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Ǥɛ  

 
COPII: coat protein complex II ! 

!ERES: ER exit site ! 

GAP: GTPase-activating protein !! 

GEF: guanine nucleotide exchange factor ! 

GFP: green fluorescent protein ! 

GDP: guanosine diphosphate 

GMP-PNP: guanosine-5’-[(β,γ)-imido]triphosphate  

GTP: guanosine-5’-triphosphate !  
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1.1  ǰƞșȮ+��=ĭȮɰɸVXay  

� � ǰƞșȮ+�	&�ƀ +óŞ�> \�kNɤ�Ƭ��ƩȯAǧű�=

 6+-ǭǩĆ+ʂÐ*ȜɪAȜ&ɿ.>=�(��ðƪ'�=�ƞ8ĭȮª

'¿�\�kNɤ-�u[�y'óŞ�>�>�>,J�Lh�+ǮŭǾɁ�

=��Ɓ'�S�Wª8ƿȮʳ�[[�yʴ��&șȮȳ*)'¿�\�kN

ɤ-�u[�y'óŞ�> ,"+ĭȮªAȜ&J�Lh�ʐAǾɁ�ǭǩ,

J�Lh�0(ɿ.>=�J�Lh�ʐ',\�kNɤɰɸ-�R�c\�k

Nɤ(ú.>=\�kNɤɉóª+:<Ʌɋ�> ɰɸĭȮA��&Ɂ@>&

	=��,ɰɸĭȮ+:=ĭȮɰɸVXay-Å&,ǰƞșȮ+³ě�>&�

<�\�kNɤ,ɰɸ!�'*�Ȱɤ,ɰɸ+ʑ�&7ʊɊ*Ŋ×AŤ#&	

=� 

� � ɰɸĭȮ-R�c\�kNɤɉóª�¨ÏĚʋ GTPase ,ÕŐAï�*�

;¯�J�Lh�ȳ�+ʙ3<�ȁȹ\�kNɤʳcargoʴAî<ɳ4*�;ȳ

AǆƉ���ƌȚǩ+ȳAȦ<Ð=�('ňŞ�>=�¯�J�Lh�;ɾ

ʚ� ɰɸĭȮ-șȮÉAǾÞ��ƥǩJ�Lh�ȳ+±ǣ�> ō�ȳɀó

Aɥ���('\�kNɤAǭǩ,J�Lh�0(ʃÔɰɸ�=��,ɰɸĭ

ȮAǟ	 ɰɸȜɪ+-ƣ�*Ȝɪ��<��>�>,ɰɸ��c�(+ǥ*

=Ȁʪ,R�c\�kNɤ+:#&ĭȮ�Ʌɋ�>&	=� 
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1.2  ĭȮª;S�Wª0,\�kNɤ,ɰɸ  

� � ƀ +óŞ�> ƀǝ\�kNɤ-ĭȮª'ʂÐ*nI��bE�OAï

� ō��ƻ,J�Lh�0(ɿ.>=�ġʗ+șȮÉ+ěą�=\�kNɤ

,ȕʸÏ,ʶ�ĭȮª;ɿ/Î�>&	=(Ɍȁ7;>&	=�ĭȮª;

S�Wª0\�kNɤAɰɸ�=Ȝɪ'-�COPIIʳcoat protein complex IIʴ(

:.>=R�c\�kNɤɉóª+:<Ʌɋ�> COPIIĭȮ+:<\�kN

ɤ�ɿ.>&	=(Ȭ�;>&	=(Barlowe and Miller, 2013; D'Arcangelo et al., 

2013)ʳFig. 1 �ɹ 

� � �Ɓ'�ĭȮª;\�kNɤAɿ/Î�ɰɸȜɪ+- COPIIĭȮ+°ě

�*	ɰɸȜɪ�ěą�=�(�Ǻþ�>&	=��, COPIIĭȮʟ°ěǩ*

\�kNɤ,ɰɸ-�ĭȮªXc�XŔȌ8 COPIIĭȮ+:=ɰɸȜɪAʓģ

� čó+Ń�ɥ��>=�(�Č÷�>&�<�J�cnCW�+ʑ@=Ā

Ě�ʑ��&	=�(�Ǻþ�>&	=(Gee et al., 2011; Malhotra, 2013)��

�*�;�Îȸʇư,ǄŁŚïŗđǥƝAǟ	& COPIIĭȮ,ňŞAʓģ� 

čó�ɰɸ�>=\�kNɤ�ĭȮª+ȼȁ��=�(�Č÷�>&	=

(Castillon et al., 2009)�Ú�&�lc'- COPIIĭȮAňŞ�=ĀĚ+đǥ�ǝ

�=(ǦŘAɚǧ�=�(7Č÷�>&	=(Fromme et al., 2007; Jones et al., 

2003)��>;,�(;�ĭȮª;S�Wª0,ÒƏÏƷȜɪ'-�COPII

ĭȮ�ʟĺ+ʊɊ*Ŋ×Aƙ �&	=(Ȭ�;>&	=� 
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Figure 1. J�Lh�ʐAȩ�ĭȮɰɸ,Ʀłă  

J�Lh�ʐ,\�kNɤ,ɰɸ-ĭȮɰɸ+:<Ɂ@>&	=�ĭȮª;

S�Wª0,\�kNɤ,ɰɸ-COPIIR�c+:#&Ʌɋ�> COPIIĭȮ

+:<Ť@>&	=��
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1.3  COPIIĭȮňŞĀĚ( COPIIĭȮ,ňŞ  

 �  COPIIR�c-ȳɃʠAǮŭɋ
F�e�R�c, Sec23/24qa�]Fw

�ɉóª(�>Aɋ
DG\�R�c'�=Sec13/31qa�ac�w�ɉóª

+:<ƢŞ�>=���&�>;,ĀĚ�ĭȮªȳ�'¨ÏĚʋ GTPase '�

= Sar1(Ç+ʥƫǯ�ǟ�=�(' COPIIĭȮ�ňŞ�>=(Barlowe et al., 

1994)� 

� � ĭȮªȳ�+įą�= Sar1 Ǘǥǩ*ODf�gN�J^d�ŰĀĚ

ʳguanine nucleotide exchange factor ; GEF 'ɹ�= Sec12+:<�Sar1� GDPĈ

; GTP Ĉ0(đŰ�>�COPII ĭȮ,ňŞ�ʏĘ�>=(Barlowe and 

Schekman, 1993; Nakano and Muramatsu, 1989)�Sar1� GTPĈ+đŰ�>=�(

+:< NƑȈʧĉ,�Ɏęŗq�_NX�ÏĚĒ+ʞÎ�=��,Ƣɻđà+

:<�Sar1��Ɏęŗq�_NXA��&ĭȮªȳ(ȝó�=�(�ðȯ+*

=(Bi et al., 2002; Huang et al., 2001)�Sec12-ĭȮªȳ�+,4įą�=ȳ\�

kNɤ'�= 6�Sar1,ȳ0,ȝó-ĭȮªȳ,4+Õʔ�>&	=�ȳ+

ȝó� GTPĈ Sar1- Sec23A��& Sec23/24(ȝó�=��,Ɔ Sec24-

cargo(ȝó�=�Sec24(Ǯŭȝó�=,-ǗĠ,DxiʈʆÑ;*=ɰɸ

VOe�AșȮɤ»+ůǺ�&	=ȳ\�kNɤ,4'�<��,ɰɸVOe

�A��& cargo ( Sec24 �ȝó�=(Miller et al., 2002; Miller et al., 2003; 

Mossessova et al., 2003)��Ɓ'�ĭȮªÉȲ+ěą�=ðǉŗ, cargo-șȮ

ɤ», Sec24(-Ǯŭȝó�=�(-'�*	��ɰɸVOe�AŦ$ȳɢɹ
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Ĉ�Zp\�A��=�(' Sec24(ȝó�=(Appenzeller et al., 1999; Belden 

and Barlowe, 2001)��
�&ĭȮªȳ�+ Sar1-Sec23/24-cargo;*=ÎȸÖ

ʭɉóª�ňŞ�>=���&��,ÎȸÖʭɉóªôĐA Sec13/31�ƛƨ�

=�(' COPIIĭȮ�ňŞ�>=(Ȭ�;>&	=(Bi et al., 2007; Tabata et al., 

2009)ʳFig. 2 �ɹ 

� Sec13/31ɉóª-ǉƿ�'ȴĶʙó�ȆƁÆʠª7��-�â�â�ʠª,

�ȄƢɻ,ƟĚAňŞ�=�(�N�FJʜĚʩőʍɐƗ+:<ÓƄ�&	=

(Stagg et al., 2008)�Sec13/31ɉóª�ňŞ�=ƟĚ,ʣǎ-ʹZ_c, Sec13/31

ɉóª+:<ňŞ�>ʣǎ�(+ʹ$, Sec23/24ɉóª�î<ɳ3>=�Ú�

&ƟĚ,�ɲ- Sec31ôĐ�ǯ�ǟ� Sec13/Sec31-Sec31/Sec13+:#&ň

Ş�>&�<��ɲŇ <ʷ$, Sec23/24ɉóª�ěą�&	=(Bi et al., 2007; 

Fath et al., 2007)��>;,�(;�ȆƁÆʠª7��-�â�â�ʠª,

COPIIR�c,ƟĚ+:<ňŞ�>= COPIIĭȮ+- Sec23/24ɉóª��>�

> 48ÏĚ( 120ÏĚö3>&	=(Ȭ�;>&	=� 

� � Saccharomycese cerevisiae+�	&�cargoA COPIIĭȮ+ȁ4ɳ5Ŋ×A

Ť
 Sec24+-�Lst1( Iss1(	
ʷ$,DF[nI�y�ěą�=��>;

,DF[nI�y- Sec24 (ôƣ Sec23 (qa�]Fw�ɉóªAňŞ��

cargo(ȝó�=���*�;�Sec24(DF[nI�y'-ȝóðȯ* cargo

,Ȁʪ8ǗĠ, cargo +ĩ�=DnEfaE��ǥ*=�(�Č÷�>&	=

(Miller et al., 2002; Miller et al., 2003; Peng et al., 2000)�Ú�& Sec23/Sec24ɉóª
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,4'ňŞ�>= COPII ĭȮ-Ǯŋȕ 60nm '�=,+ĩ��Sec23/Lst1 ɉó

ªAǟ	 čó+ňŞ�>= COPIIĭȮ-Ǯŋȕ 87nm(:<Ĕ�* COPIIĭ

ȮAňŞ�=�(�Č÷�>&	=(Shimoni et al., 2000)� 
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Figure 2. ĭȮªȳ�+��= COPIIĭȮňŞ{b�  

COPIIĭȮ,ňŞ-�ĭȮªȳ�,ODf�gN�J^d�ŰĀĚ'�= Sec12

+:< Sar1� GTPĈ+đŰ�>=�('ʏĘ�>=�GTPĈ Sar1-ȳ+ȝó

� Sec23/24 A�N��c�=���& cargo � Sec24 A��&ȝó��

Sar1-Sec23/24-cargo ;*=ÎȸÖʭɉóªAňŞ�=��,ɉóªôĐA

Sec13/31ɉóª�ƛƨ�=�(' COPIIĭȮ�ňŞ�>=(Ȭ�;>&	=� 

 

 

Sec12�

Sar1(GDP�

Sar1(GTP�Cargo�
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1.4� Sar1, GTPÚƲÏɐTFN�+:= cargoǍȨƩ

Ƣ  

� � ¨ÏĚʋ GTPase'�= Sar1- GTPĈ( GDPĈATFN��=�(+:

<ĭȮªȳ�0,ȝó(ɐʚAȪ<ɵ��COPII ĭȮ,ňŞAÕŐ�&	=�

�'7ɶ1 :
+�GDPĈ; GTPĈ0,đŰ- GEF'�= Sec12+:<

Ɂ@>&	=��Ɓ'�GTP Ĉ; GDP Ĉ0,đŰ- Sar1 ȴɫ, GTPase ƺ

ŗ+:<Ɂ@>=�Sar1(Ǯŭȝó�= Sec23-�Sar1+ĩ�= GTPaseƺŗ

à\�kNɤʳGTPase activating protein ; GAPʴ(�&¿��(�Č÷�>&�

<(Yoshihisa et al., 1993)�Sar1, GTPaseƺŗA²ɽ�=� 

� � Sec23(ȝó� Sar1- GTPaseƺŗ,²ɽAï��ɺ8+ GTPAÚƲ

Ïɐ�ȳ�;ȱʚ�=�$3<�ȳ�'- Sar1 ( Sec23/24 ɉóª,ȝó(

ôƆ+ Sar1, GTPÚƲÏɐ�ɥ�<�Sar1( Sec23/24ɉóª,ȳ;,ɐʚ

AŃ�ɥ���ġʗ+�GTP,ʟÚƲÏɐDe�O'�= GMP−PNPěą�'

-��v[�y�+ Sar1-Sec23/24ɉóªAňŞ��=(ĝĠ+ɉóª�³Ŧ�

>=,+ĩ��GTPěą�'- Sar1, GTPÚƲÏɐ+¥	 Sar1-Sec23/24ɉó

ª�ȳ�;ɺ8+ɐʚ�=��Ɓ'�cargoAÊƢŞ� �v[�yAǟ	

&ġʮAɁ# čó�GTP ěą�'-�Sar1 , GTP ÚƲÏɐōɺ8+ȳ�

; Sec23/24 ɉóª�ɐʚ�=,'-*��Sec23/24-cargo ɉóª�ǵƆʐ'

-�=�ȳ�+³Ŧ�>=��;+�cargo( Sec12ěą�'ôƣ,ġʮAɁ#

 čó�Sec23/24-cargo ɉóª�ĝĠ�&ȳ�+ȡŦ�>=(Sato and Nakano, 
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2005a)�¡�,�(-�Sar1-Sec23/24-cargoɉóª;*=ÎȸÖʭɉóª'-�

Sec23,GAPƺŗ+:< Sar1�GTPAÚƲÏɐ�&ȳ�;ȱʚ�=7,,�

Sec12+:<ɺ8+GTPĈSar1�¯Ȟ�>Sec23/24-cargoɉóª(Êȝó��

�>AȪ<ɵ��('ÎȸÖʭɉóªAĝĠ+ȳ�+³Ŧ�=(	
zKfY

y� COPIIĭȮňŞƩƢ+ěą�&	=�(AǺ�&	=�$3<�Sar1�Ú

ƲÏɐTFN�AȪ<ɵ��(+:<�cargo (ȝó�&	*	 Sec23/24 ɉó

ªAɺ8+ȳ�;Ŭʕ��cargo (ȝó� Sec23/24 ɉóª,4AʃÔ�

=�(' COPIIĭȮ0, cargo,ǍȨAɁ#&	=ʳFig. 3 �ɹ 
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Figure 3. Sar1, GTPÚƲÏɐTFN�+:= cargo,ǍȨ   

(A):
+ĭȮªȳ�' Sar1-Sec23/24ɉóª�ňŞ�>=(�Sec23, GAPƺ

ŗ+:< Sar1 , GTPase ƺŗ�²ɽ�>�GTP �ÚƲÏɐ�>=�(' Sar1

-ȳ�;ȱʚ�=��,ō Sec23/247ɺ8+ȳ�;ɐʚ�=��
�&

cargo(ȝó�&	*	 Sar1-Sec23/24ɉóª- COPIIĭȮ+î<ɳ3>=�(

-*	��Ɓ'(B),:
+ Sar1-Sec23/24-cargo ɉóª,čó�Sec23 , GAP

ƺŗ+:<Sar1-GTPAÚƲÏɐ�&ȳ�;ȱʚ�=7,,�Sec23/24-cargo

ɉóª�ǵƆʐ'-�=�ȳ�+³Ŧ�>��,ʐ+ Sec12 +:<ɺ8+

GTPĈ Sar1�¯Ȟ�> Sec23/24-cargoɉóª(Êȝó���>AȪ<ɵ��(

' Sar1-Sec23/24-cargoɉóª�ȳ�+³Ŧ�>=���& Sec13/31+:<ƛƨ

�>=�(' COPIIĭȮ+ cargo�ǍȨ�>=� 

Sec12�

Sar1(GDP�

Sar1(GTP� Cargo�

Sec13/31�

GTP�

GDP�

Sec23/24�

Sec12�

Sar1(GDP�

Sar1(GTP�

GTP�

GDP�

Sec23/24�

(A)�

(B)�
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1.5�  ER exit site ( Sec16 

