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š1Š� ŴƔ 

1.1. tNQkv�c{ðŪƂ 

1.1.1. tNQkv�c{>āŀ 

{KNo}�c�ƍ (‘Candidatus Phytoplasma spp.’ ; º�Phytoplasma spp.) 4�Ĕū̩

ȳɿ�B6ĝū̩ȳɿIĬ=700ʿº�3Şȹ0ȳɿ1ǄȦ EȳɿʚĚ˪̦-�E	{KNo

}�c�1ǄȦ�&ȳɿ4�˅�Ǔ��,J�ƒ (̨˾�Ģʋ) ̩č�˹č�Ϗč0/3ʀƸʡ

0ʚƸIʵ  (Ń1.1) (Hogenhout et al., 2008; Maejima et al., 2014)	{KNo}�c�4�\

vN0/�΋3T��`ʧȆ̮1BDɎ˳ʡ1¿Ǯ�F�ǄȦIǛş E (Christensen et al., 

2005)	$3ʋɚʊ1��,{KNo}�c�4ȳɿ3˗΋˪̎í1Ɖŉ��ŪµȆ̮�ǄȦȳ

ɿ3˗˓Iĭɏ E�.1BDȆ̮3ģΔI͸),£̗1ü΁ E	$3Ʋ̗Ř�C̱Æ̕í1

Ïè�Ȇ̮3éͧ1ǄȦ E	�3B�1�,{KNo}�c�IÒɉ�&Ȇ̮�Ȃ&1Úé0

ȳɿIĭɏ E.�̦Æ�ĺɟ..?1ȳɿ˗˓í1Ǹô�F�Ȃ&0ȳɿ73ǄȦ�ǈˇ E 

(Ń1.2)	{KNo}�c�-4Ź¤ȳɿ-3ʿū¿Ȧ@ŪµȆ̮-3˭Ę¿Ȧ1BE¿Ȧ˭ͦ4

9.J/ʬCF,�0�&>�̚ɹʓ1��EǄȦ3Ǜş4Ōʨ¿Ǯ-40��ŪµȆ̮1BE

ɌƝ¿Ǯ1BE.̈�CF,�E (Khan et al., 2002; Nipah et al., 2007; Hogenhout et al., 

2008)	 

{KNo}�c��ǄȦ�&ȳɿ4�-ͳ8&B�0ʚƸIĮ�ɂƛ0ʋ̍�ΣŶ�FE&

>�ͮÈɿ3ğΒɥƈ@ĵ͡3Ä��Ļρ.0E	{KNo}�c�ʚ1BE̷Ŷ4 ʓ£-Œ

į�F,�D�Ë�5�2001ƞ14��]1ʝʋ�&{KNo}�c�ʚ1BDpNl-3100

���� (�B$3100�p�)�Nh�L-1á��� (�B$1á2500�p�) 3˭ɤʡǭŢ

��)&.ǧų�F,�E (Strauss, 2009)	;&�£Ņ-4V��,J�ƒʚ1BDȤɃ��

ȗțʋʌ�ş�0Ļρ.0)& (Yue, 2008)	�C1ē˙-4�χȀ�ʮώ�vh��˿˴0/

1ûʍ�FE\\�`�{KNo}�c�1BE coconut lethal yellowingʚ1BDřɮʡ0̷

ŶIġ�& (Brown et al., 2006)	ȅȚ1��,?V�,J�ƒʚ39��La^N3̢ĽŲ1

˹č@̩č�˅�Ǔ�ʛʁ0/Iƨ�͢� ̩čʚ�ʝʋ�,�E (Sawayanagi et al., 1996; 

Takinami et al., 2013)	����F;-1{KNo}�c�ʚIʨǦ΢Χ EȕĊ0ȃɔ4ʳˇ
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�F,�C!�ʇŉ3.�GŪµȆ̮IϋΧ E�.�ȓ?Ċȣʡ0΢Χɔ.�F,�E	&'

�ŪµȆ̮�ʀų�F,�E{KNo}�c�4ΥCF,�D�ŪµȆ̮�ʀų�F,�0�œ

Ĩ14�΢Χ�ζƛ1Łα-�E	 

 

 

 

 

 

 

 

 

Õ���� tNQkv�c{Ŏ=GJŎþ�

tNQkv�c{=ăĠ-2Oa_Q>ƃÀŏŀ�����mi~>8M)ñŏŀ��	��
X�>8M)ñŏŀ��
��

Maejima et al., 2014b 
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{KNo}�c�4Őω�Łα-�E�.�C�Μƞ$3Ŭŉ�ʀų�F!1�&	�C1{

KNo}�c�4̦Æ�ζƛ1Ƈ��ɵ΀ƽ-�E�.�{KNo}�c�ǄȦȳɿ3ʚƸ@{

KNo}�c�ʚ3¿ǲȹƧˍ3ʀƽ�ȳɿON�b3$F.τÂ�,�E�.��ʚĚ3ʀų

IBDŁα1�,�&	1967 ƞ�ŇƊC4βūσƷΛ͂ž1BD�̨˾ϏčʛʁIĮ EX�

3˗΋ˬ̀1�Úéȳɿ14̀CF0�ʈÆ�Ŭŉ E�.Iʳ͏�& (ŇƊC�1967)	ƫø4

$3ʈÆ�xo@ċɿ3ʚĚ-�E�N\}�c�.Ƭǅʡ1τÂ�,�&�.��N\}�c

�.ĩȹ1mo�^NX��Ǆġƽ-�)&�.�C��3ʚĚÆ4�N\}�c�ȹƷʋɿ 

(mycoplasma-like organism; MLO) .Ĳ5F&	$3Ʋ� ʓħŅ-ʚĚ�Ȉ.�F,�&ȹ


0ȳɿÆ�C�ΐ3˪̙̎-̿HF&ş��0.1~1.0 µm3ʈƬ�E�4�ųƬ3MLO�͂ž

�F& (Ń 1.3)	1993 ƞ14 MLO 3 16S rRNA Ά¿ūIʀʗʡ1ŗƜ Eǌɔ�Οʝ�F 

Oshima et al., 2011 

Õ���� tNQkv�c{>�Qt_QZ��

tNQkv�c{LƘƁ>Ļ9Ś/�tNQkv�c{?łûÐĮ���
����������

�������=GIēƅ ±=¥¯/J�����0>útNQkv�c{?�è>ĸ�Ę
ƶ�������
����������Lū8Ñĳſ������������������LÏD°ƛ=ăĠ/J��È
��È���tNQkv�c{¦īēƅ&đ2=ª°<ģľLÐĮ/J+:9��ĊŜ
ÐĮǍ���
��������
��������tNQkv�c{&ťŢ=¥¯-�ăĠ&Ąş/J�ò
����
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(Namba et al., 1993a)�ýΥ΍˦ȁɾΜŞō (Restriction Fragment Length Plymolphism; 

