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ɵ 1ɱ ʡǛ 

 

1-1. mRNAĭˣɺɂȁǻ 

� ʇʢé2:�DNA 6c�u#M+̊¼Ɣŀ:�RNA �����l6IL˫ìĖƏP²$1

mRNA 6˫ì#M�#J6!9 mRNA P̕ļ3$1���m��6ILʝˍĖƏ�Í˽&L!

32n�}_ˣ�ġƛ#ML�k�t��u`�3Ī;ML̊¼ŎƔŀ9ɑɁʊ˧9Ġirq�

9£2:�ĠĖƏPˇō&L̍ʄ9ȅɢƒ:ǹF1͆���)9ȅɢ#: 100%2:5��×ɑ

ɓ5X���Ʉ%1$C��È�;�˫ìĖƏ6IL mRNAġƛ̃ɨ2:�łĿP˖.1ĘK˰

E!3�ě��JɝJM1�L�mRNA 9˫ìƆ̃ɨ2:�i��Ug�`ĖƏ6IKƛȷļ

mRNA �Ʉƛ&L��)9̨6G�Ǧǩ9ʈȄcu�9�ȜÖ6ʈȄcu�PG/I�5Ɏů

mRNA�ġƛ#M1$C�!3GɝJM1�L͊Lewis BP et al., 2003 �͋Ɏů mRNAP��m

���ʝˍ$1$C�3�)!�Jġƛ#M+n�}_ˣ6:̙#�Ɏ5L549Ɏů�Ʉ%L�

)9ʋǬ��̋9n�}_ˣ:ȅů5ɄÂgir�6ILĖƏP̟ŗ$�ɄīȚĆʏƬ6��1

ʩīɓ5o��hP �LĜʣƒ��L�$�$�ŕ̨9ʇʢé2:�!9I�5ǡŗ5n�}

_ˣ9ġƛ:ǹF1Á�ơ�JM1�K�)9+F9³ʉD��L92:5��3ʞ�JM1�

+�!9³ʉDP˗Ǖ&LG93$1�˲ų�Ɏů mRNAPǷï$�ȅů5 mRNAIKGǓ�

ðˆ̣Ē&L!3�ð�.1�+�Ɏů mRNA 9ðˆȁǻ: mRNA ĭˣɺɂȁǻ3ʑɦ#M�

̊¼ŎɑɁ9ĭˣPÎ/+F9¤ˀ5ȁʣ2�K�ʇʢ9ȁʣʏƬ6:Ȃ�(5�ȁǻ2�L3

ʞ�JMŌF1�L� 

� �Ǻ6Ɏů mRNA3ˈ.1G�Ɏů5ʈȄcu��Ǧǩ9ʈȄcu�9�Ȝ6ŐĹ&LG9�

ʈȄcu��ŊOM+G9�ɰÂ̩ŗ546I.1ʈȄcu�6÷̄2�'6��m���ÕȬ

$1$C�G954�ŐĹ$�)M*M9Ɏů mRNA�Ɏ5Lʊ˧Pʊ1ðˆ#ML!3�ð�

.1�+�Ǒɝ9 mRNAĭˣɺɂȁǻ6å˹&LȺƌ:���m��6ILʝˍĖƏ3åƃɓ6

mRNA 9ɎůPǷï$�Ɏů�˓FJM+ mRNA Pðˆ?3Š�ʊ˧2�L3��Ȳ2�L

͊Isken O and Maquat LE., 2007 �͋ 
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� mRNAĭˣɺɂȁǻ:Ň�9ɄÂéðŎɩ�̝OL+F�)9ƛKɰ-:ňŅʿ̬2�K�Ɂ

Ȼ3$1�49I�5�[wj�2Ɏů mRNA9˓˝�)9Ɔ9 mRNA9ðˆ�˽ʹ&L9�

6/�1:Ǥɝ9̋ð�Ň�Ȋ#M1�L� 

 

1-1-1. Nonsense-mediated mRNA decay (NMD) 

� mRNA ĭˣɺɂȁǻ9£2�ǠGŇ�9ɟɭ�ŀħ#M1�L9: Nonsense-mediated 

mRNA decay (NMD)3Ī;MLȁǻ2�L��ʬ6�ʇʢé mRNA: DNA6ȏ@1ðˆ#M

H&���!9Ⱥƒ: mRNA9ŒŔƒ9øƉP²$1ʦȁƏŅ6ʇʢé̓PøƉ&L96̇$+

Ⱥƒ2G�L�˹ů9 mRNA6:�5’ǥɲ9]�q�ǻ˻�3’ǥɲ9�� A̗ǻ˻�ŐĹ$�!

MJ�ɗď35KʝˍĖƏ�ąɀI�ʹOML3å6�Ǵ̏ðˆ̍ʄ6ILðˆP̟ŗ&L!3

2�ŒŔĈ�ķJM1�L͊ Coller J and Parker R., 2004 ; Mangus DA et al., 2003 �͋3!N��

ɚǴɄȹ6��1�mRNA9v�k�iŅɎHi��Ug�`X��546I.1�Ǧǩ9ʈȄ

cu�9�ȜÖ6ʈȄcu�͊ ·Ɔ�ǤƛȷʈȄcu�͊ PTC = premature termination codon͋͋

�ïɁ&LŁġ6:�mRNA�6]�q�ǻ˻H�� A̗ǻ˻�ŐĹ&L6G��OJ'�ȅů

5 mRNAIKG˺H�6ðˆ#ML͊Chang JC and Kan YW., 1979 �͋!9I�5 PTCPƬ.

+ mRNA6Ş&L mRNAĭˣɺɂȁǻP NMD3Ī>� 

� ˫ì#M+;�K9Ǥƛȷ mRNA:i��Ug�`ȁǻ6I.1U�t���ñKï#M�X

]m�Ģń9˼ʋ�˥�L�!MJ9ĂŨPʊ+ƛȷ mRNA9X]m�˼ʋ̋Àµ˲6:X]m

�˼ʋ̋ʿġÂ͊·Ɔ�EJC : Exon-Exon junction Complex͋�Ȋɋ$1ʋġ$1�L!3�ɝ

JM1�K͊Le Hir H et al., 2000a ; Le Hir H et al., 2000b �͋óǣ9 mRNAʝˍ̃ɨ2:��

m��:�!MJ9X]m�˼ʋ̋ʿġÂPż�ü�$5�Jʝˍ¾̙ĖƏPʹ�3ʞ�JM1

�L�3!N��mRNAé6 PTC�ŐĹ&LŁġ�EJCIKG�Ȝ2ʝˍʈʋĖƏ�ʹOML

!365L�PTC 6��LʝˍʈʋĖƏ6��1G�ˆ̭ĴŎ eRF3/eRF1 ʿġÂ�ʈȄcu�

P˓˝$���m�� PeUt9��ph� tRNAPĂȑðˆ&L!32��pu̗P��m�

��Jˆ̭#(L�Ă�1�PTC 6��LʝˍʈʋĖƏ2:�eRF3/eRF1 ʿġÂ: NMD ĴŎ
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2�L Upf1H SMG13ə¬ÅɆ$1 SURFʿġÂPƁƛ$��Ȝ9 EJC3ə¬ÅɆ$+ NMD

ĴŎ Upf2 H Upf3 6IL Upf1 9��̏ĈP²$1X�ux_�S�l2�L SMG6 PĪ=˰

D�mRNAðˆPż�˥!&�˼9 NMDȁǻ�Í˽#ML͊ķ 1-1.͋͊ Kashima I et al., 2006 ; 

Eberle AB et al., 2009 ; Kashima I et al., 2010 �͋ 

 

 

ķ 1-1. Nonsense-mediated mRNA decay (NMD)9ǺɌķ�PTCP eRF3/eRF1ʿġÂ�˓˝
&L3�eRF36ə¬ÅɆ$1�L Upf1:�SMG1H�Ȝ9 EJC6ə¬ÅɆ$1�L Upf2H
Upf3 6I.1��̏Ĉ#M�)9ĖƏ6½.1X�ux_�S�l SMG6 � Upf1 6ə¬ÅɆ
$�˲Ù9Ɏů mRNAPñǍ&L�)9Ɔ�X]mx_�S�l6I.1Ɏů mRNA�ðˆ#
ML!32 NMD�˽ʹ&L� 

 

1-1-2. Nonstop decay (NSD) 

� RNA�����l6IL˫ì̃ɨ6��1�ʈȄcu�ʧÂ9ŅɎ6I.1ʈȄcu��ŊO

ML54��Ŕ9̻ŷ2ʈȄcu�95� mRNA �ġƛ#ML�Ă�1�ORF9˸£9̌ò�
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�� A ̗µĂg`v�3$1˖˓˝#M��� A ̗�µĂ&L̊¼Ŏ�ʿǉˁ/�.1�K

͊Edwalds-Gilbert G et al., 1997 ; Ozsolak F et al., 2010 �͋!9I�5ʝˍ̛Ō̋À�J9˘D

Ǯ6ʈȄcu�6ɁM5� mRNA: nonstop mRNA3Ī;M1�L�Nonstop mRNA�J: C

ǥɲÖ6Äð5S�z̏̌ò�µĂ#M+n�}_ˣ�ġƛ#ML+F�ȅů5n�}_ˣ3:

Ɏ5LƒˣPɑƽ&LĜʣƒ��L� 

� Nonstop mRNA:�NMD3ĢǼ6�˹ů9 mRNA3ȏ@1̴ů6�ŒŔ2�K�ʇʢé2

˺H�6ðˆ#ML͊Frischmeyer PA et al., 2002 �͋!9ªŕ:Ģǘ6�nonstop mRNAPȺ

Ɏɓ6ðˆ&LmRNAĭˣɺɂȁǻ�ŐĹ&L!3PɣĮ$1�L�!9I�5nonstop mRNA

Pǽɓ3&L mRNAĭˣɺɂȁǻ:�nonstop decay (NSD)3Ī;M1�L͊van Hoof A et al., 

2002 �͋ 

� Nonstop mRNA�2��m���ʝˍP̛Ō&L3�ʝˍ̃ɨ�ʈ¨&L!35� mRNA9

3’ǥɲ?3��m���÷̄$���m��:)9CCÕȬ$1$C�3ʞ�JM1�K�!9

I�5ÕȬȻƘ9��m��P mRNA ðˆ9g`v�3$1˝õ&Lȁǻ�©Ȩ#M1�L

͊Shoemaker CJ and Green R., 2012 �͋C+�nonstop mRNAPʝˍ&L��m��: 3’ǥɲ

6÷̄&LC2��� A̗�9 AAAcu�P˼ʎ2ˆ˘&L!365L�AAAcu�6I.1

ƭŔ#MLS�z̏:�h�2�K���i9̯ʱPG/��pu̗�ġƛ#ML�!9˼ʎ$

+�h�ȊĿ͊·Ɔ����h�͋��Uvi9̯ʱPŭ=+S�z̏ȊĿ�Ň���m��9

Exit t�y�3ə¬ÅɆ&L!32��m��9ÕȬ�ż�˥!#ML3��ŀħG�L

͊Inada T and Aiba H., 2005 ; Ito-Harashima S et al., 2007 �͋4-J9�s�6��1G�

nonstop mRNA:���m��9ÕȬ6I.1 mRNA9ðˆ�ż�˥!#ML͊ķ 1-2. �͋!9

��m��9ÕȬȻƘP˓˝&LðŎ9�/��cu�6ŞƏ&L tRNAP��m��9ǝğˆ

˘̋À6́ƿ&L GTP ʋġƒʝˍ¾̙ĴŎ EF-1�9���`2�L Ski7 2�L3ƻİ#M1

�L͊van Hoof A et al., 2002 �͋$�$�49I�6 Ski7�ÕȬ&L��m��P˓˝&L9�

:ä�ǕJ�35.1�J'�Ski7 6IL��m��˓˝Ɔ�X]mx_�S�l exosome 6

I.1 nonstop mRNA�ðˆ#MLC29ðŎȁǻ:�Ǖ2�L� 
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ķ 1-2. Nonstop decay (NSD)9ǺɌķ�Nonstop mRNAPʝˍ&L��m��:��� A̗ǥ
ɲC2÷̄$ʝˍÕȬPż�˥!&�&L3�Ski7:ʝˍÕȬȻƘ9��m��6Ş$1ȺɎɓ
6ʋġ$�)9Ɔ9 mRNA9ðˆPÍ˽&L3ʞ�JM1�L� 

 

1-1-3. No-go decay (NGD) 

� mRNA �2n�}_ˣġƛ6��Lʝˍ¾̙ĖƏ�ÕȬ$+Łġ�!9ʝˍ£9 mRNA 9ð

ˆÍ˽Pż�˥!&ȁǻ: No-go decay͊·Ɔ�NGD͋3$1ɝJML͊Doma MK and Parker 

R. 2006 �͋!9I�5ÕȬ:�ſĸ5 2 ȃǻ˻PƁƛ&L mRNA �9ɰÂ̩ŗ546I.1ż

�˥!#ML!3�ɝJM1�K�Ǧǩ9̙#3ȏ˭&L3ɞ�n�}_ˣ�ġƛ#ML�C+�

ʇʢé6n�}_ˣ9ġƛ�ʭ6̤.+��m���ʵɫ$1$C��mRNA9˘DǮ˸£6̌

ʘ$+ir����ǻ˻PƁƛ$�LRNǍòPĦE���n�̊¼ŎɈǩ9mRNA�29ʝ

ˍ¾̙ĖƏ:�ir����Ɓƛ6ILɰÂ̩ŗ6IK��m��9˽ʹ�ÕȬ&L�)9̨6

mRNA �2ðŎéñǍ�Ʉ%�)9Ɔ mRNA ðˆ�Í˽#ML!3�ɣ#M+!32�Ǡó6

NGDȁǻ9ŐĹ�ǕJ�6#M+͊ Doma MK and Parker R. 2006 �͋Ģǘ6�!9I�5 mRNA

9ðŎéñǍ�I=ðˆÍ˽:�)MC2ȁʣ�Ǥɝ2�.+ 2 /9ĴŎ Hbs1 H Dom34 Ȃƾ
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�2:̟ŗ#ML!3�ôǕ$+�)9Ɔ9ɟɭ6IK�æÂɓ5ʝˍÕȬg`v�3$1�i

r����9I�5ſĸ5 2ȃǻ˻͊Doma MK and Parker R. 2006 �͋NSD2GˇM+˘DǮ

é6ŐĹ&L˼ʎɓ5łĿƒS�z̏ȊĿ͊ ���h�H��S�^w�͋͊Dimitrova LN et al., 

2009 ; Kuroha K et al., 2010 �͋˼ʎɓ5�Scu�͊CGAcu�͋͊ Letzring DP et al., 2010 ; 

Letzring DP et al., 2013͋54�ôǕ$1�K��'M9Łġ2�.1G�Hbs1/Dom34ʿġÂ

�)9Ɔ9 mRNAðˆĖƏ6Ȣ�̝O.1�L!3�ð�.1�L�!9!3:�ʝˍ¾̙ĖƏ

£9��m��� mRNA9£̜ĺȲ2ʝˍ¾̙ĖƏP̟ŗ&LI�5ˀĴ6̈˿$+Łġ6:�

ĢǼ9�[wj�Pʊ1ĭˣɺɂ�ʹOM1�L!3Pſ�ɣĮ$1�L� 

� Hbs1:�eRF3H Ski73ĢǼ6 EF-1�9���`ĴŎ2�K�ə¬ÅɆĴŎ Dom343ʿġ

ÂPƁƛ$+ Hbs1/Dom34ʿġÂ:�EF-1�/tRNAʿġÂH eRF3/eRF1ʿġÂ3I�¿+ƁƘ

Pǡ&L͊ķ 1-3. ; Kobayashi K et al., 2010 ; Saito K et al., 2010 �͋!9+F�EF-1�/tRNA

ʿġÂH eRF3/eRF1 ʿġÂ3ĢǼ6��m��9 A eUt29ȁʣ�ƸȨ#M+�˲ų�_�

UZ̯Ŏ̼Ƌ̘6ILˆǫ6I.1�Hbs1/Dom34ʿġÂ���m��9 AeUt6ʋġ$1�

LǼŎ�Ʊ�JM1�K͊Becker T et al., 2011 �͋Hbs1/Dom34ʿġÂ: AeUt6��1ʝˍ

ÕȬȻƘ9��m��P˓˝&LðŎ2�L!3�ſ�ɣĮ#M+�C+�in vitro29ʝˍ̃ɨ

Pëǻƛ$+ˆǫ6I.1�Dom34 : ATP ʋġu�U�Pǡ&L Rli1(͆ɷɄȹ2: ABCE1)

3čĢɓ6ȁʣ$1��m��9e��wqtˆ̭ĖƏPÍ˽&L!3�ɣ#M͊Pisareva VP 

et al., 2011 ; Shoemaker CJ and Green R., 2011 �͋)9Ɔ�_�UZ̯Ŏ̼Ƌ̘6ILˆǫ6I

.1 Rli1���m��6ʋġ&LǼŎGƱ�JM1�L͊Becker T et al., 2012 �͋ 
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ķ 1-3. mRNAĭˣɺɂȁǻ6̝ &L¾̙ĴŎ EF-1�9���`n�}_ˣ�EF-1�͊ĐǴɄ
ȹ2: EF-Tu͋: tRNA3ʿġÂPƁƛ&L͊PDB accession code : 1TTT �͋EF-1�9���`
2�L eRF3 H Hbs1 :�eRF1 H Dom34 3)M*Mʋġ$�EF-1�/tRNA ʿġÂ3̎¿$+
ƁȻ9ʿġÂPƁƛ&L͊PDB accession code : 4CRN�3MCA �͋ěʇʲ2: EF-1�� Pelota
͊ïʯ̍ȍ2: Dom34͋3ʿġÂPƁƛ&L͊PDB accession code : 3WXM �͋ 

 

� ɁĹ9�s�2:�mRNA9˸£2ÕȬ$+��m��9 AeUtP Hbs1/Dom34ʿġÂ�

˓˝$���m��9˲Ù2Ǥɝ9X�ux_�S�l6I.1 mRNA:ðŎéñǍPę�L�

)9Ɔ�Hbs1: Dom34�Jˆ̭$���m��é6éć#M1�L Dom343 Rli139ə¬Å

Ɇ6IK��ph� tRNA9ˆǆH��m��9e��wqtˆ̭�Í#M�ñǍ#M+ mRNA

:X]mx_�S�lȚƒPG/ Xrn1 H exosome 6I.1ðˆ#ML3ʞ�JM1�L͊ķ

1-4. �͋ 
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ķ 1-4. No-go decay (NGD)9ǺɌķ�mRNAPʝˍ&L��m���ɰÂ̩ŗ546I.1ſø
ɓ6ʝˍÕȬȻƘ6̤L3�)9I�5��m��P Hbs1/Dom34ʿġÂ�ȺɎɓ6˓˝$�X
�ux_�S�l6I.1 mRNA :ñǍ#ML�)9Ɔ�X]mx_�S�l6I.1Ɏů
mRNA:ðˆ#ML!32 NGD�˽ʹ&L� 

 

� mRNAĭˣɺɂȁǻ:���m��6ILʝˍĖƏ3åƃɓ6ȁʣ&L3��Ȳ2̴ů6ʪĩ

Ȣ��3/9¤5 mRNAĭˣɺɂȁǻ2�L NMD�NSD�NGD2:��'MGʝˍ Gn�}

_ˣ EF-1�9���`2�L eRF3�Ski7�Hbs1�Ɏů mRNAPʝˍ$1�L��m��P˝

õ$1�L3ʞ�JM1�L��)M*M9ʄ̃ɨ9˒ʇ5ˆǫ:ŌC.+;�K2�L� 

 

1-1-4. mRNAĭˣɺɂȁǻ3åƃ$+ǎɄ��pu̗9ðˆȁǻ 

� mRNA ĭˣɺɂȁǻ6ILɎů mRNA 9ðˆȁǻ6̝$1�ȃ�6ǎ˂ɝˁ�ƈJM1�L

��Ɏů mRNAPʝˍ$+̨6Ʉ%LǎɄ��pu̗9ðˆȁǻ6̝$1Gɟɭ�˽Q2�L� 

� Nonstop mRNA6I.1ġƛ#M+ǎɄ��pu̗:�60Se��wqt6ʋġ&L E3��
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]p��\�l Ltn1 6I.1��]p�ĈPę��)9Ɔ��rSm��6I.1ðˆ#ML

!3�ŀħ#M���m��9ȁʣ3åƃ$+Ɏů mRNA9ɕ˃ȁʣ��ąɀɓ5ǡŗn�}_

ˣ9ðˆȁǻ3G˼ǀ$1ȁʣ$1�L!3�ɣĮ#M+͊Bengtson MH and Joazeiro CA., 

2010 �͋it�iƏɸ6̝ &LĴŎ9ʐʙɓˆǫ�I=ɄĈőɓǷˎ�J�Ltn1:ǎɄ��p

u̗9��]p�ĈPʹ�ÙJ�Tae2H Rqc1�Cdc48543å6ˆ̭$+��m��9 60Se

��wqt6ʋġ$1 Ribosome Quality Control Complex (RQC)3��ʿġÂPƁƛ$�ǎɄ

��pu̗Pðˆ?3˕Š&L!3�ɣ#M+͊Brandman O et al., 2012 �͋RQC:�NGD3

NSD9ĕǏ2Ʉ%+ǎɄ��pu̗9ðˆ6ȁʣ&L!3�ɣ#M���m��6ILʝˍÕȬ

Ɔ9ǎɄ��pu̗9ðˆ:�å˹9³ʉD6I.1ż�˥!#ML!3�ǕJ�35.+

͊Brandman O et al., 2012 ; Defenouillere Q et al., 2013 �͋ 

� Ǡǎ9ɝˁ2:���m���ʝˍÕȬPż�˥!&3�)9Ɔe��wqt9ˆ̭�ż�˥

!#ML��Tae2 : tRNA �Ȋ#M+ 60S e��wqt9e��wqtɊ̵6ʋġ$�40S e

��wqt9ë»ġP̞�3å6�Ltn19ŒŔɓ5ʋġPÍ&!3�ǕJ�35.+͊ Lyumkis 

D et al., 2014 ; Shao S et al., 2015͋#J6̈́�@�!36�Tae2:�60Se��wqt6Ȋ#

M+ǎɄ��pu̗6Ş$1�mRNAH 40Se��wqt̴ÉŐɓ6S�w�G$�:i�Zw

�6ILʝˍ¾̙ĖƏ͊CAT tail͋PÍ˽#(L!3�ˁï#M+͊Shen PS et al., 2015 �͋!

9©ǣ(7ǎ˂n�}_ˣġƛ�[wj�6IL CAT tail:�)9Ɔ9ǎɄ��pu̗9ðˆg

`v�2:5��3ƸȨ#M1�L͊ķ 1-5. �͋ 
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ķ 1-5. mRNAĭˣɺɂȁǻ3åƃ$+ǎɄ��pu̗9ðˆȁǻ9�s��ʝˍÕȬPż�˥!
$+��m��:�e��wqt9ˆ̭�Í#ML�)9Ɔ�60Se��wqt6 Tae2H Ltn1
�ʋġ$�ǎɄ��pu̗:��]p�ĈPę�L�#J6�Tae2 :ǎɄ��pu̗9 C ǥɲ
6S�w�G$�:i�Zw�PµĂ$�ʝˍ¾̙ĖƏPÍ˽&L�)9Ɔ�RQC PƁƛ&L
Cdc4854���m��6ʋġ&L!32ǎɄ��pu̗9ðˆ�ż�˥!#ML� 

 

1-2. mRNAĭˣɺɂȁǻ6��Lʝˍ Gn�}_ˣʚ 

� ʝˍ¾̙̃ɨ6��1�ïʯ̍ȍ Saccharomyces cerevisiae2:�EF-1�� tRNAH GTP3

3ʟʿġÂPƁƛ$�tRNAP��m��9 AeUt6́ƿ&L͊ Riis B et al., 1990 �͋)9̨6�

��m��9 AeUt̊¼ǝğˆ˘̋À6ƻɣ#M+cu���ŞƏ&L tRNA9S�pcu�

3ȅ$�łĿŞġ&L3 EF-1�6ʋġ$+ GTP � GDP 6Ăȑðˆ#M�ɰÂǻ˻ŅƼPż�

˥!$�tRNAP)9Ł6Ȋ$+CC EF-1�:��m���J̭̀&L͊Pape T et al., 1998 �͋

)9Ɔ���m���6Ȋ#M+ tRNA:���m��é2̌ĤPŅ����pu˫ɧĖƏȚƒ

£ƍ2S�z̏˫ɧĖƏ�ˇō#ML�!9ĖƏPʖK˳&!32���pu̗:¾̙&L��

�m���Jˆ̭$+ EF-1�:�EF-1�6ILx_�Zpu®ƼĖƏPʊ1 GTPʋġ��u6

ŅƼ#M͊Moazed D and Noller HF., 1989 �͋ǎ+5 tRNA3ʋġ&L!36IKʝˍ̃ɨ2�

eU_�#ML� 

� ïʯ̍ȍ6��1:�EF-1�3S�z̏̌ò6��1͆�əĢƒPǡ&Ln�}_ˣ eRF3�

Hbs͌�Ski79ŐĹ�ɝJM1�K�ʪĩȢ�!36�)M*M�ʝˍ̃ɨ6��LȺɎ5��

m��P˓˝&L!36I.1�mRNA ĭˣɺɂȁǻPÍ˽&L!3�ð�.1�+͊ķ 1-1.�

ķ 1-2.�ķ 1-4.͋͊ Parker R., 2012 ; Hoshino S., 2012 �͋ 
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� EF-1����`n�}_ˣ͊EF-1��eRF3�Hbs͌�Ski7͋9Ⱥɶ&@�Ⱥƌ3$1�͆�

ÎŐ#M+ GTPaseu�U��Ʈ JML�GTPaseu�U�3:�GTPʋġ�I=ĂȑðˆȚ

ƒPʹ�+F9u�U�2�L�GTPase u�U�9£6:Ⱥ6̑ˀ5`Sw�x_�Zpuʋ

ġ�p���ŐĹ$�G1�G2�G3�G4�G5 3Ī;M�S�z̏̌òH)9ɰÂ̌ʘ�̴ů6

͆ŷ6ÎŐ#M1�L͊ķ 1-6.͋͊ Bourne HR. et al., 1991 �͋!9Ⱥƌ�J�EF-1����`n

�}_ˣ6:ȺŔ9`Sw�x_�ZpuʋġȻƘ6ÉŐ$+ȁʣ��u�ŐĹ$���m��

6��LðŎiUqp3$19ƃþPǬ+$1�L� 

� )!2�mRNA ĭˣɺɂȁǻ39̝ �ƭǁ#M1�L EF-1����`n�}_ˣ eRF3�

Hbs1�Ski79ȺƌPƆ˵&L� 

 

 
ķ 1-6. EF-1����`n�}_ˣ9̽¿ƒ9ȏ˭�ʒ2ɣ#M+̺Ľ:����`n�}_ˣ̜
2å˹$+u�U�ǻ˻PG/ Cǥɲ̺Ľ�GTPaseu�U�é9 GTPʋġu�U� G1~G5:
ˤ��q_i2ɣ$+�ʿġÂPƁƛ&Lə¬ÅɆĴŎ:��'MGu�U� 2H 33ə¬ÅɆ
$1�L�Nǥɲ̺ĽPʆ2ɣ$�S�z̏̌òH)9̙#6ÎŐƒ:˓FJM5�� 
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1-2-1. ʝˍʈʋĴŎ eRF3 

� k�icu�2:�EF-1�� tRNA�GTP39 3ʟʿġÂPƁƛ$1̊¼ǝğˆ˘6ȁʣ&L

96Ş$�eRF3: eRF13 GTP6IL 3ʟʿġÂPƁƛ$1ʈȄcu�P˓˝$���m��

é29��puˆ̭ĖƏPÍ˽&L͊Zhouravleva G et al., 1995 ; Stansfield I et al., 1995 �͋C

+Ģǘ6�eRF3/eRF1ʿġÂ:��m��9 AeUt6��LʋġP²$1 mRNAĭˣɺɂȁ

ǻ NMD 6��LɎů mRNA 9˓˝ȁǻ3$19ƃþGè8Ú�1�K�ƒˣ9Ɏ5.+ 2 /

9͆ȃȁʣPƦ.1�L͊Kashima I et al., 2006 ; Eberle AB et al., 2009 ; Kashima I et al., 

2010 �͋eRF3:ʈȄcu�˓˝3��ǹF1ǚ̂ɓ5ȁʣ6̝OL+F�!MC2ˆǫ�5#M

+ä19ɚǴɄȹ6ÎŐ#M+n�}_ˣ2�K�ïʯ̍ȍ9Ʉʠ6GƎ̹2�L�eRF3 9S

�z̏̌ò9Ⱥƌ3$1�C ǥɲ̺Ľ6 EF-1�3əĢƒ�˓FJMLu�U�Pǡ&L�Ǐ2�

Nǥɲ̺Ľ6:�̍ȍ9Ʉʠ6:Ǝ̹2:5� eRF3Ģń9ÎŐƒGÁ� non essential domain 

(NED)PÚ�1�L͊Ter-Avanesyan MD et al., 1993 �͋NED̺Ľ6̝$1:���Z�ǼȺƒ

6Ɉǩ&LʈȄcu�9˘D̾;$ȁǻ54P:%F3$1�Ʉɂőɓ5ƖʛPˁï&ˆǫ�ɫ

ǹɓ65#M1�+�͊Kodama H et al., 2007 �͋Cǥɲ̺Ľ9ʈȄcu�˓˝ʣ3ȏ˭&L3

)9̑ˀƒ:Á�3ʞ�JM1�L� 

� eRF3 9 C ǥɲ̺Ľ:S�z̏̌ò 254~685 6əƀ$�EF-1�39S�z̏9Ģ�ƒ: 36%

2�L��GTPaseu�U�͊S�z̏̌ò 262~454͋6̡Ŕ&L3�)9Ģ�ƒ: 47%6�ǔ

&L�!9ªŕ:�eRF3 6��L`Sw�x_�Zpuʋġ�p��9̑ˀƒPſ�ɣĮ$1

�K�ŕ̨6 eRF3�eRF1�GTP6IL 3ʟʿġÂ29ʈȄcu�˓˝�I=��pu̗9ˆ̭

: GTP9Ăȑðˆ6I.1Í˽#ML� 

 

1-2-2. No-go decayĴŎ Hbs1 

� ïʯ̍ȍ6��1�SSB ̊¼Ŏ6I.1c�u#MLg����n�}_ˣ Hsp70 6: 2 ɩ

̽9e��R���SSB1�SSB2�ŐĹ$�2̑Ȃƾǳ:ʩȈ2:5�G99ÁȧǨ¹�29Ʉ

ʠ�ơø#MLɁ˟�ˁï#M1�+͊Craig EA and Jacobsen K., 1985 �͋)9Ɔ�̃ýɑɁ6
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I.1Ʉʠ9ơøPʤơø&Le��qe�n�}_ˣ3$1ǎ˂9 EF-1�Ǽn�}_ˣ2�

L Hbs1͊Hsp70 subfamily B suppressor 1͋�ĢŔ#M+͊Nelson RJ et al., 1992 �͋HBS1:

Ʉʠ6Ǝ̹5̊¼Ŏ2:5���~tH�Vi͊Wallrapp C et al., 1998 �͋g�Vh�V|XH

ðʻ̍ȍ͊Inagaki Y and Ford Doolittle W., 2000͋6GŐĹ$�˽Ĉɓ6͆ŷ6ÎŐ#M1�L

ªŕ�J�̑ˀ5ƃþPƬ/92:5��3ƸȨ#M1�+�Ssb n�}_ˣ:Ɠůɓ6ɑɁ#

M1�Lg����n�}_ˣ2�K�ʝˍ¾̙̃ɨ6��L��m��6ţĹ$ǎɄ��pu

̗9ȅů5�Y��sT�`PÍ˽&L͊Nelson RJ et al., 1992 ; Pfund C et al., 1998 �͋Ssb̴

ŐĹ�2:���m��9 Exit p��y��Jï1�LǎɄ��pu̗9ÕȬ�ż�˥!#M�

t��i�a�g���Ȭ.+ʋǬ3$1��m��9 A eUt6 EF-1�/tRNA ʿġÂ�ʋġ

2�5�5L3��¸Ŕ9G3�ǠGóǣ9ȁʣ�s�2:�Hbs1:ʝˍ¾̙̃ɨ9ȬKPˆȠ

&LĴŎ2:5��3ƸȨ#M1�+͊Pfund C et al., 1998 �͋ 

� )9Ɔ���m��n�}_ˣ RPS30A3 HBS19 2̑Ȃƾǳ2:�ÁȧǨ¹�29Ʉʠ�ơ

ø#M�)9Ʉʠơø: Hbs19ä̙�I= Cǥɲ̺Ľ͊S�z̏̌ò 162-611͋9D6I.1

əʽ#ML!3�ǕJ�65K�Ă�1�GTPʋġʣ9ĢŔ3 G1u�U�3 G3u�U�é9

ÎŐ#M+S�z̏9ʘƼ6ILȁʣȂƾŅɎÂ͊V176G�H225E͋9ð̭�5#M+

͊Carr-Schmid A et al., 2002 �͋!M6I.1�Hbs1: EF-1�H eRF33ĢǼ6�GTPʋġÉ

Őɓ6ȁʣ&LðŎ2�L!3�ſ�ɣĮ#M+�#J6�Yeast two-hybrid͊Y2H͋ȖPöɆ

$1�Hbs19ʋġĴŎ3$1 Dom34�ĢŔ#M�)9ʋġ6: Hbs19 Cǥɲ̺Ľ�Ǝˀ2�

L!3�ǕJ�35.+͊Carr-Schmid A et al., 2002 �͋ 

� Hbs1 9ʝˍļ G n�}_ˣ3$19Ⱥƒ�ǕJ�65L�Ǐ2�ʝˍ̃ɨ29ȁʣ:ǕJ�

65J5�.+�$�$�2006ų�ParkerJ:�ſĸ5ir����ǻ˻Péć&L mRNA:

��m��9ÕȬP˕ɑ&L��)9I�5 mRNA: Hbs1/Dom34ʿġÂ6IL��m��9

˓˝P²$+ðŎéñǍPę�1˱˺6ðˆ#ML!3Pŀħ$�!9I�5ǎ˂ mRNAĭˣɺ

ɂȁǻP no-go decay (NGD)3ģµ�+͊ķ 1-4.͋͊ Doma MK and Parker R., 2006 �͋ 
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1-2-3. Nonstop decayĴŎ Ski7 

� dsRNA VU�i L-A H M :ïʯ̍ȍ6��LéĹƒ9Ȏʄ�]��ȎʄPc�u$�ʇʢ

ņ6]��ȎʄPðȕ&L!32´9̍ȍPƵ̣&L!3�Ĝʣ2�L͊Wickner RB., 1996 ; 

Magliani W et al., 1997 �͋Skin�}_ˣ͊Super killer͋:�]��ȎʄPc�u&L dsRNA

VU�i9c��ǉPơø&Ln�}_ˣ3$1ĢŔ#M+͊ Toh-E A et al., 1978 ; Ridley SP et 

al., 1984 �͋ŕ̨�SKI2�SKI3�SKI4�SKI6�SKI7�SKI89ŅɎÂ2:�dsRNAVU�iM

6I.1ɅɄ#ML]��Ȏʄ9ɑɁ�����ǔ&L!3�ɢ�FJM+͊Toh-E A et al., 

1978 ; Ball SG et al., 1984 ; Ridley SP et al., 1984 ; Widner WR and Wickner RB., 1993 �͋ 

