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� ɻÖð 8,500ū̷�²̽:�m�n�T9ʛȃ�ǁǍĩŧ4éF3̿ƼȷȸQ

ŀF-�##4�ǌé8Ǣĭ%N-Âȫ:Y���d�_��ur�d�_�ļ

͇4�0-�+9Ż�̿ƼȷȸƓʹ:Yh�uƻǄ�V�oiƻǄ�ʧ0-wV

�š�V�oišȎĬ?5»ư%N3�0-�C-�¤ĥ4:ɻÖð 7,500ū̷

8:̚ȁȎĬ4ɢÂ�ŀC03�L�+9Ż�ǙÿThTHǏ͆þŠ�ǁǔ8»

P03�0-�%K8�T��\ļ̧4:ɻÖð 3,500ū̷8uW��dg9Ǣ

ĭ�ŀC0-5ʗ�KN3�M�&�&�#NK9Âȫ:ǾÏH+9ĦĩȬǎ9

Ƀăʭ8JMɃǾ8J03�ǢĭĩĬ�̣ŉ%N�ĩȳ˄ǯ49Ǣĭ8:ʥK7

�0-�G&�ɃăÀ9ƋǞ�KǧȫQŅMƿȇQ²̽�Ȱž4�-K�ǾÏ%

�̄*;69İƑ4G#NKÂȫQ̈́�ȷȸƆ4Ǣĭ4�M#587L�³Ż¢

Ⱦ²ċ9ĵö8Ž03˥#M#5�ªƉ%NM̿Ƽ ˧QˉȂ(M98ļ��ˠ

ȯ(M#55ʗ�KNM�Ȭ8�ØčJLȲĨC4¥˂7ɣȫ5&3Ǣĭ%N3

�-Vz9ɃǾ8̞(MɅȲǲǫQǄK�8(M#5:�¢Ⱦɇ7̿ɸ ˧9ˉ

Ȓ8JLˠȯ(M4�O�� 

� ǧȫ:ļĻƹ9ɃăÀ8Ŗ&3ǎø7̠ſǲǫQǎ&3�L�+NQġ̈&-

��1�9ɃăÀ8J039Döō%NM#5�ǄK�5703�M�ǧȫ:ù

ȫ9J�7ÚɂƜŴʀʝQƞ-7���ǧȫȮʣ9Ƀăʭ˔˜ǲǫ5ÚɂǲǫQ

ǎ&3�M�ǧȫ9ÚɂćƄ5&3:Ƀăʭ˔˜Ż�ǂǐ8DKNMȍƆ̎ɾ9

Ʌȷ͊Torres et al., 2005͋Hʀʝˣ9Ĉʏ�ǡ9ã̪76ŵƌɇĹûQ¼�˿Ʒ

ƋʀʝǷ͊Greenberg and Yao, 2004 �͋ƖʭƆȫˣ4�M�SVuT�^g�đ

Ɛ8̞¡(Ṁ»ł9ɅȲ5ƖʭƆȫˣ9ʱɤ͊Aziz et al., 2003͋76��M� 

� ˱ū�#9ǧȫÚɂ:�2 19̨Şɇ7gis�8J03ǫɲ%N3�M#5

�įĘ%N-͊Jones and Dangl, 2006 �͋ǧȫ:�ÇÛ&3�MɃăʭ�Ý˸&

3ƞ1 Pathogen-Associated Molecular Patterns͊PAMPs͋5Ě;NMæłʔ

Q˔˜&�ȍƆ̎ɾ9ɅȷH��SVuT�^g�đƐ8̞¡(Ṁ»ł9ɅȲ

5ƖʭƆȫˣ9ʱɤ768·ʻ%NM PAMP-Triggered Immunity͊PTI͋5�

�ǂǐ9ÚɂćƄQ˕Ř(M�#N8Ŗ&3�ǧȫɃăʭ: PTIQƕí(M-F
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8�nV� III æȆʼʑQ´&3Y�X`n�5Ě;NMæłʔQǧȫʀʝÞ8

æȆ(M�#N8JL PTIQƕí(M#5�4�-İđ8:�Ƀăʭ9ƋǞ�Ɛ

ɩ(M�&�&�ǧȫ�Y�X`n�Q˔˜(MæłQǎ&3�-İđ8:�˿

ƷƋʀʝǷQĖE Effector-Triggered Immunity͊ ETI 5͋Ě;NMJLųô7Ú

ɂćƄ�˕Ř%NM�%K8�#NK9ÚɂćƄ:�Ȯɩ&-ɺ4�M��+9

˕Ř8:£gis�̝9`�iu�`�̐˂7#5�ǄK�8703�M�«Ŋ�

˿ƷƋʀʝǷ9˕Ř8:ȍƆ̎ɾ9Ʌȷ�ƃ̹57M͊Levine et al., 1994 �͋#

9#5:�ǧȫ�øǝɇ7ÚɂćƄQ˕Ř&Ƀăʭ9ƋǞ�K˩QŅM-F8:�

ƋǞ9éǐ8PAMPsQ˔˜&PTIQ˕Ř(M#5�̱Ũ8̐˂4�M#5Qɚ

&3�M� 

� #NC48ǧȫ8�!M PAMPs5&3�ɹȭʭ9ʀʝĶǫƐĢł4�M^p

�͊ Felix et al., 1993 �͋ʀʭ9̴ǽQǫƐ(Mn�~`ˣ��hX��͊ Felix et 

al., 1999�Che et al., 2000 �͋ʖː½̚Ģł Elongation Factor Tu ͊EF-Tu͋ 

͊Kunze et al., 2004 �͋ʀʝĶǫƐĢł4�M��pva�\�͊ Gust AA et al., 

2007 �͋Y�eis���͊ Laquitaine et al., 2006 �͋����fq\�Vv͊ LPS͋

͊Silipo et al., 2005͋769æł�ǄK�8703�M�#9Ǭ8�#NC4Ǆ

K�870- PAMPs:ĻɡĻǬ4�M��g�Vywjw:ʀʭȻǘ9 PAMP

4�M��hX���EF-Tu�LPS���pva�\�Q˔˜(M#5�įĘ%

N3�M��ƿ�u�u:ɎʭȻǘ9 PAMP 4�M^p�5Y�eis���

Q˔˜(M#5�ǄK�5703�M�#9#5�K�ȲĨ�ǧȫ:�ɡ̽9Ƀ

ăÀ�ƞ1ˀƹ9 PAMPsQ˔˜(M5ʗ�KN3�M� 

� ĻɡĻǬ7 PAMPs97�4���hX��5 EF-Tu�ǼˬɇJ�ɔɦ%N3

�M���hX��:Ćłʯǧȫ4�Mu�u9ĭ͂ʀʝ9ÚɂćƄQ˕Ř(M

ȫˣ5&3�Pseudomonas syringae pv. tabaci�Kēŉ%N-͊Gómez-Gómez 

et al., 1999 �͋%K8 BollerK:�ʤûgT�4��hX��Qæˉ&-5#O�

͔Ǔɫ̺Ĭ8ÚɂćƄQ˕Ř(MȍƆQǎ(M#5QǄK�8&-�C-�P. 

syringae pv tabaci¸ĺ9ʀʭ9��hX���ÚɂćƄQ˕Ř(MȍƆQǎ&

3�M#55���hX��9͔Ǔɫ5͓Ǔɫ:ɡ̝4ǼˬɇÉŃ%N3�M#

5�K͊ Wilson and Beveridge, 1993 �͋ǧȫ:��hX��9ÉŃ%N3�M̺

ĬQ˔˜&3�M5ƨȚ&-�+#4�ÚɂćƄ˕ŘȍƆQǎ&�ʭɡ̝4ǌG

ÉŃ%N3�-P. aeruginosa9��hX��9͔Ǔɫ̺Ĭ922T�{̎QđƐ
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& flg22 5Ĕ2!-�#9 flg22 :u�uHh�]V��n}d�g�Vywj

w5�0-ǧȫɡ8Ŗ&3\��i9ȄɏH PRn�~`ˣ9ʱɤ769Úɂć

ƄQű�˥#(#5�ǄK�8%N-�C-�g�Vywjw9YdnV�4�

M La-er9ɡł8 flg22Qäȴ(M5ȷʜ̡ōQ<��#(#5GǄK�870

-͊Gómez-Gómez et al., 1999 �͋+#4�flg229ĊŎÀ̇»łQēŉ(M-F

8�La-er Q EMS 4äȴ(M#58J03ɧȦĹɁQ˕Ʌ&-ǧȫQʣǹ%*

3ž-M2ɡł8 flg22Qäȴ&ȷʜ̡ō�˥�7�0-ÌÀQ̆Ɨ(M#54�

fls2ɧȦĹɁÀQž-͊Gómez-Gómez and Boller, 2000 �͋+&3�CAPS��

\�Qȹ�-�q���i`��x�a8J03�flg22 9ĊŎÀQd�v(M

FLS2͊FLagellin-Sensing 2͋̇»łQēŉ&-͊Gómez-Gómez and Boller, 

2000 �͋#9n�~`ˣ:�ʀʝĺ8 28Ì9�Vg��qp���u̺ĬQƞ/�

ʀʝÞ8k��/i�[x�^w�l̺ĬQƞ0-�ġʡˡ˸ī9ĊŎÀī^w

�l4�0-͊Gómez-Gómez and Boller, 2000 , 2002 �͋ 

� BollerK: fls2ɧȦĹɁÀ8Ŗ&3ǀɒ9ÚɂćƄ˕Řæł4�M��hX�

�QǳƮ&- Escherichia coli GI8269ʭÀɖɕȓQäȴ&3G�ÚɂćƄ�˕

Ř%NM#5QǄK�8&-͊Kunze et al., 2004͋�+#4�g�Vywjw9

ĭ͂ʀʝ5 Escherichia coli GI8269��hX��ǳƮǠQȹ�3ƾ-7ǧȫÚ

ɂćƄQ˕Ř(MæłQƦɿ&-5#O�EF-Tu �ēŉ%N-͊Kunze et al., 

2004͋�%K8�EF-TuQǬ�7��sT�l4çƽ&�Úɂ˕ŘȍƆQ˗@M

#54�NǓɫ̺Ĭ9 18T�{̎QȍƆ̊¾5&3ēŉ&�+NQ elf185Ĕ¶

!-�ŸK:�flg22Qäȴ&-g�Vywjwĭ͂ʀʝ8��3�flg22äȴQ

ʸ03�7�G95Ǽ@3 elf189ʄđ̑�ĵö&3�M#55�elf18Qäȴ&

-g�Vywjwĭ͂ʀʝ8��3�elf18 äȴQʸ03�7�G98Ǽ@3

flg229ʄđ̑�ĵö&3�M#5QǄK�8&-͊Zipfel et al., 2006͋�+#

4�elf18Qäȴ&-g�Vywjwĭ͂ʀʝ5 flg22Qäȴ&-g�Vywjw

ĭ͂ʀʝ9£ƿ4ɅȲ̑9ĵö&-ĊŎÀǬ^w�l͊RLKs : Receptor Like 

Kinases͋̇»ł9¤8 EF-TuĊŎÀ̇»ł�ŃĨ(M5ªƉ&�ɅȲ̑�ĵö

&-(@39RLKṡ»ł81�3g�VywjwT-DNAƢÛĹɁÀQĉž&�

+9¤�K elf18 äȴ8Ŗ&3ÚɂćƄQ˕Ř4�7�70-ĹɁÀQ̆Ɨ(M

#54�EF-TuĊŎÀQd�v(M EFR͊EF-Tu Receptor͋̇»łQēŉ&-

͊Zipfel et al., 2006͋�#9n�~`ˣ:ʀʝĺ8 21Ì9�Vg��qp��
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�u̺ĬQ�ʀʝÞ8k��/i�[x�^w�l̺ĬQƞ0-�ġʡˡ˸ī9Ċ
ŎÀī^w�l4�0-� 
� ��hX��9ĊŎÀ4�M FLS25 EF-Tu9ĊŎÀ4�M EFR:�ʀʝĺ
8+N,N9�]�v5ɌƧʄđ(M�Vg��qp���u̺Ĭ5�ʀʝÞ8

k��/i�[x�^w�l̺ĬQƞ1ĊŎÀī^w�l4�0-�%K8�#N
K9ĊŎÀ:�+N,N9�]�v59ɍ­ÂȹŻ�˹H�8ʀʝʡ8ŃĨ(M

BAK1͊ BRI1-associated kinase 1 5͋��ĊŎÀǬ^w�l5ɍ­Âȹ(M#5

�ǄK�5703�M͊Chinchilla et al., 2007�Roux et al., 2011 �͋+&3�
FLS2C-: EFR: BAK15ɍ­Âȹ&-Ż8�u��i��̎û(M#54
ƇįQ�Ȏ8»́&3�M#5GǄK�5703�M͊Schwessinger et al., 
2011 �͋C-�FLS25 EFR9�Ȏ9Ƈį»́8̞¡(Mæł81�3GÝ˸9
æł�ÃPN3�M#5�įĘ%N3�L͊Eschen-Lippold et al., 2012 �͋+9
�Ȏ4ɅȲ(Ṁ»łʔ8̞&3GÝ˸Ɔ��M#5GǄK�5703�M

͊Zipfel et al., 2006͋�#9J�7#5�KȲĨ:�ĻǬ7 PAMPs8ŖƄ(M
J�8 PAMPs5ɌƧʄđ(MĊŎÀ:ĻǬ4�M��+9˔˜ƇįQ»́(M
ʃ˨:Ý˸9gis�QÃȹ&3�M5ʗ�KN3�M� 
� #NC48���hX��H EF-Tu�69J�7ǧȫɡ8��3 PAMPs5&
3ǲʞ(M�81�3G˗@KN3�M���hX��8̞&3:ǲʞɇ7

FLS2[�m�a�u�u͊ Robatzek et al., 2007 H͋n}d͊ Hann and Rathjen, 
2007 �͋T��wɝǧȫ͊Dunning et al., 2007 �͋Vz͊Takai et al., 2008͋8
ŃĨ(M#5�įĘ%N3�M�&�&�Vz8ŃĨ(M FLS2 [�m�a
͊OsFLS2͋:�flg22 �Vz8Ŗ&3 PTI Q˕Ř&7�#5�K���hX�
�˔˜8�!M¥-MĊŎÀ8703�7�5ʗ�KN3�M͊Takai et al., 
2008 �͋elf18:g�Vywjw9Ǭ�7YdnV�HA�9T��wɝǧȫ8Ŗ
&3 PTI Q˕Ř(M��h�]V�H^�W�������oVj8Ŗ&3:
PTIQ˕Ř&7�#5�įĘ%N3�M͊Kunze et al., 2004͋�%K8�Vz8
��3: EFR 9[�m�a�ŃĨ&7�#5�Üc{�ˉǛ�KǄK�870
3�L�elf18 :Vz8��3G PAMP 5&3ǲʞ&7�5ªƉ%N3�M
͊Boller and Felix, 2009͋�#9Ǭ8�ǧȫÚɂ8�!M PAMP:+9øǝɱ
ģ��ŉ9ǧȫɡ8̣ŉ%NM5��ȬƁQƞ1�#9#5:%K8�ǧȫɡ8

J03:Ɂ7Mæł� PAMP5&3ǲʞ(MČʞƆQƪɚ(M� 
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� ĀłʯǧȫQŏ¥5(MĀ̴ǽƆa��̦ƆĀǤʭ4�M Acidovorax avenae

:�ǧȫ9ʯ9ˁĹûH�ʯ̳9Ŝǋ76Qű�˥#(ǧȫɃăʀʭ4�M�#

NC4#9ʭ:�Vz�T���Y�uW��dg76�KǬ�7ʭǠ5&3Ā

̫%N3�M��<519ʭǠ�ƋǞ4�Mǧȫɡ:AB 1 ɡ8̣KNM

͊Kadota et al., 1996 �͋Ä�;�Vz�KĀ̫%N-K1ʭǠ:VzQöō4�

M��gd`�YQöō4�7��ēǬ8�gd`�Y�KĀ̫%N- N1141

ʭǠ:Vz8ƋǞ4�7��#NC4ɔɦ4�Vz8Ŗ&3̱ɃăƆ9 N1141

ʭǠQVz8Ƨɡ(M5�ȍƆ̎ɾ9ɅȷHƙƖƆ̇»ł9ɅȲ5�0- PTIH

˿ƷƋʀʝǷQĖE ETI�˕Ř%NM98Ŗ&�ɃăƆ9K1ʭǠ4:�#9Ǭ

7 PTIH ETI:˕Ř%N7�#5�ǄK�870-͊Che et al., 1999�Tanaka 

et al., 2001�Iwano et al., 2002�Tanaka et al., 2003�Fujiwara et al., 2004 �͋

#9#5:�A. avenae9ŏ¥ȬɁƆ:�ǧȫ� A. avenaeQ˔˜&3ÚɂćƄ

Q˕Ř4�M�6��8ÆŃ&3�M#5Qɚ&3�M� 

� +#4�Vz8JM A. avenae 9ȬɁɇ7˔˜ǲǫQǄK�8(M-F8�

N1141ʭǠ8ŃĨ(MVz9 PTIH ETIQ˕Ř(Mȫˣ9Ʀɿ�˽FKN-�

C)�Vz9 PTIQ˕Ř(Mȫˣ81�3ƦɿQʸ0-�A. avenae N1141ʭǠ

9ʭÀʻŞƛåȫQVzĭ͂ʀʝ8äȴ&�ÚɂćƄQ˕Ř(M�˗@-ʄǝ�

#9ƛåȫ8ȍƆ̎ɾ9Ʌȷ769 PTI ˕ŘȍƆ��M#5�ǄK�870-�

C-�#9ȍƆ:u��g�H��sVw�lKäȴ8J03ĿPNM#5�K�

PAMPȍƆȫˣ:n�~`ˣ4�M#5�ɚĞ%N-�Ǵ8�N1141ʭǠ5K1

ʭǠ9ʭÀʻŞ̝4Ɂ7MȫˣQƦɿ(M-F8�N1141ʭÀQWf_8Ƨɡ&

3Âʿ&-ƖʷȗQK1ʭÀ4ėĈ(M#54ƖN1141ƖÀQ�ƖK1ƖʷȗQ

N1141ʭÀ4ėĈ(M#54ƖK1ƖÀQ+N,Nž-�#NK9ƖÀQȹ�3

ĐʭǠ9ʻŞƛåȫ8Ŗ(MWYin���quQʸ0-5#O�6/K9ƖÀ

Gɼ 50 kDa9ȫˣQǨå&-�+#4�#9}�v9NǓɫT�{̎̋èˉǛ

Qʸ0-5#O�Pseudomonas aeruginosaH Salmonella typhimurium769

a��̦Ɔʀʭ9̴ǽǫƐn�~`ˣ4�M��hX��5ɍēƆ�˔FKN-

͊Che et al., 2000 �͋+#4�£ʭǠJLɶʿ&-��hX��QVzĭ͂ʀʝ

8äȴ&3 PTI�˕Ř%NM�˗@-5#O�̱ɃăƆ N1141ʭǠȻǘ9��

hX��:ȍƆ̎ɾ9ɅȷHÚɂ̞˻̇»ł9ɅȲ˕Ř5�0-PTIćƄQ˕Ř

&-��ƿ�ɃăƆ K1 ʭǠ�Kɶʿ&-��hX��:#9J�7ÚɂćƄQ
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˕Ř&7�0-͊Che et al., 2000 �͋#NK9#5�K�Vz8JM A. avenae
9ȬɁɇ7˔˜8:��hX���̞¡&3�M#5�ǄK�570-�%K8�

Vz8JM��hX��˔˜9ȬɁƆǲǫ81�3˗@-5#O�K1 ʭǠ9�

�hX��8¶ö%N3�Mɷ̘�Vz8JM��hX��˔˜Q̡ō&3�M

#5�ƾ-8ǄK�870-͊Hirai et al., 2011 �͋ 

� #9J�8�A. avenae N1141ʭǠ8:Vz8J03ȬɁɇ8˔˜%NM��

hX���ŃĨ(M#5�ǄK�870-��ƿ�N1141ʭǠ9��hX��̇

»łǳƮǠQVz8Ƨɡ&-5�8�PTI̞˻̇»ł9��1��ɅȲ˕Ř%N

M#5�ǄK�870-͊Tanaka et al., 2003 �͋#9#5:�A. avenae N1141

ʭǠ8:Vz9 PTIQ˕Ř(M��hX��¸ĺ9 PAMP�ŃĨ&3�M#5

Qɚ(�#N:�ǧȫ�ɃăÀ9ƞ1ˀƹ9 PAMPsQ˔˜(M#54 PTIQ˕

Ř&3�M5��«Ŋ�KGƳƞ%NM�&�&�#9Ǭ7 A. avenae N1141ʭ

Ǡ8ŃĨ(M��hX��¸ĺ9 PAMP81�39ȫƆHȬƁ:Ü�ǄK�8

703�7��A. avenae N1141ʭǠ49ŃĨ�ɚĞ%N3�M��hX��¸

ĺ9 PAMPQēŉ&�+9˔˜5Úɂ˕ŘǲǫQæł���4ǄK�8(M#

5:�Vz9ÚɂǲǫQæł���4ȴˉ(M-F8:̱Ũ8̐˂57M� 

� +#4�A. avenae8ŃĨ(M��hX��¸ĺ9 PAMPQēŉ&�+9æł

9˔˜8JMÚɂ˕ŘǲǫQæł���4ǄK�8(M#5Qɋɇ5&3ɔɦQ

ʸ0-�ǔ˘ƻ9ɬ�ɪ4:�A. avenae N1141ʭǠ9��hX��ǳƮǠ�K

Vz8Ŗ&3PTIćƄQ˕Ř(MPAMP5&3EF-TuQēŉ&-#581�3

ˎ˳(M�C-�ɬ¬ɪ4:�EF-Tu9Vz8JL˔˜%NMY�u��̊¾Q

ēŉ&�+9Y�u��̊¾Q EFa505Ĕ¶!-#581�3ˎ˳(M�%K

8�ɬ�ɪ4: PTI˕Řǅ8 PAMPĊŎÀ�ɅȲ˕Ř%NM#5Qìȹ&3�

EFa50Q˔˜(MĊŎÀQƦɿ&-ʄǝ81�3ˎ˳(M� 
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ǧȫɃăʀʭ Acidovorax avenae N1141 ʭǠ8 
ŃĨ(Mƾ˄ PAMP 9ēŉ  
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ɬ�ɪ� ʊˋ 

 
 

� #NC48�A. avenae N1141ʭǠ9̴ǽǫƐn�~`ˣ��hX���Vz
8Ŗ&3 PAMP5&3ǲʞ&3�M#5�įĘ%N3�M͊Che et al., 2000 �͋
&�&�N1141ʭǠ9��hX��̇»łǳƮǠQVz8Ƨɡ&-5�8��̊
9 PTIćƄ�˕Ř%NM#5�K�A. avenae N1141ʭǠ8:Vz9 PTIQ˕
Ř(M��hX��¸ĺ9 PAMP �ŃĨ&3�MČʞƆ�ɚĞ%N3�M
͊Tanaka et al., 2003 �͋%K8�g�VywjwHu�u��ɡ̽9ɃăÀ�ƞ
1ˀƹ9 PAMPsQ˔˜&3 PTIQ˕Ř(M#5�K�A. avenae N1141ʭǠ8
G��hX��¸ĺ9 PAMP �ŃĨ&�Vz9ÚɂćƄ˕Ř8̞¡&3�MČ
ʞƆ�ʗ�KNM�&�&�A. avenae N1141ʭǠ8ŃĨ(M��hX��¸ĺ
9 PAMP8̞(MƇį:Ü�žKN3�7�� 
� +#4ǔɪ4:���hX��̇»łǳƮ N1141 ʭǠ�KVz8Ŗ&3 PTI
ćƄQ˕Ř(M��hX��¸ĺ9 PAMP Qɶʿ&�ēŉ(M#5Qɋɇ5&
3ɔɦQʸ0-� 
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ɬ�ɪ� ǕƼ5ƿȇ 
 
 
1͋ʭ9ÉŃ5ĭ͂ 
 
� A. avenae:Vz8Ŗ&3ɃăƆ4�MK1ʭǠ͊MAFF 301505 �̱͋ɃăƆ
4�MN1141ʭǠ͊MAFF 301141͋�J=��hX��ǳƮN1141ʭǠ
͊Δfla1141͋͊Tanaka et al., 2003 Q͋ȹ�-�A. avenae9ÉŃ:�Pseudomonas 
F͊ ¸��PF Ĥ͋Àĭĩ͊ Bacto Trypton͊ BD 1͋0 g, Bacto Protease Peptone No. 
3͊ BD 1͋0 g, KH2PO4 1.5 g, MgSO4•7H2O 3.1 g, Bacto Agar͊ BD 3͋ g, total vol. 
1 L͋4 30���Ǉĭ͂&-ʭÀQɆ̒ʚ4��5L�i^���`ȝȓ͊10% 
[w/v] Skim milk, 80 mM Sodium glutamate͋1 mL8Əȡ&�#NQ 50 µL)
1æȉ&3ȓÀɨɾ4ɐ̝âʄ&3-80�4âʄÉŃ(M#54ʸ0-� 
 
 
2͋Vzĭ͂ʀʝ9ĭ͂5ʅ· 
 
� Vzĭ͂ʀʝ:Ocʀʝ͊Oryza sativa L.C5924͋Qȹ�-�ĭ͂ʀʝ:[�
u`���Ȟʭ&- R2Sĭĩ͊20�R2 Major stock 50 mL, 1000�R2 Minor 
stock 1 mL, 500�Fe liq. 2 mL, 1000�MS vitamin 1 mL, 40 mg/mL 
2,4-Dichlorophenoxyacetic Acid 100 µL, Sucrose 30 g, total vol. 1 L [pH 5.6]͋
Qȹ�3 100 mL�ˈ��id8 22 mLÛN-ȭƌ4�30��108 rpm�˻ʆÙ
�4ơɊĭ͂Qʸ0-�C-�ĭ͂ʀʝ9ʅ·: 7ǁ$58ʸ��200��2ǅ
̝9¨ȨȞʭQʸ0-100 mL�ˈ��id8ĭ͂ʀʝ2 mL5R2Sĭĩ20 mL
ö�3 22 mL5&-�¸̢9Ŋ̓8ȹ�MG9:�ʅ·�K 4ǁɋ9G9Qȹ
�-� 
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R2SĭĩÂʿ8ȹ�-Đɡ stock solution 
•20�R2 Major stock͊KNO3 80 g, (NH4)SO4 6.7 g, MgSO4•7H2O 5 g, 
CaCl2•2H2O 3 g, NaH2PO4•2H2O 5.46 g, total vol. 1L͋Q�U�n�
͊MILLEX®-GS, MILLIPORE͋4Ȟʭ&�180��3ǅ̝9¨ȨȞʭQʸ0-�
h�W�ȶ8ÉŃ&-� 
 