RFLP) ̓ȡ�B6ŕőΌ÷̓ȡ1B), MLO 3ˡ˰̓ȡI̲��.�ĥ̏.0)& (Lee et 

al., 1991; Namba et al., 1993a)	�FC3ˡ˰̓ȡ3ˮȣ�MLO4�N\}�c�ƍ@L\�

}�c�ƍ.ͱ˽-�E��ʂˇ�&Ĕˡ˰̅IƬǈ E�.�ȈC�.0)& (Ń 1.4) 

(Namba et al., 1993b; Tully et al., 1993)	�F1À�1994ƞ3Ņά˪̦õτŨĶ¾1��,

MLO4�{KNo}�c��.Ƕʼ�F (Subcommittee on the Taxonomy of Mollicutes, 1995)�

2004 ƞ14Ȃ͉3Ȏųƍ1õτ�F& (The IRPCM Phtoplasma/Spiroplasma Working 

Team, 2004)	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Õ���� tNQkv�c{>ƿäǆýƳ³ŕ�

tNQkv�c{ăĠģľ>ƙƄ·Ľ¬�ŖÂ9Ś,K8!JG"=ńŀF-(?�
è÷=ƌ#JF>&tNQkv�c{>Ƃ 9 J�b\��q�?������

ŕ̀C�1999 
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Õ1.4� tNQkv�c{>ŧŭçŒ�ŷ7* 
�>ŪƂ:tNQkv�c{>16S rRNAƩ�äƬ¸=Û7(ơƽŬËİ=GJ¶
äŧŭħ�tNQkv�c{ (âå) ?Bacillus sabtillis<;GCÏư>�![�}
ƼāŪƂ>�Ź:Ì.FirmicutesƵ=ð-�,H={Q^v�c{ð<;&ÏBK
JMollicutesŰ=ð/J� 

Oshima et al., 2013 
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1.1.2. tNQkv�c{>¶Ǉ 

ħ{KNo}�c�Ȏųʿ14 International Journal of Systematic and 

Evolutionary Microbiology (IJSEM) -͏>CF& reference strain�ų>CF,�

D��Eȳɿ�CȂ&1{KNo}�c��ȵô�F&œĨ�$3 16S rRNAΆ¿ū

3 1200 bpº�3Ό÷.ȄŬ3 reference strain3Ό÷.IɊͫ E�.-�ʿ��

�3õτIɑų E	ȄŬ3Ȏųʿ.3 16S rRNAΆ¿ū3Ό÷τÂƽ� 97.5%º�

3œĨ4$3Ȏųʿ1õτ�F��!F3 reference strain.Ɋͫ�,? 16S rRNA

Ά¿ū3Ό÷τÂƽ� 97.5%I�ľEœĨ14Ȃ&0Ȏųʿ�ǨĹ�FE	&'��

Ȏųʿ.3Ό÷τÂƽ� 97.5%I�ľEœĨ-?�ŪµȆ̮�ȳɿŹ¤�ʚƸ0/3

ʀƸ�ş��ʗ0EœĨ14Ȃ&0Ȏųʿ.�FEœĨ��E	�FC3őɫ1ő+

�&{KNo}�c�ƍ3õτIŃ 1.51ʵ 	 

ʇŉ�{KNo}�c�ƍ14ʇŉ�B$ 40 3Ȏųʿ�Ŭŉ E (Kube et al., 

2012)	ħ{KNo}�c�Ȏųʿ4�C1�Ã3õτ.�,�ĚŹ¤�B6ʚĚƽ1

ƻ�,ˡ˰.�,ďú�FE	n�h��b�14 1,000 Iͣ�E{KNo}�c�

ˡ˰3 16S rRNA Ά¿ūΌ÷�ʞΙ�F,�E��ˡ˰3õτ1Ȉʳ0őɫ40��

Ά¿ʡ1ͱ˽0{KNo}�c���Ź¤ȳɿ@ȵô�F&ŊŎ�ʗ0EœĨ1ʗ0

Eˡ˰.�,ʞΙ�FE�.��E	�ȃ-�τÂ3ʚɋIƨ�͢� {KNo}�

c�ˡ˰��Ʋ1Ά¿ʡ1΃˽-�E�.�ùȈ EË?�E	Ë�5\\�`�Ϗ

č�ȤɃ1̛EʚŶ coconuts lethal yellowingʚ4�L��T�T�|ŊŎ.�h�

_rLI4�>. EL{�TŊŎ1��,ʝʋ�,�E��$F%FʚĚ.0E{

KNo}�c�4Ά¿ʡ1ΰF&ˡ˰-�E (Dickinson et al., 2013)	ē˙I£ƹ.

�,V�k^v1̷ŶIĜ:�,�E cassava frogskinʚ1��,?�\��yLõ

ΰȭ.|�a�õΰȭ.-Ά¿ʡ1ʗ0Eˡ˰-�E�.�ʵĸ�F,�E  (De 

Souza et al., 2014)	 
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Õ1.5� tNQkv�c{ð>¶Ǉ 
16S rRNA Ʃ�ä=Û7'ơƽŬËİ=8¡Ą-2tNQkv�c{ð>¶äŧŭ
ħ�Acholeplasma laidlawiiLORk[��v:-2�ò%Hǃ=�ÊtNQkv�
c{ŧŭÍ�ĖèŜÍ�[��vÍLŚ/�Vh^±?GenBankOZdh`��Ō
ÉLŚ/� 

Hogenhout et al., 2008BD�΋ǶŜ 
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�C1�FC3õτÆˡ.¢̲�,�{KNo}�c�ƍ3õτ14 16S rRNAΆ

¿ū3 RFLPwh��1BEȃɔ�ơ�ûʍ�F,�E (Dickinson et al., 2013)	�

3ȃɔ4{KNo}�c�3 16S rRNA Ά¿ūΌ÷3�΋I PCR Ğƻ1B),ŗƜ

��ŗƜʌɿIýΥ΍˦-óʉ�&öȁwh��1B),{KNo}�c�Iõτ 

Eȃɔ-�E	RFLP 1BEõτ4�Ό÷̓͒Iƺ̾.�0�&>�Ŵό͉Ü�ΥC

F&ʊŖ-?ûʍĥ̏-�Eɷ-âF,�E	����ŕőŞō1BDöȁwh��

�Ŝč Eĥ̏ƽIǣΧ E�.�-�0��.�C�ύɁ3õτ14�Ī�-�E

.̈�CFE (Fránová et al., 2013)	 

 

1.1.3. tNQkv�c{>]p}ĥĄ 

2004ƞ�{KNo}�c�ƍȓş3ʿ-�E P. asteris (Gundersen et al., 1996) 

1ƍ Eh�sW̨Ϗʚ{KNo}�c� (onion yellows phytoplasma; º��OY

{KNo}�c�) 3é[t�Ό÷�̓͒�F& (Ń 1.6) (Oshima et al., 2004)	OY

{KNo}�c�3[t�4ˢ 850 kbp3ʊʁȦ̡Æ�B6̽Ǽ3}�b�p-ȸǈ

�FE (Nishigawa et al., 2001, 2002a, 2002b; Oshima et al., 2001a)	Ȧ̡Æ3 GC

ĬΒ4 28 %.�·3 Mollicutes˵˪̦.ĩȹ1Ä�ØIʵ 	OY{KNo}�c�

3Ȧ̡Æ1\�p�FEΆ¿ū4�̼̽IΟŧ E31ƺ̾0h�wX͡I\�p 

E dnaAIΆ¿ūʖĦ 1ʖ.�,�PAM (Phytoplasma asteris OY-M strain) 001.

