%ó ClickHhNYou$35 EU:³5ƞ;� RNA:´ƌ©�

�	&�0$�ƶÙ¥�İ���ō���6�"��:ƴĚ$
�6ĒƋ¶ÿ RNA

ǌnsRNAǍ%áÃ$3��Ɣ*�	ƶÙ¥:�ŋ��#�ůŹǌcontrolǍ &�

nsRNA%ńŵ�7�ǃÅǌĤà�Ǎ!ƃ�ïí�Äv$ë�6ǃÅǌĤƗǍ�Ɗ47

�	Pol II%ƶÙ¥ �6a -=g\Usǌa-AmaǍ:�ŋ�6!�Ĥà� %.

nsRNA%ƃ�LG[p�ƍÜ�76vē �Pol I%ƶÙ¥ �6�ńí% Act D�ŋ

 &�nsRNA%ƃ�LG[p�ĤƗ$
��%.ƍÜ�7�(Figure 5)	Pol I&Ĥà

��Pol II&ĤƗ ƛ�:ƅ#���6�!�4��7�7%ƶÙ¥& Pol I�Pol II:

ňőŔ$ƶÙ���6�!�şƑ�7�	Į$�MĚůŹ$���Ǝġ:ƅ#��	

controlůŹ$
��&�nsRNA&ůŹ�� ƍÜ�7���ň$ PR$
��ï�L

G[pƊ47�	a -Ama:�ŋ��1 nsRNA%áÃ$Ï
#Ì©&Ɗ47#���

��Act D�ŋė$&�PR$
�6 nsRNALG[p�Ǉƀ$�y���� (Figure 

6)	-����7%ƶÙ¥:�ŋ��1 Ki67%áÃ$Ì©&Ɗ47#���	�4

$�Ā�&ƶÙ¥�ŋė$
�6Ĥà�Ss`FƗ% PRáÃ$���Ǝġ:ƅ#�

�	�%ŲĢ�Act D:�ŋ��ƺ$
��%. NPM°( MYBBP1A% PRáÃ��

y�� (Figure 7A and 7B)	�74%ŲĢ$��� Ki67�NPM�MYBB1A% PRx%

ƃ�LG[p:Õư��!�8�Ki67%ƃ�ïí&"%ƶÙ¥:�ŋ��1+!;"

Ì©�#���	����NPM! MYBBP1A%ƃ�ïí& Act D�ŋė$
��%.

ƀ���y�6�!:Ė4�$�� (Figure 8)	Į$��7�7%ƶÙ¥:�ŋó%

MĚģž�ŏ�$
�6Ĥà�Ss`FƗư:Ō©ÔŔ$Ɣ*�	ƃ��Œģž%Ų
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Ģ!·Ī$�Act D
3(a -Ama�ŋ$36ģž�ŏ�$
�6 Ki67%ư&+!;"

Ì©�#�����Act D�ŋė$
��%.ģž�ŏ�% NCL�NPM�MYBBP1A

ư��y�� (Figure 9)	 

 Ā�&35ňőŔ$ Pol Iƛ�:ƶÙ�6�0$�Pol Iƛ�ÀÒ!���� TIF-

IA(12):^VFT@s (KD)��Ĥà�Ss`FƗ% PRáÃ:Ǝġ��	ƃ��Œģ

ž$
���TIF-IA: KD�6! Act D�ŋ%ė!·Ī$ Ki67% PRáÃ$&ñǁ�

#�����NPM
3( MYBBP1A%ƃ�LG[p��y�� (Figure 10
3(

Figure 11)	 

  ������PR$áÃ�6 rRNA������%Ĥà�Ss`FƗáÃ:£ö��

�6�!�Š�7�	ķŖ�*
�!$�rRNA:¸/��7% RNA1 Ki67% PRá

Ã$&ñǁ:°,�#���	 

 