•1000�R2 Minor stock͊MnSO4•5H2O 172.9 mg, ZnSO4�7H2O 220 mg, 
CuSO4•5H2O 12.5 mg, H3BO3 300 mg, Na2MoO4•2H2O 12.5 mg, total vol. 100 
mL͋Q�U�n�͊MILLEX®-GS, MILLIPORE͋4Ȟʭ&�180��3ǅ̝9
¨ȨȞʭQʸ0-�h�W�ȶ8ÉŃ&-� 
 
•500�Fe liq.͊Na2•EDTA 375 mg, FeSO4•7H2O 275 mg, total vol. 100 mL͋
: EDTAQȝ�&3�Kɗ̎̔Qö��ȝˉŻ[�u`���4Ȟʭ&-� 
 
•1000�MS vitamin͊MS vitamin powder 1000� 1.03 g, total vol. 10 mL͋Q
�U�n�͊MILLEX®-GS, MILLIPORE͋4Ȟʭ&�1.5 mL�V`�p���
8æȉ&�-20�4ÉŃ&-� 
 
•40 mg/mL 2,4-Dichlorophenoxyacetic Acid: 40 mg9
2,4-Dichlorophenoxyacetic AcidQ 1 mL9DMSO8ȝˉ&3Âʿ&-� 
 
 
3͋Vz9ʜƐ 
 
� Vz:ǁǔǈN͊O. sativa L. ssp. Japonica cv. Nipponbare͋QÃȹ&-�ɡ
łQǿ̀ǿ8ȑ&�²ŢǾ˞Ġ͊Bio TRON, NK system͋8 30��2ǁʑ�Ʌ
ʪ%*-�Ʌʪ&-ɡłQɴȭĦ͊ =P# 2ď �͋Û0-���n�8ŉǧ&3�

²ŢǾ˞Ġ4Ǆǐ 16ǅ̝͊30� �͋Ǌǐ 8ǅ̝͊25�͋9Ǘº�4ȷʜ%*-� 
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4͋A. avenea ��hX��ǳƮ N1141 ʭǠ͊Δfla1141͋ʭÀɖɕȓ9
˗ʿ5 PTI ćƄˑ̓ 
 
4-1͋Δfla1141ʭÀɖɕȓ9Âʿ 
 
� Δfla1141i^���`ÉŃȝȓ 10 µLQ PFȓÀĭĩ 5 mL8ö��30�4�
ǇơɊĭ͂Qʸ0-�ðĭ͂&-ĭ͂ȓ 5 µLQ PFȓÀĭĩ 500 mL�8ǔ8+
N,N 500 µL)1ö��30��18ǅ̝ơɊĭ͂Qʸ0-�ĭ͂Ż�ĭ͂ȓQ
Himac CR20G͊HITACHI͋ȹ̃Ƃp���8æȉ&�6,000 g�4�4 20æ̝
̃Ƃæ̫&-Ż�ȄǻQž-�Ȅǻȫ8MilliQǿ 50 mL)1ö��ßƏȡ&-
Ż�6,000 g�4�4 20æ̝̃Ƃæ̫(M#54ßŮȄǻQ̪F-�#9ȌȏƲÂ
Q 2ġʸ0-Ż�MilliQǿ 20 mL4ßƏȡ&�50 mL��\�8ɟ&-�Əȡ
ȓQ`�qg�TVi�4Ȁá&7�K˦̵Ȉɖɕǲ͊ UD-201, TOMY 4͋ 1æ
ɖɕ͊OUT PUT : 4 �͍͋æȀáQ 15ġʸ0-Ż�10,000 g�4�4 60æ̝̃Ƃ
æ̫&-�ȗQΔfla1141ʭÀɖɕȓ5&3 4�4ÉŃ&-�Δfla1141ʭÀɖɕȓ
9n�~`ˣȢŮ: Pierce 660nm Protein Assay Reagent͊Thermo 
SCIENTIFIC͋Qȹ�3 BSA8JLÂʿ&-Ǩ̑ʋJLɯå&-� 
 
 
4-2͋Vzĭ͂ʀʝQȹ�-ȍƆ̎ɾɅȷˑ̓ 
 
� ʅ· 4ǁŻ9 OcʀʝQ�ˈ��id�K R2Sĭĩ55G8g���8ɟ&�
��qu4ĭĩQė�ĉ0-Ż�ʀʝQȣɽ8ɟ&3Ǹ0-ǿæQ4�M.!̥

ą&-�+9Ż�ʀʝ̐̑QȚŉ&��K�'F R2SĭĩQæȉ&3��-�ˈ
��id8ʀʝ 10 mg� R2Sĭĩ 1 mL8Əȡ%NMǬ8ÛN�in���4
ƱƝ&-�ƱƝ&-ȭƌ4 24ɥĭ͂ʀʝ���u͊TPP͋8Əȡȓ 1 mLQɟ
&�ƾ&�ĭĩ8ƍK(-F8�30��108 rpm�˻ʆÙ�4 2ǅ̝ơɊĭ͂Q
ʸ0-�+9Ż�Δfla1141ʭÀɖɕȓQʁȢŮ 2 µg/mL57MJ�8ö�-�
C-��hsU�d�u���5&3ɶʿ&-��hX��QʁȢŮ 100 nM8
7MJ�8ö��z]sU�d�u���5&3MilliQǿQΔfla1141ʭÀɖɕ
ȓ5ɭ̑ö�-�+9Żʃǅɇ8�ɻ Ù�ɅÙgaw�Ǩåȹ 96ɥ���u͊ nunc͋
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8 10 µl9ĭĩQ:�L5L�1.1 mM ��{�� 10 µLQö��PHELIOS 
AB-2350͊ ATTO 8͋kqu&�50 mM KH2PO4͊ pH 7.9 1͋5.56 mM K3 [Fe (CN)6] 
180 µLQʣùæȉ&�10ɞ̝9ûńɅÙ̑QȚŉ&-� 
 
 
4-3͋VzʯçȪQȹ�-\��iȄɏ9ˇœ 
 
� 3˼̝ȷʜ&-VzʯQ 1 cm9̚%8îD�R2Sĭĩ 1 mLQÛN- 24ɥĭ
͂ʀʝ���u8ɟ&3�30��3ǅ̝�˻ ʆÙ�4̰ʑ&-�+9Ż�Δfla1141
ʭÀɖɕȓQʁȢŮ 10 µg/mL57MJ�8ö��30��16ǅ̝�˻ʆÙ�4ć
Ƅ%*-�z]sU�d�u���5&3MilliQǿQΔfla1141ʭÀɖɕȓ5ɭ
̑ö��ēǬ8ćƄ%*-�ćƄŻ��S���Ĥŉȓ͊ ̌̎:Yn{�� = 1 : 3͋
8 1ǅ̝ȑ&Ĥŉ&-Ż�100 mM Potassium phosphate buffer͊pH 8.0͋4�
ġȌȏ&�0.1% Tx�����QĖE 100 mM Potassium phosphate buffer
͊pH 8.0 4͋ 4ǅ̝Ǟʩ&-�ǞʩŻ�100 mM Potassium phosphate buffer͊ pH 
8.0͋4 3ġȌȏ&�ʵÙ̼ƀ̙ BX51͊ OLYMPUS͋4\��i9ȄɏQˇœ&
ƹQƹ�-� 
 

 
4-4͋VzÚɂ̞˻̇»ł9ɅȲ˕ŘˉǛ 
 
� ʅ· 4ǁŻ9Ocʀʝ9 R2SĭĩQ��qu4ė�å&�ƾ&� R2SĭĩQ
ɭ̑ö��ƾ&�ĭĩ8ƍK(-F8�30��108 rpm�˻ʆÙ�4 2ǅ̝ơɊ
ĭ͂Qʸ0-�2ǅ̝Ż�Δfla1141ʭÀɖɕȓQʁȢŮ 10 µg/mL57MJ�8
ö�-�C-�z]sU�d�u���5&3MilliQǿQΔfla1141ʭÀɖɕȓ
5ɭ̑ö�-�+9Ż�ʃǅɇ8�1 mL9ĭ͂ʀʝƏȡȓQØçLpq�4ġ
Ĉ& 1.5 mLp���8ÛN�ĭĩQĉL̥�-Ż�ȓÀɨɾ4âʄ&-�âʄ
&-ĭ͂ʀʝ�K9 Total RNA9ƛå: RNeasy Plant Mini kit͊ QIAGEN Q͋

ȹ�3ʸ��Nano drop͊SCRUM͋4 RNA9ȢŮQȚŉ&-�ƛå&- Total 
RNA:�Úɂ̞˻̇»ł4�MOsWRKY70�OsCht1�OsEDS1�OsNAC45

Þ̊ǮȜ5&3OsAct1Q+N,NȬɁɇ8ĵũ(M��V��kqu5
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GoTaq® 1-Step RT-qPCR Kit͊ Promega Q͋ȹ�- Real time RT-PCR8Ãȹ&
-�7��Real time RT-PCR: DNA Engine Opticon®2 System͊BIO-RAD͋
QÃȹ&3ʸ0-� 
 
�RT-PCR8ȹ�-��V��kqu� 
•OsWRKY70QȬɁɇ8ĵũ(M��V��kqu 
RT-OsWRKY70-F͊5’-GGCGTCTCGTCCTCCGGGTT-3’͋ 
RT-OsWRKY70-R͊5’-GTCGTAATCCAGCTGAACAA-3’͋ 
•OsCht1QȬɁɇ8ĵũ(M��V��kqu 
RT-riceCht1-F͊5’-TCTACACCTACGACGCCTTC-3’͋ 
RT-riceCht1-R͊5’-AGGAACGCGGCGACCTCGCG-3’͋ 
•OsEDS1QȬɁɇ8ĵũ(M��V��kqu 
RT-riceEDS1-F͊5’-TTCCTCGCCTCCTTCGGCGC-3’͋ 
RT-riceEDS1-R͊5’-GAATGGCCTGTGAATACAAT-3’͋ 
•OsNAC4QȬɁɇ8ĵũ(M��V��kqu 
RT-OsNAC4-F͊5’-AATCATCGCCGAGGTCGACC-3’͋ 
RT-OsNAC4-R͊5’-GGTCCCTCGGCGTGAAGAAG-3’͋ 
•OsAct1QȬɁɇ8ĵũ(M��V��kqu 
RT-riceActin-F͊5’-AGTGTCTGGATAGGAGGGTC-3’͋ 
RT-riceActin-R͊5’-GTGAACAATTGCTGGACCCG-3’͋ 
 
 
5͋Δfla1141 ʭÀɖɕȓ9âʄ�öȨ�J=̍ɾäȴ 
 
� n�~`ˣ 100 µgæ9Δfla1141ʭÀɖɕȓ81�3¸�9Ǭ7âʄ�öȨ�
Đ̍ɾäȴQʸ0-�âʄäȴ:�-80�4 18ǅ̝âʄ%*-�öȨäȴ:�95�
4 30æ̝öȨ&-�âʄC-:öȨäȴŻ8�10,000 g�4��60æ̝̃Ƃæ̫
4�ȗ5Ȅǻ8æ!�Ȅǻ:�ȗ5ɭ̑9MilliQǿ4ßƏȡ&3¸Ż9Ŋ̓8ȹ
�-�u��g�Ȓû:�Δfla1141ʭÀɖɕȓ5ɭ̑9 200 mM Tris-HCl͊pH 
8.5 Q͋ö��+#8 100 µg/mLu��g�ȝȓ͊ Trypsin͊ modified sequencing 
Grade, Roche͋25 µg, 20 mM CH3COOH 250 µL͋Q 4 µlö�3�K�37��
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18ǅ̝ćƄ%*-�RNaseäȴ5DNaseäȴ:�+N,N RNase-free DNase
͊QIAGEN G͋&�: Ribonuclease͊ DNase free͋͊Wako Q͋ 10 µLö��37�
4 1ǅ̝ćƄ%*-�Đ̍ɾäȴ9d�u���5&3�̍ ɾ9·PL8MilliQ
ǿQö�-G9Qȹ�-� 
 
 
6͋Q Sepharose ƜÀQȹ�-ų̦V[�°ƫ`��ua��U�8JM
ɶʿ 
 
� Q SepharoseTM Fast Flow͊ GE Healthcare͋9 50%i���Q 25 mLQ\�
�8×ĳ&�+#? 1 M NaOHQƜÀ9 10Í̑ö�ȍƆû%*-�%K8�Ɯ
À9 10Í̑9 200 mM Sodium phosphate buffer͊pH 7.0͋4Ūʺû&-�#
#8�Δfla1141ʭÀɖɕȓQȖö&�ėɏ%*-�Ǵ8�200 mM Sodium 
phosphate buffer͊pH 7.0 �͋200 mM Sodium phosphate buffer͊pH 7.0 ,͋ 100 
mM NaCl�200 mM Sodium phosphate buffer͊pH 7.0͋, 200 mM NaCl�200 
mM Sodium phosphate buffer͊pH 7.0͋, 300 mM NaCl�200 mM Sodium 
phosphate buffer͊ pH 7.0 ,͋ 400 mM NaCl�200 mM Sodium phosphate buffer
͊pH 7.0 ,͋ 500 mM NaClQƜÀ9 4Í̸̑Ǵö�M#54ȝåQʸ��̱ ėɏ

Ƚæ�200 mM Sodium phosphate bufferȽæ�100 mM NaClȝåȽæ�200 mM 
NaClȝåȽæ�300 mM NaClȝåȽæ�400 mM NaClȝåȽæ�500 mM NaCl
ȝåȽæQž-�+N,N9Ƚæ9n�~`ˣȢŮ: Pierce 660nm Protein 
Assay ReagentQȹ�3 BSA8JLÂʿ&-Ǩ̑ʋJLɯå&-� 
 
 
7 ¬͋ǴÖ̭ǾȊù8JMȍƆȽæ9æ̫5ˣ̑æǛˌQȹ�-n�~`ˣ
9ēŉ 
 
7-1͋¬ǴÖ̭ǾȊù 
 
� ǌGų�ÚɂćƄ˕ŘȍƆQǎ&3�- 300 mM NaClȝåȽæ9�/�n�
~`ˣ 800 µgæQ Amicon Ultra–10K͊ MILLIPORE 4̣͋ĺȣ˿Qʸ0-Ż�
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̃ƂȢʏǲ4¨Ĥ&-�Ȅǻ&-ȍƆȫˣQ�2DE sample buffer͊7 M Urea, 2 
M Thiourea, 0.5% Triton, 4% CHAPS, 100 mM DTT, 0.5% IPG buffer͊GE 
Healthcare͋͋ 50 µL8ȝˉ%*�Ōș4 10,000 rpm4 15æ̝̃Ƃ&3 ȝȫ
Q̥�-�Ȣʏ&- 300 mM NaClȝåȽæ8ĖCNMn�~`ˣQ¬ǴÖ̭Ǿ
Ȋù8J03æ̫(M-F�C)��ǴÖɋ9ɭ̭Ȥ̭ǾȊù͊ IEF Q͋ʸ0-�

ɭ̭Ȥ̭ǾȊù8Ãȹ(Mc�iu�q�͊ ImmobilineTM DryStrip pH 3-10, 13 
cm, GE Healthcare͋Q 5 mL9ʢȠ buffer͊Urea 3.63 g, Tiourea 1.52 g, 20% 
TritonX-100 1 mL, DTT 0.02 g, Pharmalyte͊ pH 3-10 for IEF, GE Healthcare ,͋ 
0.1 M acetic acid 0.25 mL, 0.1%͊w/v͋Orange G 0.25 mL, total vol. 10 mL͋9
Û0-ʢȠĠ8+N,N��kqu4ÛN�ɭ̭Ȥ̭ǾȊùʼʑ͊Cool Phore 
ster IPG-IEF Type-PX, Anatech͋8kqu&�20�4 8ǅ̝¸�ʢȠ%*-�
+9Ż�c�iu�q�ÉƞǚQkqu&-u�V8g�d�[V�QÛN�^

�n[��4 90ɞ̝ǰĕ�8&3ɩ33Áæ7ʢȠȓQ̥��c�iu�q�
QÉƞǚ89*-�̭ǪQĉL¶!-Ż�ˑƼıťȹȣɽ 3ǜ8f���9n�
~`ˣȝȓQǞD˰C*3c�iu�q�9̦ǪÓ89*-�f���ƚ%�T

nqp��u4+9ȣɽQĤŉ&-Ż�u�V8I0�Lg�d�[V�Qȉ 

#54ļǾ�K̅ƽ&�¸�9ȊùǗº83ɭ̭Ȥ̭ǾȊùQʸ0-� 
� ɭ̭Ȥ̭ǾȊùŻ�c�iu�q�81�-g�d�[V�QMilliQǿ¤4 1
ɞA6Ȍ�Ȏ&�5 mL9 SDSäȴȓ͊ Urea 3.63 g, DTT 0.05 g, 0.5 M Tris-HCl
͊pH 6.8 0͋.5 mL, 10% SDS 2 mL, 0.1%͊ w/v B͋PB 0.25 mL, 50%͊ v/v G͋lycerol 
5 mL, total vol. 10 mL͋9Û0-ʢȠĠ8ÛN3 30æ̝ȑ˷%*-�+9Ż�5 
mL9̉ÖT�^�ûćƄȓ͊Urea 3.63 g, Iodoacetamide 0.45 g, 0.5 M 
Tris-HCl͊ pH 6.8 0͋.5 mL, 10% SDS 2 mL, 0.1%͊ w/v B͋PB 0.25 mL, 50%͊ v/v͋
Glycerol 5 mL, total vol. 10 mL͋9Û0-ʢȠĠ8ÛN3 15æ̝ȑ˷%*-�
̉ÖT�^�ûäȴŻ�c�iu�q�9£ɫ9��ipq`̊æQçLʮ5&�

¬ǴÖɋ SDS-PAGEȹ9i��c�͊MilliQǿ 20 mL, 30% Aclylamid/Bis 
Solution 37.5:1 16.7 mL, 1.5 M Tris-HCl͊pH 8.8͋12.5 mL, 10% SDS 0.5 mL, 
50%͊v/v͋Glycerol 105 µL, TEMED 37.5 µL͋9�̊89*-�c�iu�q
�Q9*-i��c��̊8ŗÛȹT]��ic�͊SDSȊù}q�S� 100 
mL, T]��i 0.5 g, BPB ̄̑ 8͋J03c�iu�q�QĤŉ&-�+&3�

i��c�Q¬ǴÖɋ SDS-PAGEȹʼʑ͊ SE 600 Ruby Standard Dual Cooled 
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Vertical Unit, Amersham Biosciences͋8kqu&3Ȋù&-�C-�̭ǾȊù

8Ãȹ&-i��c�:ÂʿŻ8�̐ Ş&-ǿ̀ě�n{��͊ 1-�n{�� 50 

mL, MilliQǿ 10 mL Q͋MilliQǿ83Ȍȏ&�c�ÉŃȹȝȓ͊ 1.5 M Tris-HCl

͊pH 8.8͋500 mL, 10% SDS 20 mL, total vol. 2L͋8ȑ&-^��V�4țȠ

&-ȭƌ4áʳů8ÉŃ&�ÂʿŻ 6ǅ̝¸�ʃ˿&-G9QÃȹ&-� 

� �ǴÖɋɭ̭Ȥ̭ǾȊù͊IEF͋5¬ǴÖɋ SDS-PAGE9ȊùǗº:�ˎ8

ɚ&-� 

 

͑�ǴÖɋɭ̭Ȥ̭ǾȊù͊IEF͋ȊùǗº͒ 

    Gradient mode  

    �1-1V              500V, 250 mA, 200 W, 3:00 M(hr) 

    �1-2SG 500V, 2.0 mA, 7.0 W, 3:00 M(hr) 

    �1-3SV 3500V, 2.0 mA, 200 W, 3:00 M(hr) 

    �1-4SV 3500V, 2.0 mA, 200 W, 
(hr) 

 

͑¬ǴÖɋ SDS-PAGEȊùǗº͒ 

    Gradient mode  

    �2-1C              3500 V, 50 mA, 200 W, 5:30 M(hr) 

    �2-2 End 

 

 

7-2̖͋Ǟʩ 

 

� ¬ǴÖ̭ǾȊù8JLæ̫&-n�~`ˣQǞʩ(M-F�̖ǞʩQʸ0-�

̖Ǟʩ:̖Ǟʩ^qu�d�͊Wako͋Qȹ�3 1ǜ9c�81� 200 mLib

��4ʸ0-� 

� ¬ǴÖɋ SDS-PAGE ʁ©Ż�c�ǚ�Kc�iu�q�QĉLĺ&�+N,

N9c�QĤŉȓ 1͊ Methanol 100 mL, ̌̎ 20 mL, total vol. 200 mL �͋ 200 

mL9Û0-nq~�8ÛN�15æ̝IMH�8ơ5�&-�+9Ż�Ĥŉȓ 1

Qƣ33Ĥŉȓ 2͊Methanol 10 mL, ̌̎ ͍͏ mL, total vol. 160 mL͋Q 160 

mLȉ��15æ̝ơ5�&-�Ǵ8Ĥŉȓ 2Qƣ3�MilliQǿ 300 mLQȉ��
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5æ̝ơ5�&-�#NQ 3ġʐL˲&3üæ8Ȍȏ&-Ż�ǿQƣ33ĵƋȓ
͊ĵƋȓ 1 mL, MilliQǿ 199 mL͋Q 200 mLȉ��10æ̝ơ5�&-�ơ5
�Ż�ĵƋȓQƣ33MilliQǿ 300 mL4 5æ̝ơ5�&3Ȍȏ&�ǿQƣ3
3Ǟʩȓ͊ ǞʩȓA 10 mL, ǞʩȓB 10 mL, total vol. 200 mL 2͋00 mLQȉ��
Ƕɘ8 15æ̝ơ5�&-�ǞʩŻ�MilliQǿ 300 mL4 5æ̝ơ5�&3Ȍȏ
&�#NQ 3ġʐL˲&3üæ8Ȍȏ&-�ȌȏŻ�ǿQƣ33�ȲÕȓ͊ȲÕ
ȓ 10 mL, MilliQǿ 190 mL͋200 mLQȉ��̄Ů7ǞʩÕ�žKNMC4ơ
5�&-͊5æɠŮ �͋̄Ů7ǞʩÕ�žKN-K�ȲÕ¤9ȓ8̌̎Q 1 mLȖ
ö&3 3æ̝ơ5�&3ćƄQÑǵ%*-�ȲÕÑǵŻ�ȲÕȓQƣ33�MilliQ
ǿ 300 mL4 2æ̝Ȍȏ&-�#NQ 3ġʐL˲&3̖ǞʩQʁ©&-� 
 
 
7-3͋c�9çLå&5n�~`ˣ9c�ÞȒû��J=ƛå 
 
� ̖Ǟʩ4Ǟʩ%N-i�quQɌŹ 3�4 mm9c�Ȫ5&3çLå&�¿n
�~`ˣėɏȹ̃Ƃ�V`�p���͊ NIPPON GENE 8͋ÛN-�#N¸̢9

MSȚŉȹf���9˗ʿ9ƲÂ4ȹ�-ǿ:(@3HPLCȹʰȿǿQȹ�-�
c�Ȫ9Û0-p���8ʟ̖Ǟȓ͊30 mM K3[Fe(CN)6] 5 mL, 100 mM 
Na2S2O3, 5 mL͋Q 100 µLȖö&�Ōș4 10æ̝ơ5�%*-͊�p>M 
MODEL2330, WAKENYAKU �͋+9Ż�ʟ̖ǞȓQĉL̥��HPLCȹʰȿǿ
500 µLQö�3 10æ̝ơ5�&-�ʩɾ�Ɨ!-#5Qɘ˔&�HPLCȹTk
uxu��Q 100 µLö�3Ōș4 5æ̝ơ5�&3ʟǿƲÂQʸ0-�Tku
xu��QĉL̥��Șħ¨ȩĠ͊ CENTRIFUGUL CONCENTRATOR CC-105, 
TOMY͋4¨ȩ%*�ȝŁQ̥ą&-�¨ȩ%*-c�8 10 µg/mLu��g�
ȝȓ͊100 µg/mLu��g�ȝȓ 50 µL, 50mM NH4HCO3 450 µL͋Q 50 µLȖ
ö&�Ȁ�8 45æ̝̰ʑ&3c�Þ8u��g�ȝȓQĖC*-�+9Ż�Á
æ7u��g�ȝȓQĉL̥��37�4 16ǅ̝¸�ćƄ%*3n�~`ˣQȒ
û&-�u��g�ȒûŻ�c�Ȫ8 25 mM NH4HCO3Q 10 µLö�3Ōș4
10æ̝ơ5�&-�%K8�+#? 20 µL9HPLCȹTkuxu��Qö��
Ōș4 10æ̝ơ5�&-�p���9ȝȓQc�ȪQėP7�J�8ë9p�
��8ɟ&�Ǹ0-c�Ȫ9Û0-p���8 5% _̎Q 10 µLö�3Ōș4
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10æ̝ơ5�&-�%K8�+#? 20 µL9HPLCȹTkuxu��Qö��
Ōș4 10æ̝ơ5�&-�#9ȝȓQ�ˎ4u��g�Ȓû&3ƛå&-ȝȓ
Qɟ&-p���8ġĈ&-�Ǹ0-c�Ȫ9Û0-p���8 5%_̎Q 10 µL
ö�3ē'ƲÂQʸ��ȝȓQġĈ&-�3ġæ9ƛåȓQC5F-p���Q
Șħ¨ȩĠ͊ CENTRIFUGUL CONCENTRATOR CC-105, TOMY 8͋3¨ȩ%

*�ȝŁQ̥ą&-�+#?MSȹȝȓ͊5% _̎ 0.1 mL, HPLCȹTkuxu
�� 0.5 mL, HPLCȹʰȿǿ 4.4 mL͋Q 20 µLö��%K8HPLCȹʰȿǿ
Q 180 µLö�3Ŧ̏&-ȝȓQMSȚŉȹf���5&-�#9MSȚŉȹf
���QUltrafree MC\��͊MILLIPORE͋4 12,000 g4 4æ̝̃Ƃ&3ȣ
˿Qʸ��ȣ˿Ż9f���Q��ipq`f���}VT�͊SHIMADZU͋
8ÛN3ˣ̑æǛˌ9[�uf����8kqu&-� 
� ˣ̑æǛˌ8: LCMS-IT-TOF͊SHIMADZU͋9w{Y�`u�i���
NES-100V�n��X�iQȹ�-�C-�MSȚŉȹt�n9ˉǛ8: LCMS 
solution͊ SHIMADZU Q͋ȹ��žKN-n�~`ˣ9ēŉ:MASCOT Version 
2.2͊ MATRIX SCIENCE͋8JL�NCBI-nrt�n��iQȹ�3ʸ0-�MS
9ȚŉǗºC-:MASCOT9ǨɿǗº:¸�8ɚ&-˸L4�M� 
 