� )9Ɔ�SKI79̊¼Ŏ:_��w�`#M�S�z̏̌ò� EF-1��eRF3�Hbs13əĢƒ

�͆� GTPase u�U��ÎŐ#M1�L!3͊ķ 1-6. �͋C+�Ski7 Ȃƾǳ6��1�]��

ȎʄPc�u&L dsRNA 3ĢǼ5ȺƌPG/��� A ̗95� mRNA 6Ɉǩ&Ln�}_ˣ

9ɑɁ��ǔ&L!3�ǕJ�65.+͊Benard L et al., 1999 �͋#J6�Ski7Ȃƾǳ2:�{

U`��Ug� BHg_�?]g�u?9Ɨęƒ�͆CL!3�ɣ#M�ʝˍļ Gn�}_ˣ3

9əĢƒPǡ&L!3�J�Ski79��m��?9ȁʣƒ�ɣĮ#M+͊ Benard L et al., 1999 �͋ 

� Ski2�Ski3�Ski6�Ski86IL�� A̗95� mRNA9ðˆ?9ř �ǕJ�65.1�+

5�͊Anderson JS and Parker R., 1998 �͋2002ų�ParkerJ:�Ski7�ʈȄcu�95�

mRNA͊nonstop mRNA͋9ðˆ6Ǝˀ2�K�ʝˍļ Gn�}_ˣ2�LȺƌ�J�nonstop 

mRNA Pʝˍ&L��m��P Ski7 �˓˝&L!36I.1 mRNA 9ðˆ�Í˽#ML

nonstop decay (NSD)3��ǎ˂ mRNAĭˣɺɂȁǻPƻİ$+͊ķ 1-2.͋͊ van Hoof A et al., 

2002 �͋ 

 

1-3. Ski7ɟɭ6IL!MC29ɝˁ 

� Ǧɻ2:�!MC26ǕJ�6#M1�L Ski76̝&LɝˁPǺ˗&L� 
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1-3-1. Ski79ɩ̜ÎŐƒ3)9ȁʣƒ̺Ľ 

� ïʯ̍ȍ9̒Ʉǳ2:�nonstop mRNA:�ʈȄcu��ŐĹ&Lȅů5 mRNA3ȏ˭$1�

˱˺6ðˆ#ML͊Frischmeyer PA et al., 2002 �͋Ski7Ȃƾǳ2:�mRNA9ČȦǣ:ňŰ6

ŃĂ&L!3�˓FJM+͊ van Hoof A et al., 2002 �͋ĢǼ5Ɂ˟:�́ 9 Skin�}_ˣ Ski2�

Ski3�Ski89Ȃƾǳ2Gŀħ#M1�L͊van Hoof A et al., 2002 �͋ 

� ´9 SkiĴŎ3ȏ@�Ski79Ⱥɶ&@�Ȳ:�ɚǴɄȹ9AB&@19ɩ6͆ŷ6ÎŐ#ML

EF-1��eRF3�Hbs1 3əĢƒPG/ʝˍļ G n�}_ˣ͊EF-1��R���͋9���`2

�L3��Ȳ2�L͊ķ 1-6.͋͊ Benard L et al., 1999 �͋)$1�EF-1�3 eRF36̝$1�Ȃ

ƾ&L3ʇʢ�ʩȈ65LI�5¤ˀ5ȁʣƒ̺Ľ:�`Sw�x_�Zpuʋġ�p���Î

Ő#M1�L Cǥɲ̺Ľ2�L!3�ɢ˓#M1�L͊Bourne HR. et al., 1991 ; Ivanov PV et 

al., 2008 ; Carr-Schmid A et al., 2002 �͋$�$�!MC29 NSDȚƒˏÊʀ6��L mRNA

ðˆʊ˧6Ǝˀ3#ML Ski79ȁʣƒ̺Ľ:�!9 Cǥɲ̺Ľ2:5��Ski76Ⱥƌɓ5̌ò

�Jǻƛ#M1�L Nǥɲ̺Ľ9D�J5L Cǥɲ̺ĽȂŊÂ2ċð6ɣ#M+͊ van Hoof A et 

al., 2002 �͋̀ Sw�x_�Zpuʋġ�p���ÎŐ#M1�L Cǥɲ̺Ľ9ř :đŚ5ČȦ

ǣ9ȨŔ6I.1GO'�6ɢ˓#M+9D2�.+͊van Hoof A et al., 2002 �͋!M6IK�

NSD6��L Ski79ȁʣƒ̺Ľ: Nǥɲ̺Ľ2�L3#M1�K�Cǥɲ̺Ľ�49I�5ȁ

ʣPɑƽ&L9�:ä�ð�.1�5�� 

 

1-3-2. Ski79ǻ˻Ɣŀ 

� k�icu�ˆ˘PƦ�EF-1�/tRNA/GTPʿġÂ3�ʈȄcu�ˆ˘PƦ� eRF3/eRF1/GTP

ʿġÂ:�ɰÂǻ˻�9ƁȻ�̎¿$1�L͊ķ 1-3. �͋!9ƒˣ:�tRNAǃƘðŎ2�Lˆ̭

ĴŎ eRF1n�}_ˣ9 tRNA3ŞƏ&Lȁʣ̋ÀP��m��9̊¼ǝğˆ˘̋À2̇ñ6ȁ

ʣ#(L+F6̑ˀ2�L3ʞ�JM1�L͊Nakamura Y and Ito K., 2011 �͋!9I�5ɰÂ

ǻ˻9ǾÒ:�ˆ̭ĴŎ-tRNAðŎǃƘ�͊ Ito K et al., 1996͋3��ǺƐ2Ʊ�JM�ɚǴɄȹ

9D5J'|_r�S9̊¼ǝğʀ6Gå˹$1˓FJML͊Nakamura Y and Ito K., 2011 �͋
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2:�̊¼ǝğ9ˆ˘6̝OL EF-1��I= eRF339əĢƒPÎƬ$ mRNA9ĭˣɺɂȁǻ

6̝ &L���`2�L Hbs1H Ski72:ɰÂǻ˻9̽¿:˓FJML9,N��� 

� ɩ�9äbz�ˆǫ��hW_t6IKěʇʲ6:�EF-1�:ŐĹ&L� eRF3H Hbs16Ş

Ə&L���`̊¼Ŏ:ŐĹ$5�!3�ǕJ�65.1�+�)9Ɔ�ěʇʲ2: EF-1�:

tRNA 6Ă�1�eRF1 H Pelota͊ïʯ̍ȍ2: Dom34͋3ə¬ÅɆ&L!3�ǕJ�35K�

ĠʿġÂ9ʋǜǻ˻� GTP ʋġǼŻ2ˆ�M+͊Kobayashi K et al., 2010 ; Saito K et al., 

2010 �͋)9ʋǬ�eRF1 6Ă��Pelota : tRNA 6̎¿$+ƁȻPǡ$�Hbs1/Dom34 ʿġÂ

G EF-1�/tRNA/GTP ʿġÂ3̎¿$+ƁȻPɣ&!3�ŕˎ#M+͊ķ 1-3. �͋Ă�1�

Schizosaccharomyces pombe 9 Hbs1/Dom34 ʿġÂ9ʋǜǻ˻Gˆ�M�©ƕ˹K�

eRF3/eRF1/GTPʿġÂ3äÂɓ5ƁȻ�̽¿$1�L!3�ɣ#M+͊Chen L et al., 2010 �͋

C+�ĎȽ2:�L� Thermoplasma acidophilumɈǩ9 Pelota͊ Lee HH et al., 2007͋Hïʯ

̍ȍɈǩ9 Dom34͊Graille M et al., 2008͋9ʋǜǻ˻Gˆ�M1�K�)M*M� eRF19ǻ

˻6̽¿$1�L!3�JG�Hbs1/Dom34ʿġÂ� tRNAǃƘĴŎ2�L3��!3Pſ�ɣ

Į$1�L� 

� Ski7·ņ9ĴŎ:��c��v�t9ɑɁ�ɾʾ�ȏ˭ɓŘǖ2�L+FɰÂǻ˻ˆǫ�Ʋ�

$�.+��Ski7:n�}_ˣɾʾ�̴ů6ĵ̮2�L!3�ɝJM1�K�ʋǜĈ�̮$�3

ˈOM1�+�3!N��/�Ǡ˲65.1�Xʓʋǜǻ˻ˆǫ6I.1ïʯ̍ȍ9 Ski79ǻ˻

�ˆ�M+͊ Kowalinski E et al., 2015 �͋)9ʋǬ�́ 9���`n�}_ˣ3Ģ%I�6�Ski7

: EF-1�3ɰÂǻ˻�̽¿$1�L!3�ǕJ�35.+͊ķ 1-7. �͋ 
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ķ 1-7. ïʯ̍ȍɈǩ9 Ski7 9ʋǜǻ˻�ũ�J�Thermus aquaticus Ɉǩ9 EF-Tu͊PDB 
accession code : 1TTT �͋Aeropyrum pernixɈǩ9 EF-1�͊PDB accession code : 3WXM �͋

Saccharomyces cerevisiaeɈǩ9 Ski7͊PDB accession code : 4ZKE͋9ǻ˻����`2�L
ʝˍ¾̙ĴŎ EF-1�͊ĐǴɄȹ2: EF-Tu͋3ȏ˭&L3�Ġu�U�9ɰÂ̌ʘ�̽¿$1
�K�Ski7GðŎǃƘn�}_ˣ2�L!3�ǕJ�65.+� 

 

1-3-3. Ski79ʀʍÎŐƒ 

� Ski7:�ĐǴɄȹHěʇʲ:�N��~tP:%F3&LŇ�9ɚǴɄȹ6��1GÎŐ#M

1�J'�˲ʔ9̍ȍɩ9D6ˁJMLn�}_ˣ2�L3#M1�+͊Atkinson GC et al., 

2008 �͋ïʯ̍ȍ6��LS�U��tȏ˭ˆǫ�I=˽Ĉʀʍǿˆǫ9ʋǬIK�˽Ĉɓ6

Hbs1 `���IKðŧ$1ïɁ$+3ʞ�JM1�L�"��ʬɓ5ʞ�Ǐ6ùM;�bz�

DNA9ÑĂɁ˟2�L whole genome duplication (WGD)6I.1 Hbs1�J Ski7�˔Ʉ$�

ĕǏ�ÎƬ#M1�+3ʞ�JML�$�$ŕ̨6:�Ski7: whole genome duplication (WGD)

�˥!LIKGě��Kluyveromyces waltii3ïʯ̍ȍ Saccharomyces cerevisae9ðŧ·ú�

JŐĹ$1�+3ʞ�JM1�L͊Kellis M et al., 2004 ; Atkinson GC et al., 2008 �͋!9ªŕ

PǄƬ&L�9I�6�Ǡǎ9ɟɭʋǬ6��1�˲ ʔ9̍ȍʲ·ņ6G Ski7Ǽn�}_ˣ9Ő

Ĺ�ɢ˓#M�ǠĞʔ2:�ðʻ̍ȍ Schizosaccharomyces pombe6 Ski72�L3Ƹŝ#M

Ln�}_ˣ9ŐĹ�ǕJ�35.1�L͊Marshall AN et al., 2013 �͋ 

 

1-3-4. Ski79 Cǥɲ̺Ľ6��Lə¬ÅɆĴŎ 

� eRF3�Hbs19 Cǥɲ̺Ľ:�3/9ǻ˻u�U�͊domain 1�domain 2�domain 3͋�J

ǻƛ#M1�K�GTPaseu�U�: domain 16ĦCM�̀ Sw�x_�Zpu9ʋġ6IK´
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9u�U�PĦF+ǻ˻39ɰÂ̌ĤPøƉ$1�L͊ķ 1-6.�ķ 1-7. �͋)M*M9 eRF1�I

= Dom3439ʿġÂƁƛ6:�domain 2�3PĦF+ä19u�U�9ə¬ÅɆ�Ǝ̹2�L�

!!2�Ski79S�z̏̌ò6ȗɗ&L3�Ski7GÈ6ȮM'�´9 EF-1����`n�}_

ˣ3ĢǼ6 3 /9ǻ˻u�U�6ŞƏ&LS�z̺̏Ľ�͆ŷ6ÎŐ#M1�L͊Benard L et 

al., 1999 ; Carr-Schmid A et al., 2002 �͋GTPaseu�U�·ņ9 Cǥɲ̺ĽGÎŐ#M1�L

!3�J�Ski7 G´9 EF-1����`n�}_ˣ3Ģ%I�5ə¬ÅɆĴŎ9ŐĹ�ƸȨ#M

L�ªŕ�mRNAĭˣɺɂȁǻ9����6:ə¬ÅɆĴŎ9ŐĹ�úƻ2�s��ƺ�M1�

L!3GŇ�͊Shoemaker CJ and Green R., 2012 �͋$�$�ɁĹC26 tRNAG$�:ǃƘĴ

Ŏn�}_ˣ eRF1 H Dom34 9I�6 Ski7 3�S65.1ȁʣ&LĴŎ9ŀħ:5��C+�

ʋǜǻ˻ˆǫ6IL3�Ski79u�U� 2Hu�U� 39ʺ̵6̱ï$1�LS�z̏ȊĿ9̯

ʱ:´9 EF-1����`n�}_ˣ3Ɏ5.1�+�#J6:�Ski7ĎȽ6IL GDPʋġǼŻ

9ƁƘ��´9 EF-1����`n�}_ˣ� GTPH}�tv�n�}_ˣ3 3ʟʿġÂPƁƛ

$+3�9ƁƘ6̎¿$1�+�!MJ9ɂɈ�JǠǎ9ɟɭ2:�·ú9¤ž3:Ɏ5K��

S35L}�tv�n�}_ˣ9ŐĹ:5�3ƸȨ#M1�L͊Kowalinski E et al., 2015 �͋ 

 

1-3-5. Ski79ʝˍ Gn�}_ˣəĢu�U�9Ⱥƌ  

� EF-1��eRF3�Hbs1:�ʝˍ Gn�}_ˣ3$1 GTPPʋġ&L!32}�tv�n�}

_ˣ39ʿġÂƁƛ�Í˽#M�!9ʿġÂ3��m��39ə¬ÅɆ6åƃ&LƁ2 GTP9Ă

ȑðˆĖƏPż�˥!&�GTP9ĂȑðˆĖƏ2:�GTPʋġ̋À6̪Ʒ&L G3u�U�é9

~iph�ȊĿ��ĖƏ£̜Â9ŒŔĈ6ř &L!32 GTP9ĂȑðˆĖƏPÍ˽$1�L3

ʞ�JM1�L͊Liljas A et al., 2011 �͋!9ƸȨ6�ʩ$1�EF-Tu͊ɚǴɄȹ2: EF-1� �͋

eRF3�Hbs1 2:�)M*M9~iph�ȊĿ6��LŅɎÂ:�å˹$1ȁʣȂƾPż�˥!

&͊Cool RH and Parmeggiani A., 1991 ; Zeidler W et al., 1995 ; Carr-Schmid A et al., 2002 ; 

Salas-Marco J and Bedwell DM., 2004 ; Kobayashi K et al., 2010 �͋ 

� EF-1�3´9 EF-1����`n�}_ˣ9 GTPase u�U��ŭ6��LS�z̏9Ģ�ƒ
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:)M*M�eRF3 2: 47%�Hbs1 2: 30%3͆��Ǐ2�Ski7 2: 13%3Á�5.1�L�

C+ʪĩȢ�!36�Ski7 6��1:�GTP Ăȑðˆ6̑ˀ5ƃþPǬ+&�˵9~iph�

ȊĿ:ÎŐ#M1�J'�k��ȊĿ?3ʘƼ#M1�L�ŕ̨6ɾʾ#M+ Ski7 PɆ�1 in 

vitro2 Ski79 GTPĂȑðˆȚƒPȨŔ$+3!N���m��9åŐ�2�.1G GTPĂȑ

ðˆȚƒPɣ#5�.+�/CK�Ski7 : GTP 6ʋġ&L�ĂȑðˆȚƒ:G+5�3���

´9 EF-1����`n�}_ˣ3:Ɏ5LȺƌ�ǕJ�65.+͊Kowalinski E et al., 2015 �͋ 

 

1-3-6. Ski79 Nǥɲ̺Ľ6��Lə¬ÅɆĴŎ 

� �ʬɓ5ȅů mRNA:��� A̗9�Ŕ̙9ɞ̗Ĉ�ż�̔35K�5’]�q�ǻ˻9̣Ē�

ʹOM�5’�J 3’6Ĥ�.1X]mx_�S�l Xrn1 6I.1 mRNA �Í˽#Mðˆ#ML

͊Decker CJ and Parker R., 1993 ; Hsu CL and Stevens A., 1993 ; Muhlrad D et al., 1994 ; 

Muhlrad D et al., 1995 �͋)9Ɔ�3’�J 5’6Ĥ�.1mRNA�ðˆ#MLʊ˧�ƭǁ#M�Ski2�

Ski3�Ski4�Ski6�Ski7�Ski8H Rrp4�̝ $1�L!3�ôǕ$+�!9�-�Ski6H Rrp4

:�exosome3Ī;MLʿġÂPƁƛ$�5.8 rRNA9ƛȷ̃ɨ6̝ &L!3͊ Mitchell P et al., 

1997 ; Butler JS., 2002͋H�in vitro6��1�3’�J 5’?9X]mx_�S�lȚƒ�ɣ#M

1�K͊Mitchell P et al., 1997 �͋!9 exosome� 3’�J 5’? mRNAPðˆ&L¤ˀ5X]m

x_�S�l2�L!3�ǕJ�35.+͊Anderson JS and Parker R., 1998 ; van Hoof A et 

al., 2000b �͋C+�Ski2�Ski3�Ski8: exosome3:õ6 ski complex3Ī;MLʿġÂPƁ

ƛ$1�L!3�ɣ#M+͊Brown JT et al., 2000 �͋ɁĹ2:�ski complex:�exosome6I

L 3’�J 5’?9 mRNAðˆʊ˧6��LʽĄĴŎ2�L3ʞ�JM1�L͊van Hoof A et al., 

2000a �͋ 

� NSD9ɑˁ·ú�3’�J 5’?9 mRNAðˆʊ˧:�Ski79 Nǥɲ̺Ľ9D2Í˽#ML!3

H�exosome9ǻƛĴŎ Ski6�Rrp4�ski complexǻƛĴŎ Ski2�Ski83ə¬ÅɆ$�Nǥɲ

̺Ľ9D2G)9ȁʣ�ʏƬ#ML!3�ǕJ�35.1�+͊Araki Y et al., 2001 �͋!MJ9

ɝˁ�J�NSD6��1�Ski7: Cǥɲ̺Ľ2ÕȬ$1�L��m��PȺɎɓ6˓˝&L̨�
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Nǥɲ̺Ľ61 exosomeH ski complexPż�˼M�ąɀɓ6 mRNAðˆ̍ʄPĪ=˰E!3

2Ɏů mRNA9ðˆPÍ˽$1�L3ʞ�JM1�L͊Maquat LE., 2002 �͋ 

 

1-4. Ǧɟɭ9Ɩʛ 

� ˲ų�Ǽ�5 mRNAĭˣɺɂȁǻ9ŐĹ�ǕJ�65.1�1�L�Ɏů mRNA9ɕ˃PƦ

�ŐĹ:�'MG EF-1����`n�}_ˣ2�K�!MJʝˍļ G n�}_ˣ�49I�6

ȺɎ5��m��6Ş&L˓˝ȁʣPɑ̄#(1�.+9��3��ɭǹ9ı�6Ş&Lɸ�:�

C'�Ġ mRNAĭˣɺɂȁǻ9ʄ̃ɨPɂˆ&L!3�JŌCL:'2�L� 

� !MC2˵@+I�6�EF-1����`n�}_ˣ95�2�Ski7:ǠGɂˆ�˽Q2�5�

n�}_ˣ2�L�)9ˀĴ3$1�Ski7:ŵ�ÎŐ#M1�J'�ɟɭPʹ�LɄȹɩ�̡Ŕ

ɓ2�L!3H�Țƒ�ƋŢ5+F6�ɟɭ6̇$+ŕ̓ʀ9ǻɼ�Řǖ2:5�!3Ʈ JM

L�C+�Ǡň9ˀĴ:�NSD29��m��˓˝ȁǻ�JŌCL mRNAðˆʊ˧3��ʬɓ

5 mRNA9ðˆʊ˧9ĕǏ6 Ski7�̝ $1�L3ʞ�JM1�K�)9Ċõ� in vivo9ˆ

ǫʀ2̴ů6ĵ̮5Ȳ6̫ʁ#ML� 

� $�$5�J�̊¼őɓ5ŕ̓ƟȖP͂Ç&L!32�Ski79Ƌš5ȚƒPëɁƒI�ˏÊ&

L!3�2�LI�65.+�)!2Ǧɟɭ2:�NSD ʄ̃ɨ9ɂˆ6Ĥ�1�Ski7 �49I

�5ƯLʫ�P&Ln�}_ˣ2�L�PǕJ�6&Lɗɓ2ɟɭPʹ��˚ǋ3$1ʗFL!

36$+� 
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ɵ 2ɱ ŕ̓ǧǌ3ŕ̓ƟȖ 
 
2-1. ʲǳ 
2-1-1. ňʥʲǳ3)9̊¼ļ 
ňʥʲPɆ�+ä19ʉƼ�Â��i�u�ŅɎÂ���u9ǻɼ6Ɇ�+� 
NovaBlue : endA1 hsdR17 (rK12

– mK12
+) supE44 thi-1 recA1 gyrA96 relA1 lac F�[proA+B+ lacIqZ�M15::Tn10]  

ïç͐NovagenIK� 
͊http://www.emdmillipore.com/US/en/product/NovaBlue-Singles™-Competent-Cells,EMD_BIO-70181͋ 

 
2-1-2. ̍ȍʲǳ3)9̊¼ļ 
BY4727ǳ͊Brachmann CB et al., 1998͋:�A3Q4ä19ʀʍǳ9˄ǳ2�K�ǋ£2:̒
Ʉļ͊WT͋3ˋˮ� 
(A) ĿǦɓ5 Isogenic parentalǳ 
BY4727:  MAT!, his3�200 leu2�0 lys2�0 met15�0 trp1�63 ura3�0 

BY4727 ski7�: MAT!, his3�200 leu2�0 lys2�0 met15�0 trp1�63 ura3�0 ski7::hphMX 

BY4727 hbs1�: MAT!, his3�200 leu2�0 lys2�0 met15�0 trp1�63 ura3�0 hbs1::hphMX 

BY4727 dom34�: MAT!, his3�200 leu2�0 lys2�0 met15�0 trp1�63 ura3�0 dom34::hphMX 

 
(B) Nonstop decaySqkUǳ 
�ˋ9ǳPG36 

BY4727 nonstop-his3 (NSD-WT) :  BY4727 HO-kanMX-TEF-HIS3�E12ns-HIS3t-HO 

BY4727 ski7� nonstop-his3 (NSD-ski7�) : BY4727 HO-kanMX-TEF-HIS3�E12ns-HIS3t-HO ski7�::hphMX  

BY4727 hbs1� nonstop-his3 (NSD-hbs1�) : BY4727 HO-kanMX-TEF-HIS3�E12ns-HIS3t-HO hbs1�::hphMX 

BY4727 dom34� nonstop-his3 (NSD-dom34�) : BY4727 HO-kanMX-TEF-HIS3�E12ns-HIS3t-HO dom34�::hphMX 

BY4727 ski7� nonstop-ura3 (NSD-ski7�): BY4727 HO-kanMX-TEF-URA3ns-HIS3t-HO ski7�::hphMX 

  

(C) Yeast two-hybrid (Y2H) SqkUǳ 
AH109 : MAT� trp1-901 leu2–3,112 ura3-52 his3-200 gal4� gal80� LYS2::GAL1UAS-GAL1TATA-HIS3 

MEL1 GAL2UAS-GAL2TATA-ADE2, URA3::MEL1UAS-MEL1TATA-lacZ 

 
ïç͐AH109:_��rq_IK�BY4727:ɟɭŖitq_IK�)M·ņ:Ǧɟɭ2ŔȖ6
IKǻɼ$+� 
 
2-2. ��i�u 
(A) ňʥʲ_��w�`�_n� 
pT7Blue͊Novagen͋ 

pHOTEF͊Ǖɣɓ621!5�͋ 

 
(B) ̍ȍɑɁ�_n�͊Mumberg D et al., 1995͋ 
����n�ſŷ:͎ɩ̽�ɑɁſŷ: CYC͊ÁɑɁ �͋ADH�TEG�GPD͊͆ɑɁ͋9̸�c
��ǉ3̉Ƥ��[�̊¼ŎPɣ&� 
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p413CYC g�`�c��͊ARS Cen �͋HIS3̉Ƥ��[� 

p414CYC g�`�c��͊ARS Cen �͋TRP1̉Ƥ��[� 

p416CYC g�`�c��͊ARS Cen �͋URA3̉Ƥ��[� 

p414ADH g�`�c��͊ARS Cen �͋TRP1̉Ƥ��[� 

p414TEF g�`�c��͊ARS Cen �͋TRP1̉Ƥ��[� 

p416TEF g�`�c��͊ARS Cen �͋URA3̉Ƥ��[� 

p414GPD g�`�c��͊ARS Cen �͋TRP1̉Ƥ��[� 

p424GPD ��pc��͊2µ �͋TRP1̉Ƥ��[� 

 
(B) Yeast two-hybridSqkU�_n�͊Chien CT et al., 1991͋ 
pGADT7 : ˫ìȚƒĈu�U��_n� 

pGBKT7 : DNAʋġu�U��_n� 

 
(C) Hbs1̒Ʉļ�I=ŅɎÂɑɁ�_n� 
p414GPD/HBS1 

p414GPD/HBS1-T232A 

p414GPD/HBS1-H255A 

	Hbs1ŅɎÂ9ɑɁ�_n�:�ɟɭŖ9åʴ˚ǋ͊Kobayashi K et al., 2010͋6Ŀ0�ɪɇ
öǋǈƴ͊Ǫĉňőňő̢ʷőɟɭɤ͋�Jð #M+� 
 
2-3. Z�d DNA��U���it 
ģɦ   ̌ò͊5’ to 3’͋ 

RT-ACT1-F  TTGCCGAAAGAATGCAAAAG 

RT-ACT1-R  GGAAGGTAGTCAAAGAAGCCAAGA 

RT-HIS3-F   GACGACCATCACACCACTGAA 

RT-HIS3-R   TCATCCAAAGGCGCAAATC 

SKI3A� � �   GGGAATTCGCCATGGCGGATATTAAACAGCTATTGAAGG 

SKI3B   CCCTCGAGTTAGAAACATTCGTTTAGCGCC 

SKI4A   GGGAATTCCATATGGCATGCAATTTTCAGTTTCC 

SKI4B   GGGTCGACTCAAAAAGGTTTGGCACATTTG 

SKI7A   GGACTAGTGGATCCATATGATGTCGTTATTAGAGCAATTAGCAAG 

SKI7B   GGGTCGACTTACTGGCATGCAATTCTGC 

SKI7-C-F   GGACTAGTGGATCCATATGCCTCTGAATTTGACATGTTTGTTCC 

SKI7-N-R2   GGGTCGACTTAATGGGTGGCAATGAATGAATGAATA 

SKI7-m1-F   AGTCCTGATGATATAATACAATCGG 

SKI7-m1-R   TGGTCTATTGAAATTCTCAATGGCT 

SKI7-K180A-F  CATCATTTCTGTCCTTAGCAAAGCATAACAATGAGCTCC 

SKI7-K180A-R  GGAGCTCATTGTTATGCTTTGCTAAGGACAGAAATGATG 

SKI7-E185A-F  GTCCTTAAAAAAGCATAACAATGCGCTCCTTGGTATTT 

SKI7-E185A-R  AAATACCAAGGAGCGCATTGTTATGCTTTTTTAAGGAC 

SKI7-P192A-F  GCTCCTTGGTATTTTTGTGGCTTGTAACCTGCCGAAAAC 
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ģɦ   ̌ò͊5’ to 3’͋ 

SKI7-P192A-R  GCTCCTTGGTATTTTTGTGGCTTGTAACCTGCCGAAAAC 

SKI7-K197A-F  GTGCCTTGTAACCTGCCGGCAACAACTCGTAAAGTAGCC 

SKI7-K197A-R  GGCTACTTTACGAGTTGTTGCCGGCAGGTTACAAGGCAC 

SKI7-R200A-F  AACCTGCCGAAAACAACTGCTAAAGTAGCCATTGAGAAT 

SKI7-R200A-R  ATTCTCAATGGCTACTTTAGCAGTTGTTTTCGGCAGGTT 

SKI7-K201A-F  CTGCCGAAAACAACTCGTGCAGTAGCCATTGAGAATTTC 

SKI7-K201A-R  GAAATTCTCAATGGCTACTGCACGAGTTGTTTTCGGCAG 

SKI7-E205A-F  ACTCGTAAAGTAGCCATTGCGAATTTCAATAGACCAAGT 

SKI7-E205A-R  ACTTGGTCTATTGAAATTCGCAATGGCTACTTTACGAGT 

SKI7-N206A-F  CGTAAAGTAGCCATTGAGGCTTTCAATAGACCAAGTCCT 

SKI7-N206A-R  AGGACTTGGTCTATTGAAAGCCTCAATGGCTACTTTACG 

SKI7-F207A-R  TGGTCTATTGGCATTCTCAATGGCT 

SKI7-R209A-F  GCCATTGAGAATTTCAATGCACCAAGTCCTGATGATATA 

SKI7-R209A-R  TATATCATCAGGACTTGGTGCATTGAAATTCTCAATGGC 

SKI7-P210A-F2  ATTGAGAATTTCAATAGAGCAAGTCCTGATGATATAATA 

SKI7-P210A-R2  TATTATATCATCAGGACTTGCTCTATTGAAATTCTCAAT 

SKI7-S211A-F  GCTCCTGATGATATAATACAATCGG 

SKI7-P212A-F2  GAATTTCAATAGACCAGGTGCTGATGATATAATACAATC 

SKI7-P212A-R2  GATTGTATTATATCATCAGCACTTGGTCTATTGAAATTC 

SKI7-D213A-F  AGTCCTGCTGATATAATACAATCGG 

SKI7-D214A-F  AGTCCTGATGCTATAATACAATCGG 

SKI7-Q220A-F2  TGATATAATACAATCGGCCGCACTTAATGCTTTCAATGAA 

SKI7-Q220A-R2  TTCATTGAAAGCATTAAGTGCGGCCGATTGTATTATATCA 

SKI7-F224A-F  TCGGCCCAACTTAATGCTGCCAATGAAAAATTAGAAAAC 

SKI7-F224A-R  GTTTTCTAATTTTTCATTGGCAGCATTAAGTTGGGCCGA 

SKI7-E229A-F  GCTTTCAATGAAAAATTAGCAAACTTAAATATCAAATCT 

SKI7-E229A-R  AGATTTGATATTTAAGTTTGCTAATTTTTCATTGAAAGC 

SKI7-C270R-F  CCATCCTCTGAATTTGACACGTTTGTTCCTCGGTGATAC 

SKI7-C270R-R  GTATCACCGAGGAACAAACGTGTCAAATTCAGAGGATGG 

SKI7-G279D-F  CTCGGTGATACAAACGCAGACAAATCCACTTTGCTTGGT 

SKI7-G279D-R  ACCAAGCAAAGTGGATTTGTCTGCGTTTGTATCACCGAG 

SKI7-S281P-F  TGATACAAACGCAGGCAAACCCACTTTGCTTGGTCATCT 

SKI7-S281P-R  AGATGACCAAGCAAAGTGGGTTTGCCTGCGTTTGTATCA 

SKI7-L284P-F (P689 ski7-m1u) GGCAAATCCACTTTGCCTGGTCATCTTTTATATG 

SKI7-L284P-R (P690 ski7-m1r) CATATAAAAGATGACCAGGCAAAGTGGATTTGCC 

SKI7-L287D-F (P703 ski7-M4U) ACTTTGCTTGGTCATGATTTATATGATCTAAACG 

SKI7-L287D-R (P704 ski7-M4R) CGTTTAGATCATATAAATCATGACCAAGCAAAGT 

SKI7-L287P-F  TCCACTTTGCTTGGTCATCCTTTATATGATCTAAACGAA 

SKI7-L287P-R  TTCGTTTAGATCATATAAAGGATGACCAAGCAAAGTGGA 

SKI7-E327G-F  CTAGACAATACCAAAACAGGAAGAGAAAATGGATTTTCC 
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ģɦ   ̌ò͊5’ to 3’͋ 

SKI7-E327G-R  GGAAAATCCATTTTCTCTTCCTGTTTTGGTATTGTCTAG 

SKI7-L354R-F  CCATCATCAACCTTGACGCGTATAGACACTCCTGGTAGT 

SKI7-L354R-R  ACTACCAGGAGTGTCTATACGCGTCAAGGTTGATGATGG 

SKI7-D356N-F  ATCAACCTTGACGCTTATAAACACTCCTGGTAGTATCAA 

SKI7-D356N-R  TTGATACTACCAGGAGTGTTTATAAGCGTCAAGGTTGAT 

SKI7-S360A-F  CTTATAGACACTCCTGGTGCTATCAAATACTTCAATAAA 

SKI7-S360A-R  TTTATTGAAGTATTTGATAGCACCAGGAGTGTCTATAAG 

SKI7-S360H-F  CTTATAGACACTCCTGGTCATATCAAATACTTCAATAAA 

SKI7-S360H-R  TTTATTGAAGTATTTGATATGACCAGGAGTGTCTATAAG 

SKI7-K428E-F2  CTTGATAATTCTTTTGAATGAGGCAGATCTAATTAGTTG 

SKI7-K428E-R2  CAACTAATTAGATCTGCCTCATTCAAAAGAATTATCAAG 

SKI7-R438G-F  GGACTAGAAATGATTCAGTCTGAGC 

SKI7-R438G-R  GTGCTTATCCCAACTAATTAGATCT 

SKI7-E445G-F  GAAATGATTCAGTCTGGGCTAAATTATGTGTTGAAGG 

SKI7-E445G-R  CCTTCAACACATAATTTAGCCCAGACTGAATCATTTC 

SKI7-RM-TEF prom.-F CTAGGGTGTCGTTAATTACCCGTAC 

SKI7-RM-TEF prom.-R CTGAAACTTGAGAAATTGAAGACCG 

SKI7-RM-URA3-F-2  CGCAATGTCAACAGTACCCTTAGTA 

SKI7-RM-URA3-R-2  ACAGTCAAATTGCAGTACTCTGCGG 

 
2-4. ľĺ 
ňʥʲľ́Ɇľĺ 
LBľĺ 
1% Bacto Tripton (DIFCO)�0.5% Yeast Extract (DIFCO)�0.5% NaCl (Ĭá) 
ƢɄȹˣ9Ȱŷ:�S��g��(Amp) (50 mg/L)3&L� 
 
LB���t 
LBľĺ + 2% Ŝŉ SSP (�­ʾɿ) 
ƢɄȹˣ9Ȱŷ:�S��g��(Amp) (50 mg/L)3&L� 
 
̍ȍľ́Ɇľĺ 
œäǱ́ľĺ 
YPDľĺ 
2% D-Glucose (v[�Uri_)�2% Bact Peptone (DIFCO)�1% Bact Yeast Extract (DIFCO) 
 
YPD���t 
YPDľĺ + 2% Bact Agar (DIFCO) 
 
ġƛ̉Ƥľĺ͊��i�u��[�̉Ƥľĺ͋ 
SC-Xľĺ͊X:��[�̉Ƥ6Ǝˀ5ˀʄ͋ 
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2% D-Glucose (v[�Uri_)�0.67% Yeast Nitrogen Base w/o Amino Acids (DIFCO)�0.15% 
COMPLETE SUPPLEMENT MIXTURE (CSM) DROP-OUT: -XXX (FORMEDIUM) 
 
SC-X���t͊X:��[�̉Ƥ6Ǝˀ5ˀʄ͋ 
SC-Xľĺ + 2% Bact Agar (DIFCO) 
 