ų>CF&	OY{KNo}�c�3[t��14 754Ô3Ά¿ū�̀ô�F,�D�

�3�( 257 Ô4Ȅʬ3Ά¿ū.ʩĩƽ�͏>CF0�ȿ̏Șʬ3Ά¿ū-�E (̵

1.1)	2014ƞ 10Ȕʇŉ�OY{KNo}�c�3·1P. asteris AY-WBˡ˰ (AY-WB)�

P. australiense Australian ˡ˰�P. mali ATˡ˰1��Eé[t�Ό÷3̓͒�˫

ª�,�E (̵ 1.2) (Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008)	 
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Oshima et al., 2004 

Õ 1.6� tNQkv�c{>ĠƁ ØÕ 
OY tNQkv�c{>ĠƁ ØÕ�²>à«%H�1; +Ʋ=^�l,K
2Ʃ�ä (ǀ; Information strage and processing�ų; Metabolism�ũ; 
RNA�Ě; Cellular processes�Ǌ; Poorly characterized�ĺ; Others)�
2; �Ʋ=^�l,K2Ʃ�ä�3; +Ʋ=^�l,K2ƯƊƩ�ä�4; �Ʋ=
^�l,K2ƯƊƩ�ä�5; GC skew¨ ǎ(G-C/(G+C))Ǐ�6; G+CÏư�
7; +Ʋ=^�l,K2 tRNA (ǀ) $G@ rRNA (Ƙ)�8; �Ʋ=^�l,K
2 tRNA (ǀ) $G@ rRNA (Ƙ) LŚ/� 
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Ƈ 1.1� OY-M]p}>ĥĄ 

Ƈ 1.2� tNQkv�c{$G@ơŶŜ AcholeplasmaðŪƂ>]p}ĥĄ 

Kube et al., 2014 
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�FC3{KNo}�c�ƍ˪̦3[t�ǁŒI?.1Ɋͫ̓ȡI̲)&ˮȣ�{

KNo}�c�ƍ˪̦4ê͸�,�DNA Ĩǈ�ͩð�̇͊�˪̎õ̸�˪̙̎Ĩǈ�

ȮΎĨǈ�h�wX͡3ͬ͵1ΡHEőȚʡ0Ά¿ūIÒǜ�,�E�ȃ-�¹͖ˡ

ΡͻΆ¿ū3Ş�Iɀǭ�,�E�.�ȈC�.0)& (Kube et al., 2012)	Ë�5�

{KNo}�c�.ĩ� Mollicutes˵1ƍ E Mycoplasma genitalium4 Bacillus 

subtillus 1Ɋ8, TCA ľͦ�βū¿΁ˡ�L�tΎĨǈ�̐̌ΎĨǈ�\�bm�

��Ĩǈ1Ρ� EΆ¿ūIǜ),�C!�̚ƱŗɆ EȓƈΆ¿ū3ʋɿ-�E.

�F,�E� (Razin et al., 1998)�{KNo}�c�4ȑ1¹͖ΡͻΆ¿ū�ƈ0��

��o�b��Ύľͦ��b�o��b{P��e`bm��Ĉ�,�F;-ʋĳ1

.),ƺξ.̈�CF,�& FOF1ō ATPĨǈ΍˦3^|�rkoI\�p EΆ¿

ūIÒǜ�,�0� (Ń 1.7)	$3Ğη�̙ͬ͵ΡͻΆ¿ūI̽Ǽ\z�Òǜ�,�

E	�3B�0ʀƸʡ0[t�ȸǈ�C�{KNo}�c�4Ź¤˪̎73ȷƤ0ź

ʋ1BDŞ�3¹͖ˡΆ¿ūIŢ�ʹ̲ʡͽčI;�&3.ĩȊ1�̙ͬ͵ˡΆ¿ū

IŞǼʅƴ��ͧ̚3ʋŬ1ƺ̾0ȬωIŹ¤�C3ĠDͰ<1ÍŬ EB�10)

&3-40��.̈�CF,�E (Oshima et al., 2004)	 
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Õ1.7� tNQkv�c{>�ƕŧ$G@ƞƢŧ 
ǀå?tNQkv�c{]p}=?^�l,K8!J&Mycoplasma genitalium=
?ƒEHK<!ƀƞƢ��ƕūƚLŚ/�Ƙå?M. genitalium=^�l,K8!
J&tNQkv�c{=?ƒEHK<!�ƕūƚLŚ/� 

Oshima et al., 2004 
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�C1�{KNo}�c�ƍ3[t�3ʀƸ.�,�Ά¿ū3ΐ̽�Ş��.�Ǟ�CFE 

(̵ 1.3)	Ë�5·3˪̦-4͸ƛ 1\z���͏>CF0� dnaB�dnaG�tmk�uvrD�ssb

4[t��1̽Ǽ\z�\�p�F,�D�OY {KNo}�c�-4�FC3ΐ̽Ά¿ū�é

Ά¿ū318 %�é[t�οŎ323 %1΁ E�.�ȈC�.0),�E	ΐ̽Ά¿ū4{KN

o}�c�[t��3ʀų3οŎ1ή£�,Ŭŉ��OY{KNo}�c�-4¤1 4�ǋ3Ά

¿ūΐ̽οŎ�͏>CFE	�FC3Ά¿ūΐ̽οŎ4�EʾƤ3́ÿƽ��D�5' - fliA - ssb - 

himA - hflB���tmk - dnaB - dnaG - tra5 - 3' 3B�0ˢ10-20 kbp3Ά¿ūX�bh�IƬ

ǈ�,�EœĨ�Ş� (Ń1.8) (Arashida et al., 2008)	�3X�bh�4DNA3̼̽1ΡHE

Ά¿ū dnaB@ dnaG.ͩʽ΍˦I\�p E tra5IĬ=�.�C�̼̽�0�C{KNo}

�c�3[t��Iͩʽ Eo��b�g�ȹ3οŎ-40��.ǧɧ�F�ͩʽƽΆ¿ūX�

bh� (Potential Mobile Unit ; PMU) .Ĳ5F,�E (Bai et al., 2006; Arashida et al., 2008)	