͑MSȚŉǗº͒ 
͑LC͒  
gis�d�u��� CBM-20A 
ȉÛf���̑ 50 �l 
��v Binary gradient 
͑MS͒  
V�n��X�i NanoESI 
t�nƥĉǅ̝ 65.00 min 
CDLșŮ 200.0� 
��u��q`șŮ 200.0� 
ǨåĠ̭ħ 1.7kV 
ʼʑ�xnșŮ 40.0� 
���sU �hsU� 
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͑MASCOTǨɿǗº͒ 
Database NCBInr 
Taxonomy All entries/rice 
Enzyme Trypsin 
Allow up to 1 missed cleavage 
Fixed Mods Carbamidomethyl(C) 
Variable Mods Oxidation(M) 
Protein Mass 0 kDa 
ICAT No 
Peptide Tol 0.050 Da 
MS/MS Tol 0.050 Da 
OverView Yes 
Report 50 

 
 
8͋A. avenae N1141 ʭǠ9 EF-Tu ̇»ł9̋èˉǛ 
 
8-1͋A. avenae N1141ʭǠ�K9c{�ƛå 
 
� PFȓÀĭĩ 5.0 mL8A. avenae N1141ʭǠi^���`ÉŃȓ5 µlQö��
30�4�ǇơɊĭ͂&-�ĭ͂ȓQ 15 mL�S�d�p���8ɟ&�4,000 g�
4�4 10æ̝̃Ƃæ̫Qʸ���ȗQ̥ą&�TE buffer 1 mL4ȄǻQƏȡ&�
500 µL)1QYq��p���8æȉ&-�+#8 10% SDS 15 mL�20 ng/mL 
��sVw�lK ȝȓ͊ Wako 1͋.5 µLQö�3˪ÎȕěQʸ��37�9YTV
�^���n�͊SHIMAZU͋4 1ǅ̝ćƄ%*-�ćƄŻ�Đp���8 5 M 
NaCl 50 µL�CTAB/NaCl͊CTAB 10 g, NaCl 4.1 g, total vol. 100 mL͋40 µL
Qö��65�9��u��q`4 10æ̝ćƄ%*-�ćƄŻ�ȝȓ5ɭ̑9�
X{��`�����VmT��T�d��Qö��˪ÎȕěQʸ��Ōș�

12,600 rpm4 5æ̝̃Ƃæ̫Qʸ0-�̃Ƃæ̫Ż�ǿŞQƾ&�Yq��p
���8ɟ&�ǿŞ9 1/10̑9 3 M CH3COONa5ɭ̑9 2-��~{��Qö
��˪ÎȕěQʸ0-�˪ÎȕěŻ�Ōș�13,000 rpm4 10æ̝̃Ƃæ̫&�
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�ȗQ̥ą&-�Ȅǻ8 70%Yn{�� 1 mLQö�3��iQʸ��Ōș�
13,000 rpm4 10æ̝̃Ƃæ̫&��ȗ9̥ąQʸ0-�Ǹ0-ȄǻQřīƀ̑
̃ƂȢʏǲ͊ WAKENYAKU 4͋Șħ¨ȩ&�TE buffer͊ 1 M Tris-HCl͊ pH 8.0͋
2 mL, 500 mM EDTA͊pH 8.0͋0.4 mL, total vol. 200 mL͋250 µLQö��Ȅ
ǻQȝˉ&-�#9ȝȓ8 1 mg/mL RNase A͊ NIPPON GENE 5͋ µLQö��
37�9YTV�^���n�4 1ǅ̝ćƄ%*-�#9ćƄȓ8ɭ̑9 PEGȝ
ȓ͊13% PEG 8000, 1.6 M NaCl͋Qö����qsU�a4ȕđ&�4�4 1ǅ
̝̰ʑQʸ0-�̰ʑŻ�4��13,000 rpm4 15æ̝̃Ƃæ̫&��ȗ9̥ą
Qʸ0-�Ȅǻ8 70%Yn{�� 1 mLQö�3��i&�4��13,000 rpm4
10æ̝̃Ƃæ̫&��ȗ9̥ąQʸ�ƲÂQ 2ġʸ0-�Ǹ0-ȄǻQȘħ¨ȩ
&�TE buffer 50 µLQö��ȄǻQȝˉ&-�ȝˉŻ�Nano dropQȹ�3�
DNA9ȢŮȚŉQʸ0-� 
 
 
8-2͋A. avenae N1141ʭǠ9 EF-Tu̇»ł9̋èˉǛ 
 
� A. avenae N1141ʭǠ9˱ʍɡ4�M Acidovorax avenae subsp. citrulli 

AAC00-19Üc{�̋èQĮ8�͎19 EF-Tu̇»ł͊GeneID: 4669330, 
4669847͋9�Ȏ5�Ȏ9¾ʑ8��V��QÂʿ&�A. avenae N1141ʭǠ9
c{�Qs����u5&3 PCRćƄ4ĵũQʸ0-�PCRȸȫ:T]��i
c�̭ǾȊù4ĵũQɘ˔&-�Ā�9}�v�ĵũ%N-#5�ɘ˔4�-ĵ

ũȸȫQ Exo-SAPäȴQʸ0-�Exo-SAPäȴQʸ0-ĵũȸȫQs����
u5&3fV`�g�`Y�ićƄQʸ��3130 Genetic Analyzer͊Applied 
Biosystems͋Qȹ�3̋èˉǛ&-�C-�PCRćƄ�J=fV`�g�`Y
�ićƄ:f���fV`��Gene Amp PCR system 9700͊Applied 
Biosystems͋Qȹ�3ʸ0-�¸̢9̋èˉǛ�J= PCRćƄ�fV`�g�
`Y�ićƄ8:ē'ǲĠQÃȹ&-� 
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�PCRćƄ8ȹ�-��V��kqu� 

•GeneID: 4669330͊EF-Tu-a1͋ 

4669330f165͊5’-TTGCAAAAGTTGCGCTTTCACAAG-3’͋ 

4669330r1615͊5’-CCCATGTGGCTCAGTGGTAGAG-3’͋ 

•GeneID: 4669847͊EF-Tu-a2͋ 

4669847f62͊5’-AGTAAGTACCACCCCTGTGT-3’͋ 

4669847r1518͊5’-GGATACGGATCTTTTGCTTGGA-3’͋ 

 

 

9͋GST-EF-Tu-a ɅȲ�`n�9Âʿ5ɅȲ EF-Tu-a n�~`ˣ9ɶʿ 

 

9-1͋EF-Tu-ȧ»ł9`��x�a 

 

� 8-2͋4žKN-͎19 EF-Tu-ȧ»ł̋è�KªƉ%NMT�{̎̋è�£
̇»ł̝4 100%�ʦ&3�M#5�ǄK�570--F�EF-Tu-a1̇»ł9 5’

ǓɫÓ8 BamHI�3’ǓɫÓ8 SalI9˔˜̋èQ¶ö(MJ�8ˏˌ&-��V
��Qȹ�3 A. avenae N1141ʭǠ9c{�Qs����u5&3 PCRćƄ4

ĵũQʸ0-�ȴ˘Ð5ē'ļ�%9ĵũȸȫQ Zero Blunt® PCR Cloning Kit

͊Invitrogen͋Qȹ�3 pCR-Blunt8�Vc�g��&�ļʠʭ͊DH5α͋8ŵ

ˣ˪ƫ&-�žKN-d�x�9�/ɋɇ9V�f�u�ʂD˰CN-�`n�

QG1ŵˣ˪ƫÀQ��i�v�8ŃĨ(M̋èQG58Âʿ&-��V��Q

ȹ�3d�x�PCR4̆Ɨ&-�#9d�x�Q 50 µg/mL KanamycinQĖE

LBȓÀĭĩQȹ�3 37���ǇơɊĭ͂&-�ļʠʭ�KQIAprep Spin 

Miniprep Kit͊ QIAGEN͋Qȹ�3��i�vQĀ̫&-�Ā̫&-��i�v

Q BamHI-EFTu*-SalI/pCR Blunt5Ĕ¶!-� 

 

�EF-Tu-ȧ»ł9ĵũ8ȹ�-��V��kqu� 

BamHI-1141EFTupGEXF 

͊5’-ggatccGCAAAAGGTAAGTTCGAACGTACC-3’͋ 

SalI-1141EFTu*pGEXR 

͊5’-gtcgacTCAGGCAATGATCTTGGCCAC-3’͋ 
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�d�x�PCR8ȹ�-��V��kqu� 
pBCSK-F͊5’-TGACGTAGATGCCGTGCTGGGACA-3’͋ 
pBCSK-R͊5’-GGCGACGACGTCTTCGGCGACG-3’͋ 
 
 
9-2͋GST-EF-Tu-aɅȲ�`n�9Âʿ 
 
� BamHI-EFTu*-SalI/pCR Blunt5 pGEX-6P-3Q BamHI5 SalI4ȒûŻ�
T]��i̭ǾȊù4æ̫&�BamHI-EFTu*-SalI/pCR Blunt:V�f�ů
æQ�pGEX-6P-3:�`n�̊æQ QIAquick Gel Extraction Kit͊QIAGEN͋
Qȹ�3c��KDNAQƛå&-�ƛå&- BamHI-EFTu*-SalIQ
Ligation-Convenience Kit͊NIPPON GENE͋Qȹ�3 pGEX-6P-35�Vc�
g��ćƄQʸ0-��`n�5V�f�u9��Ǽ:�J+ 1͐ 104ʸ��16�
4 5æ̝ćƄŻ�ļʠʭ͊DH5α͋8ŵˣ˪ƫ&-�ɋɇ9�`n�QG1ŵˣ
˪ƫÀ: EF-Tu-ȧ»ł9ĵũ8ȹ�-��V��kquQȹ�3d�x�
PCR4̆Ɨ&-�PCRȸȫ:T]��ic�̭ǾȊù8JL+9ļ�%Qɘ˔
&�Ƕ&�ĵũƽȪ̚��0-`���Q 50 µg/mL AmpicillinQĖE LBȓÀ
ĭĩ8ǧʭ&�37�4�ǇơɊĭ͂&-�Âʿ&-��i�vQ
BamHI-EFTu*-SalI/pGEX-6P-35Ĕ¶!-� 
 
 
9-3͋GST-EF-Tu-an�~`ˣ9ɅȲɘ˔ 
 
� 9-2͋4Âʿ&- BamHI-EFTu*-SalI/pGEX-6P-3Qn�~`ˣɅȲȹļʠʭ
BL21(DE3)8ŵˣ˪ƫ%*-�ēǅ8 pGEX-6P-3Gŵˣ˪ƫQʸ0-�ȷ'-
d�x�Q�pGEX-F primer5 pGEX-R primerQȹ�-d�x�PCR8J0
3�ŵˣ˪ƫ9ɘ˔Qʸ0-�PCRȸȫ:T]��ic�̭ǾȊù8JL+9ļ
�%Qɘ˔&�Ƕ&�ĵũƽȪ̚��0-`���Q 50 µg/mL AmpicillinQĖ
E LBȓÀĭĩ8ǧʭ&�37�4�ǇơɊĭ͂&-�#9ðĭ͂ȓQ 50 µg/ml 
AmpicillinQĖE LBȓÀĭĩ 1 L8 1 mLö��O.D.600� 0.6¶˱87MC4
37�4ơɊĭ͂&-�O.D.9Țŉ: SmartSpec Plus Spectrophotometer
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͊BIO-RAD Q͋ȹ�3Țŉ&-�O.D.600� 0.6¶˱8́&-K�ʁȢŮ� 0.1 mM
57MJ�8 100 mM IPTGQȖö&�37�4 3ǅ̝ơɊ&3ɅȲ˕ŘQʸ0-�
#9ǅ�ɅȲɘ˔ȹ8 IPTGQö�7�ļʠʭGȹƊ&-�ĭ͂Ż�6,000 rpm
4 20æ̝̃Ƃæ̫æ̫Qʸ��ġĈ&-ʭÀQ PBS͊NaCl 1.64 g, KCl 0.04 g, 
Na2HPO4 0.72 g, KH2PO4 0.05 g,͊pH 7.8͋total vol. 200 mL͋10 mL4ßƏȡ
&�˦̵Ȉɖɕǲ͊UD-201͐TOMY͋4 1æɖɕ͊OUT PUT : 4 �͍͋æȀáQ
10ġʸ0-Ż�10,000 g�4�4 60æ̝̃Ƃæ̫&-�ɖɕ�ȗ5ɭ̑9 PBS
4ȄǻQƏȡ&-�ɋɇn�~`ˣ9ɅȲ:�SDS-PAGE5 CBBǞʩ4ɘ˔&
-���oi��xi��̭ǾȊùǭ͊ ATTO 8͋Ś̑9 SDSȊù}q�S�͊ Tris 
3 g, SDS 1 g, Grycine 14.4 g, total vol. 1 L͋Qȑ&��xi��c�Âʿ^qu
͊ATTO͋4Âʿ&-c�͊[10%æ̫c�: MilliQǿ 3 mL, 30% Aclylamid/Bis 
Solution 37.5:1͊ BIO-RAD  ͋ 3.75 mL, 1.5 M Tris-HCl͊ pH 8.8  ͋ 2.25 mL, 10% 
SDS 0.1 mL, 10% APS 50 µL, TEMED 5 µL], [Ȣʏc�: MilliQǿ 1.8 mL, 30% 
Aclylamid/Bis Solution 37.5:1 0.45 mL, 0.5 M Tris-HCl͊ pH 6.8  ͋ 0.75 mL, 10% 
SDS 0.02 mL, 10% APS 25 µL, TEMED 5 µL]͋Qkqu&�100 Vŉ̭ħ4 2
ǅ̝̭ǾȊùQʸ0-���\�: APRO-Marker Low range (APRO)QÃȹ&
-�SDS-PAGEŻ9T`��T�vc�Q CBBǞʩȓ͊CBB-R250 0.5 g, 
Methanol 100 mL, Acetic acid 10 mL, MilliQǿ 200 mL͋8ȑ&�1ǅ̝ƱƝ
&-Ż�ʟʩȓ͊Methanol 250 mL, Acetic acid 55 mL, MilliQǿ 250 mL͋8
c�Qɟ&-�n�~`ˣ9}�v�Ǩå4�MJ�870-K�MilliQǿ8c
�Qɟ&ʟʩȓQ̥�-� 
 
 
�d�x�PCR8ȹ�-��V��kqu� 
pGEX-F primer͊5’-GGGCTGGCAAGCCACGTTTGGTG-3’͋ 
pGEX-R primer͊5’-CCGGGAGCTGCATGTGTCAGAGG-3’͋ 
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9-4͋ɅȲ EF-Tu-an�~`ˣ9ɶʿ 
 
� Glutathione Sepharose™ 4B͊ GE Healthcare 9͋ 50%i���Qƃ˂̑ĉL�
300 g�5æ̝9̃Ƃæ̫Qʸ���ȗQ̥ą&-�ƜÀ9 5Í̑9 PBS4Əȡ
&�300 g�5æ̝9̃Ƃæ̫Qʸ0-�#9ÂǩQ 4ġʐL˲(#54�ƜÀQ
Ūʺû%*�ǌŻ8ƜÀ5ɭ̑9 PBSQö�3Əȡ(M#54�50 %i���
5&-�ɋɇn�~`ˣQɅȲ&-ļʠʭ9ɖɕ�ȗ8�Ūʺû&-Glutathione 
Sepharose™ 4B9 50 %i���QȖö&�4�4 16ǅ̝�˪Îȕě%*-�+
9Ż�4��500 g�5æ̝9̃Ƃæ̫Qʸ���ȗQ̱ėɏȽæ5&3ġĈ&-�
Ǵ8�ƜÀ8 5Í̑9 PBSQö�3 4�4 10æ̝˪Îȕě%*�4��500 g�
5æ̝9̃Ƃæ̫8JL�ȗQȌȏȽæ 15&3ġĈ&-�#9ƲÂQ 2ġʐL
˲&�ȌȏȽæ 2�3QġĈ&�ƜÀQȌȏ&-�Ǵ8�ƜÀ8 5Í̑9 PreScission 
Protease Buffer͊ Tris 181.9 mg, NaCl 263 mg, DTT 2.3 mg, 0.5 M EDTA 30 µL,
͊pH 7.5 t͋otal vol. 30 mL Q͋ö�3 4�4 10æ̝˪Îȕě%*�4��500 g�
5æ̝9̃Ƃæ̫8JL�ȗQ̥ą&-�#9ƲÂQ 2ġʐL˲&-Ż�ƜÀ5
ɭ̑9 PreScission Protease Buffer5ƜÀ9 1/10̑9 PreScission Protease
͊GE Healthcare͋Qö�3�4�4 18ǅ̝˪Îȕě%*�+#8ƜÀ9 4Í̑
9 PreScission Protease BufferQö� 4��500 g�5æ̝9̃Ƃæ̫8JL�ȗ
QȝåȽæ 15&3ġĈ&-�%K8�ƜÀ9 5Í̑9 PreScission Protease 
BufferQö� 4��500 g�5æ̝9̃Ƃæ̫8JL�ȗQȝåȽæ 25&3ġĈ
&-�G��Ů#9ƲÂQʸ��ȝåȽæ 3QġĈ&-�#9ǅ�GST9DQɅ
Ȳ(MļʠʭGē'ƲÂQʸ0-�#NK9ĐȽæQ SDS-PAGE5 CBBǞʩQ
ʸ��ɅȲ EF-Tun�~`ˣ9ɶʿŮQɘ˔&-� 
 
 
10͋Ɩ EF-Tu-a ƖʷȗQȹ�- A. avenae 9Ɛȧī EF-Tu-a 9Ǩå 
 
� SDS-PAGEŻ9T`��T�vc�5ȣɽ͊Extra thick blot paper, 
BIO-RAD͋2ǜ�xu�k���iʡ͊Protran® BA 85, GE Healthcare͋Q˪
à}q�S�͊ Tris 1.5 g, SDS 0.25 g, Glycine 7.5 g, Methanol 100 mL, total vol. 
1 L͋8 15æ̝ȑ&-�TRANS-BLOT® SD SEMI-DRY TRANSFER CELL
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͊BIO-RAD͋8ȣɽ�xu�k���iʡ�T`��T�vc��ȣɽ9̸8̐
Ş&3 10 Vŉ̭ħ4 90æ��qsU�aQʸ0-���qsU�aŻ�xu�
k���iʡQ TBST͊ Tris 2.42 g, NaCl 8.8 g, Tween-20 500 µL, HCl [pH 7.8], 
total vol. 1L 4͋ 5æ̝Ȍȏ&���q^�a}q�S�͊ 5͉ Skim milk, TBST 
25 mL͋4��q^�aQʸ0-�1ǅ̝Ż���q^�a}q�S�Q̥��
TBST4 5æ̝ȌȏQ 3ġʸ0-�ȌȏŻ�Ɩ EF-Tu-aƖʷȗQ TBST4 1,000
ÍŦ̏&-�ǴƖÀȓ 10 mL8xu�k���iʡQȑ&�Ōș4 1ǅ̝ơɊ
%*-�1ǅ̝Ż���hX��ƖÀŦ̏ȓQ̥��TBST4 5æ̝ȌȏQ 5ġ
ʸ0-�ȌȏŻ�¬ǴƖÀ͊ Anti-Rabbit IgG (H+L-chain) (Goat IgG/Fab’), MBL͋
Q TBST4 2,000ÍŦ̏&-¬ǴƖÀȓ8xu�k���iʡQȑ&�30æơ
Ɋ%*-�30æŻ�¬ǴƖÀȓQ̥��TBST4 5æ̝ȌȏQ 3ġʸ0-�+9
Ż�ECL plus Western Blotting Detection System͊GE Healthcare͋Qȹ�3
EF-TuQǨå&-� 
 
 
11͋A. avenae 9Ɛȧī EF-Tu-a 9ˣ̑æǛ 
 
� Q SepharoseTM Fast Flow4æ̫&- 300 mM NaClȝåȽæQ ZipTip
͊MILLIPORE͋4ʟĲ&�MSȝȓ͊0.1% TFA, 50% CH3CN͋4ȝˉ%*�
ɭ̑9�u�q`iȝȓ͊0.1% TFA, 50% CH3CN, 10 mg/mL Sinapinic acid͋
5ȕđ&-�#9�/ 2 µLQn�cqu8T��V&�̾¨&-�+9Ż�
MALDI-TOF MS͊ SpiralTOFTM JMS-S3000, JEOL Q͋ȹ�3 Linear�Positive
��v4æǛ&-� 
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ɬ�ɪ� ʄǝ  

 
 
1͋A. avenea ��hX��ǳƮ N1141 ʭǠ9ʭÀɖɕȓ8JMVz9
PTI ˕Ř 
 
� A. avenae N1141ʭǠ�K��hX��¸ĺ9ƾ-7 PAMPQēŉ(M-F
8�Vz9 PAMP5&3ǲʞ(M��hX��9̇»łQǳƮ%*-Δfla1141
ʭÀ9ɖɕȓ8 PAMPȍƆ�ŃĨ(M�6��Q˗@-� 
� Δfla1141ʭǠQ˦̵Ȉ4ɖɕ&�ɖɕȫQ 10,000 g�1ǅ̝9̃Ƃæ̫Qʸ�
#54�Δfla1141ʭÀɖɕȓQž-�n�~`ˣȢŮ 2 µg/mL57MJ�8
Δfla1141ʭÀɖɕȓQVzĭ͂ʀʝ8äȴ&�Ʌȷ(MȍƆ̎ɾQ��{��4
Țŉ&-5#O�äȴŻ 30æ4z]sU�d�u���9ɼ 2Í�äȴŻ 1ǅ
̝4ǿäȴ9ɼ 3Í9ȍƆ̎ɾ9Ʌȷ�˔FKN-�+9Ż�#9ȍƆ̎ɾ9Ʌ
ȷ̑:ż�8ȘŚ&�äȴŻ 3ǅ̝4ɼ 2ÍɠŮ9Ʌȷ̑570-͊ Figure 1 �͋ 
� Ǵ8�PTI9 114�M\��i9Ȅɏ81�3˗@-�VzʯçȪ8n�~
`ˣȢŮ 10 µg/mL57MJ�8Δfla1141ʭÀɖɕȓQäȴ&�16ǅ̝Ż9\�
�i9ȄɏQTx�����4Ǟʩ&�ˇœ&-�+9ʄǝ�ǿäȴ&-Vzʯ

çȪ8Ǽ@3Δfla1141ʭÀɖɕȓäȴ&-VzʯçȪ4ɼ 90Í9\��i9Ȅ
ɏ�˔FKN-͊Figure 2 �͋ 
� C-�n�~`ˣȢŮ 10 µg/mL57MJ�8Δfla1141ʭÀɖɕȓQäȴ&-
Vzĭ͂ʀʝ�Käȴ 1�3�6ǅ̝Ż8 RNAQƛå&�real time RT-PCR4Ú
ɂ̞˻̇»ł9ɅȲ81�3˗@-�+9ʄǝ�PTI̞˻̇»ł4�M
OsWRKY705OsEDS1̇»ł9ɅȲ̑�äȴ 1�3ǅ̝Ż8�ǃ(M#5�˔
FKN-�%K8�ē'� PTI̞˻̇»ł4�MOsCht1̇»ł9ɅȲ̑Gäȴ
6ǅ̝Ż8ĵö&3�-��ƿ�ETIćƄ4�M˿ƷƋʀʝǷQíſ(M˪àĢ
ł5&3ēŉ%N-OsNAC4̇»ł9ɅȲ̑:69ǅ̝8��3GĹû&7�
0-͊Figure 3 �͋ 
� #NK9#5�K�Δfla1141ʭÀɖɕȓ8:Vz9 PTI˕ŘȍƆ��M#5
�ǄK�570-�C-�ȍƆȚŉ8ȹ�-ʭÀɖɕȓ:���hX��QǳƮ
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&3�MʭÀ�K˗ʿ&3�M#5�K�#9 PAMPȍƆ:��hX��5:
Ɂ7Mȫˣ4�M#5�ɚ%N-� 
 
 
2͋Δfla1141 ʭÀɖɕȓ8ĖCNM PAMP ȍƆȫˣ9ȬƁˉǛ 
 
� Δfla1141ʭÀɖɕȓ8:��hX��¸ĺ9 PAMPȍƆȫˣ�ŃĨ(M#5
�ɚ%N--F�#9ȍƆȫˣ9ȬƁQ˗@M#58&-� 
� C)�#9ȫˣ9ȨņŉƆQ˗@M-F�Δfla1141ʭÀɖɕȓQ 95�4öȨ
äȴ& PAMPȍƆQ˗@-�#9Ǭ7�öȨäȴQʸ0-5#O�Ȅǻ�ȷ'
--F�̃ Ƃæ̫Qʸ03�ȗ5Ȅǻ8æ!�Ȅǻ8:�ȗ5ɭ̑9MilliQǿ4
ƏȡŻ�+N,NʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�+9
ʄǝ�95�9öȨäȴŻ9�ȗQäȴ&-Vzĭ͂ʀʝ4:�äȴŻ 1ǅ̝4ȍ
Ɔ̎ɾ9Ʌȷ���`57L�#9ǅ9ȍƆ̎ɾ̑:z]sU�d�u���8

Ǽ@3ɼ 4.5Í4�M#5�ɚ%N-��ƿ�95�9öȨäȴŻ9ȄǻQäȴ&
-Vzĭ͂ʀʝ4:�äȴ 1ǅ̝Ż8:ǿäȴ8Ǽ@3ɼ 8Í9ȍƆ̎ɾ9Ʌȷ
�˔FKN�äȴ 2ǅ̝Ż�KȍƆ̎ɾ9Ʌȷ̑:ȘŚ&-͊ Figure 4 �͋#9#
5�K�Δfla1141ʭÀɖɕȓ8ŃĨ(M PAMPȍƆȫˣ8:�Ȩäȴ8J03
Ȅǻ(M PAMPȍƆȫˣ5Ȅǻ&7� PAMPȍƆȫˣ�ŃĨ(M#5�ɚ%N
-�C-�6/K9 PAMPȍƆȫˣGȨäȴ8J03+9ȍƆ:ĿPN7�#
5GǄK�570-� 
� Ǵ8�Δfla1141ʭÀɖɕȓQ-80�4âʄ%*-Ż�ßˉâ&�+9ȍƆ8Ĺ
û��M9�6��Q˗@-�#9Ǭ7âʄäȴQʸ0-5#O�Ȅǻ�ȷ'-

-F�̃ Ƃæ̫Qʸ03�ȗ5Ȅǻ8æ!�Ȅǻ:�ȗ5ɭ̑9MilliQǿ4Əȡ
Ż�+N,NʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�+9ʄǝ�
-80�9âʄäȴŻ9�ȗQäȴ&-Vzĭ͂ʀʝ4:�z]sU�d�u���
4�Mǿäȴ5ē'��Ü�ȍƆ̎ɾ9Ʌȷ�˔FKN7�0-��ƿ�-80�9
âʄäȴŻ9ȄǻQäȴ&-Vzĭ͂ʀʝ4:�äȴ 1ǅ̝Ż8ǿäȴ8Ǽ@3
ɼ 4Í9ȍƆ̎ɾ9Ʌȷ�˔FKN-͊Figure 5 �͋#NK9#5�K�PAMP
ȍƆȫˣ:âʄ8J03Ȅǻ(Mȫˣ4�L�Ȅǻ8703G+9 PAMPȍƆ
:Éƞ%NM#5�ǄK�570-� 
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� Ǵ8�#9 PAMPȍƆȫˣ�n�~`ˣ4�M�Q˗@M-F8�Δfla1141
ʭÀɖɕȓQu��g�4Ȓû&-Ż�Vzĭ͂ʀʝ8äȴ&ȍƆ̎ɾ9Ʌȷȍ