2-5. Ski7ŅɎÂ9Åʾ͊̋ÀȺɎɓŅɎŠãȖ͋ 
� pT7Blue/SKI7P 1 ul�ŅɎPŠã&L+F9��U��͊10 pmol/ul͋P 1 !l'/�dNTP
͊10 mM͋P 2 !l�5� Phusion HF Reaction BufferP 2.5 !l�Phusion DNA PolymeraseP
0.25 !l�ROP 17.25 !l9Z�o�2 Inverse PCR6I.1 DNAǍȸ9ŃŰPʹ.+�Ǩ¹:
98
͊5 ð �͋98
͊10 ɥ �͋55
͊30 ɥ �͋72
͊6 ð 30 ɥ �͋72
͊7 ð �͋4
͊10 ð͋2
25eU_�ʹ�͊ĶDʓ̋ð�ʖK˳#ML �͋ĖƏȪȡP 3 !lɨŷɆ�1�S\��ib�̯
ȐȘĆ͊100V/30ð͋61 DNAǍȸ9ŃŰPɢ˓$+� 
� ȊK9ĖƏȪȡ6 DpnIP 1 !lĂ�1ɬH�6ȣġ$�37
61 2ǘ̜̳ʘ&L�)9Ɔ�c
��r�tk�P 80 !lĂ�1Ɓˣ˫Ƽ$�37
61�Ǚ̳ʘľ́&L� 
� ƈJM+c�w�PȡÂľ́Ɔ�mini-prep 6I.1��i�uPɾʾ$�g�a�iˆǫ6
I.1ŅɎŠã#M+!3Pɢ˓&L�Åʾ6ƛā$+ Ski7ŅɎÂ:�ȺŔ9ø̡̍ʄ2ñKï
$�ĠɩɑɁ�_n�6ưã&L� 
 
2-6. Ski7ŅɎÂ9ȚƒˏÊ͊it��_Ȗ͋ 
� Ski79ȚƒˏÊ6Ɇ�Lʲǳ͊ NSD-ski7� 9͋c��r�tk�P Frozen-EZ Solution III (�
vcg)PɆ�1Åʾ&L�c��r�tk�6ɑɁ�_n�PƁˣ˫Ƽ$�SC-W (-Trp)���
t�2Ɓˣ˫ƼÂPĘƈ&L�it��_6IL Ski79ȚƒˏÊ2:�p414CYC (single copy, 
weak expression)6̒Ʉļ Ski7�I= Ski7ŅɎÂPưã$+ɑɁ�_n�PÇɆ$+� 
� SC-W (-Trp)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t������t
SC-W (-Trp)���t3SqkU���t SC-HW (-His, -Trp)���t�6it��_$�30

61̳ʘľ́$+� 
� C+�nonstop-URA3 P���n�̊¼Ŏ3$1Ɇ�LŁġ�p413CYC (single copy, weak 
expression)6̒Ʉļ Ski7�I= Ski7ŅɎÂPưã$+ɑɁ�_n�PÇɆ$+�Ɓˣ˫ƼÂ:
SC-H (-His)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t������t SC-H 
(-His)���t3SqkU���t SC-H (-His) (+0.1% 5-FOA)���t6it��_$�30
6
1̳ʘľ́$+� 
 
2-7. Ski7̺Ľ̜9ȽɰɓȁʣˏÊ͊it��_Ȗ͋ 
� NSD-ski7� (nonstop-ura3 version)ǳ9c��r�tk�P Frozen-EZ Solution III (�vc
g)PɆ�1Åʾ&L�c��r�tk�6ɑɁ�_n�PƁˣ˫Ƽ$�SC-HW (-His, -Trp)��
�t�2Ɓˣ˫ƼÂPĘƈ&L�Ɓˣ˫Ƽ2:�p413CYC/Ski7�C(single copy, weak 
expression)6Ă�1�p414CYC (single copy, weak expression)�p414ADH (single copy, 
medium expression)�p414TEF (single copy, strong expression)�p414GPD (single copy, 
strongest expression)6 Ski7�NPưã$+ɑɁ�_n�PĢǘ6Ɇ�+� 
� SC-HW (-His, -Trp)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t�����
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�tSC-HW (-His, -Trp)���t3SqkU���tSC-HW (-His, -Trp) (+0.1% 5-FOA)���
t6it��_$�30
61̳ʘľ́$+� 
 
2-8. Ski7ŅɎÂ9u�v�ty\rT�ȺƒˏÊ͊it��_Ȗ͋ 
� Ski7 9u�v�ty\rT�ȺƒˏÊ6Ɇ�Lʲǳ͊NSD-WT͋9c��r�tk�P
Frozen-EZ Solution III (�vcg)PɆ�1Åʾ&L�c��r�tk�6ɑɁ�_n�PƁˣ˫
Ƽ$�SC-W (-Trp)���t�2Ɓˣ˫ƼÂPĘƈ&L�it��_6IL Ski79u�v�ty
\rT�ȺƒˏÊ2:�p424GPD (multicopy, strongest expression)6̒Ʉļ Ski7�I= Ski7
ŅɎÂPưã$+ɑɁ�_n�PÇɆ$+� 
� SC-W (-Trp)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t������t
SC-W (-Trp)���t3SqkU���t SC-HW (-His, -Trp)���t�6it��_$�30

61̳ʘľ́$+� 
 
2-9. Ski7ŅɎÂ9ȚƒˏÊ͊i�qtȖ͋ 
� Ski79ȚƒˏÊ6Ɇ�Lʲǳ͊ NSD-ski7� 9͋c��r�tk�P Frozen-EZ Solution III (�
vcg)PɆ�1Åʾ&L�c��r�tk�6ɑɁ�_n�PƁˣ˫Ƽ$�SC-W (-Trp)���
t�2Ɓˣ˫ƼÂPĘƈ&L�i�qt6IL Ski7 9ȚƒˏÊ2:�p414CYC (single copy, 
weak expression)6̒Ʉļ Ski7�I= Ski7ŅɎÂPưã$+ɑɁ�_n�PÇɆ$+�Ɓˣ˫
ƼÂP SC-W (-Trp)ȡÂľĺ 3 ml61�Ṵ̈̌ɖľ́͊30
͋&L� 
� ʜǒ�SC-W (-Trp)ȡÂľĺ 3 ml6��Ṵ̈̌ɖľ́#(+ľ́ȡP 300 !lĂ��OD600� 1.0
6̄&LC2 30
61̰ɖľ́&L�1.5 mlp���6 OD600=1.09ľ́ȡP 1.5 mlĂ��̆
ƍ͊12000 rpm/1ð͋2̫ʲ$�ȥPƳ1�20 !l9 SC-W (-Trp)ȡÂľĺ͊10% Glycerol͋PĂ
�1ƚȯ&L�ƚȯ$+ľ́ȡ 5 !l6 20 !l9 SC-W (-Trp)ȡÂľĺ͊10% Glycerol͋PĂ�1
ƚȯ&L�!9ǂÅP 5ĳʖK˳&� 
� 5Ñ'/Ŭ̐#M+ľ́ȡ 3 !lPc�t������t SC-W (-Trp)���t3SqkU��
�t SC-HW (-His, -Trp)���t�6ȭ�$�30
61̳ʘľ́$+� 
 
2-10. Ski7ŅɎÂ9u�v�ty\rT�ȺƒˏÊ͊i�qtȖ͋ 
� Ski79u�v�ty\rT�ȺƒˏÊ6Ɇ�Lʲǳ͊ NSD-WT, NSD-hbs1�, NSD-dom34�͋
9c��r�tk�P Frozen-EZ Solution III (�vcg)PɆ�1Åʾ&L�c��r�tk�
6ɑɁ�_n�PƁˣ˫Ƽ$�SC-W (-Trp)���t�2Ɓˣ˫ƼÂPĘƈ&L�i�qt6IL
Ski79u�v�ty\rT�ȺƒˏÊ2:�p414GPD (single-copy, strongest expression)6̒
Ʉļ Ski7�I= Ski7ŅɎÂPưã$+ɑɁ�_n�PÇɆ$+�Ɓˣ˫ƼÂP SC-W (-Trp)ȡ
Âľĺ 3 ml61�Ṵ̈̌ɖľ́͊30
͋&L� 
� ʜǒ�SC-W (-Trp)ȡÂľĺ 3 ml6��Ṵ̈̌ɖľ́#(+ľ́ȡP 300 !lĂ��OD600� 1.0
6̄&LC2 30
61̰ɖľ́&L�1.5 mlp���6 OD600=1.09ľ́ȡP 1.5 mlĂ��̆
ƍ͊12000 rpm/1ð͋2̫ʲ$�ȥPƳ1�20 !l9 SC-W (-Trp)ȡÂľĺ͊10% Glycerol͋PĂ
�1ƚȯ&L�ƚȯ$+ľ́ȡ 5 !l6 20 !l9 SC-W (-Trp)ȡÂľĺ͊10% Glycerol͋PĂ�1
ƚȯ&L�!9ǂÅP 5ĳʖK˳&� 
� 5Ñ'/Ŭ̐#M+ľ́ȡ 3 !lPc�t������t SC-W (-Trp)���t3SqkU��
�t SC-HW (-His, -Trp)���t�6ȭ�$�30
61̳ʘľ́$+� 
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2-11. ȴÅȳɯȵŅɎŠãȖ6IL Ski79ȁʣȂƾŅɎÂð̭ 
2-11-1. əĢƒʉƼ�6Ɇ�L DNAǍȸ˙ʾ 
� ø̡̍ʄîɂPʹ�ǍȸĈ$+ p416TEF͊50 ng/!l͋P 8 !l�SKI7-RM-TEF prom.-R��U
��3 SKI7-RM-URA3-F-2͊ 10 pmol/!l P͋ 8 !l'/�dNTP͊ 2.5 mM P͋ 16 !l�5� Phusion 
GC Reaction BufferP 40 !l�Phusion DNA PolymeraseP 2 !l�ROP 118 !l9Z�o2 PCR
6I.1 DNA Ǎȸ9ŃŰPʹ��Ǩ¹: 98
 (5 ð)�94
͊30 ɥ �͋58
͊30 ɥ �͋72
͊4
ð 30ɥ �͋72
͊7ð �͋4
͊10ð͋2 35eU_�ʹ�͊ĶDʓ̋ð�ʖK˳#ML �͋ĖƏȪ

ȡP 3 !lɨŷɆ�1�S\��ib�̯ȐȘĆ͊ 100V/30ð 6͋1 DNAǍȸ9ŃŰPɢ˓&L�
ŃŰ$+ DNAǍȸ͊TEF prom.-URA3͋:Xnz��ȓȌPʹ��RO 100 !l6Ȫ�&� 
� p416TEF/SKI7P8 !l�SKI7-RM-TEF prom.-F��U��3SKI7-RM-URA3-R-2͊ 10 pmol/!l͋
P 8 !l'/�dNTP͊ 2.5 mM P͋ 16 !l�10� Ex Taq BufferP 20 !l�TaKaRa Ex Taq Polymerase
P 2 !l�ROP 138 !l9Z�o�2 20 !l'/ðȗ$ PCR6I.1 DNAǍȸ9ŃŰPʹ��Ǩ
¹: 98
 (5ð)�94
͊30ɥ �͋58
͊30ɥ �͋72
͊5ð �͋72
͊7ð �͋4
͊10ð͋2 33
eU_�ʹ�͊ĶDʓ̋ð�ʖK˳#ML �͋ĖƏȪȡP 3 !l ɨŷɆ�1�S\��ib�̯Ȑ
ȘĆ͊ 100V/30ð 6͋1DNAǍȸ9ŃŰPɢ˓&L�ŃŰ$+DNAǍȸ͊ TEF prom.-SKI7-URA3͋
:Xnz��ȓȌPʹ��RO 100 !l6Ȫ�&� 
 
2-11-2. NSDSqkUǳ29əĢƒʉƼ� 
� Ski79ȚƒˏÊ6Ɇ�Lʲǳ͊ NSD-ski7� 9͋c��r�tk�P Frozen-EZ Solution III (�
vcg)PɆ�1Åʾ&L�c��r�tk�6 TEF prom.-URA3Ǎȸ͊ 10ÑŬ̐ P͋ 2 !l�TEF 
prom.-SKI7-URA3ǍȸP 5 !lɆ�1Ɓˣ˫Ƽ$�SC-HW (-His, -Trp)���t�6��1 30

2̳ʘľ́&L�̳ʘľ́ 4ǒɗ·̠2Ʉʠ$1�+Ɓˣ˫ƼÂ6Ş$1�SC-HW (-His, -Trp)
���t2���[PÅʾ&L� 
 
2-11-3. ��i�uƥï3 Ski7ȁʣȂƾŅɎÂ9ɢ˓ 
� SC-HW (-His, -Trp)���t2Ʉʠ$1�+���[�J�Gen 3L�Q͊̍ȍɆ͋High 
Recovery͊TaKaRa͋PɆ�1��i�u DNA Pĳė$�X�_t����g��ȖPɆ�1
ňʥʲ Nova Blue6Ɓˣ˫Ƽ$�S��g��ȤĂ#M+ LB���t�2 37
61̳ʘľ́&
L� 
� ƈJM+c�w�PȡÂľ́Ɔ�mini-prep6I.1��i�uPɾʾ$�Ski79ȚƒˏÊ6
Ɇ�Lʲǳ͊NSD-ski7�͋6Ɓˣ˫Ƽ$�SC-W (-Trp)���t�2Ɓˣ˫ƼÂPĘƈ&L� 
� SC-W (-Trp)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t������t
SC-W (-Trp)���t3SqkU���t SC-HW (-His, -Trp)���t�6it��_$�30

61̳ʘľ́$�Ski7Țƒ9Á�Pɢ˓&L� 
 
2-11-4. Ski7ȁʣȂƾŅɎÂ9S�z̏ʘƼ̋À9ȺŔ 
� ɾʾ$+��i�u9 SKI7̌òPɢ˓$�S�z̏�ʘƼ$+̋ÀPȺŔ&L� 
 
2-12. Ŕ̓ PCR 
2-12-1. ̍ȍʇʢ�J9 RNAƥï 
� Ɓˣ˫ƼÂP�Ṵ̈̌ɖľ́$�ľ́ȡ 1 mlPȡÂľĺ 10 ml6Ă��OD600� 1.06̄&LC
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2ľ́&L�ľ́ȡ 5 mlP̆ƍ͊3000 rpm/3ð͋2̫ʲ$�ȥPƳ1 TE Buffer 500 !l2ƚȯ
&L�ëŷ�̆ƍ͊3000 rpm/3 ð͋2̫ʲ$�ȥPƳ1�RNAiso Plus͊TaKaRa͋P 500 !l
Ă�1ƚȯ&L�ƚȯ$+̍ȍȪȡP`�i��j2ɡɠ&L�ɡɠȪȡ6Ş$1�_����

� 100 !lPĂ�1ȣĬ$�̆ƍ͊12000 rpm/5ð͋2 3Ŧ6ð̭#(��Ŧ9ȑŦ6Ş$1Um
��}z�� 500 !lPɆ�1 RNAPȓȌ#(L�ƥï$+ total RNA: DDW2ƚȯ&L� 
 
2-12-2. Total RNA£9 DNẠĒĖƏ 
� ƥï$+ total RNAP 10 !l�RQ1 DNase 10� Reaction Buffer (Promega)P 10 !l�RQ1 
RNase-Free DNase (Promega)P 4 !l�DDWP 80 !lPȣĬ#(�37
61 1ǘ̜̳ʘ&L�Ė
Əʈ¨Ɔ�̏ƒ�Wz��P 100 !lĂ�1ƚȯ$�̆ƍ͊12000 rpm/2ð͋2 2Ŧ6ð̭#(�
�Ŧ9ȑŦ6Ş$1 100%Xnz��P 250 !lĂ�1I�ȣĬ#(�̆ƍ͊12000 rpm/15ð͋
ʹ��total RNAPȓȌ#(L�)!? DDWP 50 !lĂ�1Ȫ�&� 
 
2-12-3. ˷˫ìĖƏ 
� Total RNA9ȰŷP 50 ng/!l6˙ʾ$�1e���ƀ+K total RNA (50 ng/!l)P 1 !l�5� 
PrimeScript RT Master Mix (Takara Bio)P 2 !l�DDWP 7 !l9Z�o�2˷˫ìĖƏPʹ��
ĖƏǨ¹: 37
͊15 ð �͋85
͊5 ɥ �͋4
͊ĸŔ͋2ʹ��Ƿ̓ʓ6Ɇ�Le���2:�2
Ñ̓2ĖƏ#(L� 
 
2-12-4. Ŕ̓ PCR 
� ˷˫ìĖƏȪȡP 10ÑŬ̐&L͊total RNAƼɹ2 0.5 ng/!l �͋Ŭ̐$+ĖƏȪȡP 2 !l�Ƿ
ï6Ɇ�L��U��͊10 pmol/!l͋PĠ 1 !l '/�Power SYBR Green PCR Master Mix 
(Applied Biosystems)P 10 !l�DDWP 6 !l9Z�o�2 7900HT Fast Real-Time PCR System 
(Applied Biosystems)2Ƿï&L�ĖƏǨ¹:�95
͊10 ð �͋95
͊15 ɥ �͋60
͊1 ð͋2
40eU_�ʹ�͊ ĶDʓ̋ð�ʖK˳#ML �͋Ƿ̓ʓ6Ɇ�Le���: 10ÑŬ̐P 3ĳʖK
˳$�Ŕ̓ PCRPʹ�� 
 
2-12-5. s�nˆǫ 
� Ŕ̓ PCR6IL CtÓ9 3ĳ9ŲĻÓPɹï&L�c�t���35LǨ¹PɆ�1Ƿ̓ʓP
ż��Ct Ó�Jɗɓ9 mRNA ̓Pɹï&L�ɹï$+ mRNA ̓Pc�t���̊¼Ŏ ACT1
�JĢǼ6ɹï$+ mRNA̓PG36ȅ˂Ĉ$+�ǠƆ6 VectorǨ¹9ÓP 16ȅ˂Ĉ$+3
�9ĠǨ¹29 mRNA̓PŔ̓$+�!9ǂÅP 3ĳʹ.+� 
 
2-13. VXin���qrT�` 
2-13-1. ̍ȍʇʢ�J9n�}_ˣƥï 
� Ɓˣ˫ƼÂP�Ṵ̈̌ɖľ́$�ľ́ȡ 300 !lPȡÂľĺ 3 ml6Ă��OD600� 1.06̄&LC
2ľ́&L�1.5 mlp���6 OD600=1.09ľ́ȡP 1.5 mlĂ��̆ƍ͊12000 rpm/1ð͋2
̫ʲ$�ȥPƳ1�RO 100 !lĂ�1ȣĬ#(L�#J6�0.2N NaOHP 100 !lĂ��I�ȣ
Ĭ#(L�ůȧ61 5ð̜̳ʘ#(+Ɔ�̆ƍ͊12000 rpm/2ð͋61n�}_ˣPȓȌ#(�
�ȥP̣��1� Sample BufferP 50 !lĂ�ƚȯ$�78
2 3ð̜ĖƏ#(L� 
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2-13-2. �����˫ì 
� ˙Ǌ$+n�}_ˣṖñ5Ȱŷ9S_��S�ub�6S��U$�̯ ȐȘĆ͊ 150V�75ð͋
Pʹ��̯ ȐȘĆƆ9b�:�Transfer BufferPɆ�1|q�R�ʘƼ&L�TRANS-BLOT SD 
SEMI-DRY TRANSFER CELL9�6�Transfer Buffer6ȟ$+Nʃ͊ Extra Thick Blot Paper͋
͊Bio-Rad �͋�nz��6ȟ$+ PVDF �����͊Immobilon-P Transfer Membrane͋
͊MILLIPORE �͋b��Transfer Buffer6ȟ$+Nʃ͊Extra Thick Blot Paper͋͊ Bio-Rad͋
9̸6̑8������?9n�}_ˣ9˫ìPʹ�͊15V/100 mA/1ǘ̜ �͋ 
 
2-13-3. n�}_ˣǷï 
� ˫ìƆ9�����P TBS-T2șȝƆ�5%i]���_/TBS-T2 2ǘ̜̰ɖ#(L�̰ ɖ#

(+�����Pǉĳ TBS-T2șȝ$�̇̓9 TBS-T3�̇ñ5Ȱŷ65LI�6�ȃƢÂP
Ă�1 2ǘ̜ůȧ2Ưɖ#(L�ƯɖƆ������Pǉĳ TBS-T2șȝ$�̇ ̓9 TBS-T3�
̇ñ5Ȱŷ65LI�6ǷïɆ«ȃƢÂPĂ�1 1ǘ̜Ưɖ#(L�ƯɖƆ������P TBS-T
2ǉĳșȝ$�ECL Prime (GE Healthcare)PɆ�1Ƿï&L� 
 
�ȃƢÂ͊Ŭ̐Ñɀ͋ 
Anti-Ski7 (103~119) (1/1000) 

Anti-Ski7 (479~495) (1/1000) 

Anti-GAL4-TA (GAL4-TA (C10), Santa CruzBiotechnology) (1/500) 

Anti-GAL4-DBD (GAL4 (DBD) (RK5C1), Santa CruzBiotechnology) (1/500) 

Anti-PGK (Phosphoglycerate Kinase Antibody (22C5D8), invitrogen) (1/3000) 
	Ski7ƢÂ:�śɇ̒¥íǈƴ͊Ǫ¯ňőňő̢ǎ̺Ľÿƛɤőɟɭɤ͋�Jð #M+� 
 
«ȃƢÂ͊Ŭ̐Ñɀ͋ 
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep, GE Healthcare (1/5000) 

Anti-Rabbit IgG, HRP-Linked Whole Ab Donkey, GE Healthcare (1/5000) 
 
2-14. Yeast two-hybrid (Y2H)Ȗ 
� AH109ǳ9c��r�tk�P Frozen-EZ Solution III (�vcg)PɆ�1Åʾ&L�c��
r�tk�6 pGADT73 pGBKT7PɆ�1Ɓˣ˫Ƽ$�SC-LW (-Leu, -Trp)���t�2Ɓˣ
˫ƼÂPĘƈ&L�Ǧɟɭ2:�pGADT7 6̒Ʉļ Ski7 �I= Ski7 ŅɎÂ�pGBKT7 6ə¬
ÅɆǷˎn�}_ˣP)M*MŠã$+SqkU�_n�PÇɆ$+� 
� SC-LW (-Leu, -Trp)���t�6Ʉʠ$1�+c�w�PǸǭ2ƫ�� �c�t�����
�t SC-LW (-Leu, -Trp)���t3SqkU���t SC-LWH (-Leu, -Trp, -His)���t�6
it��_$�30
61̳ʘľ́$+� 
 
2-15. n�}_ˣ9ǻ˻Ɣŀ 
� Ǧ˚9˞˚6Ɇ�+n�}_ˣ9ǻ˻Ɣŀ9Ʉȹɩ�I= Protein data bank (PDB)9 IDPò
Ʈ&L� 
Aeropyrum pernix    EF-1�/Pelota  (PDB accession code : 3WXM) 
Saccharomyces cerevisiae   eRF3/eRF1  (PDB accession code : 4CRN) 
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Saccharomyces cerevisiae   Hbs1/Dom34  (PDB accession code : 3IZQ) 
Saccharomyces cerevisiae   Ski7   (PDB accession code : 4ZKE) 
Schizosaccharomyces pombe   eRF3   (PDB accession code : 1R5B) 
Schizosaccharomyces pombe   Hbs1/Dom34  (PDB accession code : 3MCA) 
Thermus aquaticus   EF-Tu/Phe-tRNA  (PDB accession code : 1TTT) 
Thermus thermophilus   EF-Tu   (PDB accession code : 1EXM) 
 
Ǧ˚9˞˚6Ɇ�+ǻ˻Ɣŀ9Ʉȹɩ�I= 3-dimensional electron microscopy (3D-EM)9 ID
PòƮ&L� 
Saccharomyces cerevisiae  Hbs1/Dom34/80S ribosome  (3D-EM accession code : EMD1811) 
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ɵ 3ɱ ʋǬ 

 

3-1. Ski7-NSDˏÊSqkUʀ9ɢɰ 

� Ski7 9ɑˁ�J$;J�9̜�)9ȚƒˏÊPʹ�LɽÌ5ˏÊSqkUʀ�5�.+��

Ski7 Ȃƾ�2: 3’�J 5’?9 mRNA 9ðˆ�ơø#ML!3�ð�K͊van Hoof A et al., 

2000b �͋)9Ɔ�Ski7:ʈȄcu�9Ȃʳ$+ nonstop mRNAPȺɎɓ6˓˝&LĴŎ9�/

3$1Àʘµ�JM+͊van Hoof A et al., 2002 �͋ 

� ˹ů�mRNA �JȂŊHʘƼ6I.1ʈȄcu�PȠŊ#(1G�)9˘DǮ9Ź̙�9 3’ 

UTR9£6ʈȄcu�6əƀ&LłĿ̌ò͊UAA�UAG�UGA͋�ïɁ&L!3�A3Q42

�L�$�$�~iph�ġƛ6̝ &Lïʯ̍ȍ HIS3 ̊¼Ŏ:ʈȄcu�6��L�łĿȂ

ŊŅɎ6IKʈȄcu��ȠŊ$+Łġ��� A ̗µĂ̋ÀC2ʈȄcu��ɒŁ('

͊Mahadevan S et al., 1997 �͋)9ƆG 3’ɲC2�� A&5O-���h�9˘DǮ35L+F

NSD mRNAĭˣɺɂ9Ş˟35L nonstop RNA35L�!9S��9ȺƒPöɆ$�Ski7P

ŌF3&L NSDĴŎ9ȚƒP�nonstop-HIS3���n�̊¼ŎɈǩ9 His3n�}_ˣ9Țƒ

Pƭǽ3$1�~iph�Ȃ¦ľĺ�29Ʉʠ2ôǍ2�LI�65.+͊van Hoof A et al., 

2002 �͋ 

� )!2�àʹɟɭ9ɝˁPG36�!9 nonstop-HIS3 ���n�̊¼ŎPºƖ9 HIS3 Ȃƾ

ǳ9 HO̊¼ŎŸÀ6ŒŔ6ʉD˰D�NSD6IL Ski7ˏÊSqkUʀPɢɰ&L!36$+

͊ķ 3-1. �͋ 
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ķ 3-1. Nonstop-HIS3 ���n�̊¼Ŏ9ǺɌķ�əĢƒʉDƼ�6IK�nonstop-HIS3 ��
�n�̊¼Ŏ� HO ̊¼Ŏ6ưã#M+ǳPʷû̉Ƥ��[�9ȚƒPƭǽ6̉Ƥ&L�

Nonstop-HIS3̊¼Ŏ: TEF����n��JƓůɓ6ʇʢé6ɑɁ&L�͉ ŏ9łĿ:ORF�
ˤŏ9łĿ:ʈȄcu��̲ ŏ9łĿ: 3’ UTRP)M*Mɣ$1�L�˫ ì#M+ nonstop-HIS3 
mRNA:�̋6ɣ$+�5��Ǧɟɭ2!9SqkUʀ6Ɇ�L̍ȍǳ:���n�ǻ˻3əĢ
ʉDǟ�P˥!#5�I�6ĿǦɓ6ǯʮÂ�9 HIS3 c�u̺ĽPœäȂŊ$+ŅɎS��P
Ƭ/ǳ͊his3�0͋PɆ�+͊˒$�:ʲǳPēȶ �͋ 

 

� NSD ̒Ʉǳ2:�nonstop-HIS3 mRNA : NSD 9ǽɓ35K�Ski7 6I.1ȚƒĈ#M+

exosome� nonstop-HIS3 mRNAP 3’�J 5’6Ĥ�.1ðˆ&L+F�ʇʢé2!9 mRNAɈ

ǩ9ʝˍɅȹ2�L His3 n�}_ˣ9̓�ʴ$�ȦŢ$�ǠÁ̡9Ʉʠ6Ǝˀ5~iph��

ġƛ#M'�)9ʋǬ�~iph�Ȃ¦Ŝŉľĺ�2:ʩȈ65L��Ǐ�Ski7PĦE NSDĴ

Ŏ9Ȃƾ�2:�exosome�ȚƒĈ#M' nonstop-HIS3 mRNA:ðˆPâML+F�His3n

�}_ˣ9ġƛ̓�Ĥ�$�~iph�Ȃ¦Ŝŉľĺ�2GɄʠ�Ĝʣ35L͊ van Hoof A et al., 

2002͋͊ ķ 3-2. �͋ 

� C'�Ǧɟɭ2sfU�$+ nonstop-HIS3���n�̊¼Ŏ��ŀħ9�.+ nonstop-HIS3

ŅɎǳ͊van Hoof A et al., 2002͋ĢǼ6�Ski7ȚƒˏÊ6̇$1�L�PǷˊ&L+F�NSD

̒Ʉǳ͊BY4727�ʲǳēȶ͋3 Ski7 Ȃƾǳ͊BY4727 ski7::hphMX͋6�!9 nonstop-HIS3

���n�̊¼ŎPʉD˰D�~iph�Ȃ¦Ŝŉľĺ�29ɄʠPǷˎ$+�)9ʋǬ�Ski7

Ȃƾǳ29DɄʠ�ɢ˓#M+�!M6IKǦSqkUʀPǑŐ9Ǽ�5̊¼ʡǛ9̍ȍǳ6ʉ

D˰D�~iph�Ȃ¦ľĺ29Ʉʠƒ6IK NSDȚƒPôŔ2�L!3�ǕJ�65.+͊ ķ

3-2. �͋ 
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� Ǧɟɭ2:�!9 nonstop-HIS3 ���n�̊¼ŎɆ��Ski7 9ȚƒˏÊPʹ.+�·Ɔ�

nonstop-HIS3 ���n�̊¼ŎPʉD˰Q,SqkUǳ6/�1�NSD ̒Ʉļ9Łġ:�

NSD-WT�C+�Ski7ȂƾPƬ/Łġ: NSD-ski7�9I�6ʺˋ&L� 

 

 

ķ 3-2. Nonstop-HIS3 ���n�̊¼Ŏ6IL Ski7 ˏÊSqkUǳ9Ǻˀ�Nonstop-HIS3 
mRNA :�NSD 6I.1ðˆ9Ş˟35L+F�̒Ʉǳ2: exosome 6I.1ðˆ#M His3
�ġƛ#M5���Ǐ�Ski7Ȃƾǳ2: exosome�ȚƒĈ#(5�+F6 nonstop-HIS3 mRNA
:ðˆ#M'6 His3 �ġƛ#ML+F�~iph�Ȃ¦Ŝŉľĺ�61Ʉʠ�ɢ˓#ML��
̋9ìɚ:�̒Ʉǳ�I= Ski7Ȃƾǳ29Ʉʠ9ǼŎPɣ$1�L� 

 

3-2. Ǒɝ9 Ski79ȁʣ̺Ľ 

� !MC29ŀħ2:�Ski79 Nǥɲ̺Ľ9D2 NSD6ȁʣ&L3ŀħ#M1�L͊ van Hoof 

A et al., 2002 �͋Ǡó6�Nǥɲ̺Ľ�I= Cǥɲ̺Ľ9ȂŊÂ9ɑɁʀ9ǻɼPʹ��!9à

ʹɟɭ6ILʋǬ9ëɁƒPǷˎ$+� 

� Ski79ä̙͊Ski7+ �͋Nǥɲ̺Ľ͊1-264: Ski7 �C �͋Cǥɲ̺Ľ͊265-747: Ski7 �N͋P�

g�`�c���_n��2ɑɁ&L��i�uPǻɼ$�NSD-ski7�PɆ�1Ɓˣ˫Ƽ$+ǳ

6IK Ski7ȂŊʺɁļ͊ski7�͋9əʽƒPɢ˓$+�̿Ĭľ́ȡ9͏ÑŬ̐"36i�qt&

LSqkU6I.1ɄʠƒPˏÊ$+3!N�Ski7Ȃƾǳ�ɣ& NSD̟ŗ6IL~iph�Ȃ

¦ľĺ�29Ʉʠ͊vector͋:�̒Ʉļ9 Ski79Šã6IK NSD�ƊŮ&L+Fəʽ#M�Ʉ
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ʠ�ʴ$�Á�&L�ȃ6�Nǥɲ̺Ľ͊1-264: Ski7 �C �͋Cǥɲ̺Ľ͊265-747: Ski7 �N͋

9ɑɁ��i�u9Šã6IK)M*M9 NSD 9əʽƒPɢ˓$+�)9ʋǬ�àʹɟɭ9ʋ

ǬĢǼ�Nǥɲ̺Ľ͊Ski7 �C͋9ɑɁ2:ċð5əʽ�ɢ˓2�+G99�Cǥɲ̺Ľ͊Ski7

�N͋9ɑɁ2:ä�əʽəʽ�DJM5�.+͊ķ 3-3. �͋ 

� ķ 3-3.6ɣ$+ŕ̓ʋǬ6��1�Ski7ä̙6ȏ@1�Nǥɲ̺Ľ9D9Łġ:ʰű9Ʉʠ�

˓FJM+�!M:�àʹɟɭ9ʇʢé mRNAČȦǣȨŔ9ʋǬ�JƸŔ#M+�NSD6��

L Ski79 Cǥɲ̺Ľ9̝ 9ĜʣƒPɣĮ&Lʞŝ3Gɴġ&L͊van Hoof A et al., 2002 �͋

$�$5�J�ňŰ5n�}_ˣ̺Ľ9Ȃƾ:�n�}_ˣ9Ǽ�5ƒˣ6ň��Ƃ̶&L+F

6��'M9SqkU6��1G�!9!3� Cǥɲu�U�9ɫǹɓ5̝ PɣĮ&LG93

:ˈ�5�� 

 

 
ķ 3-3. Ski79ȁʣƒ̺Ľ�NSD- ski7�6��1�Ski7ä̙�Nǥɲ̺Ľ͊1-264: Ski7 �C �͋
Cǥɲ̺Ľ͊265-747: Ski7 �N͋Pg�`�c���_n��J)M*MɑɁ#(�̿Ĭľ́ȡ
9͏ÑŬ̐"36i�qt$ 30
2 4ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��
[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-3. Ski79 Nǥɲ̺Ľ6��LȁʣƒS�z̏ȊĿ9ƶʅ 

� !MC2 Ski79NSDȚƒ6̝$1:n�}_ˣȁʣu�U�6̝&LƔŀP �LI�5Ȳ

ŅɎ549ð̭:ŀħ#M1�J'�úɻ2G˵@+I�6�NSD6��L Ski79ȁʣƒ:�

N ǥɲ̺Ľ3 C ǥɲ̺Ľ6̝$1ňC�5Ƿˎ$�#M1�5�.+�)9+F�Ǧɟɭ2:�

Ski79Țƒ6Ƃ̶P �L͌S�z̏ʘƼP½� SKI7̊¼Ŏ9ȲŅɎ9ƶʅPːD+� 
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� ʡǛ͊1-2.͋2G˵@+I�6�Ski7 n�}_ˣ: EF-1����`n�}_ˣ6ť$�EF-1

��eRF3�Hbs1: GTPaseu�U�9�L Cǥɲ̺Ľ�¤ˀ5ȁʣƒ̺Ľ2�L�$�$�!