PMU 4�F;-1[t�Ό÷�̓͒�F&é,3{KNo}�c�1��,$3Ŭŉ�ʳ͏�

F,�E (Kube et al., 2012)	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ƈ1.3� PMU=ÏBKJƯƊƩ�ä 
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Õ1.8� OYtNQkv�c{]p}�=æ×/JƜśāƩ�äZ�bf� (PMU) 
OYtNQkv�c{>]p}�=æ×/J76>PMULŚ/�¦æ,K2Ʃ�äĥƥ>"4
tmk-dnaB-dnaG-tra5Léŵ9�hflB-uvrDLŘŵ9�fliA-ssb-himALĻŵ9ÔM3� 

Arashida et al., 2008 
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1.2. ŪƂ>Ʃ�äŐŃ¹ü:ăĠąŋ 

1.2.1. ŪƂ>Ʃ�äŐŃ 

˪̦4�ͧ̚3̂�F&ʊŖ1ƻ�,Ɣ<1Ά¿ū3ʝʇIýƵ�,�E (Kazmierczak et 

al., 2005)	˪ ̦3Ά¿ū3ͩð145ʿτ3h�wX͡3^|�rko�CǈERNA����

�e\L΍˦.�RNA �����e\L΍˦Iʀʗʡ0}���h�7.ˮĨ�"E&>3`

Y�Ŀū�ƺ̾-�E (Ishihama, 2000)	�FC�̽ĨÆIƬǈ�&�RNA�����e��

΍˦��˪̦3őȚʡ0ͩð̹̂.�,[t��3}���h�Ό÷.ƪ�ˮĨ��ʨ�ɛ3ͩ

ðΟŧɷBDmRNA3ĨǈIΟŧ E (Ń1.9)	˪̦4RNA�����e\L΍˦I1ʿτ�

ˮĨ E}���h�Ό÷3ʗ0E`Y�ĿūI̽ǼʿτÒǜ�,�E	 

{KNo}�c�4RNA�����e\L΍˦I1ʿτ�̀ Y�ĿūI2ʿτÒǜ�,�E	

ʊŖ£1Ϳŉ EEscherichia coli@Bacillus subtilis0/̚ʏʋɚƽ3˪̦�Ǽđʿτ3`Y

�ĿūIȕ�,�E�..Ɋͫ E.�{KNo}�c�3ǜ*`Y�Ŀū3ʿτ4ζƛ1ƈ0

�	�F4{KNo}�c�.ĩ��Ź¤1źʋ�,ʋɚ EMycoplasmaƍ˪̦@Wolbachia

ƍ˪̦�Òǜ E`Y�Ŀū1��,?ĩȹ3�.�Œį�F,�D�ʹ̲ʡͽčI;�&˪̦

1ê͸ EʀƸ3�*.̈�CFE (̵1.4) (Mittenhuber, 2002)	 

 
 
 

 
 
 

 
 
 

 
 
 

Õ1.9� RNAz�~��e=GJŪƂƩ�ä>Ɯ³ 
ŪƂ9>mRNAËĄ=ĀƋ<Ɯ³ƈŷLŚ-2�Ɯ³=?RNAz�~��e^O
ƭŨ (ĨƁ) :`[{Óä (ƘƁ) &ŬË-2 RNA z�~��ey�ƭŨ&ĀƋ9
 J� 
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1.2.2. ŪƂ>ŐŃ¹üĩĥ 

˪̎í-4ȹ
0Ά¿ū�ʝʇ�ȿ̏�,�E��$FC3ʝʇΒ4˪̎İȖ@˪̎3̂�F

&ʊŖ1B),Ŝč E	˪̦1��,4�[t��CΆ¿ū�ͩð�̇͊�F�h�wX͡.

�,ȿ̏ E;-1�ȹ
0ɇΪ-$FC3ʝʇ�ýƵ�F,�E�.�ȈC�.0),�E	

$FC3ɇΪIş��õ�E.3*1õ�CFE	$F4�(1) DNA�CmRNA�Ĩǈ�FE

ͩð3ɇΪ�(2) mRNA�Ch�wX͡7̇͊�FEɇΪ�(3) ̇͊�F&h�wX͡�Óψ�

ͬ͵I˭,΄ö1ȿ̏ E;-3ɇΪ-�E	 

£-? (1) DNA�CmRNA�Ĩǈ�FEͩð3ɇΪ4�ʝʇýƵ3ȓø3bmk}.�,

ΐ̾-�E.̈�CFE	1.2.1.μ1��,ͳ8&`Y�Ŀū4�˪̦3ͩðýƵ1��,ΐ̾

0ƯĄIȣ& Ŀū31*-�E	�̟1˪̦�Òǜ E̽Ǽʿτ3`Y�Ŀū4�˪̎İȖ@

İͯ3ʊŖ1BDʝʇΒ�Ŝč E	�F1BDRNA�����e��΍˦Iȸǈ E`Y�

Ŀū3ʿτ�ŜHE�.-�ͩð�FEΆ¿ūdko�Ŝč E	�&�),�İͯʊŖ1ƻˏ

��Êʍ E`Y�ĿūIöDȒ�E�.4˪̦1.),ΐ̾0ʋŬǉʕ-�E.̈�CFE 

(Kazmierczak et al., 2005)	 

 

1.2.3. ŪƂ>`[m��ƨ:ŐŃ¹ü 

1.2.2.μ-ͳ8&B�1�˪̦4İͯʊŖ1ƻ�,Ά¿ūʝʇIƔ<1ýƵ�,�E��$3

&>14İͯʊŖIǄʬ��$3`Yq�I˪̎í1¿�E`bm��ƺ̾-�E	˪̦3`Y

q�¿΁ˡ4ş�����ΎčIµ E`Yq�¿΁ˡ.�ƺ!�?��ΎčIÀH0�`Yq

�¿΁ˡ1õ�CFE	 

��ΎčIµ�&ǁŒ¿΁ˡ.�,4��ǈõýƵˡ�B6­ǈõýƵˡ�ʬCF,�E	ʀ

1­ǈõýƵˡ4ʪƽ˪̦3<0C!�Ĥ˪̦@��*�3ʪȮʋɿ1��,?Œį�F,�D�

¤̾0`Yq�¿΁ˡ.�,ơ�ʯ˄�F,�E (Stock et al., 2000)	�3`Yq�¿΁ˡ4ʊ

Ŗ`Yq�IǄʬ Exbja�Vq�e.�Ǆʬ�F&`Yq�I˪̎í1¿΁ E�b��

b�W���h��CǈE	�FC3d�^�`bm�1BD�ʊŖŜčI��Ύč`Yq�1

̂�ǩ��xbja�Vq�e.�b��b�W���h�Π1��,��Ύč3����͢�

E�.-˪̎í1`Yq�I¿΁ E	E. coli-430ʿτ3�b��b�W���h��̀*
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�),�D��FC�ɦƤŜč�pH Ŝč�ɞͷňŜč�Ύčbo�b�$3·ȹ
0čŭɿ͡

0/IǄʬ�,�E.̈�CF,�E (Falke et al., 1997)	 