Ɔ81�3˗@-�u��g�Qö� 37�4 18ǅ̝äȴ&-Δfla1141ʭÀɖɕ
ȓ5z]sU�d�u���5&3u��g�9·PL8ǿQö� 37�4 18ǅ
̝äȴ&-Δfla1141ʭÀɖɕȓQ+N,NʁȢŮ 10 µg/mL57MJ�8Vzĭ
͂ʀʝ8ö�-�+9ʄǝ�u��g�4Ȓû&-Δfla1141ʭÀɖɕȓQäȴ&
-Vzĭ͂ʀʝ4:ȍƆ̎ɾ9Ʌȷ�˔FKN7�0-�5#O��z]sU�

d�u���5&3 37�4 18ǅ̝Ƶʑ&-ʭÀɖɕȓQäȴ&-Vzĭ͂ʀʝ
4GȍƆ̎ɾ9Ʌȷ�˔FKN7�0-͊Figure 6 �͋#9#5:�Δfla1141ʭ
Àɖɕȓ¤Q 37��18ǅ̝äȴ(M5 PAMPȍƆȫˣ�Ŀȍ(M#5�ǄK�
870-� 
� Δfla1141ʭÀɖɕȓQ 37�4äȴ(M#54ȍƆ�ĿPN-#5�K�
Δfla1141ʭÀɖɕȓ¤8: PAMPȫˣQæˉ(M̍ɾ�ĖCN3�MČʞƆ�
�M5ʗ�-�+#4�Δfla1141ʭÀɖɕȓ¤9 PAMPȍƆ� 95�9öȨäȴ
8J03Gʇƞ%NM#5�ǄK�5703�-94�Δfla1141ʭÀɖɕȓ¤9
PAMPȍƆȫˣQæˉ(M̍ɾQĿȍ%*M-F8 95�9öȨäȴŻ�̃Ƃæ
̫&-�ȗ8Ŗ&3ßŮu��g�ȒûQʸ�#58&-�#9äȴQʸ0-

Δfla1141ʭÀɖɕȓQʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8ö�-5#
O�Vzĭ͂ʀʝ8Ŗ(MȍƆ̎ɾ9ɅȷʞQĿ03�-��ƿ�ȨäȴŻ�u

��g�ȒûQʸ03�7�Δfla1141ʭÀɖɕȓQäȴ&-Vzĭ͂ʀʝ4:�
äȴ 1ǅ̝Ż8:ǿäȴ8Ǽ@3ɼ 4.5Í9ȍƆ̎ɾ9Ʌȷ�˔FKN-
͊Figure 7 �͋#9#5�K�öȨäȴ&-Δfla1141ʭÀɖɕȓ9�ȗ8:Ȩä
ȴ4GȄǻ&7�n�~`ˣƆ PAMP�ŃĨ&3�M#5�ɚ%N-� 
� Ǵ8�#9�ȗ8ŃĨ(Mn�~`ˣƆ PAMP�DNase5 RNase8J03
Ŀȍ(M�6��Q˗@-�95�9öȨäȴ&-Δfla1141ʭÀɖɕȓQ 37�4
1ǅ̝ DNaseäȴ&�ʁȢŮ 10 µg/mL57MJ�8ö�-Vzĭ͂ʀʝ4:�
äȴ 1ǅ̝Ż4ǿäȴ8Ǽ@3ɼ 6Í�äȴ 1.5ǅ̝Ż4ǿäȴ9ɼ 7Í9ȍƆ
̎ɾ9Ʌȷ�˔FKN-�C-�DNaseǒäȴ9Δfla1141ʭÀɖɕȓQʁȢŮ
10 µg/mL57MJ�8ö�-Vzĭ͂ʀʝ4:�äȴ 1ǅ̝Ż4ǿäȴ8Ǽ@
38Í�äȴ1.5ǅ̝Ż4ǿäȴ9ɼ7Í9ȍƆ̎ɾ9Ʌȷ�˔FKN-�͊Figure 
8 �͋%K8�95�9öȨäȴ&-Δfla1141ʭÀɖɕȓQ 37�4 1ǅ̝ RNase
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äȴ&�ʁȢŮ 10 µg/mL57MJ�8äȴ&-Vzĭ͂ʀʝ4:�äȴ 1ǅ̝

Ż4ǿäȴ8Ǽ@3ɼ 10Í�äȴ 1.5ǅ̝Ż4ǿäȴ9ɼ 6Í9ȍƆ̎ɾ9Ʌ

ȷ�˔FKN-͊Figure 9 �͋DNaseH RNaseäȴ8J03Δfla1141ʭÀɖɕ

ȓ8JMȍƆ̎ɾɅȷ˕Řʞ�¿�&7�0-#5�K�Δfla1141ʭÀɖɕȓ8

ĖCNMn�~`ˣƆ PAMPȫˣ:�DNaseH RNase8Ŗ&3ʙƆ��M#5

�ɚ%N-� 

 

 

3͋Q Sepharose ƜÀQȹ�-ų̦V[�°ƫ`��ua��U�8JM

PAMP ȍƆȫˣ9ɶʿ 

 

� ȬƁˉǛQʸ0-ʄǝ�Δfla1141ʭÀɖɕȓ¤8:n�~`ˣƆ9 PAMPȍ

Ɔȫˣ�ŃĨ(M#5�ǄK�570-�+#4�#9 PAMPȍƆȫˣQ�̦

V[�°ƫ`��ua��U�Qȹ�3ɶʿ(M#55&-�Δfla1141ʭÀɖɕ

ȓQ 200 mM Sodium phosphate buffer͊ pH 7.0͋4Ūʺû&-Q SepharoseƜ

À8ö�3ėɏ%*�NaClȢŮQĄ̊́ɇ8�ǃ%*-isq��VjȝåQʸ

0-�ĐȢŮ9NaClȝåȽæQVzĭ͂ʀʝ8äȴ&ȍƆ̎ɾɅȷˑ̓Qʸ��

äȴ 1ǅ̝Ż9ȍƆ̎ɾ̑Q+N,NȚŉ&-�z]sU�d�u���5&3

ȝåȓ.!Qäȴ&-Vzĭ͂ʀʝ49Ʌȷ̑Q 15&3ĐȽæ9ȍƆ9ɍŖÐ

Qɯå&-5#O�300 mM NaClȝåȽæ8ɼ 3Í9ȍƆ̎ɾ9Ʌȷ�˔FK

N-͊Figure 10 �͋+#4�C):ȝåȽæ9¤4GǌGų�ȍƆQɚ&- 300 

mM NaClȝåȽæQ#N¸̢9ɶʿ8ȹ�M#58&-� 

 

 

4 ¬͋ǴÖ̭ǾȊù8JMȍƆȽæ9æ̫5ˣ̑æǛˌQȹ�-n�~`ˣ

9ēŉ 

 

� Ǵ8�300 mM NaClȝåȽæQ̣ĺȣ˿4Ȣʏ�ʟĲ&�n�~`ˣ 800 µg

æQɭ̭Ȥ̭ǾȊù5 SDS-PAGE8JM¬ǴÖ̭ǾȊù4æ̫&�̖ǞʩQʸ

0-�+9ʄǝ�pI 4�K 8�æł̑ 25 kDa�K 45 kDa9ɱģ8¥˂7i�

qu5&3 9Ì9i�qu�žKN-͊Figure 11 �͋#NK9i�quQc��
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KçLå&3�u��g�Qȹ�3 in gelȒûQʸ0-Ż�c��K��pvQ
ƛå&3��pv�i�U�]����sU�aȇQȹ�3Đi�qu8ĖCN

Mn�~`ˣQƨŉ&-�ƨŉ9-F9m�u:MASCOTQÃȹ&�Ǩɿ(M
t�n��i:NCBI nrQÃȹ&-�MASCOTǨɿ:Üȷȫɡ͊All entries͋
QŖ˞8ʸ��ǨɿǗºQ Significance threshold [p < 0.05]8ˏŉ&3�L�+
N,N9t�n8��3ǎƊ7idTÞ4n�~`ˣ9ƨŉQʸ0-�+9ʄǝ�

Spot No. 1:iu��uu�g�Qöǿæˉ(M Isochorismatase hydrolase5
ƨŉ%N-�Spot No. 2:ăǡȷȫ9�S�hH��i�v8Ŗ(MȰžÚɂǲ
ǫ8̞¡(M�S���n�~`ˣCRISPR-associated protein, Csd2 family5
ƨŉ%N-�Spot No. 35 Spot No. 4:�a�n��ȷđƐ8̞PM Type I 
glutamine synthetase5ƨŉ%N-�Spot No. 55 Spot No. 6:Hypothetical 
protein AcavDRAFT_35455ƨŉ%N-�Spot No. 7:g�Vywjw8Ŗ&3
PAMP5&3ǲʞ(M#5�įĘ%N3�Mʖː½̚Ģł4�M Translation 
elongation factor Tu͊EF-Tu͋5ƨŉ%N-�C-�Spot No. 85 Spot No. 9
:δ-aminolevulinic acid dehydratase5ƨŉ%N-͊Table 1 �͋ 
 
 

5͋ A. avenae N1141 ʭǠ9 EF-Tu ̇»ł9̋èˉǛ 
 
� #NC48įĘ%N- PAMP:�Ļ�9ɃăÀ�Ý˸4ƞ15��#55�
ǼˬɇĻ̑8ŃĨ(Mȫˣ4�M5��#5�ɒKN3�M�+#4�PAMP5
&39#9Ǭ7ȬƁQƨŉ%N- 6ɡ̽9n�~`ˣ8Ŵ3:F3ʗ�M5�
EF-Tu�ǌG PAMP5&3ǲʞ(MČʞƆ�̈́�5ʗ�-�+#4�:'F8
EF-Tu�Vz8Ŗ(M PAMP5&3ǲʞ(M�6��Q�ɅȲ EF-Tun�~`
ˣQÂʿ&3˗@M#58&-�ɅȲ EF-Tun�~`ˣQÂʿ(M8�-03�
A. avenae N1141ʭǠ9 EF-Tu̇»ł̋è�ƃ˂57M�+#4�A. avenae 
N1141ʭǠ9 EF-Tu̇»ł̋èQǄK�8(M#58&-�C)�A. avenae 
N1141ʭǠ9c{�̋è�ǄK�5703�7�0-94�c{�̋è�ǄK�
5703�M˱ʍɡA. avenae subsp. citrulli AAC00-19c{�̋è�KEF-Tu
̇»łQƦɿ&-�+9ʄǝ�A. avenae subsp. citrulli AAC00-19c{�8:
219 EF-Tu̇»ł͊GeneID: 4669330, 4669847͋�ŃĨ(M#5�ǄK�5
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70-�+#4�#NK9̇»ł9�Ȏ5�Ȏ9¾ʑ8+N,N9̇»łQȬɁ

ɇ8ĵũ(M��V��Qˏˌ&�A. avenae N1141ʭǠ9c{�Qs����

u5&3 PCRQʸ0-�T]��i̭ǾȊù4ĵũȸȫQɘ˔&-ʄǝ�6/

K9��V��kquQȹ�- PCR8J03Gɼ 1,500 bp9¾ʑ8Ā�9}�

v�˃KN-94�#NK9 PCRȸȫ9̋èQ+N,NˉǛ&-5#O�6/

K9ĵũȸȫG A. avenae subsp. citrulli AAC00-19 EF-Tu̇»ł5ɍēƆ9
̈́�̋èQǎ(M#5�ɚ%N-�+#4�#NKQ A. avenae N1141ʭǠ9

EF-Tu̇»ł͊EF-Tu-a1�J= EF-Tu-a2͋5&-�#NK 219 EF-Tu-ȧ
»ł9DNA̋èQǼˬ(M5 4\Ƒ9ʑƫ�ŃĨ&-��+NK:(@3ēʕ

ʑƫ4�0-͊Figure 12 �͋+#4�ɅȲn�~`ˣ9Âʿ8: EF-Tu-a1̇»
ł9ĲĮ̋èQȹ�M#58&-� 

 

 

6͋GST-EF-Tu-a n�~`ˣ9ɅȲɘ˔ 

 

� ɅȲEF-Tu-an�~`ˣQÂʿ(M-F8�A. avenae N1141ʭǠ9EF-Tu-a
̇»łQGSTʶđn�~`ˣɅȲ�`n�pGEX-6P-38`��x�a&�
GST-EF-Tu-an�~`ˣɅȲ�`n�QÂʿ&-�+NQŵˣ˪ƫ&-ļʠʭ

QO.D.600� 0.6¶˱87MC4 37�4ơɊĭ͂&�ʁȢŮ� 0.1 mM57MJ

�8 IPTGQȖö&�37�4 3ǅ̝ơɊ&3ɅȲ˕ŘQʸ0-�ʭÀQ˦̵Ȉɖ

ɕ&-Ż��ȗ5ȄǻQæ!3 SDS-PAGE4æ̫&�CBBǞʩ4n�~`ˣ9

ɅȲ9ǎȥQɘ˔&-͊Figure 13 �͋+9ʄǝ�IPTG˕ŘQʸ0-Ż9ɖɕ�

ȗ5+9Ȅǻ4:�IPTG˕ŘQʸ03�7�ɖɕ�ȗH+9Ȅǻ5Ǽ@3�66.4 

kDa¶˱8ȬɁɇ8}�v�˔FKN-�#N:�EF-Tu-a͊ ɼ 43 kDa 5͋GST

͊ɼ 27 kDa͋9ʶđn�~`ˣ͊ɼ 70 kDa͋8˱��IPTGȖö8J039D

˔FKNM#5�K�#9}�v�GST-EF-Tu-an�~`ˣ5êƽ&-�%K

8�#9GST-EF-Tu-aʶđn�~`ˣ:�ɖɕ�ȗ8Ļ�ŃĨ&3�L�#9

n�~`ˣQČȝƆn�~`ˣ5&3ġĈ(M#58Ɛõ&-͊Figure 13 �͋ 
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7͋ɅȲ EF-Tu-a n�~`ˣ9ɶʿ 

 

� GST-EF-Tu-an�~`ˣ9ɅȲ�ɘ˔%N-ɖɕ�ȗQGlutathione 

Sepharose™ 4BƜÀ8ėɏ%*�PreScission ProteaseQ 18ǅ̝ćƄ%*n�

~`ˣQçƽ&�ƜÀ9 5Í̑9 PreScission Buffer4 3ġȝå(M#54

EF-Tu-an�~`ˣQġĈ&-�#9Ǭ8&3žKN-ȽæQ+N,N�̱ėɏ

Ƚæ�ȌȏȽæ 1�2�3�ȝåȽæ 1�2�35&�#NKQ SDS-PAGE4æ̫

Ż�CBBǞʩ4n�~`ˣQǞʩ&-�+9ʄǝ�GST-EF-Tu-aQėɏ%*-

ƜÀ�Kȝå&- EF-Tu-aȝåȽæ 1�2�38ɼ 45kDa9}�v�Ǩå%N-

͊Figure 14 �͋�ƿ�d�u���5&3:�GSTQɅȲ&-ʭÀ9ɖɕ�ȗQ�

ēǬ8�Glutathione Sepharose™ 4BƜÀ8ėɏ%*�PreScission ProteaseQ

ȹ�3ȝå&-ȝåȽæ 1�2�3Qȹ�-�#9ȝåȽæ8ĖCNMn�~`ˣ

QSDS-PAGE4æǛ&-5#O�ɼ45kDa9}�v:˔FKN7�0-͊ Figure 

15 �͋EF-Tu-aȝåȽæ 1�2�38ɅȲ EF-Tu-an�~`ˣ�˔FKN-94�

#NK9ȽæQ<518C5F EF-Tu-aȝåȽæ5&-�d�u���GēǬ8

C5FGSTȝåȽæ5&-� 

 

 

8͋ɅȲ EF-Tu-a n�~`ˣ8JM PTI 9˕Ř 

 

� ɅȲ EF-Tu-an�~`ˣ8Vz9 PTI˕ŘȍƆ��M9�˗@M-F�C)

Vzĭ͂ʀʝ8ʁȢŮ100 nM57MJ�8ɅȲEF-Tu-aQö�3ȍƆ̎ɾ9Ʌ

ȷ̑QȚŉ&-�#95�8�z]sU�d�u���5&3:�GSTȝåȽæ

QɅȲ EF-Tu-a5ɭ̑87MJ�8Vzĭ͂ʀʝ8äȴ&-G9Qȹ�-�+9

ʄǝ�ɅȲ EF-Tu-aäȴŻ 90�120æ4ǿäȴ9ɼ 3Í9ȍƆ̎ɾ9Ʌȷ�˔

FKN�+9Ż�ż�8ȍƆ̎ɾ9Ʌȷ̑:ȘŚ&-��ƿ�GSTȝåȽæQö

�-Vzĭ͂ʀʝ4:�ǿäȴ5ēǬ8ȍƆ̎ɾɅȷ̑9ĵö:Ü�˔FKN7

�0-͊Figure 16 �͋#9ʄǝ�K�Vz:ɅȲ EF-Tu-aQ˔˜&3 PTIQ˕

Ř&3�M#5�ɚ%N-�+#4Ǵ8�ɅȲ EF-Tu-a9ȍƆ̎ɾɅȷȍƆ8�

!MȢŮÆŃƆ81�3˗@-�Ǭ�7ȢŮ9ɅȲ EF-Tu-aQVzĭ͂ʀʝ8ä

ȴ&3�äȴ 90æŻ9ȍƆ̎ɾ9Ʌȷ̑Q˗@-5#O�600 nM ɅȲ EF-Tu-a
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QǌļȍƆ5(M˶ga�Vv\���žKN-�C-�+9 EC50:ɼ 300 nM
4�M#5GǄK�570-͊Figure 17 �͋ 
� Ǵ8�ɅȲ EF-Tu-a8\��i9ȄɏH PTI̞˻̇»ł9ɅȲ˕ŘȍƆ�Ń
Ĩ(M�6��Q˗@-�+9ʄǝ�ɅȲ EF-Tu-aQʁȢŮ 300 nM57MJ�
8äȴ&-VzʯçȪ8��3�d�u���8Ǽ@3ɼ 40Í9\��iȄɏ
�˔FKN-͊Figure 18 �͋ 
� %K8�ɅȲ EF-Tu-aQʁȢŮ 300 nM57MJ�8äȴ&-Vzĭ͂ʀʝ8
�!MÚɂ̞˻̇»ł9ɅȲ81�3G˗@-�+9ʄǝ�ɅȲ EF-Tu-aQäȴ
&-Vzĭ͂ʀʝ5ēǬ8 PTI̞˻̇»ł4�MOsWRKY70�OsCht1�

OsEDS19ɅȲ̑9�ǃ�äȴ 1�3�6ǅ̝Ż4˔FKN-��ETI̞˻̇»ł
OsNAC49ɅȲ̑:Ĺû7�0-͊ Figure 19 �͋#NK9#5�K�ɅȲ EF-Tu-a
:Vz8Ŗ(M PAMP5&3ǲʞ(M#5�ǄK�570-� 
 
 
9͋A. avenae K1 ʭǠ9 EF-Tu-a ̇»ł9̋èˉǛ 
 
� Vz8Ŗ&3̱ɃăƆ4�M A. avenae N1141ʭǠ9 EF-Tu-a��Vz8Ŗ
&3PAMP5&3ǲʞ(M#5�ǄK�570-�+#4�EF-Tu-aGA. avenae

9��hX��9J�8Ƀăʭ5̱Ƀăʭ9̝4Vz8Ŗ(MPTI˕Řʞ�Ɂ7
03�M�6��Q˗@M#58&-�:'F8�Ƀăʭ4�M A. avenae K1
ʭǠ9 EF-Tu-ȧ»ł9ēŉQˑD-�N1141ʭǠ9 EF-Tu-ȧ»łQĵũ(

M 2ʂ9��V��kquQȹ�3K1ʭǠ9c{�Qs����u5&-PCR
Qʸ0-5#O�K1ʭǠ8G 219 EF-Tu-ȧ»ł�ŃĨ&3�M#5�ǄK
�570-�žKN- 219K1ʭǠ9 EF-Tu-ȧ»ł9DNA̋èQǼˬ&-
5#O�£̇»ł̝4: 3\Ƒ4ĲĮʑƫ�ŃĨ&3�-��(@3ēʕʑƫ4
�0-͊Figure 20 �͋%K8�K1ʭǠ9 EF-Tu-ȧ»ł̋èQG58ž-ƨŉ
T�{̎̋è:N1141ʭǠ9 EF-Tu-an�~`ˣ9̋è5ŇÜ8�ʦ&3�M
#5�ɚ%N-͊Figure 21 �͋#9#5�K�A. avenae N1141ʭǠ5K1ʭǠ
8ŃĨ(M EF-Tu9T�{̎̋è:ŇÜ8�ʦ&3�M#5�ǄK�570-� 
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10͋A. avenae N1141 ʭǠ�J= K1 ʭǠ9Ɛȧī EF-Tu-a 9ɶʿ5ˣ

̑æǛ 

 

� #NC48�Vz8Ŗ&3ɃăƆ9K1ʭǠ5̱ɃăƆ9N1141ʭǠ�KžK

N-��hX��8:Ɂ7Mɷ̘ǫ˺�ŃĨ&3�M#5�ɒKN3�M�%K

8�K1ʭǠ9��hX��8¶ö&3�Mɷ̘ǫ˺:�Vz8JM˔˜QȬɁ

ɇ8̡ō&3�M#5GǄK�8703�M͊Hirai et al., 2011 �͋+#4�£ʭ

Ǡ9 EF-Tu-a�ʖːŻË́%N3�M9�6��Q˗@M-F�EF-Tu-aQɶ

ʿ&�+9ˣ̑QæǛ(M#58&-�∆fla1141ʭÀɖɕȓ5ēǬ9ƿȇ4

N1141ʭÀɖɕȓ5K1ʭÀɖɕȓQ˗ʿ&�ų̦V[�°ƫ`��ua��U

�4æ̫&-�žKN-Ƚæ96#8 EF-Tu-a�ĖCN3�M9�˗@M-F8�

Ɩ EF-Tu-aƖʷȗQȹ�-WYin���quQʸ0-�+9ʄǝ�N1141ʭ

Ǡ9 EF-Tu-a: 300 mM NaClȝåȽæ8Ǩå%N-͊Figure 22; Lane 1 �͋C

-�K1ʭǠ9EF-Tu-a: 200 mM NaClȝåȽæ8Ǩå%N-͊ Figure 22; Lane 

3 �͋+#4�#9ɵɶʿȽæ8ĖCNMn�~`ˣ9ˣ̑QȚŉ&-�+9ʄǝ�

N1141ʭǠ 300 mM NaClȝåȽæ8:m/z 43,0308[M+H]+9��`�ˇȚ4

�-�K1ʭǠ 200 mM NaClȝåȽæ8:m/z 43,0238[M+H]+9��`�ˇ

Ț4�-͊ Figure 23 �͋#NC48ļʠʭ9 EF-Tu:̜ŀ�p[x����kg

�a%N�NǓɫ8Tkp�ûË́%N3�L�Lys568�p�ûË́%N3�

M5��įĘ��M͊ Laursen et al., 1981 �͋ē'J�7ʖːŻË́� A. avenae
9 EF-Tu-a8%N3�-İđ9ªƉæł̑: 43,053͊Average MS9[M+H]+͋

57L�³ġˇȚ%N-6/K9Ð5GAB�ʦ(M�#9#5�K�£ʭǠ9

EF-Tu-a5Gē'J�8ʖːŻË́%N3�MČʞƆ�ɚ%N-��ƿ�K1ʭ

Ǡ5N1141ʭǠȻǘ9 EF-Tu9Țŉˣ̑�ABē�4�M#5�K�£ EF-Tu

æł8:ē�9Ë́Į�ŃĨ&3�M#5GǄK�870-� 
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Figure 1.� ΔflaA1141ʭÀɖɕȓQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9
Ʌȷ 
 
� �: ΔflaA1141ʭÀɖɕȓ��: ǿ�ΔflaA1141ʭÀɖɕȓ:ʁȢŮ 2 µg/mL
57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:��{��Qȹ�-û

ńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ

&3�M�Ð: 5ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 2.� ΔflaA1141ʭÀɖɕȓQäȴ&-Vzʯ8�!M\��i9Ȅɏ 
 
� ΔflaA1141ʭÀɖɕȓ͊ ΔflaA1141 CE :͋ʁȢŮ 10 µg/mL57MJ�8Vz
ʯ8äȴ&-�\��i9Ȅɏ:Tx�����ǞʩJ03Ǩå&-�ȽÕ:d

�u���ʯ5ΔflaA1141ʭÀɖɕȓQäȴ&-ʯ9ʵÙ̼ƀ̙àɎ4�a��
9ʎ˫: 1 mm2Ŵ-L9\��i9ȄɏƹQɚ&3�M�Ð: 9ġ9Ŋ̓9ŪĪ
4ɚ&-�Tin�i`͊*͋: tǨŉ8JL p < 0.014ǎƊ7ŤQɚ&-� 
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Figure 3.� ΔflaA1141ʭÀɖɕȓQäȴ&-Vzĭ͂ʀʝ8�!MÚɂ̞˻̇
»ł9ɅȲ 
 
� ΔflaA1141ʭÀɖɕȓQʁȢŮ 10 µg/mL57MJ�8äȴ&-Vzĭ͂ʀʝ
�Kƛå&- RNA8ĖCNMOsWRKY70�OsCht1�OsEDS1�OsNAC49

mRNA���QȚŉ&-�mRNA���: RT-PCR9Ŗƹĵũǐ8�!M̟Ð
Ȥ�Kˌɯ&-�ʎ˫:mRNA����ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�
Ð: 3ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 4.� 95�öȨŻ�̃ Ƃæ̫&-ΔflaA1141ʭÀɖɕȓ9�ȗ�J=ȄǻQ
äȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: 95�öȨŻ9ΔflaA1141ʭÀɖɕȓ�ȗ��: 95�öȨŻ9ΔflaA1141ʭÀ
ɖɕȓȄǻ��: ǿ�95�öȨŻ9ʭÀɖɕȓ�ȗ�J=Ȅǻ:ʁȢŮ 10 µg/mL
57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:��{��Qȹ�-û

ńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ

&3�M�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 5.� -80�âʄŻ�̃Ƃæ̫&-ΔflaA1141ʭÀɖɕȓ9�ȗ�J=Ȅǻ
Qäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: -80�âʄŻ9ΔflaA1141ʭÀɖɕȓ�ȗ��: -80�âʄŻ9ΔflaA1141ʭ
ÀɖɕȓȄǻ��: ǿ�-80�âʄŻ9ʭÀɖɕȓ�ȗ�J=Ȅǻ:ʁȢŮ 10 
µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:��{��Qȹ
�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:äȴŻ9ʃ˿ǅ