MC29ŀħ�J�NSD29 Ski79¤ˀ5ȁʣ:Nǥɲ̺Ľ6̫ʁ$1�L!3�ƸŔ#ML�

)!2�N ǥɲ̺Ľ9�-49S�z̏ȊĿ�)9ȁʣƒ6Ȣ�̝OL�P�əĢn�}_ˣ̜

29S�z̏̌òÎŐƒPƭǽ6ƶʅ&L!36$+� 

� Ski79 Nǥɲ̺Ľ9D9S�z̏̌òs�nPɆ�1�ɒ̖#M1�Lä19n�}_ˣ9S

�z̏̌ò6Ş$1 BLASTP ǷʅP$+3!N� 20 S�z̏ɨŷ9ÎŐ̺Ľ

͊ENFxxPSPDDIIxxAQxxAF͋9ŐĹ�ǕJ�65.+(ķ 3-4.)�!MJ9¤ˀ5G9: Ski7

9���`Pc�u$1�L̊¼Ŏ9ŞƏ̋À9əĢ̺Ľ3$1ˁï#M�Ʉȹɩ3$1:�

Kazachstania africana�Kluyveromyces lactis�Meyerozyma guilliermondii�Naumovozyma 

castellii�Tetrapisispora phaffii�Torulaspora delbrueckii�Zygosaccharomyces rouxii�Yarrowia 

lipolytica�Lachancea thermotolerans�Debaryomyces hansenii�I= Candida glabrata9I

�5ïʯ̍ȍ˲ʔɩ546Ă�1�HH̆ʔ9ðʻ̍ȍ Schizosaccharomyces pombe6��1G

ɢ˓#MŎĲʲ͊̚ Ascomycota 6͋ȏ˭ɓŵ�ÎŐ#M1�L!3�ôǕ$+͊ ķ 3-4. �͋Ǡ˲�

Ǧɟɭ3ĢǼ5ƟȖ6ILŀħ2�!9̺Ľ: Ski7Ⱥǡ9ÎŐ̺Ľ��p�� S33$1ƻİ#

M+͊Marshall AN et al., 2013͋��!9̺Ľ9ȁʣƒ6̝&LǷˎ:5��Ǖɢ5ƃþ:ð�

.1�5�� 
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ķ3-4. Ski79Nǥɲ̺Ľé6ˁJMLS�z̏ÎŐ̺Ľ�Ǡ�̋9̲ŏ9̌ò:ïʯ̍ȍ9Ski7�
)9�6əĢƒ9͆�̺ĽPG/n�}_ˣPòƮ$+�ˤŏ2ɣ#M+S�z̏:ïʯ̍ȍ9

Ski73Ģ�9̌òPɣ$1�L� 

 

3-4. Ski79 NǥɲÎŐS�z̏ȊĿ9S�w�i]�w�`ŅɎÂ9ȁʣˆǫ 

� Ski79 N ǥɲ̺Ľé9�p�� S3:�)9ÎŐƒ�J Ski7�̝OLȺŔ9ȁʣƒ6Ȣ�̝

 &LĜʣƒ�͆��)9�/3$1 NSD ȁʣƒ�Řǖ6ƸŔ#ML�)!2�Ⱥ6ÎŐ#M

1�LS�z̏ȊĿH)9˲Ʒ$+̯ʱPŭ=+S�z̏ȊĿP�ƅ6S�w�ȊĿ6ʘƼ&L

S�w�i]�w�`ȖPɆ�1ȁʣƒPǷˎ$+� 

� Ski7 9�p�� S3 ̺Ľé�I=Ĩ˯2 15 S�z̏ȊĿ͊Lys197�Arg200�Lys201�Glu205�

Asn206�Phe207�Arg209�Pro210�Ser211�Pro212�Asp213�Asp214�Gln220�Phe224�Glu229͋P

)M*MS�w�6ʘƼ$+ŅɎÂPÅʾ$�NSD-ski7�6��1g�`�c���_n��J

ĠŅɎÂPɑɁ#(+3!N�Phe207 PS�w�6ʘƼ$+ŅɎÂ͊F207A ŅɎÂ͋6��1

Ski79ȁʣÁ�Pɣ&�̼ʴ5Ʉʠ�˓FJM+͊ķ 3-5. B �͋ 

� Ski7: nonstop mRNAP˓˝$1ðˆPÍ˽&LȁʣPǡ&L3ʞ�JM1�L��S�w

�i]�w�`Ȗ6I.1ƈJM+ŅɎÂ F207A 9Ƃ̶:ïʯ̍ȍ9Ʉʠ9DPˏÊ9ƭǽ3

$1�L+F�His3n�}_ˣ9ʇʢé̓6I.1ż�˥!#M1�LĜʣƒPƵ̣&L!3�

2�5��)!2�F207AŅɎÂ� nonstop-HIS3 mRNA9ðˆ6̝ &Lȁʣ�̟ŗ#M+Ņ

ɎÂ2�L9�4��PŔ̓ PCR6I.1Ƿˎ$+�)9ʋǬ�NSD-ski7�6 F207AŅɎÂP
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ɑɁ#(L3�̒Ʉļ Ski7 PɑɁ#(+3�6ȏ˭$1�O'�2:�L� Nonstop-HIS3 

mRNA9ʇʢé̓�ŃĂ$1�L!3�ǕJ�35.+͊ķ 3-5. C �͋ 

 

 

ķ 3-5. Ski79 NǥɲÎŐ̺Ľé6��LȁʣƒS�z̏ȊĿƶʅ�͊ A͋Ski79�p�� S3Ĩ
˯9S�z̏̌ò�ˤŏ:Ⱥ6ÎŐƒ�͆�S�z̏Pɣ$�S�w�i]�w�`ȖPʹ.+

S�z̏:�Ĥ�9͉ɜď͊�͋P�̋6ˋ$+�͊ B͋NSD-ski7�6��1�ĠS�w�ʘƼ
ŅɎÂPg�`�c���_n��J)M*MɑɁ#(�30
2 7ǒ̜̳ʘľ́$+�5��Ŝ
ŉľĺ:�_n�9̉Ƥ��[�2�LV�g��I=~iph�9Ȃ¦ľĺPÇɆ$+�͊ C͋
Ŕ̓ PCRPɆ�1Ŕ̓$+ʇʢé nonstop-HIS3 mRNA̓�NSD-ski7�6��1�̒ Ʉļ Ski7
�I=F207AŅɎÂPg�`�c���_n��J)M*MɑɁ#(1ľ́Ɔ�ƥï$+mRNA
PɆ�1Ŕ̓ PCR Pʹ.+�)9̨�ȅ˂ĈPʹ�+F9c�t���̊¼Ŏ3$1 ACT1 P
Ɇ�+� 

 

� Ski7 6:�Ǧɟɭ2ˁï$+ S3 PĦF1´9͍/9ÎŐ�p�� S1�S2 �ƭǁ#M1�L

͊Marshall AN et al., 2013 �͋)!2�S3�p��ĢǼ9ȁʣÁ��´9�p��2GˁJML

�PǷˎ&L+F6�S2�p��95�2Ⱥ6ÎŐ#M1�LS�z̏ȊĿ6̝$1S�w�i
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]�w�`Ȗ61ȁʣƒS�z̏ȊĿPƶʅ$+� 

� Ski79�p�� S2̺Ľé2 3S�z̏ȊĿ͊Lys180�Glu185�Pro192͋PS�w�6ʘƼ$+

ŅɎÂPÅʾ$�NSD-ski7�6��1g�`�c���_n��JĠŅɎÂPɑɁ#(ɄʠPɢ

˓$+��ȁʣÁ��˓FJMLŅɎÂPð̭&L!3:2�5�.+͊ķ 3-6. B �͋ 

 

 
ķ 3-6. Ski79 NǥɲÎŐ̺Ľé6��LȁʣƒS�z̏ȊĿ�͊ A͋Ski79�p�� S2Ĩ˯9
S�z̏̌ò�ˤŏ:Ⱥ6ÎŐƒ�͆�S�z̏Pɣ$�S�w�i]�w�`ȖPʹ.+S�

z̏:�Ĥ�9͉ɜď͊�͋P�̋6ˋ$+�͊ B͋NSD-ski7�6��1�ĠS�w�ʘƼŅɎ
ÂPg�`�c���_n��J)M*MɑɁ#(�30
2 7ǒ̜̳ʘľ́$+�5��Ŝŉľ
ĺ:�_n�9̉Ƥ��[�2�LV�g��I=~iph�9Ȃ¦ľĺPÇɆ$+�Ğɲ9

F207AŅɎÂ:��hrT�c�t���3$1�Ģ�Ǩ¹2ɄʠP˅ŝ$+G92�L� 

 

3-5. ȁʣƒS�z̏ȊĿ Phe2079̑ˀƒ 

� Ski7 9 N ǥɲ̺Ľé9 Phe207: NSD 6��LȁʣƒS�z̏ȊĿ2�L!3�ǕJ�35

.+�̃Ē9ɟɭ6��1�Ski7 : N ǥɲ̺Ľ9D͊SKI7 �C͋2G NSD 6��LȁʣƒP

ɑƽ&L!3�ƭǁ#M1�L͊van Hoof A et al., 2002 �͋)!2�Nǥɲ̺Ľ9D͊SKI7 �

C͋9 NSDȁʣ6��L Phe2079ƃþPǷˎ$+� 

� !MC29əʽŕ̓ĢǼ�NSD-ski7�6��1�Ski79ä̙�F207AŅɎÂ�Nǥɲ̺Ľ9

D͊SKI7 �C͋�I=)9 F207AŅɎÂ͊F207A �C͋Pg�`�c���_n��JɑɁ#

(ɄʠP˅ŝ$+�&L3�Nǥɲ̺Ľ9D͊SKI7 �C͋2�.1G�F207AŅɎÂ2: NSD

6��Lȁʣƒ�ŊOM1�L!3�ɣ#M+͊ķ 3-7. �͋ 
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ķ 3-7. Ski79 Phe2079 Nǥɲ̺Ľ̡Ŕɓ5ȁʣƒ�NSD-ski7�6��1�Ski7ä̙��I=
Ski7ŅɎÂPg�`�c���_n��J)M*MɑɁ#(�̿ Ĭľ́ȡ9͏ÑŬ̐"36i�

qt$ 30
2 3ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�
R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-6. Ǒɝ9 EF-1����`n�}_ˣŅɎÂ3 Ski79Ģ�ƒ9Ƿˎ 

� NSD 6��L¤ˀ5ȁʣƒ̺Ľ2�L N ǥɲ̺Ľ2:�S�w�i]�w�`Ȗ6I.1ƈ

JM+ȁʣȂƾŅɎÂ: F207A 9D2�K�Ski7 9ȁʣƒ6˴L+F9ǡɆ5ƔŀPŇ�:ƈ

JM5�.+�)!2�Cǥɲ̺Ľ9ÎŐ̺Ľ2�LȁʣǤɝ9 GTPaseu�U�6/�1ŅɎ

Â9ƶʅPʹ.+� 

� ú˵93�K�Ski72:�´9ʝˍļ Gn�}_ˣ63.1 GTPĂȑðˆˇōȚƒ6̑ˀ3

ƭǁ#M1�L~iph�ȊĿ�k��ȊĿ͊Ser360͋6ʘƼ#M1�L͊ķ 3-8. A �͋)!2�

!9k��ȊĿ�̍ȍ Ski79NSDȚƒ6��1ɫǹɓ5ȁʣƒPƦ.1�L�PǷˎ&L+F�

S�w�ʘƼŅɎÂ S360A�)$1�~iph�ʘƼŅɎÂ S360HPÅʾ$�NSD-ski7�6�

�1g�`�c���_n��JĠŅɎÂPɑɁ#(ɄʠPɢ˓$�Ski7ŅɎÂ9ȁʣƒPǷˎ

$+͊ķ 3-8. B �͋ 

� C+�ˆ̭ĴŎ eRF36��1�EF-1�͊EF-Tu͋9ȁʣȂƾŅɎÂ3Ģ�9 Gu�U��p

��é9S�z̏ʘƼPŠã&L!36I.1ȁʣÁ�Pż�˥!&!3�ŀħ#M1�L

͊Salas-Marco J and Bedwell DM., 2004 �͋5�2G�Ʉʠ̟ŗPż�˥!& eRF39 K407E�

R419GŅɎÂ6əƀ&LS�z̏ȊĿ: Ski76��1GLys428�Arg4383$1ÎŐ#M1�L�
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)!2�Ski76��1Ģ�9S�z̏ʘƼ35L Ski7ŅɎÂPÅʾ$�NSD-ski7�6��1g

�`�c���_n��JĠŅɎÂPɑɁ#(ɄʠPɢ˓$+͊ķ 3-8. B �͋ 

� ľ́9ʋǬ�̒Ʉļ Ski739Ʉʠ3ȏ˭$1�ĠŅɎÂ9Ʉʠƒ6ŅĈ:ˁJM5�.+�Ⱥ

6�Ser360 �S�w�6ʘƼ$1G�ß�ǡ$1�+:'9~iph�6ʘƼ$1GŅĈ�˓F

JM5�.+!36IK�Ski7:´9ʝˍļ Gn�}_ˣ3ĢǼ9ÅɆȁŶ�ÎŐ#M1�5�

Ĝʣƒ�ɣĮ#M+� 

 

 

 
ķ 3-8. Ski7 9 GTPase u�U�9ŅɎÂ�͊ A͋EF-1��R���n�}_ˣ9S�U��t�
ˤŏ:ä19n�}_ˣ2ÎŐ#M1�LS�z̏̌ò�̲ ŏ: Ski7·ņ9n�}_ˣ2ÎŐ#
M1�LS�z̏̌òP)M*Mɣ$1�L�̌ò�̋9�Ĥ�9͉ɜď͊�͋:�Ski7ŅɎÂ
9+F6S�z̏ʘƼ$+̋ÀPʺ$1�L�͊B N͋SD-ski7�6��1�Ski7ä̙��I= Ski7
ŅɎÂPg�`�c���_n��J)M*MɑɁ#(�̿Ĭľ́ȡ9͏ÑŬ̐"36i�qt

$ 30
2 4ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�R�
�I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-7. Nonstop-URA3���n�SqkUǳ9ǻɼ 

� !MC29ʋǬ6I.1�nonstop mRNA9ðˆ6: Ski79 Nǥɲ̺Ľ�¤ˀ5ȁʣPǡ$
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1�L!3�)$1ÎŐ�p��é�JȁʣƒS�z̏ȊĿPhe207PȺŔ&L6ʨ.+�$�$�

nonstop-HIS3���n�̊¼ŎPɆ�+Ƿˎ2:�Ski79 Cǥɲ̺Ľ9ȁʣƒPǕɢ6ɣĮ&

Ls�nPƈL!3:2�5�.+�)!2�!MC23:Ɏ5.+ɩ̽9 nonstop mRNA��

�n�̊¼ŎPǻɼ$�Ski79 Cǥɲ̺Ľ9ȁʣƒ9ǡȴPëǷˎ&L!36$+� 

� ïʯ̍ȍ9̊¼őɓǷˎ6��1:URA3̊¼Ŏ�¢̉Ƥƒ9���n�̊¼Ŏ3$1I�Ɇ

�JML�Ura3:V�g�ġƛʊ˧61Ǝ̹9̍ʄ2�K�Ǧɟɭ9 HIS3̊¼ŎĢǼ6)9Ȃ

ƾ̊¼ʡǛǳ2�ɑɁ3Ʉʠƒ39ȅ9ə̝ƒ9���n�3$1Ɇ�L!3�2�L�Ă�1�

Ura3 : 5-FOA 3��Ĉġȹ6Ş$1GˇōȚƒPɣ$�Ǡʈ¶˜Ʌȹ3$1 5’-fluoro-uridine 

monophosphate (5-FUMP)Pġƛ&L�5-FUMP:p�h�̏9ġƛP̟ŗ&L+F�ʋǬ3$

1̍ȍ:ʩȈ35L�)9+F�5-FOA ŉ�ľĺ�2:�Ura3 PIKŇ�ɑɁ&Lʇʢ:IK

ſ�ɄʠƗęƒPɣ&!365L�Ƈ.1�ɑɁ3Ʉʠƒ39ˡ9ə̝ƒ9���n�3$1ȁ

ʣ&L�!9ˡ9ə̝ƒ9ƒˣPöɆ$�Ski79ȚƒP˒$�Ƿˎ&L!36$+� 

� ̃Ē9ɝˁ2:�Ski79ä̙3 Nǥɲ̺Ľ9D�ɑƽ&LȚƒ:Ģ�2�L3ʞ�JM1�L�

$�$�¸6 Cǥɲ̺Ľ�̝O.1�L3$+J�O'�2:�L�)9Țƒ6ū�Ʉ%L:'

2�L�ľĺ6��L 5-FOAȰŷ6Ş$1ʨ̇Ǩ¹Pˁ/�L!3�2�M;�Ʉʠ˺ŷ9ū6

I.1 Ski7 9ä̙3 N ǥɲ̺Ľ9Țƒ9ūPˁï&!3�2�L�G$M5�3ʞ�+�)!

2�nonstop-HIS3���n�̊¼Ŏ3ĢǼ6�nonstop-URA3 ���n�̊¼ŎP HO ̊¼Ŏ

6ʉD˰E!32 Ski7ˏÊSqkUʀPɢɰ$+͊ķ 3-9. �͋C+�!9SqkUǳ2:��J

�%F URA3̊¼Ŏ�Ȃƾ$+ǳPÇɆ$1�L� 

 



 42 

 

ķ 3-9. Nonstop-URA3 ���n�̊¼Ŏ6IL Ski7 ˏÊSqkUǳ9Ǻˀ�Nonstop-URA3 
mRNA :�̒Ʉǳ2: NSD 6I.1 exosome 6ILðˆ9Ş˟35L��Ski7 Ȃƾǳ2:
exosome�ȚƒĈ$5�+F6ðˆ#M'�V�g�Ȃ¦Ŝŉľĺ�61Ʉʠ�ɢ˓#ML�C
+�5-FOA ȤĂǘ6:�5-FOA : URA3 ̊¼ŎɅȹ6I.1ȎƒPɣ&Ĉġȹ?3ŅƼ#ML
+F�̒Ʉǳ6��1IKɄʠƒ�Ĥ�&L� 

 

3-8. Ski76��L Cǥɲ̺Ľ9ȁʣƒ9ëǷˎ 

� ǎ˂6ǻɼ$+ Nonstop-URA3���n�̊¼Ŏ6IL Ski79ˏÊ9+F�5-FOAȰŷPȋ

̦ɓ6ˌŔ$�NSD-ski7� (nonstop-URA3)6��1ȚƒPˏÊ$+�0.05% 5-FOA ȤĂǘ2

:�Ski7ä̙3 Nǥɲ̺Ľ9DPɑɁ#(+3�6 NSD�˥�L!3�ɣ#M͊ķ 3-10. A �͋

nonstop-HIS3���n�ǳ93�9ʋǬ3ôŔ:�ʩ&L͊ķ 3-3. �͋$�$�IKſ�Ʉʠơ

øǨ¹2�L 0.1% 5-FOAȤĂǘ6:�Ski7ä̙9D��N�%1Ʉʠ&L!3�ɢ˓#M�N

ǥɲ̺Ľ9D9ɑɁǘIKGä̙9 Ski7PɑɁ#(+Ǐ�IKſ�NSD�˥�1�L!3�ɣ

Į#M+͊ķ 3-10. A �͋/CK�Ski79 Nǥɲ̺Ľ9ȁʣƒ6ʰű2:�L� Cǥɲ̺Ľ�ř

 $1�LĜʣƒ�ʞ�JML�)!2�Ġ̺Ľ9ȁʣ�Ƚɰ$+ȁʣƒPɑƽ&L9�4��

Pɢ�FL+F�Nǥɲ̺Ľ3 Cǥɲ̺ĽPĢǘ6ɑɁ#(�Ski7ä̙3Ģɨŷ9Țƒ65L9

�4��Pɢ�F+�õ9ˈ�ǏP&M;�0.1% 5-FOA9ȤĂǨ¹2 Ski7ä̙�ɄʠĜʣ35
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L����n�3Ģ�9����n��J Nǥɲ̺Ľ9DPɑɁ#(�)!?#J6 Cǥɲ̺Ľ

9DPåɑɁ#(L!36I.1�<3/9n�}_ˣ95�6Ġ̺Ľ�ŐĹ&LƎˀƒPǷˎ

2�L92:5��3ʞ�+� 

� 0.1% 5-FOA9ȤĂǘ6�NSD-ski7�(nonstop-URA3)6��1�Ski7ä̙2Ʉʠ�ɢ˓2�

+����n�ſŷɈǩ9 Ski7 9 N ǥɲ̺Ľ3�)!6ɑɁſŷ9Ɏ5L����n��J C

ǥɲ̺ĽPĢǘ6ɑɁ#(�ɄʠPɢ˓$+�)9ʋǬ�Ski79 Nǥɲ̺Ľ3 Cǥɲ̺ĽPõ�

6ʇʢé2ɑɁ#(1G�Ski7ä̙3Ģɷ9Țƒ6:5J'�Ski79 Cǥɲ̺Ľ� Nǥɲ̺Ľ

9Țƒ6ř $1�LĜʣƒ�ɣĮ#M+͊ķ 3-10. B �͋ 

 

 

ķ 3-10. Nonstop-URA3���n�̊¼Ŏ6IL Ski79 NSDȚƒˏÊ�͊ A͋5-FOAȤĂǨ¹
�͊ 0.1%�I= 0.05% 2͋9 Ski7ȚƒȨŔ�NSD-ski7� (nonstop-URA3)6��1�Ski7ä̙�
Nǥɲ̺Ľ͊1-264 : Ski7�C �͋Cǥɲ̺Ľ͊265-747 : Ski7�N͋Pg�`�c���_n��
J)M*MɑɁ#(�30
2 7 ǒ̜̳ʘľ́$+�͊ B͋5-FOA ȤĂǨ¹�͊0.1%͋6��1�
Ski7 9 N ǥɲ̺ĽPĢ�9����n�2ɑɁ#(�Ģǘ6 C ǥɲ̺ĽPǼ�5����n�
ſŷ2ɑɁ#(+����t: 30
2 7ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ�
�[�2�Lt��t�R�3~iph�9Ȃ¦ľĺPÇɆ$+� 
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3-9. Ski7ȁʣȂƾŅɎÂ9ð̭9+F9ƝɌ 

� úɻC26 Ski7n�}_ˣ6̝$1ɩ̜29ÎŐS�z̏̌ò̺Ľ?9ŅɎÂPÅʾ$�̊ ¼

őɓ6 Ski79ȚƒˏÊ�I=ȁʣƒS�z̏ȊĿ9ȺŔPʹ.+��ȁʣƒ9Ɵ��K35LI

�5ǡɆ5 Ski7ŅɎÂPċð6ƈL!3:2�5�.+�)!2�Phe207·ņ9ȁʣƒS�z̏

ȊĿPƶʅ&L+F�à˵9 nonstop-HIS3 mRNA PɑɁ&L NSD ���n�ǳ͊·Ɔ�

NSD-ski7�͋PɆ�+ Ski7ȁʣȂƾŅɎÂ9̊¼őɓð̭PːD+� 

� Ǡó9ːD3$1�ķ 3-11.6ɣ&I�6�Ski7 ɑɁ�_n�P̕ļ3$1�_n�̌ò̋ð

6ˌˉ$+ DNA��U��PɆ��error-prone PCRȖ6I.1ȴÅȳ6ŅɎPŠã$+ SKI7

̊¼Ŏ̺ĽPŃŰ$+�C+�Ģǘ6�ø̡̍ʄîɂ6I.1ǍȸĈ#(+ɮɑɁ�_n�P˙

Ǌ$+�)9Ɔ�2ɩ̽9 DNAǍȸP NSD-ski7�6Ģǘ6Šã$��_n�̌ò̋ð29əĢ

ƒʉƼ�6IKɃȻ9 URA3��[�̉Ƥƒ9 Ski7ɑɁ�_n�Pëǻƛ$��/ Ski76ȁʣ

ȂƾŅɎ�Šã#ML!32���n�9 nonstop-HIS3 mRNA� NSDPż�˥!#'~ip

h�̴ˀȒƒ65.+ǳP�~iph��V�g�Ȃ¦ľĺ2̉Ƥ$+�)$1�!MJ9ǳ�

J DNA Pɾʾ$�ňʥʲ9Ɓˣ˫Ƽ6IK��i�uPĳė$+�!MJ9��i�u_��

��9 SKI7̊¼Ŏ̌òP DNAg�a�e�2ɢ˓$+͊ķ 3-11. �͋ 

� Ęƈ#M+ʁ 20 _���9��i�u�9 SKI7 ̊¼Ŏ9g�_X�iˆǫPʹ.+3!N�

©ƕ6Ė$1ŅɎ�Šã#M1�5�G9�Ň�ŐĹ$+�!MIK�ŕ̓ŊǇ9¤5ɂɈ3$

1·�9!3Pʞŝ$+��ʉƼ�6ÇɆ$+�_n��ø̡̍ʄîɂ#M1�J'�ɮ�_n

��)9CCŠã#MƁˣ˫ƼÂ�Ʉʠ$+��ʉƼ�6ÇɆ$+�_n��k���Ub�g

��6I.1ɃȻĈ$�ɮ�_n�PÎƬ$+Ɓˣ˫ƼÂ�Ʉʠ$+�
ʉDƼO.+�_n�

6ŅɎ�Ʉ%�Ski7�̇ñ6ɑɁ$5�.+��ÇɆ&L���n�̊¼Ŏ�Ďʂ�/Ď�2�

K�i_��w�`ʀ6ʷû54�ÆɆ#M1�5�+F�ƊŮŅɎǳ�Ʉ%H&�.+� 

� ¤5ɂɈ9�-��3�6ˑƀ&L SKI7 ̊¼Ŏ�ưã#M1�5��_n�6ILƂ̶PÁ

Ȧ&L+F�i_��w�`ʀPǅʭ&L!36$+� 
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ķ 3-11. Ski7ȁʣȂƾŅɎÂð̭9+F9ƝɌ�ȴÅȳɯȵŅɎŠã3ɑɁ�_n�PɆ�1ï
ʯ̍ȍ6ILəĢƒʉDƼ�PöɆ$�Ski7ȁʣȂƾŅɎÂPḒ̌&L͊˒ʇ:Ǧǋēȶ �͋ 

 

� !MC29ŅɎÂ9Țƒ9Ƿˎ2GO�LI�6�NSD-ski7�6��1�ɑɁ�_n�9DP

Šã$+Łġ�ǠGɄʠ˺ŷ�I��:%F6ʹ.+i_��w�`2:�URA3 ̊¼ŎP�_

n�9̊¼Ŏ��[�3$1Ɇ�1�L+F�ŒŔɓ6 Ura3�ɑɁ#MM;�SKI7̊¼Ŏ9ʉ

Ƽ�9ǡȴ6̝OJ'�Ski7�ɑɁ$1�5�1GɄʠ$1$C��)!2�əĢƒʉƼ��Ʉ

%+3�9D Ura3�ɑɁ&LI�6ǅʭPːDL!36$+� 

�  C'�URA3̊¼ŎP̊¼Ŏ��[�6G/ɑɁ�_n�6 SKI7̊¼ŎPưã&L�!9ɑ

Ɂ�_n�P̕ļ3$1�SKI7 ̊¼Ŏ�J URA3 ̊¼Ŏ9£̜̋ÀC29̺ĽP error-prone 

PCR6I.1ŃŰ#(L�C+�error-prone PCR2ŃŰ#(5�.+�����n�̋À�J

URA3 ̊¼Ŏ9£̜̋ÀC29̺Ľ6:�ŅɎ�Ʉ%5�I�6ǲȅȁʣ9͆������lP

Ɇ�1ŃŰ#(L�)9Ɔ�NSD-ski7�PɆ�1�2ɩ̽9 DNAǍȸPɆ�+əĢƒʉƼ�P

˥!#(�~iph��V�g�ȂƾŜŉľĺ2Ʉʠ$1�+c�w��J��i�uPĳė$

SKI7̊¼Ŏ9̌òPɢ˓&L!36$+͊ķ 3-12. �͋ 

� !9i_��w�`ʀ2:�̇ñ5̋À2ʉƼ��Ʉ%1 Ura3 �ɑɁ#MLI�65J5�

̡K NSD-ski7��Ʉʠ$1�L!3:5���_n�6Ɉǩ&LØ̥ƒ9ĜʣƒPƵ̣2�L
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3ʞ�JM+� 

 

 
ķ 3-12. Ski7ȁʣȂƾŅɎÂð̭9+F9ǎ+5ƝɌ�2ɩ̽9Ɏ5.+ DNA ǍȸPɆ�1ï
ʯ̍ȍ6ILəĢƒʉDƼ�PöɆ$�Ski7ȁʣȂƾŅɎÂPḒ̌&L͊˒ʇ:Ǧǋēȶ �͋ 

 

3-10. Ski7ȁʣȂƾŅɎÂ9ð̭9+F9i_��w�` 

� ǎ+6ǻɼ$+̉ƤʀPɆ�1�̉Ƥ#M+Ƚɰ9 NSD-ski7�9ǳɈǩ9��i�uˉ 153

_���9g�a�iˆǫPʹ.+�&L3�Ň�9_���6��1 SKI7 ̊¼Ŏé6ʿǉ9

ŅɎ�Šã#M1�+��)MJ9ƔŀPʑġ&L3ŅɎ̋À6ʰű9ÔK�ɢ˓#M+͊ķ

3-13. �͋C+�)9̨9ŅɎŠã: SKI7̊¼Ŏ9äÂ6�Ǽ6ɢ˓#M�ŅɎŠãąɀ:�Ŕ2

�L!3�ƸȨ#M+͊ķ 3-13. �͋)!2�ƈJM+_����̥ƒ2�L�4��PôǍ&L

+F�ɾʾ$+��i�uPɆ�1ëŷ NSD-ski7�PƁˣ˫Ƽ$�Ski7Țƒ9Á�PǷˎ$+�

&L3�ëŷ9Ƿˎ2G̥ƒ2�L_���6:�Ski79 GTPaseu�U�é6ŅɎ� 1/·�

Šã#M1�LG9�Ň�.+� 
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ķ 3-13. Ski7ȁʣȂƾŅɎÂ9i_��w�`ʋǬ�Ski79ǺɌķ9�̋6i_��w�`6I
.1ƈJM+ŅɎ9̋À3ÐǉPɣ$+�Ski76̝$1�Nǥɲ̺Ľ:̲�Cǥɲ̺Ľ:ʒ2ɣ
$�)9£9 GTPase u�U�:ˤ2ɣ$+�C+�GTPase u�U�9�̋6 G1 �J G5 ̺
ĽC2Pˤ��q_i2ʺˋ$+� 

 

� ·�9Ɣŀ�J�GTPase u�U�é9ŅɎ6/�1ĎȽ9 Ski7 ŅɎÂPÅʾ$�ëŷ

NSD-ski7�PƁˣ˫Ƽ$1�ŅɎÂ�ŕ̨6ȁʣȂƾPż�˥!&9�Pɢ˓$+�)9ʋǬ�

ʿǉ9 GTPaseu�U�9£6Ʉ%+ŅɎ6I.1�NSD-ski7�9Ʉʠ9Ĥ��ɢ˓#M+͊ ķ

3-14.�3-15. A �͋g�a�iˆǫʋǬ�JƸȨ#MLØ̥ƒɀ9͆#3�ĎȽ9ŅɎÂÅʾ9Ɵ

̜Pʞƙ$�!M·�9_���ð̭ŕ̓PʹO'�·Ɔð̭#M+_���9˒ʇ5ˆǫPʹ

�!33$+�+,$�Ģ�9ŅɎ̋ÀPG/_����ʿǉ9G96̝$1:�&@1ȁʣȂ

ƾ9ǷˎPʹ.+͊s�nǤˋˮ �͋ 

 

 
ķ 3-14. Ski7ȁʣȂƾŅɎÂ9ëi_��w�`ʋǬ�Ski79ǺɌķ9�̋6i_��w�`6
I.1ƈJM+ŅɎ9̋À3ÐǉPɣ$+�Ski76̝$1�Nǥɲ̺Ľ:̲�Cǥɲ̺Ľ:ʒ2
ɣ$�)9£9 GTPase u�U�:ˤ2ɣ$+�C+�GTPase u�U�9�̋6 G1 �J G5
̺ĽC2Pˤ��q_i2ʺˋ$+� 
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3-11. Ski7ȁʣȂƾŅɎÂ9Ðõˆǫ 

� úɻ2˵@+I�6�̊¼őɓ̉Ƥ6IKǠʈɓ6 Ski7 ȁʣȂƾŅɎÂ3$1�C270R�

G279D�S281F�S281P�L287P�L354R�E445G9 7/�ð̭#M+�ŅɎ:�'MG GTPase

u�U�9ÎŐ�p��Ĩ˯6̫£$1�+�)!2�G1u�U�6ɛɗ$�̃Ē9 eRF354

9ŅɎÂ9Ɣŀ54Pēʞ6��/�˶Ă9ŅɎÂPÅʾ$+3!N�L284PGĢǼ6ȁʣȂƾ

ŅɎÂ2�.+�!M6IK�L284PPĦF1 8/9ȁʣȂƾŅɎÂPḒ̌6ƛā$+� 

� Nonstop-HIS3���n�ǳ2�L NSD-ski7�6��1�Ski79ä̙��I=ð̭$+ 8/

9ŅɎÂPg�`�c���_n��JɑɁ#(~iph�Ȃ¦ľĺ�29ɄʠPi�qtSq

kU6IKɢ˓&L3�̒Ʉļ Ski73ȏ˭$1�8/9ŅɎÂ2:Ʉʠ�Ĥ�&L!3�ɢ˓#

M+͊ķ 3-15. �͋ 

� $�$�F207AŅɎÂ93�3ĢǼ6�ð̭#M+ŅɎÂ9Ƃ̶: nonstop-HIS3 mRNA9ʇ

ʢé̓6:ÉŐ('�His3n�}_ˣ9ʇʢé̓6I.1ż�˥!#M1�LĜʣƒPƵ̣&L

!3�2�5��)!2�8 /9 Ski7 ŅɎÂ� nonstop-HIS3 mRNA 9ðˆ6̝ &Lȁʣ�

̟ŗ#M+ŅɎÂ2�L9�4��PŔ̓ PCR 6I.1Ƿˎ$+�)9ʋǬ�NSD-ski7�6 8

/9ŅɎÂPɑɁ#(L3�̒Ʉļ Ski7 PɑɁ#(+3�6ȏ˭$1�nonstop-HIS3 mRNA

9ʇʢé̓�ŃĂ$1�L!3�ǕJ�35.+͊ķ 3-15. B �͋ 
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ķ 3-15. ð̭#M+ Ski7ŅɎÂ9Țƒ�͊ A͋NSD-ski7�6��1�̒Ʉļ Ski7�I= Ski7Ņ
ɎÂPg�`�c���_n��J)M*MɑɁ#(�̿Ĭľ́ȡ9͏ÑŬ̐"36i�qt$

30
2 4ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�R��
I=~iph�9Ȃ¦ľĺPÇɆ$+�͊ B͋Ŕ̓ PCR PɆ�1Ŕ̓$+ʇʢé nonstop-HIS3 
mRNA̓�NSD-ski7�6��1�̒Ʉļ Ski7�I= Ski7ŅɎÂPg�`�c���_n��
J)M*MɑɁ#(1ľ́Ɔ�ƥï$+ mRNAPɆ�1Ŕ̓ PCRPʹ.+�)9̨�ȅ˂ĈP
ʹ�+F9c�t���̊¼Ŏ3$1 ACT1PɆ�+� 

 

3-12. ǎ+6ƈJM+ Ski79 Cǥɲ̺Ľ9ȁʣȂƾŅɎ3 Nǥɲ̺ĽŅɎ 

� !MC2�Ski7 9 N ǥɲ̺Ľ9ȁʣƒS�z̏ȊĿ9<3/3$1�Phe207PĢŔ$+͊ķ
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3-5. B �͋$�$�ʐʙɓȁʣȂƾŅɎÂ9ð̭2:�Nǥɲ̺Ľé29#J5LȁʣȂƾŅɎP