Ki67& pre-rRNA!Ĥà�Ss`FƗ% PRáÃ:£ö�6 

� �7- %È¹�4�Ki67: KD�6! NCL�NIFK�PES1�cPERPs!���Ĥà

�Ss`FƗ� PR$áÃ 
#6�!�È¹�7��6(10)	·Ī$Ā�� siRNA

:ō�� Ki67: KD��ƺ$1�Ĥà�Ss`FƗ �6 NPM�MYBBP1A& PRx

$áÃ�#��� (Figure 12
3( Figure 13)	�4$�Ki67
3( TIF-IA: KD�

�ƺ%ģž�ŏ�$
�6Ĥà�Ss`FƗư:?i^crVW>sG$35Ɣ*�

!�8�ģž�ŏ�$
�6Ĥà�Ss`FƗ NCL�NPM�MYBBP1Aư&�Ki67


3( TIF-IA%��7% KD$3��1�y���6�!:Ė4�$�� (Figure 

14)	 

  �7- %ÖǊŲĢ35�RNase A�ŋ2 Pol IƶÙ& Ki67% PRáÃ$ñǁ�#�
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����Ĥà�Ss`FƗ �6 NPM2 MYBBP1A% PRáÃ:�y����!�

4�Ki67&Ĥà�Ss`FƗ% PRáÃ:ŗĊŔ$£ö���#�´źü�Š½�7

�	�� �Ā�& Ki67% KD$35 rRNA%áÃ�Ì©���%ŲĢ�Ĥà�Ss

`FƗ% PRáÃ$ñǁ�6!Ÿ	�	�%�ƒ:Ɣ*6�0$�Ā�& Ki67: KD

��EUīƕ$3�� RNA:´ƌ©��	ƴĚ$
���nsRNA�ńŵ�7�ǃÅ&

Ki67!�áÃ������Ki67: KD��1 nsRNALG[p$&+!;"ñǁ�#

��� (Figure 15)	�-5�ƴĚ$
�� Ki67&Ĥà�$
�6 RNA¶ÿ$&+!

;"Ƶ{���#��!�Š½�7�	vē�MĚ$
��&�Ki67: KD��ůŹ

%Ů 80%$
���nsRNA� PR$áÃ����ƻ�:ðÿ�6�!�Ė4�!#�

� (Figure 16
3( 17)	�x%ŲĢ�4�Ki67& rRNA% PRáÃ$ƯƉ#�
:ĉ

��!�Š�7�Ki67� rRNA:Ƣ���Ĥà�Ss`FƗ:£ö�6´źü�Š½

�7�	 
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3.4� ŸÜ 

� ĝŜť$
���Ā�& MĚģž�$
�6 PRðÿ$Ƶ�� Ki67
3( rRNA%

ò¦$���Ǝġ:ƅ#��	�7- %È¹$§	��¿%ŲĢ�4�Ā�& PR

� Ki67�rRNA�Ĥà�Ss`FƗ�4#6wãkXp:ċ¾�6 (Figure 18)	�y

$kXp%ĥć!#��wŅ:Ơ*6	Ūv$�MĚůŹ35 RNA:Ʒ®�Act D2

TIF-IA% KD$36 rRNAư%�y%ƺ$ Ki67:Ʒ������%Ĥà�Ss`FƗ

& PRx$áÃ�#�#���!	�-5�rRNA& PR$
��Ĥà�Ss`FƗ%

ƚÉ!��Ĭź�6�!�Š½�76	Ū~$�Ki67: KD�6!+!;"% MĚů

Ź$
���nsRNA� PR$áÃ���RNA%�ƻ�:ðÿ���!	�%ŲĢ&�

Ki67: KD�6! MĚ$
��Ĥà�Ss`FƗ%�ƻ��ðÿ�76!���7-

 %È¹!ƿè$ǈ����6(10)	Ūw$�Ki67& MĚ¤Ě$
�6ĤżäË35

¤%ĲƸ$
�� PRx$áÃ�6�(13)�Ĥà�&ĤżäË!·ė�6�&�735

ó$Ǝ��76�!(8)�4�Ki67� rRNA2Ĥà�Ss`FƗ: PR$áÃ��6$

úƉ �6�!�Š½�76	�74%ŲĢ:-!06!�PR& Ki67�ĩƣÇŕ!