̝Qɚ&3�M�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 6.� u��g�ȒûΔflaA1141ʭÀɖɕȓ5u��g�ǒȒûΔflaA1141
ʭÀɖɕȓQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: u��g�ȒûΔflaA1141ʭÀɖɕȓ��: u��g�ǒȒûΔflaA1141
ʭÀɖɕȓ��: 4�ÉŃΔflaA1141ʭÀɖɕȓ��: ǿ�u��g�Ȓû
ΔflaA1141ʭÀɖɕȓ�J=u��g�ǒȒûΔflaA1141ʭÀɖɕȓ�4�ÉŃ
ΔflaA1141ʭÀɖɕȓ:ʁȢŮ10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�
ȍƆ̎ɾ9Ʌȷ:��{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫ

ˣɅȷ̑�ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&
-� 
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Figure 7.� 95�öȨäȴ&-ΔflaA1141ʭÀɖɕȓ9u��g�Ȓûȸȫ5u
��g�ǒȒûȫQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: 95�öȨŻ9ΔflaA1141ʭÀɖɕȓ9u��g�Ȓûȫ��: 95�öȨŻ9
ΔflaA1141ʭÀɖɕȓ9u��g�ǒȒûȫ��: 4�ÉŃΔflaA1141ʭÀɖɕȓ�
�: ǿ�95�öȨŻ9ΔflaA1141 ʭÀɖɕȓ9u��g�Ȓûȫ�u��g�ǒ
Ȓûȫ�J= 4�ÉŃΔflaA1141ʭÀɖɕȓ:ʁȢŮ 10 µg/mL57MJ�8V
zĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:��{��Qȹ�-ûńɅÙ8J03

Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð:

2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 8.� DNaseäȴΔflaA1141ʭÀɖɕȓ5DNaseǒäȴΔflaA1141ʭÀɖ
ɕȓQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: ΔflaA1141ʭÀɖɕȓ��: DNaseäȴΔflaA1141ʭÀɖɕȓȄǻ��: ǿ�
DNaseäȴΔflaA1141ʭÀɖɕȓ�J=DNaseǒäȴ9ΔflaA1141ʭÀɖɕȓ
:ʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:�
�{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:ä

ȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 9.� RNaseäȴΔflaA1141ʭÀɖɕȓ5RNaseǒäȴΔflaA1141ʭÀɖ
ɕȓQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 
� �: ΔflaA1141ʭÀɖɕȓ��: RNaseäȴΔflaA1141ʭÀɖɕȓȄǻ��: ǿ�
RNaseäȴΔflaA1141ʭÀɖɕȓ�J= RNaseǒäȴ9ΔflaA1141ʭÀɖɕȓ
:ʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ:�
�{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:ä

ȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 10.� Q SepharoseƜÀQȹ�-ų̦V[�°ƫ`��ua��U�9Đ

ȝåȽæQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 

 

� Q SepharoseƜÀQȹ�-ų̦V[�°ƫ`��ua��U�4æ̫&-�Đ

ȽæQʁȢŮ 10 µg/mL57MJ�8Vzĭ͂ʀʝ8äȴ&-�ȍƆ̎ɾ9Ʌȷ

:��{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑Qɚ&

3�M�äȴ 1ǅ̝Ż9ÐQȽæ$58ɚ&-�Ð: 2ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 11.� ¬ǴÖ̭ǾȊù8JM 300 mM NaClȝåȽæ8ĖCNMn�~`

ˣ9Ǩå 

 

� Q Sepharose 300 mM NaClȝåȽæQ̣ĺȣ˿4Ȣʏ�ʟĲ&�¬ǴÖ̭Ǿ

Ȋù4æ̫Ż�̖ǞʩQʸ0-�͈ɑĂ:çLå&-i�quQɚ(�ţ9Ð:

æł̑Qɚ&3�L��9Ð:ɭ̭ȤQɚ&3�M� 



 
 
Table 1.� 300 mM NaCl 0!1"�&
������7�%'  
 
Spot No. Identified protein Source gi  number MW(Da) pI  

1 Isochorismatase hydrolase Acidovorax avenae  subsp.  c itrulli  AAC00-1  gi|120611492 22404 5.15 

2 CRISPR-associated protein, Csd2 family Acidovorax avenae  subsp. avenae  ATCC19860  gi|270494315 33198 6.52 

3 Glutamine synthetase,  type I  Acidovorax avenae  subsp. avenae  ATCC19860  gi|270491639 52489 5.40 

4 Glutamine synthetase, type I  Acidovorax avenae  subsp. avenae  ATCC19860  gi|270491639 52489 5.40 

5 Hypothetical protein AcavDRAFT_3545 Acidovorax avenae  subsp. avenae  ATCC19860  gi|270494756 43270 5.86 

6 Hypothetical protein AcavDRAFT_3545 Acidovorax avenae  subsp. avenae  ATCC19860  gi|270494756 43270 5.86 

7 Translation elongation factor Tu Acidovorax avenae  subsp. avenae  ATCC19860  gi|270496056 35156 5.23 

8 δ -aminolevulinic acid dehydratase Acidovorax avenae  subsp. avenae  ATCC19860  gi|270493504 36949 5.68 

9 δ -aminolevulinic acid dehydratase Acidovorax avenae  subsp. avenae  ATCC19860  gi|270493504 36949 5.68 

 
 
� �, :-.#	"9������������/$��(�78")6	")��")�����


� MASCOT +2�4���MASCOT +2�3*�5)������������&
������7�
%'���  
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Figure 12.� A. avenae N1141ʭǠ9 219 EF-Tu-ȧ»ł9T�V��u 
 
� EF-Tu-a15EF-Tu-a25Ĕ¶!-̇»ł:5G81,191 bp4ǫƐ%N3�L�
+NK9̝8: 4\Ƒ9ēʕʑƫ�ŃĨ&-� 
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Figure 13.�  GST-EF-Tu-an�~`ˣ9ɅȲɘ˔ 
 
1 : IPTG˕Ř�L�ɖɕ�ȗ 
2 : IPTG˕Ř�L�ɖɕȄǻ 
3 : IPTG˕Ř7&�ɖɕ�ȗ 
4 : IPTG˕Ř7&�ɖɕȄǻ 
 
� +N,N 20 µLQ SDS-PABE8Å&�̭ǾȊùŻ�Đn�~`ˣ9}�v:
CBBǞʩ8J03Č˅û&-�ţ9Ð:æł̑Qɚ&3�M� 
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Figure 14.� ɅȲ EF-Tu-an�~`ˣ9ȝåɘ˔ 
 
1 : GST-EF-Tu-a̱ėɏȽæ 
2 : GST-EF-Tu-aȌȏȽæ 1 
3 : GST-EF-Tu-aȌȏȽæ 2 
4 : GST-EF-Tu-aȌȏȽæ 3 
5 : EF-Tu-aȝåȽæ 1 
6 : EF-Tu-aȝåȽæ 2 
7 : EF-Tu-aȝåȽæ 3 
 
� +N,N 20 µLQ SDS-PABE8Å&�̭ǾȊùŻ�Đn�~`ˣ9}�v:
CBBǞʩ8J03Č˅û&-�ţ9Ð:æł̑Qɚ&3�M� 
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Figure 15.� ɅȲ EF-Tu-an�~`ˣ9ȝåɘ˔9d�u��� 
 
1 : GSṮėɏȽæ 
2 : GSTȌȏȽæ 1 
3 : GSTȌȏȽæ 2 
4 : GSTȌȏȽæ 3 
5 : GSTȝåȽæ 1 
6 : GSTȝåȽæ 2 
7 : GSTȝåȽæ 3 
 
� +N,N 20 µLQ SDS-PABE8Å&�̭ǾȊùŻ�Đn�~`ˣ9}�v:
CBBǞʩ8J03Č˅û&-�ţ9Ð:æł̑Qɚ&3�M� 
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Figure 16.�  ɅȲ EF-Tu-an�~`ˣQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎
ɾ9Ʌȷ 
 
� �: ɅȲ EF-Tu-an�~`ˣ��: GSTȝåȽæ��: ǿ�ɅȲ EF-Tu-an�
~`ˣ:ʁȢŮ 100 nM57MJ�8Vzĭ͂ʀʝ8äȴ&-�GSTȝåȽæ:
ɅȲ EF-Tu-an�~`ˣ5ɭ̑Vzĭ͂ʀʝ8ö�-�ȍƆ̎ɾ9Ʌȷ:��{
��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ˫:äȴŻ

9ʃ˿ǅ̝Qɚ&3�M�Ð: 3ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 17.� ɅȲEF-Tu-an�~`ˣQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ
9Ʌȷ 
 
� ǰ˫8ɚ&-ʁȢŮ57MJ�8 EF-Tu-aQVzĭ͂ʀʝ8äȴ&�äȴŻ
1.5ǅ̝Ż9Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ̑QȚŉ&-�ȍƆ̎ɾ9Ʌ
ȷ:��{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ̑�ǰ

˫:äȴȢŮQɚ&3�M�Ð: 4ġ9Ŋ̓9ŪĪ4ɚ&-� 
  



 53 

 

 
 
Figure 18.�  ɅȲ EF-Tu-an�~`ˣQäȴ&-Vzʯ8�!M\��i9Ȅ
ɏ 
 
� EF-Tu-a:ʁȢŮ 300 nM57MJ�8Vzʯ8äȴ&-�\��i9Ȅɏ:
Tx�����ǞʩJ03Ǩå&-�ʎ˫: 1 mm2Ŵ-L9\��i9ȄɏƹQ

ɚ&3�M�Ð: 9ġ9Ŋ̓9ŪĪ4ɚ&-�Tin�i`͊*͋: tǨŉ8JL
p < 0.014ǎƊ7ŤQɚ&-� 
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Figure 19.�  ɅȲ EF-Tu-an�~`ˣQäȴ&-Vzĭ͂ʀʝ8�!MÚɂ̞
˻̇»ł9ɅȲ 
 
� EF-Tu-aQʁȢŮ 300 nM57MJ�8äȴ&-Vzĭ͂ʀʝ�Kƛå&-
RNA8ĖCNMOsWRKY70�OsCht1�OsEDS1�OsNAC49mRNA���
QȚŉ&-�mRNA���: RT-PCR9Ŗƹĵũǐ8�!M̟ÐȤ�Kˌɯ&
-�ʎ˫:mRNA����ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 3ġ9
Ŋ̓9ŪĪ4ɚ&-� 
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Figure 20.� A. avenae K1ʭǠ9 219 EF-Tu-ȧ»ł9T�V��u 
 
� K1 EF-Tu-a15K1 EF-Tu-a25Ĕ¶!-̇»ł:5G8 1,191 bp4ǫƐ%N
3�L�+NK9̝8: 3\Ƒ9ēʕʑƫ�ŃĨ&-� 
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Figure 21.� A. avenae K1ʭǠ5N1141ʭǠ9 EF-Tu-aT�{̎̋è9T�V
��u 
 
� K1: A. avenae K1�N1141: A. avenae N1141� 
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Figure 22.� Ɩ EF-TuƖʷȗ8JMƐȧī EF-Tu-a9Ǩå 

 

1 : N1141-Q 300 mM NaClȝåȽæ WYin���qu 

2 : N1141-Q 300 mM NaClȝåȽæ CBBǞʩ 

3 : K1-Q 200 mM NaClȝåȽæ WYin���qu 

4 : K1-Q 200 mM NaClȝåȽæ CBBǞʩ 

 

� N1141ʭÀɖɕȓ5K1ʭÀɖɕȓQQ SepharoseƜÀQȹ�-ų̦V[�°

ƫ`��ua��U�4æ̫&�+N,N 300 mM NaClȝåȽæ5 200 mM 

NaClȝåȽæQ SDS-PAGE8Å&-�̭ǾȊùŻ�Ɩ EF-Tu-aƖʷȗQȹ�

-WYin���qu5 CBBǞʩ8J03Č˅û&-�ţ9Ð:æł̑Qɚ&

3�M� 



 58 

 

 

 

Figure 23.� A. avenae9ƐȧīEF-Tu-a9MALDI-TOF MSQȹ�-æł̑ˉ

Ǜ 

 

� N1141-Q 300 mM NaClȝåȽæ͊ ţ 5͋K1-Q 200 mM NaClȝåȽæ͊ Ď͋

Q+N,NMALDI-TOF MSQȹ�3æł̑QȚŉ&-��u�q`i:gw�

�̎QÃȹ&-�
:�N1141-Q 300 mM NaClȝåȽæ4:m/z 43,030�K1-Q 

200 mM NaClȝåȽæ4:m/z 43,0239��`Qɚ&3�M� 
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ɬ�ɪ� ʗœ 

 

 

� ǔɪ4:�A. avenae N1141ʭǠ9 EF-Tu8:Vz8Ŗ&3ȍƆ̎ɾ9Ʌȷ

H\��i9Ȅɏ5�0-PTIćƄQ˕Ř(MPAMPȍƆ��M#5Qɚ&-�

EF-Tu:�ăǡȷȫ9n�~`ˣƾȷ8��3��m��8T�{Tg�-tRNA

Q˾=˰EŷóQƜ�̐˂7n�~`ˣ4�M�#9Ǭ7̐˂7ǲʞƶ8�Ǭ�

7ʀʭ8��3 EF-Tu9̋è:̈́Ů8ÉŃ%N3�M#5GǄK�8703�

M͊Lathe and Bork, 2001 �͋C-�ʀʭÞ9ʀʝˣ8ĖCN3�Mn�~`ˣ

̑9�/ 5–10%� EF-Tu4�M#5�įĘ%N3�L�ʀʭ9¤4ǌG˝Œ7

n�~`ˣ4�M#5GǄK�8703�M͊Jonák, 2007 �͋#NC48įĘ%

N3�Mǧȫ8ÚɂćƄQ˕Ř(M PAMP:�Ļ�9ɃăÀ�Ý˸4ƞ15�

�#55�ǼˬɇĻ̑8ŃĨ(Mȫˣ4�M5��#5�+9ȬƁ4�M#5�

ɒKN3�M�«Ŋ�g�VywjwHu�u�Vz8Ŗ(M PAMP4�M�

�hX��:�ʀʭ9̴ǽǫƐn�~`ˣ4�M-Fʀʝʻ̲8ļ̑8ŃĨ&�

+9T�{̎̋èG CǓɫ̺Ĭ5NǓɫ̺Ĭ4:ǼˬɇÉŃ%N3�M#5G

ǄK�8703�M�͊ Yonekura et al., 2003 �͋C-�ũŬ�ǧȫɡ8˔˜%N

MɎʭȻǘ9^p�Ha��̦ƆʀʭȻǘ9����fq\�Vv5�0-ʀʝ

ĶQǫɲ(M�4Ļ̑8ƃ˂57MȫˣG PMAP5&3ǲʞ(M#5�įĘ%

N3�M͊Felix et al., 1993�Silipo et al., 2005͋�#NK9ɒ˃�K�Vz�

EF-TuQ PAMP5&3˔˜(M#5:üæ8đȴƆ��M#55ʗ�M� 

� g�Vywjw:EF-Tu9NǓɫ˔˜̺Ĭ elf18QEFR5��ĊŎÀ8J0

3˔˜&�PTIQ˕Ř(M#5�ɒKN3�M͊Zipfel et al., 2006 �͋EFR:�

ġʡˡ˸īĊŎÀ^w�l4�ʀʝĺ8ŃĨ(M�Vg��qp���uv�V

�4 elf18Q˔˜(M5ʗ�KN3�M�Vz8: EFR9[�m�a:ŃĨ&7

���ʀʝĺ8Ȗö%N-A. avenae N1141ʭǠȻǘ9EF-Tu-aQ˔˜&3PTI

Q˕Ř(M#5�K�Vz8Gʀʝʡ�8 EF-TuQ˔˜(M EFR5:Ɂ7MĊ

ŎÀ�ŃĨ&3�M5ʗ�KNM�EF-Tu�ǧȫ9ʀʝʡ�4˔˜%NM-F8

: EF-Tu�ʀʝĺ8æȆ%NMƃ˂��M�&�&�EF-Tu9ǲʞ�Kʗ�M

5�EF-Tu:ɃăʭÀÞ8ŃĨ&3�L�ʀʝĺ8æȆ%NM5:ʗ��-��
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ʭÀÞ8śĨ&3�M EF-Tu�ǧȫʀʝʡ�4˔˜%NM�\xj�5&3:�

219ČʞƆ�ʗ�KNM�C)�<51:�ǧȫ8ÇÛ&-Ƀăʭ8Ŗ&�ǧ

ȫ�ʭÀĺ8ŃĨ(Mµ9 PAMPQ˔˜(M#54�ȍƆ̎ɾɅȷ769Úɂ

ćƄQ˕Ř(M�#9ȍƆ̎ɾ8J03�̊9ʀʭ�ɖķ%N�ʭÀÞ�KȟN

å3�- EF-Tu�Vz9ʀʝʡ�4˔˜%NM5��G94�M�G�<51

9ČʞƆ:�Ƀăʀʭ�ƋǞ&-̩8�ǧȫʣ˩9ʀʝ�o��hQĊ!�ɖķ

%N-ʀʝ8ŃĨ(MʯʉÀH�ud�v�TȻǘ9 EF-TuQ˔˜&3�Úɂ

ćƄQ˕Ř(M5��G94�M�£ʘ9ČʞƆ9�/�6/K�JLɎŊ8˱

�9�5��#5QȂŉ(Mt�n:³95#OŃĨ&7��&�&�˱ū#N

5:ë8�EF-Tu9˔˜8̞&3̱Ũ8ʧęȔ�Ȳ˞�˃1�0-�+N:�A. 

avenae5ē'a��̦Ɔʀʭ4�Mǁě˃ƋǞɄ9ăĢʭ4�MAcinetobacter 

baumannii:�+9ĺʡřʝ8EF-TuQʱɤ(M5��G94�M͊ Dallo et al., 

2012 �͋ĺʡřʝ9ŃĨ:�ǧȫɃăʀʭ Xanthomonas campestris pv. 

campestris8��3GįĘ%N3�M͊Sidhu et al., 2008 �͋+&3�A. avenae 

N1141ʭǠ9˱ʍɡ4�MA. avenae subsp. citrulli AAC00-19c{�8ĺʡř

ʝŵƐ8̞¡(Ṁ»ł�d�v%N3�M5��įĘG�M͊Shetty et al., 

2011 �͋#NK9#5�K�Žǘʗ�KN3�-¹˖8ö�3�ĺʡřʝ8ʱɤ

%N- EF-Tu�ǧȫÓ?5ˮ˵%N3ʀʝʡ�9ĊŎÀ8J03˔˜%N3�

M5��ƾ-7¹˖Gʗ�KNM�G&N7��³Ż�Vz8Ŗ&3ɃăƆ9 A. 

avenae K1ʭǠ5̱ɃăƆ9N1141ʭǠ9ƐȧīEF-Tu9śĨHʀʝĺ?9æ

Ȇ76Q˓ʀ8ɔɦ(M#54�EF-Tu9ǧȫ-ƀȷȫɍ­Âȹ9Ŋ̩9İ8�

!MǲʞQǄK�8(M#5�åǘM5ʗ�M� 

� Vz8Ŗ&3ɃăƆ9A. avenae K1ʭǠ5̱ɃăƆ9N1141ʭǠ9Ɛȧī�

�hX��8:ǫ˺9Ɂ7Mɷ̘�ʖːŻË́%N3�M#5�ɒKN3�M�

%K8�K1ʭǠ9��hX��8¶ö%N3�Mɷ̘:�Vz8JM˔˜QȬ

Ɂɇ8̡ō&3�M#5GǄK�8703�M͊Hirai et al., 2011 �͋ǔɪ8��

3�N1141ʭǠ5K1ʭǠ9 EF-Tu-a:£ʘ5GT�{̎̋è:ē�4�M#

5QǄK�8&-�%K8�Ɛȧī EF-Tu-a9ˣ̑QȚŉ&-5#O�ABē�

9ˣ̑Qƞ1#5GǄK�570-#5�K�£ʭǠ9 EF-Tu:Vz8˔˜%

N��ʨɇ7 PAMP5&3ǲʞ(M5ƨœ%NM�#9Ǭ8�ē�ʭǠ8ȬɁ

ɇ PAMP5̱ȬɁɇ PAMP�ŃĨ(MƊʕ81�3:ȲĨ95#OǄK�87
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03�7��&�&�̱ɃăƆN1141ʭǠ�ǧȫ8ƋǞ&-5��ʭÀĺ8Ń
Ĩ(MȬɁɇ PAMP4�M��hX��9˔˜8J03ȍƆ̎ɾ�Ʌȷ&�#
N8JLʭÀ�ɖķ%NʭÀÞ�K EF-Tu�æȆ%NM#54JLų� PTI�
˥�3�MČʞƆ��M��ƿ�ɃăƆ9K1ʭǠ4:���hX��Q˔˜å
ǘ7�-F�ȍƆ̎ɾ�Ʌȷ*)�ʭÀÞ8ŃĨ(M EF-Tu9˔˜8JM PTI
ʣÀGƕí%N3�MČʞƆ��M�#9Ǭ8�ē�ʭǠ8ȬɁɇ PAMP5̱
ȬɁɇ PAMP�ŃĨ(M#58JL�JLĄő7ŏ¥ȬɁƆ�˄ŉ%N3�M
ČʞƆ��M5ʗ�M� 
� �ƿ�K1ʭǠ5N1141ʭǠȻǘ9 EF-Tu:ABē�9ˣ̑Qƞ1#5�Ǆ
K�570-��+9ǫ˺�Ɂ7MČʞƆ:ÆȦǸ03�M�ǔɪ4ˣ̑æǛ8

ȹ�-MALDI-TOF MS9æˉʞQʗƎ(M5�Ɛȧī EF-Tu-a8ŃĨ(MË
́Į���p�ĮHTkp�Į769ř%�æł9ɍ̂4�Mİđ�+9ŤQǶ

ɘ8ƔƬ(M#5̬&��C-�Ë́Į9¾ʑ9̂�81�3:�MALDI-TOF 
MS4Ȭŉ(M#5: Čʞ4�M�³Ż�#9ğ̻Qʄ˘2!M-F8:�Ɛ
ȧī EF-Tu-aQɶʿ&�u��g�ɭ9Ȓû̍ɾ4��pvûQʸ0-Ż8�Đ
��pvƽȪ9ˣ̑QǶɘ8Țŉ(M#5�ƃ˂87M5ƅPNM� 
� EF-Tu9ɶʿ˿ɠ8��3�EF-TuQĖE 6ɡ̽9 PAMPÏʾn�~`ˣ�
žKN-�&�&�EF-Tu¸ĺ9 5ɡ̽9n�~`ˣ� PAMP5&3ǲʞ&3
�M5��įĘ:7��PAMP5&3ǲʞ(M-F8:�Ŭɱ7ʭɡ8ŃĨ&�
+9ǫ˺9ÜÀC-:�̊�ÉŃ%N3�Mƃ˂Ɔ��M�#9#5ʗ�đP*

M5�Hypothetical protein AcavDRAFT_3545: A. avenae89DŃĨ(M#
5�K�PAMP5&3ǲʞ&3�MČʞƆ:¿�.O��Isochorismatase 
hydrolase:Ŭɱ7ʀʭɡ8ŃĨ(M��+9ɍēƆ:¿��#/KG PAMP5
&3ǲʞ(MČʞƆ:¿�5ʗ�KNM��ƿ�CRISPR-associated protein, 
Csd2 family�Type I glutamine synthetase�δ-aminolevulinic acid dehydratase
9 3ɡ̽9 PAMPÏʾ:�Ǭ�7ʀʭ8��3̈́�̋èɍēƆQɚ(#5�K�
PAMP5&3ǲʞ(MČʞƆ�ŃĨ(M�Ȭ8�CRISPR-associated protein, 
Csd2 family:�ăǡȷȫ4�S�hH��i�v8Ŗ(MȰžÚɂǲǫ5&3
ǲʞ&3�M#5�įĘ%N3�M CRISPR-Cas͊ CRISPR-associated͋gis
�8��3 Casn�~`ˣ5&3ǲʞ(M#5�ɚ%N3�M͊Barrangou et 
al., 2007�Kunin et al., 2007 �͋#NC48 Casn�~`ˣ:�45ɡ̽9�S�
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��8æ̽%NM#5�ǄK�5703�L�Ɂ7M�S���9 Casn�~`

ˣ4ÉŃ%N-̺ĬGŃĨ(M͊Haft et al., 2005 �͋+9-F�ǧȫ� Casn�

~`ˣ9Ý˸9̺ĬQ˔˜(M#54�#9æł� PAMP5&3ǲʞ&3�M

ČʞƆ�ŃĨ(M�C-�Type I glutamine synthetase:�ʀʭ8��3��

12̑ÀQŵƐ(M#54a�n��đƐ̍ɾ5&3ǲʞ&3�M�%K8�#9

ǲʞ8ö�3�ɨɾ�˝Œ7æł4�Ma�g��T�x���iph��u�

�u�S�5�0-T�{̎9ȢŮH AMP�CTP5�0-y`�[pv9ȢŮ

Qɉ˅&3�M#5GįĘ%N3�M͊Eisenberg et al., 2000 �͋Type I 

glutamine synthetase�Ļ̑n�~`ˣ4�M5��įĘ:7���Ŭɱģ9ʀ

ʭ8̈́�̋èɍēƆ��M#5�K�ǧȫ8J03 PAMP5&3˔˜%N3�

MČʞƆ:ʗ�KNM�C-�δ-aminolevulinic acid dehydratase:����Z

��{�c�g�n�l5GĚ;N�2æł9 5-T�{����̎9̝4ʟǿʏ

đ%*M#54���Z��{�c�QđƐ(M̍ɾ4�M�ÙđƐʀʭ

Rhodobacter capsulatus8��3#9̍ɾ:�4̑À4ǲʞ&3�M#5�ɚ%

N3�M͊Bollivar et al., 2004 �͋δ-aminolevulinic acid dehydrataseGĻ̑n

�~`ˣ4�M5��įĘ:7���#9n�~`ˣGĻ�9ʀʭ̝4̈́�̋è

ɍēƆ��M#5�K�PAMP5&3˔˜%N3�MČʞƆ��M�G&N7��

³Ż�#NK9 PAMPÏʾn�~`ˣ81�3ɅȲn�~`ˣQȹ�-ɔɦQ

ʸ�#54�+N,N9n�~`ˣ� PAMP5&3ǲʞ(M�6��QǄK�

84�M4�O�� 

� ǔŊ̓8��3�ɶʿ9Ą̊́4öȨäȴ8J03ȷ'-Ȅǻ̊æ8G PAMP

ȍƆ�ŃĨ&-�#9Ȅǻ8ĖCNM PAMPȍƆȫˣ:�¥8��pva�\

�4:7��5ʗ�KNM���pva�\�:�ʀʝĶǫƐæł5&3Ļ̑8

ŃĨ(M#55öȨ8J03Ȅǻ(M#5�įĘ%N3�L͊Gust et al., 2007 �͋

Vz8J03˔˜%NM#5GįĘ%N3�M͊Liu et al., 2012 �͋+&3�ǔɔ

ɦ4:ˉǛQʸP7�0-��ų̦V[�°ƫ`��ua��U�8J03æ̫

&-Ż8PAMPȍƆ�˔FKN-200 mM NaClȝåȽæ5400 mM NaClȝå

Ƚæ8:�EF-Tu5:Ɂ7M̭ʬ9ǒɒ9 PAMPȍƆȫˣ�ŃĨ(M�G&N

7��#9J�8�A. avenae9VẕɃăƆN1141ʭǠ8:���hX��H

EF-Tu9µ8G���1�9 PAMP�ŃĨ(M5ƅPNM�«Ŋ�ǧȫ:ē�

9ʭ9ƞ1ˀƹ9 PAMPQ˔˜(M#54ų� PTIQ˕Ř(M#5�įĘ%N
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3�M͊Boller and Felix, 2009 �͋³Ż�Ǭ�7ƿȇ4N1141ʭǠ8ŃĨ(M