ˁï&!3:2�5�.+�!M:�Nǥɲ̺Ľ2: 1[ƞ9D9ȲŅɎ2Țƒ�Á�&LŅɎ

Â�A3Q45�!3PƖĩ$1�L9�G$M5�� 

� �Ǐ�)M3:Şȶɓ6�Cǥɲ̺Ľ9 GTPaseu�U�é6Ň�9ȁʣƒS�z̏ȊĿPȺ

Ŕ&L!3�2�+͊ķ 3-14.�3-15. �͋G$�N ǥɲ̺Ľ9ȁʣƒ6 C ǥɲ̺Ľ9 GTPase u

�U��Ƚɰɓ6̝ $1�L92�M;�2̑ŅɎÂ2:)9 NSD?9Ƃ̶�Ńſ#ML:'

2�L�GTPase u�U�é9ŅɎ95�2�Ser2816̝$1: S281F 3 S281P 9ʿǉ9ŅɎ

Â�ƈJM�GTP ʋġ̋À9ǠG˲Ù6�L�)!2�F207A 3 S281P 9 2 ̑ŅɎÂ2 NSD

?9Ƃ̶PˏÊ$+� 

� NSD-ski7�6��1�Ski7 9ä̙�F207A ŅɎÂ�S281P ŅɎÂ�I=�F207A 3 S281P

39 2 ̑ŅɎÂPg�`�c���_n��JɑɁ#(ɄʠPɢ˓$+�)9ʋǬ�ĎȽ9ŅɎ

Â29Ʉʠ3ȏ˭$1�F207A 3 S281P 39 2 ̑ŅɎÂ2:O'�2:�L�Ʉʠ˺ŷ��ǔ

$�ə§ɓ5 Ski79 NSDȚƒ9Á��ɣ#M+͊ķ 3-16. �͋ 

 

 
ķ 3-16. Ski7ȁʣȂƾ 2̑ŅɎÂ9Țƒ�NSD-ski7�6��1�̒Ʉļ Ski7��I= Ski7ŅɎ
ÂPg�`�c���_n��J)M*MɑɁ#(�̿Ĭľ́ȡ9͏ÑŬ̐"36i�qt$

30
2 3ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�R��
I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-13. Ski7ǻ˻�6��LȁʣƒS�z̏ȊĿ9̋À 

� Ski7 ȁʣȂƾŅɎÂ3$1ƈJM+ C270R�G279D�S281F/P�L284P�L287P�L354R�
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E445G9ŅɎ̋ÀP´9EF-1����`n�}_ˣ39S�U��t�6ķɣ$+͊ ķ3-17. �͋ 

 

 

ķ 3-17. ïʯ̍ȍ6��L EF-1����`n�}_ˣ9S�U��t�6�q��`$+ Ski7
ȁʣȂƾŅɎÂ9ŅɎ̋À�ˤŏ:ä19n�}_ˣ2ÎŐ#M1�LS�z̏̌ò�̲ŏ:

Ski7·ņ9n�}_ˣ2ÎŐ#M1�LS�z̏̌òP)M*Mɣ$1�L�̌ ò�̋9�Ĥ�

9͉ɜď͊�͋:�Ski7ȁʣȂƾŅɎÂ6ILS�z̏ʘƼ̋ÀPʺ$1�L� 

 

� ú˵9˹K�G1u�U�Ĩ˯6Ň�9ŅɎ̋À�ˁJML�i_��w�`�JƈJM+ŅɎ

̋À9ÔK3�GTPʋġ6: G1�G2u�U��ň��̝ &L3��̃Ē9 EF-1�H EF-Tu

9ɝˁ�Jʑġɓ6ôǍ$1�!MJ9ŅɎ̋À: GTPʋġ̋ÀȺɎɓ2�LĜʣƒ�ɣĮ#M

L� 

� Ǧ˚9ʡǛ͊1-3-2.͋2GˇM+I�6�GTPaseu�U�:S�z̏̌ò3ɰÂ̌ʘ�͆ŷ6

ÎŐ#M1�L+F͊ķ 1-7. �͋Ski79ŅɎ̋ÀƔŀP´9 EF-1����`n�}_ˣ9ǻ˻�

?�q��`&L!3�Ĝʣ2�L3ʞ�JML�Ŵ́5!36�ěʇʲ9 EF-1�9ʋǜǻ˻:

GTP ʋġ��u2ˆ�M1�++F6�!9ʋǜǻ˻6Ş$1ƈJM+ Ski7 ŅɎ̋ÀƔŀ9�

q��`Pʹ�!32ǎ+5ƔŀPƈI�3$1�+͊ķ 3-18. A �I= ķ 3-19. A �͋$�$�

/�Ǡ˲65.1ïʯ̍ȍ9 Ski7 9 C ǥɲ̺Ľ9ʋǜǻ˻�ˆ�M�)9ɰÂ̌ʘ9äˠ�Ǖ

J�35.+�)!2�ěʇʲ9 EF-1�9ʋǜǻ˻6Ă�1ïʯ̍ȍ9 Ski76GŅɎ̋ÀƔŀ

P�q��`$�!MC2ʹ.1�+Ƿˎ9ŋƀƒPɢ˓&L3Ģǘ6�Ski7ǻ˻Ɣŀ?9�q
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��`Pʹ.+͊ķ 3-18. B �I= ķ 3-19. B �͋ 

� aEF-1��I= Ski79ǻ˻�6 SKI7ŅɎÂ9ŅɎ̋ÀP�q��`$+ʋǬ�Cys270�Gly279�

Ser281�Leu284�Leu287�Leu354: GTP ʋġ̋À9˲Ù6̫£$1�L!3�ð�.+�3KO

��Gly279�Ser281:�GTPHMg2+9ʋġ̋À6ǠG˲Ʒ$1�+͊ķ 3-18. A3 B �͋ 

 

 

 

ķ 3-18. aEF-1��I= Ski79ǻ˻�6�q��`$+ Ski7ȁʣȂƾŅɎÂ9ŅɎ̋À�͊ A͋
ũ6 aEF-1�9ǻ˻Pɣ$�Ğ6 GTPaseu�U�̋ÀPƩň$+ķPʺɣ$+�͊ B ũ͋6 Ski7
9ǻ˻Pɣ$�Ğ6 GTPase u�U�̋ÀPƩň$+ķPʺɣ$+�͊ A͋͊ B͋3G6�GTP :
ʒ�Mg2+:ȱʮ2ɣ$�SKI7 9ĠŅɎ̋À:)M*Mʮ0�$��6ŅɎ̋À9S�z̏ɍğ
Pʺˋ$1�L� 
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� )9�Ǐ2�Glu445 :�ǠGņÖ9�-��q_iǻ˻9£6�L!3�O�K�GTP ʋġ3

9ɘƷɓ5Ƃ̶:5#)�5̋À6ŅɎ�Šã#M1�L!3�ǕJ�65.+͊ķ 3-19. A 3

B �͋!MJŅɎÂ9ƒˣ6/�1:�Ɔ9ʞŝ61˞˚&L� 

 

 

 

ķ 3-19. aEF-1��I= Ski7 9ǻ˻�6�q��`$+ Glu4459ŅɎ̋À�͊ A͋ũ6 aEF-1�
9ǻ˻Pɣ$�Ğ6 GTPase u�U�̋ÀPƩň$+ķPʺɣ$+�͊ B͋ũ6 Ski7 9ǻ˻Pɣ
$�Ğ6 GTPaseu�U�̋ÀPƩň$+ķPʺɣ$+�͊ A͋͊ B͋3G6�GTP:ʒ�Mg2+:

ȱʮ2ɣ$��6ʮ0�$+ŅɎ̋À9S�z̏ɍğPʺˋ$1�L� 
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3-14. Ski7ȁʣȂƾŅɎÂ6��Lu�v�ty\rT�ąǬ 

� n�}_ˣ�Ň̓Â549ʿġÂ9�̋3$1ȁʣ&L3��ŅɎn�}_ˣ�ʿġÂPƁƛ

&L3�)9Ň̓ÂäÂ9ȁʣ�ŊOML549ƒˣPɣ&!3�ɝJM1�K�!9I�5�

̒Ʉļ9n�}_ˣ9ȁʣP̟ŗ&LI�5ƒˣPɣ&ŅɎÂ:u�v�ty\rT�ŅɎÂ3

Ī;M1�L� 

� ð̭$+ 8 /9 Ski7 ȁʣȂƾŅɎÂ9 GTPase u�U�9ȁʣ6Ş$1�ȺŔ9ȁʣ9D�

ŊOM1�LŁġ���m��39ʋġ�G$�: exosomeH ski complex39ʋġ9̨6u�

v�ty\rT�5Ƃ̶͊ ·��u�v�ty\rT�ąǬ P͋ż�˥!&Ĝʣƒ�ʞ�JML�

Ⱥ6�EF-Tu6��1��̋9ŅɎÂ2:��m��9 AeUté2ȁʣ�äPż�˥!$�ʝ

ˍ̃ɨP̟ŗ&L!36I.1u�v�ty\rT�ąǬPɑƽ&L!3�ɝJM1�L�)!

2�̃ Ē9ɝˁP˨C�1�éĹƒ9 Ski7ŐĹ�61�Ski7ŅɎÂ� NSD9Í˽6u�v�t

y\rT�ąǬP �L�4��Ƿˎ$+� 

� NSD-WT 6��1�Ski7 9ä̙��I=Ḓ̌$+ 8 /9ŅɎÂPg�`�c���_n��

JɑɁ#(ɄʠPɢ˓&L3�ƊŮŅɎ9Ƃ̶6I.1Ʉʠ9̅�PĊõ$6����̒Ʉļ

Ski7 3ȏ˭$1�C270R ·ņ9ŅɎÂ2:�u�v�ty\rT�ąǬPɣ&�O'�5Ʉʠ

9�ǔ�ɢ˓#M+͊ ķ 3-20. A �͋ɢ˓#M+u�v�ty\rT�ąǬ��̒ Ʉļ Ski73 Ski7

ŅɎÂ9ɑɁ̓9ū6I.1Ʉ%+ĜʣƒPǷˎ&L+F�VXin���qrT�`6I.1

Ski7ŅɎÂ9ɑɁ̓Pɢ�F+͊ķ 3-20. B �͋)9ʋǬ�̒Ʉļ Ski73 Ski7ŅɎÂ9̜6̼ʴ

5ɑɁ̓9ū:ɢ˓#M5�.++F�Ski7ŅɎÂ6ILu�v�ty\rT�ąǬ:�ĎȽ9

S�z̏ʘƼ6ILŅɎ6I.1ż�˥!#M1�L!3�ſ�ɣĮ#M+� 
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ķ 3-20. Ski7ŅɎÂ9̒Ʉļ Ski79 NSD6Ş&Lu�v�ty\rT�ąǬ�͊ A͋NSD-WT
6��1�̒Ʉļ Ski7��I= Ski7 ŅɎÂPg�`�c���_n��J)M*MɑɁ#(�
̿Ĭľ́ȡ9͏ÑŬ̐"36i�qt$ 30
2 4ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�
9̉Ƥ��[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+�͊ B͋͊ A͋9ŕ̓
6Ɇ�+ɑɁ�_n��J Ski7 ŅɎÂPɑɁ#(�n�}_ˣPƥïƆ�Ski7 ƢÂPɆ�+V
Xin���qrT�`6I.1ʇʢéɑɁ̓PǷï$+� 

 

3-15. Ski7ŅɎÂ9u�v�ty\rT�ąǬ9ëǷˎ 

� Ski79 Cǥɲ6Ʉ%+ȁʣȂƾŅɎ9Ň�:�NSD6��Lu�v�ty\rT�ąǬPɑ

ƽ&L!3�ǕJ�35.+�̒ Ʉļ Ski739ɳġ�Ʉ%H&�M;�IKu�v�ty\rT

�ąǬ�Ʉ%H&�5L!3�ƕŔ#ML92�Ski7ŅɎÂ9ɑɁ̓9ŃĂ6Ə%1u�v�t
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y\rT�ąǬ:Ńſ#MLĜʣƒ��L�)!2�ú˵9ǷˎIKGIK͆ɑɁ6 Ski7ŅɎÂ

PɑɁ#(1u�v�ty\rT�ąǬPɢ˓$+� 

� NSD-WT 6��1�Ski7 9ä̙�̊¼őɓ6ð̭#M+ Ski7 ŅɎÂ��I=Åʾ$+ Ski7

ŅɎÂP��pc���_n��JɑɁ#(ɄʠPɢ˓&L3�Ski7ȁʣȂƾŅɎÂ3$1Ḓ̌

$+ 8/9ŅɎÂ6Ă�1�ǎ+6ȁʣȂƾ9ȺƌPɣ#5�.+ L287D�E327G�D356N9

ŅɎÂ6��1u�v�ty\rT�ąǬ�ˁJM+͊ķ 3-21. �͋C+�į�u�v�ty\r

T�ąǬ�ɢ˓2�5�.+ȁʣȂƾŅɎÂ C270R6̝$1�g�`�c���_n�2:Ƃ̶

:ɢ˓#M5�.+����pc���_n��JɑɁ#(L!36I.1u�v�ty\rT

�ąǬ�̼ĹĈ$+͊ķ 3-21. �͋ 

� ŅɎÂð̭Ɔ9ëɢ˓2:�L287D�E327G�D356N :ȁʣȂƾPɣ#5�.+�͊s�n

Ǥˋˮ �͋ʇʢé6ǹF1̃ý6ɑɁ#ML!32u�v�ty\rT�ąǬPɑƽ&Lǎ+5Ņ

ɎÂ2�L!3�ð�.+͊ķ 3-21. �͋ 
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ķ 3-21. Ski7ŅɎÂ9u�v�ty\rT�ąǬ�NSD-WT6��1�̒ Ʉļ Ski7��I= Ski7
ŅɎÂP��pc���_n��J)M*MɑɁ#(�30
2 6ǒ̜̳ʘľ́$+�5��Ŝŉ
ľĺ:�_n�9̉Ƥ��[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-16. Ski76��L Glu3273 Asp3569u�v�ty\rT�ąǬ 

� Ski7 9ŅɎÂ95�6:�u�v�ty\rT�ąǬ9DPɣ&ŅɎÂ L287D�E327G�

D356N ��L!3�O�.+�Leu2876̝$1:�õ9S�z̏ʘƼŅɎÂ2�L L287P 2:

ȁʣȂƾŅɎÂ65L!3�J�Leu287� NSD 6��1ÃJ�9̝ P$1�L!3:̜̅�

5�3ƑOML�$�$�E327G3 D356N:)M*MȁʣȂƾ9ȺƌPɣ#5�+F͊s�n

Ǥˋˮ �͋49I�5ȺƌPƬ/9�ʪĩȢ�� 

� EF-1����`n�}_ˣ̜9S�U��tȏ˭6IL3�Glu3273 Asp356:�ĕǏ�͆ŷ6

ÎŐ#M1�LS�z̏2�L!3�O�.+͊ķ 3-22. A �͋C+�Ski7ǻ˻?�q��`$1

DL3�Ň�9ȁʣȂƾŅɎÂ6ˁJMLS�z̏ŅɎ̋À� GTPʋġ̋À9˲Ù6Àʘ&L9

3:̅.1�Glu3273 Asp356:4-J�3ˈ�; Mg2+9˲Ù6Àʘ&L!3�ǕJ�35.+

͊ķ 3-22. B �͋ 
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ķ 3-22.u�v�ty\rT�ąǬPɣ&S�z̏ȊĿ Glu3273 Asp356�͊ A͋EF-1����`n
�}_ˣ9S�U��t�6�q��`$+ Ski7u�v�ty\rT�ŅɎÂ9ŅɎ̋À�ʕ ŏ

:ä19n�}_ˣ2ÎŐ#M1�LS�z̏̌ò�̲ ŏ: Ski7·ņ9n�}_ˣ2ÎŐ#M1
�LS�z̏̌òP)M*Mɣ$1�L�̌ò�̋9�Ĥ�9͉ɜď͊�͋:�Ski7u�v�t
y\rT�ŅɎÂ6ILS�z̏ʘƼ̋ÀPʺ$1�L�͊ B S͋ki79ǻ˻�?�q��`$+u
�v�ty\rT�ŅɎÂ9ŅɎ̋À�ũ6 Ski7 9ǻ˻Pɣ$�Ğ6 GTPase u�U�̋ÀP
Ʃň$+ķPʺɣ$+�GTP:ʒ�Mg2+:ȱʮ2ɣ$��6ʮ0�$+ŅɎ̋À9S�z̏ɍğ

Pʺˋ$1�L� 

 

� Glu3273 Asp356� Ski79ȁʣÁ�Pż�˥!&ĜʣƒPƶL+F�E327G 3 D356N 9ĎȽ

9ŅɎ2:5��2̑ŅɎÂ2:49I�5ȺƌPɣ&9�ɢ�FL!36$+� 

� NSD-WT6��1�Ski79ä̙�Ski7ŅɎÂP��pc���_n��JɑɁ#(1u�v

�ty\rT�ąǬPɢ˓&L3�E327G 2:̴ů6Ž�O'�5�D356N 2::.�K3$

+u�v�ty\rT�ąǬ�ɢ˓#M+�!M6Ş$�E327G3 D356N9 2̑ŅɎÂ2GƂ

̶�ɢ˓#M+��ĎȽ9 D356NŅɎÂ39ū:˓FJM5�.+͊ķ 3-23. A �͋ 

� �Ǐ�NSD-ski7�6��1�Ski79ä̙�Ski7ŅɎÂPg�`�c���_n��JɑɁ#

(ɄʠPɢ˓&L3�E327G 3 D356N 9ĎȽ9ŅɎ2:Ʉʠ:˓FJM5���E327G 3

D356N9 2̑ŅɎÂ2:ʰű9Ʉʠ�ɢ˓#M�O'�2:�L� 2̑ŅɎÂ�ȁʣȂƾŅɎÂ
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2�L!3�ɣĮ#M+͊ķ 3-23. B �͋ 

 

 

ķ 3-23. Ski76��L E327G3 D356N9 2̑ŅɎÂ9Ƃ̶�͊ A͋NSD-WT6��1�̒Ʉļ
Ski7��I= Ski7 ŅɎÂP��pc���_n��J)M*MɑɁ#(�30
2 6 ǒ̜̳ʘľ
́$+�͊ B͋NSD-ski7�6��1�̒Ʉļ Ski7��I= Ski7ŅɎÂPg�`�c���_n�
�J)M*MɑɁ#(�30
2 6ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�
2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-17. Ski79 Nǥɲ̺Ľ6��Lu�v�ty\rT�ąǬ 

� !MC29ɟɭ9̃ɨ2�Ň�9 Ski7 ŅɎÂ:�̒Ʉļ Ski7 ŐĹ�2G NSD ȁʣP̟ŗ&

L3��u�v�ty\rT�ąǬPǡ&L!3�ǕJ�35.+͊ ķ 3-20. A�3-23. �͋)!2�

)G)G Ski79 Nǥɲ̺ĽH Cǥɲ̺Ľ9)M*M:u�v�ty\rT�ąǬPɣ&9�P

Ƿˎ$+� 

� NSD-WT 6��1�̒Ʉļ Ski7 ä̙�N ǥɲ̺Ľ͊1-264 �͋C ǥɲ̺Ľ͊265-747͋Pg�

`�c���_n��J)M*MɑɁ#(�30
2 4 ǒ̜̳ʘľ́$ɄʠPɢ˓$+�&L3�

Ski7ä̙2O'�5u�v�ty\rT�ąǬ�ˁJM�Ģ%I�5Ƃ̶� Nǥɲ̺Ľ9D9Ł

ġ2GˁJM+��Cǥɲ̺Ľ9D2:ä�Ƃ̶�ˁJM5�.+͊ķ 3-24. A �͋ 

� Ski7 :�mRNA 9ǥɲ61ʝˍÕȬȻƘ6̤.+��m��9 A eUtP˓˝&L3ʞ�J

M1�L��Hbs1/Dom34ʿġÂ6/�1G�ĢǼ6��m��9 AeUtP˓˝&L3ʞ�J
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M1�L�/CK�Ski73 Hbs1/Dom34ʿġÂ9̜2:���m��9 AeUt6ɳġɓ6Å

Ɇ$1�LĜʣƒ��L�)!2�NSD-hbs1�H NSD-dom34�6��1�Ski7 9u�v�t

y\rT�ąǬ�49I�6ɑƽ#ML9�Ƿˎ&L!36$+� 

� NSD- hbs1�6��1�ĢǼ6̒Ʉļ Ski7ä̙�Nǥɲ̺Ľ͊ 1-264 �͋Cǥɲ̺Ľ͊ 265-747͋

Pg�`�c���_n��J)M*MɑɁ#(�30
2 3ǒ̜̳ʘľ́$ɄʠPɢ˓$+�)

9ʋǬ�NSD-WT2˅ŝ#M+IKG̼ʴ5Ʉʠ9ū�ɢ˓#M�Ski7ä̙IKG Nǥɲ̺Ľ

6ILu�v�ty\rT�ąǬ�ň��!3�ǕJ�35.+͊ ķ 3-24. B �͋C+�NSD-dom34

�6��1G�NSD-hbs1�2Ƿˎ$+3�3ĢǼ9ʋǬ�ɢ˓#M+͊ķ 3-24. C �͋ 

� ̒Ʉļ Ski7ä̙�Nǥɲ̺Ľ͊1-264 �͋Cǥɲ̺Ľ͊265-747͋6̝$1�Cǥɲ̺Ľ,�2

:u�v�ty\rT�ąǬPɑƽ$5�!3�ɣĮ#M+��)M*M9ʇʢéɑɁ̓Pɢ˓

$1�5�92�Cǥɲ̺Ľ9D2:u�v�ty\rT�ąǬPɑƽ$5�3:ǍŔ2�5��

)!2�ʇʢé9ɑɁ̓PVXin���qrT�`6I.1ɢ˓&L!36$+� 

� Ƿˎ9ʋǬ�ʇʢé6��1̒Ʉļ Ski7 ä̙�N ǥɲ̺Ľ͊1-264 �͋C ǥɲ̺Ľ͊265-747͋

9ä1�ɑɁ$1�L!3�ǕJ�35K�̒Ʉļ Ski7 9 C ǥɲ̺Ľ9D6:u�v�ty\

rT�ąǬ�5�!3�ſ�ɣĮ#M+͊ķ 3-25 �͋ 
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ķ 3-24. Ski79ä̙�I= Nǥɲ̺Ľ3 Cǥɲ̺Ľ9u�v�ty\rT�ąǬ�͊A N͋SD-WT
6��1�̒Ʉļ Ski7ä̙�Nǥɲ̺Ľ͊1-264 �͋Cǥɲ̺Ľ͊265-747͋Pg�`�c���
_n��J)M*MɑɁ#(�̿ Ĭľ́ȡ9͏ÑŬ̐"36i�qt$ 30
2 4ǒ̜̳ʘľ́$
+�͊ B͋͊ C͋6��1GĢǼ9ŕ̓ǂÅPʹ��)M*M NSD-hbs1�3 NSD-dom34�PɆ�
+�C+��'MG 3 ǒ̜9̳ʘľ́Pʹ.+�5��͊ A͋͊ B͋͊ C͋2å˹$1Ŝŉľĺ:�
_n�9̉Ƥ��[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 
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ķ 3-25. Ski7ä̙�I= Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ʇʢéɑɁ̓�NSD-WT6��1�̒Ʉļ
Ski7ä̙�Nǥɲ̺Ľ͊1-264 �͋Cǥɲ̺Ľ͊265-747͋Pg�`�c���_n��J)M*
MɑɁ#(�n�}_ˣPƥïƆ�Ski7ƢÂPɆ�+VXin���qrT�`6I.1ʇʢé
ɑɁ̓PǷï$+� 

 

3-18. Ski79 Nǥɲ̺ĽȁʣƒS�z̏ȊĿ Phe2079u�v�ty\rT�ąǬ 

� !MC29ʋǬ�J�NSD6��L¤ˀ5ȁʣƒ̺Ľ9 Ski79 Nǥɲ̺ĽĎÂ2:�ſ�u

�v�ty\rT�ąǬGɣ&!3�ǕJ�35.+͊ķ 3-24. A�B�C �͋C+�)9Ƃ̶:�

NSD-dom34�6��1ǠG̼ʴ6ɢ˓#M+�N ǥɲ̺Ľ�u�v�ty\rT�ąǬPɣ&

92�M;�F207AŅɎÂGĢǼ9ąǬPɣ&92:5��3ʞ�+�)!2�ú˵9 Nǥɲ̺

Ľ9ŅɎÂ F207A�!9u�v�ty\rT�ąǬ6 �LƂ̶GǷˎ$+� 

� NSD-dom34�6��1�Ski7�F207AŅɎÂ�Nǥɲ̺Ľ͊1-264 �͋F207AŅɎPǡ&L N

ǥɲ̺Ľ͊1-264͋Pg�`�c���_n��J)M*MɑɁ#(�30
2 2 ǒ̜̳ʘľ́$

ɄʠPɢ˓$+�&L3�F207AŅɎÂ:�u�v�ty\rT�ąǬPɣ&!3�ǕJ�35

.+�Ǐ2�F207AŅɎPǡ&LNǥɲ̺Ľ9D2:)9Ƃ̶�ˁJM5�5.+͊ ķ3-26. A �͋ 



 63 

� F207A ŅɎPǡ&L N ǥɲ̺Ľ9DPɑɁ#(L3u�v�ty\rT�ąǬ�ˁJM5�

5.+��!9ŅɎÂȺɎɓ6ʇʢéɑɁ̓�ʴ$�Á�&L!32)9Ƃ̶�ɢ˓2�5�.

+Ĝʣƒ��L�)!2�ʇʢé9ɑɁ̓PVXin���qrT�`6I.1ɢ˓&L!36

$+�)9ʋǬ�N ǥɲ̺Ľ9D9ɑɁ̓:ŅɎ9ǡȴ6��OJ'ABĢ�2�L!3�ɣ#

M�Ski79 Nǥɲ̺Ľ9D�ǡ&Lu�v�ty\rT�ąǬ� F207AŅɎ6I.1Ơ-Ƞ#

ML!3�ǕJ�35.+͊ķ 3-26. B �͋ 

� NSD-ski7�6��L Ski7Țƒ9Ƿˎ2:�F207A9ä̙3 F207AŅɎPǡ&L Nǥɲ̺Ľ

9D�å6Țƒ9Á�Pɣ$+!3Pʞ�L3͊ķ 3-7. �͋u�v�ty\rT�ąǬ9ʋǬ:ə

Ė&LʋǬ9I�6Ƒ�L!3�J�!9Ɂ˟:̴ů6ʪĩȢ�� 
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ķ 3-26. Ski7 9 N ǥɲ̺ĽȁʣƒS�z̏ Phe207 9u�v�ty\rT�5ąǬ�͊ A͋
NSD-dom34�6��1�Ski7 ä̙�F207A ŅɎÂ�N ǥɲ̺Ľ͊1-264 �͋F207A ŅɎPǡ&
L N ǥɲ̺Ľ͊1-264͋Pg�`�c���_n��J)M*MɑɁ#(�̿Ĭľ́ȡ9 5 ÑŬ
̐"36i�qt$ 30
2 2ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�
Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+�͊ B͋͊ A͋9ŕ̓6Ɇ�+ïʯ̍ȍ�
Jn�}_ˣPƥïƆ�Ski7ƢÂPɆ�+VXin���qrT�`6I.1ʇʢéɑɁ̓PǷ
ï$+� 

 

3-19. Ski79 Cǥɲ̺Ľ9D9ȁʣƒˏÊ 

� ķ 3-20. A3ķ 3-21.6��1�Ski7ä̙6��L Cǥɲ̺Ľ9 GTPaseu�U�é9ŅɎ:

u�v�ty\rT�ąǬPɣ&!3�ɣ#M+��Ǐ�NSD6��1�Ski79 Cǥɲ̺Ľ9

D9ɑɁ2ȁʣƒPɣ&�6/�1:!MC2ŀħ�5���˼9 C ǥɲ̺Ľ9ŅɎ6/�1�
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u�v�ty\rT�ąǬ6 Nǥɲ̺Ľ�Ǝˀ59��G$�:ŅɎPÎƬ&L Cǥɲ̺Ľ9D

2Gu�v�ty\rT�ąǬPɣ&9�PǷˎ$1D+� 

� GTPaseu�U�é9ŅɎ6ILȁʣȂƾŅɎÂ9ŅɎ̋À:�GTP9ʋġ̋À�J9˦̭2

ð̽&L3˲Ʒ�˲Ù�̆À9 3 /6ð̽Ĝʣ2�K�Ser281:˲Ʒ�Leu354:˲Ù�Glu445:

̆À6Àʘ$1�L�)!2�!MJ 3 /9ŅɎÂ S281P�L354R�E445G PŅɎ9¶ʺ3$

1̉=�u�v�ty\rT�ąǬPǷˊ$+� 

� ǠGu�v�ty\rT�ąǬ6Ɨęƒ9͆� NSD-dom34�6��1�Ski7ä̙�Cǥɲ̺

Ľ͊265-747 �͋ŅɎPǡ&L C ǥɲ̺Ľ͊265-747͋Pg�`�c���_n��J)M*Mɑ

Ɂ#(�30
2 3 ǒ̜̳ʘľ́$ɄʠPɢ˓$+�)9ʋǬ�3 ɩ̽9�'M9ŅɎ6I.1G

Cǥɲ̺Ľ9D2:u�v�ty\rT�ąǬPɣ#5�.+͊ķ 3-27. A �͋���t�9Ʉʠ

9ˏÊ,�2:�ŅɎPǡ&L Cǥɲ̺Ľ:ɑɁ̓�ǹF1Á�5.+ʋǬ�ʇʢé6A3Q4

ŐĹ$5�+F6u�v�ty\rT�ąǬ�ˁJM5�.+3��ĜʣƒPĥŔ2�5��)

!2�VXin���qrT�`6I.1ʇʢéɑɁ̓PǷˎ$+�)9ʋǬ�̒Ʉļ9 Cǥɲ

̺Ľ6ȏ@1ŇŢɑɁ̓�ȦŢ&LÛĤ��L��Ƿï6:ċð5̓9ɑɁ̓�ɢ˓#M+͊ķ

3-27. B �͋ 
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ķ 3-27. Ski7 9 C ǥɲ̺Ľ9D9ŅɎÂ6ILu�v�ty\rT�5Ƃ̶9Ƿˎ�͊ A͋
NSD-dom34�6��1�Ski7ä̙�Cǥɲ̺Ľ͊265-747 �͋ŅɎPǡ&L Cǥɲ̺Ľ͊1-264͋
Pg�`�c���_n��J)M*MɑɁ#(�̿ Ĭľ́ȡ9 5ÑŬ̐"36i�qt$ 30

2 3 ǒ̜̳ʘľ́$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�R��I=
~iph�9Ȃ¦ľĺPÇɆ$+�͊ B͋͊ A͋9ŕ̓6Ɇ�+ïʯ̍ȍ�Jn�}_ˣPƥïƆ�
Ski7ƢÂPɆ�+VXin���qrT�`6I.1ʇʢéɑɁ̓PǷï$+� 

 

3-20. Ǽ�5̊¼ʡǛ6��L Ski7ŅɎÂ9u�v�ty\rT�ąǬ  

� Ski7 ŅɎÂ6ILu�v�ty\rT�ąǬ:�NSD-WT�NSD-hbs1��NSD-dom34�9

�'M2GǷï2�L�¸6 Ski7 3 Hbs1/Dom34 ʿġÂ�ɳġɓ6ÅɆ&L5J�NSD-hbs1

�H NSD-dom34�2:�Ski7ŅɎÂ9u�v�ty\rT�ąǬ:IK̼ʴ6Ƿï#MLĜʣ

ƒ�͆��)!2�Ǽ�5̊¼ʡǛ6I.1 Ski79u�v�ty\rT�ąǬ9ſŽ�Ɏ5L9

�4��PǷˎ&L!36$+� 
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� NSD-WT�NSD-hbs1��NSD-dom34�6��1�Ski7ä̙�S281PŅɎÂPg�`�c�

��_n��J)M*MɑɁ#(�30
2 3ǒ̜̳ʘľ́$ɄʠPɢ˓$+�&L3�©ƕ˹K�

ɳġ�©ƕ#ML Hbs1H Dom349̴ŐĹ�2: S281PŅɎÂ9u�v�ty\rT�ąǬ:

Ńſ#M+͊ķ 3-28. �͋ 

 

 
ķ 3-28. Ǽ�5̊¼ʡǛ6��L S281P ŅɎÂ9u�v�ty\rT�ąǬ�NSD-WT�
NSD-hbs1��NSD-dom34�6��1�Ski7 ä̙�S281P ŅɎÂPg�`�c���_n��
J)M*MɑɁ#(�̿ Ĭľ́ȡ9 5ÑŬ̐"36i�qt$ 30
2 3ǒ̜̳ʘľ́$+�5��
Ŝŉľĺ:�_n�9̉Ƥ��[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$

+� 

 

3-21. Hbs1ŅɎÂ6IL NSD?9Ƃ̶ 

� Ski7 3 Hbs1 :å6 GTPase u�U�Pǡ$���m��9 A eUt6Ş$1ɳġɓ6ȁʣ

$1�LĜʣƒ�͆��)MPʼµ�LI�6�Hbs1Ȃƾ�2:�nonstop-HIS3���n�̊

¼ŎPƭǽ3$+�Ski7 ŅɎÂ9u�v�ty\rT�ąǬ�Ńſ#ML!3�ð�.+͊ķ

3-24. �I= 3-28. �͋2:�Hbs1ŅɎÂ:NSD6Ş$149I�5ƯLʫ�P&L9,N��� 

� ̃Ē9ŀħ61�NGD6��L Hbs1ȁʣȂƾŅɎÂ3$1�T232A3 H255A�ɝJM1�

L͊Kobayashi K et al., 2010 �͋)!2�NSD6��L Hbs1ŅɎÂ T232A3 H255A9ƒˣP

ƶL!36$+� 
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� NSD-WT�NSD-hbs1��NSD-dom34�6��1�̒Ʉļ Hbs13 2ɩ̽9 Hbs1ȁʣȂƾŅ

ɎÂ T232A�H255A Pg�`�c���_n��J)M*MɑɁ#(�30
2 3 ǒ̜̳ʘľ́

$ɄʠPɢ˓$+�C+�NSD-ski7�6��1:�ĢǼ9ŕ̓ƟȖ2 2ǒ̜̳ʘľ́$ɄʠPɢ

˓$+�)9ʋǬ�Hbs1H Dom34Ȃƾ�6��1�c�t���2�LɮɑɁ�_n�93�

6Ʉʠ$5�!3�J�NSD6��L Hbs1/Dom34ʿġÂ9̝ Pɣ&!3�2�5�.+͊ ķ

3-29. B�C �͋#J6�NSD-WT6��1 Hbs19ȁʣȂƾŅɎÂ:u�v�ty\rT�ąǬ

Pɣ#5�!3�O�K͊ķ 3-29. A �͋ə¬ÅɆĴŎ Dom34 9Ȃƾ�2G)9Ƃ̶:ɢ˓#M

5�.+͊ķ 3-29. C �͋3!N��Ski7 Ȃƾ�2:�T232A ŅɎÂ9D2O'�5�JɄʠ�

˾�5L!3�ɢ˓#M+͊ķ 3-29. D �͋ 
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ķ 3-29. Hbs1ŅɎÂ6IL NSD?9Ƃ̶�͊ A͋NSD-WT6��1�̒Ʉļ Hbs1�2ɩ̽9ȁ
ʣȂƾŅɎÂ T232A�H255APg�`�c���_n��J)M*MɑɁ#(�̿ Ĭľ́ȡ9 5
ÑŬ̐"36i�qt$ 30
2 3ǒ̜̳ʘľ́$+�͊ B͋͊ C͋NSD-hbs1�3 NSD-dom34�6
��1�͊ A͋3ĢǼ9ŕ̓ƟȖPɆ�1ʹ.+�͊ D͋NSD-ski7�6��1�͊ A͋3ĢǼ9ŕ̓
ƟȖPɆ�1ʹ.+��ľ́Ǩ¹: 2 ǒ̜9̳ʘľ́3$+�5��Ŝŉľĺ:�_n�9̉Ƥ
��[�2�Lt��t�R��I=~iph�9Ȃ¦ľĺPÇɆ$+� 