��Ĭź���4$ rRNA�|ƴã$
��Ĥà�Ss`FƗ: PR$Ŷ�į06�

! ðÿ�76!Ÿ	476	����Ki67& NIFK(14)2 Hklp2(15)�PP1g(10)!��

�Ĥà�$áÃ�6Ss`FƗ!Ř��ō�6}�È¹�7�
5�ĝŜť$
��

1 Ki67�ŗĊĤà�Ss`FƗ%áÃ:£ö�6´źü�ÓÃ�6	 

  Ki67&Ů 3,000=h^ƭ�4#6åÏ#Ss`FƗ �5�����%�Ó�7�

Zj?s:ĉ�	CĜũ$
��&r?Ls!=pE\s�ƖÛ$ÓÃ�6 LRZj

?s��5��%Zj?s� MĚģž�Ɔǀ!%Ų¶$úƉ �6(13, 16)	���#

�4�Ki67$&Ĕś% RNAŲ¶Zj?s&ÓÃ���#��0�Ki67! rRNA!%
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Ř��ō2�MĚ$
�6 rRNAáÃ:"%3�$£ö���6�&�ó%ŜťƓǆ

 �6	-��Ki67& MĚģž�Ɔǀ$
�� biological surfactant!�����!

 ��7�7% MĚģž��ĊƟ���#�3�$�6�
:ĉ�(13)	����PR

$áÃ�6Ĥà�Ss`FƗ! biological surfactant!%Ƶ�$���&zĖ �6

��Ĥà�Ss`FƗ� Ki67!«ƔŔ$���! �biological surfactant%Ĭź$Ú

{���6´źü1�6	�6�&�PR$áÃ�6Ĥà�Ss`FƗ&��7�7�

¢%Ĭź:ĉ��MĚƤƅ$
��#;4�%Ĭź:1���6´źü1ÓÃ�6	

�ó�PR$áÃ�6Ss`FƗ%�
:Ǝġ�����! � MĚģž�%ĩƣ2

T?[hFN$Ƶ�6Ē�#śƊ�õ476!Ÿ	476	 
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3.5  ÖǊĞđ
3(ēĶ 

ůŹÆǉ 

  aYÒØǄ�;ŎĠ% HeLaůŹ& 10% fetal bovine serum (FBS)�ĄŌŇƗ-Ąřſ¥

Ľ¶łĻǌpenicillin 100 unit/mL�streptomycin 100 unit/mLǍ:¸/ Dulbecco’s modified 

eagle medium(DMEM):ō���5% CO2�37ºC%ğ�y Æǉ��	 

 

Ą� 

� ĝŨ &�y%Ą�:ō��	 

@KEfoFru[pĄ�ǓKi67 (sc15402, Santa Cruz Biotechnolog)�lEfoFru

[pĄ�ǓTIF-IA(sc11805, Santa Cruz Biotechnolog) �g@Nk^Fru[pǓanti-

UBF (sc13125, Santa Cruz Biotechnolog), NPM (FC-61991, Thermo Fisher Scientific), NCL 

(M019-3, MBL)�@KEfoFru[p anti-MYBBP1AĄ�&�ƅŜť ō�47�1

%:�ō��(17)	 

 

siRNA
3(YnsNbAFLms 

  siRNA&ƨ # Stelth RNAi (Thermo Fisher Scientific):Ƙ���Lipofectamine® 

RNAiMAX (Thermo Fisher Scientific)%ƈ¼drYJp$ô��YnsNbAFLms

:ƅ��48ėƴÆǉ��ůŹ:ÖǊ$ō��	-��Stealth RNAi siRNA Luciferase 

Reporter Control (Thermo Fisher Scientific):]CW>cJsYrup!��ō��	�

y$ō�� siRNA%Ƭ¡:ƏƝ�6	 

TIF-IA, 5’-CGACACCGUGGUUUCUCAUGCCAAU-3’ 

Ki67, 5’-GCAUUUAAGCAACCUGCAA-3’ 
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ƃ��ŒģžĶ 

  ƃ��Œģž:ƅ�ƺ$&�poly-L-lysine JuY��B_uCnN$ůŹ:Čţ

��ƅ#��	ůŹ: 4% paraformaldehyde (PFA)/phosphate-buffered salin (PBS; PBS; 

140 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, and 8.1 mM Na2HPO4) 15�ƴÂÕ��

0.1% Triton X-100/PBS 3�ƴ%ơƥ�ŋ:ƅ#��	Ą NPMĄ�:�ō�6ƺ$

&�0.1% Triton X-100/PBS (PBS-T)$36 2�ƴ%ơƥ�ŋ:ƅ#��ó$�ÂÕ�Ĩ

:ƅ#��	 

  ÂÕ��ůŹ& 3% BSA/PBS:ō��×ŀ Ǐėƴ%crVDsG�ŋ:ƅ#�

�	Į$�crVDsGƐƂ:Ʒ®��vĮĄ�: 3% BSA/PBS$çƮ�� �4$

Ǐėƴ�×ŀ Æǉ:ƅ#��	±ûó�vĮĄ�Ļ:Ʒ®��PBS-T$35Ĺĺ�

Ĩ:Ǒ¿ƅ#��	Ŵ���Alexa Fluor®-488�6�& 594%ƃ�īƕƐƂ%Ų¶�

�~ĮĄ�: PBS$çƮ��łĻ:ō��Ʃ�ğ�yǏėƴ×ŀ ±û���	�%

ó�PBS$36Ĺĺ�Ĩ:ǐ¿ƅ��4',6-diamidino-2-phenylindole (DAPI)łĻ$35

DNA:ģž��VECTASHIELD (Vector Laboratories):ō��Þ���	ƃ��Œģž

ŏ�&�Biorevo (Keyence)�6�& Axio Observer.Z1 (Carl Zeiss)Ǉ÷Ʋ:�ō�āõ�

�	-��ImageJQbY@A= (National Institute of Health) :ō��õ47�ŏ�%

�ŋ:ƅ#��	 

  PR$
�6Ss`FƗ%ƃ�ïí%Õư%�0$�ŏ�³õė%čñğ�:vÕ$

��õ47�ŏ�$��� ImageJ:ō��Ǝġ��	&�0$�MĚģž�ǃÅ�$


�6µSs`FƗ%éÄƃ�ïí%�:Ŭ���	�%ó�_VFGn@sZ!�

�ůŹƗ$
�6µSs`FƗ%éÄƃ�ïí%�:Ŭ���MĚģž�ǃÅ%��

4_VFGn@sZ%�:æ�î��	ęŰŔ$�controlůŹ$Ý��%ƃ�ïí%



 72 

ŘÝ�:Ŭ���	Ā�&��7�7%ÖǊ:ŉŧ��Ǒ¿ƅ#��	 

 

ĒƋ¶ÿ RNAīƕ
3(ģž 

� ůŹÆǉ|$
���ÆǉxĿ$ 1 mM!#63�$ 5-ethynyl uridine (EU):ľ§

��4ėƴÆǉ:ƅ#��	EU�ŋ��ůŹ&�4% PFA/PBS:ō�� 5šƴ%¤Â

Õ:ƅ��0.1% Triton X- 100/PBS:ō�� 5�ƴ%ơƥ�ŋ:ƅ#��	�%ó�4% 

PFA/PBS:ō�� 15�ƴ%ĝÂÕ:ƅ#��%�$�Click-it™ Cell Reaction Buffer 

Kit (Thermo Fisher Scientific)
3( Alexa Fluor™ 488 azide (Thermo Fisher Scientific):ƈ

¼drYJp$ō���ō��RNA$³5ƞ-7� EU%ƃ�ģž:ƅ#��	 

 

MĚģž��ŏĶ
3( RNase A�ŋ 

� ůŹ: 75 nM %^JTRup: 12�16 ėƴ�ŋ�6�! M Ě$·Ɣ��Mitotic 

shake off:ƅ��MĚůŹ%.:¿²��	MĚůŹ& 0.5 x Buffer A (15 mM Tris-HCl 

[pH 7.4], 0.2 mM spermine, 0.5 mM spermidine, 2 mM EDTA, 80 mM KCl, protease inhibitor 

cocktail [Nacalai Tesque], and 1 mM DTT)$þŃ��×ŀ 10�ƴƾŷ��	Ƨùó�x

Ŀ:Ʒ
�NP-40 (final 0.1%):ľ§�� 1 x Buffer A ůŹ:łƎ��23IuM%ķß

Ʊ:ō��ůŹ:Şŝ��	ůŹņ2ƴĚĤ:³5Ʒ��0$�n?OuY: 0.25M%

NFruN
3( 0.1%% NP-40:¸/ 1 x Buffer A$Ưã��250 x g 5�ƴƧù�

�	�4$��%xĿ: 0.5M%NFruN
3( 0.1%% NP-40:¸/ 1 x Buffer A$

Ưã��2000 x g 20�ƴƧù�6�! �MĚģž�ŏ�:¬Ƽ��	�%ó�M

Ěģž�: 100 µg/mL% BSA�6�& RNase A:¸/ 1 x Buffer $þŃ�×ŀ 10�

ƴ±û���	1 x Buffer$36Ĺĺ�Ĩ:ƅ#��ó�SDSKsdp_Vb<u:§
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	�99ºC 5�ƴ±û���1%:?i^crVW>sGKsdp!��	 