� � COPIIĭȮ-ĭȮªȳ�,�;9=čş'ňŞ�>=,'-*��ER exit 

siteʳERESʴ(ú.>= COPIIĭȮňŞĀĚ�ʙó�&'�=ǗĠ,dzF�

'ňŞ�>=(Bannykh et al., 1996; Budnik and Stephens, 2009; Orci et al., 1991)�ĭ

Ȯª-V�cǘ,Ƣɻ(^}�oǘ,Ƣɻ�ȩ�# ƢɻA�&�<�ERES

-^}�oǘƢɻ,ƚÏ> ʧĉ��*@"ȳ,Ɖǚ�ʰ	ʧĉ+ňŞ�>

8�	�(�Č÷�>&	=(Okamoto et al., 2012)�ĭȮªȳ�+ěą�=

ERES,Ż-ǝǖȀ�(+ǥ*<�Îȸʇư'-șȮ� <âŻ�ŻâµǿŁ�

lc*),ʰȋǰƞșȮ'-Żâ�ŻǨµěą�&	=�3 �cargo,�Ȁ'

�=Glycosylphoshatidylinositol(GPI)-anchored proteinsr GPID�K�\�kNɤʴ

-�COPII ĭȮ,ňŞAʓģ� čó+ǗĠ, ERES +ʙȁ�>=�(�Č÷

�>&	=(Castillon et al., 2009)�Îȸʇư'- Sec24(�,DF[nI�y'

�= Lst1 ,ʐ' cargo +ĩ�=DnEfaE��ǥ*#&�<�ERES �(+

�ȭ,ƢŞƱ+¹<��=�(�ÓƄ�&	=(Iwasaki et al., 2015)��>;,�

(; ERES�(+ʙȁ�= cargo+¹<��=�(�Ǻþ�>&	=� 

� � ÏĚʋȕ 240kDa ,\�kNɤ'�= Sec16 -�Îȸʇư,ǄŁŚïŗđ

ǥƝAǟ	 XN��f�O+:<�ÒƏÏƷȜɪ+œʦ*ĀĚ(�&ôĠ�

> (Kaiser and Schekman, 1990; Novick et al., 1980)�ġʗ+�Sec16,ǄŁŚï

ŗđǥƝ-ÕʔǄŁ�' ERES �ƾė��\�kNɤ,ɰɸ+ŉʢ�ǝ�=

(Shindiapina and Barlowe, 2010)�Sec16-ƣ�* COPIIĭȮňŞĀĚ(ǯ�ǟ
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�=�(�ÓƄ�&�<(Gimeno et al., 1996; Shaywitz et al., 1997; Yorimitsu and 

Sato, 2012)�Sar1 , GTPase ƺŗ+ŉʢA��=�(�Č÷�>&	=�Sar1

,GTPaseƺŗ-�GAP'�= Sec23+:=²ɽ!�'*��Sec31+:< Sec23

, GAPƺŗ�:<ƺŗà�>=�('ʐŭǩ+�;+²ɽ�>=�Sec16-�

, Sec31+:= Sec23, GAPƺŗ,²ɽAʓģ�=�(+:< Sar1, GTPase

ƺŗA¨���=¿���=(Kung et al., 2012; Yorimitsu and Sato, 2012)�¡�,

�(;�Sec16 -ĭȮªȳ�' COPII ĭȮňŞĀĚ(ǯ�ǟ� Sar1 ,

GTPaseƺŗAš�=�('�ERESAňŞ�=Ǐ,ɧč(*=ƩȯAƙ �&

	=(Ȭ�;>&	=(Bhattacharyya and Glick, 2007; Connerly et al., 2005; 

Hughes et al., 2009; Ivan et al., 2008; Watson et al., 2006)� 
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1.6� S�Wª( COPIIĭȮ,ȳɀó  

� � ĭȮª;ɾʚ� COPIIĭȮ-S�Wªȳ�+ȩǣ�>��,ōȳɀó

�=�('ĭȮª;S�Wª+\�kNɤAɰɸ�=�COPII ĭȮ�S�W

ª0(ɿ.>=ʀǿ'�ȩǣĀĚ,�$'�= TRAPPIɉóª� COPIIR�c

AňŞ�&	= Sec23+ȝó�=��,Xa_p+��= Sec23( TRAPPIɉ

óª(,ȝó-�GTPĈ Sar1(,ȝó+:<ȉóǩ+ʓģ�>=��,�(-�

COPIIĭȮ,ňŞ�Ğ��Sec31ë/Sec23+:=GTPase,ƺŗàAï��Sar1

�ȳ�;ȱʚ� COPIIĭȮ,4�ʃţǩ+S�Wªȳ�0,ȩǣAï�=

�(AǺþ�&	=�Sec23(ȝó� TRAPPIɉóª- Ypt1A�N��c�

=((7+ Ypt1Aƺŗà�=�ƺŗà�> ƺŗĈ Ypt1- COPIIĭȮȳ�+

ȝó��S�Wªȳ�+įą�=ȩǣĀĚ'�= Uso1 (ȝó�=(Lord et al., 

2011)��
�&S�Wªȳ�+ȩǣ�> COPIIĭȮ-��,ōȱR�c�>

ĭȮȳ�+ʞÎ� v−SNARE�S�Wªȳ�, t−SNARE(ǯ�ǟ�ȳɀó

�Ń�ɥ��>=(Ȭ�;>&	=ʳFig. 4 �ɹ 

� � Îȸʇư'-�VXS�WƤ� ERES ɴ¼+ɴ%� cargo AĭȮª;ï

�î#&	=,'-*	(	
�(�Č÷�> (Kurokawa et al., 2014)�Ú

�&�Îȸʇư'-ʜĚʩőʍAǟ	&7ĭȮª;ɾʚ� COPIIĭȮAș

ȮÉ'Ū�=�(�'�&	*	��>;,�(; COPIIĭȮ(S�Wª(

,ɀó- ERES;ĭȮ�Îȸ� Ǯō+ǝ�=,'-*	(	
�(�Ǻ

þ�>&	=� 
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Figure 4. COPIIĭȮ,S�Wª0,ȩǣ{b�  

ĭȮª;ɾʚ� COPIIĭȮ'-�Sec23ë/ Sec31+:= Sar1 GTPase,ƺ

ŗà+:< GTP�ÚƲÏɐ�> Sar1�ȳ�;ȱʚ�=�Sar1(ȝó�&	

*	 COPIIR�c, Sec23To~f_c-ȩǣĀĚ'�= TRAPPIɉóª(ȝ

ó�=�TRAPPIɉóª- Ypt1A�N��c�=(Ç+�Ypt1Aƺŗà�=�

ƺŗĈ Ypt1- COPIIĭȮȳ+ȝó���,ōƺŗĈ Ypt1A��&S�Wªȳ

�,ȩǣĀĚ'�= Uso1� COPIIĭȮ(ȝó�=��
�& COPIIĭȮ�S

�Wª+ȩǣ�>=(Ȭ�;>&	=� 

GTP�

GDP�
Sar1)GDP�

Go
lg
i�

TRAPPI�

����Ypt1�

���Ypt1�

Uso1�
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1.7� Ƕȃǭǩ(ǶȃŠƸ  

� � ĭȮɰɸVXay,Ƕȃ-ʇưAǟ	 ʄ¤ĜǩǶȃAċǫ(�&ǧİA

Ƞ�&	=�1980Ľ + Saccharomycese cerevisiaeAǟ	 XN��f�O+

:<�COPIIĭȮ,ňŞ+œʦ*ĀĚ�ǗĠ�> (Novick et al., 1980)��,ō�

In vitro'COPIIĭȮňŞAÊǛ�= 6,ġʮȔ�ǹȆ�> �('ĀĚʐ,

ǯ�ǟ,ɐƗ�Ɂ@>=((7+(Antonny et al., 2001; Barlowe et al., 1994; 

Matsuoka et al., 1998; Oka et al., 1991)�XȣȝƈƢɻɐƗ+:<òĀĚ,ȝƈƢ

ɻ�ɐ>(Bi et al., 2002; Bi et al., 2007; Fath et al., 2007)�COPIIĭȮňŞ+��

=ÏĚzKfYy8ȳ�'òĀĚ�D_Z�o��>=ʥĿ�Ƅ;+*#&

�&	=���*�;�COPIIĭȮ,TFY- 60~80 nmǿŁ(�ȶǩ*ÃĜ

ʩőʍ,ȄʐÏɐȯ¡�,Ĕ��'�= 6�COPII ĭȮňŞʀǿ+��=ò

ĀĚ,ÞśAɷɩ�=�(-āʛ'�<�ĭȮ�ňŞ�>=ʗ,òĀĚ,ƆȄ

ʐǩÞś-ɐƄ�>&	*	�3 �șȮÉ+�	& COPIIĭȮ- ERES(ú

.>=ĭȮªȳ�,ǗĠ,dzF�'ňŞ�>=���'- Sec16 � Sar1 , 

GTPase ƺŗAÕŐ� COPII R�c(ǯ�ǟ�=�(' ERES + COPII R�

cAʙȁ��=J�LeFU�(�&¿��(�Ǻþ�>&	=

(Bhattacharyya and Glick, 2007; Connerly et al., 2005; Hughes et al., 2009; Ivan et al., 

2008; Watson et al., 2006)����Sec16( COPIIR�c�),:
*ƆȄʐǩ

ÞśAȜ& ERESAňŞ�=,(	
�(+$	&-2(B)Ƅ;+*#

&	*	�şı�=ǶȃĢ,ÂɁǶ'-�ÅìīȿÃʩőʍ�+ňŞ�� �
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ĲȰɤļʠȳ+ȿÃƥɠ� cargoAÊƢŞ��ƌĭƢŞĀĚ+:= COPIIĭ

ȮňŞìŔAÊǛ�=�('�COPII ĭȮňŞʀǿ+��= cargo ,ÞśAð

ɍà�ɐƗ�=�(+ŞÙ� (Tabata et al., 2009)ʳFig. 5 �ɹ{b� cargo'�

= Bet1AȿÃƥɠ� 7,( Sec12A�ĲȰɤļʠȳ�+ÊƢŞ��GTPěą

�' Sar1�Sec23/24�Sec13/31 Aȳ�+ǂÚ�=(�COPII ĭȮňŞìŔ+:

< Bet1�ǍȨ�> ȿÃɯǎ�ȳ�+ňŞ�>=��,ġʮȔ'-�ȰɤAǉ

�ƍƩǉę,ȀʪAđ�=�('�ĲȰɤļʠȳ,ȳæAɜȏ�=�(�'

�=�ȳæ�æ	�ĲȰɤļʠȳʳȳæ 13.6nmʴAǟ	& COPIIĭȮňŞìŔ

AÊƢŞ� čó�COPII ĭȮ�ȳ;Ȧ<Ð;>=,�ʓģ�>= 6�ɾ

ʚǮÖ, COPIIĭȮʳCOPII budʴAȳ�'ɏĨ�=�(�'�=�Ú�&�:

<ʎƆʐF�M}r�V��� čó�ȿÃƥɠ� Bet1+:<�r��> 

µ�, COPII bud�ļʠȳ�A�a��+Þ� COPIIR�cA��&�	+ɀ

ó�=�('�xN��TFY, cargo N�X\�AňŞ�=ʳFig. 6 �ɹôƣ

,ġʮA GTP ,ʟÚƲÏɐDe�O'�= GMP-PNP ěą�'Ɂ# čó�

Sar1 , GTP ÚƲÏɐTFN�+:= cargo ,ǍȨ�ɥ�;*	 6�cargo N

�X\�+ȁ4ɳ3>= Bet1,Ż�Ȼ��ǃĮ�=��,:
+�ĲȰɤļʠ

ȳ�+ňŞ�>= cargoN�X\�- COPIIĭȮňŞƩƢ+:<ÕŐ�>ňŞ

�>=7,'�=�Ú�&�ĲȰɤļʠȳ�+-Ĕĭƣ�*ēŻ, cargo N�

X\��ňŞ�>=�N�X\�-ƆʐȜʀ+¥	 COPIIR�c�¦ʎ��ƫ

Ȋ+�,TFYA:<Ĕ���=�$3<�ĲȰɤȳ�'�>. COPIIR�c
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ňŞìŔAɼȠǩ$ŦȠǩ+Ń�ɥ���(�Îƕ=��, 6ƆʐȜʀ+

¥
COPIIR�c¦Ņʀǿ',òĀĚ,ȄʐǩÞśAðɍà�ɐƗ�=�(�

ðȯ'�=�¡�,ǜǠ;ƒǶȃ'-��ĲȰɤļʠȳ�', cargo N�X

\�ňŞ+��= Sar1�COPII R�c�Sec12 ë/ Sec16 ,ÏĚÞśAƄ;

+�=�(AǶȃǭǩ(� � 
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Figure 5. ƒǶȃ+ǟ	 Ɇȫ,Ʀłă  

�ʅ^|�j�,ŀ,Ƚ	p�XaE_NnE�y+-őș*ȂʳǮŋ

100~150 μm ʴ�ʏ�;>&	=��,Ȃ,ʅÏ+�ĲȰɤļʠȳAňŞ��

=��ʅ^|�j�,Kj�L�X-DL��X'R�c�>&	=� 
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Figure 6. cargoN�X\�ňŞ,ʀǿAǺ� Ʀłă  

�ĲȰɤļʠȳ+ Sec12�:/ Bet1({b� cargo)AÊƢŞ�=���+ COPII

ĭȮňŞĀĚAǂÚ�=�(' Bet1�ǍȨ�> COPII bud�ňŞ�>=��

, COPII bud�ļʠȳ�A�a��+Þ� COPIIR�cA��&�	+ɀó�

=�(+:<�xN��TFY, cargoN�X\�AňŞ�=�  
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2.1  p�XxdŞ  

pKSE290 

ĭȮªÉȲ,dzF�AŦ *	 Sec12r 1-373ƭċ ,ɹ NƑȈ+ 2$,\�b

y* Strep-tag(mOrangeAŦ$ʆÑA pmOrange (Clontech)( pKSE176(Sato and 

Nakano, 2005a)A7(+ PCRAǟ	&<Î��pPR-IBA2 (IBA), EcoRI-XhoI 

site +ũÄ�=�('�2Strep-mOrange-Sec12∆lum (mOrange-Sec12)AR�d�

= pKSE290AŞ� � 

pIBA2-2Strep-mCherry-Sec12∆lum 

ċƒǩ*ŞƁƸ- pKSE290 (ô�'�=� !��mOrange , @<+

pmCherry (Clontech);ɉɈ� mCherryʆÑAŦ$� 

pKSE232 

pKSE136(Sato and Nakano, 2004), BamHI site+ pEGFP-1 (Clontech); PCR+

:<ɉɈ� EGFP ʆÑAũÄ�=�('�MBP-GFP-Ufe1 AR�d�=

pKSE232AŞ� � 

pCUP1-MBP-Sec16-mCherry 

pTYY41(Yorimitsu and Sato, 2012), BamHI-XhoI site+ mCherryʆÑAũÄ�

Sec16-mCherry AR�d�= pSec16-mCherry(314)AŞ� ��,ō�

pSec16-mCherry(314), SphI-XhoI ſǔA pCUP1-MBP-Sec16-mOrange(Yorimitsu 

and Sato, 2012), SphI-XhoIſǔ(Ä>Ƌ�=�('MBP-Sec16-mCherryAR�

d�= pCUP1-MBP-Sec16-mCherryAŞ� � 
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pKSE288 