 

3-22. Ski73 ski complex�I= exosome9ə¬ÅɆ 

� �˵9I�6�Ski76ILu�v�ty\rT�ąǬ:���m��9 AeUt?9ʋġʣP
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ɣ& Hbs1H Dom34Ȃƾ�6��1Ńſ#ML54�Ski7:��m��9 AeUt?39ə¬

ÅɆ�ƕŔ#ML͊van Hoof A et al., 2002 �͋$�$�Ski76:´6GǑɝ9ə¬ÅɆĴŎ3$

1 ski complexH exosome�ɝJM1�L͊ Araki Y et al., 2001 ; van Hoof A et al., 2002 ; Wang 

L et al,. 2005 �͋exosome:�ðŎ̓���I) 440 kDa9Ūň5n�}_ˣʿġÂĴŎ2�K�

3’�J 5’9X]mx_�S�lȚƒ6IK mRNAPðˆ&L!3�J�ƈJM+ Ski7ŅɎÂ3

9ə¬ÅɆ9Ƿˎ6I.1�ŕ̨9 mRNAðˆʊ˧29 Ski79ƃþPǕJ�6&L!3�2�

L�G$M5�� 

� )!2�Ski7ä̙�Nǥɲ̺Ľ9D��I= Cǥɲ̺Ľ9D3 ski complexǻƛĴŎ9 1/2

�L Ski3��I= exosomeǻƛĴŎ9 1/2�L Ski439ə¬ÅɆPǷˎ$+�̃Ē9ɝˁ2

:�¤6âɐȓ̠ȖPɆ�1ə¬ÅɆ9Ƿˎ�ʹOM1�+�͊ Araki Y et al., 2001 ; van Hoof A 

et al., 2002 �͋in vivo29ƮĆPĖǗ#(L+F�±ĳ9ə¬ÅɆ9Ƿˎ2:�̊¼őɓ5ƟȖ

2�L Yeast two-hybridȖ͊·Ɔ�Y2HȖ͋PɆ�L!36$+� 

� ŔȖ6Ƈ��ȚƒĈu�U�͊AD͋3 Ski79 Nǥɲ�DNAʋġu�U�͊BD͋3ə¬ÅɆ

ĴŎ Ski3G$�: Ski49NǥɲP)M*Mʸġ$+SqkU��i�u 2ɩPĢǘ6SqkU

ǳ AH109 ǳ �͊ŕ̓ǧǌ3ŕ̓ƟȖ�ʲǳēȶ�͋ 6Šã$�30
2 5 ǒ̜̳ʘľ́$1Sqk

Uǳ9 HIS3 ���n�̊¼Ŏ9ɑɁ6ILɄʠƒPƭǽ6ə¬ÅɆ9ɢ˓P$+�&L3�̃

Ē9âɐȓ̠Ȗ6ILǷˎŀħ3ĢǼ6�Ski7 3 Ski3 �I= Ski4 9ə¬ÅɆ�ɢ˓#M+

͊Araki Y et al., 2001 ; van Hoof A et al., 2002, ķ 3-30. �͋ĢǼ9ʋǬ: Nǥɲ̺Ľ9D2Gɢ

˓2�+��C ǥɲ̺Ľ9DPɆ�+SqkU2:�Ski3 �I= Ski4 39ə¬ÅɆ:Ƿï#M

5�.+͊ķ 3-30. �͋ 

� ʇʢé6��1�)M*M9ʸġn�}_ˣ�ŒŔɓ6ɑɁ$1�L9�4��Pɢ˓&L+

F�Ġʸġn�}_ˣ9ʇʢé9ɑɁ̓PVXin���qrT�`6I.1ɢ˓$+�)9ʋ

Ǭ�ä19n�}_ˣ�ʇʢé6��1ɑɁ$1�LǼŎ�ɢ˓#M+͊ķ 3-31. �͋$�$�ɑ

Ɂ:$1�LG99�Ski7ä̙�Nǥɲ̺Ľ9D�Cǥɲ̺Ľ9D2:ä�ɑɁ̓�Ɏ5.1�

L!3�ǕJ�65.+͊ķ 3-31. A �͋ 
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ķ 3-30. Ski73 ski complexǻƛĴŎ Ski3�I= exosomeĴŎ Ski49ə¬ÅɆ�AH109ǳ6
1�Ski7ä̙�Nǥɲ̺Ľ9D͊Ski7�C �͋Cǥɲ̺Ľ9D͊Ski7�N͋3 ski complexǻƛĴ
Ŏ Ski3G$�: exosomeĴŎ Ski4PåɑɁ#(�30
2 6ǒ̜̳ʘľ́$+�͊ A͋ɮɑɁ�
_n�PɆ�+y\rT�c�t���9Ƿˎ�͊ B͋͊ C͋)M*M Ski7ä̙�Nǥɲ̺Ľ9D
͊Ski7�C �͋C ǥɲ̺Ľ9D͊Ski7�N͋3 Ski3 �I= Ski4 39ə¬ÅɆPǷˎ$+�5��
Ŝŉľĺ:�_n�9̉Ƥ��[�2�L�Ug��t��t�R��Y2H���n�̊¼Ŏ2
�L~iph�9Ȃ¦ľĺPÇɆ$+� 
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ķ 3-31. Y2HȖ2Ɇ�+Ġɩʸġn�}_ˣ9ʇʢéɑɁ̓�͊ A͋ŕ̓6ÇɆ$+ɑɁ�_n�
PɆ�1Ɓˣ˫ƼÂPÅʾ$�ľ́Ɔ�n�}_ˣPƥï$1VXin���qrT�`6I.

1ʇʢéɑɁ̓PǷï$+�ȚƒĈu�U�6Ş$1: GAL4-TAƢÂ�DNAʋġu�U�6Ş
$1: GAL4-DBDƢÂPɆ�+� 

 

3-23. Ski7ŅɎÂ3 exosome9ə¬ÅɆ 

� Y2HȖPɆ�+ŕ̓ʀ6IK�Ġɩ Ski7ŅɎÂ3 Ski439Ŕƒɓ5ʋġƒˏÊ�Ĝʣ65.

+�)!2�Ski7 9 F207A�S281P�L354R�E445G ĠȁʣȂƾŅɎÂPɆ�1 exosome 9

ə¬ÅɆPǷˎ$+� 

� ̒Ʉļ Ski7 3ĢǼ6�Ġɩ Ski7 ŅɎÂP Ski4 3G6 AH109 ǳé2åɑɁ#(�30
2 5

ǒ̜̳ʘľ́$ɄʠP˅ŝ$+�F207A ŅɎ:�exosome 39ə¬ÅɆ̋À�ŐĹ&L N ǥɲ

̺Ľ9ŅɎ2�L+F�ʿġÂƁƛ6��LʋġĀ9Á�P©ƕ$+��ŕ̨6:̒Ʉļ3Ģɨ

ŷ9ɄʠƒPɣ$+͊ķ 3-32. C �͋�Ǐ�Ski79 GTPaseu�U�é6Ʉ%+ S281PŅɎ2:

ʰű9Ʉʠƒ9Ĥ��˓FJM+͊ķ 3-32. C �͋C+�!9I�5ÛĤ: L354RŅɎH E445G
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ŅɎ6��1GO'�5�Jɢ˓#M�GTPʋġ̋À6˲�ŅɎA4Ʉʠƒ9Ĥ��˓FJM+

͊ķ 3-32. C �͋!9ʋǬ�J�GTPaseu�U�é9ŅɎ:�exosome39ə¬ÅɆPÍ˽$1

�LĜʣƒ�ɣĮ#M+� 

 

 

ķ 3-32. Ski7ŅɎÂ3 ski complexǻƛĴŎ Ski3�I= exosomeĴŎ Ski49ə¬ÅɆ�AH109
ǳ61�Ski7ä̙G$�: Ski7ŅɎÂ3�ski complexǻƛĴŎ Ski3G$�: exosome ĴŎ
Ski4 PåɑɁ#(�30
2 7 ǒ̜̳ʘľ́$+�͊ A͋ɮɑɁ�_n�PɆ�+y\rT�c�
t���9Ƿˎ�͊ B͋͊ C͋)M*M Ski7 ä̙�I= Ski7 ŅɎÂ3 Ski3 G$�: Ski4 39ə
¬ÅɆPǷˎ$+�5��Ŝŉľĺ:�_n�9̉Ƥ��[�2�L�Ug��t��t�R��

Y2H���n�̊¼Ŏ2�L~iph�9Ȃ¦ľĺPÇɆ$+�C+�͊ C͋6/�1:�ľ́Ǩ
¹P 5ǒ̜9̳ʘľ́3$+� 
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3-24. Ski7ŅɎÂ3 ski complex9ə¬ÅɆ 

� Ski73 exosomeĴŎ Ski4:ə¬ÅɆ$�ʪĩȢ�!36�)9ə¬ÅɆ: GTPaseu�U�

é9ŅɎ6I.1Ńſ#MLĜʣƒ�ɣĮ#M+͊ķ 3-32. C �͋Exosome 9ȚƒĈ6: ski 

complex��ĜȂ2�L3ʞ�JM1�K�ski complex9ǻƛĴŎ2�L Ski2�Ski3�Ski89

�'M�Ȃƾ$1G mRNA9ðˆ�ơø#ML!3�ɝJM1�L͊Anderson JS and Parker 

R., 1998 �͋Ski7 :�!9 ski complex 3Gə¬ÅɆ&L!3�ɝJM1�K�!MC26 ski 

complexĴŎ Ski33 Ski79ə¬ÅɆˆǫ�Y2HȖPɆ�1ɣ#M1�L͊ Wang L et al,. 2005 �͋

)!2�Ski7 9 F207A�S281P�L354R�E445GȁʣȂƾŅɎÂPɆ�1 ski complexĴŎ Ski3

?9ə¬ÅɆ9Ƃ̶6/�1 Y2HȖPɆ�1Ƿˎ&L!36$+� 

� AH109ǳ6)M*M9SqkU�_n�PŠã$�30
2 7ǒ̜̳ʘľ́$1ɄʠP˅ŝ$+

3!N�exosome ĴŎ Ski4 39ə¬ÅɆ9Ƿˎ2ˁJM+ʋǬ3Ģ%I�6�̒Ʉļ Ski7 H

F207A ŅɎÂ6ȏ@1�S281P�L354R�E445G ŅɎÂ2: 7 ǒ9ǘȲ2̼ʴ5Ʉʠƒ9Í˽

�˅ŝ#M+͊ķ 3-32. B �͋ 

� ʪĩȢ�!36�G u�U�é9ŅɎ:ə¬ÅɆĴŎ39ə¬ÅɆ6Ƃ̶P �L!3�ǕJ

�65.+��ʇʢé9ɑɁ̓HŒŔƒ��ǔ$+ʋǬ�!MJ9Ƃ̶�ɢ˓#M+Ĝʣƒ��

L�)!2�ŕ̨6ȚƒĈu�U�6ʸġ#M+Ġɩ Ski79ʇʢé9ɑɁ̓PVXin���q

rT�`6I.1ɢ˓$+� 

� ɑɁ̓P˙@1DL3�Gu�U�é9ŅɎÂ9£2�GTPʋġ̋À9˲� S281P3 L354R

ŅɎÂ9D�ʇʢé9ɑɁ̓�Á�!3�ǕJ�35.+͊ķ 3-33. �͋/CK�ʇʢé̓�Á�

$+6G��OJ' Ski7ŅɎÂ3 exosomeH ski complex39ə¬ÅɆ�Ńſ#M+!3PƖ

ĩ$1�L�!M:�Gu�U�é9ŅɎ� exosomeH ski complex549ə¬ÅɆ6Ƃ̶$�

)9Ƃ̶: GTPʋġ̋À6˲�ɨň��!3PɣĮ&LʋǬ2�L3ʞ�JML� 
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ķ 3-33. Y2H Ȗ2Ɇ�+ȚƒĈu�U��ʸġ$+ Ski7 9ʇʢéɑɁ̓�ŕ̓6ÇɆ$+ɑɁ
�_n�PɆ�1Ɓˣ˫ƼÂPÅʾ$�ľ́Ɔ�n�}_ˣPƥï$1 GAL4-TA ƢÂPɆ�+
VXin���qrT�`6I.1ʇʢéɑɁ̓PǷï$+� 
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ɵ 4ɱ ʞŝ 

 

� Ǧɟɭ2:�Nonstop decay (NSD)6��L¤ˀĴŎ2�K�EF-1����`n�}_ˣ2�

L Ski7�49I�5ȁʣƒPƬ- NSD6̝ &L9�PǕJ�6&L+F�ðŎ̊¼őP¤ˬ

3$+ñKĚ2ˆǫPʹ.+� 

� Ǧɱ2:�Ǡ˲ǕJ�65.+ Ski79ɰÂǻ˻͊Kowalinski E et al., 2015͋9ɝˁ3Ǧɟɭ

9 Ski79ˆǫ�J�NSD6��L Nǥɲ̺Ľ6Ă�1�ÎŐƒ��L96G��OJ'ȁʣƒ

�Ǥɝ2�.+ Cǥɲ̺Ľ6ŐĹ&L GTPaseu�U�əĢ̺Ľ�ɫǹɓ6 NSD6̝ &L!

36/�1ʞŝP&L� 

 

4-1. Ski79 Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ȁʣƒ9ə̅ 

� !MC2�Ǒɝ9 Ski7 �̝ &L mRNA ðˆʊ˧6��1:�Ski7 9¤+Lȁʣ̺Ľ: N

ǥɲ̺Ľ2�L3#M�ÎŐ#M+ GTPaseu�U�Péć&L Cǥɲ̺Ľ9ŐĹƖʛ:ð�J

'6�+�$�$5�J�Ski7: 747S�z̏�Jǻƛ#M1�K�Nǥɲ̺Ľ͊S�z̏ɍğ

1~264͋:Ƚʧ9Ⱥƌɓ5̌òPG/�Ǐ2�C ǥɲ̺Ľ͊S�z̏ɍğ 265~747͋:ʝˍ¾̙

ĴŎ EF-1�3S�z̏9Ģ�ƒ�͆�͊ķ 1-6. �͋Ă�1�)9ɰÂǻ˻: EF-1����`n�

}_ˣ̜6��1ǹF1̽¿$1�L+F͊ķ 1-7. �͋ȁʣ6ɫǹɓ6ˢȾ$5�̺Ľ�!MA4

C2ÎŐ#M1�L3��9:�ʧȵ2�K�ÃJ�9ȁʣPǡ$1�L92:5��3ƸȨ#

M1�+�)!2�Nǥɲ̺Ľ6Ş&L Cǥɲ̺Ľ9ŐĹƖʛPʞŝ&L!36&L!36$+� 

� Nonstop-HIS3���n�̊¼ŎPʉD˰Q, NSD-ski7�6��1�Ski7ä̙�I= Nǥɲ

̺Ľ9DPɑɁ#(+ŁġPȏ˭&L3�Ski7ä̙9Ǐ� NSD:O'�5�Jſ�ż�˥!#

M1�+͊ ķ 3-3. �͋ĢǼ9Ɂ˟P�URA3̊¼Ŏ9 5-FOA6ILy\rT�̉ƤʀPƏɆ$+�

nonstop-URA3 ���n�̊¼ŎPʉD˰Q, NSD-ski7�6��L 0.1% 5-FOAȤĂǨ¹29

Ʉʠ6��1�˷9ɄʠƒPɣ&!32ɢ˓&L!3�2�+͊ķ 3-10. A �͋ǹɲ6Ɏ5L̗̙

H̴əĢɓ5n�}_ˣɑɁ�2:�˫ìſŷPƹ�L9D2:ʇʢén�}_ˣ̓:ƹO5�
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92�ȁʣƒ9ÞăPŒǖ6:ȏ˭:2�5���̃Ē9ɝˁ2ƭǁ#M1�+�NSD6��L

Cǥɲ̺Ľ9�Ŕ9Ǝˀƒ6/�1:ëɁ2�+3ʞ�JML�Ă�1�Ģ% nonstop-URA3�

��n�ǳ2��˵9 0.1% 5-FOAȤĂǨ¹2�Ski7ä̙PɑɁ#(+3�6Ɇ�+����n

��J Nǥɲ̺ĽPɑɁ#(�Ģ%ʇʢé2 Cǥɲ̺ĽPt��i6ÁɑɁ�J͆ɑɁC2Ǽ�

5ſŷ9����n��JɑɁ#(+��!9Łġ:�O'�5Ʉʠ9̅�Gɢ˓2�5�.+

͊ķ 3-10. B �͋·�9ʋǬ�J�Ski76: Cǥɲ̺Ľ�ðŎé6ŐĹ&L3�6 Nǥɲ̺Ľ3

č˙ɓ6Ü�3���Cǥɲ̺Ľ9giȁʣƒ�ɣĮ#M+�!9Ĝʣƒ6/�1:�´9 EF-1

����`n�}_ˣ9ǻ˻Ɣŀ54PżɆ$5�J�˒$�Ɔ˵&L� 

� �Ǐ��ʬɓ5ʝˍ Gn�}_ˣ9ĿǦȺƒ�Jʞ�L3�GTPaseu�U�PĦE Cǥɲ̺

Ľ:�`Sw�x_�Zpu9ʋġȻƘ6IKɰÂǻ˻ŅƼPę����m��39ə¬ÅɆ6

IKȁʣ&LðŎiUqp3$19ƃþ�©ƕ#ML�$�$�Ǡ˲ŀħ#M+ Xʓʋǜǻ˻ˆ

ǫ6IL Ski7 9ɰÂǻ˻:�ʋġ$1�L`Sw�x_�Zpu� GTP 3 GDP 9�'M9Ł

ġGɰÂǻ˻9ū:˓FJM5�.+�Ă�1�EF-1�6: tRNA�eRF3 H Hbs1 6: eRF1�

Dom34�)M*Mʋġ$�ȁʣɑƽ�5#M1�L�$�$5�J�Ski72:�Ǥ,6´9 EF-1

����`n�}_ˣ6:ŐĹ&Lə¬ÅɆĴŎ�ŀħ#M1�5�͊Kowalinski E et al., 

2015 �͋!9ŕ̓ɓªŕP˨C�+�2�C'ʞ�L@�!3:�C ǥɲ̺Ľ6ÚO.1�L3

ƑOMLðŎiUqp�giȁʣƒPɑƽ$�N ǥɲ̺Ľ9ȚƒPøƉ&L̺Ľ592:5��

3��Ĝʣƒ2�L�Ţ5�3G�N ǥɲ̺Ľ9D2 NSD �Í˽#ML+F�C ǥɲ̺Ľ:&

26ȚƒPƬ/ Nǥɲ̺Ľ9D6ILȁʣƒ9úƻǨ¹35LȁʣPƬ/!3:ʞ�6���Ƈ

.1�Ski7 9 C ǥɲ̺Ľ:�ȺŔ9ʇʢȁʣƒ6̝OL N ǥɲ̺Ľ9ȁʣƒPøƉ&LðŎi

Uqp3$1ȁʣ&L3ƸŔ2�L� 

 

4-2. Ski79 Nǥɲ̺Ľ6��LȁʣƒS�z̏ȊĿ Phe2079ȁʣƒ 

� Nonstop mRNA9ĭˣɺɂ6��1�3’�J 5’?9 mRNAðˆʊ˧: exosome6I.1ʹO

M1�K�Ski7̴ŐĹ�2:!9ʊ˧:ſ�ơø#ML�Exosome: Ski79 Nǥɲ̺Ľ3ə¬
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ÅɆ&L!32ȚƒĈ&L3ʞ�JM1�L�$�$5�J�N ǥɲ̺Ľ9æÂɓ5ȁʣƒHƎ

̹S�z̏ȊĿ6̝&LɝˁG¦$�ȻƘ2�.+�)!2�!9̺Ľ6/�1ÃJ�9ǎ˂9

ɝˁPƈL!3�2�M;�ƸŔ$+ Cǥɲ̺Ľ39̝OKP˒ʇ6ˆǫ2�L:',3ʞ�+� 

� C'�Ski7 9 N ǥɲ̺ĽéÎŐ�p��6��1S�w�i]�w�`ȖPʹ��Phe207�

ȁʣƒS�z̏ȊĿ9 1 /2�L!3PǕJ�6$+͊ķ 3-5. A�B �͋F207A ŅɎÂ:�

nonstop-HIS3���n�̊¼Ŏ9mRNA̓6��1ʰű9Ƃ̶P �+!3�J͊ ķ 3-5. C �͋

Ski7 9 Phe207:ə¬ÅɆĴŎ2�KX]mx_�S�lȚƒPƬ/ exosome H)9ʽĴŎ ski 

complex39ʋġ6̝ $1�L3ƸŔ$+�!9!3P Yeast two-hybrid (Y2H)ȖPɆ�1�

F207AŅɎÂ3 exosomeĴŎ Ski4H ski complexĴŎ Ski339ə¬ÅɆPˏÊ&L!32Ƿ

ˎ$+��̒Ʉļ Ski73 F207AŅɎÂ9ʋġſŷ6ū:˓FJM'͊ķ 3-32. �͋±ĳ9ʋǬ9

D�J˞˚&M;�Ski79 Phe207:ə¬ÅɆĴŎ39ɘƷɓ5ə¬ÅɆ6:̝ $5�!3�ɣ

Į#M+�$�$�Y2HȖ:�Ǵé2Ʉ%Ln�}_ˣ̜ə¬ÅɆ6Ɉǩ&L˫ìĖƏPG36

ǷïPʹ�+F�ŕ̨6NSD�Ʉ%Lʇʢˣ29ə¬ÅɆ3ə̝$5�Ĝʣƒ:ĥŔ2�5��

G$¸6�Phe207� exosomeH ski complex39ə¬ÅɆ6Ƃ̶PĔB#5�3&M;�Phe207

ȊĿ6/�1:ə¬ÅɆĴŎʋġƆ9ɰÂ̌ĤH�)9´9ə¬ÅɆ546̝OLȁʣƒ54�

ƕŔ#ML�F207AŅɎÂ2:�̇ ñ5ə¬ÅɆ�̟ŗ#M+ʋǬ�Ski7�exosome�ski complex

�J5L 3ʟʿġÂ9ɰÂǻ˻�O'�6ȆE549źŗ�Ʉ%�)9Ɔ9 exosome9ȚƒĈG

$�:��m��39ʋġ546Ƃ̶P �1�LĜʣƒ�ʞ�JML�!M6/�1:�±Ɔ�

Ŕ̓ɓ6ˏÊĜʣ5ɄĈőɓ5ǷˎPɆ�1�F207AŅɎÂ3 exosomeĴŎ�ski complexĴŎ�

��m��5439ə¬ÅɆP˒ʇ6Ƿˎ$ŕˎ&LƎˀ��L� 

� F207AŅɎÂ:�nonstop-HIS3���n�̊¼Ŏ6Ɉǩ&L His3n�}_ˣ9ġƛ̓Pƭǽ

6$1ĢŔ#M+�!MC29ɝˁ2:�Ski7 : mRNA 9ðˆ6̝ &L!3�ƭǁ#M1�

+��)M3Ģǘ6�ǎɄ��pu̗9ðˆ6̝ $1�LĜʣƒGʞ�JML�Ɏů mRNA

9ðˆ3åƃ$+ǎɄ��pu̗9ðˆ:���m��9e��wqtˆ̭Ɔ9 60S��m��

�2Í˽#ML3ʞ�JM1�L͊ķ 1-5. ; Lyumkis D et al., 2014 ; Shao S et al., 2015 ; Shen 
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PS et al., 2015 �͋Ɯ�:!MC26 Ski73��m��9ʋġ:âɐȓ̠ȖPɆ�1ɢ˓$1�

L�͊ s�nǤˋˮ �͋49I�5ȻƘ9��m��6ʋġ&L9�6/�1:ǷˎPʈ�1�5

��¸6�Ski7� 60S��m��?ŒŔɓ6ʋġ&L95J�Ĝʣƒ9<3/3$1�ǎɄ��

pu̗9ðˆ6 Ski79 Nǥɲ̺Ľ�̝ &L!3�ǡKƈL�G$M5�� 

 

4-3. EF-1����`n�}_ˣ3$19 Ski76ŐĹ&L GTPaseu�U�9Ɩʛ 

� ˲ų9ŀħ2:�Ski7: mRNAĭˣɺɂȁǻ6��L¤ˀĴŎ3#M+��̙J� Gn�}

_ˣ3$19ȁʣƒ:ä�˞˚#M1!5�.+�$�$�GTP�I= GDP3ʋġȻƘ6�L

Ski79ǻ˻�ǕJ�65.+!32�́ 9ʝˍļ Gn�}_ˣ39ȏ˭�Ĝʣ35K�±Ɔ:̾

˩ɓ6˞˚�Ă˺&L!3�ǣƄ#ML͊Kowalinski E et al., 2015 �͋Ǧɟɭ2:�´9 EF-1

����`n�}_ˣ6��1:ÃJ�9ȁʣȂƾPɣ& GTPaseu�U�ŅɎP Ski76Šã

$ȚƒPˏÊ$+��ȁʣȂƾPȼ.1Ɩķɓ6Åï$+ S360A�K428E�R438G 9ä1ŅɎ

: NSD Țƒ6Ƃ̶P �5�.+͊ķ 3-8. �͋!9ʋǬ:�´9 EF-1����`n�}_ˣ2

å˹$1ˁJML GTPĂȑðˆĖƏȁǻP� Ski7�ÎƬ$1�L`Sw�x_�Zpuʋġ�

p���ÎƬ$1�5�ĜʣƒPɣĮ&L�!9ĜʣƒPǄƬ&Ls�n3$1�in vitro6��

Lɾʾ Ski76IL GTPĂȑðˆʣ9ȨŔ2:�GTP�J GDP?9Ăȑðˆ:˓FJM5�.

+!3�ŀħ#M1�L͊Kowalinski E et al., 2015 �͋C+�G1�J G5C29ÎŐS�z̏Ȋ

Ŀ6/�1�Ski7 9D�ň�5ʘƼ�Ʉ%1�L!3�JG͊ķ 3-17. �͋GTP ĂȑðˆĖƏȁ

ǻ�ŊOM1�LĜʣƒ:Řǖ6ƸȨ2�L� 

� Ski7:�˽Ĉʀʍɓ6ʝˍ¾̙ĴŎ EF-1��JțɄ$+3ʞ�JML Gn�}_ˣ Hbs1�

Jðŧ$1�L�Hbs1G mRNAĭˣɺɂ6̝OL��EF-1��I= Hbs1P:%F3&Lʝˍ

Gn�}_ˣ6å˹$1͆ŷ6ÎŐ#M+ GTPĂȑðˆĖƏȁǻ9̑ˀ~iph�ȊĿ��Ski7

2:k��ȊĿ͊Ser360͋6ʘƼ$1�L�ŕ̨6�ʝˍ G n�}_ˣ EF-1��eRF3�Hbs1

9�'M2G�!9~iph�ȊĿ9ŅɎÂ:ȁʣŊȚPż�˥!&!3GɝJM1�L�Ski7

6��1�!9 Ski7 9 Ser360PS�w�H~iph�?9ʘƼŅɎPŠã$Țƒ9ŅĈPǷˎ



 80 

$+��!9ĎŅɎ6IL Ski7Țƒ9ŅĈ:ä�ɢ˓2�5�.+͊ķ 3-8. �͋�Ǐ�Èņɓ2

:�L��Ski7·ņ6G�Thermus thermophilusHMycobacterium smegmatis�Mycobacterium 

tuberculosis 9ʝˍ G n�}_ˣ EF-G2 6̝$1:~iph�ȊĿÎŐ#M1�J'�p�g

�6ʘƼ#M1$C.1�L�3!N��T. thermophilus9 EF-G2:ĎȽ2 GTPĂȑðˆȚ

ƒPɣ$͊Connell SR et al., 2007 �͋M. smegmatis9 EF-G2: GTPĂȑðˆʣ!)5�G9

9 GTP39ʋġ:ɢ˓#M1�L͊ Seshadri A et al., 2009 �͋!MJ9ɝˁ�J�Ski79 GTPase

u�U�9k��ȊĿ͊Ser360͋?9ʘƼ��Ǝ'$G GTPaseu�U�9 GTPĂȑðˆȚƒ�

ŐĹ$5�!3PƖĩ$1�LO�2:5��C+�in vivo2˓FJMLn�}_ˣ9Țƒ3 in 

vitro29ëǻɼʀ2ȨŔ#MLȚƒ�Ǝ'$GĢ�2�L3:̡J5��)9+F�in vitro6

��Lɾʾ Ski79 GTPĂȑðˆȚƒ�˓FJM5�3��ªŕ,�PG.1�in vivo6��L

Ski7 9 GTP ĂȑðˆȚƒPĥŔ&L!3:̇ñ2:5�3ʞ�JML�È�;�Ski7 9 GTP

ĂȑðˆȚƒPɑƽ&L6:�Ski73 80S��m��·ņ6 GAPðŎ9I�5 GTPase9Țƒ

PÍ˽&Lõ9ĴŎ�Ǝˀ35LĜʣƒH�ʇʢé6ŐĹ&L Ski76:Ⱥȉ5Ï̀�5#M1�

LĜʣƒ54�ÃJ�9ˀĴ�ƣ�1�L!32 Ski79 GTPĂȑðˆȚƒ�Ƿï2�5�Ĝʣ

ƒG�L� 

� $�$5�J�Ski79 GTPaseu�U�6̝$1�Ďʂ6 GTP9ʋġȻƘ3̴ʋġȻƘ3�

�ƁƘŅĈ6I.1Nǥɲ̺Ľ9ȚƒPgi6øƉ&LðŎiUqp̺Ľ2�L3Ʊ�L!3G

2��GTP ĂȑðˆȚƒ�ŊOM1�L,N�3��ƸȨPĥŔ&L!3G2�5�!3�J�

±Ɔ9#J5L˒ʇ5ˆǫ�Ƅ+ML3!N2�L� 

 

4-4. ̊¼őɓ6ð̭#M+ Ski79 GTPaseu�U�ŅɎ9̑ˀƒ 

� ̃Ē9ɟɭ6��1�Ski79 Cǥɲ̺Ľ9ȁʣƒ6Ƃ̶&LS�z̏ȊĿʘƼŅɎ9ŀħ:ɔ

ȴ2�.+��Ǧɟɭ2:�Cǥɲ̺Ľ6ŐĹ&L GTPaseu�U�é6Ʉ%+ 1S�z̏ʘƼ

ŅɎ6I.1�Nǥɲ̺Ľ,�2Í˽#ML:'9 NSD�ơø#ML!3Pˁï$+͊ķ 3-15. 