 RNAfojnuPƶÙ¥
3( siRNA�ŋ:ƅ#��ůŹ&�Į%Ăǂ ģž�

�ŏ:¬Ƽ��	Mitotic shake off$35 MĚůŹ%.:¿²��ó$�ůŹ: frac- 

tionation buffer (10 mM HEPES [pH 7.9], 10 mM KCl, 1.5 mM MgCl2, 0.34 M sucrose, 10% 

[v/v] glycerol, 0.25% Triton X-100, 1 mM DTT, phosphatase inhibitor cocktail [Nacalai 

Tesque], and protease in- hibitor cocktail):ō��łƎ��ĵx 10�ƴƾŷ��	Į$

1500 x g 5�ƴ%Ƨù:ƅ��MĚģž�:¬Ƽ��	MĚģž�ŏ�&

fractionation buffer:ō�� 3¿%Ĺĺ:ƅ��SDSKsdp_Vb<u:§	�99ºC

 5�ƴ±û���1%:?i^crVW>sGKsdp!��	 

 

?i^crVW>sG 

� ůŹ%ą�Ň:fo=Fop=hZIpƽĴĸ¨$35�Ƽ��PVDFjscqs$

ƛŢ��	5% skim milk:¸/TBS-T buffer [20 mM Tris–HCl (pH 7.5), 150 mM NaCl, and 

0.05% Tween20] jscqs:30�ƴcrVDsG��ó�jscqs$vĮĄ�!

�$4ºC vĘÆǉ��	TBS-T buffer 3¿Ĺĺ��ó�horseradish peroxidaseŲ¶~

ĮĄ�!1ėƴ±û���	ħ�$&Chemi-Lumi One (Nacalai tesque) 
3(Chemi-

Lumi One Super (Nacalai tesque):ō��	 
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3.7 ÁƆ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 RNase A�ŋ$36Ĥà�Ss`FƗ%PRáÃ)%ñǁ 

aYÒØǅœŎĠůŹ �6HeLaůŹ$Ý���1 mg/mL%@LƄĿ=pchs

ǌCont.Ǎ
3(RNase A:¸/PBS:2�ƴ�ŋ��	�%ó�NPM
3(MYBBP1A

$Ý�6Ą�:ō��ƃ��Œģž:ƅ#��DAPI:ō��DNA:ģž��	NHu

p_u&5 µm :Š�	 
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Figure 2 RNase A�ŋ$36Ki67%PRáÃ$Ý�6ñǁ 

Figure 1!·Ī$HeLaůŹ$RNase A:�ŋ��	NPM
3(Ki67$Ý�6Ą�:ō�

�ƃ��Œģž:ƅ#��	NHup_u&5 µm:Š�	 
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Figure 3 RNase A$36NPM
3(MYBBP1A�Ki67%PRx%ƃ�LG[p$���

%Õư 

Figure 1
3(Figure 2$Ƶ���PRx%ƃ�LG[p$���Õư:ƅ#��	µğ

�$
��ŉŧ��3�%ÖǊ:ƅ��20ůŹ�x:Õư��	ď�&Cont.$Ý�6

ŘÝ� �5�éÄ�±īŁ�æ Š��	 
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Figure 4 ģž�ŏ�$
�6 RNase A�ŋ$36Ĥà�Ss`FƗ! Ki67)%ñǁ 

HeLaůŹ$Ý�� 75 nM%^JTRup: 12-16ėƴ�ŋ��MĚ$·Ɣ���	M

ĚůŹ: Mitotic shake offĶ$35¿²��ģž�ŏ�ǌChr.Ǎ%.:¬Ƽ��	�%ó�

100 µg/mL%@LƄĿ=pchsǌCont.Ǎ
3( RNase A:ģž�ŏ�$§	�10�

ƴ±û���1%:?i^crVW>sG$35Ǝġ��	 
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Figure 5 ƴĚ$
�6ĒƋ¶ÿ RNA%áÃ! RNAfojnuPƶÙ¥$36ñǁ 