EF-Tu¸ĺ9 PAMP81�3ēŉ(M#54�#9ʭ5Vz9̝8ŃĨ(M˔

˜ǲǫ9Ü˟�ǄK�87MG95ƅPNM� 
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ɬ¬ɪ 
 
 

Vz�˔˜(M EF-Tu Y�u��̊¾9ēŉ 
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ɬ¬ɪ� ʊˋ 

 
 

� g�Vywjw9 EF-TuĊŎÀ4�M EFR9���a:�Vz8ŃĨ&7�

#5�įĘ%N3�M͊Boller and Felix, 2009͋-F�Vz: EF-TuQ˔˜&

3 PTI Q˕Ř(M#5�4�7�5ʗ�KN3�-��ƿ�ðɪ4 A. avenae 

N1141ʭǠ8ŃĨ(M EF-Tu-a��Vz8Ŗ&3 PTIQ˕Ř(M PAMP5&3

ǲʞ(M#5QǄK�8&-�#9#5�K�Vz5g�Vywjw4:Ɂ7M

ĊŎǲǫ8JL EF-Tu-aQ˔˜&�PTIQ˕Ř&3�MČʞƆ�ʗ�KN-� 

� +#4�Vz8�!M EF-Tu-a9˔˜ǲǫQæł���4ǄK�8(M-F8�

ǔɪ4:Vz�˔˜(M EF-Tu-a9Y�u��̊¾81�3˗@M#58&-� 
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�  

ɬ¬ɪ� ǕƼ5ƿȇ 
 
 
1͋g�Vywjwĭ͂ʀʝ9ĭ͂5ʅ· 
 
� g�Vywjwĭ͂ʀʝ: T87ʀʝQȹ�-�ĭ͂ʀʝ:[�u`���Ȟʭ
&-ƴĹ LSĭĩ͊��gc�i`�aĭĩȹȕđĲ̽ 1ú, KH2PO4 200 mg, 
myo-inositol 100 mg, thiamine-HCl 1 mg, 0.02 mg/mL 
2,4-Dichlorophenoxyacetic Acid 10 µL, Sucrose 30 g, total vol. 1 L [pH 5.8]͋Q
ȹ�3 100 mL�ˈ��id8 21 mLÛN-ȭƌ4�Ǆǐ 16ǅ̝�Ǌǐ 8ǅ̝
9ÙǗº��ĭĩșŮ 23��108 rpm4ơɊĭ͂Qʸ0-�C-�ĭ͂ʀʝ9ʅ
·: 7ǁ$58ʸ��200��2ǅ̝9¨ȨȞʭQʸ0- 100 mL�ˈ��id
8ĭ͂ʀʝ 1 mL5 R2Sĭĩ 21 mLö�3 22 mL5&-�̧ ̢9Ŋ̓8ȹ�M

G9:�ʅ·�K 6�8ǁɋ9G9Qȹ�-� 
 
 
2͋GST-EF-Tu-a ��pvɅȲ�`n�9Âʿ 
 
� GST-EF-Tu-a��pvɅȲ�`n�:�ɬ�ɪ4Âʿ&-
BamHI-EFTu*-SalI/pGEX-6P-38Ŗ&3KOD -Plus- Mutagenesis Kit
͊TOYOBO͋Qȹ�3�ŮC-:¬Ů9 Inverse PCR͊iPCR͋Qʸ�#54Â
ʿ&-�Âʿ&-�`n�Ĕ5 iPCR8ȹ�-��V��kquQ¸�8ɚ(� 
 
�EF-Tu1-600/pGEX-6P-3� 
GST-elf-F͊5’-TGAGTCGACTCGAGCGGCC-3’͋ 
EF-Tu600-R͊5’-GGTGTCCAGGGCTTCAGCCA-3’͋ 
�EF-Tu601-*/pGEX-6P-3� 
EF-Tu601-F͊5’-TACATCCCGACGCCCGAGCG-3’͋ 
GST-M-R͊5’-CATGGATCCCAGGGGCCCCT-3’͋ 
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�EF-Tu301-900/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu900-R͊5’-GGAGCCGGGCTTGCACAGCA-3’͋ 
͊2nd iPCR͋ EF-Tu301-F͊5’-GGCGCCATCCTGGTGTGCTC-3’͋ 

GST-M-R 
�EF-Tu451-750/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu750-R͊5’-GATACCCACGATTTCGATTT-3’͋ 
͊2nd iPCR͋ EF-Tu451-F͊5’-GAAATGGAAGTGCGCGAACT-3’͋ 

GST-M-R 
�EF-Tu526-675/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu675-R͊5’-ACCGGAGATGGAGAACACGT-3’͋ 
͊2nd iPCR͋ EF-Tu526-F͊5’-AAGCTGGCCCTCGAAGGCGA-3’͋ 

GST-M-R 
�EF-Tu541-660/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu660-R͊5’-CACGTCTTCCACGGGCATCA-3’͋ 
͊2nd iPCR͋ EF-Tu541-F͊5’-GGCGACAAGGGCCCCCTGGG-3’͋ 

GST-M-R 
�EF-Tu556-645/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu645-R͊5’-CATCAGGAAGGCACCGTCCA-3’͋ 
͊2nd iPCR͋ EF-Tu556-F͊5’-CTGGGCGAGCAAGCCATCGA-3’͋ 

GST-M-R 
�EF-Tu526-615/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu615-R͊5’-GGGCGTCGGGATGTAGGTGT-3’͋ 
͊2nd iPCR͋ EF-Tu526-F 

GST-M-R 
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�EF-Tu586-675/pGEX-6P-3� 
͊1st iPCR͋ GST-elf-F 

EF-Tu675-R 

͊2nd iPCR͋ EF-Tu586-F͊5’-GAAGCCCTGGACACCTACAT-3’͋ 
GST-M-R 

 

 

3͋A. avenae 9Vzʯ̳?9 EF-Tu-a 101–300 59ÝƧɡ 

 

 

� A. avenae N1141ʭǠ5K1ʭǠ9i^���`ÉŃȝȓ 5 µLQPFȓÀĭĩ

5 mL8ǧʭ&�30��200 rpm4�ǇơɊĭ͂&-�Ǵ8�#9ĭ͂ȓ 100 µL

Q PFĤÀĭĩ4 30���Ǉĭ͂&-�ĭ͂Ż�ĤÀĭĩ�8Ȟʭ&-MilliQ

ǿ 1 mLQȖö&3�d���hǥQȹ�3Ʃ�5M#54ʭÀQġĈ&-�ʭ

ÀƏȡȓ:MilliQǿ4 2�106 cfu/µL87MJ�8˗ƺ&-�#9ʭÀƏȡȓQ

ɭ̑9 600 µM EF-Tu-a 101–3005ȕđ&-�ȕđȓ 1 µLQ�229̓�89*�

4˼̝ȷʜ&-Vz9ĩ�̊ɼ 3 cm95#O8Ƨɡ&-�Ƨɡ&-Vz:�²Ţ

Ǿ˞Ġ4Ǆǐ 16ǅ̝͊30� �͋Ǌǐ 8ǅ̝͊25�͋9Ǘº�4ȷʜ%*-�ʭÀ

ƹ9Țŉ:�Ƨɡ 1�3�5ǁŻ8Ƨɡ̊¾�K� 2 cm�� 8 cm9Ü̚ 10 cmQ

çLĉL�1%Ǵ¯Ĳɾ̎�70%Yn{��8̸Ǵƹɞ̝ȑ(#58J03Ȟʭä

ȴQʸ��MilliQǿ4Ȍȏ&3Yn{��Q̥ą&-�Vz:[�u`���Ȟ

ʭ&-|f�Qȹ�3îR.Ż�̈ ȨȞʭ&-§̕8ɟ&3MilliQǿ 1 mLQö

�3əɕ&-�əɕŻ�MilliQǿ 5 mLQö�3Əȡ&�#9ƏȡȓQ 102�103�

104�105ÍŦ̏&3�ĐŦ̏ȓQ PFĤÀĭĩ8 2ǜ)1���sU�a&-�

#9���uQ 30�4 24ǅ̝ĭ͂&�ȷʜ&-d�x�ƹQˌƹ(M#54ʭ

ÀƹQˌȚ&-� 

 

ʭÀƏȡȓ¤9ʭÀƹ9ˌɯŰ 

y (cfu/µL) = (OD610 	 0.0797)/3.78�108�Ŧ̏Íȱ/50 
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ɬ¬ɪ� ʄǝ  

 
 
1͋Vz9 elf18 ˔˜ʞ9ǎȥ 
 
� ɬ�ɪ4:A. avenae N1141ʭÀ9EF-Tu-a�Vz8Ŗ(MPAMP5&3ǲ
ʞ&3�M#5QǄK�8&-�+#4�Vz8JM EF-Tu-a˔˜9æłǲǫQ
ǄK�8(M#5Qɋɇ5&3ɔɦQʸ0-� 
� :'F8�#NC4g�Vywjw9 EF-Tu˔˜̺Ĭ4�MNǓɫ 18T�{
̎4ǫƐ%NM elf18��pv�Vz8��3GEF-Tu9˔˜̊¾5&3ǲʞ(
M�6��81�3˗@-�g�Vywjw8Ŗ&3: elf189 2ɀɋ9�h�
ǸĮ55ɀɋ9�Xx�T�x�ǸĮ�ĹɁ(M5PTI˕ŘȍƆ�ĿPNM#5
�įĘ%N3�M͊Kunze et al., 2004 �͋+#4�#9 219ǸĮ� EF-Tu-a8
GÉŃ%N3�M�Q˗@-5#O�Figure 24A8ɚ&-J�8#9 219T�
{̎ǸĮ: EF-Tu-aȻǘ9 elf18-avenae8GÉŃ%N3�-�+#4�elf185
elf18-avenae9 219��pvQ+N,NđƐ&�Vz5g�Vywjw8äȴ
&3ȍƆ̎ɾ9Ʌȷ̑QȚŉ&-�+9ʄǝ�elf185 elf18-avenaeQäȴ&-
g�Vywjwĭ͂ʀʝ4:ȍƆ̎ɾ9Ʌȷ�˔FKN-�C-�EF-Tu-aQä
ȴ&-g�Vywjwĭ͂ʀʝ4GȍƆ̎ɾ9Ʌȷ�˔FKN-��ƿ�Vz8

EF-Tu-aQäȴ&-İđ:�ȍƆ̎ɾ9Ʌȷ�˔FKN-��elf18H
elf18-avenaeQäȴ&-İđ:�ȍƆ̎ɾ9Ʌȷ�˕Ř%N7�#5�ɚ%N-
͊Figure 24B �͋#NK9#5�K�g�Vywjw: elf18̺ĬQ˔˜&3 PTI
Q˕Ř(M��Vz: elf185:Ɂ7M̺ĬQ˔˜&3 PTIQ˕Ř(M#5�Ǆ
K�570-� 
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2͋Vz�˔˜(M EF-Tu-a Y�u��̊¾9ēŉ 

 

� Vz:g�Vywjw8�!MEF-Tu˔˜̺Ĭ elf185:Ɂ7M̺ĬQ˔˜&

3 PTIQ˕Ř(M#5�ɚ%N-�+#4�Vz8JM EF-Tu-a9˔˜̺ĬQ

ǄK�8(M-F8�EF-Tu-a9NǓɫ��pv EF-Tu-a 1–200�CǓɫ��

pv EF-Tu-a 201–396�¤ľ��pv EF-Tu-a 101–3009 319��pvQļ

ʠʭ4GSTʶđn�~`ˣ5&3ɅȲ%*-͊Figure 25A �͋ɅȲQɘ˔Ż�

EF-Tu-a5ēǬ8 PreScission ProteaseQȹ�3GST�KĐ��pvQçƽ(

M#54ɶʿ&-Ż�ʁȢŮ 300 nM57MJ�8Vzĭ͂ʀʝ8äȴ&3ȍƆ

̎ɾ9Ʌȷ�˕Ř%NM�6��˗@-�+9ʄǝ�EF-Tu-a 101–300Qäȴ&

-Vzĭ͂ʀʝ8��3ȍƆ̎ɾ9Ʌȷ�˔FKN-��EF-Tu-a 1–2005

EF-Tu-a 201–396Qäȴ&-Vzĭ͂ʀʝ8��3:#9Ǭ7ȍƆ̎ɾ9Ʌȷ

:˔FKN7�0-͊Figure 25B �͋#9#5�K�Vz: EF-Tu-a9¤ľ̺Ĭ

EF-Tu-a 101–300Q˔˜&3 PTIQ˕Ř(M#5�ǄK�870-�%K8�

EF-Tu-a 1–2005 EF-Tu-a 201–396:Vz9 PTIQ˕Ř&7�#5�K�Vz

�˔˜(M EF-Tu-aY�u��̊¾: EF-Tu-a 101–300��pv9¤4GJL

¤ľ̊æ8ŃĨ(M#5�ɚĞ%N-�+#4�Vz9 PTI˕ŘȍƆQÉƞ(M

̺ĬQȂŉ(M-F8�EF-Tu-a 101–300��pv9¤ľ̺ĬQǸ(J�8%K

8ɓ�&- 4ɡ̽9��pv�EF-Tu-a 151–250�EF-Tu-a 176–225�EF-Tu-a 

181–220�EF-Tu-a 186–215QÂʿ&�Vzĭ͂ʀʝ8äȴ&3ȍƆ̎ɾ9Ʌȷ

9ǎȥQ˗@-͊ Figure 25A �͋+9ʄǝ�EF-Tu-a 151–2505 EF-Tu-a 176–225

Qäȴ&-Vzĭ͂ʀʝ8��3ȍƆ̎ɾ9Ʌȷ�˔FKN-��EF-Tu-a 181–

2205 EF-Tu-a 186–215Qäȴ&-ĭ͂ʀʝ4:ȍƆ̎ɾɅȷ�˔FKN7�

0-͊Figure 25B �͋EF-Tu-a 176–2258ȍƆ�˔FKN-94�EF-Tu-a 176–

2259CǓɫÓ 20T�{̎Qï̥&-EF-Tu-a 176–2055NǓɫÓ 20T�{

̎Qï̥&- EF-Tu-a 196–225QÂʿ&-͊Figure 25A �͋#NKQVzĭ͂ʀ

ʝ8äȴ&3ȍƆ̎ɾ9Ʌȷ9ǎȥQ˗@-5#O�6/K9��pvQäȴ&

-Vzĭ͂ʀʝ8��3GȍƆ̎ɾ9Ʌȷ�˔FKN7�0-͊Figure 25B �͋

#NK9#5�K�EF-Tu-a 176–225�Vz9 PTIQ˕Ř(Mǌř9��pv

4�M#5�ǄK�570-�+#4�#9 EF-Tu-a 176–225��pvQ EFa50

5Ĕ¶!-� 
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3͋EFa50 �˕Ř(MVz PTI 9ˉǛ 
 
� Ǵ8�EFa509ȍƆ̎ɾɅȷȍƆ8�!MȢŮÆŃƆ81�3˗@-�EFa50
QĖE EF-Tu-a 101–300QǬ�7ȢŮ4Vzĭ͂ʀʝ8äȴ&3�äȴ 90æŻ
9ȍƆ̎ɾ9Ʌȷ̑Q˗@-5#O�200 nM EF-Tu-a 101–300QǌļȍƆ5(
M˶ga�Vv\���žKN-�C-�+9 EC50:ɼ 50 nM4�M#5GǄ
K�570-͊Figure 26 �͋ 
� Ǵ8�EFa50QĖEEF-Tu-a 101–3008JM\��i9Ȅɏ81�3˗@-�
EF-Tu-a 101–300QʁȢŮ300 nM57MJ�8äȴ&-VzʯçȪ8�!M\
��i9Ȅɏ̑Q˗@-5#O�d�u���5&3ǿäȴ&-VzʯçȪ8Ǽ

@3ɼ 150Í9\��i9Ȅɏ�˔FKNM#5�ɚ%N-͊Figure 27 �͋#9
5�ēǅ8 elf18QʁȢŮ 300 nM4VzʯçȪ8äȴ&-5#O�\��i9
Ȅɏ:˔FKN7�0-͊Figure 27 �͋#9#5�K�EF-Tu-a 101–3008:V
zʯçȪ8�!M\��iȄɏ˕ŘȍƆGŃĨ(M#5�ɚ%N-� 
� %K8�EFa50QʁȢŮ 300 nM57MJ�8äȴ&-Vzĭ͂ʀʝ8�!M
Úɂ̞˻̇»ł9ɅȲ81�3G˗@-�+9ʄǝ�EF-Tu-aQäȴ&-Vzĭ
͂ʀʝ5ēǬ8PTI̞˻̇»ł4�MOsWRKY705OsCht1̇»ł9ɅȲ̑�
äȴ 3�6ǅ̝Ż8�ǃ(M#5�˔FKN-�%K8�ē'� PTI̞˻̇»ł
4�MOsEDS1̇»ł9ɅȲ̑�äȴ 3ǅ̝Ż8�ǃ(M#5�˔FKN-��
ƿ�ETI̞˻̇»łOsNAC49ɅȲ̑:Ĺû&7�0-͊Figure 28 �͋#NK
9#5�K�Vz: EFa50Q˔˜&�ȍƆ̎ɾɅȷH\��i9Ȅɏ�Úɂ̞
˻̇»ł9ɅȲ5�0- PTIQ˕Ř(M#5�ǄK�570-� 
 
 
4͋g�Vywjw8�!M EFa50 9˔˜ 
 
� Ǵ8�EFa50Q˔˜& PTIQ˕Ř(M#5�Vz8Ȭǎ9G979�QǄK
�8(M-F8�g�Vywjwĭ͂ʀʝ8 EF-Tu-a�EF-Tu-a 1–200�EF-Tu-a 
201–396�EF-Tu-a 101–3005 EFa50Q+N,NʁȢŮ 300 nM57MJ�8
äȴ&3�ȍƆ̎ɾ9Ʌȷ81�3˗@-�+9ʄǝ�g�Vywjw8�!M

EF-Tu˔˜̺Ĭ4�M elf18̺ĬQĖE EF-Tu-a5 EF-Tu-a 1–200Qäȴ&-
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g�Vywjwĭ͂ʀʝ:ȍƆ̎ɾ9Ʌȷ�˔FKN-��EFa505#NQĖE

EF-Tu-a 101–300�EF-Tu-a 201–396Qäȴ&-g�Vywjwĭ͂ʀʝ4:#

9Ǭ7ȍƆ̎ɾɅȷQ˕Ř&7�0- (Figure 29)�#9#5:�g�Vywj

w8: EFa50Q˔˜&3 PTIQ˕Ř(Mgis�:ŃĨ&7���ŃĨ&3�

3Gǲʞ&3�7�#5Qɚ(� 

 

 

5͋EF-Tu-a 101–300 8JMVz9ɃōƙƖƆ˕Ř 

 

� EF-Tu-a˔˜̺Ĭ4�M EF-Tu-a 101–3008J03˕Ř%NM PTI��Vz

9ɃōƙƖƆ8Ő¡(M9�ǄK�8(M-F8�EF-Tu-a 101–300Q̱ɃăƆ

N1141ʭǠC-:ɃăƆK1ʭǠQVz9ʯ8ÝƧɡ&�Ƨɡ 1�3�5ǁŻ9ʭ

ÀƹQȚŉ&-�+N,N9ʭÀ 1�106 cfu5 EF-Tu-a 101–300 300 pmolQV

z9ʯ8ÝƧɡ&�1�3�5ǁŻ9ʯQƯɕ&3ĤÀĭĩ8���sU�a(M

#54ȷʜ&-ʭÀƹQˌƹ&-�+9ʄǝ�ǿ5�ʊ8Ƨɡ&-N1141ʭǠ

9ʭÀƹ:Ƨɡ 1ǁŻ8ɼ 1�107 cfu C4ĵö&�+9Żż�8ȘŚ&-��

ƿ�EF-Tu-a 101–3005ÝƧɡ&-N1141ʭǠ9ʭÀƹ:�Ƨɡ 1ǁŻ�KȘ

Ś&:'FƧɡ 5ǁŻ8:ǿ59ÝƧɡ8Ǽ@3 1/30C4ȘŚ&3�-�C-�

K1ʭǠ:ǿ59ÝƧɡ�J= EF-Tu-a 101–300ÝƧɡ5G�Ƨɡ 1ǁŻ8ʭÀ

ƹ�ɼ 1�108 cfu C4ĵö&�+9ŻGĵö&ʆ!3 5ǁŻ8:ɼ 1�1010 cfu 

C4ĵö&-͊Figure 30 �͋#9ʄǝ�K�EF-Tu-a 101–300äȴ8J03˕Ř

%NMVz9 PTI:�̱ɃăƆʭ8Ŗ(MɃōƙƖƆ8Ő¡(M��ɃăƆʭ8

Ŗ&3:ɃōƙƖƆQɅƭ&7�#5�ǄK�570-� 
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Figure 24.� elf18Qäȴ&-VzC-:g�Vywjwĭ͂ʀʝ8�!MȍƆ
̎ɾ9Ʌȷ 
 
� A, elf185 elf18-avenae9T�{̎̋è�Tin�i`͊*͋: elf185
elf18-avenae̝4Ɂ7MT�{̎Qɚ&3�M� 
� B, Vzĭ͂ʀʝ͊ţ͋5g�Vywjwĭ͂ʀ͊Ď͋8 EF-Tu-a�elf18�
elf18-avenaeQ+N,NʁȢŮ 300 nM57MJ�8äȴ&-�Vz:äȴ 1.5
ǅ̝Ż�g�Vywjw:äȴ 0.5ǅ̝Ż9ȍƆ̎ɾ9Ʌȷ̑Q��{��Qȹ
�-ûńɅÙ8J03Ǩå&-�ǰ˫:ȍƆȫˣɅȷ̑Qɚ&3�M�Ð: 3ġ
9Ŋ̓9ŪĪ4ɚ&-�Tin�i`͊*͋: tǨŉ8JL p < 0.014ǎƊ7Ť
Qɚ&-� 
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Figure 25.� EF-Tu-a��pvQäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 
 
� A, EF-Tu-a5 EF-Tu-a��pv�EF-Tu-a��pv: EF-Tu-a9T�{̎Ǹ
ĮɀďQG58Ĕ¶!-� 
� B, Vzĭ͂ʀʝ8EF-Tu-a5EF-Tu-a��pvQ+N,NʁȢŮ 300 nM5
7MJ�8äȴ&-�äȴ 1.5ǅ̝Ż9ȍƆ̎ɾ9Ʌȷ̑Q��{��Qȹ�-
ûńɅÙ8J03Ǩå&-�ǰ˫:ȍƆȫˣɅȷ̑Qɚ&3�M�Ð: 3ġ9Ŋ
̓9ŪĪ4ɚ&-�͈9}�: tǨŉ8JL p < 0.014ǎƊ7ŤQɚ&-� 
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Figure 26.� EF-Tu-a 101�300Qäȴ&-Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ 
 
� ǰ˫8ɚ&-ʁȢŮ57MJ�8 EF-Tu-a 101�300QVzĭ͂ʀʝ8äȴ&�
äȴŻ 1.5ǅ̝Ż9Vzĭ͂ʀʝ8�!MȍƆ̎ɾ9Ʌȷ̑QȚŉ&-�ȍƆ̎
ɾ9Ʌȷ:��{��Qȹ�-ûńɅÙ8J03Ǩå&-�ʎ˫:ȍƆȫˣɅȷ

̑�ǰ˫:äȴȢŮQɚ&3�M�Ð: 3ġ9Ŋ̓9ŪĪ4ɚ&-� 
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Figure 27.�  EF-Tu-a 101�3005 elf18Qäȴ&-Vzʯ8�!M\��i9Ȅ
ɏ 
 
� EF-Tu-a 101�3005 elf18:ʁȢŮ 300 nM57MJ�8Vzʯ8äȴ&-�
\��i9Ȅɏ:Tx�����ǞʩJ03Ǩå&-�ʎ˫: 1 mm2Ŵ-L9\

��i9ȄɏƹQɚ&3�M�Ð: 9ġ9Ŋ̓9ŪĪ4ɚ&-�Tin�i`͊ *͋
: tǨŉ8JL p < 0.014ǎƊ7ŤQɚ&-� 
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Figure 28.�  EFa50Qäȴ&-Vzĭ͂ʀʝ8�!MÚɂ̞˻̇»ł9ɅȲ 
 
� EFa50QʁȢŮ 300 nM57MJ�8äȴ&-Vzĭ͂ʀʝ�Kƛå&-
RNA8ĖCNMOsWRKY70�OsCht1�OsEDS1�OsNAC49mRNA���
QȚŉ&-�mRNA���: RT-PCR9Ŗƹĵũǐ8�!M̟ÐȤ�Kˌɯ&
-�ʎ˫:mRNA����ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 3ġ9
Ŋ̓9ŪĪ4ɚ&-� 
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Figure 29.� EF-Tu-a��pvQäȴ&-g�Vywjwĭ͂ʀʝ8�!MȍƆ
̎ɾ9Ʌȷ 
 
� g�Vywjwĭ͂ʀʝ8 EF-Tu-a5 EF-Tu-a��pvQ+N,NʁȢŮ
300 nM57MJ�8äȴ&-�äȴ 0.5ǅ̝Ż9ȍƆ̎ɾ9Ʌȷ̑Q��{�
�Qȹ�-ûńɅÙ8J03Ǩå&-�ǰ˫:ȍƆȫˣɅȷ̑Qɚ&3�M�Ð

: 3ġ9Ŋ̓9ŪĪ4ɚ&-�͈9}�: tǨŉ8JL p < 0.014ǎƊ7ŤQɚ
&-� 
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Figure 30.� EF-Tu-a 101–300ÝƧɡ8JM A. avenae9ȷʜ?9Ŷ̶ 

 

� �: N1141ʭǠ͌mock��: N1141ʭǠ͌EF-Tu-a 101–300��: K1ʭǠ͌

mock��: K1ʭǠ͌EF-Tu-a 101–300�1�106 cfu9VẕɃăƆ A. avenae 
N1141ʭǠ͊ ţ 5͋VzɃăƆ A. avenae K1ʭǠ͊ Ď Q͋ EF-Tu-a 101–300 300 

pmol5ȕđ&�Vzʯ̳8̓ȭƧɡ&-�Ƨɡ 1�3�5ǁɋ9ʯ8ĖCNMʭ

ÀƹQˌȚ&-�ʎ˫:ʭÀƹ�ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M�Ð: 3

ġ9Ŋ̓9ŪĪ4ɚ&-� 
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ɬ¬ɪ� ʗœ 

 