A �͋Ă�1�!MJ9 Ski7ŅɎÂ:mRNA9ŒŔƒ6Ƃ̶P �L!3Gɢ˓$+͊ ķ 3-15. B �͋
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!9ʋǬ:�Ski79 Cǥɲ̺Ľ6: mRNA9ðˆ6Ş$1ɫǹɓ5ȁʣ�ŐĹ&L!3Pſ�

ɣĮ$1�L�C+�ŅɎ̋ÀP Ski79ɰÂǻ˻�6�q��`&L3�ǕJ�6 GTPʋġ̋

À9˲Ù6̫£$1�L!3�JG͊ķ 3-18. �͋`Sw�x_�Zpuʋġ�p��:�ÎŐ�

p��3$1Ţ5�3G�̋9ȁʣƒPÎƬ$1�K�)9!3� Ski79 mRNAðˆÍ˽?9

ȁʣƒ6ř $1�L!3Pſ�ɣĮ$1�L� 

� 2:�Ski79 Cǥɲ̺Ľ6��L GTP39ʋġ3åƃ$+ȁʣƒ:�49I�6ðŎiUq

p3$1ƯLʫ�92�N���·��!MC29 Ski7ŅɎ9ȁʣȂƾƒ9ɝˁ6Ŀ0�ʞŝ&

L� 

� Ski7:���m���exosome�ski complex9�'M3GʋġƒPɣ&�͊ķ 3-30. �͋ů6

Ģǘ6ʋġ$ʎ�L!3:ʞ�6��+F�ȁʣƒɑɁ6ʨLC26)M*M9ȻƘ6Ə%+ȁ

Ŷ�ƕŔ2�L�)!2�!MC2ƻİ#M1�L�s�9I�6�êȫ5 mRNAðˆĖƏPż

�˥!&+F�Ski79 Cǥɲ̺Ľ:�Nǥɲ̺Ľ2ʋġ$+ exosome�ski complex39ʿġÂ

���m��C2́>̨6)9ȁʣɑɁPøƉ&LĿǦɓ5�s�9ͅǵPƕŔ$+͊ķ 4-1. �͋ 
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ķ 4-1. Nonstop decay (NSD)6��L Ski79ǑŐ9ȁʣ�s��Ski7:ÕȬ$+��m��6
Ş$1�exosome H ski complex 3ʿġÂPƁƛ$5�Jʋġ$�êȫ5 mRNA 9ðˆP˕Š
&L� 

 

� Y2HȖPɆ�1�Ǧɟɭ2ð̭#M+ Ski7ȁʣȂƾŅɎÂ2�L S281P�L354R�E445GŅ

ɎÂ3 exosomeH ski complex9ʋġPˏÊ$+3!N�̒Ʉļ3ȏ˭$1�ŅɎÂ2:O'�

5�Jʋġƒ9ŃňPɣ&Ʉʠƒ9Ĥ��ɢ˓#M+͊ ķ 3-32. �͋!9ÛĤ:�exosomeĴŎ Ski4

6ȏ@1�ski complexĴŎ Ski339ʋġ9Ǐ�̼ʴ2�.+͊ķ 3-32. B�C �͋C+�GTPʋ

ġ̋À6ǠG˲Ʒ$1�L S281P ŅɎÂPɆ�+3�6Ʉʠ˺ŷ9ū:Ǡň2�K�E445G Ņ

ɎÂ2:̒Ʉļ3Ģɨŷ2�.+� 

� Y2HȖ29ʸġn�}_ˣ9ʇʢéɑɁ̓Pȏ˭$1DL3�S281P �L354RŅɎÂ2:Ǖ

J�6ɑɁ̓�Á�$1�K�ʇʢéɑɁ̓�Á�$+6G��OJ'ʋġȻƘ�Í˽$+!3

65L�!M:�ǕJ�6 GTP 39ʋġ6Ƃ̶P �LĜʣƒ9͆�̋ÀA4�N ǥɲ̺Ľ9

ə¬ÅɆĴŎ39ə¬ÅɆ6ň�5ŅĈ�Ʉ%1�L!3PɣĮ$1�L�)M3Ģǘ6�S281P

�I= L354R ŅɎÂ3 E445G ŅɎÂ2:�NSD 9Ɏ5Lȋ̦9ÅɆȁŶ�̟ŗ#M1�LĜ

ʣƒ�ƸȨ#ML�Ĝʣƒ9<3/3$1�E445G :ǠGņÖ9�-��q_iǻ˻é6Ʉ%+
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ŅɎ2�L!3�JG�ðŎé9´9u�U�G$�:´ĴŎ39ə¬ÅɆ6̝ &L9�G$

M5�� 

� ïʯ̍ȍ Saccharomyces cerevisiae6��L EF-1����`n�}_ˣ eRF33 Hbs16̝

$1���m��6ʋġ$+ȻƘ9 eRF1/eRF3ʿġÂ�I= Hbs1/Dom34ʿġÂ9ǼŎ�Ʊ�

JM1�L͊Preis A et al., 2014 ; Becker T et al., 2011 �͋ķ 4-2.2ɣ$+��eRF39 GTPase

u�U�̺Ľ61�ˤ2ɣ$+̋À:}�tv�n�}_ˣ2�L eRF1 3ə¬ÅɆ$1�L̋

À2�L�!9̺Ľ:�'MGiUqp̺Ľ3Ī;M1�K�̴ů6ǰ˪ƒ6śD�GTPʋġ�

I= GTPĂȑðˆ6��1ǹF1̑ˀ5̺Ľ3#M1�L�C+�̲ 6ɛʮ$+̺Ľ:��m�

� RNA 39ə¬ÅɆ�ɢ˓#M+̋À2�K���m��?9ʋġ�ʝˍʈʋĖƏ9Í˽6ř

 $1�L3ʞ�JM1�L͊Preis A et al., 2014 �͋ 

� eRF3 3ĢǼ6�Hbs1 6��L Dom34 ə¬ÅɆ̋À͊ķ 4-2.͐ˤ͋3��m�� RNA 39

ə¬ÅɆ̋À͊ķ 4-2.̲͐͋Pȏ˭$1DL3�eRF3 3̴ů6̽¿$1�L!3�O�L͊ķ

4-2. �͋C+�Hbs16:��m��n�}_ˣ39ə¬ÅɆ̋À�ŐĹ&L͊ķ 4-2.͐ʆ �͋!9

̋À6̝$1:�eRF3 2:��m�� RNA�Hbs1 2:��m��n�}_ˣ�ə¬ÅɆ&L

!36I.1�Ģ�9ȁʣPǬ+$1�L!3�ƸȨ#ML� 

� !9I�5ɝˁP˨C�1�ǠGņÖ9�-��q_iǻ˻é6�LŅɎ̋À Glu4459ȁʣPƸ

Ȩ$1DL3�ɵ�6���m�� RNA H��m��n�}_ˣ39ə¬ÅɆ�ʞ�JML�

eRF3 H Hbs1 9��m��9 A eUtʋġɰÂǻ˻�s�2:�Ski7 9 Glu445�ŐĹ&L�-

��q_i̋À:���m�� RNAH��m��n�}_ˣ3:Ʒ$1�5�͊ķ 4-2. �͋$�

$�̪Ʒ&L̺Ľ:��m�� RNA3Ʒ$1�L!3�J�Ski79 Glu445���m��ʋġǘ

6:��m�� RNA3ə¬ÅɆ&LĜʣƒGȊ#M1�L�C+�Ɔ˵&L��Ski79 Nǥɲ

̺Ľ:̴ů6ǰ˪5ǻ˻̺Ľ2�L!3�ɣĮ#M1�K�Nǥɲ̺Ľ3 Cǥɲ̺Ľ�ðŎéə

¬ÅɆ&LĜʣƒGȊ#M1�L�4-J9ƸȨ�ȅ$�9�Ɂȋ̦2:ˈĔ&L!3�2�5

���±Ɔ9 Ski73��m��ʿġÂ9ǻ˻ˆǫ�̑ˀ65L3ʞ�JML� 
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ķ 4-2. EF-1����`n�}_ˣ9 GTPase u�U�6��Lə¬ÅɆ̋À�ũ�J
Saccharomyces cerevisiaeɈǩ9 eRF3͊PDB accession code : 4CRN �͋Hbs1͊PDB accession 
code : 3IZQ �͋Ski7͊PDB accession code : 4ZKE͋9 GTPaseu�U�̺Ľ9ǻ˻�eRF3�I
= Hbs19ˤʮ9̋À:�)M*M9}�tv�n�}_ˣ2�L eRF1�I= Dom343ə¬Å
Ɇ$1�L̋ÀPɣ&�C+̲ʮ9̋À:���m��9 AeUt29ʋġǘ6��m�� RNA
3ə¬ÅɆ$1�L̋ÀPɣ&�Hbs16:��m��n�}_ˣ3ə¬ÅɆ$1�L̋À��K�
ʆʮ2ɣ$+�Ski79ǻ˻6̝$1�Ǧɟɭ6I.1ǕJ�65.+ȁʣƒS�z̏ȊĿ Cys270�

Gly279�Ser281�Leu284�Leu287�Leu354�Glu445P)M*Mˤ�Ȁ�ʒ�ʆ�͈�̲�ȑʮ2ɣ

$+� 

 

� Ǧɟɭ2ǕJ�65.+ Ski7 9ȁʣȂƾPż�˥!&S�z̏ʘƼ̋À9ňČ:�GTP 9ʋ

ġ̋À9˲Ù2�.+�Gn�}_ˣ9ɟɭ9ȇĝ:ě��GTP� GTPaseu�U�é949̋

À9S�z̏ȊĿ3ə¬ÅɆ$1�L9��ǕJ�65.1�L͊Berchtold H et al., 1993 ; 

Song H et al., 1999 �͋)!2�Thermus thermophilus9 EF-Tu6 GppNHp͊GTPSv�`͋

�ʋġ$+ʋǜǻ˻Ɣŀ͊Berchtold H et al., 1993͋PĿ6�ə¬ÅɆPɣ&S�z̏ȊĿPʆ

6ɛʮ$ GTPʋġ̋ÀƩň$+͊ķ 4-3. A �͋ 

� Ski79ȁʣȂƾPż�˥!&S�z̏ŅɎ̋ÀPƩň&L3�Gly279͊ Ȁ 3͋ Ser281͊ ʒ :͋�

EF-Tu9ǻ˻Ɣŀ3̑8ġO(1D1G�GTP3ə¬ÅɆ&LS�z̏ȊĿ2�L!3�ð�L

͊ķ 4-3. A�B �͋)9´9˲Ù9S�z̏ŅɎ̋À:�iUqp̺Ľ542:5�+F�ɘƷɓ

2:5�� GTPʋġ9ŒŔĈ546ř &L̋À2�L3ƸȨ#ML� 
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ķ 4-3. EF-Tu�I= Ski79 GTPʋġ̋À�͊ A͋Thermus thermophilusɈǩ9 EF-Tu͊PDB 
accession code : 1EXM͋9 GTPʋġ̋À9˲Ʒķ�GppNHp͊GTPSv�`͋:Ȁ�Mg2+:

ȱʮ2ɣ$1�L�͊ B͋Saccharomyces cerevisiaeɈǩ9 Ski7͊PDB accession code : 4ZKE͋
9 GTPʋġ̋À9˲Ʒķ�GTP:͈ʒ�Mg2+:ȱʮ2ɣ$1�L�C+�Ǧɟɭ6I.1ǕJ

�65.+ȁʣƒS�z̏ȊĿ:�ķ 4-2.3ĢǼ6ɛʮ$+� 

 

� Y2H9ʋǬ�J�Ski72:�GTPaseu�U�9ȻƘ6I.1ə¬ÅɆĴŎ39ʋġƒ�ŅĈ

&L!3�ſ�ɣĮ#M+!3�J�exoxomeH ski complex39ʋġƒ9ŅĈ��Ski7ʧÂ9

NSD6��LȁʣÁ�PƧ�+3ʞ�JML�/CK�Ski79 Cǥɲ̺Ľ9ðŎiUqp:�

GTPH��m��39ʋġ3åƃ$+Ɓ2�exosomeH ski complex39ʋġPøƉ&L92:

5�,N��� 

� Ski76IL NSD9Í˽ĖƏ6: Ski7�exosome�ski complex�J5LʿġÂ9Ɓƛ�Ǝ̹

2�L3ʞ�JM1�L�Ski79 Nǥɲ̺Ľ:�)9̺Ľ,�2G exosome�ski complexĕǏ

3ʋġ�Ĝʣ2�K͊ķ 3-30. �͋!9Ȳ6��1 NSD Í˽ĖƏ9ň�5ƎˀǨ¹�ȩ+#M�

NSD :Í˽#ML͊ķ 3-3. �͋$�$�!9 NSD �s�2:�Ski7 � NSD 9Ş˟35L��

m��9̉õ6ɫǹɓ6̝ &L³ʉDP˗Ǖ2�5��Ɔ˵&L��Ski7:��m��9 Ae

Ut?ʋġ&LĜʣƒ�ǹF1͆�!3�JG�NSD 9ȅ$�ɂˆ6:�Ski7/exosome/ski 

complexʿġÂ9Ɓƛ3��m��?9ʋġPʉD˰EƎˀ��L,N�� 
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4-5. ̒Ʉļ Ski79u�v�ty\rT�ąǬ 

� Ski79 GTPaseu�U�é6��LŅɎ:�Ďʂ5ȁʣȂƾ,�2:5��̒Ʉļ Ski7ŐĹ

�29u�v�ty\rT�5ȁʣ̟ŗPɣ&!3GǕJ�65.+͊ķ 3-20. �͋)9Ƃ̶:�

̒Ʉǳ9̊¼ʡǛIKG Hbs1H Dom349Ȃƾ�6��1�IK̼ʴ2�.+͊ ķ 3-24. �͋Ski7

9u�v�ty\rT�ąǬ:�ĿǦ35LǑŐ9 NSD �s�649I�5Ö̵Pµ�Ă�L

!3�2�L2�N��� 

� ïʯ̍ȍPɆ�+ GFPʸġn�}_ˣ6ILʇʢé29ţĹ�ðŎǉP̫ˉ$+ʐʙɓˆǫ9

ʋǬ6IL3�1ʇʢƀ+K Ski7: 233ðŎɨŷ3ˁɫGJM1�L��Hbs1�I=)9ʋġ

}�tv�9Dom34:)M*M2570�1720ðŎɨŷ3ŀħ#M1�L͊ Huh WK et al., 2003 �͋

Ďʂ6ʞ�M;�Hbs1/Dom34ʿġÂ: Ski79ʁ 10Ñ9̻ŷ2��m��9 AeUt?Ëã&

L!3�2�L:'2�L�/CK�Hbs1H Dom349Ȃƾ�29u�v�ty\rT�ąǬ9

Ńň:���m��9 A eUt6��L Ski7 9ƪƢəƟ��5�5.+!36I.1ň��5

.+3ƸȨ2�L�!9!3�J�Ski7 9��m��6��Lʋġ̋À:�Hbs1 H´9 EF-1

����`ĢǼ6��m��9 AeUt2�L3ſ�ɣĮ#ML� 

� �ʬɓ6�ʝˍ Gn�}_ˣ6��Lu�v�ty\rT�ąǬ:���m��9 AeUté

2ʝˍ Gn�}_ˣ�ȃ9irq�?9ĖƏÍ˽�ʹ�'���m��é6ɋC.1$C�!3

6I.1ż�˥!#ML!3�ɝJM1�L�$�$�̒ Ʉļ Ski76ILu�v�ty\rT�

ąǬ:���m��?9ʋġ�ƕŔ#M1�5�Nǥɲ̺Ľ9D6I.1Gɢ˓#M+͊ ķ 3-24. �͋

!9ʋǬ:�Ski7:��m��3ʋġ&L3�6Ă�1�exosomeH ski complex3ʋġ&L3

�6Gu�v�ty\rT�ąǬ�Ʉ%L!3PɣĮ$1�LI�6Ƒ�L� 

� )!2�Ski7 9G/ȁʣP�N ǥɲ̺Ľ2 exosome H ski complex 3ə¬ÅɆ&Lȁʣ3�

��m��9 AeUt6ʋġ&LȁʣPð�1ʞ�L+F�ķ 4-2.6ɣ&I�6)M*MP 13

23$�·Ɔ˒ʇ6ʞŝ$+��)9̨�Ski7: Nǥɲ̺Ľ2ʿġÂPƁƛ$�̇ñ5ɰÂ̌ʘ

PƁƛ$+3� mRNA9ðˆPÍ˽&L!3�2�L!3�)$1�Cǥɲ̺Ľ: GTP39ʋ

ġ6I.1��m��39ʋġPøƉ$// Ski7 ʧÂ9ʇʢé�eU_�6̝ $1�L3¸
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Ŕ3&L� 

 

 
ķ 4-4. Nonstop decay (NSD)6��L Ski79ȁʣ�s��Nǥɲ̺Ľ: exosome9ȚƒĈPÍ
˽$�Cǥɲ̺Ľ:��m��?9ʋġ3Ģǘ6 Ski79ʇʢé�eU_�ąɀP͆F1�L� 

 

� ŕ̓ʋǬ�J�ŅɎ95� Ski7 ä̙H N ǥɲ̺Ľ9DPɑɁ#(L,�2u�v�ty\r

T�ąǬ�ɑƽ#ML͊ ķ 3-24. �͋Ski7ä̙2:�ʇʢé6̃ý6ɑɁ#M+Ski7ä̙� exosome

H ski complex9�Ǐ9D3ʋġ$+ȻƘ2ŐĹ$�Ski7/exosome/ski complexʿġÂ9Ɓƛ̻

ŷ9Á��ż�˥!#ML�)9ʋǬ�exosome 9ȚƒĈ�ż�˥!#ML!35� mRNA 9

ðˆ�ơø#M1$C�!32�u�v�ty\rT�ąǬ6ʕ�L92:5�,N��� 

� ʪĩȢ�!36�Nǥɲ̺Ľ9D2ɢ˓#M+u�v�ty\rT�ąǬ:�Ski7ä̙6ȏ@

1ň�5Ƃ̶P �1�L͊ķ 3-24. �͋Ski73 exosomeĴŎ Ski4H ski complexĴŎ Ski33

9ʋġPɢ˓&L+F�Y2H Ȗ9ʋǬPȏ˭&L3�Ski7 ä̙3ȏ@1�N ǥɲ̺Ľ9D9Ǐ

� exosome ĴŎ Ski4 H ski complex ĴŎ Ski3 39ʋġ�ŒŔ$1�L!3�ɣĮ#M+͊ķ

3-30. �͋Y2HȖ6Ɇ�L Ski79ɑɁ̓Pɢ˓$1DL3�Ski7ä̙IKG Nǥɲ̺Ľ9D:̴



 88 

ů6ɑɁ̓�Á�!3�ǕJ�65.+͊ķ 3-31. A �͋!9!3Pʞƙ&M;�Nǥɲ̺Ľ9D

9Łġ9Ǐ�ə¬ÅɆĴŎ39ʋġ�ſ�˥�1�L!3�ɣĮ#ML�ʋ˚3$1�ŅɎ95

� Ski72ɢ˓#M+u�v�ty\rT�ąǬ:�Ski7ä̙3 Nǥɲ̺Ľ9D9�'M9Łġ

G�exosomeH ski complex39ʋġȻƘ�Ƭʎ$1$C�!32ż�˥!#ML�16˥Ĵ&

Lu�v�ty\rT�ąǬ2�LĜʣƒ�͆�3ôǍ$+� 

� !!�J�Ski79ąɀɓ5ʇʢé�eU_�: NSD 63.1̑ˀ,3��!3�ſ�ɣĮ#

M+� 

 

4-6. Ski7ȁʣȂƾŅɎÂ9u�v�ty\rT�ąǬ 

� GTPase u�U�é6ŅɎPG/ S281P ŅɎÂ:̒Ʉļ Ski7 3ȏ˭&L3̼ʴ5u�v�t

y\rT�ąǬPɣ&͊ķ 3-28. �͋!9 S281PŅɎÂ:�̒Ʉļ Ski73å˹9 Nǥɲ̺ĽPƬ

/+F�!!2ɢ˓#MLu�v�ty\rT�ąǬ:�N ǥɲ̺Ľ6˥Ĵ&LG93:õ9ˀ

Ĵ�ʞ�JML�Hbs1H Dom34Ȃƾ�29Ƃ̶6ɛɗ&L3�)9Ƃ̶:Ńň$1�L!3�

J͊ķ 3-28. �͋S281PŅɎÂ9u�v�ty\rT�ąǬ:��m��?9ʋġ6ÉŐ$1�L

3ƸȨ&L!3�Ĝʣ2�L�/CK�1 3 2 9¢Ǐ2u�v�ty\rT�ąǬ�ɑƽ#M1

�L!3�ɣĮ#ML� 

� ú˵9˹K�Ski7 9 GTPase u�U�é9ŅɎ9Ň�:�GTP 39ʋġ3ˆ̭9ȻƘ6ÃJ

�9�æġ�˥�1�L!3�ʞ�JML�)9ʋǬ�Ski76IL��m��?9ʋġG$�:

ˆ̭6̇$+ɰÂǻ˻PʏƬ2�5�5K�Ski7���m��é6ɋC.1$C��u�v�t

y\rT�ąǬ�ɑƽ#M1�L92:5�,N��� 

� 4-5.61˞˚$+I�6�Nǥɲ̺Ľ6��L exosomeH ski complex39ʋġ�Ńſ#M+

!32u�v�ty\rT�ąǬ�ż�˥!#M+3��ˆ̐:Ĝʣ2�L�3!N���Ƒ˞

5!36�̒Ʉļ Ski7ä̙�F207AŅɎÂä̙�̒Ʉļ Nǥɲ̺Ľ9D2u�v�ty\rT

�ąǬ�ɢ˓#ML96G��OJ'�F207AŅɎPG/ Nǥɲ̺Ľ9D2:u�v�ty\r

T�ąǬ:ɢ˓#M5�.+͊ķ 3-26. A �͋)!2�Ski79 Phe207� exosome9ȚƒĈ6Ǝˀ
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5irq�6Ă�1�4-2.2ˈĔ$+I�6ǎɄ��pu̗9ðˆ6ř $�Phe207 :��m�

�ʺ̵?9ʋġ6½.1ȁʣS�z̏ȊĿ2�L3¸Ŕ$1DL�&L3�F207AŅɎÂä̙2

: exosome ȚƒĈC29irq�6��1u�v�ty\rT�ąǬ�ˁJML��F207A Ņ

ɎPG/ Nǥɲ̺Ľ9D:�ǎɄ��pu̗9ðˆÍ˽ǘ6ʹOML��m��?9ʋġ��Ĝ

ʣ35K�̒Ʉļ Ski739ɳġ�5�5L�)9+F�F207AŅɎPG/ Nǥɲ̺Ľ9DPɑ

Ɂ#(+3�9D�u�v�ty\rT�ąǬ�ˁJM5�.+3��ĜʣƒGʞ�JML�$

�$�F207A ŅɎ��.+3$1G�N ǥɲ̺Ľ9D2 exosome H ski complex 39ə¬ÅɆ

ǘ6u�v�ty\rT�ąǬ�ż�˥!#ML:'2�K�ɁǘȲ6��1!9Ɂ˟Pœä6

ɂˆ&L!3:ĵ̮2�L3ʞ�1�L� 

� ǷˎPːD+ Ski7 ŅɎÂ95�2�E327G ŅɎÂH D356N ŅɎÂ6̝$1:�g�`�c

���_n���J9ɑɁ2:̼ʴ5 NSD ȁʣȂƾ9ƒˣ:ɣ#5�.+����pc���

_n��J9̃ýɑɁǨ¹�2:u�v�ty\rT�ąǬPɣ$+͊ķ 3-21.�ķ 3-23. A �͋!

9 2/9S�z̏ȊĿ9Àʘ:Mg2+9˲Ù2�.+!3�J�Ski79ȁʣƒ6:Mg2+9ʋġI

KG�GTP 39ʋġ6IL Ski7 9ɰÂǻ˻9ʏƬ9Ǐ�̑ˀ2�L!3PɣĮ$1�L9�G

$M5���)J��đŚ6: E327GŅɎÂH D356NŅɎÂ2GȁʣÁ�PƧ�1�K�±ĳ

9ɟɭ2Ɇ�+SqkUʀ2:̒Ʉļ Ski7 39Țƒ9ūPǷï2�5�.+3��!3,3Ƹ

Ȩ#ML� 

� C+�ʪĩȢ�!36�S281P�L354R�E445GŅɎÂ:�ä̙2:̼ʴ5u�v�ty\r

T�ąǬ�ɢ˓#ML�Ǐ2�C ǥɲ̺Ľ9D2:u�v�ty\rT�ąǬ:ä�ɣ#5�.

+͊ķ 3-27. �͋/CK�Nǥɲ̺ĽÉŐɓ6 GTPaseu�U�9ŅɎ6Ɉǩ&Lu�v�ty\

rT�ąǬ�ɑƽ#M1�L!3Pſ�ɣĮ&L�!9!3:�Ski7��m��9ʋġ6: Nǥ

ɲ̺Ľ�Ǝˀ2�L!3PɣĮ$1�L9�G$M5�� 

 

4-7. Ski79 Nǥɲ̺Ľ9ƯLʫ� 

� Ǧɻ2:�Ski79 Nǥɲ̺Ľ9ȁʣƒPʞŝ&L�2�´9 EF-1����`n�}_ˣ6G
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ŐĹ&L Nǥɲ̺Ľ39ȏ˭6ILǷˎPʹ�+��C'��'M9n�}_ˣ6��1G�N

ǥɲ̺Ľ6̝&Lǻ˻Ɣŀ:̴ů6¦$��$�$5�J�·ú6Ɯ��ǕJ�6$+

Schizosaccharomyces pombe9 eRF39ʋǜǻ˻2:�Nǥɲ̺Ľ9�̋�u�U� 2H 33ə

¬ÅɆ$1�LǼŎ�Ʊ�JM1�L͊Kong C et al., 2004͋͊ ķ 4-5. A �͋C+�Ski79ʋǜǻ

˻£2G�Nǥɲ̺Ľ9�̋�u�U� 23ə¬ÅɆ$1�LǼŎ�ɢ˓#M1�L͊ Kowalinski 

E et al., 2015͋͊ ķ 4-5. B �͋!MJ9ɝˁ:�ʇʢ£2G Ski79 Nǥɲ̺Ľ� Cǥɲ̺Ľ6ɘ

Ʒɓ6ə¬ÅɆ&LĜʣƒ��L!3Pɣ&ʪĩȢ�ªŕ3Ʊ�L!3�Ĝʣ2�L� 

 

 

ķ 4-5. eRF3�I= Ski79 Nǥɲ̺Ľ9ǻ˻�͊ A͋Schizosaccharomyces pombeɈǩ9 eRF3
͊PDB accession code : 1R5B͋9ǻ˻�Cǥɲ̺ĽPȱʮ�Nǥɲ̺ĽP��_2)M*Mɣ$
+�͊ B͋Saccharomyces cerevisiaeɈǩ9 Ski7͊PDB accession code : 4ZKE͋9ǻ˻�Cǥɲ
̺ĽPʆ�Nǥɲ̺ĽPʒ2)M*Mɣ$+� 

 

� C+�Hbs1 9 N ǥɲ̺Ľ6��1:�)9àɲ̋� mRNA ˽ã̋À6ŐĹ&L��m��
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RNA h16H��m��n�}_ˣ rpS33ə¬ÅɆ$1�LǼŎ�Ʊ�JM1�L͊ ķ 4-6. A �͋

£̜̺Ľ6�+Lǻ˻�ǤĢŔ5̋ð:ɘʓ˦̭2ʁ 78�2�K�!M:�N ǥɲ̺Ľ�̴ů6

ǰ˪2Ǽ�5ǻ˻PƁƛ&L!3�2�Lˎƨ9<3/2�L3ʞ�JML�!MC2ȏ˭Ş˟

3$1�+ eRF3�Hbs1�Ski79�-�Ʃž̺Ľ2�L Nǥɲ̺Ľ�ǠG̙�: Ski72�L!

3H�Ski7ä̙2:�Cǥɲ̺Ľ9D6ȏ@1n�}_ˣɾʾ�Řǖ2:5�ȹɂɓƒˣ�ɝJ

M1�L�!MJ9ȻȔˎƨ�Jʞ�L3�Ski79 Nǥɲ̺Ľ6Ş$1�Cǥɲ̺Ľ� GTP6

ÉŐɓ5giÅĆɓȁʣPĠ̺Ľ̜9ə¬ÅɆP˹%1Ʀ�Ĝʣƒ:ċð6ʞ�JML� 

 

 
ķ 4-6. ��m��6ʋġ$+ Hbs1/Dom34ʿġÂ�͊ A͋_�UZ̯Ŏ̼Ƌ̘6I.1ǕJ�6
5.+��m��3 Hbs1/Dom34ʿġÂ9ʋġ9ǼŎ͊3D-EM accession code : EMD1811 �͋P
eUt6ʋġ$+ tRNA Pʒ�A eUt6ʋġ$+ Dom34 Pˤ�Hbs1 PȀ2ɣ$+�͊ B͋
Hbs1/Dom34 ʿġÂ9ǻ˻�Dom34 :ˤ�Hbs1 9 C ǥɲ̺ĽPȀ͊u�U� 2 3u�U� 3
:Ȱ�Ȁ�GTPaseu�U�:ʶ�Ȁ �͋Nǥɲ̺ĽPʆ2)M*Mɣ$+�Nǥɲ̺Ľé29ǻ
˻�ǤĢŔ9̋ð:Ȳʓ2ɣ$+� 

 

� )!2�Ski7 9��m��?9ʋġ6 N ǥɲ̺Ľ�̝ $1�LĜʣƒ��K�F207A 3

S281P9 2̑ŅɎÂ2:�)M*M9ĎŅɎ6ILȁʣȂƾ6IKGň�5Ƃ̶�ɁML!3�

J͊ķ 3-16. �͋Ġ̺Ľ9ȁʣƒ:Ƚɰ$1�L!3�ɣĮ#ML+F�Ski7 : GTP 39ʋġȻ

Ƙ2: Nǥɲ̺Ľ3 Cǥɲ̺Ľ�ðŎé2ə¬ÅɆ&L3¸Ŕ$+�!9¸ŔPǄƬ&L�9I

�6�GTPaseu�U�̺Ľé9ŅɎPG/ Ski7ŅɎÂ9u�v�ty\rT�ąǬ:�Nǥɲ

̺Ľ�ŐĹ&L3�69Dɢ˓#ML!3�J͊ķ 3-27. A �͋Ski76IL��m��?9̇ñ5
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ʋġ6 N ǥɲ̺Ľ�Ǝˀ2�L!3�ɣĮ#ML�Ă�1�E445G ŅɎÂ:n�}_ˣ9ŒŔ

ƒ6̝$1 S281P H L354R ŅɎÂ3:ǕJ�6Ɏ5.+ƮĆPɣ$͊ķ 3-33. �͋Glu4459Àʘ

: GTP ʋġ̋À�J:ɨ̆��n�}_ˣ9ǠGņÖ6Àʘ$1�+ªŕGɣĮ6śQ2�L

͊ķ 3-19. B �͋ 

� )!2�Ski7 � N ǥɲ̺Ľ3 C ǥɲ̺Ľ6��1ðŎéə¬ÅɆ$1�Ln�}_ˣ2�L

ĜʣƒPʞƙ$�Ski79ǎ˂ȁʣ�s�Pƻİ&L� 

 

4-8. Ski79ǎ˂ȁʣ�s� 

� NSD 6��L̃Ē9ŕ̓ʋǬ2ɣ#M+I�6�Ski7 H ski complex ĴŎ9Ȃƾ6I.1

exosome6IL mRNAðˆ:ơø#M1$C�!3�J�˹ů9ʇʢé6ŐĹ&L exosome:

NSD 6Ş$1�Țƒļ2�L3ƸȨ#ML�)!2�ëŷ�Ski7 9ȁʣ�s�Pʞ�L�2�

U�t35Lŕ̓ʋǬPòƮ&L��Ski79 Nǥɲ̺Ľ9D2 exosome:ȚƒĈļ?3ŅĈ&

L͊ ķ 3-3. �͋�Ski79 GTPaseu�U�9ŅɎ9D6I.1 exosome9ȚƒĈ�̟ŗ#ML͊ ķ

3-15. �͋
N�I= Cǥɲ̺Ľ)M*M9ȁʣȂƾŅɎ F207A�S281P6Ɉǩ&L 2̑ŅɎÂ6

��1ȁʣȂƾ:Ńň&L͊ķ 3-16. �͋&5O-�Ġ̺Ľ9ȁʣƒ:Ƚɰ$1�L��ǠGņÖ

9�-��q_i�9 Glu4456��1ȁʣȂƾŅɎÂ�ĢŔ#M1�K͊ ķ 3-19. �͋u�v�ty

\rT�ąǬ: Nǥɲ̺Ľ�ŐĹ&L3�69Dɢ˓#ML�&5O-�ú˵9˞˚6G�LI

�6�Ski76:̺Ľ̜ðŎéə¬ÅɆ9Ĝʣƒ��L�!MJ9ŕ̓ɓˎƨ3̃Ē9ɝˁPĿ6

$+ƸȨ�J�Ski76: N�I= Cǥɲ̺Ľ̜9ə¬ÅɆ6ILɰÂǻ˻ŅĈ6½� exosome

9ȚƒĈȁǻ��L92:5��3ƸȨ$+͊ķ 4-7. A �͋ 

� Ǧɟɭ6I.1ð̭$+ C270R�G279D�S281F/P�L284P�L287P�L354R ȁʣȂƾŅɎ

Â:�GTP ʋġȻƘ6�æġPG+J&Ĝʣƒ�ǹF1͆��!MJ9S�z̏ȊĿ9ȁʣ:�

GTP 39ʋġ6I.1�Ski7 ���m��?9ʋġ6̇$+ǻ˻PÎƬ&L3Ģǘ6�Ski7 ʧ

Â9ȁʣ��u9ŅƼąɀP͆F1�LĜʣƒ��L�#J6�exosome9ȚƒĈ6: Nǥɲ̺

Ľ�Ǝˀ2�L!3Pʞ�L3�Ser281H Leu354549 GTP ʋġ̋À˲Ù9S�z̏ȊĿ:�
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��m��ʋġƆ6 GTP39ʋġ6˼Ć$+ Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ə¬ÅɆˆȠ6ř $

1�LĜʣƒGʞ�JML� 

� E445G ȁʣȂƾŅɎÂ:�GTP ʋġ̋À�J:̭M+̋À6Àʘ&LS�z̏ȊĿɈǩ9Ņ

ɎÂ2�L�!9!3�J�Glu445:��m�� RNA 39ə¬ÅɆ9Ĝʣƒ6Ă�1�N ǥɲ

̺Ľ3 Cǥɲ̺Ľ9̺Ľ̜ə¬ÅɆ6ɘƷɓ6Ƃ̶P �LĜʣƒ��L�/CK�Ġ̺Ľ9ə

¬ÅɆ9ˆȠ6ř &L!32�Ski79ȁʣƒPʏƬ$1�LĜʣƒ�ʞ�JML�C+�Phe207

: exosomeH ski complex39ə¬ÅɆ6Ƃ̶P �5�!3�JG͊ķ 3-32. �͋Glu4453ĢǼ

6 Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ə¬ÅɆ9ˆȠ6ȁʣ&LS�z̏ȊĿ59�G$M5�� 

 

 
ķ 4-7. ɰÂǻ˻ŅĈP½� Ski79ȁʣ�s��͊ A͋Ski7: exosome9ȚƒĈPĜʣ6&Lə
¬ÅɆPˆȠ$+ǻ˻3���m��?9ʋġ6̇$+ə¬ÅɆPʏƬ$+ǻ˻Pǡ$1�L�

͊B͋Ser281�Leu354549 GTPʋġ̋À˲Ù9S�z̏ȊĿ:�GTP39̇ñ5ʋġȻƘPʏ
Ƭ&LȁʣPǬ+&!3�ɣĮ#M+�C+�Phe207H Glu445:Ġ̺Ľ9ə¬ÅɆˆȠ6ILɰ

Âǻ˻ŅĈ6̝ &LS�z̏ȊĿ2�LĜʣƒ��L� 

 

� ʞŝ9C3F3$1�Ǟ5LǷˎ�Ǝˀ2:�L��Ǧɟɭ�JɣĮ#ML NSDʊ˧29 Ski7

9ȁʣ�s�PʞǶ$+� 

� Ski7:�GTP3ʋġ$�ɰÂǻ˻ŅĈP½.1 Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ə¬ÅɆ�ż�˥
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!#ML�ȃ6��Țƒļ exosome 3 ski complex � Ski7 9 N ǥɲ̺Ľ?3ʋġ$�

Ski7/GTP/exosome/ski complex�J5LʿġÂ�Ɓƛ#ML�)9Ɔ�ʿ ġÂ:ʝˍÕȬPż�

˥!$+��m��6ȺɎɓ6ʋġ$�ʋġƆ6 Nǥɲ̺Ľ3 Cǥɲ̺Ľ9ə¬ÅɆ�ˆȠ#M

L���m��9ņÖ?3 Ski79 Nǥɲ̺Ľ�̱ï&L3��Țƒļ exosome:Țƒļ?3Ņ

Ĉ&L�Ɏů mRNA9˲Ù2ȚƒĈ$+ exosome :�Ɏů mRNAȺɎɓ6ðˆPÍ˽$�NSD

�˽ʹ&L͊ķ 4-8. �͋ 

 

 

ķ 4-8. Ski7P²$+ NSD9ðŎ�[wj��Ski7:�GTP3ʋġ$�ðŎéə¬ÅɆ6½.
+ɰÂǻ˻ŅĈPż�˥!&�Ski7: exosomeH ski complex3 Nǥɲ̺Ľ2ə¬ÅɆ$��
� A ̗ǥɲ6��1ʝˍÕȬPż�˥!$+��m��6ʋġ&L�)9Ɔ�Ski7 9 N ǥɲ̺
Ľ3 Cǥɲ̺Ľ9ə¬ÅɆˆȠ6µ̧$1 exosome9ȚƒĈPż�˥!$�NSDPÍ˽&L� 
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ɵ 5ɱ ŤǢ 

 

� ɵ͌ɱ2˵@+I�6�EF-1�: tRNA�eRF3: eRF1�Hbs1: Dom343)M*MʿġÂ

PƁƛ$�)9̽¿$+ƁƘ6I.1��m��9 A̋À2̊¼ǝğˆ˘6å˹&LȁʣƒPɑ

ƽ&L3#M1�L�ƀȵ9ı�3$1�Ski76:}�tv�n�}_ˣ�ŐĹ&L9��3�

�ɏı�Ȟ�=��L�!MC293!N�Ski79}�tv�n�}_ˣ6̝&Lŀħ:ÃG5

��Ǡǎ9ɟɭ2:�´9 EF-1����`n�}_ˣ3 Ski79n�}_ˣʺ̵9ǻ˻H̯ʱ9

̅��J�Ski7 9}�tv�n�}_ˣ:ŐĹ$5�3ƸȨ#M1�L͊Kowalinski E et al., 

2015 �͋$�$�ƻİ$+ Ski79ȁʣ�s�PIKɢŕ6&L+F�}�tv�n�}_ˣ6̝

$1ʞŝ&L� 

� !!2ɛɗ&@�ɝˁ:�Ski7: Hba1�J˽Ĉʀʍɓ6țɄ$+n�}_ˣ2�L3��Ȳ

2�L͊ Atkinson GC et al., 2008 �͋C+�Ski7Z�m�`�bz��6ˁƀ+J5�~t2:�

Hbs1/PerotaʿġÂ͊Pelota:̍ȍ6��L Dom34͋�X]mx_�S�l Dis3͊̍ȍ29X

]mm��ĴŎ Rrp44͋H ski complexĴŎ Ski23ə¬ÅɆ$�NSDPÍ˽&L!3�˲ų6

5.1ŀħ#M+͊ Saito S et al., 2013 �͋!9ŀħ2:�~t2:̍ȍ543Ɏ5K Hbs1/Pelota

ʿġÂ� NSD 6ɫǹɓ6̝ $1�L!3Pɣ$1�L�C+Ǡǎ9ɝˁ2:�~t9 Pelota

: Hbs1,�2:5��Hbs1���`ĴŎ GTPBP23ə¬ÅɆ$�ÕȬ$+��m��9ˆ̭

6̝ &LĜʣƒ�ɣĮ#M+͊Ishimura R et al., 2014 �͋/CK�~t9 Pelota6:ʿǉ9ə

¬ÅɆn�}_ˣ�ŐĹ&L3��!365L� 

� !9I�5ɝˁ�J�̍ȍ2:�Dom34: Hbs1,�25� Ski73Gə¬ÅɆ&L92:5

��3��ƸȨ$�Y2H ȖPöɆ$1 Ski7 3 Dom34 9ə¬ÅɆPǷˎ$+�$�$5�J�

Dom34 : Hbs1 3:ʋġ&L��Ski7 3:ʋġ&L3��ʋǬ:ƈJM5�.+͊s�nǤˋ

ˮ �͋ 

� ȃ6�Hbs1/Dom34 ʿġÂ�ÕȬ$+��m��2ÅɆ$�Hbs1 ���m���J̭̀$+

Ɔ6 Rli1 3ɳġ$5�J Ski7 ���m��é2 Dom34 3ʋġ&LĜʣƒPƕŔ$͊ķ 1-4. �͋
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NSD 6��1 Hbs1 9̝ Pˁï&!3�2�5��3 nonstop-HIS3 ���n�̊¼Ŏ2