ůŹÆǉ|$ 1 mM% EU:ľ§��-�·ė$ 2 µg/mL% α-Amanitine (α-Ama)
3(

5 nM% Actinomycine D (Act D):ľ§��4ėƴÆǉ��	�%ó�Click-itƐƂ$35

ĒƋ¶ÿ RNA:´ƌ©��ƴĚůŹ$���ƍÜ��	NHup_u& 5 µm:Š�	 

 

 

 

 

EU
(nsRNA)

Merge

DAPI

Control Act D α-Ama
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Figure 6 RNAfojnuPƶÙ¥$36ĒƋ¶ÿ RNA
3( Ki67% PRáÃ$Ý�

6ñǁ 

ůŹÆǉ|$ 1 mM% 5-Ethynyl Uridine (EU):ľ§��-�·ė$ 2 µg/mL% α-Amanitine 

(α-Ama)
3( 5 nM% Actinomycine D (Act D):ľ§��4ėƴÆǉ��	�%ó�Click-

it ƐƂ$35ĒƋ¶ÿ RNA :´ƌ©��Ki67 Ą�:ō��ƃ��Œģž:ƅ#��	

NHup_u& 5 µm:Š�	 

 

 

 

Control Act Dα-Ama
A

EU
(nsRNA)

Ki67

Merge

DAPI
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 B 

 

 

 

 

 

 

 

 

 

Figure 7 RNAfojnuPƶÙ¥$36 MYBBP1A
3( NPM % PRáÃ$Ý�6

ñǁ 

ůŹÆǉ|$ 2 µg/mL% α-Ama
3( 5 nM% Act D:ľ§��4ėƴÆǉ��	�%

ó�(A)MYBBP1A
3( UBF$Ý�6Ą��(B) NPM$Ý�6Ą�:ō��ƃ��Œ

ģž:ƅ#��	NHup_u& 5 µm:Š�	 

 

Cont. Act Dα-Ama

MYBBP1A

UBF

Merge

DAPI

NPM

Merge

DAPI

Cont. Act Dα-Ama
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Figure 8 RNAfojnuPƶÙ¥$36NPM
3(MYBBP1A�Ki67%PRx%ƃ�L

G[p$���%Õư 

Figure 5
3(Figure 6$Ƶ���PRx%ƃ�LG[p$���Õư:ƅ#��	µğ

�$
��ŉŧ��3�%ÖǊ:ƅ��20ůŹ�x:Õư��	ď�&Cont.$Ý�6

ŘÝ� �5�éÄ�±īŁ�æ Š��	 
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Figure 9 RNAfojnuPƶÙ¥$36ģž�ŏ�$
�6Ĥà�Ss`FƗ! Ki67

)%ñǁ 

2 µg/mL% α-Ama
3( 5 nM% Act D: 12ėƴ�ŋ��Ŵ�� 75 nM%^JTRu

p: 12ėƴ�ŋ��	Mitotic shake offĶ$35 MĚůŹ%.:¿²��ģž�ŏ�%

.:¬Ƽ��	�%ó�?i^crVW>sG$35Ǝġ��	 
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 A       B 

 

Figure 10 TIF-IA KD$36 NPM�MYBBP1A�Ki67% PRáÃ)%ñǁ 

TIF-IA$Ý�6 siRNA:YnsNbAFLms��48ėƴÆǉ��	�%ó�(A) NPM


3( MYBBP1A$Ý�6Ą��ǌBǍKi67$Ý�6Ą�:ō��ƃ��Œģž:ƅ#

��	NHup_u& 5 µm:Š�	 
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Figure 11 TIF-IA KD$36NPM
3(MYBBP1A�Ki67%PRx%ƃ�LG[p$�

��%Õư 

Figure 9$Ƶ���PRx%ƃ�LG[p$���Õư:ƅ#��	µğ�$
��ŉŧ

��3�%ÖǊ:ƅ��15ůŹ�x:Õư��	ď�&Cont.$Ý�6ŘÝ� �5�

éÄ�±īŁ�æ Š��	 
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     A         B 