Sar1AR�d�=ʆÑA pMYE3-1(Saito et al., 1998); PCR+:<ɉɈ��

pGEX-4T-1 (GE Healthcare), BamHI-SalI site+ũÄ� ��,p�Xxd+-

stop codon,ǮÖ+ EcoRI site�ũÄ�>&�<�mCherry( stop codonAR�

d�=ʆÑA EcoRI-SalI site+ũÄ�=�(' GST-Sar1-mCherryAR�d�=

pKSE288AŞ� � 

pGEX-4T-1-AcGFP-Sey1 

Sey1 AR�d�=ʆÑA S. cerevisiae ,Qiy; PCR +:<ɉɈ��

pGEX-4T-1 (GE Healthcare), BamHI-XhoI site+ũÄ� ��,p�Xxd+-

start codon,Ǯō+ sphI site�ũÄ�>&�<�pSEC24-AcGFP(316)(Iwasaki et 

al., 2015)Ǡƕ,AcGFPʆÑA sphI site+ũÄ�=�('GST-AcGFP-Sey1AR

�d�= pGEX-4T-1-AcGFP-Sey1AŞ� � 

pYES2-2Strep-Yop1 

Yop1(�, NƑȈ+ Strep-tagŦ$ʆÑA S. cerevisiae,QiyAǟ	& PCR

+:<ɉɈ� ��, PCRſǔ+- Strep-tag,Ǯō��& Yop1, start codon

,ǮÖ(*=§ȫ+ Thrombin cleavage site �ũÄ�>&	=��,ſǔA

pPR-IBA2 (IBA), KpnI-XhoI site +ũÄ�=�(' 2 $,\�by* Strep-tag

( Yop1 AR�d�=p�XxdAŞ� ��,p�XxdA7(+

2Strep-Yop1 AR�d�=ʆÑA PCR +:<ɉɈ��pYES2 (Invitrogen),

HindIII-XhoI site+ũÄ�=�(' pYES2-2Strep-Yop1AŞ� � 
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2.2  \�kNɤȓɈë/ȿÃƥɠ  

� � Sar1�Sec23/24�Sec13/31,ȓɈ-(Sato and Nakano, 2005a)+ɔɮ�&�=

ȓɈƸ+Ŏ	ȓɈ� �Strep'ƥɠ�> Bet1ë/ Sec12∆lum-(Tabata et al., 

2009)'ǟ	;> ȓɈƸ+Ŏ	ȓɈ� �Strep 'ƥɠ�> mOrange-Sec12

( mCherry-Sec12 - Sec12∆lum (ô�p�cR�Aǟ	&ȓɈ�&	=�

Sar1-mCherry- Sar1p-C171S-Cys(Tabata et al., 2009)AȓɈ� p�cR�Aǟ

	& GST-Sar1-mCherry ;ȓɈ�&	=�Sec16-mCherry - Sec16-mOrange�

(Yorimitsu and Sato, 2012)(ô�ƁƸAǟ	&ȓɈ�&	=�MBP-GFP-Ufe1-

(Sato and Nakano, 2004)'Ǻ�>&	=ȓɈƸ+Ŏ	ȓɈ� �AcGFP-Sey1,

ȓɈ- (Powers et al., 2017)'Ǻ�> ȓɈƸA�ʅŶđ�&Ɂ# �

GST-AcGFP-Sey1,ǧǛ+- E. coli C41(DE3)ƝAǟ	 �OD600=0.4~0.63'Ⱥ

ªA 30�'Ċʬ��1 mM, isopropyl-β-D-thiogalactpyranosideʳIPTGʴAÚ�

GST-AcGFP-Sey1 ,ǧǛAɚĬ��30�' 4 ƆʐĊʬ� ��,ōȺªAÿí

� buffer (20 mM Tris-HCl , pH 7.5, 300 mM NaCl)'ƹƼ��lysis buffer (20 mM 

Tris-HCl, pH 7.5, 300 mM NaCl, 5 mM EDTA, 10% glycerol, 1 mM 

phenylmethylsulfonyl fluoride (PMSF), protease inhibitor cocktail (PIC))+ǉ� �

[fP�V��+:<șȮAǸǷ��5,000 g�10 min 4�'ʁŒ��ÿí� 

�ȓƿA 42,000 rpm�1 hour 4�'ʁŒ�ƳƯ� xN�[�yǢÏAÿí�

 ��>A 1.25%, n-dodecyl--β-maltoside (DDM)AÚ� lysis buffer�' 1Ɔ

ʐ 4�'9#�<ʝǬ��ðǉà� �ƫ+ 10,000 g�10 min 4�'ʁŒ��ǉ
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ŗ,ǢÏAî<ʕ��1.25%, DDMAÚ� lysis buffer 'ļɂà�&�	 

Glutation-Sepharose (GE Healthcare)AÚ� 2Ɔʐ 4�'9#�<ʝǬ�� ��

�&K�yA wash buffer A (20 mM Tris-HCl, pH 7.5, 300 mM NaCl, 10% glycerol, 

0.05% DDM)�wash buffer B (20 mM Tris-HCl, pH 7.5, 300 mM NaCl, 0.05% DDM)�

wash buffer C (20 mM HEPES-KOH pH 6.8, 300 mM KoAc, 0.05% DDM),ʥ'ƹ

Ƽ��800 μl, wash buffer C( 100 unit, ThrombinAÚ�ĢǄ' 1ƆʐìŔ�

� ," 4�'�ƇìŔ��&GSTAÐſ�AcGFP-Sey1AȓɈ� r Fig. 7 �ɹ

2Strep-Yop1-(Powers et al., 2017)'Ǻ�> p�cR�A�ʅŶđ�&ȓɈ�

&	=�2Strep-Yop1,ǧǛ+- S. cerevisiae BY4741ƝAǟ	 �ȺªA 30�

' stationary phase (OD600=5.0~6.0)3'Ċʬ�Ċʬƿ�,O�R�XAǃĮ��

 ,"�ƌȚǍŁ� 2%(*=:
+L�Nc�XAÚ� 2Strep-Yop1,ǧǛA

ɚĬ� 25�' 16ƆʐĊʬ� �ÿí� ȺªAǊȺƲ'ƹƼ� lysis buffer (20 

mM Tris-HCl, pH 7.5, 300 mM NaCl, 5 mM EDTA, 10% glycerol, 1 mM PMSF, PIC)

+ǉ� ō�ƿªȅȘAǟ	&ȺƿAȒǘ+Ëȝ�� �o��]�+:<

ȺªAǸǷ�ȺƿAǉ� ō�5,000 g�10 min 4�'ʁŒ��ÿí� �ȓ

ƿA 42,000 rpm�1 hour 4�'ʁŒ�ƳƯ� xN�[�yǢÏAÿí� ��

>A 1.25%, n-dodecyl--β-maltoside (DDM)AÚ� lysis buffer�' 1Ɔʐ 4�

'9#�<ʝǬ��ðǉà� �ƫ+ 10,000 g�10 min 4�'ʁŒ��ǉŗ,Ǣ

ÏAî<ʕ��1.25%, DDM AÚ� lysis buffer 'ļɂà� Strep-Tactin 

Superflow (IBA)AÚ� 4�' 1Ɔʐ9#�<ʝǬ�� ��,ōK�yA wash 
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buffer A (20 mM Tris-HCl, pH 7.5, 300 mM NaCl, 10% glycerol, 0.05% DDM)�wash 

buffer B (20 mM Tris-HCl, pH 7.5, 300 mM NaCl, 0.05% DDM)�wash buffer C (20 

mM HEPES-KOH pH 6.8, 300 mM KoAc, 0.05% DDM),ʥ'ƹƼ��elute buffer 

(20 mM HEPES-KOH pH 6.8, 300 mM KoAc, 0.05% DDM, 10 mM desthiobiotin)A

Ú� 4�' 15ÏʐF�M}r�V��� ō�ȓɈ� 2Strep-Yop1Aÿí�

 ʳFig. 7 �ɹ 

� � Cy3-maleimide (GE Healthcare) 7��- DyLight488-maleimide (Thermo 

Scientific)+:= Sar1ë/ Bet1,ȿÃƥɠ-(Tabata et al., 2009)'Ǻ�>&	=

p�cR�Aǟ	&Ɂ# �Sec13/31-Cy3( Sec13/31-ATTORho101-�ȓɈ�

 Sec13/31ʳin 20 mM HEPES-KOH, pH 7.4, 175 mM KOAc, 0.1 mM EDTA, and 

10% glycerol ʴ A � > � > ȕ 60 ¶ ʋ , Cy3-maleimide 7 � � -

ATTORho101-maleimide (ATTO TEC)(ìŔ�� ō�NAP-5 column (GE 

Healthcare)Aǟ	 Q�?ʀN�wcO�nE�+:<ƐìŔ,ȷȘAî<ʕ

�Ş� ��r�Ýǚ-��:� 1.9-2.9 (dye/protein)'�# � 
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Figure 7. AcGFP-Sey1ë/ʷStrep-Yop1,ȓɈ  

E. coli C41(DE3)Ɲ'ǧǛ�� GST-AcGFP-Sey1A Glutation-Sepharose Aǟ	

 DnEfaE�N�wcO�nE�+:<ȓɈ���,ō Thrombin +:<

GST-tagAÐſ� AcGFP-Sey1Aŏ �2Strep-Yop1- S. cerevisiae BY4741Ɲ'

ǧǛ�� Strep-Tactin +:=DnEfaE�N�wcO�nE�+:#&ȓɈ

� ���'-ȓɈ� AcGFP-Sey1( 2Strep-Yop1A SDS-PAGE'Ïʚ�CBB

Ɯȷ� 7,AǺ�&	=� 
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2.3  p�aJ�v[�y,Ş  

� � ¡�,Å&,p�aJ�v[�yŞ'- major-minor mix țŞ,Ȱɤ

(Matsuoka et al., 1998)Aǟ	&	=� Sec12∆lum �  mOrange-Sec12� 

mCherry-Sec12�Bet1 � Bet1-Dy488ë/ GFP-Ufe1A�>�>ÊƢŞ� p�

aJ�v[�y-(Tabata et al., 2009)+ɔɮ�> ŞƸ+Ŏ	Ş� �

AcGFP-Sey1ë/ 2Strep-Yop1AÊƢŞ� p�aJ�v[�y,Ş+-¡�

,p�cR�Aǟ	 �N2X^�y+:<�Ǔ�� major-minor mix țŞ,

ȰɤAu�a_NX([fP�V��+:< 100 μl , Buffer (20 mM 

HEPES-KoH pH 6.8, 100 mM KoAc)+ǉ��ƿªȅȘAǟ	& 10ÿ2)Ëȝ

ɀɐAȪ<ɵ��('�v[�yǉƿAŞ� �ƫ+�,�v[�yǉƿA

100 nm,TFY,nE�\�AɆǱ� mini-extruderʳAvanti Polar Lipidsʴ+

ɹ��('�Ǯŋ 100 nm ¡�,�v[�yǉƿ+� ��
�&'� �v

[�yǉƿ+ AcGFP-Sey17��- 2Strep-Yop1,\�kNǉƿAÚ����+

ƌȚǍŁ 0.09~0.1%(*=:
+DDMAÚ� ō+ĢǄ' 1ƆʐF�M}r�

V��� ��,ō�Buffer (20 mM HEPES-KoH pH 6.8, 100 mM KoAc)'ļɂ

à� SM-2 beadsr Bio-RadʴAǉƿʋ, 2/3¶ʋÚ�ĢǄ' 1ƆʐF�M}r

�V�����ȓ,4Aÿí� ��,ŴA 3 ÿȪ<ɵ��DDM Aǉƿ�

;ʕè�=�('AcGFP-Sey1ë/2Strep-Yop1AÊƢŞ� p�aJ�v[

�yAŞ� ʳFig. 8 �ɹ 
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Figure 8. AcGFP-Sey1ë/ 2Strp-Yop1,ÊƢŞ  

AcGFP-Sey1( 2Strp-Yop1AÊƢŞ� p�aJ�v[�yANycodenzAǟ	

 ħŁßʆʁŒ+:<ÏǢ��SDS-PAGE +:<Ïʚ� ō CBB Ɯȷ� 7

,AǺ�&	=�AcGFP-Sey18 2Strep-Yop1,ȓɈƥû+Ɍ;> ÏɐǞǖ8

�ȗǖ-ȳɢɹdzF�AŦ *	 6�v[�y+ÊƢŞ�>*	� 
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2.4� ȿÃʩőʍ  

�ĲȰɤļʠȳ�,ȿÃƥɠ�> \�kNɤ-�IX71·Ȇʩőʍr Olympusʴ

Ar�X+� ÅìīȿÃʩőʍ7��-ÇǑǎȿÃʩőʍAǟ	&ĢǄ+&

ðɍà��EMCCDKz�(iXon, DU897, Andor Technology)+:<ȿÃFz�W

Aŏ �)";,čó7ƴƽĩǖ��YʳPlanApo, X100, 1.45 NAʴA�ʅ^|

�j�Ǯ�+ɕȫ�&	=�ÅìīȿÃʩőʍ- 532 nm ,Ąª��U�

ʳCOMPASS 215M-75, CoherentʴAǟ	 Hjh_Z�cÃAÜɥÃǈ(�&

ļʠȳ�,\�kNɤAðɍà�&	=(Tabata et al., 2009)�ÇǑǎȿÃʩőʍ

+®ǟ� ÇǑǎXM|e�~f_c- CSU10r Yokogawa Electric Corporationʴ

'�=�ÇǑǎȿÃʩőʍ'- GFP 8 DyLight488 AÜɥ�= 6,Ãǈ(�

& 473 nm ,Ąª��U� (J050BS; Showa Optronics)A®ǟ��mCherry 8

ATTORho101 AÜɥ�= 6,Ãǈ(�& 561 nm ,Ąª��U�(J050YS; 

Showa Optronics)A®ǟ� �3 �ŏ;> ȿÃFz�W- Andor iQ (Andor 

Technology) 8 ImageJ software (NIH)Aǟ	&ɐƗ� � 

 

2.5� �ĲȰɤļʠȳ,Ş(ȳ\�kNɤ,ÊƢŞ  

� � (Tabata et al., 2009)+Ǻ�&�=:
+ major-minor lipid mixA n-decane+

ǉ� 7,AƒǶȃĢ'Ş� �ʅ^|�j�,Ȃ,ʅÏ+Ʋļ+Ņ=�

('�ĲȰɤļʠȳAňŞ�� ��>�>µÔ+ÊƢŞ� Sec12∆lum 

(120~140μg·ml-1)� mOrange-Sec12 (630 μg·ml-1)� mCherry-Sec12 (720 μg·ml-1)�
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Bet1 (100~220 μg·ml-1)� Bet1-Dy488 (70~240 μg·ml-1) ��& GFP-Ufe1 (224 

μg·ml-1)AġʮƔ¢+Ŕ�&ʃţ��bufferr 20 mM HEPES-KOH, pH 6.8, 150 mM 

KOAc, 2 mM MgCl2, 5% (v/v) glycerol, and 0.2 mM GTP or GMP-PNPʴ(ǁ�ó@

� ʳ1.5-10,000¶Ĺʉ �ɹ�
�&Ş� ǁóǉƿA�ʅ^|�j�+Ņ#

 �ĲȰɤļʠȳ�+ǂÚ��p�aJ�v[�y(ļʠȳ(,ȴǧǩ*ȳɀ

óAŃ�ɥ�� �10Ï2)F�M}r�V��� ō�ȳɀó�*# p

�aJ�v[�yAL�Xms_c+:<ȳ�;ÿí� �Bet1 8

Sec12∆lum ,șȮɤ»dzF�, 80~95%��v[�y,Ē»Aõ	&ÊƢŞ

�>=(Sato and Nakano, 2005b)��, 6��ĲȰɤļʠȳ+ÊƢŞ�> Bet1

8 Sec12∆lum,șȮɤ»dzF�7ô�×ó'ļʠȳ,�Ƀʠ,ƁõA5	&

	=(Ȭ�;>=� 

 