 

� #NC48�g�VywjwQĖET��wɝǧȫ: EF-Tu9NǓɫ 18T�

{̎elf18QPAMP5&3˔˜&3PTIQ˕Ř(M#5�ǄK�5703�M�

C-�đƐ&-Ǭ�7 elf18̽ʍÀQȹ�-˓ʀ7ˉǛ8J03�elf18 :

acetyl-xKxKFxR5��NǓɫǫ˺QG1İđ8ǌļ9PTI˕ŘʞQɅƭ(M#

5�įĘ%N3�M͊Kunze et al., 2004 �͋ɬ�ɪ4ēŉ&- A. avenae9
EF-Tu-a9NǓɫ8��3G xKxKFxR�ÉŃ%N3�-94�EF-Tu-aȻǘ

9 elf18-avenaeQVz5g�Vywjw8äȴ&-5#O�Vz: elf18-avenae

Q˔˜&3ÚɂćƄQ˕Ř&7���g�Vywjw: PTIQ˕Ř(M#5�Ǆ

K�570-͊ Figure 24B �͋ŭ˘8G˳@-��Vz8:g�Vywjw9 elf18

Q˔˜(M EFR5��ĊŎÀ9[�m�a�ŃĨ&3�7�#5�ǄK�87

03�M͊Boller and Felix, 2009 �͋#9#5�K�Vz� elf18-avenaeQ˔˜

&3ÚɂćƄQ˕Ř&7�9:�elf189ĊŎÀ�Vz8:ŃĨ&3�7��K

4�O�� 

� #9Ǭ8�ē�9 PAMP4�03Gǧȫɡ8J03+9˔˜̊¾�Ɂ7M#

5���hX��4˱ūįĘ%N3�M�g�Vywjw:��hX��9NǓ

ɫÓ8ŃĨ(M flg225�� 22T�{̎4ǫƐ%NM��pvQ FLS͎5��

ĊŎÀī^w�l4˔˜&3 PTIQ˕Ř(M͊ Felix et al., 1999�Gómez-Gómez 

and Boller, 2000 �͋&�&�wiɝǧȫ9u�u:�FLS2���a8J03 flg22

Q˔˜(M#58ö�3�flg225:Ɂ7MNǓɫÓ̺Ĭ flgII-285Ĕ¶!KN

-��pvQ˔˜&3�M#5�įĘ%N3�M͊Clarke et al., 2013 �͋C-�

Āłʯǧȫ4�MVz: FLS2���aQǎ&3�M��¥8��hX��9 C

ǓɫÓQ˔˜&3�M5��ɒ˃GžKN3�M͊Takai et al., unpublished 

data �͋#9J�7#5�K�u�uHVz8:�+N,N flgII-28H CǓɫ̺

ĬQ˔˜(M FLS25:Ɂ7MĊŎÀ�ŃĨ(M5ʗ�KN3�M�Vz9

EF-Tu˔˜ǲǫ�g�Vywjw9 EF-Tu˔˜ǲǫ5Ɂ703�M5��³ġ

9ʄǝ:�ǧȫɡ8�!M PAMP˔˜ǲǫ9ĻǬƆ9�Ä79�G&N7�� 

� Vz8�!M EF-Tu-a˔˜̺ĬQ˗@-5#O�Vz: EF-Tu-a9¤ľ 50
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T�{̎�K7M EFa50Q˔˜&3�M#5�ǄK�570-͊Figure 25 �͋
EF-Tu: 319v�V�4ǫƐ%N3�M#5�P�03�L�NǓɫ�K
GDP/GTPʄđ5GTPaseȍƆQG1 EF-Tu 1v�V��́ ŁǲʞQG-7��

EF-Tu 1v�V�9ȍƆQ˗ɰ(M EF-Tu 2�J= 3v�V��ŃĨ(M
͊Heffron et al., 2006�Jonák, 2007 �͋%K8�EF-Tu:�EF-Tu 1v�V�8
GTP5ʄđ&-ȭƌ4T�{Tg�-tRNA5ʄđ&�EF-Tu 2v�V�5EF-Tu 
3v�V��T�{Tg�-tRNAQƘ�MǬ8ř%�̛'-ȭƌ57M�+&3�
GTPQGDP8Ĺƫ(M5T�{Tg�-tRNAQ��m��9 Å¾?ĈF�
��m���K EF-Tu:̫N�̛'3�- EF-Tu 2�J= 3v�V��̜�5
ʗ�KN3�M�ǔ˘ƻ4Vz8�!MEF-Tu-a˔˜̺Ĭ5&3ēŉ&-EFa50
:�EF-Tu 1v�V�5 EF-Tu 2v�V�Q17 ̺Ĭ4�L�#9̺Ĭ:
EF-Tu5T�{Tg�-tRNA9ʄđ5ˉ̫8¼�ʄđ�bqu9̛̜8J03
ǫ˺�Ĺû(M5ªƉ%N3�M�Ŋ̩�ʄǉǫ˺�ǄK�5703�M EF-Tu
æł9 EFa50̺ĬQ˗@M5�GTP5T�{Tg�-tRNA9ʄđ9ǎȥ8J0
3ǫ˺�Ĺû&3�-͊ PDB ID: 1B23, 1EFT, 1TTT �͋C-�EFa50̺Ĭ:GTP
5T�{Tg�-tRNA9ʄđ9ǎȥ8ÈPK)�T�{Tg�-tRNAʄđ̺Ĭ5
:ćŖÓ9æłʻ̲8¾ʑ&3�-��ƿ�EFa50̺Ĭ:ʭɡ̝49T�{̎̋
è9ÉŃƆ9¿�̺Ĭ4�M#5GįĘ%N3�M͊ Jared and Olke, 2011 �͋#
NK9#5�K�Vz: EFa50̺ĬQȬŉ9T�{̎̋è4˔˜&3�M5�
�JL:�+9ǫ˺ɇȬƁQ˔˜&3�MČʞƆ�ʗ�KNM�«Ŋ�ǔɪ4T

kuxu��Qȹ�-˶ɍ`��ua��U�4 EFa50Qɶʿ(M5�+9
PAMPȍƆ�ĿPNM#5�ɚ%N3�L�Vz8JM EFa50̺Ĭ9˔˜8:
+9ɩÀǫ˺�̐˂4�M5ƅPNM�³Ż�#9ȤQǄK�8(M-F8:�

EFa509T�{̎̋èQ����9J�7Ǫɫ8ǫ˺ɇ7ĹûQG-K(T�
{̎8ʑƫ&�+9 PTIȍƆQȚŉ(M#576�ƃ˂57M4�O�� 
� Vz9 EFa50˔˜8JM PTI˕Řʞ:�³95#OVz8ȬɁɇ4�L�g
�Vywjw: EFa50Q˔˜&7��+9�ƿ4�Vz: EFRQƞ-)�elf18
Q˔˜&3ÚɂćƄQ˕Ř(M#5�åǘ7��#9#5:�Vz5g�Vyw

jw9 EF-Tu˔˜ǲǫ:�Āłʯǧȫ5Ćłʯǧȫ�˽û9˿ɠ4æş&-Ż
8+N,N�Ȯʣ8Ȱž&3�-5ƨŉ%NM�%K8�£ʘ�ʀʭQ˔˜(M

-F8Ý˸&3 EF-TuQ PAMP5&3ìȹ(M5��#5:�EF-Tu�ʀʭ9



 82 

ȷŃ8��3̱Ũ8̐˂7ȫˣ4�Lʀʭ̝4̈́Ů8ÉŃ%N3�M#58ö��

ʀʭ8Ļ̑8ŃĨ(Mn�~`ˣ4�M#58JM94�O��(7P/�ʄǝ

ɇ8 EF-TuQ˔˜(M#5�£ʘ5Gʀʭ8Ŗ(M̠ſ8ǌGǎì87MʻȲ
ī4�0--F�EF-TuQ˔˜(M5��Ȥ8Ĉǖ&-ŵ4+N,N�˽û&-
5ʗ�KNM�%K8�#9#5:�Vz8ŃĨ&3�M EFa50Q˔˜(MĊ
ŎÀ:�Vz8ȬɁɇ8ŃĨ(Mæł4�MČʞƆQɚ(G94�M� 
� ǔɪ4:�EF-Tu-a 101–300QVz8Ŗ&3̱ɃăƆ9 A. avenae N1141ʭ
Ǡ5ÝƧɡ(M5Vz9ɃōƙƖƆQų�˕Ř(M#5GǄK�8&-��ƿ�

Vz8Ŗ&3ɃăƆ9K1ʭǠ5EF-Tu-a 101–3009ÝƧɡ4:ɃōƙƖƆ�Ʌ
ƭ%N7�0-�#NC48�g�Vywjw8Ŗ&3 flg22H elf18Qðäȴ
(M5ɃăƆ4�M Pseudomonas syringae pv. tomato DC300ʭǠ9ȷʜQí
̣(M#5�įĘ%N3�M͊ Kunze et al., 2004�Zipfel et al., 2004 �͋&�&�
flg22Q P. syringae pv. tomato DC300ʭǠ5ēǅ8g�Vywjw8Ƨɡ(M
5ȷʜ9ị́:ðäȴ&-ǅ5Ǽ@3ǄK�8Ų�7M#5GɒKN3�M

͊Zipfel et al., 2004 �͋#9#5�K�Vz8��3G EF-Tu9ðäȴ:Vz8
ǎø7ɃōƙƖƆQ¶¡(MČʞƆ��M��ƿ�Vz8Ŗ&3ɃăƆ9K1ʭ
Ǡ5 EF-Tu-a 101–3009ÝƧɡ4:K1ʭǠ9ȷʜ�Ŷ̶%N7�0-�EF-Tu
ÝƧɡ8J03 PTIćƄ�˕Ř%N3�M8G��PK)�ɃăƆʭK1ʭǠ9
ȷʜQƕí4�7�0-ȴȻ:ȲĨ95#O�ǄK�4:7��&�&�K1ʭ
Ǡ8:nV� IIIæȆʼʑ�ŃĨ&3�L�#9æȆʼʑQ´&3Vz9 PTIQ
ƕí(MY�X`n�QæȆ(M#5�ǄK�8703�M�+#4�K1ʭǠ
QƧɡ&�Ƨɡ 2ǅ̝Ż9Vzĭ͂ʀʝ8Ŗ&3��hX��H EF-TuQäȴ
&-5#O�PTI�˕Ř%N7�0-͊ĒȺʽˢ�ɜÊ �͋#9#5�K�Vz8
Ŗ&3ɃăƆ9K1ʭǠ5 EF-Tu-a 101–3009ÝƧɡ4:�EF-Tu8JL˕Ř
%NM PTIQK1ʭǠ�Y�X`n�Qȹ�3ƕí&--F�K1ʭǠ9ȷʜ�
̡ō%N7�0-ČʞƆ��M�ȲĨ�#9Ǭ7K1ʭǠ9ƞ1 PTI̡ōīY�
X`n�:ēŉ%N3�7���#9Y�X`n��ǄK�87N;�EF-Tu�
˕Ř(MPTI�#9Y�X`n�8J03̡ō%NM�6��QǄK�8(M#
5�åǘM4�O�� 
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ɬ�ɪ 
 
 

 Vz8JM EF-Tu 9ĊŎ5+9Ƈį»́ǲǫ9ˉǛ 
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ɬ�ɪ� ʊˋ 

 
 

� ðɪ4Vz9 EF-Tu˔˜̊¾:�g�Vywjw9 EF-Tu˔˜̊¾5:Ɂ7
M#5QǄK�8&-�%K8�Vz8:g�Vywjw9 EF-Tu ĊŎÀ4�
M EFR9[�m�a�ŃĨ&7�#5GǄK�87L�Vz8: EFa50Q˔˜
(Mǒɒ9ĊŎÀ�ŃĨ(M#5�ɚĞ%N-�#N:ēǅ8#9ĊŎÀ�K9

Ƈį»́ɺGŃĨ(M#5Qɚ&3�M�EF-Tu8JMVz9ÚɂćƄ˕Řǲǫ
9Ü˟QǄK�8(M-F8:�Vz8�!M EF-Tu 9ĊŎǲǫ5+9Ƈį»
́ǲǫ8̞(Mæł���49ɒ˃QžM#5�ƃ˂57M�+#4�ǔɪ4:�

Vz[�e�V`�T�VQȹ�3Vz EF-TuĊŎǲǫ5 EF-TuĊŎƇį9»
́ǲǫ81�3ˉǛ&-� 
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�  

ɬ�ɪ� ǕƼ5ƿȇ 
 
 
1͋�V`�T�VˉǛ 
 
� ʅ· 4ǁɋ9Vzĭ͂ʀʝ8ʁȢŮ 300 nM57MJ�8 EF-Tu-a 101–300
Qäȴ&�ʃǅɇ8Vzĭ͂ʀʝƏȡȓ 1 mLQØçLpq�4ġĈ& 1.5 mL
p���8ÛN�ĭĩQĉL̥�-Ż�ȓÀɨɾ4âʄ&-�âʄ&-ĭ͂ʀʝ

�KRNeasy Plant Mini kitQȹ�3Total RNAQƛå&�Quick Amp Labeling 
Kit͊ Agilent Technologies Q͋ȹ�3 Cy3Ǯ˜ cDNAQđƐ&�RNeasy Mini Kit
͊QIAGEN͋Qȹ�3 Cy3Ǯ˜ cDNAQɶʿ&-�ɶʿ%N- Cy3Ǯ˜ cDNA
:�Gene Expression Hybridization Kit͊Agilent Technologies͋Qȹ�3 Rice 
Gene Expression Microarray, 4 × 44k�V`�T�Vi�Vv͊Agilent 
Technologies͋8 65�4 17ǅ̝|V��oVl�g��&-�ćƄŻ�Gene 
Expression Wash Pack͊Agilent Technologies͋Qȹ�3�V`�T�Vi�V
vQȌȏ&-��V`�T�Vi�Vv: Scan Array 4000XL͊ GSI Lumonics͋
4i^��&�žKN-t�n:GeneSpring 12.6͊Agilent Technologies͋4
ˉǛ&-� 
 
 
2͋g�Vywjw EF-Tu ĊŎÀ EFR ɅȲ�`n�9Âʿ 
 
� ʅ· 7ǁɋ9g�Vywjw T87ĭ͂ʀʝƏȡȓ 1 mLQØçLpq�4ġĈ
& 1.5 mLp���8ÛN�ĭĩQĉL̥�-Ż�ȓÀɨɾ4âʄ&-�âʄ&-
ĭ͂ʀʝ�K RNeasy Plant Mini kitQȹ�3 Total RNAQƛå&�Transcriptor 
First Strand cDNA Synthesis Kit͊Roche͋Qȹ�3 cDNAQđƐ&-�žKN
- cDNAQs����u5&3EFṘ»łQȬɁɇ8ĵũ(M��V��kqu
Qȹ�3 PCRćƄQʸ��T]��ic�̭ǾȊù4ȬɁɇ7ĵũQɘ˔&-�
ɋɇ9ĵũȸȫQ pENTRTM/D-TOPO® Cloning Kit͊Life Technologies͋Qȹ�
3 pENTR/D-TOPO8�Vc�g��&�ļʠʭ͊DH5α͋8ŵˣ˪ƫ&-�ž



 86 

KN-d�x�9�/ɋɇ9V�f�u�ʂD˰CN-�`n�QG1ŵˣ˪ƫ

ÀQd�x�PCR4̆Ɨ&-�#9ļʠʭ�K��i�vQĀ̫&�EFR-FLAG/ 
pENTR/D-TOPO5Ĕ¶!-�EFR-FLAG /pENTR/D-TOPO:�ǧȫʀʝÞ4Ʌ

Ȳ%*M-F935S����n��Gateway® Recombination Cloning Technology
ȹ ccdB\kqu͊Life Technologies �͋ʵÙn�~`ˣQd�v(M Venuṡ»
łQǎ(MGw-Venus/pBI2215ȕđ&�Gateway® LR Clonase® II Enzyme mix
͊Life Technologies Q͋ȹ�3 LRćƄQʸ�#54�35S����n�9�Ȏ4
EFR-Venusn�~`ˣQɅȲ(M EFR-Venus/pBI221QÂʿ&-� 
  
�PCRćƄ8ȹ�-��V��kqu� 
EFR-F͊5’-CACCATGAAGCTGTCCTTTTCACTTG-3’͋ 
EFR-FLAG-R
͊5’-CTTATCATCATCATCCTTGTAATCTCCTCCTCCCATAGTATGCATGT
CCGTATTTA-3’͋ 
 
 
3͋Vz��u��iu9˗ʿ5ŵˣ˪ƫ 
 
� ʅ· 4ǁɋ9Vzĭ͂ʀʝ�KĭĩQ̥ą&�ÃȹɌð8˗ʿ&- 15 mL9
̍ɾȓ͊1% Cellulase RS͊Yakult͋, 0.5% Macerozyme R10͊Yakult͋, 0.1% 
Pectolyase Y23͊ Kyowa Chemical ,͋ 0.6 M mannitol, 10 mM CaCl2, 0.1% BSA, 
5 mM MES-KOH [pH 5.7]͋Q�U�n�͊MILLEX®-GS͋4ȣ˿&�ĭ͂ʀʝ
8äȴ&-�30��3ǅ̝�ǊƑ4̰ʑĭ͂&-Ż�100 µmŹ9k�iu�V
w�͊Beckton Dickinson Labware͋4ȣ˿&�100 g�25�4 5æ̝̃Ƃæ̫
(M#54��u��iuQ̪F-��ȗQĉL̥�-Ż�15 mL9KMC 
solution͊117 mM KCl, 82 mM MgCl2, 85 mM CaCl2, [pH 6.0]͋Qö�3ʌH
�8ȕđ&�ßŮēǗº4̃Ƃæ̫&3�ȗQ̥ą&-�#9ƲÂQ¬ġʐL˲

&-Ż�3 mL9MMg solution͊400 mM Mannitol, 15 mM MgCl2, 4mM 
MES-KOH, [pH 5.7]͋Qö��ʌH�8ȕđŻ�ʷȳˌɯǚQȹ�3̼ƀ̙ˇœ
�4 0.1 mm3Ŵ-L9ʀʝƹQƹ�-�ʀʝőŮQɯå&-Ż�ʀʝőŮ 2�105 
cells/mL9��u��iuȓQž-�Yq��v��p���8��i�v
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͊pOsWRKY70-luc 2.5 µg� pRluc 3 ng�EFR-Venus/pBI221 2 µg͋QÛN�
��u��iuȓ 200 µL͊ 4�104 cells Q͋ö��%K8 210 µL9 PEG solution
͊40% [v/v] PEG 4000͊ Fluka ,͋ 200 mM mannitol, 100 mM CaCl2 Q͋ö�3�

ØçLpq�Qȹ�3ʌH�8��qsU�aQʸ0-�25�4 30æ̝̰ʑ&
-Ż�800 µL9KMC solutionQö�3 100 g�25�4 5æ̝̃Ƃæ̫&3�ȗ
Q̥ą&�200 µL9KMC solution8Əȡ&3 30��ǊƑ4 15ǅ̝̰ʑĭ͂&
-͊Takai et al., 2008 �͋ 
 
 
4͋�g�X��lQȹ�-���n�TqkV 

 
� ŵˣ˪ƫ&-��u��iu8ʁȢŮ 300 nM57MJ�8 elf18Qäȴ&�
30��ǊƑ4 3ǅ̝̰ʑ&-�200 g�25�4 5æ̝̃Ƃæ̫&3�ȗQ̥ą&
-Ż�Dual-Luciferase® Reporter Assay System͊Promega͋Qȹ�3���n
�TqkVQʸ0-�ûńɅÙ9Ǩå8:�PHELIOS AB-2350͊ATTO͋QÃ
ȹ&-� 
 
 
5͋Vz EF-Tu ĊŎÀÏʾn�~`ˣɅȲ�`n�9Âʿ 
 
� ʅ· 4ǁɋ9Vzĭ͂ʀʝ8ʁȢŮ 300 nM57MJ�8 EF-Tu-a 101–300
Qäȴ&-�1ǅ̝Ż�Total RNAQƛå&�Transcriptor First Strand cDNA 
Synthesis KitQȹ�3 cDNAQđƐ&-�EF-TuĊŎÀÏʾ͊ EF-Tu Receptor 
Candidate; ERC͋̇»ł9Ü̚QȬɁɇ8ĵũ(M��V��kquQȹ�3

PCRćƄ4+N,Nĵũ&-�Ƕ&�ĵũƽȪ�žKN-K�+N,N9ĵũƽ
ȪQ pENTR/D-TOPO8�Vc�g��&�ļʠʭ͊DH5α͋8ŵˣ˪ƫ&-�
žKN-d�x�9�/ɋɇ9V�f�u�ʂD˰CN-�`n�QG1ŵˣ˪

ƫÀQd�x�PCR4̆Ɨ&-Ż�+N,N9ļʠʭ�K��i�vQĀ̫&-�
Ā̫&-��i�v:�Gw-Venus/pBI2215ȕđŻ�Gateway® LR Clonase® II 
Enzyme mixQȹ�3 LRćƄQʸ��35S����n�9�Ȏ4ĐVz EF-Tu
ĊŎÀÏʾ5 VenusQʶđ&-n�~`ˣQɅȲ(M�`n�QÂʿ&-�Âʿ
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&-�`n�Ĕ5Vz EF-TuĊŎÀÏʾ̇»ł9`��x�a8ȹ�-��V
��kquQ¸�8ɚ(� 
 
�ERC1-Venus/pBI221� 
ERC1-F͊5’-CACCATGGAAACCATGGCAAAAGCAC -3’͋ 
ERC1-R͊5’-GACAATGGAATCGAAATCGCTCCT -3’͋ 
�ERC2-Venus/pBI221� 
ERC2-F͊5’-CACCATGATCCGCTTGTTTGCTCCAT-3’͋ 
ERC2-R͊5’-CACTACTTTTCCTCCACTGGAAAGC-3’͋ 
�ERC3-Venus/pBI221� 
ERC3-F͊5’-CACCATGAACACCCTCACCGGAAGC-3’͋ 
ERC3-R͊5’-TTGGCTTGATGTTCCTTCATTGGA-3’͋ 
�ERC4-Venus/pBI221� 
ERC4-F͊5’-CACCATGGCATGTGCAGCTCTGG-3’͋ 
ERC4-R͊5’-AGAAACTTCGGAAGATAAATTCGGCA-3’͋ 
�ERC5-Venus/pBI221� 
ERC5-F͊5’-CACCATGGAGAGGAATAAATTTGCAAGCAAAA-3’͋ 
ERC5-R͊5’-GTCTTCTCCGACGAGCTTGC-3’͋ 
�ERC6-Venus/pBI221� 
ERC6-F͊5’-CACCATGGGGACGAGGAGGAGGA-3’͋ 
ERC6-R͊5’-TGATGTGATGATCTCAAGTTCAGCC-3’͋ 
�ERC7-Venus/pBI221� 
ERC7-F͊5’-CACCATGCAGCTGCCCAATTTGC-3’͋ 
ERC7-R͊5’-CATCTGCACCTGCAGGTCTG-3’͋ 
�ERC8-Venus/pBI221� 
ERC8-F͊5’-CACCATGCCGCGTGCGGCGGTC-3’͋ 
ERC8-R͊5’-CTGAGAAACGCTGTCGAAATCGT-3’͋ 
�ERC9-Venus/pBI221� 
ERC9-F͊5’-CACCATGTTTACTATTCTGAAATTGCTTCCAATGC-3’͋ 
ERC9-R͊5’-ATCCATCACTGAACATGTCATGTGTAG-3’͋ 
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�ERC10-Venus/pBI221� 
ERC10-F͊5’-CACCATGCCGCGGAGACACGAC-3’͋ 
ERC10-R͊5’-CTTCTGGTAGTCTGTTAGCTTGCTAATT-3’͋ 
 
 
6͋g�Vywjw��u��iu9˗ʿ5ŵˣ˪ƫ 
 
� ʅ· 6�8ǁɋ9g�Vywjwĭ͂ʀʝ�KĭĩQ̥ą&�ÃȹɌð8˗ʿ
&- 15 mL9̍ɾȓ͊0.75% Cellulase RS, 0.03% Pectolyase Y23, 0.5 M 
Sorbitol, 1 mM CaCl2, 10 mM MES-KOH [pH 5.7]͋Q�U�n�
͊MILLEX®-GS͋4ȣ˿&�ĭ͂ʀʝ8Ȗö&3Ōș4 30æ̝̰ʑ&-�+9
Ż 22��90æ�ǊƑ�70 rpm4ơɊĭ͂&-Ż�100 µmŹ9k�iu�Vw
�4ȣ˿&�ȣȓQ 130 g�4�4 3æ̝̃Ƃæ̫(M#54��u��iuQ̪
F-��ȗQĉL̥�-Ż�4 mL9W5 solution͊ 5 mM KCl, 154 mM NaCl, 125 
mM CaCl2, 5 mM Glucose, 1.5 mM MES-KOH [pH 5.7]͋Qö�3ʌH�8ȕđ
&�ßŮēǗº4̃Ƃæ̫Qʸ��ȗQ̥ą&-�#9ƲÂQ¬ġʐL˲&-Ż�

3 mL9 SoMg solution͊ 400 mM Sorbitol, 15 mM MgCl2, 4mM MES-KOH, [pH 
5.7]͋Qö��ʌH�8ȕđŻ�ʷȳˌɯǚQȹ�3̼ƀ̙ˇœ�4 0.1 mm3Ŵ

-L9ʀʝƹQƹ�-�ʀʝőŮQɯå&-Ż�ʀʝőŮ 2�105 cells/mL9�
�u��iuȓQž-�Yq��v��p���8��i�v͊ pAtWRKY29-luc 
2.5 µg, pRluc 10 ng, ERC1-Venus/pBI221 2 µg͋QÛN���u��iuȓ 200 
µL͊ 4�104 cells Q͋ö��%K8 210 µL9 PEG solution͊ 40% [v/v] PEG 4000, 
400 mM Sorbitol, 100 mM CaCl2͋Qö�3�ØçLpq�Qȹ�3ʌH�8�

�qsU�aQʸ0-�25�4 15æ̝̰ʑ&-Ż�800 µL9W5 solutionQö
�3 200 g�25�4 5æ̝̃Ƃæ̫&3�ȗQ̥ą&�100 µL9W5 solution8
Əȡ&3 23��ǊƑ4 15ǅ̝̰ʑĭ͂&-� 
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ɬ�ɪ� ʄǝ  

 

 

1͋Vz[�e�V`�T�VQȹ�-Vz EF-Tu ˔˜gaw�Ƈį»́

ɺ9ˉǛ 

 