 

Figure 12 TIF-IA KD$36 NPM�MYBBP1A�Ki67% PRáÃ)%ñǁ 

Ki67$Ý�6 siRNA:YnsNbAFLms��48ėƴÆǉ��	�%ó�(A) NPM�

Ki67 $Ý�6Ą��ǌBǍMYBBP1A�UBF $Ý�6Ą�:ō��ƃ��Œģž:ƅ#

��	NHup_u& 5 µm:Š�	 
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Figure 13 TIF-IA KD$36NPM
3(MYBBP1A�Ki67%PRx%ƃ�LG[p$�

��%Õư 

Figure 11$Ƶ���PRx%ƃ�LG[p$���Õư:ƅ#��	µğ�$
��ŉ

ŧ��3�%ÖǊ:ƅ��20ůŹ�x:Õư��	ď�&Cont.$Ý�6ŘÝ� �

5�éÄ�±īŁ�æ Š��	 
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Figure 14 Ki67
3( TIF-IA KD$36ģž�ŏ�$
�6Ĥà�Ss`FƗ! Ki67

)%ñǁ 

ůŹ$ TIF-IA
3( Ki67$Ý�6 siRNA:YnsNbAFLms��48ėƴÆǉ�

�	Ŵ���75 nM %^JTRup: 12 ėƴ�ŋ�ůŹ: M Ě$·Ɣ��	�%ó�

Mitotic shake offĶ$35 MĚůŹ%.:¿²��ģž�ŏ�%.:¬Ƽ��?i^c

rVW>sG$35Ǝġ��	 
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Figure 15 Ki67 KD$36ƴĚĤà�$
�6 RNA¶ÿ$Ý�6ñǁ 

ůŹ$ Ki67$Ý�6 siRNA:YnsNbAFLms��48ėƴÆǉ��	Ŵ���ů

ŹÆǉĻ|$ 1 mM% EU:ľ§��ǒėƴÆǉ��	�%ó�Click-itƐƂ$35ĒƋ

¶ÿ RNA:´ƌ©��Ki67Ą�:ō��ƃ��Œģž:ƅ#��	NHup_u& 5 

µm:Š�	 

 

 

EU
(nsRNA)

Ki67

Merge

DAPI

siCont. siKi67
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Figure 16 Ki67 KD$36MĚ$
�6 RNAáÃ$Ý�6ñǁ 

Figure 14!·Ī$ÖǊ:ƅ��MĚůŹ$
�6ĒƋ¶ÿ RNA%áÃ:Ɣ*�	NH

up_u& 5 µm:Š�	 

 

 

 

 

EU
(nsRNA)

Ki67

Merge

DAPI

siCont.
siKi67

Aggeregate Absence
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Figure 17 Ki67 KD$36MĚ$
�6 RNAáÃ%�ǈ 

Figure 15% RNAáÃ$����ǈ��	ŉŧ�� 3¿%ÖǊ:ƅ��µğ�$
��

100ůŹ:Õư��	 
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Figure 18 PRĩƣ%kXp 
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� ÒğÊ�$�Ø«h�B7FKC:"���0 M Ð"	�0�#·|"���ěÔ

3ĭ*�	āV"�MÐĭĕ�Ø«hATH:Ĥ	-%Ø«hÙī�#ķk"ķ�0÷

þ
.�ĶÐ"	�0Ø«h®�� Cdk1#á½�3Âx��MÐĵ�3Į´��0�

�Ì.
"��	ā^"�MÐÖēhĖ­# PRÙī"	��Ø«h"�(10ATH

:Ĥ, RNA��#Ùī3Þ¢�0��3Ì.
"��	�1. 2�#÷þ
.�À�

$Ø«hB7FK:?�MÐĭĕ!.%"MÖēhÙī�¦Æ!ķk��0��3ę

v��	�."��1.#÷þ3Ī��ĶÐ"	�0Ø«h#®�� M Ð"	�0Ø

«h#ěh"$��!İ���0�Ď�.1�#��cX�ġğ�0	 

� ĶÐ"	�� rRNA$ċ��Ħs�1�	/�°"�É#Ø«hATH:Ĥ�õ_i
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