2.6� �ĲȰɤļʠȳ�',ȿÃƥɠ� \�kNɤ,

ɐƗ  

Å&,ġʮ-ĢǄ+&Ɂ#&	=��ʅ^|�j�-DL��X'Ʌɋ�> 

Kj�L�X,�+ɕȫ�>&�<��ĲȰɤļʠȳ(Kj�L�X3',ɨ

ʚ- 10~20 μm +*=:
ɕĠ�&�=��ʅ^|�j�(�ʅ^|�j�,

�Ɓ+ bufferʳ20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 2 mM MgCl2, and 0.2 

mM GTP or GMP-PNP �ɹÁĎ�&�<��ĲȰɤļʠȳ,��,Ȅʐ-�,j

_nC�'Ǉ �>&	=��ĲȰɤļʠȳA�, buffer,�'ňŞ����
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,ō�ɔ,ƁƸ' Bet1( Sec12AÊƢŞ�=�COPIIĭȮňŞĀĚr 40~100 ng 

Sar1 (7��-ƥɠ�> Sar1)� 345~690 ng Sec23/24���& 1.3~1.9 μg 

Sec13/31 (7��-ƥɠ�> Sec13/31)ʴAǁó� ǁóƿʳ~10 µlʴA�ʅ^

|�j�r ~400 µl »ɹ; Bet1( Sec12AÊƢŞ� �ĲȰɤļʠȳ,ȳǮ�

+L�Xms_cAǟ	&ǂÚ�=�cargo N�X\�AňŞ��= 6+

10~20 ÏǿF�M}r�V��� ō��ʅ^|�j�A���ĲȰɤļʠȳ

(Kj�L�XAŭɑ��=��,ǘś'ȿÃFz�WAÅìīȿÃʩőʍ7

��-ÇǑǎȿÃʩőʍ+:<Ųŉ� �Sec13/31-ATTORho101+$	&-ƥ

ɠ�&	*	 Sec13/31( 1:4,{�Ʊ'ǁó�&ġʮ+ǟ	&	=�Fig. 12, 16

��& 21+Ǻ� lXcO�y-LGXƉȣ y=A*exp−(x−B)2/C2+:<nE_

aE�O�&	=�A-m�N,ƌĔ¸�B-�Ė¸���& C-m�N,Ļ

Ařù�&	=� 

 

2.7c�pcnC�ȿÃņŁɐƗ  

c�pcnC�ȿÃņŁɐƗ-(Antonny et al., 2001; Sato and Nakano, 2005a)+Ǻ

�>&	=ƁƸAéȬ+Ɂ# �c�pcnC�ȿÃʳexcitation, 298 nm; 

emission, 340 nmʴ-NJ�`M}r_cAǟ	&ȿÃÏÃÃŁɓʳF-2500; 

Hitachiʴ+:<ɓǅ� ��,ȿÃÏÃÃŁɓ+-ìŔǄŁAɜȏðȯ*Z�

t�]�(wOhaE_NX\����Ɇ½�>&	=�Sar1�GDPĈ,čóc

�pcnC�,ȴĤȿÃ,ȿÃņŁ-¨	��GTPĈ(*=(Sar1,ȆªƢɻ,
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đà+¥	c�pcnC�,ȴĤȿÃ,ȿÃņŁ�ņ�*=�c�pcnC�

ȿÃņŁɐƗ'-��,Sar1,7$c�pcnC�,ȴĤȿÃđàAŧƥ(�&

Sar1,ǘśA{f\�'�=���&Å&,ġʮ-25��ìŔƿʋ200 µl'Ɂ#

 �Sec13/31-Cy3,GAP²ɽƺŗAɐƗ� ġʮ'-bufferr 20 mM HEPES-KOH, 

pH 6.8, 150 mM KOAc, 1 mM MgCl2 �ɹSar1��v[�y�GTP;*=ǁóƿA

NJ�`M}r_c+Ä>10ÏF�M}r�V�����,ōSec23/24AǂÚ�

100ǽìŔ���Sec13/31-Cy3AǂÚ� �mOrange-Sec12ë/mCherry-Sec12,

GEFƺŗɐƗ-bufferr 20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 1 mM MgCl2 �ɹ

Sar1���&mOrange-Sec127��-mCherry-Sec12AÊƢŞ� p�aJ�v[

�y;*=ǁóƿANJ�`M}r_c+Ä>10ÏF�M}r�V����

GMP-PNPAǂÚ�ìŔAɏĨ� �Sec16-mCherry+:=Sar1 GTPaseʓģƺŗ

,ɐƗ'-Sec16-mCherry�bufferʳ20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 1 

mM MgCl2 �ɹSar1��v[�y�GTP;*=ǁóƿANJ�`M}r_c+Ä

>10ÏF�M}r�V�����,ōSec23/24ë/Sec13/31,ǁóƿAǂÚ�&

ɏĨAɁ# � 

 

2.8� p�aJ�v[�yAǟ	 ^}�oh_c��

NƢɻ,ÊƢŞ  

^}�oh_c��N,ÊƢȐAɁ
ʗ+- AcGFP-Sey1 ( Yop1 AÇ+ÊƢ
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Ş� p�aJ�v[�yAǟ	 �AcGFP-Sey1 -Öɶ,ȓɈƁƸ+:<ȓ

Ɉ� 7,Aǟ	&�<�Yop1-Öɶ,ƁƸ'ȓɈ� 2strep-Yop1+ĩ�&

100 unit, ThrombinAÚ�& 4�'�ƇF�M}r�c� NƑȈ,ʷ$,\�

by* Strep-tagAÐſ� 7,Aǟ	&	=�p�aJ�v[�y,ŞƁƸ

-Öɶ� AcGFP-Sey18 2Strep-Yop1AÊƢŞ� ƁƸAǟ	&	=�ȑǋ+

ɶ1=( AcGFP-Sey1( Yop1+ĩ�& major-minor mixțŞ,Ȱɤ�{�Ʊ'

�>�> 1:750( 1:450(*=ǁóǉƿ+ƌȚǍŁ 0.1%(*=:
+ DDMA

Ú�F�M}r�c� ō�SM-2 beads+:< DDMAʕè�Ş� ��,

ōʁŒÏʚ+:<�ǉŗ,ÌʙªAʕè���ȓA 55,000 rpm�30 min 4�'ʁ

Œ�=�('p�aJ�v[�yAÿí� 50 μl, Buffer (20 mM HEPES-KoH 

pH 6.8, 100 mM KoAc)+ŝǌ� ��,p�aJ�v[�yǉƿ 2.5 µl+ƌȚǍ

Ł 5 mM(*=:
+ MgCl2AÚ�ĢǄ' 1ÏʐF�M}r�c����+ 4 

mM, GDP7��- GTPAÚ� ǁóǉƿAŞ� ��,ǉƿADL��

X'R�c�> 2Ƙ,Kj�L�X'Ũ4ɳ4ĢǄ'20ÏʐF�M}r�c

��^}�oh_c��NƢɻAÊƢŞ�� ��,^}�oh_c��NƢ

ɻ,ɏĨ+-Öɶ,ÇǑǎȿÃʩőʍAǟ	&	=�ĩǖ��Y-ƴƽĩǖ�

�YʳPlanApo, X60, 1.42 NAʴAǟ	&	=� 
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3.1� cargo N�X\�ňŞʀǿ+�	& Sar1 -N�X

\�ɲȥʅ+įą�=  

� � COPIIĭȮňŞʀǿ+��=µ�, COPIIĭȮňŞĀĚ,ƆȄʐǩÞśA

ɜ1= 6�{b� cargo (�& Bet1ʳĭȮª−S�Wªʐ, v-SNAREʴ(

Sec12ΔlumʳĭȮªÉȲ,dzF�AŦ ��ȳɢɹʧĉ(șȮɤ»dzF�

AŦ$ Sec12ʴAĭȮ,Ȧ<Ð<Aʒ��ț4AĬÄ� �ĲȰɤļʠȳ�+

ÊƢŞ����+ COPIIR�cʳSec23/24ë/ Sec13/31ʴ( Sar1AÚ�=�(

' cargo N�X\�AňŞ��=�Ǘ+ɒë�*	čó��ɔ,ɹ<+ÊƢŞ

� �ĲȰɤļʠȳA�>¡ō,Å&,ġʮ+ǟ	&	=�Ú�&�ÞśɐƗ

,\�Q_c(*=ĀĚ-ȿÃƥɠAƂ� �'�ȿÃʩőʍ+:<ļʠȳ�

',ÞśAɏĨ�ɐƗ�&	=�ÇǑǎȿÃʩőʍ- Bet1+:= cargoN�X

\�( COPIIĭȮňŞĀĚ,Ȅʐǩ*ǯʑAɜ1= 6+ǟ	&�<�Åìī

ȿÃʩőʍ- ZɬƁõ,ɐÀŁ�ʰ	�(;ɘș*ĠʋǩɐƗ+ǟ	&	=� 

� � GTPʟÚƲÏɐDe�O'�=GMP-PNPěą�'GTP�_N�> Sar1

( COPIIR�cʳSec23/24ë/ Sec13/31ʴA�v[�y8 cargoAÊƢŞ� 

p�aJ�v[�yǉƿ+Ú�=�('�Ȱɤȳ�' COPIIR�c,ňŞAÊ

Ǜ�=�(�ðȯ'�=(Matsuoka et al., 1998; Sato and Nakano, 2004)�3��

Bet1 ( Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ�+ȿÃƥɠ� Sar1

ʳSar1-Cy3ʴ( COPIIR�cAÚ� COPIIĭȮňŞìŔAÊƢŞ����',

Sar1-Cy3 ,ÞśAÅìīȿÃʩőʍ+:<ðɍà�ɐƗ�=�(Aɗ4 �
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GMP−PNPěą�' Bet1( Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ�+ COPII

R�c( Sar1-Cy3 AǂÚ�=(�ƣ�*TFY, Sar1-Cy3 'ƥɠ�> N�

X\��ňŞ�>=ʳFig. 9 �ɹ�>;,N�X\�'- Sar1-Cy3�N�X\�

Åĉ+įą�=įąk\��AǺ� �ġʗ+ mCherry Aɀó�� Sar1

ʳSar1−mCherry (ɹ DyLight488'ȿÃƥɠ� Bet1Aǟ	& cargoN�X\�

AňŞ�� čó�cargo N�X\�,ĔʅÏ� Sar1-mCherry 'ƥɠ�> N

�X\�(ʊ*=�(�ÇǑǎȿÃʩőʍAǟ	 ɐƗ+:<Ƅ;(*# 

ʳFig. 10 �ɹ 

� � ÅìīȿÃʩőʍɏĨ:<+ŏ;> Sar1-Cy3 'ƥɠ�> N�X\�

+$	&:<ɘș+ɐƗ�= 6�N�X\�A largeN�X\�ʳ>1.0 µm2ʴ

( smallN�X\�ʳ<1.0 µm2ʴ+Ïʪ���>�>,TFY,N�X\�;

ǧ�;>= Sar1-Cy3,ļćȿÃņŁAɐƗ� ʳFig. 11 �ɹ�,ȝƙ�largeN

�X\�( small N�X\�,ʐ+-ļćȿÃņŁ,ĵ-*# ��,�(

- small N�X\�ôĐ� COPII R�cA��&�	+ɀó�ƲļƁõ+Şʎ

�&	=�(Aņ�Ǻþ�&	=�ÈĈǩ*N�X\�AƧÐ=:
+Ń	 

Ǯȣ�,ȿÃņŁAɐƗ� (�? Sar1-Cy3 -N�X\�Åĉ+ćȋ+įą

�&	 ʳFig. 9 �ɹ�;+ò�,N�X\�;ǧ�;>=ļćȿÃņŁ,Ï

ĸAƧɬ+ȿÃņŁ�ȧɬ+ʨŁ,O�n+p�_c� ȝƙ�LGVD�Ï

ĸAǺ� ʳFig. 12 �ɹ�>;,ȝƙ-�ɏĨ�> N�X\�� Sar1-Cy3,

��]y*DO�Q�V��+:=7,'-*�COPIIR�c(,ǯ�ǟA
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��&ňŞ�> 7,'�=�(AǺ�&	=� 

� � ƫ+�GTPěą�+��= Sar1,ÞśAɜ1 �Sar1, GTPÚƲÏɐ-

ȴɫ,Ȱɤȳ�;,ȱʚ(��>+Ƞ� COPIIR�c,ȳ;,ɐʚAŃ�

ɥ��(Antonny et al., 2001)��Ɓ' COPII R�c,F�e�R�c'�=

Sec23/24-�cargo(,ȝó+Ú� Sec12+:=ȟȠǩ* GTPĈ Sar1,¯Ȟ+

:<�ȳ�+³Ŧ�>=�(�Ƅ;+*#&	=(Sato and Nakano, 2005a)��

�*�;�COPIIĭȮňŞʀǿ', COPIIR�c,]FexNX+ Sar1,ȝ

óʵȱʚ�),:
+ʑ��&	=,(	
ɞ-Ɛ!ɐƄ�>&	*	��

>AɐƄ�= 6�cargoN�X\�ňŞʀǿ', Sar1-mCherry( Bet1-Dy488

,]FexNXAÇǑǎȿÃʩőʍAǟ	&ɐƗ� �ʯ�1��(+�GTP

ěą�'-Sar1-mCherry-GMP-PNPěą�,:
+Bet1-Dy488'ƥɠ�> 

cargoN�X\�Åĉ+įą�=,'-*��cargoN�X\�,ɲȥʅ+ʙ�

�&įą�&	=�(�ÓƄ� ʳFig. 13 �ɹGTPěą�+�	& Sar1-Cy3A

ÅìīȿÃʩőʍ+:<ðɍà�=(�COPII ĭȮňŞĀĚ,ǂÚ+:<

GMP-PNPěą�(ôƣ+Ĕĭƣ�*N�X\��ňŞ�>=ʳFig. 14 �ɹ�

�*�;�ÅìīȿÃʩőʍɏĨ+:<ŏ;> GTPěą�,ÈĈǩ*N�X

\�'-�N�X\�,ɲȥʅ+ Sar1-Cy3,VOe�,m�N�ƠÎ�>�N

�X\�Éʅ;-N�X\�ɲȥʅ(Ʊɭ�&ń	ȿÃ�ƠÎÎƕ*#

 r Fig. 14 �ɹ��&�N�X\�,Ēø+Ƶ#&ȿÃņŁɐƗAɁ# (�?�

Sar1-Cy3-N�X\�Aî<ķ�:
+ɲȥʅ+ć�+įą�&	 r Fig. 15 �ɹ
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Ɗ+�large N�X\�ʳ>1.0 µm2ʴ( small N�X\�ʳ<1.0 µm2ʴ+�	&

Sar1-Cy3 įąʧĉʳlarge N�X\�'-ɲȥʅ�small N�X\�'-N�X

\�Åĉʴ,ļćȿÃņŁAɐƗ� (�?�ȭ,ʐ+Ƅǹ*ĵ-*# 

ʳFig. 11 �ɹ3 �µ�,N�X\�, Sar1-Cy3įąʧĉ;ǧ�;>=ļć

ȿÃņŁ,ÏĸAƧɬ+ȿÃņŁ�ȧɬ+ʨŁ,O�n+p�_c� (�?