?��ȃ3`Yq�¿΁ˡ-�E�ƺ!�?��ΎčIÀH0�`Yq�¿΁ˡ.�,4�

extracytoplasmic function (ECF) `Y�ĿūIµ�&`Yq�¿΁ˡ�Ǟ�CFE (Mascher, 

2013; Staroń et al., 2009)	ECF`Y�Ŀū4�ʊŖƻˏƽ3`Y�Ŀū31ʿ-�D�Ȍɇ4

˪̙̎1Ɖŉ Eǒ`Y�Ŀū3ß�1BD�ɚč�F,�E (Mascher, 2013)	ʊŖ`Yq�

Ŭŉ�1��,�3ǒ`Y�Ŀū�ȸͺŜčIƨ�͢� �.1BD��ɚč�F,�& ECF

`Y�Ŀū�ɚƽč�F�$3ýƵ�1�EΆ¿ū3ͩðIΟŧ�"E	Ë�5��ht��͟

čƽ̦Methylobacterium extorquens3ECF`Y�Ŀū31ʿ-�EσEcfG14�͸ƛȝ¼�-

4ǒ`Y�ĿūNepR1BD�ɚč�F,�E	M. extorquens�ɦƤŜč@Ύčbo�bIġ

�E.�σEcfG14NepR�C̓ΰ��σEcfG1.RNA�����e\L΍˦�ˮĨ-�EB�10

E (Francez-Charlot et al., 2009)	�F1BDbo�bƻˏƽ3Ά¿ū̅3ʝʇ�ɚƽč�FE	 

 

1.3. ŎÃŪƂ>ăĠąŋ 

1.3.1. ŪƂ>Ʃ�äŐŃ:ŎÃā 

�F;-1ͳ8&͸D�˪ ̦4ʊŖ1ƻˏ��Ά¿ūʝʇIýƵ�,�E	�3ýƵȿȸ4ȹ


0ʚĚ˪̦1��,Ź¤73ʚĚƽIʝǫ��ǄȦIǈˇ�"E&>1ΐ̾0ƯĄIǗ),�E	

�FC3Ά¿ūʝʇýƵˡIƻʍ�&ǄȦ�Trc�@ʚĚƽĿū3ʝʇýƵ4ȹ
0ʚĚƽ

˪̦1��,ȈC�1�F,�E	 

Ë�5�˪ ̎Π`Yq�¿΁ȿȸ-�EXS��d�`�Y4$3�*-�E	XS��d�

`�Y4�İł1Ŭŉ Eĩʿ3˪̦3ŻƤIǄʬ��$3ŻƤ��ųǼ1΁ E.ʀų3Ά¿

ū3ͩðIǐý�E�4Ñͽ Eȿȸ-�E (Von Bodman et al., 2003)	�F1BD˪̦4ĩ

ʿ3˪̦̅3ήŀ̲ċIýƵ��$3ŗɆ@ʋŬIȕû1 E.̈�CF,�E	ʚĚ˪̦3œ

Ĩ�ɉ˦3Ǹô0/3ʚĚƽĿū3ʝʇ�XS��d�`�Yȿȸ1BDýƵ�F,�E�.�

ȈC�.0),�E (Waters & Bassler, 2005)	ȳɿʚĚ˪̦1��,?��3XS��d�`

�Yȿȸ�ʚĚƽ1ΐ̾0ƯĄIȣ& Ë�Œį�F,�E (Von Bodman et al., 2003)	oO

��\`̨ò˪̦ʚ3ʚĚ̦-�EPantoea stewartii subsp. Stewartii4�ȳɿ˪̎3˪̎ΠΫ



 22 

@ȗ΋-ŗɆ��̩1Ɍɞʁ3ʚǿIƬǈ E	�3ʚǿƬǈ14�Q{PXh�@�Q{PX

h�õɓ̹̂0/3ʚĚƽĿūI\�p EhrpΆ¿ū̅3ʝʇ�ƺ̾-�E (Frederick et al., 

2001)	XS��d�`�Y`bm�-ȿ̏ EesaIIɀŢ�"&P. stewartiiŜʗÆ-4�hrp

Ά¿ū̅3ʝʇΒ�ɥƈ��ʚĚƽ�Ä� E�.�ȈC�.0),�E (Von Bodman et al., 

2003)	ĩȹ3ʇ͜4Α̧τͨ̔ʚIƨ�͢� Pectobacterium carotovora1��,?Œį�F

,�E (Whitehead et al., 2002)	 

;&�1.2.3 μ-ͳ8& ECF `Y�Ŀū?Ź¤73ǄȦ1ΐ̾0ƯĄIȣ&�,�E�.�

Œį�F,�E	ȳɿʚĚ˪̦3Ë-40���iNc3ȯ1ȯ˛IƬǈ�,êʋ EiNcȯ

˛  ̦ (Bradyrhizobium japonicum) �ǜ*ECF`Y�Ŀū31ʿ-�EEcfS4�ɂƛ0ȯ˛

Ƭǈ1ƺ̾0Ŀū-�E�.�ȈC�.0),�D�ecfSIɀǭ�"&B. japonicumŜʗȭ-

4�Αʋȭ.Ɋͫ�,ȹ
0o��b��h�Ά¿ūIĬ=Ş�3Ά¿ūʝʇwh���Ŝč 

E�.�ȈC�.0),�E (Stockwell et al., 2012)	�3�.�C�EcfS4ÇC�3`Yq�

IǄʬ E�.-ζêʋʁǅ�Cêʋʁǅ.Ά¿ūʝʇwh��I`{o�"�ȳɿ73ǄȦI

ǈˇ�"E&>1ƺ̾0Ŀū.�,ȿ̏ E�.�ʵĸ�F,�E	 

$3·1?ͱƞ�˪̦3 non-coding RNAIµ�&Ά¿ūʝʇýƵ1BEʚĚƽ͐Ɔȿȸ�

ȈC�1�F,�E (Caldelari et al., 2013)	SchmidtkeC4o�o@oOU�`1ǿɷ˪̦ʚ

Iƨ�͢� ȳɿʚĚ˪̦ Xanthomonas campestris pv. vesicatoria 3[t��Cʝʇ E

non-coding RNA-�E sX13��X. campestris3ʚĚƽ1Ρ� EQ{PXh�@�Q{PX

h�õɓ̹̂I\�p EΆ¿ū3ʝʇΒ1Ʈκ E�.IȈC�1�& (Schmidtke et al., 

2013)	 

 