Hbs19̝ PǷˎ$+�$�$5�J�Hbs1Ȃƾǳ�Dom34Ȃƾǳ94-J2G NSD:ż�

˥!#M1�K�Ǒɝ9 NGD P̟ŗ&L Hbs1 ȁʣȂƾŅɎÂGu�v�ty\rT�ąǬP

ɣ&!3:5�.+͊ķ 3-29. �͋!9!3:�Dom34� Ski79}�tv�n�}_ˣ2�LĜ

ʣƒ�Á�!3Pɣ&3Ģǘ6�Hbs13 Ski73:Ɏ5LȁŶ2��m��6ʋġ$1�L!3

PɣĮ$1�L� 

� ķ 3-29. D2:�Ski7Ȃƾ�6��1�Hbs1-T232AŅɎÂ� NSDP̒ɄļIKGʰűÍ˽

$ Ski7 Ǽ9ȚƒPɣ&ʋǬ�ƈJM+��Hbs1 9 GTPase u�U�6��LȲŅɎ͊T232A͋

9D2�exosome PȚƒĈ&L!3�2�LI�65L3:ʞ�6���!9!3�J�!9

Hbs1ŅɎÂ:�mRNA9ðˆ2:5����m��ˆ̭54)9´9ʊ˧PŃſ&L!32NSD

PäÂɓ6Ă˺&LȁʣȿƈŅɎÂ3$1ȁʣ$1�L3ʞ�JML� 

� ʐʙɓ5 Yeast two-hybrid (Y2H)Ȗ6I.1�ïʯ̍ȍ6��Ln�}_ˣ̜9ə¬ÅɆ�q

��!MC26ŀħ#M1�L͊Fromont-Racine M et al., 1997 �͋!MPG36�Lsmn�}

_ˣʚ6Ş$1ə¬ÅɆĴŎ9ȺŔ�ʹOM͊Fromont-Racine M et al., 2000 �͋Lsm83 Ski7

�ə¬ÅɆ&L!3�ɢ˓#M+�C+��R�hsTi��U3 Y2HȖPʉDġO(+ʋġð

Ŏ9ʐʙɓi_��w�`Gŕǐ#M�Hse1� Ski73ə¬ÅɆ&LĴŎ3$1ŀħ#M1�L

͊Tong AH et al., 2002 ; Tonikian R et al., 2009 �͋ 

� Ǧɟɭ2:�!MJ9ƔŀPG36�Y2HȖPɆ�1Ðõ6ëɢ˓Pʹ.+�3!N��Lsm8

3 Ski79ə¬ÅɆ:ɢ˓#M'�Hse13 Ski79ə¬ÅɆ6̝$1:�Hse1:ɮ�_n�39

ʉDġO(6I.1GɄʠ$1$C�92�Ø̥ƒ2�.+3ʋ˚µ�+͊s�nǤˋˮ �͋ 

� ʋ˚3$1�ʐʙˆǫs�n�J:�Ski79}�tv�n�}_ˣPʌK˰E!3:2�5�

.+� 

� � Ski7:̃ýɑɁ�ĵ̮5n�}_ˣ3$1ɝJM1�+��˲ ų2: Cǥɲ̺Ľ9D6̡M

; X ʓʋǜǻ˻ˆǫ6Ɇ�L!392�Lð̓9n�}_ˣɾʾGĜʣ65.1�1�L

͊Kowalinski E et al., 2015 �͋±Ɔ:�Ǧɟɭ2ð̭$+ Ski7ȁʣȂƾŅɎÂPÐõ6ɾʾ$�
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GTP ʋġſŷ549ȺƒPȨŔ&L!32�IK˒ʇ5 Ski7 9ȁʣ�[wj�9ƸŔGĜʣ6

5L,N��#J6�Ǧɟɭ61©Ȩ#M+ Ski79Ġ̺Ľ̜9ə¬ÅɆ6/�1GǷˎ�Ĝʣ3

5K�oUv�q_5 Ski79ȁʣ�[wj��ˆ�Ǖ�#ML!3PǣƄ$+�� 

� ˲ų2:�_�UZ̯Ŏ̼Ƌ̘PɆ�+ɟɭ6I.1�eRF3/eRF1 ʿġÂH Hbs1/Dom34 ʿ

ġÂ���m��6ʋġ&LǼŎ�͆ˆÝŷ2Ʊ�JM1�L͊Preis A et al., 2014 ; Becker T 

et al., 2011 �͋/CK�Ski79ɾʾ�Ĝʣ65.+!32�_�UZ̯Ŏ̼Ƌ̘PɆ�M;�Ski7

3��m���ʋġ&LǼŎPˆǫ&L!3�2�L:'2�L�˲�şǩ�}�tv�n�}

_ˣ�5�3G Ski7:��m��6ʋġ&L!3�Ĝʣ59��49I�6ʋġ$1�L9�5

4�Ň�9ɏı6ʋ˚�Š�ï#ML,N�� 

� ʝˍøƉȁǻ6̝&Lʐʙˆǫ9<3/6���m�����RU��`3Ī;MLƟȖ�Ő

Ĺ&L͊Ingolia NT et al., 2009 �͋!9ƟȖ9ɉǣɓ5Ȳ:�ʝˍ˸£9��m���ˆ˘£9

mRNA ̌òPȃ¡¶g�a�e�6I.1ˆǫ&L!32�in vivo 29��m��9ĆƘP˒

ʇ6ǕJ�6&L!3�2�LȲ2�L�!9ǏȖPɆ��°Ũɓ5̊¼ŎPɑɁ#(1ȁʣˏ

Ê#M1�+ Hbs1/Dom34 ʿġÂ��ŕ̨6:��� A ̗µ˲2ʝˍÕȬPż�˥!$1�L

��m��6ÅɆ$�ÕȬ$+ʝˍ9ȻƘPˆȠ$1�L!3�Ǒ6ɣ#M1�L͊ Guydosh NR. 

and Green R., 2014 �͋ĢǼ9ˆǫ:�ĿǦɓ6:49I�5n�}_ˣ6GƏɆ�Ĝʣ2�L�

/CK�Ski7 6̝$1G�ʇʢé9 Ski7 9ǡȴ6I.1�ʝˍ˸£9��m���49I�6

ŅĈ$1�L9�P��m�����RU��`PɆ�1ˆǫ&L!36I.1�Ski79éĹƒ

9ǽɓ̊¼ŎHǽɓ35LI�5ǎ˂5Ɂ˟Pˁï&!3�2�L92:5��3ƑOML� 

 

� ǠƆ6�Ski7:´9 EF-1����`n�}_ˣ3:Ɏ5.+ƒˣPè8Ú�+ʝˍ Gn�}

_ˣ2�K�C,C,˛6ȩ-1�L!3�JG�ɟɭŞ˟3$1̴ů6͇Āɓ5n�}_ˣ2

�L3�ˈȤ�#(1̷�+�� 
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ɵ 6ɱ ēʞǋȾ 

 
Anderson, J.S., and Parker, R.P. (1998). The 3' to 5' degradation of yeast mRNAs is a general 
mechanism for mRNA turnover that requires the SKI2 DEVH box protein and 3’ to 5’ 
exonucleases of the exosome complex. Embo J 17, 1497–1506. 

Araki, Y., Takahashi, S., Kobayashi, T., Kajiho, H., Hoshino, S., and Katada, T. (2001). Ski7p 
G protein interacts with the exosome and the Ski complex for 3’-to-5’ mRNA decay in yeast. 
Embo J 20, 4684–4693. 

Atkinson, G.C., Baldauf, S.L., and Hauryliuk, V. (2008). Evolution of nonstop, no-go and 
nonsense-mediated mRNA decay and their termination factor-derived components. BMC Evol 
Biol 8, 290. 

Ball, S.G., Tirtiaux, C., and Wickner, R.B. (1984). Genetic control of L-A and L-(Bc) dsRNA 
copy number in killer systems of Saccharomyces cerevisiae. Genetics 107, 199–217. 

Becker, T., Armache, J.-P., Jarasch, A., Anger, A.M., Villa, E., Sieber, H., Motaal, B.A., 
Mielke, T., Berninghausen, O., and Beckmann, R. (2011). Structure of the no-go mRNA decay 
complex Dom34–Hbs1 bound to a stalled 80S ribosome. Nature Structural &Amp; Molecular 
Biology 18, 715–720. 

Becker, T., Franckenberg, S., Wickles, S., Shoemaker, C.J., Anger, A.M., Armache, J.-P., 
Sieber, H., Ungewickell, C., Berninghausen, O., Daberkow, I., et al. (2012). Structural basis of 
highly conserved ribosome recycling in eukaryotes and archaea. Nature 482, 501–506. 

Benard, L., Carroll, K., Valle, R.C., Masison, D.C., and Wickner, R.B. (1999). The ski7 
antiviral protein is an EF1-alpha homolog that blocks expression of non-Poly(A) mRNA in 
Saccharomyces cerevisiae. J. Virol. 73, 2893–2900. 

Bengtson, M.H., and Joazeiro, C.A.P. (2010). Role of a ribosome-associated E3 ubiquitin ligase 
in protein quality control. Nature 467, 470–473. 

Berchtold, H., Reshetnikova, L., Reiser, C.O., Schirmer, N.K., Sprinzl, M., and Hilgenfeld, R. 
(1993). Crystal structure of active elongation factor Tu reveals major domain rearrangements. 
Nature 365, 126–132. 

Bourne, H.R., Sanders, D.A., and McCormick, F. (1990). The GTPase superfamily: a 
conserved switch for diverse cell functions. Nature 348, 125–132. 

Brachmann, C.B., Davies, A., Cost, G.J., Caputo, E., Li, J., Hieter, P., and Boeke, J.D. (1998). 
Designer deletion strains derived from Saccharomyces cerevisiae S288C: a useful set of 



 99 

strains and plasmids for PCR-mediated gene disruption and other applications. Yeast 14, 
115–132. 

Brandman, O., Stewart-Ornstein, J., Wong, D., Larson, A., Williams, C.C., Li, G.-W., Zhou, S., 
King, D., Shen, P.S., Weibezahn, J., et al. (2012). A ribosome-bound quality control complex 
triggers degradation of nascent peptides and signals translation stress. Cell 151, 1042–1054. 

Brown, J.T., Bai, X., and Johnson, A.W. (2000). The yeast antiviral proteins Ski2p, Ski3p, and 
Ski8p exist as a complex in vivo. RNA 6, 449–457. 

Butler, J.S. (2002). The yin and yang of the exosome. Trends Cell Biol. 12, 90–96. 

Carr-Schmid, A., Pfund, C., Craig, E.A., and Kinzy, T.G. (2002). Novel G-protein complex 
whose requirement is linked to the translational status of the cell. Molecular and Cellular 
Biology 22, 2564–2574. 

Chang, J.C., and Kan, Y.W. (1979). beta 0 thalassemia, a nonsense mutation in man. Proc. 
Natl. Acad. Sci. U S A. 76, 2886–2889. 

Chen, L., Muhlrad, D., Hauryliuk, V., Cheng, Z., Lim, M.K., Shyp, V., Parker, R., and Song, H. 
(2010). Structure of the Dom34–Hbs1 complex and implications for no-go decay. Nature 
Structural &Amp; Molecular Biology 17, 1233–1240. 

Cheng, Z., Saito, K., Pisarev, A.V., Wada, M., Pisareva, V.P., Pestova, T.V., Gajda, M., Round, 
A., Kong, C., Lim, M., et al. (2009). Structural insights into eRF3 and stop codon recognition 
by eRF1. Genes & Development 23, 1106–1118. 

Chien, C.T., Bartel, P.L., Sternglanz, R., and Fields, S. (1991). The two-hybrid system: a 
method to identify and clone genes for proteins that interact with a protein of interest. Proc. 
Natl. Acad. Sci. U S A. 88, 9578–9582. 

Coller, J., and Parker, R. (2004). Eukaryotic mRNA decapping. Annu. Rev. Biochem. 73, 
861–890. 

Connell, S.R., Takemoto, C., Wilson, D.N., Wang, H., Murayama, K., Terada, T., Shirouzu, M., 
Rost, M., Schüler, M., Giesebrecht, J., et al. (2007). Structural basis for interaction of the 
ribosome with the switch regions of GTP-bound elongation factors. Molecular Cell 25, 
751–764. 

Cool, R.H., and Parmeggiani, A. (1991). Substitution of histidine-84 and the GTPase 
mechanism of elongation factor Tu. Biochemistry 30, 362–366. 



 100 

Craig, E.A., and Jacobsen, K. (1985). Mutations in cognate genes of Saccharomyces cerevisiae 
hsp70 result in reduced growth rates at low temperatures. Molecular and Cellular Biology 5, 
3517–3524. 

Decker, C.J., and Parker, R. (1993). A turnover pathway for both stable and unstable mRNAs 
in yeast: evidence for a requirement for deadenylation. Genes & Development 7, 1632–1643. 

Defenouillère, Q., Yao, Y., Mouaikel, J., Namane, A., Galopier, A., Decourty, L., Doyen, A., 
Malabat, C., Saveanu, C., Jacquier, A., et al. (2013). Cdc48-associated complex bound to 60S 
particles is required for the clearance of aberrant translation products. Proc. Natl. Acad. Sci. 
U S A. 110, 5046–5051. 

Dimitrova, L.N., Kuroha, K., Tatematsu, T., and Inada, T. (2009). Nascent peptide-dependent 
translation arrest leads to Not4p-mediated protein degradation by the proteasome. J. Biol. 
Chem. 284, 10343–10352. 

Doma, M.K., and Parker, R. (2006). Endonucleolytic cleavage of eukaryotic mRNAs with 
stalls in translation elongation. Nature 440, 561–564. 

Eberle, A.B., Lykke-Andersen, S., Mühlemann, O., and Jensen, T.H. (2009). SMG6 promotes 
endonucleolytic cleavage of nonsense mRNA in human cells. Nature Structural & Molecular 
Biology 16, 49–55. 

Edwalds-Gilbert, G., Veraldi, K.L., and Milcarek, C. (1997). Alternative poly(A) site selection 
in complex transcription units: means to an end? Nucleic Acids Research 25, 2547–2561. 

Fleischer, T.C., Weaver, C.M., McAfee, K.J., Jennings, J.L., and Link, A.J. (2006). Systematic 
identification and functional screens of uncharacterized proteins associated with eukaryotic 
ribosomal complexes. Genes & Development 20, 1294–1307. 

Frischmeyer, P.A. (2002). An mRNA Surveillance Mechanism That Eliminates Transcripts 
Lacking Termination Codons. Science 295, 2258–2261. 

Fromont-Racine, M., Mayes, A.E., Brunet-Simon, A., Rain, J.C., Colley, A., Dix, I., Decourty, 
L., Joly, N., Ricard, F., Beggs, J.D., et al. (2000). Genome-wide protein interaction screens 
reveal functional networks involving Sm-like proteins. Yeast 17, 95–110. 

Fromont-Racine, M., Rain, J.-C., and Legrain, P. (1997). Toward a functional analysis of the 
yeast genome through exhaustive two-hybrid screens. Nature Genetics 16, 277–282. 

Godefroit, P., Sinitsa, S.M., Dhouailly, D., Bolotsky, Y.L., Sizov, A.V., McNamara, M.E., 
Benton, M.J., and Spagna, P. (2014). A Jurassic ornithischian dinosaur from Siberia with 
both feathers and scales. Science 345, 451–455. 



 101 

Graille, M., Chaillet, M., and van Tilbeurgh, H. (2008). Structure of Yeast Dom34: A protein 
related to translation termination factor Erf1 and involved in No-Go decay. J. Biol. Chem. 283, 
7145–7154. 

Guydosh, N.R., and Green, R. (2014). Dom34 rescues ribosomes in 3' untranslated regions. 
Cell 156, 950–962. 

Hoshino, S.-I. (2012). Mechanism of the initiation of mRNA decay: role of eRF3 family G 
proteins. WIREs RNA 3, 743–757. 

Hsu, C.L., and Stevens, A. (1993). Yeast cells lacking 5'-->3’ exoribonuclease 1 contain mRNA 
species that are poly(A) deficient and partially lack the 5’ cap structure. Molecular and 
Cellular Biology 13, 4826–4835. 

Huh, W.-K., Falvo, J.V., Gerke, L.C., Carroll, A.S., Howson, R.W., Weissman, J.S., and O’Shea, 
E.K. (2003). Global analysis of protein localization in budding yeast. Nature 425, 686–691. 

Inada, T., and Aiba, H. (2005). Translation of aberrant mRNAs lacking a termination codon or 
with a shortened 3'-UTR is repressed after initiation in yeast. Embo J 24, 1584–1595. 

Inada, T., Winstall, E., Tarun, S.Z., Yates, J.R., Schieltz, D., and Sachs, A.B. (2002). One-step 
affinity purification of the yeast ribosome and its associated proteins and mRNAs. RNA 8, 
948–958. 

Inagaki, Y., and Ford Doolittle, W. (2000). Evolution of the eukaryotic translation termination 
system: origins of release factors. Mol. Biol. Evol. 17, 882–889. 

Ingolia, N.T., Ghaemmaghami, S., Newman, J.R.S., and Weissman, J.S. (2009). Genome-wide 
analysis in vivo of translation with nucleotide resolution using ribosome profiling. Science 324, 
218–223. 

Isken, O., and Maquat, L.E. (2007). Quality control of eukaryotic mRNA: safeguarding cells 
from abnormal mRNA function. Genes & Development 21, 1833–3856. 

Ito, K., Ebihara, K., Uno, M., and Nakamura, Y. (1996). Conserved motifs in prokaryotic and 
eukaryotic polypeptide release factors: tRNA-protein mimicry hypothesis. Proc. Natl. Acad. 
Sci. U S A. 93, 5443–5448. 

Ito-Harashima, S., Kuroha, K., Tatematsu, T., and Inada, T. (2007). Translation of the poly(A) 
tail plays crucial roles in nonstop mRNA surveillance via translation repression and protein 
destabilization by proteasome in yeast. Genes & Development 21, 519–524. 



 102 

Ivanov, P.V., Gehring, N.H., Kunz, J.B., Hentze, M.W., and Kulozik, A.E. (2008). Interactions 
between UPF1, eRFs, PABP and the exon junction complex suggest an integrated model for 
mammalian NMD pathways. Embo J 27, 736–747. 

Kashima, I., Jonas, S., Jayachandran, U., Buchwald, G., Conti, E., Lupas, A.N., and 
Izaurralde, E. (2010). SMG6 interacts with the exon junction complex via two conserved 
EJC-binding motifs (EBMs) required for nonsense-mediated mRNA decay. Genes & 
Development 24, 2440–2450. 

Kashima, I., Yamashita, A., Izumi, N., Kataoka, N., Morishita, R., Hoshino, S., Ohno, M., 
Dreyfuss, G., and Ohno, S. (2006). Binding of a novel SMG-1-Upf1-eRF1-eRF3 complex 
(SURF) to the exon junction complex triggers Upf1 phosphorylation and nonsense-mediated 
mRNA decay. Genes & Development 20, 355–367. 

Kellis, M., Birren, B.W., and Lander, E.S. (2004). Proof and evolutionary analysis of ancient 
genome duplication in the yeast Saccharomyces cerevisiae. Nature 428, 617–624. 

Kobayashi, K., Kikuno, I., Kuroha, K., Saito, K., Ito, K., Ishitani, R., Inada, T., and Nureki, O. 
(2010). Structural basis for mRNA surveillance by archaeal Pelota and GTP-bound EF1" 
complex. Proc. Natl. Acad. Sci. U S A. 107, 17575–17579. 

Kodama, H., Ito, K., and Nakamura, Y. (2007). The role of N-terminal domain of translational 
release factor eRF3 for the control of functionality and stability in S. cerevisiae. Genes to 
Cells 12, 639–650. 

Kong, C., Ito, K., Walsh, M.A., Wada, M., Liu, Y., Kumar, S., Barford, D., Nakamura, Y., and 
Song, H. (2004). Crystal structure and functional analysis of the eukaryotic class II release 
factor eRF3 from S. pombe. Molecular Cell 14, 233–245. 

Kowalinski, E., Schuller, A., Green, R., and Conti, E. (2015). Saccharomyces cerevisiae Ski7 is 
a GTP-binding protein adopting the characteristic conformation of active translational 
GTPases. Structure 23, 1336–1343. 

Kuroha, K., Akamatsu, M., Dimitrova, L., Ito, T., Kato, Y., Shirahige, K., and Inada, T. (2010). 
Receptor for activated C kinase 1 stimulates nascent polypeptide-dependent translation 
arrest. EMBO Reports 1–6. 

Le Hir, H., Izaurralde, E., Maquat, L.E., and Moore, M.J. (2000a). The spliceosome deposits 
multiple proteins 20-24 nucleotides upstream of mRNA exon-exon junctions. Embo J 19, 
6860–6869. 

Le Hir, H., Moore, M.J., and Maquat, L.E. (2000b). Pre-mRNA splicing alters mRNP 
composition: evidence for stable association of proteins at exon-exon junctions. Genes & 
Development 14, 1098–1108. 



 103 

Lee, H.H., Kim, Y.-S., Kim, K.H., Heo, I., Kim, S.K., Kim, O., Kim, H.K., Yoon, J.Y., Kim, H.S., 
Kim, D.J., et al. (2007). Structural and functional insights into Dom34, a key component of 
no-go mRNA decay. Molecular Cell 27, 938–950. 

Letzring, D.P., Dean, K.M., and Grayhack, E.J. (2010). Control of translation efficiency in 
yeast by codon-anticodon interactions. RNA 16, 2516–2528. 

Letzring, D.P., Wolf, A.S., Brule, C.E., and Grayhack, E.J. (2013). Translation of CGA codon 
repeats in yeast involves quality control components and ribosomal protein L1. RNA 19, 
1208–1217. 

Lewis, B.P., Green, R.E., and Brenner, S.E. (2003). Evidence for the widespread coupling of 
alternative splicing and nonsense-mediated mRNA decay in humans. Proc. Natl. Acad. Sci. U 
S A. 100, 189–192. 

Liljas, A., Ehrenberg, M., and Aqvist, J. (2011). Comment on “The Mechanism for Activation 
of GTP Hydrolysis on the Ribosome.” Science 333, 37–37. 

Lyumkis, D., Oliveira dos Passos, D., Tahara, E.B., Webb, K., Bennett, E.J., Vinterbo, S., 
Potter, C.S., Carragher, B., and Joazeiro, C.A.P. (2014). Structural basis for translational 
surveillance by the large ribosomal subunit-associated protein quality control complex. Proc. 
Natl. Acad. Sci. U S A. 111, 15981–15986. 

Magliani, W., Conti, S., Gerloni, M., Bertolotti, D., and Polonelli, L. (1997). Yeast killer 
systems. Clin. Microbiol. Rev. 10, 369–400. 

Mahadevan, S., Raghunand, T.R., Panicker, S., and Struhl, K. (1997). Characterisation of 3' 
end formation of the yeast HIS3 mRNA. Gene 190, 69–76. 

Mangus, D.A., Evans, M.C., and Jacobson, A. (2003). Poly(A)-binding proteins: 
multifunctional scaffolds for the post-transcriptional control of gene expression. Genome 
Biology 4, 223. 

Maquat, L.E. (2002). Molecular biology. Skiing toward nonstop mRNA decay. Science 295, 
2221–2222. 

Marshall, A.N., Montealegre, M.C., Jiménez-López, C., Lorenz, M.C., and van Hoof, A. (2013). 
Alternative splicing and subfunctionalization generates functional diversity in fungal 
proteomes. PLoS Genet 9, e1003376. 

Mitchell, P., Petfalski, E., Shevchenko, A., Mann, M., and Tollervey, D. (1997). The exosome: 
a conserved eukaryotic RNA processing complex containing multiple 3’-->5’ exoribonucleases. 
Cell 91, 457–466. 



 104 

Moazed, D., and Noller, H.F. (1989). Intermediate states in the movement of transfer RNA in 
the ribosome. Nature 342, 142–148. 

Muhlrad, D., Decker, C.J., and Parker, R. (1994). Deadenylation of the unstable mRNA 
encoded by the yeast MFA2 gene leads to decapping followed by 5’-->3’ digestion of the 
transcript. Genes & Development 8, 855–866. 

Muhlrad, D., Decker, C.J., and Parker, R. (1995). Turnover mechanisms of the stable yeast 
PGK1 mRNA. Molecular and Cellular Biology 15, 2145–2156. 

Mumberg, D., Müller, R., and Funk, M. (1995). Yeast vectors for the controlled expression of 
heterologous proteins in different genetic backgrounds. Gene 156, 119–122. 

Nakamura, Y., and Ito, K. (2011). tRNA mimicry in translation termination and beyond. 
WIREs RNA 2, 647–668. 

Nelson, R.J., Ziegelhoffer, T., Nicolet, C., Werner-Washburne, M., and Craig, E.A. (1992). The 
translation machinery and 70 kd heat shock protein cooperate in protein synthesis. Cell 71, 
97–105. 

Nissen, P., Kjeldgaard, M., Thirup, S., Polekhina, G., Reshetnikova, L., Clark, B.F., and 
Nyborg, J. (1995). Crystal structure of the ternary complex of Phe-tRNA Phe, EF-Tu, and a 
GTP analog. Science 270, 1464–1472. 

Ozsolak, F., Kapranov, P., Foissac, S., Kim, S.W., Fishilevich, E., Monaghan, A.P., John, B., 
and Milos, P.M. (2010). Comprehensive polyadenylation site maps in yeast and human reveal 
pervasive alternative polyadenylation. Cell 143, 1018–1029. 

Pape, T., Wintermeyer, W., and Rodnina, M.V. (1998). Complete kinetic mechanism of 
elongation factor Tu-dependent binding of aminoacyl-tRNA to the A site of the E. coli 
ribosome. Embo J 17, 7490–7497. 

Parker, R. (2012). RNA Degradation in Saccharomyces cerevisae. Genetics 191, 671–702. 

Pfund, C., Lopez-Hoyo, N., Ziegelhoffer, T., Schilke, B.A., Lopez-Buesa, P., Walter, W.A., 
Wiedmann, M., and Craig, E.A. (1998). The molecular chaperone Ssb from Saccharomyces 
cerevisiae is a component of the ribosome-nascent chain complex. Embo J 17, 3981–3989. 

Pisareva, V.P., Skabkin, M.A., Hellen, C.U.T., Pestova, T.V., and Pisarev, A.V. (2011). 
Dissociation by Pelota, Hbs1 and ABCE1 of mammalian vacant 80S ribosomes and stalled 
elongation complexes. Embo J 30, 1804–1817. 



 105 

Preis, A., Heuer, A., Barrio-Garcia, C., Hauser, A., Eyler, D.E., Berninghausen, O., Green, R., 
Becker, T., and Beckmann, R. (2014). Cryoelectron microscopic structures of eukaryotic 
translation termination complexes containing eRF1-eRF3 or eRF1-ABCE1. Cell Rep 8, 59–65. 

Ridley, S.P., Sommer, S.S., and Wickner, R.B. (1984). Superkiller mutations in 
Saccharomyces cerevisiae suppress exclusion of M2 double-stranded RNA by L-A-HN and 
confer cold sensitivity in the presence of M and L-A-HN. Molecular and Cellular Biology 4, 
761–770. 

Riis, B., Rattan, S.I.S., Clark, B.F.C., and Merrick, W.C. (1990). Eukaryotic protein 
elongation factors. Trends Biochem. Sci. 15, 420–424. 

Saito, K., Kobayashi, K., Wada, M., Kikuno, I., Takusagawa, A., Mochizuki, M., Uchiumi, T., 
Ishitani, R., Nureki, O., and Ito, K. (2010). Omnipotent role of archaeal elongation factor 1 
alpha (EF1" in translational elongation and termination, and quality control of protein 
synthesis. Proc. Natl. Acad. Sci. U S A. 107, 19242–19247. 

Saito, S., Hosoda, N., and Hoshino, S.I. (2013). The Hbs1-Dom34 protein complex functions in 
non-stop mRNA decay in mammalian cells. J. Biol. Chem. 288, 17832–17843. 

Salas-Marco, J., and Bedwell, D.M. (2004). GTP hydrolysis by eRF3 facilitates stop codon 
decoding during eukaryotic translation termination. Molecular and Cellular Biology 24, 
7769–7778. 

Seshadri, A., Samhita, L., Gaur, R., Malshetty, V., and Varshney, U. (2009). Analysis of the 
fusA2 locus encoding EFG2 in Mycobacterium smegmatis. Tuberculosis 89, 453–464. 

Shao, S., Brown, A., Santhanam, B., and Hegde, R.S. (2015). Structure and assembly pathway 
of the ribosome quality control complex. Molecular Cell 57, 433–444. 

Shen, P.S., Park, J., Qin, Y., Li, X., Parsawar, K., Larson, M.H., Cox, J., Cheng, Y., 
Lambowitz, A.M., Weissman, J.S., et al. (2015). Protein synthesis. Rqc2p and 60S ribosomal 
subunits mediate mRNA-independent elongation of nascent chains. Science 347, 75–78. 

Shoemaker, C.J., and Green, R. (2011). Kinetic analysis reveals the ordered coupling of 
translation termination and ribosome recycling in yeast. Proc. Natl. Acad. Sci. U S A. 108, 
E1392–E1398. 

Shoemaker, C.J., and Green, R. (2012). Translation drives mRNA quality control. Nature 
Structural &Amp; Molecular Biology 19, 594–601. 

Song, H., Parsons, M.R., Rowsell, S., Leonard, G., and Phillips, S.E. (1999). Crystal structure 
of intact elongation factor EF-Tu from Escherichia coli in GDP conformation at 2.05 A 
resolution. J. Mol. Biol. 285, 1245–1256. 



 106 

Stansfield, I., Jones, K.M., Kushnirov, V.V., Dagkesamanskaya, A.R., Poznyakovski, A.I., 
Paushkin, S.V., Nierras, C.R., Cox, B.S., Ter-Avanesyan, M.D., and Tuite, M.F. (1995). The 
products of the SUP45 (eRF1) and SUP35 genes interact to mediate translation termination 
in Saccharomyces cerevisiae. Embo J 14, 4365–4373. 

Ter-Avanesyan, M.D., Kushnirov, V.V., Dagkesamanskaya, A.R., Didichenko, S.A., Chernoff, 
Y.O., Inge-Vechtomov, S.G., and Smirnov, V.N. (1993). Deletion analysis of the SUP35 gene of 
the yeast Saccharomyces cerevisiae reveals two non-overlapping functional regions in the 
encoded protein. Mol. Microbiol. 7, 683–692. 

Toh-E, A., Guerry, P., and Wickner, R.B. (1978). Chromosomal superkiller mutants of 
Saccharomyces cerevisiae. J. Bacteriol. 136, 1002–1007. 

Tong, A.H.Y., Drees, B., Nardelli, G., Bader, G.D., Brannetti, B., Castagnoli, L., Evangelista, 
M., Ferracuti, S., Nelson, B., Paoluzi, S., et al. (2002). A combined experimental and 
computational strategy to define protein interaction networks for peptide recognition modules. 
Science 295, 321–324. 

Tonikian, R., Xin, X., Toret, C.P., Gfeller, D., Landgraf, C., Panni, S., Paoluzi, S., Castagnoli, 
L., Currell, B., Seshagiri, S., et al. (2009). Bayesian modeling of the yeast SH3 domain 
interactome predicts spatiotemporal dynamics of endocytosis proteins. PLoS Biol 7, e1000218. 

van Hoof, A. (2002). Exosome-mediated recognition and degradation of mRNAs lacking a 
termination codon. Science 295, 2262–2264. 

van Hoof, A., Lennertz, P., and Parker, R. (2000a). Yeast exosome mutants accumulate 
3'-extended polyadenylated forms of U4 small nuclear RNA and small nucleolar RNAs. 
Molecular and Cellular Biology 20, 441–452. 

van Hoof, A., Staples, R.R., Baker, R.E., and Parker, R. (2000b). Function of the ski4p (Csl4p) 
and Ski7p proteins in 3’-to-5’ degradation of mRNA. Molecular and Cellular Biology 20, 
8230–8243. 

Wallrapp, C., Verrier, S.B., Zhouravleva, G., Philippe, H., Philippe, M., Gress, T.M., and 
Jean-Jean, O. (1998). The product of the mammalian orthologue of the Saccharomyces 
cerevisiae HBS1 gene is phylogenetically related to eukaryotic release factor 3 (eRF3) but 
does not carry eRF3-like activity. FEBS Letters 440, 387–392. 

Wang, L. (2005). Domain interactions within the Ski2/3/8 complex and between the Ski 
complex and Ski7p. RNA 11, 1291–1302. 

Wickner, R.B. (1992). Double-stranded and single-stranded RNA viruses of Saccharomyces 
cerevisiae. Annu. Rev. Microbiol. 46, 347–375. 



 107 

Widner, W.R., and Wickner, R.B. (1993). Evidence that the SKI antiviral system of 
Saccharomyces cerevisiae acts by blocking expression of viral mRNA. Molecular and Cellular 
Biology 13, 4331–4341. 

Zeidler, W., Egle, C., Ribeiro, S., Wagner, A., Katunin, V., Kreutzer, R., Rodnina, M., 
Wintermeyer, W., and Sprinzl, M. (1995). Site-directed mutagenesis of Thermus 
thermophilus elongation factor Tu. Replacement of His85, Asp81 and Arg300. Eur. J. 
Biochem. 229, 596–604. 

Zhouravleva, G., Frolova, L., Le Goff, X., Le Guellec, R., Inge-Vechtomov, S., Kisselev, L., and 
Philippe, M. (1995). Termination of translation in eukaryotes is governed by two interacting 
polypeptide chain release factors, eRF1 and eRF3. Embo J 14, 4065–4072. 

 



�����
�������� �	���������� ��������

���
� 
 
Horikawa, W., Endo, K., Wada, M., Ito, K. (2016) Mutations in the G-domain of Ski7 

cause specific dysfunction in non-stop decay. 

Scientific Reports 6, Article number: 29295, doi:10.1038/srep29295 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



µ¹ 

 

� ~����n]rZ��$�6VYwÆRFi�Y����8¬§0ro�n]����­&

%�
��Aª½��k�x�"W�#BX¼:Y��É'È·���$���¢W�chC�

$cn]'¶#�
���'d�"fµ¨
��� 
 
� �6VYJ�Y��jQ�z�¡{"
����S's��Ä��z��V���H'2��

�
�4�¦0�6VYM³roÊ�� �`9�.,-*(7®L¤b�ÀË�d!#fµ¨


��� 
 
� ~���º­���#�Ski7l;'N�����v�p< �d��|��c²´'
�2�
��
���6VYwÆRFi�Y����\�¿5@ro�fµ�
1
��� 
 
� ~���º­���#�Hbs1��+()/'e	p<
�2����IVYVYÂ«Y���
���Etro�fµ�
1
��� 
 
� yÅ!#�|��cG±�c²´'
�Ä��
�P�¥ KT�»¬gKT�u¬P KT

'W���$�OBX¼:YB¿�����	fµ¨
������5_Á��À}�&����
[Çn]�"[Ç£��°¾��U	�zÁ'?|
��'iÀ���2���
�u¬P K

T��D�fµ'�
1
��� 
 
 
 
 
� �
����!�����Ã����¸ma	=
��^
�Y���>©'q��	%�3

¯�d�"fµ¨
��� 