LGVD�ÏĸAǺ� r Fig. 16 �ɹ�>;,ȝƙ-�GTPěą�'ňŞ�� 

N�X\�� Sar1-Cy3 ,ʟǗǥǩ*DO�Q�V��,ȝƙ(�&ňŞ�>

 7,'-*	(	
�(AǺ�&	=���&�GTPěą�'ǧ�;>=ļ

ćȿÃņŁʳ70.2±12.6 A.U.ʴ- GMP-PNP ěą�'ƠÎ�> ļćȿÃņŁ

ʳ97.3±16.3 A.U.ʴ+ĩ�&ƍř+¨	¸AǺ� ��,�(- GTP ěą�'

Sar1, GTPÚƲÏɐTFN��Ʃȯ� Sar1-Cy3�Ȱɤȳ0,ȝóʵɐʚAȪ

<ɵ��('�ȳ�+ěą�= Sar1-Cy3�Ɍ��Į*�*#&	=�(Aņ

�Ǻþ�&	=�GTP Ĉ Sar1 +:=ȳ0,ȝó� COPII R�c,ȳ0,�N

��c,Ń�ʌ(*=�(AȬŜ�=(��>;,ȝƙ- COPIIR�c,�N

��c(ňŞ� cargo N�X\�,ɲȥʅ'ǝ�&	=�(AǺþ�&	=�

Ú�&Sar1-COPIIR�cAȳ0�N��c�ƲļƁõ+R�c�¦ʎ� Ǯ

ō+ȳ�;ȱʚ�&	=:
'�=� 
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Figure 9. GMP-PNP ěą�'ňŞ�� N�X\�+��=

Sar1-Cy3,įą  

 Bet1ë/Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ+COPIIĭȮňŞĀĚ(80 ng 

Sar1-Cy3, 640 ng Sec23/24, and 1.3 μg Sec13/31)  A�ʅ^|�j�»;Ú�

GMP-PNPěą�' cargoN�X\�AňŞ�� ���'-ÈĈǩ* Sar1-Cy3

'ƥɠ�> N�X\�,ȿÃFz�WAǺ�&	=�ȿÃFz�W-Åìī

ȿÃʩőʍAǟ	&ŏ 7,'�=�ñ,O�n-ĳ,ȿÃFz�W'Ǻ�>

 ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7,'�=�XP�

�j�- 2 μm  
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Figure 10. GMP-PNPěą�'ňŞ�� cargoN�X\�+�

�= Bet1-Dy488( Sar1-mCherry įą  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě(39 ng Sar1-mCherry , 640 ng Sec23/24, and 1.3 μg Sec13/31)  A�ʅ^|�j

�»;Ú� GMP-PNP ěą�' cargo N�X\�AňŞ�� ���'-È

Ĉǩ* cargoN�X\�ňŞƆ,Bet1-Dy488( Sar1-mCherry,ȿÃFz�WA

Ǻ�&	=�ȿÃFz�W-ÇǑǎȿÃʩőʍAǟ	&ŏ ��,O�n-ñ

,ȿÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:#&ŏ

;> 7,'�=�XP��j�- 2 μm 
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Figure 11. N�X\�+�	& Sar1 įąʧĉ;ǧ�;>=

Sar1-Cy3,ļćȿÃņŁ  

GMP-PNPë/GTPěą�'ȳ�+ňŞ�� N�X\�, Sar1-Cy3įąʧĉ

;ǧ�;>=ļćȿÃņŁA large N�X\� (>1 μm2)  ( small N�X\

�(<1 μm2),ʐ'Ʊɭ� 7,�ļćȿÃņŁ-j_NO�G�dʳN�X\

�Ēʴ,ļćȿÃņŁAĵ�Ń�ȍÎ�&	=�H��j�- SEM AǺ�&

	=�  
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Figure 12. GMP-PNPěą�'ňŞ�� N�X\�;ǧ�;

>= Sar1-Cy3,ļćȿÃņŁ,Ïĸ  

GMP-PNP ěą�'ȳ�+ňŞ�� µ�,N�X\�;ǧ�;>=

Sar1-Cy3,ļćȿÃņŁ,Ïĸ�ļćȿÃņŁ-j_NO�G�dʳN�X\

�Ēʴ,ļćȿÃņŁAĵ�Ń�ȍÎ�&	=�ļćȿÃņŁ,Ïĸ-Ɖȣ'

Ǻ�> LGVD�ÏĸAǺ�� 
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Figure 13. GTP ěą�'ňŞ�� cargo N�X\�+��=

Bet1-Dy488( Sar1-mCherry ,įą  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě(39 ng Sar1-mCherry , 640 ng Sec23/24, and 1.3 μg Sec13/31)  A�ʅ^|�j

�»;Ú� GTPěą�' cargoN�X\�AňŞ�� ���'-ÈĈǩ*

cargoN�X\�ňŞƆ, Bet1-Dy488( Sar1-mCherry,ȿÃFz�WAǺ�&

	=�ȿÃFz�W-ÇǑǎȿÃʩőʍAǟ	&ŏ ��,O�n-ñ,ȿÃ

Fz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7

,'�=�XP��j�- 2 μm 
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Figure 14. GTP ěą�'ňŞ�� N�X\�+��=

Sar1-Cy3,įą  

 Bet1ë/Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ+COPIIĭȮňŞĀĚ(80 ng 

Sar1-Cy3, 640 ng Sec23/24, and 1.3 μg Sec13/31)  A�ʅ^|�j�»;Ú�

GTPěą�' cargoN�X\�AňŞ�� ���'-ÈĈǩ* Sar1-Cy3'ƥ

ɠ�> N�X\�,ȿÃFz�WAǺ�&	=�ȿÃFz�W-ÅìīȿÃ

ʩőʍAǟ	&ŏ 7,'�=�ñ,O�n-ĳ,ȿÃFz�W'Ǻ�> ǳ

åʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7,'�=�XP��j

�- 2 μm 

 

 

GTP�

40 

70 

100 

130 

160 

190 

0 20 40 60 80 

S
ar

1-
C

y3
�
�
�
�
�

 (A
.U

.)�

	��
�

S
ar

1-
C

y3
�



 49 

 

 

 

 

Figure 15. Fig. 14 'Ǻ� N�X\�ɲȥʧĉ+��=

Sar1-Cy3,Ïĸ  

ĳ,ȿÃFz�W- Fig. 14'Ǻ� Sar1-Cy3'ƥɠ�> N�X\�,ťĔ

ă'�=�ñ,O�n-ĳ,ȿÃFz�W'N�X\�,ɲȥʅ+Ƶ
:
+

Ń> ǳå,ʧĉ,�F�XM|�ȿÃņŁɐƗ,ȝƙAǺ�&	=� 
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Figure 16. GTPěą�'ňŞ�� N�X\�, Sar1-Cy3įą

ʧĉ;ǧ�;>=ļćȿÃņŁ,Ïĸ  

GTP ěą�'ȳ�+ňŞ�� µ�,N�X\�, Sar1 įąʧĉ;ǧ�;

>= Sar1-Cy3,ļćȿÃņŁ,Ïĸ�ļćȿÃņŁ-j_NO�G�dr N�

X\�Ēʴ,ļćȿÃņŁAĵ�Ń�ȍÎ�&	=�ļćȿÃņŁ,Ïĸ-Ɖ

ȣ'Ǻ�> LGVD�ÏĸAǺ�� 
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3.2� Sar1 - cargo N�X\�+�	& COPII R�c,

ȡŦ+œʦ*ĀĚ'-*	  

� � Sar1- COPIIR�cAȳ�+ȩǣ�= 6+œʦ,ĀĚ'�<�Sar1,ȳ

;,ȱʚ- COPIIR�c,ɐʚAŃ�ɥ��(Ȭ�;>&	=�9�+�Sar1

�ȱʚ�&	 cargoN�X\��Œʅ' COPIIR�c�ȳ�;ɐʚ�&	

=,)
Aɜ1=�((� �3��COPII R�c,ÞśAðɍà�= 

6DG\�R�c'�= Sec13/31 A Cy3 'ȿÃƥɠ� ʳSec13/31-Cy3 �ɹƫ

+ Sec13/31-Cy3,ǝàĜǩƺŗAɜ1= 6�c�pcnC�,ȿÃņŁɐƗ

AɁ# �c�pcnC�,ȿÃņŁɐƗ'- Sar1,7$c�pcnC�,ȴ

ĤȿÃđàAŧƥ(�& Sar1,ǘśA{f\��=�Sar1� GDPĈ,čóc

�pcnC�,ȴĤȿÃ,ȿÃņŁ-¨	��GTPĈ(*=( Sar1,ȆªƢɻ

,đà+¥	c�pcnC�,ȴĤȿÃ�ņ�*=��*@" Sar1 , GTP Ĉ

; GDPĈ0,đà-c�pcnC�ȿÃņŁ,ǃĮ(�&Ƀ�>=��>+

:< Sar1, GTPaseƺŗ,ņ�Ac�pcnC�ȿÃņŁ,ǃɄ,¾�(�&

ƠÎ�=�(�ðȯ'�=�ġʗ+ GTP ěą�' Sec23/24 AǂÚ� čó,

ȿÃņŁ,ǃɄ,¾�� Sec13/31-Cy3 AÚ�=�(+:<ďÚ� �(;�

Sec13/31-Cy3 - GAP ƺŗA²ɽ�=ƺŗAȡŦ�&	=�(�ǹə'� �

ʳFig. 17 �ɹġʗ+ Bet1( Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ�+ Sar1�

Sec23/24�Sec13/31-Cy3 AǂÚ�=(�GTP ÚƲÏɐ,ƍǐ+ʑ@;�

Sec13/31-Cy3 'ƥɠ�> Ĕĭƣ�*N�X\��ňŞ�>�*�$
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Sec13/31-Cy3-N�X\�Åĉ+įą�=�(�ÅìīȿÃʩőʍ+:=ȿÃ

Fz�W�O'Ƅ;+*# ʳFig. 18 �ɹ��& Sec13/31-Cy3 +:<ƥɠ�

>=N�X\�� cargo N�X\�(�ȵ�=)
Aɜ1= 6�

ATTORho101 '�r�� Sec13/31ʳSec13/31−ATTORho101ʴ( Bet1-Dy488

Aǟ	&N�X\�AňŞ��ÇǑǎȿÃʩőʍ+:<ɐƗ� ��,ȝƙ

Sec13/31−ATTORho101 'ƥɠ�> N�X\�- Bet1-Dy488 'ƥɠ�>=

cargoN�X\�(�ȵ�=�(�Ƅ;(*# ʳFig. 19 �ɹ��*�;�

Sec13/31-Cy38 Sec13/31−ATTORho101Aǟ	 čó�Bet1N�X\�- Fig. 7

'ɏĨ�> :
*Ĕ��3'Şʎ�*# ��,çĀ- Sec13/31+àĜǩ

*´ʫA2)�� �(+:=ŉʢ'-*	(Ůǅ�>=� 

� � 3 �cargo N�X\�+��= Sec13/31-Cy3 ,ȿÃņŁ,Ïĸ-Ʊɭǩ

ć�'�=�(��F�XM|�ȿÃņŁɐƗ+:<ÓƄ� r Fig. 18 �ɹN�

X\�;ǧ�;>= Sec13/31-Cy3 ,ļćȿÃņŁ- large N�X\�ʳ>1.0 

µm2ʴ( smallN�X\�ʳ<1.0 µm2ʴ,ʐ'2(B)ĵ�*# ʳFig. 20 �ɹ

Ú�&ļćȿÃņŁ,ÏĸAƧɬ+ȿÃņŁ�ȧɬ+ʨŁ,O�n+p�_c

� (�? GTP�GMP−PNP,�Ɣ¢'LGVD�ÏĸAǺ� ʳFig. 21 �ɹ�

>;,ɐƗȝƙ-�Sec13/31-Cy3�ʟǗǥǩ*DO�Q�V��'-*���

,COPIIĭȮňŞĀĚ(,ǯ�ǟA��&ȳ�+ʙó�N�X\�AňŞ�

=�(AɃ�&	=���3',ȝƙ;�Sar1� GTPAÚƲÏɐ�ȳ�;

ȱʚ�=:
*ǘƶ'�#&7�Sec13/31 - cargo N�X\��+ć�+įą



 53 

�ȳ�;ɐʚ�&-	*	(	
�(�Ƅ;(*# ��,�(-ȳ�'

�Ł COPII R�c�ȴɫ,ňŞ�=ƟĚ,�+DZ�o��>=(�7-8

COPIIR�cAȳ�+ȩǣ�= 6+ Sar1-œɊ(�>*	(	
�(AǺþ

�&	=� 

� � ȿÃ\�kNɤAɀó�� Sec23/24Aǟ	&N�X\�Aðɍà�:


(� ���>+-ėŸ� �Sec23/24 +ȿÃ\�kNɤAɀó��&7

Sec23/24,Ŧ$ǝàĜǩƺŗ-ȡŦ�>=�(� In vivo( In vitro,�Ɓ'Č

÷�>&	=(Iwasaki et al., 2015; Sato and Nakano, 2005a; Shindiapina and 

Barlowe, 2010)�Ú�& Sec13/31+ȿÃ\�kNɤAɀó�� 7,Aǟ	 č

ó7N�X\�,ňŞAŃ�ɥ���(-'�*# ��,çĀ(�&�

Sec23/248 Sec13/31+ƱɭǩĔ�*ȿÃ\�kNɤAɀó��=(ļʠȳ�'

R�cAňŞ�=ʗ+ȆªʘģAŃ�ɥ���Sec23/248 Sec13/31��ĲȰɤ

ļʠȳ�'ƲļƁõ+¦ʎ'�� cargo N�X\�,ňŞAʓģ� (	
ð

ȯŗ�Ȭ�;>=� 
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Figure 17. Sec13/31-Cy3, GAP²ɽƺŗ,ǅĠ  

bufferr 20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 1 mM MgCl2 �ɹSar1r 2 μM �ɹ

�v[�yʳ60 μg �ɹGTPʳ30 μMʴ;*=ǁóƿANJ�`M}r_c+

Ä> 10ÏF�M}r�V�����,ō Sec23/24ʳ40 nMʴAǂÚ� 100ǽì

Ŕ���Sec13/31-Cy3ʳ94 nMʴAǂÚ� � Sec23/24AǂÚ� čó,c�

pcnC�,ȿÃņŁ�ǃɄ�=¾�:<7Sec13/31-Cy3AÚ� čó,Ɓ�

¾��Ŗ*�(; Sec13/31-Cy3 - GAP ƺŗA²ɽ�=ƺŗAȡŦ�&	=

�(�@=� 
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Figure 18. GMP-PNPë/ GTPěą�'ňŞ�� N�X\�

+��= Sec13/31-Cy3,įą  

 Bet1ë/ Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ+ COPIIĭȮňŞĀĚ(100 

ng Sar1, 640 ng Sec23/24, and 1.65 μg Sec13/31-Cy3 )  A�ʅ^|�j�»;

Ú� GMP-PNPë/ GTPěą�' cargoN�X\�AňŞ�� ���'-È

Ĉǩ* Sec13/31-Cy3'ƥɠ�> N�X\�,ȿÃFz�WAǺ�&	=�ȿ

ÃFz�W-ÅìīȿÃʩőʍAǟ	&ŏ 7,'�=��,O�n-�,ȿ

ÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 

7,'�=�XP��j�- 2 μm 
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Figure 19.  GTPěą�'ňŞ�� cargoN�X\�+��=

Bet1-Dy488( Sec13/31-ATTORho101,įą  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě (100 ng Sar1, 380 ng Sec23/24, 970 ng Sec13/31, and 240 ng Sec13/31 

-ATTORho101 )  A�ʅ^|�j�»;Ú� GTPěą�' cargoN�X\�

AňŞ�� ���'-ÈĈǩ* cargo N�X\�ňŞƆ, Bet1-Dy488 (

Sec13/31 -ATTORho101,ȿÃFz�WAǺ�&	=�ȿÃFz�W-ÇǑǎȿ

ÃʩőʍAǟ	&ŏ 7,'�=��,O�n-ñ,ȿÃFz�W'Ǻ�> 

ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7,'�=�XP��

j�- 2 μm 

G
TP
�

Bet1-Dy488�
Sec13/31- 

ATTORho101� merge�
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Figure 20. N�X\�;ǧ�;>= Sec13/31-Cy3 ,ļćȿÃ