1.3.2. Ūż±íŇāŪƂ>ăĠąŋ 

˪̎íźʋƽ˪̦3Ź¤.0E˪̎3í΋ʊŖ4�őȚʡ1ƿƛʡ1Ò&F,�E	$3&>

˪̎íźʋƽ˪̦-4�Ά¿ūʝʇwh��IŜč�"EB�0ͩðĿū4ʹ̲ʡͽč1BD�

$3Ş��ɀŢ�,�E.̈�CF,�E	Ŵά1�{KNo}�c�IĬ=Mollicutes˵1ƍ

 E˪̦41�C2ʿτ3`Y�Ŀū3<Iȕ�,�E	$3·1?�L|��`3êʋ˪̦-

�EBuchnera aphidicola@�ʝʙj{b3ʚĚ̦-�ERickettsia prowazekii�ȕ E`Y

�Ŀū42ʿτ-�E (̵1.4) (Mittenhuber, 2002)	�FC3�.�C�˪ ̎íźʋƽ˪̦3Ά



 23 

¿ūʝʇwh��4Ĕˣ-˘˦0¶ˬ<-�E.̈�CF�(-�E	����Mycoplasma 

pneumoniaeIʍ�,̲HF&o��bX�}o��̓ȡ-4�ȹ
0ȝ¼�-Ş�3Ά¿ūʝ

ʇwh���Ŝč��£14L�jd�bRNA@ƇõūRNA0/3non-coding RNA?Ş�

ͩð�F,�E�.�ȈC�.0),�E (Güell et al., 2009)	˪̎íźʋƽ˪̦1��E

non-coding RNA3Ŭŉ�ʚĚƽ1Ʈκ E3�1*�,4´Ʋ3̓ȡ�ư&FE��Ş�3Ά

¿ū�ɀŢ EB�0ʹ̲ʡͽčI;�&˪̦��Ǽƈ0�Ά¿ūdko1B),ȹ
0ʊŖ1

΄ƻ��Ź¤73ǄȦIǈˇ�"E¶ˬ<1*�,̞ı�ǜ&F,�E	 

ĩ��˪̎íźʋƽ-�D�ir0/3˔ͥċɿ.ċɿ˪̎1±®1ǄȦ��xo1�N�ʚ

Iƨ�͢� ʚĚ˪̦Borrelia burgdorferi-4�$F%F3Ź¤1��,ʝʇΒ�Ŝč EΆ

¿ū�ȈC�1�F,�E	£-?�˪̵̙̎η1γô�,�E̙h�wX͡ outer surface 

protein A (OspA) �B6outer surface protein C (OspC) I\�p EΆ¿ū4�ir.�Ob

Π3Ź¤ͩǩ1��,ΐ̾0ƯĄIȣ& ĥ̏ƽ3�EĿū.�,ʫʧ�F,�E (Samuels, 

2011)	ospA 4irǄȦȊ1ʝʇΒ�ŗĈ���ObǄȦȊ14ɥƈ E31Ɓ��ospC 4é

�Ͷ3ʝʇwh��Iʵ 	;&OspA4�ir˪̎í73ųʫ@�£̗�ʣ73Ǧʫ1ƺ̾0

Ŀū-�E�.�ȈC�1�F,�E (Pal et al., 2004; Yang et al., 2004)	OspC4ħŹ¤-3

ʀʗʡ0ȿ̏4ȈC�1�F,�0���ir3ĺɟ1Ĭ;FEh�wX͡ Salp15@�ċɿ˪

̎1Ĭ;FEh�wX͡õ̓΍˦3ĀϋÆ}�b�t�[�.ˮĨ E�.�ȈC�1�F,

�D�ir�Cċɿ73¿Ǯ1ΐ̾0Ŀū-�E�.�ʵĸ�F,�E (Ramamoorthi et al., 

2005; Lagal et al., 2006)	�FC3Ά¿ūʝʇwh��3Ŝč�/3B�0ʊŖ`Yq�1BD

ƨ�͢��F,�E3�1*�,ɑųʡ0͋ǚ4ƴCF,�0�?33�Borrelia ƍ˪̦-4

pH�ɦƤ�ɞͷň0/3ŜčIĚĿ.�,Ά¿ūʝʇwh���Ŝč E�.�ȈC�1�F

,�E (Samuels, 2011)	 

 

1.3.3. tNQkv�c{>ăĠąŋ 

{KNo}�c�14�F;-1Œį�F,�EB�0�ǈõýƵˡ;&4­ǈõýƵˡ3

���YΆ¿ū4̀*�),�0�	;&�{KNo}�c�4 ECF `Y�Ŀū.ȸͺʡ1τ

Â E`Y�ĿūIÒǜ E?33�ǒ`Y�Ŀū.̈�CFEĿū4�F;-̀*�),�0

�	�&�),{KNo}�c�3`Yq�¿΁ȿȸ1*�,4é��Ȉ-�E	�ȃ-̙1Ɖ
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ŉ Eh�wX͡@�̦Æí�C̦Æŝ7õɓ�FEõɓh�wX͡�ʊŖ͏͘@Ź¤73ǄȦ

1ζƛ1ΐ̾0ƯĄIȣ&�,�Eĥ̏ƽ4ύ�.̈�CFE	0#0C{KNo}�c�4�

}jpY�T�0/3˪̎ŘIǜ&!�Ź¤3˪̎í1Ɖŉ E.��ʀƽIǜ*�.�C��

FC3h�wX͡�Ź¤Ŀū.ʨǦʡ1ʩ®Èʍ Eĥ̏ƽ�ύ�.̈�CFE&>-�E	�

F;-1{KNo}�c�3̙h�wX͡@õɓh�wX͡.Ź¤Ŀū.3ʩ®Èʍ1*�,

��*�3ʬ̀�ƴCF,�E	 

{KNo}�c�3̦Æ̵η1γô E¤̾0̙h�wX͡4�immunodominant 

membrane protein (Imp)�immunodominant membrane protein A (IdpA)� antigenic 

membrane protein (Amp) 33ʿτ1õτ�FE (Berg et al., 1999; Blomquist et al., 2001; 

Barbara et al., 2002; Morton et al., 2003)	�3�(OY{KNo}�c�3̙Ɖŉƽh�wX

͡ Amp4Ūµ̏I?*Ȇ̮3�NX�{M���o.3<ˮĨ E�.�ȈC�1�F,�D�

Ȇ̮¿Ǯ1ΐ̾0Ŀū-�E.̈�CF,�E (Suzuki et al., 2006)	;&�P. mali3 Imp4

ȳɿ3LXj�.ˮĨ E�.�ʬCF�ȳɿÆí-3{KNo}�c�3ʽ̲ƽ1Ʈκ Eĥ

̏ƽ�ʵĸ�F,�E (Boonrod et al., 2012)	 