� ɬ¬ɪ4:�Vz� EF-Tu9 EFa50Q˔˜(M#5QǄK�8&-�#9#

5�K�Vz8: EFa50˔˜gaw�Q»�MƇį»́ɺ9ŃĨ�ɚ%N-�

+#4�EF-Tu8JMVz9 PTI˕ŘǲǫQǄK�8(M-F8�EF-Tu˔˜

�Ȏ4íſ%NṀ»łʔQˉǛ(M#58&-� 

� Vz EF-Tu˔˜�Ȏ4íſ%NṀ»łʔQēŉ(M-F8�Vzc{�8

ŃĨ(Mɼ 42,000Ì9̇»ł(@3QˉǛ4�MVz 44 k[�eDNA�V`

�T�VQÃȹ&3�EF-Tu-a 101–300äȴŻ8ɅȲĹù(Ṁ»łQʈʒɇ8

ˉǛ(M#58&-�EF-Tu-a 101–300QʁȢŮ 300 nM57MJ�8Vzĭ͂

ʀʝ8ö��0�1�3�6ǅ̝Ż9Vzĭ͂ʀʝ�Kƛå&- RNAQȹ�3Đ̇

»ł9ɅȲ̑Q�V`�T�V4ˉǛ&-��V`�T�VˉǛ8J03žKN

- EF-Tu-a 101–300äȴ 1�3�6ǅ̝Ż9ɅȲ̑t�nQ EF-Tu-a 101–300ä

ȴ 0ǅ̝9ɅȲ̑t�n4 Per Chip NormalizationQʸ0-�+9Ż�Per Gene 

AnalysisQʸ�#54�EF-Tu-a 101–300äȴŻ9ɅȲ̑��Ś7�5G 1Ȥ

¸�4 4Í¸�Ĺù&-̇»łQƛå&-5#O�5,451̇»ł�̆Ɨ%N-�

#NK9̇»łQ̨Şɇ`�in�ˉǛ4 619`�in�8æ̽&-͊Figure 

31 �͋+9ʄǝ�EF-Tu-a 101–300äȴ8J03ɅȲ̑�ȘŚ(M 2,065̇»ł

�`�in�A�B�C8æ̽%N-�`�in�D8:�EF-Tu-a 101–300ä

ȴ 1ǅ̝Ż�Kų�ɅȲ˕Ř%NM 618̇»ł�æ̽%N-�̀ �in�E8:�

EF-Tu-a 101–300äȴ1ǅ̝Ż�K6ǅ̝Ż8�!3ż�8ų�ɅȲ˕Ř%NM

1,315̇»ł�æ̽%N-�Ȭ8�#9`�in�E9¤8ĖCNṀ»ł:�

Vz8��hX��Qäȴ&-5�8ɅȲ̑��ǃ(MƖʭƆȫˣđƐ̍ɾ4�

M PR-1aH Phenylalanine ammonia lyase�ƖʭƆn�~`ˣ4�M

Endochitinase�Thaumatin�ĖCN3�-͊Tanaka et al., 2003�Fujiwara et 

al., 2004 �͋%K8�##8ĖCN3�- Probenazole-inducible protein PBZ1



 91 

:���hX��˔˜�Ȏ4ɅȲ˕Ř%NM#58ö�3f�p�̎9�Ȏ4í

ſ%N3�M#5GįĘ%N3�M͊Nakashita et al., 2001 �͋ǌŻ8�`�i

n�F8: EF-Tu-a 101–300äȴ 1ǅ̝Ż�G05Gų�ɅȲ˕Ř%N�+9

Żż�8ɅȲ̑�ȘŚ(M 1,433̇»ł�æ̽%N-�#97�8:��hX�

�9�Ȏ4íſ%N3�M#5�įĘ%N3�M˪àĢł�Zinc finger 

transcription factor�RING-type domain containing protein�WRKY 

transcription factor 1�Ƈį»́Ģł EF-hand Ca2+-binding protein CCD1Hǲ

ʞǒɒ4:�M���hX��˔˜�Ȏ4íſ%NM EL2 protein�DUF family 

proteinɭ9Ļ�9��hX��˔˜�Ȏíẛ»ł�˔FKN-͊Fujiwara et 

al., 2004 �͋�ƿ4�ETI8ĖCNM˿ƷƋʀʝǷQ˕Ř(M˪àĢłOsNAC4

9ɅȲ̑9Ĺû:˔FKN7�0-�#NK9#5�K�EF-Tu-a˔˜8J03

ɅȲ˕Ř%NṀ»ł9Ļ�:��hX��Q˔˜&-Ż8ɅȲ�ǃ(Ṁ»ł

5Ý˸4�M#5�ɚ%N-� 

 

2͋Vz[�e�V`�T�VQȹ�-Vz EF-Tu ĊŎÀÏʾ̇»ł9̆

Ɨ 

 

� Ǵ8�Vz8�!M EF-Tu˔˜9ǲǫQǄK�8(M-F�Vz8ŃĨ(M

4�O� EF-TuĊŎÀ9ēŉQˑD-� 

� ǧȫ9ʡŃĨīĊŎÀQd�v(Ṁ»ł:�#9ĊŎÀ��]�v˔˜Ż8

ɅȲ˕Ř%NMİđ�Ļ�#5�įĘ%N3�M͊Zipfel et al., 2006 �͋+#4�

Vz EF-TuĊŎÀQēŉ(M-F8�Vz 44 k[�eDNA�V`�T�VQ

Ãȹ&3�EF-Tu-a 101–300äȴŻ8ɅȲ��ǃ(Ṁ»łQʈʒɇ8ˉǛ(M

#58&-�EF-Tu-a 101–300äȴŻ9ɅȲ̑��3Ȥ+N,N4 4Í¸�ɅȲ

�ǃ&-̇»łQƛå&-5#O�äȴ 1ǅ̝Ż8: 2,453̇»ł�äȴ 3ǅ̝

Ż8: 2,044̇»ł�äȴ 6ǅ̝Ż8: 1,809̇»ł�̆Ɨ%N-�#NK 31

9̇»łʔ869ɠŮ9̐ˀ��M�˗@-5#O�äȴ 1ǅ̝Ż8ɅȲ̑��

ǃ&- 2,453̇»ł�/�ɼ 6ó9̇»ł�äȴ 3ǅ̝Ż8GɅȲ̑� 4Í¸�

4�L�C-�ɼ 5ó9̇»ł�äȴ 6ǅ̝Ż8G+9ɅȲ̑� 4Í4�M#5

�ǄK�570-͊Figure 32 �͋#9Ǭ8�äȴ 1ǅ̝Ż8�ǃ&-̇»ł9Ļ

��+9Ż9äȴǅ̝8��3GɅȲ̑�ĵö&3�M#5�K�C):�äȴ
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1ǅ̝Ż84Í¸�9ɅȲ�ǃ�˔FKN-2,453̇»ł81�3ˉǛQʸ0-�

C)�#NK9̇»ł9¤�K�ʀʝĺ8n�~`ˣ5ɍ­Âȹ(M-F9�V

g��qp���uv�V�QG/�ʀʝÞ8k��/i�[x�^w�lv�V

�QG1ĊŎÀǬ^w�ln�~`ˣQd�v(Ṁ»łQƦɿ&5#O�10̇

»ł�žKN-94�#NKQVz EF-TuĊŎÀÏʾ͊EF-Tu Receptor 
Candidate; ERC͋̇ »ł5&-͊ Figure 33 �͋ʧęȔ�#58�#NKVz EF-Tu

ĊŎÀÏʾ̇»ł9 EF-Tu-a 101–300Qäȴ&-Ż9ɅȲ~n��:�10̇»

ł5G EF-Tu-a 101–300äȴ 1ǅ̝Ż8ǌGɅȲ̑��ǃ&�+9Ż9ɅȲ̑

:ȘŚ(M5��ABē'~n��4�M#5�ǄK�870-͊Figure 34 �͋ 

 

 

3͋EFR ˿òɅȲVz9 elf18 ˔˜ʞ9Ȱž 

 

� #NC48�ǧȫɡ̝4 PAMPĊŎÀQɁɡɅȲ%*M5+9 PAMP˔˜ʞ

QȰž&�PTI�˕Ř%NM#5�įĘ%N3�M͊Lacombe et al., 2010 �͋+

#4�Vz EF-TuĊŎÀ9ēŉQ EF-Tu-a 101–300˔˜ʞQƞ-7�g�Vy

wjwQȹ�3ʸ�#5�Čʞ�Ǩˍ(M#58&-�C)�Vz8g�Vyw

jw EF-TuĊŎÀ EFRQɅȲ%*3�Vz EF-TuƄɮ̇»łOsWRKY709

˪à�ȍƆû%NM�Q˗@-�EFRQ˿òɅȲ(M�`n�QVz��u��

iu8ŘÛ&�ŘÛ 15ǅ̝Ż8 elf18QʁȢŮ 300 nM57MJ�8äȴ&3�

äȴ 3ǅ̝Ż9Vz EF-TuƄɮ̇»łOsWRKY709����n�ȍƆQȚŉ

&-�+9ʄǝ�EFR˿òɅȲVz��u��iu8 elf18Qäȴ(M5ǿäȴ

8Ǽ@3ɼ 1.3Í9OsWRKY70����n�ȍƆ9�ǃ�˔FKN-͊Figure 

35 �͋#9ǅ�d�u���5&3 Empty vectorQŘÛ&-��u��iu4:

elf18äȴQʸ03Gǿäȴ&-G95ēɠŮ9OsWRKY70����n�ȍƆ
&�˔FKN7�0-�#9#5�K�g�Vywjw EFR:Vz9 EF-TuĊ

Ŏgaw�»́ɺQìȹ&3 elf18ĊŎgaw�Q»́4�M#5�ǄK�57

0-�#9#5:ēǅ8�Vz EF-TuĊŎÀ:g�Vywjw EF-TuĊŎga

w�»́ɺQÃ03 EF-Tu-a 101–300˔˜gaw�Q»́4�MČʞƆQGɚ

Ğ(M� 
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4͋Vz EF-Tu ĊŎÀÏʾ9̆Ɨ 

 

� Vz EF-TuĊŎÀ:g�Vywjw EF-TuĊŎgaw�»́ɺQÃ03

EF-Tu-a 101–300˔˜gaw�Q»́4�MČʞƆ�ɚ%N-�+#4�Vz

EF-TuĊŎÀÏʾ10̇»łQEF-Tu-a 101–300˔˜ʞQƞ-7�g�Vywj

w8˿òɅȲ%*M#54g�Vywjw� EF-Tu-a 101–300˔˜ʞQȰž(

M�6��˗@-�g�Vywjw��u��iu8Vz EF-TuĊŎÀÏʾn

�~`ˣɅȲ�`n�QŘÛ&�ŘÛ15ǅ̝Ż8EF-Tu-a 101–300QʁȢŮ300 

nM57MJ�8äȴ&3�äȴ 3ǅ̝Ż9g�Vywjw PTI̞˻̇»ł

AtWRKY29����n�ȍƆQȚŉ&-��hsU�d�u���5&3 EFR

Q˿òɅȲ&-��u��iuGēǅ8ˑ̓&-�+9ʄǝ�ERC15 ERC7Q

ɅȲ(M�`n�QŘÛ&-g�Vywjw��u��iu8��3 EF-Tu-a 

101–300äȴ8J03ǿäȴ8Ǽ@3ɼ 1.5Í9 AtWRKY29����n�ȍƆ
9�ǃ�˔FKN-͊Figure 36 �͋C-��hsU�d�u���5&- EFR

˿òɅȲg�Vywjw��u��iu8��3 elf18äȴ8J03mockäȴ

8Ǽ@3ɼ 1.8Í9 AtWRKY29����n�ȍƆ9�ǃ�˔FKN-͊Figure 

37 �͋#NK9#5�K�ERC15 ERC7:Vz EF-TuĊŎÀ5&3ǲʞ&3�

MČʞƆ�ɚ%N-� 
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Figure 31.� EF-Tu-a 101–300äȴ4 4Í¸�ɅȲĹù(Ṁ»ł9̨Şɇ`�
in�ˉǛ 
 
� ͊A �͋ʁȢŮ 300 nM57MJ�8 EF-Tu-a 101�300äȴ&-Vzĭ͂ʀʝ
�Kƛå&- RNAQVz 44 k�V`�T�V8J03mRNA���QȚŉ&
-�äȴ 1�3�6ǅ̝Ż8äȴð9 4Í¸�9ɅȲ̑9Ĺù�˔FKN- 5,451
̇»łQ̨Şɇ`�in�ˉǛ&-�͊ B �͋A8ĖCN3�-��hX���Ȏ
íẛ»ł� 
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Figure 32.� EF-Tu-a 101–300äȴ4 4Í¸�ɅȲ�ǃ(Ṁ»łƹ 
 
� ˤʩ: EF-Tu-a 101–300äȴ 1ǅ̝�̮ʩ: EF-Tu-a 101–300äȴ 3ǅ̝�ʉ
ʩ: EF-Tu-a 101–300äȴ 6ǅ̝� 
 
  

EF-Tu-a 101–300 
äȴ 6ǅ̝ 

EF-Tu-a 101–300 
äȴ 3ǅ̝ 

EF-Tu-a 101–300 
äȴ 1ǅ̝ 
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Figure 33.� Vz EF-TuĊŎÀÏʾn�~`ˣ9ƨŉǫ˺ 
 
� ǣʩ: gaw���pv�ʉʩ: �Vg��qp���u͊LRR͋NǓɫv�
V��ǿʩ: LRRv�V��ʫʩ: ʡˡ˸v�V��Ǳʩ: k��/i�[x�^
w�lv�V�� 
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Figure 34.� EF-Tu-a 101–300äȴ&-Vzĭ͂ʀʝ8�!MVz EF-TuĊŎ
ÀÏʾ̇»ł9ɅȲ~n�� 
 
� ʁȢŮ 300 nM57MJ�8 EF-Tu-a 101�300äȴ&-Vzĭ͂ʀʝ�Kƛ
å&- RNAQVz 44 k�V`�T�V8J03mRNA���QȚŉ&-�ä
ȴ 1ǅ̝Ż8äȴð9 4Í¸�9ɅȲ̑9�ǃ�˔FKN- 1ġʡˡ˸īĊŎÀ
^w�lǬ̇»łQVz EF-TuĊŎÀÏʾ̇»ł5&�̇»łɅȲ~n��Q
ɚ&-�ʎ˫:mRNA����ǰ˫:äȴŻ9ʃ˿ǅ̝Qɚ&3�M� 
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Figure 35.� EFR˿òɅȲVz��u��iu8�!M elf18˔˜ʞ 
 
� �: ǿäȴ��: elf18äȴ�g�Vywjw9 EF-TuĊŎÀ4�M EFRQ˿
òɅȲ%*-Vz��u��iu8ʁȢŮ 300 nM57MJ�8 elf18Qäȴ&�
äȴ 3ǅ̝Ż9VzPTI̞˻̇»łOsWRKY709����n�ȍƆQ�g�X
��lQȹ�-���n�TqkV8J03Țŉ&-�ʎ˫:����n�ȍƆ

Qɚ&3�M�Ð: 6ġ9Ŋ̓9ŪĪ4ɚ&-�Tin�i`͊*͋: tǨŉ8J
L p < 0.054ǎƊ7ŤQɚ&-� 
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Figure 36.� VzEF-TuĊŎÀÏʾ˿òɅȲg�Vywjw��u��iu8�
!M EF-Tu-a 101–300˔˜ʞ 
 
� �: ǿäȴ��: EF-Tu-a 101–300äȴ�Vz EF-TuĊŎÀÏʾQ˿òɅȲ%
*-g�Vywjw��u��iu8ʁȢŮ 300 nM57MJ�8 EF-Tu-a 
101–300Qäȴ&�äȴ 3ǅ̝Ż9g�Vywjw PTI̞˻̇»ł AtWRKY29
9����n�ȍƆQ�g�X��lQȹ�-���n�TqkV8J03Țŉ

&-�ǰ˫:����n�ȍƆQɚ&3�M�Ð: 4ġ9Ŋ̓9ŪĪ4ɚ&-�
Tin�i`͊*͋: tǨŉ8JL p < 0.054ǎƊ7ŤQɚ&-� 
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Figure 37.� EFR˿òɅȲg�Vywjw��u��iu8�!M elf18˔˜ʞ 
 
� g�Vywjw9EF-TuĊŎÀ4�MEFRQ˿òɅȲ%*-g�Vywjw
��u��iu8ʁȢŮ 300 nM57MJ�8 elf18Qäȴ&�äȴ 3ǅ̝Ż9
g�VywjwPTI̞˻̇»łAtWRKY709����n�ȍƆQ�g�X��
lQȹ�-���n�TqkV8J03Țŉ&-�ʎ˫:����n�ȍƆQɚ

&3�M�Ð: 6ġ9Ŋ̓9ŪĪ4ɚ&-�Tin�i`͊*͋: tǨŉ8JL p 
< 0.054ǎƊ7ŤQɚ&-� 
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� ǔɪ4:�Vz8�!M EF-Tu9ĊŎ5Ƈį»́ǲǫQǄK�8(M-F�

EF-Tu-a 101–300Qäȴ&-Vz8�!Ṁ»ł9ɅȲĹùQVz[�e�V

`�T�V8J03ʈʒɇ8ˉǛ&-�#NC48�Vz8��3 PAMP5&

3ǲʞ(M��hX��˔˜Ƈį9�Ȏ4ɅȲĹù(Ṁ»ł�ǄK�5703

�M͊Tanaka et al., 2003�Fujiwara et al., 2004�Takai et al., 2007 �̨͋Şɇ

`�in�ˉǛ9ʄǝ���hX��˔˜�Ȏíẛ»ł5 EF-TuQ˔˜Ż8

ɅȲ˕Ř%NṀ»ł��̊Ý˸&3�M#5�ǄK�570-�#9#5:�

Vz8��3Ɂ7M PAMP9˔˜Ƈį��Ý˸9Ƈį»́ɺQÃ03»́%N

3�MČʞƆQɚĞ(M�#9J�7Ä:�g�Vywjw8Ŗ(M PAMP4

�M flg225 elf184G˔FKN3�M�#NK PAMP:�+N,N FLS25

EFR5��Ɂ7MĊŎÀ8J03˔˜%NM8G��PK)�+9˔˜Ƈį8J

03ɅȲ˕Ř%NṀ»ł9Ļ��Ý˸4�M͊ Zipfel et al., 2006 �͋VzGg�

Vywjw5ēǬ8�Ǭ�7 PAMPs8ŖƄ4�MJ�8+9ĊŎÀ:ĻǬû%

*-��+9˔˜Ƈį»́ʃ˨:Ý˸9gis�QÃȹ&3�M9�G&N7�� 

� #NC48�g�Vywjw8��3įĘ%N3�Mn�~`ˣƆ PAMP4

�M��hX��5 EF-Tu9ĊŎÀ:�FLS25 EFR4�L�£ĊŎÀ5Gʀ

ʝĺ8�Vg��qp���uv�V��ʀʝÞ8k��/i�[x�^w�lv

�V�Qƞ1 1ġʡˡ˸īĊŎÀ^w�l4�M͊Gómez-Gómez and Boller, 

2000�Zipfel et al., 2006 �͋#NK: LRR-RK�S���8ŝ&3�L�g�V

ywjw8��3:ɼ 200Ì9�S���n�~`ˣ�ŃĨ(M͊Shiu et al., 

2004 �͋Vz8G 300Ì¸�9 LRR-RK�S���n�~`ˣ�ŃĨ&3�M#

5�ǄK�5703�L�n�~`ˣƆ9 PAMP4�M EFa50Q˔˜(MĊŎ

ÀG#9�S���Þ8ŃĨ(MČʞƆ�̈́�5ʗ�KNM�+#4��V`�

T�VˉǛ8J03žKN- EF-Tu-a 101–300äȴ8J03ɅȲ˕Ř%NṀ

»ł9¤�K�10Ì9Vz EF-TuĊŎÀÏʾ̇»łQ̆Ɨ&-�#NK9̇»

ł9ɅȲ~n��:�EF-Tu-a 101–300äȴ 1ǅ̝Ż8ǌGɅȲ̑��ǃ(MÝ

˸9~n��Qɚ(#5QǄK�870-�g�Vywjw8��3�FLS2�
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�]�v4�M flg22˔˜ 30æŻ8:�ĊŎÀ9^w�lȍƆÆŃɇ8Y�vf

Vu�gi8J03ʀʝÞ?ĉL˰CN�˔˜ 60æŻ8:�mm��4 FLS2

�æˉ%NM�+9�ƿ4 flg22˔˜ 90æŻ8:�ʀʝʡ�8 FLS2�ʾ×%N

M�#9#5�K�flg22˔˜ 30æŻ8FLS2̇»ł9ɅȲ̑�ĵö(M#5:�
Y�vfVu�gi4ʀʝÞ8ĉL˰CN- FLS2ĊŎÀQʾ×(M-F9G9

4�M5ʗ�KN3�M͊Robatzek et al., 2006�Zipfel et al., 2006 �͋ʧęȔ�

#58�flg22˔˜Ż8:FLS2.!47�EFṘ»ł9ɅȲG˕Ř%N�C-�
elf18˔˜Ż8G EFṘ»ł.!47� FLS2̇»ł9ɅȲ˕ŘG˔FKNM
͊Zipfel et al., 2006 �͋#N:�+9ĊŎÀ��]�vQ˔˜Ż�Y�vfVu�

gi4ĉL˰CNM5��˱Ô8ŃĨ(Mµ9ɡ̽9ĊŎÀGēǅ8ĉL˰E-

F4�M5ʗ�KN3�M�#9#5�K�EF-Tu-a 101–300äȴ 1ǅ̝Ż8ĵ

ö(M 10Ì9 LRR-RKæł9�/�EF-Tu-a 101–3009˔˜8̞¡(MĊŎÀ

: 1�ƹÌ4�L�+9µ:ēǅ8ĉL˰CN-˱Ô8ŃĨ(Mn�~`ˣȻǘ

4�M5ʗ�KNM� 

� g�Vywjw9 elf18ĊŎÀ EFRQVz��u��iu8˿òɅȲ%*�

elf18Qäȴ(M5VzEF-TuƄɮ̇»ł4�MOsWRKY709����n�ȍ
Ɔ9�ǃ�˔FKN-͊Figure 34 �͋#9#5�K�g�Vywjw EFR:V

z9EF-TuĊŎgaw�»́ɺQìȹ&3 elf18ĊŎgaw�Q»́4�M#5

�ǄK�570-�#NC48G�EFR���aQƞ-7�u�uHn}d8

EFRQɅȲ%*M5 elf18˔˜ʞQȰž&�PTI�˕Ř%NM#5�įĘ%N3

�M͊Lacombe et al., 2010 �͋#NKQC5FM5�elf18ĊŎÀ EFR9gaw

�»́ɺ:�g�Vywjw�Vz�u�u�n}d9̝4ÉŃ%N3�M5ʗ

�KNM�ēǬ7#5:��hX��4GįĘ%N3�L�Vz FLS2���a

4�MOsFLS2Qg�Vywjw fls2ĹɁÀ8ɅȲ%*M5 flg22˔˜ʞQȰž

(M͊Takai et al., 2008 �͋#9#5:�Ǭ�7ǧȫɡ8:ĻǬ7 PAMPĊŎÀ

�ŃĨ&3�M��+9Ƈį»́ɺ:Ý˸4�MČʞƆ�ʗ�KNM� 

� g�Vywjw��u��iu49Vz EF-TuĊŎÀÏʾ9ɅȲ8JL�

ERC15 ERC7�Vz EF-TuĊŎÀ5&3ǲʞ&3�MČʞƆ�ɚ%N-�

ERC19ƨŉǫ˺:�Ü̚ 1,066T�{̎4NǓɫ8ʡˮ˵gaw���pv�

22Ì9�Vg��qp���u̺ĬQƞ/�ʡˡ˸̺ĬQƠR4�ʀʝÞ8k�

�/i�[x�^w�l̺ĬQƞ1��ƿ�ERC79ƨŉǫ˺:�Ü̚ 1,066T�
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{̎4NǓɫ8ʡˮ˵gaw���pv�14Ì9�Vg��qp���u̺Ĭ
Qƞ/�ʡˡ˸̺ĬQƠR4�ʀʝÞ8k��/i�[x�^w�l̺ĬQƞ1�
+N,N9n�~`ˣQȹ�3ɍēƆˉǛQʸ0-5#O�g�Vywjw8:

Ǆɘ7[�m�a5Ě@Mæł:ŃĨ&7�0-�#9#5�K�ERC15 ERC7
:5G8VzȬɁɇ7ĊŎÀī^w�l4�M5ʗ�KNM�³Ż�Vz9 ERC1
̇»łɖķǠ5 ERC7̇»łɖķǠQȹ�3 EF-Tu˔˜ʞQ˗@M#54�#
NK̇»ł�ǔŴ8Vz EF-TuĊŎÀQd�v(M�6��ǄK�87M4�
O��³Ż9ɔɦ8J03Vz EF-TuĊŎÀ�ēŉ%NN;�Vz9 EF-Tu˔
˜8JMÚɂćƄ˕Ř9æł�\xj��ǄK�87M5ǐź%NM� 
 
  



 104 

 
˚˯ 

 
 
� ǔɔɦQʸ�8�-L�ʧęȔ�s��5ɾǈK&�ɔɦȵĴQ¡�3�.%

L��Ŕ8$ƟŘ�.%�C&-�̚Ȑ}V[ļńļń̤� }V[fVY�iɔ

ɦɝ� ǧȫæłȵĴȷȴńɔɦŌ� ʲǆǧƸƤ8˛R4ſɛȼ&�"C(� 
� ǁ�9ɔɦQ˽F3��¤4�$÷ˋQ�-.�C&-�̚Ȑ}V[ļń� }

V[fVY�iń̊� Ǒ�ĝŋĜƸƤ�ē÷ƒ� ͅ®±Ľāĸ�˱ ʴɎýłāĸ�

ēǧȫæłȵĴȷȴńɔɦŌ� ɔɦĜ� ¦ÉÒ�āĸ�Ū®ȋʸāĸ�Ǧ®ňʓ

%R8:Ȕ�Ƌ˚ʦ&C(� 
� ǔ˘ƻÂƐ8Ŵ-L�ŕǟĜ5&3Ļ�9$÷ˋQ�-.�C&-�̚Ȑ}V

[ļńļń̤� ȅđ̯ƸƤ�ē� Ɇ®ñƸƤ�ē͊Ȳ� ŬŠļńļń̤� ȷƌǲ

ʞȫˣûńɔɦŌ͋ĽȺ½¬ƸƤ8:˛R4Ƌ˚ʦ&C(� 
� ǔɔɦQ˽F3���4�̚Ȑ}V[ļńļń̤}V[fVY�iɔɦɝǧȫ

æłȵĴȷȴńɔɦŌ8Ĩɳ%N-˙Ø˭ƿQĖF�˴ƈQ�!��¢˒870

-ɈǬ8Ƌ˚ʦ&C(� 
� ǌŻ8�ɜ9ļń̤49̚�ɔɦȷȍQƳ�3�.%0-£ˆ8Ƃ�KƋ˚�

-&C(� 
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