ņŁ  

ȳ�+ňŞ�� N�X\�;ǧ�;>= Sec13/31-Cy3 ,ļćȿÃņŁA

largeN�X\�(>1 μm2)  ( smallN�X\�(<1 μm2),ʐ'Ʊɭ� 7,�ļ

ćȿÃņŁ-j_NO�G�dʳN�X\�Ēʴ,ļćȿÃņŁAĵ�Ń�ȍ

Î�&	=�H��j�- SEMAǺ�&	=�  
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Figure 21. GMP-PNPë/ GTPěą�'ňŞ�> N�X\�

;ǧ�;>= Sec13/31-Cy3,ļćȿÃņŁ,Ïĸ  

GMP-PNP�:/ GTPěą�'ȳ�+ňŞ�� µ�,N�X\�;ǧ�;

>=Sec13/31-Cy3,ļćȿÃņŁ,Ïĸ�ļćȿÃņŁ-j_NO�G�dr N

�X\�Ēʴ,ļćȿÃņŁAĵ�Ń�ȍÎ�&	=�ļćȿÃņŁ,Ïĸ-

Ɖȣ'Ǻ�> LGVD�ÏĸAǺ�� 
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3.3  Sec12- cargoN�X\�;Ŭʕ�>=  

� � Sar1 ,ȳ�0,�N��c+- GEF '�= Sec12(Barlowe and Schekman, 

1993)(,ǯ�ǟAœɊ(�=��, 6GTPěą�+�	&ɏĨ�> Sar1

,įą(ôƣ+ Sec127N�X\�ɲȥʅ+ʙ��&įą�=,)
Aɜ

1 ���'- Sec12Δlum + mOrangeʳmOrange-Sec12ʴ7��- mCherry

ʳmCherry-Sec12ʴAɀó��=�(' Sec12Aðɍà�=�mOrange-Sec12(

mCherry-Sec12,�Ɓ� Sar1+ĩ�= GEFƺŗAŦ,)
A In vitro',

c�pcnC�ȿÃņŁɐƗ+:<ǹə� �Sar1, GDPĈ; GTPĈ0,

đà-�Sar1�Ŧ$c�pcnC�,ȴĤȿÃņŁ,ďÚ(�&Ƀ�>=��

>+:< Sec12,GEFƺŗ,ņ�Ac�pcnC�ȿÃņŁ,ďÚ,¾�(�

&ƠÎ�=�(�'�=�Sec12 Aö3*	čó+Ʊ1 mOrange-Sec12 ë/

mCherry-Sec12 �ěą�&	=(c�pcnC�ȿÃņŁ,ďÚ,¾��Ŗ*

�(; Sar1+ĩ�= GEFƺŗA½�&	=�(�ǹə'� ʳFig. 22 �ɹ3

� mOrange Aɀó�� Sec12∆lumʳmOrange-Sec12ʴAǟ	&��ĲȰɤļ

ʠȳ�+��= cargo N�X\�ňŞƆ, mOrange-Sec12 ,ÞśAÅìīȿÃ

ʩőʍ+:<ðɍà� ��,ȝƙ�cargoN�X\�(ŕ@>=ʧĉ�j_N

O�G�d:<7¨	ȿÃņŁAǺ�ʲ�Ţ�=ȿÃFz�W�ŏ;> r Fig. 

23 �ɹmCherryAɀó�� Sec12∆lumʳmCherry-Sec12ʴ( Bet1-Dy488Aǟ	

&ÇǑǎȿÃʩőʍ�' cargoN�X\�AňŞ�� (�?�mCherry-Sec12

'ʲ�Ţ� ʧĉ� Bet1-Dy488+:<�r��> cargoN�X\�ʧĉ(�
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ȵ�=�(�ǹə'� r Fig. 24 �ɹ��&ÅìīȿÃʩőʍ+:<ŏ;> ȿ

ÃFz�W+ĩ�&�F�XM|�ȿÃņŁɐƗA��*# (�?�

mOrange-Sec12 -�Sar1 ,:
+ cargo N�X\�ɲȥʅ+ʙ��&įą�&

	=,'-*��N�X\�Ē,ʧĉ+ć�+įą�=�(�Ƅ;(*# �

Ú�& cargo N�X\�+ö3>= mOrange-Sec12 ,ħŁ-N�X\�Ē,ħ

Ł(Ʊɭ�&Ȼ��¨# ʳFig. 23 �ɹ�>;,ȝƙ- Sec12� cargoN�X

\�;ʃţǩ+Ŭʕ�>&	=�(AǺ�&	=�3 cargo N�X\�

; Sec12�Ŭʕ�>=Łó	AʳN�X\�É,ļćȿÃņŁʵN�X\�Ē

,ļćȿÃņŁʴAƱɭ� (�? GMP-PNP ěą�ʳ67.2±4.0%ʴ( GTP ě

ą�ʳ67.8±7.3%ʴ,ʐ'đà-*# ʳFig. 25 �ɹ�,�(- Sec12,Ŭʕ

� Sar1,GTPÚƲÏɐTFN�ʟ°ěǩ+Ɂ@>&	=�(AǺþ�&	=� 

� � şı�=ǶȃĢ,ÂɁǶȃ+:<+ cargo '-*	ȳ\�kNɤ

ʳnon-cargo 'ɹ�= Ufe1- Sar1, GTPÚƲÏɐTFN�+°ě�&ʃţǩ+

cargoN�X\�;Ŭʕ�>=�(�Č÷�>&	=(Tabata et al., 2009)��

�' Ufe1( Sec12,ʐ' cargoN�X\�;,Ŭʕ�>=ÝǚAǮŭǩ+Ʊ

ɭ�=�((� ���'-�GFP Aɀó�� MBP-Ufe1(Sato and Nakano, 

2004)ʳGFP-Ufe1ʴ( mCherry-Sec12Aǟ	& cargoN�X\�ʧĉ+��=�

ȭ,ȿÃņŁ,ƱA(=ʳGFP-Ufe1,ȿÃņŁʵmCherry-Sec12,ȿÃņŁʴ

�('GFP-Ufe1�mCherry-Sec12+ĩ�&),ǿŁ cargoN�X\�+î<ɳ

3>&	=,AƱɭ�&	=�ġʗ+�GMP-PNPěą�'- GFP-Ufe1,Ɓ
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�mCherry-Sec12:<7ē� cargoN�X\�+î<ɳ3>&	 r 2.81±0.39 �ɹ

�>+ĩ��GTPěą�'- cargoN�X\�É+î<ɳ3>=ʋ+�ȭ,ʐ

'2(B)ĵ-*# ʳ1.31±0.19ʴr Fig. 26ë/ 27 �ɹ¡�,ȝƙ; cargo

N�X\�; Sec12�Ŭʕ�>=Łó	�GTPÚƲÏɐ,ƍǐ'ŉʢAï�

*	�(���& Sec12 -ĺ+ GTP ěą�' Ufe1 � cargo N�X\�;Ŭ

ʕ�>=Ýǚ(ôǿŁ,Ýǚ'Ŭʕ�>&	=�(�Ƅ;+*# ��,�

(-�cargo N�X\�; Sec12 AŬʕ�=zKfYy� COPII ĭȮňŞƩ

Ƣ+½@#&�<��>- Ufe1AŬʕ�=zKfYy(-ǥ*=zKfYyA

ǟ	&Ɂ@>&	=�(AǺþ�&	=� 

 

 

 

 

 

 

 

 

 

 

 



 62 

 

 

Figure 22. mCherry-/mOrange-Sec12 , GEFƺŗǅĠ  

bufferr 20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 1 mM� MgCl2 �ɹSar1r 800nM �ɹ

�v[�yʳ20μgʴ��& mOrange-Sec127��- mCherry-Sec12ʳ50nMʴ

;*=ǁóƿANJ�`M}r_c+Ä> 10 ÏF�M}r�V����

GMP-PNPʳ0.1mMʴAǂÚ�ìŔAɏĨ� �mOrange-Sec12 7��-

mCherry-Sec12 �ěą�=čó�c�pcnC�,ȿÃņŁ,ďÚ,¾��Ŗ

*�(; Sar1+ĩ�= GEFƺŗA½�&	=�(�@=� 
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Figure 23. GMP-PNPë/ GTPěą�'ňŞ�� cargoN�X

\�( mOrange-Sec12,įą  

 Bet1 ë/ mOrange-Sec12 AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀĚ

(100 ng Sar1, 640 ng Sec23/24, and 1.3 μg Sec13/31 )  A�ʅ^|�j�»;Ú

� GMP-PNP7��- GTPěą�' cargoN�X\�AňŞ�� ���'-

cargoN�X\�ňŞƆ, Sec12,ȿÃFz�WAǺ�&	=��>;,ȿÃF

z�W-ÅìīȿÃʩőʍAǟ	&ŏ 7,'�=��,O�n-�,ȿÃF

z�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7,

'�=�XP��j�- 2 μm 
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Figure 24. GTP ěą�'ňŞ�� cargo N�X\�+��=

Bet1-Dy488( mCherry-Sec12,įą  

Bet1-Dy488ë/mCherry-Sec12AÊƢŞ� �ĲȰɤļʠȳ+ COPIIĭȮňŞ

ĀĚ(100 ng Sar1, 380 ng Sec23/24, and 1.3 μg Sec13/31 )  A�ʅ^|�j�»

;Ú� GTP ěą�' cargo N�X\�AňŞ�� ���'-ÈĈǩ* cargo

N�X\�ňŞƆ,Bet1-Dy488(mCherry-Sec12,ȿÃFz�WAǺ�&	=�

�,ȿÃFz�W-ÇǑǎȿÃʩőʍAǟ	&ŏ ��,O�n-ñ,ȿÃF

z�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;> 7,

'�=�XP��j�- 2 μm 
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Figure 25. mOrange-Sec12,N�X\�Ē,ȿÃņŁ+ĩ�=N

�X\�É,ȿÃņŁ,×ó  

GMP−PNPë/ GTPěą�+�	&ňŞ�� cargoN�X\�+�	&�N

�X\�É, mOrange-Sec12ļćȿÃņŁAN�X\�Ē, mOrange-Sec12ļ

ćȿÃņŁ'×# ¸,ļć¸AǺ�&	=�H��j�- SEM AǺ�&	

=� 
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Figure 26. GMP-PNPë/ GTPěą�'ňŞ�� cargoN�X

\��', GFP-Ufe1( mCherry-Sec12,įą  

Bet1�mCherry−Sec12 ��& GFP-Ufe1 AÊƢŞ� �ĲȰɤļʠȳ+ COPII

ĭȮňŞĀĚ(100 ng Sar1, 345 ng Sec23/24, and 1.3 μg Sec13/31 )  A�ʅ^|�

j�»;Ú� GMP-PNP7��- GTPěą�' cargoN�X\�AňŞ��

 ���'-ÈĈǩ* cargoN�X\�ňŞƆ, GFP-Ufe1( mCherry-Sec12,

ȿÃFz�WAǺ�&	=�ȿÃFz�W-ÇǑǎȿÃʩőʍAǟ	&ŏ �

ñ,O�n-�>�>ȿÃFz�W+Ǻ�> ǳåʧĉ,�F�XM|�ȿÃ

ņŁɐƗ+:<ŏ;> 7,'�=�XP��j�- 2 μm 
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Figure 27. cargo N�X\�;ǧ�;>= GFP-Ufe1 (

mCherry-Sec12,ȿÃņŁ,Ʊɭ  

GMP-PNP ë/ GTP ěą�+�	&ňŞ�� cargo N�X\�+�	&�N

�X\�É, GFP−Ufe1 ,ȿÃņŁʵmCherry-Sec12 ,ȿÃņŁA(=�(+

:<�GFP-Ufe1� mCherry-Sec12+ĩ�&),ǿŁN�X\�+î<ɳ3>&

	=,AƱɭ�&	=�H��j�- SEMAǺ�&	=� 
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3.4� cargoN�X\�ňŞ+��= Sec16,Þś  

� � Sec16- ERESAňŞ�=Ǐ+œʦ,ĀĚ'�<�COPIIR�c,To~f

_c8 Sar1 (ǯ�ǟ�=�(�Ǵ;>&	= (Connerly et al., 2005; 

Espenshade et al., 1995; Gimeno et al., 1996; Shaywitz et al., 1997; Yorimitsu and 

Sato, 2012)�şı�=ǶȃĢ,ÂɁǶȃ+:<ȿÃƥɠ� Sec16 ��ĲȰɤ

ļʠȳ�'ȴĶʙó�t{J�Sw�AňŞ� ȝƙ�ļʠȳ�+ć�+Ïź

� d_c(�&ɏĨ'�=�(�Č÷�>&	=(Yorimitsu and Sato, 2012)�

��*�;�COPIIĭȮňŞʀǿ+��= COPIIĭȮňŞĀĚ( Sec16,Ɔ

Ȅʐǩ*Þś-�Ƅ*33'�=��,ɞAɜ1=Ǐ�ȿÃƥɠ� Sec16

ʳSec16-mCherry (ɹ Bet1-Dy488Aǟ	& cargoN�X\�ňŞ� ʗ,�ȭ,

ÞśAÇǑǎȿÃʩőʍ+:<ðɍà�=�((� �3��ȓɈ� 

Sec16-mCherry��Sec31+:= Sec23, GAPƺŗ²ɽAʓģ�=ǝàĜǩƺ

ŗAŦ$)
Ac�pcnC�ȿÃņŁɐƗ+:<ǹə� ��,ȝƙ

Sec16-mCherry AÚ� �(+:< Sar1 , GTPase ƺŗ�šÕ�>&	=�(

�Ƅ;(*# ʳFig. 28 �ɹ�,�(- Sec16-mCherry � Sec31 +:= GAP

²ɽAʓģ�&	=�(Ařù�&�<�Sec16-mCherry �ǝàĜǩƺŗAŦ

$�(AǺ�&	=�ƫ+�GTPěą�' COPIIĭȮňŞĀĚr Sar1�Sec23/24�

Sec13/31 (ɹ Sec16-mCherryAǁó� 7,A�ĲȰɤļʠȳ�+ǂÚ��cargo

N�X\�AňŞ�� ��,ȝƙ�Bet1-Dy488'�r��> cargoN�X

\�,ʧĉ'-ņ	 Sec16-mCherry ,VOe��ƠÎ�> ,+ĩ��N�X
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\�Ē'- Sec16-mCherryVOe�-ń# ʳFig. 29 �ɹ�,�(- cargoN

�X\�+ Sec16�ʃţǩ+î<ɳ3>&	=�(AǺþ�&	=� 

� � 3 �Sar1 , GTP ÚƲÏɐTFN�� Sec16 ,Þś+),:
*ŉʢA

��=,Aɜ1= 6 GMP-PNP ěą�',ɐƗAɁ# �GMP−PNP ěą

�' COPIIĭȮňŞĀĚ( Sec16-mCherryAļʠȳ�+ǂÚ� (�?�cargo

N�X\�0, Sec16,î<ɳ4Ýǚ�¨���N�X\�É;ǧ�;>=

Sec16-mCherry VOe��N�X\�Ē,VOe�:<7¨�*=�(�ÓƄ

� r N�X\�Ē,ȿÃņŁ, 70.4±5.7%ʴr Fig. 30 �ɹ�,ȝƙ-�GMP-PNP

ěą�'- Sec16� cargoN�X\�;Ŭʕ�>=(	
�(AǺ�&	=�

�,ȝƙA�;+Ơɖ�= 6�Bet1-Dy488 , @<+ Sar1-Dy488 +:<

cargo N�X\�Aðɍà�=�((� �GMP-PNP ěą�'- cargo ,ǍȨ

�ɥ�;*	 6�Bet1-Dy488'- cargoN�X\�ʧĉ��Ƅǲ+*=��

Ɓ' Sar1-ȳ�;ȱʚ�*	 6�Sar1-Dy488-N�X\�ʧĉAʱƄ+ð

ɍà�=�(�ðȯ'�=�GMP−PNP ěą�' Sar1-Dy488 ( Sec16-mCherry

Aǟ	&ôƣ,ġʮAɁ# (�?�cargoN�X\�; Sec16-mCherry�Ŭ

ʕ�>=�(�Ǻ�> �r N�X\�Ē,ȿÃņŁ, 66.8±7.9%ʴr Fig. 31 �ɹ 

� � ¡�,ȝƙ;�Sec16 � COPII R�c'ɋ@>=ʧĉ+î<ɳ3>= 

6+- Sar1 , GTP ÚƲÏɐTFN��œʦ'�=�(�Ƅ;+*# �Ú

�&�GMP-PNP ěą�'- COPII R�c�ȳ�+ȩǣ�>&	=+7ʑ@;