{KNo}�c�3o��b��h�14 Sec `bm��NS�j�s��ATP-binding 

cassette (ABC) o��b��h�3 3ʿτ�ʬCF,�E (Ń 1.10)	Sec`bm�4�{KN

o}�c�ͧ̚3h�wX͡I̦Æŝ� 0H(Ź¤3˪̎͡7.õɓ E`bm�-�E	{

KNo}�c�3[t�14̦Æŝ73õɓ`Yq�p�N�Iǜ*Ά¿ū�ŞǼ\�p�F

,�D��FC3Ά¿ū4h�wX͡73̇͊�F&ƲSec`bm�7.ʽ̲��Sec`bm�

I͸΀�,{KNo}�c�̦Æŝ1õɓ�FE (Ń 1.11)	NS�j�s�4�̙βÃ3Ŝč�

�U�p3ˮĨ�$3·ȿȱʡ0ŜƬ@Ć�ĈHE�.1BDj�s�3ΟΞ�̲HF�̙βÃ

I˴ǜ;&4Ŝč�"E	ABCͬ͵Æ4�ATP3Qs�W�Iʍ�,ɿ͡3ͬ͵I̲�ATPase

31ʿ-�˞@S�]�}jp�̭ā0/3ͬ͵Æ�Ŭŉ E	{KNo}�c�1.D��F

C3̙ͬ͵Æ4Ź¤.3ʨǦʡ0ɿ͡3@DĠDI̲�N�h�{P�b-�E�.�C�Ź¤

73ǄȦIǈˇ�"E&>3ɀ�"0�Ŀū-�E.̈�CFE	 
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Õ1.10� tNQkv�c{>ƞƢŧ 
tNQkv�c{=æ×/J3ŜǇ>ƞƢŧLŚ/�ò%H0K1K�Ƃ
 àA>f�rZƗ>¶įLĈ" Sec `bj} (ǊƁ)�ÊŜQU�>�
ċLƆ"QU�g�o� (ũƁ)�ATP¤æŒ=ľƗ>ÄƠCLƆ"ABC
k��bz�f� (ƘƁ) LŚ/� 

Õ1.11� tNQkv�c{>Sec`bj}=GJf�rZƗ>¶į 
Sec`bj}?SecA�SecY�SecE> 36>f�rZƗ>ƊË :-8ĩŽ-�¶
įf�rZƗL`[m�xvgl>·Đ=�58ŪżàA:¶į/J� 

分泌シグナル 

宿主細胞 
菌体内 

SecA 

SecY/E 

タンパク質 

N C 
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{KNo}�c�3[t�14̦Æŝ73õɓ`Yq�p�N�Iǜ*Ά¿ū�ŞǼ\�p

�F,�E (Hoshi et al., 2009)	�FC3õɓh�wX͡4�{KNo}�c�3˪̙̎I͸�

,ɿ͡3ͬ͵I̲�Sec`bm�Iµ�,̦Æŝ7õɓ�FE	{KNo}�c�4Ź¤˪̎í

1Ɖŉ E�.�C�̦Æŝ1õɓ�F&h�wX͡4Ź¤˪̎í3Ŀū.ʨǦʡ1ʩ®Èʍ 

E�.�«ǂ�FE	�3�.�C�{KNo}�c�[t�1\�p�FEõɓ`Yq�p�

N�Iǜ*h�wX͡4�Ź¤1ʚɋIƨ�͢� ʚĚƽĿū3ȓȕĆ×̻.̈�CF�̓ȡ�

ͽ>CF,�E	�F;-1OY{KNo}�c�-4õɓ`Yq�Iǜ*h�wX͡� 27Ô

ǧų�F,�E (Hoshi et al., 2009)	�FC39.J/4ȿ̏�Ȉ0h�wX͡-�E��$3

£3 1 *-�E TENGU 4ȳɿ1̨˾�ĢʋIƨ�͢� ʚĚƽĿū.�,ĩų�F,�E 

(Hoshi et al., 2009)	;&�AY-WB{KNo}�c�3ĢʋĿū.�,ĩų�F&õɓh�w

X͡ SAP114Ȯ1Ɖŉ��Ź¤3ͩðĿū.ˮĨ E�.1BD�̮0/3ÝŶƻˏ.�,ɚ

ƽč�FEa�b��Ύ˭ͦIǐý E�.�ʬCF,�E (Sugio et al., 2011)	�C1�

AY-WB{KNo}�c�-42011ƞ1�OY{KNo}�c�-42014ƞ1�Ź¤ȳɿ3̢

I̩č�"EĚĿ.0EĿū�phyllogen��ĩų�F& (MacLean et al., 2011; Maejima et al., 

2014)	�FC3·1?{KNo}�c�[t�14õɓ`Yq�p�N�Iǜ*Ά¿ū�ŞǼ

\�p�F,�E��$FC3Ş�4ȿ̏�ȈC�-0�	 

 

º�3B�1��F;-Ô
3{KNo}�c�Ά¿ū3ʝʇ@ȿ̏1*�,��*�3̓ȡ

�ͽ>CF�ȳɿŹ¤;&4Ȇ̮Ź¤ʀʗʡ1ȿ̏�,�E�.�ʵĸ�FEĿū�̀*�),

�&	�&�),{KNo}�c�4�İͯʊŖI͏͘��é�ʗ0Eʋɿ3˪̎íʊŖ1΄ƻ

 E&>3�Trc�Iȕ�,�Eĥ̏ƽ�̈�CFE	Ź¤ͩǩ�Trc�I̓Ȉ��$F%

F3Ź¤˪̎1ǄȦ E&>1ΐ̾0Ά¿ūIʀų E�.4�{KNo}�c�3ǄȦǉʕI

ȈC�1 E�-ΐ̾-�E3<0C!�{KNo}�c�ʚ3΢ΧɔIʳˇ E&>3ȕĊ0

ʬ̀.0DƴE	���{KNo}�c�4³ƓŐω1ǈć�,�C!�Ƭͩ͡ǩˡ?ʳˇ�,

�0��.�C��F;-1Ź¤ͩǩ�Trc�1ʫʧ�&ʯ˄Ë4ζƛ1¥��)&	$�-

Ź¤ͩǩ�Trc�I̓Ȉ E�ĉ. E&>�ȳɿ�B6Ȇ̮ǄȦȊ1��E{KNo}�c

�Ά¿ū3˶̄ʡʝʇ̓ȡI̲)&	�C1�{KNo}�c�3ǄȦǈˇ1ΐ̾-�E.̈�

CFE­*3Ά¿ū1ʫʧ��$3ɚƽ.ȿ̏1*�,ȵ͋I̲)&	 
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š2Š tNQkv�c{>ì�Ɯċ=�"Ʃ�äŐŃ>űŸŒƏĞ 

2.1. ôĎ 

2.1.1. űŸŒƩ�äŐŃƏĞİ 

ͱƞ�bo[t�ʯ˄3Ȩ.�,�é[t�IƁ͜.�&Ά¿ūʝʇ̓ȡ�ʤJ1̲HF,�

E	ʀ1˪̎í3mRNAΒI˶̄ʡ1ɧų Eo��bX�}o��̓ȡ4�õūʋɿŭʯ˄

1��,ơ�ʍ�CFEB�10)&	˪̎í1��EmRNA3Β4�$3Ʋ1̇͊�Fȿ̏

 Eh�wX͡ΒI9:́ų E.̈�CFE�.�C�o��bX�}o��̓ȡ4ʋĳʇ͜

3˸Ĩʡ̓Ȉ1ȕĊ0ǌɇ-�E.̈�CF,�E	ʇŉ�o��bX�}o��̓ȡ3ǌɔ.