� cargo N�X\�É+î<ɳ3>*	�(;�Sec16 - COPII R�cňŞ
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�Ğ��ȳ�+ȩǣ�> COPII R�cĀĚ(,ʟǗǥǩȝó+:#& cargo

N�X\�0î<ɳ3>=,'-*	(	
�(�Ǻþ�> ���'�COPII

R�cňŞ(Ç+ Sec16 � cargo N�X\�+î<ɳ3>=,)
AƠɖ

�=�(+� ���'-�GTPěą�'�;�6 cargoN�X\�AňŞ

��&�����+ Sec16-mCherry AǂÚ�=�('N�X\�( Sec16 ,Þ

śAɏĨ� ��,čó�Sec16-mCherry- cargoN�X\�É+-î<ɳ3>

&�;��GTPěą�', Sar1,įą(ôƣ+N�X\�,ɲȥʅAî<Ă5

:
+įą�&	 ʳFig. 32 �ɹ�,ȝƙ- cargoN�X\�0, Sec16,î<

ɳ4� Sec16(ȳ�+ȩǣ�> COPIIĭȮňŞĀĚ(,ʟǗǥǩǯ�ǟ+

:=7,'-*	�(Aņ�ɇ��=7,'�=�Ú�&�Sec16 ,î<ɳ4

- COPIIR�c¦ʎʧĉ+��= Sar1, GTPÚƲÏɐTFN�(ħŭ+ʑ±

�&	=�(Aņ�Ǻþ�&	=� 
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Figure 28. Sec16-mCherry, GAPƺŗàʓģƺŗ,ǅĠ  

Sec16-mCherryr 33nM �ɹj_nC�r 20 mM HEPES-KOH, pH 6.8, 150 mM KOAc, 

1 mM MgCl2 �ɹSar1ʳ800nM �ɹ�v[�yʳ60μg �ɹGTPʳ0.2mMʴ;*=ǁ

óƿANJ�`M}r_c+Ä> 10ÏF�M}r�V�����,ō Sec23/24

ʳ50nM ëɹ/ Sec13/31r 50nM ,ɹǁóƿAǂÚ�&ɏĨAɁ# �Se16-mCherry

+:<c�pcnC�,ȿÃņŁ,ǃɄ�Ȥ8+*#&	=�(;�Sec31

+:= Sec23, GAPƺŗ²ɽ�ʓģ�>&	=�(�@=�  
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Figure 29. GTP ěą�'ňŞ�� cargo N�X\�+��=

Bet1-Dy488( Sec16-mCherry,įą  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě(100 ng Sar1, 380 ng Sec23/24, and 1.3 μg Sec13/31 )( Sec16-mCherry ʳ93.6 ngʴ

A�ʅ^|�j�»;Ú� GTPěą�' cargoN�X\�AňŞ�� ��

�'-ÈĈǩ* cargoN�X\�ňŞƆ, Bet1-Dy488( Sec16-mCherry,ȿÃ

Fz�WAǺ�&	=�ȿÃFz�W-ÇǑǎȿÃʩő+:<ŏ 7,'�=�

�,O�n-ñ,ȿÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁ

ɐƗ+:<ŏ 7,'�=�XP��j�- 2 μm 
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Figure 30. GMP-PNPěą�'ňŞ�� cargoN�X\�+�

�= Bet1-Dy488( Sec16-mCherry,įą  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě(100 ng Sar1, 380 ng Sec23/24, and 1.3 μg Sec13/31 )( Sec16-mCherry ʳ93.6 ngʴ

A�ʅ^|�j�»;Ú� GMP-PNP ěą�' cargo N�X\�AňŞ��

 ���'-ÈĈǩ* cargo N�X\�ňŞƆ, Bet1-Dy488 ( Sec16-mCherry

,ȿÃFz�WAǺ�&	=�ȿÃFz�W-ÇǑǎȿÃʩő+:<ŏ ��

,O�n-ñ,ȿÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐ

Ɨ+:<ŏ 7,'�=�XP��j�- 2 μm 
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Figure 31. GMP-PNPěą�'ňŞ�� cargoN�X\�+�

�= Sar1-Dy488( Sec16-mCherry,įą  

Bet1ë/ Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ+ COPIIĭȮňŞĀĚ(86 ng 

Sar1-Dy488 , 380 ng Sec23/24, and 1.3 μg Sec13/31 )( Sec16-mCherry ʳ93.6 ngʴ

A�ʅ^|�j�»;Ú� GMP-PNP ěą�' cargo N�X\�AňŞ��

 ���'-ÈĈǩ* cargo N�X\�ňŞƆ, Sar1-Dy488 ( Sec16-mCherry

,ȿÃFz�WAǺ�&	=�ȿÃFz�W-ÇǑǎȿÃʩő+:<ŏ ��

,O�n-ñ,ȿÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐ

Ɨ+:<ŏ;> 7,'�=�XP��j�- 2 μm 
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Figure 32. GTP ěą�'ňŞ�� cargo N�X\�+

Sec16-mCherryAÚ� čó, Sec16-mCherry,Þś  

Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ+ COPII ĭȮňŞĀ

Ě(100 ng Sar1, 380 ng Sec23/24, and 1.3 μg Sec13/31 )AǂÚ� 10ÏF�M}r�

V��� GTPěą�' cargoN�X\�AňŞ�� ��,ō�Sec16-mCherry 

ʳ124.8 ng ʴAÚ��cargoN�X\�+ĩ�= Sec16-mCherry,ÞśAÇǑǎ

ȿÃʩőʍ'ðɍà� ���'-ÈĈǩ* cargo N�X\�+��=

Bet1-Dy488( Sec16-mCherry,ȿÃFz�WAǺ�&	=��,O�n-ñ,

ȿÃFz�W'Ǻ�> ǳåʧĉ,�F�XM|�ȿÃņŁɐƗ+:<ŏ;>

 7,'�=�XP��j�- 2 μm 
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3.5� ĭȮª^}�oh_c��NƢɻ,ÊƢŞ  

� � ĭȮª-V�cǘ,Ƣɻ(^}�oǘ,Ƣɻ�ț4ó@�;> 1Ƙ,ȳ

;*=J�Lh�'�=�^}�oǘ,Ƣɻ-�	+ȩ�<h_c��NƢ

ɻAňŞ�&	=��,h_c��NƢɻ,�ê,ʧĉʳ^}�oǘƢɻôĐ

��	+ȩ�ó@�> ʅÏʴ'-ȳ,Ɖǚ�ơ6&ʰ�*#&�<��,Ɖ

ǚA<Î� 6+œʦ*ĀĚ(�& reticulon (Rtn)( REFP (Îȸʇư'-

Yop1)(	
�$,\�kNɤnCx���ǗĠ�>&	=(Voeltz et al., 2006)�

Rtn ( REFP nCx��,\�kNɤ-Å&,ǰƞșȮ+³ě�>&�<�ȳ

,ƉǚAȡŦ�= 6�	+�]�]�c+¿	&	=�Ú�&�>;,\�

kNɤ- CƑȈʧĉ+�Ɏęŗq�_NXAŦ#&�<��>�ȳ+ȝó�=

�('ƉǚAǝ4Î�&	=,'-*	(Ȭ�;>&	=(Brady et al., 2015; 

Voeltz et al., 2006)�ġʗ+�>;,\�kNɤA�v[�y+ÊƢŞ�=(�

�v[�y�ĭȮƢɻ;^}�oǘƢɻ+đà�=�(�Č÷�>&	=

(Hu et al., 2008)��Ɓ'^}�oƢɻAȩ�ó@�h_c��NƢɻ+�= 

6+-ȳɀó��ðƪ'�=��,ȳɀó- atlastinr Îȸʇư'- Sey1ʴ(	


\�kNɤnCx��+:<Ń�ɥ��>&	=,'-*	(Ȭ�;>&

	=��,\�kNɤ-ȳȝóĈ, GTPase '�<�GTP ÚƲÏɐ°ěǩ+ȳ

ɀóAŃ�ɥ���(�Č÷�>&	=(Hu et al., 2009; Orso et al., 2009)���

&��ɔ,\�kNɤ�^}�oh_c��NƢɻAňŞ�= 6,ƌĭƢŞ

ĀĚ'�=(	
�(�Č÷�>&	=(Powers et al., 2017)� 
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� � Îȸʇư'- ERES�ĭȮª^}�oh_c��N,�ê,ʧĉ+ňŞ�

>8�	�(�Č÷�>&	=(Okamoto et al., 2012)�Ú�& ERES,ňŞ+œ

ʦ,ĀĚ'�= Sec16- Drosophila8ý�ʪ,șȮ'-ĭȮªȳ�'ÍǘK_

pĈƢɻA(=ʧĉ+įą�=�(�Č÷�>&	=(Budnik and Stephens, 

2009; Hughes et al., 2009; Ivan et al., 2008)��,:
+�ȳ,Ɖǚ�ʰ	ʧĉ+

Sec16 -įą� COPII R�c-ʙȁ�&	=��ȳ,Ɖǚ�>ȴª�ʃţǩ*

Sec16 8 COPII R�c,�N��c+ŉʢA��=,)
(	
�(+$

	&-Ɛ!Ƅ;+*#&	*	�ƒǶȃ+ǟ	 �ĲȰɤļʠȳ-ĭȮ,Ȧ

<Ð<Aʒ� 6+ȳ,ǆƉAņ�ʓģ�= 6�COPIIĭȮňŞĀĚ8 Sec16

,Þś+ȳ,Ɖǚ�),:
*ŉʢA��=,AɐƗ�=�(-'����

ɔ,ɞ+7Ȍ�;>*# � 

  � ��':<șȮÉ+ɴ	Ɣ¢' COPIIĭȮňŞĀĚ8 Sec16,ÞśAɐƗ

�=�(Aǭǩ(�&�ÊƢȐ� ^}�oh_c��N�' COPIIĭȮňŞ

ĀĚ8 Sec16,ÞśAǮŭðɍà�= 6,ġʮȔ,ƢȐAɁ
�((� �

��'-�^}�oh_c��NAƢŞ�= 6,ƌĭĀĚ'�= Yop1 (

Sey1 AÇ+ÊƢŞ� p�aJ�v[�yAǟ	&^}�oh_c��NƢ

ɻAÊƢŞðȯ)
Ơɖ� �Yop1( AcGFPA NƑȈ+ɀó�� Sey1

ʳGFP-Sey1ʴAÊƢŞ� p�aJ�v[�y��& GTP7��- GDPAǁ

ó� ǉƿADL��XR�c� 2Ƙ,Kj�L�X'Ũ4ɳ4�20Ï2)

ìŔ��&ÇǑǎȿÃʩőʍAǟ	&ɏĨAɁ# ʳFig. 33 �ɹ�,ȝƙ�Sey1
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, GTPÚƲÏɐ°ěǩ+p�aJ�v[�y,ɀó�ɥ�<�Fig. 33+ǳ�<

'Ǻ�> ^}�oǘ,Ƣɻ(�>;��	+ɀó� ^}�oh_c��N

Ƣɻ�ǹə'� �ÊƢŞ� ^}�oh_c��N-Ɖǚ,ʰ	ȳƢɻA½

�&	=�(;���' COPIIĭȮňŞAÊƢŞ�>.:<ǝǜǩƩȯAì

ƅ� Sec168 COPIIĭȮňŞĀĚ,ÞśAðɍà�ɐƗ�=�(�'�=(

ƏŌ�>=� 
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Figure 33. �v[�yAǟ	 ^}�oh_c��N,ÊƢŞ  

Yop1(GFP-Sey1AÇ+ÊƢŞ� �v[�yAǟ	&^}�oh_c��N

AÊƢŞ�� ���+Ǻ� ȿÃFz�W-ÇǑǎȿÃʩőʍAǟ	&ŏ �

ĳ,ȿÃFz�W- GDPěą�'ŏ;> 7,'�=��,čó Sey1, GTP

ÚƲÏɐ�ɥ�;*	 6ȳɀó�ɥ�;�^}�oh_c��N-ňŞ�>

*	�ñ,ȿÃFz�W- GTPěą�'ŏ;> 7,'�=�Sey1, GTPÚ

ƲÏɐ+:<ȳɀó�ɥ�<ǳ�<'Ǻ�> ^}�oh_c��NAƢȐ�

=�XP��j�- 10 μm 
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� � ƒǶȃ'-�ĲȰɤļʠȳAǟ	 ġʮȔ+ȿÃFz�W�OAț4ó@

�=�('�ȳ�'ƲļƁõ+ COPIIR�c�¦ʎ�&	�ʀǿ', COPIIĭ

ȮňŞĀĚ,ÞśAðɍà�ɐƗ�=�(+ŞÙ� ��>+:< COPIIĭȮ

ňŞʀǿ+��= COPIIĭȮňŞĀĚ( Sec16,ƆȄʐǩÞśAɐƗ� � 

� � Sec23 ( Sec31 +:<ɚǧ�>= Sar1 , GTP ÚƲÏɐ+:<�ȳ�;

Sar1 �ȱʚ� COPII R�c,ȱR�cAŃ�ɥ���('�S�Wªȳ(

COPII ĭȮ�ȳɀóðȯ+*=���*�;�COPII ĭȮňŞʀǿ+�	&

	# 	),\Fx�O'Sar1(COPIIR�c�ȳ�;ȱʚ�=,(	


�(-Å�Ï#&	*# �ƒǶȃ+:<�Sar1 - GTP ěą�+�	&

cargo N�X\�,ɲȥʅ+ʙ��&įą�Ʃȯ�&	=�(�Ƅ;(*#

 ʳFig. 9~16 �ɹ�,ȝƙ-�COPIIĭȮňŞʀǿ,ÒƏƮʖ��*@" COPII

ĭȮ�ĭȮªȳ�;Ȧ<Ð;>=:<7Ö,Ʈʖ'ȳ�; Sar1 �ȱʚ�

&	=�(AǺþ�&	=��Ɓ'�Sar1 �ȳ�;ȱʚ�&7 cargo N�X

\��+ Sec13/31�ȩǣ�>&	 �(;ʳFig. 17~21 �ɹCOPIIR�c-ĭ

ȮňŞʀǿ,ÒƏƮʖ'-ȱR�c�>*	�(�Ǻþ�> �ƌɴ S. 

cerevisiaeAǟ	 �FoZ�Fz�W�O+:<�Sar1�ĭȮªȳ�, COPII

R�c+ɋ@> ʧĉAî<Ă5:
+įą�=�(�Č÷�> (Kurokawa 

et al., 2016)�ƒǶȃ,ȝƙ-�,Č÷(�ȵ�=�3 ƒǶȃ'- COPIIR�

c,F�e�R�c'�= Sec23/24Aðɍà�=�(�'�*# ���

*�;�Sec23� Sec31(ȝó� Sec13/31Aȳ�+ȩǣ�= 6,ɧč(*#
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&	=�(AȬŜ�=((Bi et al., 2007)�Sec23/24� cargoN�X\�Åĉ+į

ą�&	=(�ǅ�>=�Sec24 ( cargo (,DnEfaE�- Sar1 ( Sec23

,7,+Ʊ1¨�(Mossessova et al., 2003)�Sec12+°ě� GTPĈ Sar1,¯

Ȟ�*�>. cargo(ȝó� Sec23/24-��ǵƆʐ�ȳ�+ȡŦ�>*	

(Sato and Nakano, 2005a)���*�;ƒǶȃ+:<��Łȳ�', COPIIR

�c,ňŞ�Ğ��=(Sar1-7-8COPIIR�c,ȳ�0,ȩǣ+-œɊ(

�>*	�(�Ǻþ�> ʳFig. 17~21 �ɹ�>;,Ǻþë/ȝƙ-�GTPěą

�'ɗʮȎÉÊƢŞȔ+:<ňŞ�> COPIIĭȮ+-COPIIR�c�ƭě�

&	=� Sar1-ěą�*	(	
Č÷(żóŗ,(>=7,'�=(Barlowe et 

al., 1994)�3 COPIIĭȮ�S�Wȳ(ȳɀó�= 6+-ȳ�; COPIIR

�cAȱR�c�� SNARE \�kNɤAȳ�+ʞÎ��*�>.*;*	�

Sar1 +:= GTP ÚƲÏɐ� COPII ĭȮ;,ȱR�cAÕŐ�&	=,'-

*	�(�ƒǶȃ'Ǻþ�> �(;�ȱR�cAŃ�ɥ��«;,ÕŐ

ƩƢ�Ô+ěą�=ðȯŗ�Ȭ�;>=�ġʗ+ COPIIR�cňŞĀĚr Sec23

ë/ Sec31ʴ+ĩ�=��ʈà�ȱ��ʈà� COPII R�c,ȱR�c+ʑ�

�&	=,'-*	(	
Č÷�*�>&	=(Lord et al., 2011)� 

� � şı�=ǶȃĢ,ÂɁǶȃ-�Sar1 , GTP ÚƲÏɐTFN�+°ě�&

cargo'-*	ȳ\�kNɤʳnon-cargoʴ� cargoN�X\�;ʃţǩ+Ŭʕ

�>&	=�(AǺ� (Tabata et al., 2009)�COPIIR�c+�	&ĭȮȳ�A

Ǯŭɋ
ĀĚ- Sar1( Sec23/24'�<(Bi et al., 2002)�Ǯŋ 60nm, COPIIĭ
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Ȯʶ$� < 48µ, Sar1-Sec23/24ɉóª�ö3>=�Sar1ë/ Sec23/24,ȝ

ƈƢɻɐƗ; Sar1-Sec23/24ɉóªʶµ� <,Ƀʠȁ�ÓƄ�&�<�Ǯŋ

60nm , COPII ĭȮA 48 µ, Sar1-Sec23/24 ɉóª'ɋ# čó�ɋ@>=Ƀ

ʠȁ- 80%+*=(Fath et al., 2007)���+ cargo� Sec24A��&ȝó�=(

Ƀʠȁ,ĔʅÏ�ɋ@>=�((*=��,�(;�Sec13/31+:<ƛƨ�

> ÎȸÖʭɉóª�ǖǜǩ*ʘģ(*=�('�ɰɸVOe�AŦ *	ȳ

\�kNɤ� cargo N�X\�+î<ɳ3>=,Aʒ	'	=(Ȭ�;>&	

=�ġʗ+ƒǶȃ+:< non-cargo'�= Sec12-ʃţǩ+ cargoN�X\�

;Ŭʕ�>&	 ���*�;�Sec12,Ŭʕ- Sar1, GTPÚƲÏɐTFN

�+°ě�*	7,'�# ʳFig. 22~27 �ɹƒǶȃ'- Sec12� GTPÚƲÏɐ

ʟ°ěǩ+ŬʕAï�=ǜǠAƄǹ+�=�(-'�*# ���*�;

Sec12-ä*=ȳ\�kNɤ'-*� Sar1(ǯ�ǟ�=�(+:<Ǯŭǩ+

COPIIĭȮ,ňŞ+ʑ@=(	
�ġ(GTPÚƲÏɐʟ°ěǩ+ŬʕAï�=

ǜǠ+-«ʑ±��=,7�>*	� 

� � Sec23/24�Sec13/31 ë/ GTP Ĉ Sar1 A�v[�y+Ú�=( COPII ĭȮ

A<Î��(�ðȯ'�<�Sec16 ěą�'-ĭȮ,ňŞÝǚ�²ɽ�>=

�(�Č÷�>&	=(Supek et al., 2002)��, 6�Sec16- COPIIR�c,

ȳ0,�N��c+ɡǙ�&	=(Ȭ�;>&	=��ġ�Sec16 -µ�,

COPIIĭȮňŞĀĚ(ǯ�ǟ�=ʧĉAŦ#&�<�ĭȮªȳ�' COPIIR

�c,ňŞA²ɽ�=(	
�(�Ǻþ�>&	= (Gimeno et al., 1996; 
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Shaywitz et al., 1997; Yorimitsu and Sato, 2012)���*�;�Sec16-mCherry8

ȿÃƥɠ�&	*	 Sec16 � cargo N�X\�,ňǘ8ňŞÝǚ+ŉʢA��

=ƣĚ-Ɍ;>*# ʳFig. 34 �ɹSec16- COPIIĭȮňŞʀǿ,��ÒƏ+

ŉʢA��=ðȯŗ�Ȭ�;>�ƒǶȃ+ǟ	 Fz�W�OɆȫ'-�,Þ

śAɷ
 6,âÏ*ƆʐÏɐȯ�*#  6 Sec16,ŉʢAƠÎ'�*

# (Ůǅ�>=��Ɓ'�Sec16- S. cerevisiae8 Drosophila��&lc,ș

Ȯ+�	& COPII ĭȮ7��-ĭȮª-S�Wªʐ,�ʐáǢ,ȳ�+ěą�

=�(�Č÷�>&	=(Espenshade et al., 1995; Hughes et al., 2009; Ivan et al., 

2008)���*�;��>;,ȳ�+- COPIITo~f_c,ʋ+ĩ�& Sec16

-��@��ěą�&	*	,'-*	(	
�(�Ǻþ�>&	=

(Connerly et al., 2005)�ƒǶȃ'- Sec16� GTPěą�' cargoN�X\�+ʃ

ţǩ+î<ɳ3>=�(AǺ� r Fig. 29 �ɹƒǶȃ+ǟ	 ġʮȔ�ʃţǩ*

cargo,ǍȨ( non-cargo,ŬʕAÊǛðȯ'�=(Tabata et al., 2009)�(AȬŜ

�=(��,ȝƙ- COPIIĭȮ+î<ɳ3>= Sec16,ʋ�)B*+¨	7,

'�#&7��>-ʟǗǥǩ+î<ɳ3> 7,'-*	(	
�(AǺþ�

&	=�Sec16- 2000ƭċǿŁ,ĴĔ*\�kNɤ'�<��>�),:
+

�& COPII R�cʳSar1-Sec23/24-cargoʴ+:<ħ+ɋ@> ȳ�+î<ɳ3

>=,!?
ʻSec16 nCx��,\�kNɤ'-�ƣ�*Ȁ'ʰŁ+³ě

�> central conserved domainʳCCDʴ(	
 400ƭċǿŁ,ǗĠ,ƢɻA(

# dzF�AŦ#&	=(Pietrosemoli et al., 2013; Whittle and Schwartz, 2010)�
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�Ɓ'�, CCD, NƑȈ»( CƑȈ»,ʧĉ-ǗĠ,ƢɻAŦ *	ĕǒđ

ŗʧĉ'�=��,�(;�Sec16, CCDdzF�,4� Sar1-Sec23/24-cargo

+:<ɋ@> ȳǮ�,ʧĉ+ěą��ĕǒđŗʧĉ-�,�, Sec13/31�ɼ

ȝ� ƱɭǩħŁ,¨	ʧĉ+íȖ�>=�('�Sec16 , COPII R�c0,

�N��cAðȯ+�&	=,'-*	(Ůǅ�>=� 

� � şı�=ǶȃĢ,ÂɁǶȃ+:<�mOrange'ȿÃƥɠ� Sec16-mOrange

A�ĲȰɤļʠȳ�+ǂÚ�=(�Sec16-mOrange�t{J�Sw�AňŞ��

ȳ�+ć�+Ïź� ȿÃXv_c(�&ɏĨ�>=�(�Č÷�>&	=

(Yorimitsu and Sato, 2012)�ƒǶȃ'- Sec16( COPIIĭȮňŞĀĚ�ôƆ+ě

ą�=čó�Sec16�Ʊɭǩć�+ cargoN�X\�É+Ïĸ�=�(AǺ� �

�,�(- COPIIR�c( Sar1�ěą� ŉʢ+:=7,'�<��>;ĀĚ

� Sec16,ȴĶʙóAÕŐ�=ðȯŗ��=�(AǺþ�&	=� 

� � 3 �GTP ,ʟÚƲÏɐDe�O'�= GMP−PNP ěą�' GTP �_N

�> Sar1Aǟ	& cargoN�X\�AňŞ��=( Sec16-�+N�X\�

;Ŭʕ�>=�(�ÓƄ� r Fig. 30ë/ 31 �ɹ),:
+�& Sar1, GTP

ÚƲÏɐTFN�� Sec16,î<ɳ4+Ħ��=,���&*� Sar1, GTP

ÚƲÏɐTFN��¿*	Ɣ¢'- COPIIR�c; Sec16�Ŭʕ�>=,

(	
�(AǮŭƄ;+�=�(-'�*# ��,çĀ(�&�ȳ+

ȝó� GTPĈ Sar1� Sec16, COPIIR�c0,î<ɳ4+�	&-Ȇªʘ

ģAŃ�ɥ��&	=(	
ðȯŗ�Ȭ�;>=�3 �Sar1, GTPÚƲÏɐ
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TFN��¿*	Ɣ¢'- Sec16� COPIIR�cňŞ+ʑ�Îƕ���,ȝ

ƙ cargo N�X\�É0,ȯÞǩ*î<ɳ4�Ɂ@>*# ,'-*	(

	
�(7Ȭ�;>=�ɗʮȎÉÊƢŞȔ+�	& Sec16+:= COPIIĭȮň

ŞÝǚ,²ɽ- Sar1 , GTP ÚƲÏɐTFN�+°ě�&	=(	
Č÷7*

�>&�<(Supek et al., 2002)�ƒǶȃ,ȝƙ-�,Č÷(�ȵ�=7,'�=�

Ú�&�Sar1, GTPÚƲÏɐTFN�( Sec16,Ʃȯ,ʐ+-Ɗ*=ÕŐƩƢ

�ěą�=,'-*	(	
�(�ƒǶȃ+:<ņ�Ǻþ�>=ʳFig. 35 �ɹ 

� � Pichia pastoris+��=Ƕȃ'- Sec16�COPIIĭȮňŞʧĉ,ƑȈ'¿�

�(�Č÷�>&�<(Bharucha et al., 2013)�ɦɐÀŁȿÃʩőʍAǟ	 

Drosophila+ʑ�=Ƕȃ'- Sec16� COPIIR�c+ɋ@> ȳ�ʧĉAî<

Ă5:
+įą�&	=�(���ƌɴČ÷�> (Liu et al., 2017)���*

�;�S. cerevisiae+�	& Sec16� COPIIR�c+Ʌɋ�> ʧĉ,ɲȥʅA

î<Ă5:
+įą�=(	
Č÷-*�>&	*	�Sec16 - Drosophila 8

ý�ʪ,șȮ'-ĭȮªȳ�'ÍǘK_pĈƢɻA(=ʧĉ+įą�=�(�

Č÷�>&	=(Budnik and Stephens, 2009; Hughes et al., 2009; Ivan et al., 2008)�

���Sec16 �ǆƉ� ȳƢɻA<Î�Ŋ×AŤ
,)
(	
�(

8�ȳ,Ɖǚ�>ȴª+ʃţǩ+ Sec16A�N��c�=Ŋ×��=,)


(	
�(+$	&-Ɛ!Ƅ;+*#&	*	�ƒǶȃ+ǟ	 �ĲȰɤ

ļʠȳ-ĭȮ,Ȧ<Ð<Aʒ� 6+ȳ,ǆƉAņ�ʓģ�= 6�ERES A

ňŞ�= 6+œɊ*ȳ,đň�Õʔ�>&	=��, 6�cargoN�X\�
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É+ Sec16 �ěą�=(	
ɏĨȝƙ-�ERES +��= Sec16 ,ǝǜǩƩȯ

Aìƅ� 7,'-*	ðȯŗ��=���*�;�ļʠ�+ňŞ�>=

COPII R�c,ƟĚ- Sec16 A�,�+íĥ�=�(�ðȯ'�=�(�ÓƄ

� ��,�(-�COPIIĭȮňŞʀǿ+�	&7 Sec16� COPII,ƟĚ,�

+î<ɳ3>=ðȯŗ��=�(AȬŜ�=œɊ��=�(Aņ�řù�&	

=� 
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Figure 34. Sec16ë/ Sec16-mCherryěą�+��= cargoN�X

\�,ňŞ  

ʳAʴGTP ěą�' Bet1-Dy488 ë/ Sec12Δlum AÊƢŞ� �ĲȰɤļʠȳ

+�Sec16 (68.4 ng)ë/ COPIIĭȮňŞĀĚ (100 ng Sar1, 345 ng Sec23/24, and 

1.3 μg Sec13/31) AǂÚ��cargo N�X\�AňŞ�� Ɔ, 5min ( 10min

,ȜƆǩ*ȿÃFz�WAǺ� � 

(B) GTPěą�' Bet1-Dy488ë/ Sec12ΔlumAÊƢŞ� �ĲȰɤļʠȳ+�

and Sec16-mCherry (62.4 ng) ë/ COPII ĭȮňŞĀĚ (100 ng Sar1, 345 ng 

Sec23/24, and 1.3 μg Sec13/31) AǂÚ��cargo N�X\�AňŞ�� Ɔ,

5min( 10min,ȜƆǩ*ȿÃFz�WAǺ� � 

(A)�(B)	�>,ȿÃFz�W7ÇǑǎȿÃʩőʍAǟ	&ðɍà� 7,'

�=�XP��j�- 2 μm 
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Figure 35. COPIIR�cňŞƆ,  COPIIĭȮňŞĀĚ,Þś{

b�  

COPIIR�c,ňŞ- GEF'�= Sec12+:< Sar1� GTPĈ(*=�('ʏ

Ę�>=�ƺŗà�>ȳ+ȝó� GTP Ĉ Sar1 (ɰɸVOe�AșȮɤ»+

ůǺ� cargo( Sec23/24�ȝó�=�('ÎȸÖʭɉóªAňŞ�=��,

ÎȸÖʭɉóªôĐA Sec13/31�ƛƨ�=�(' COPIIR�c�ňŞ�>��

>�ɼȠǩ+Ƞ��(' cargo N�X\�(*=��,ʀǿ' Sec16 - cargo

N�X\�+î<ɳ3>
=�ġʗ+ňŞ�>= COPIIĭȮ+ Sec16�î<ɳ

3>=)
-Ɛ!Ƅ;+*#&	*	��Į*�(7ļʠȳ�+ňŞ�

>= COPIIR�c,ƟĚ,�+- Sec16AíȖ�ǣ6&��=Ȇªǩ¬Ć��

=�Ú�& Sar1- cargoN�X\�ɲȥʅ�*@" COPIIR�c¦ʎʅ+,4

įą�Ʃȯ�&�<�COPII R�c,¦ʎ(Ç+R�cňŞɥǎ;-ʥƫȱ

ʚ�&	=(Ȭ�;>=� 

GTP�

GDP�

GTP�

GDP�

Sar1-GDP�

Sar1-GTP� cargo �

Sec23/24�

Sec13/31�

Sec12� Sec16�

Sar1�GTP����	��
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