�,4�NX�L�Nɔ�B6RNA`�XQ�`�Yɔ32ʿτ�¤ɛ.0),�E	�NX

�L�Nɔ-4�̵ηIʀɄĈƓ�&b�NpU�b0/3őʥ�1ŞǼ3DNA}��|Iń

ų��$�1Ȼ͘�&ȮΎIuN|�iNc�"E	$3Ʋ�ħ
3}��|�C3`Yq�I

ȵôĽ-ȵô���NX�L�N̓ȡʍ3f{oOPLIʍ�,̓ȡ E	�3ȃɔ-4�2 *

3ʗ0E^�}��C͔ǽ�&mRNAIʗ0E̯å-Ȼ͘��1*3�NX�L�N�-ˊĨ

ʡ1uN|�iNe�`��I̲��.1BD�2 ʿτ3^�}�3Ά¿ūʝʇ3ƕIȵô E

�.�-�E	�FI­̡̯åȻ͘ɔ.ͅ��ʩƁʡ0Ά¿ūʝʇ3ŜčÌEˡ1��,ȷ>

,ȕĊ0ȃɔ-�E	�ȃ3 RNA`�XQ�`�Yɔ-4�˝̼�&mRNAIǼʠŕőʾƤ

1ȁɾč��ħȁɾ3¡șˉ1Li}h�Ό÷I¸Ĉ E	�3Li}h�Ό÷I͢ɷ.�,�

é,3ȮΎ3ŕőΌ÷IɁ ¹`�XQ�^�1BD̓͒ E	̓͒�&Ό÷IȄʬ3[t��

1�kz�Y����pǼIųΒ E�.1BDΆ¿ūʝʇΒI̓ȡ E�.�-�E	/(C

3Ά¿ūʝʇ̓ȡɔ?âF&̓ȡɔ-�E��$F%F3Μǋ�B6ʭǋIʉ̓�&�-̓ȡɔ

I΅ǔ Eƺ̾��E	Ë�5�NX�L�Nɔ-4�Ɓ͜. Eʋɿ3[t�ǁŒ�Ȅʬ-�

F5�Ɋͫʡ˘Ð1̓ȡI̲��.�-�E	¹̵ʡ0�n�ʋɿ-4Ȅ1�NX�L�N�Ɨ

͝�F,�D�n�h̓ȡl���äŴ�,�E	����}��|3͉͆Iƺ̾. E&>�

�C��>̓ȡƁ͜3ŕőΌ÷ǁŒ�ƺ̾.�FE�.�;&}��|�͉͆�F,�0�Ά¿

ū1*�,4̓ȡ-�0��.�ʭǋ.�,Ǟ�CFE	$3ɷRNA`�XQ�`�Yɔ4�

[t�ǁŒ�Șʬ3œĨ-?̓ȡI̲��.�ĥ̏-�E	���şΒ1ƴCF&n�hI̓ȡ
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 El����đõ0�.�C�n�h3Ǎ��α��ɷ@���r�Y\bo��NX�L�

N̓ȡBD?ɊͫʡύÎ-�E�.�ʭǋ.�,Ǟ�CFE	 

{KNo}�c�4�Ź¤˪̎í1źʋ EαŐωƽ˪̦-�E�.�ş�0ʀƸ3�*-�

E	�3�.�C{KNo}�c�3mRNA3<I˝̼ E�.4�ĥ̏-�D�Ź¤1ʏȞ

 E RNA.{KNo}�c�3mRNA�ɡĨ�&ʁǅ-̓ȡI̲H0�F50C0�	�̟

1RNA`�XQ�`�Y̓ȡ1��,���f��RNA0/ŞΒ1Ŭŉ ERNA4ʝʇΒ

3ƈ0�Ά¿ū3ȵô3Ŧ�10E.ͅHF,�E	{KNo}�c�ʏȞ3RNAΒ4�Ź¤

1ʏȞ ERNAΒ.Ɋͫ�,ζƛ1ƈ0��.�ǂų�F&�.�C�Țˈ1��E{KNo

}�c�Ά¿ū3˶̄ʡΆ¿ūʝʇ̓ȡ-4��NX�L�NɔIǤʍ��é[t�Ό÷�̓͒

�F,�EOY{KNo}�c� (Oshima et al., 2004) IƁ͜. E�..�&	 

 

2.1.2. ì�Ɯċ/JýŇľ:0>Ʃ�äŐŃ 

ʚĚƷʋɿ3£14{KNo}�c�.ĩȹ1ϖ*3ʗ0EŹ¤1źʋ E?3��E	Ë�

5����L3ʚĚÆ-�E���LĚ  ̮ (Plasmodium falciparum) 4u�i�T.�xoI

Ĭ=̒ȴċɿ3ĝȃ1ǄȦ E	�N�ʚ3ʚĚÆ-�EB. burgdorferi@�ʝʙj{b3ʚĚÆ

-�E Rickettsia prowazekii4�ir0/3˔ͥċɿ.�xoIĬ=ċɿ˪̎1±®1ǄȦ 

E	�3·1?ċȳɿIĻH!ΐ̾0ʚĚƷʋɿ1��,2*3ʗ0EŹ¤1źʋ E� 0H

(Ź¤ͩǩ E�.1B),�N{^NX�IǈDˇ&"EƷʋɿ�ʬCF,�E	�3B�0

źʋƽƷʋɿ4Ūµ̉1B),ơ�Q�L1Ƽ͹1¿Ǯ�FE&>� ʓ£-Ļρ.0),�E	

{KNo}�c�?;&�ȳɿ.Ȇ̮3ΠIŹ¤ͩǩ E�.1BD�N{^NX�Iǈˇ�"�

ǄȦIǛş E˪̎í˱Ɓźʋƽ˪̦-�E	{KNo}�c�3Ź¤ͩǩ1��Eȓş3ʀƸ

4�õτŭ��ʓ����-ʗ0Eʋɿ-�Eȳɿ.Ȇ̮7ǄȦ��ŗɆ E�.-�E	ȳɿ

˪̎.Ȇ̮˪̎-4˪̎íʊŖ@�ʚĚ̦3ǄȦȊ1͐Ɔ�FE΢Ƶȿȸ�ş��ʗ0),�E

.̈�CF�$FC3ʩ΂1ƻ�,{KNo}�c�4ş��ʗ0EǄȦǉʕI.),�E.̈

�CFE	 

Ş�3ʚĚ˪̦4�̚ ͧ3̂�F&ʊŖ1ƻ�΄ö0Ά¿ūIʝʇ�"E�.-�Ź¤73Ǆ

ȦIǈˇ�"�ʚĚƽIʝǫ E (Kazmierczak et al., 2005)	Ë�5ir.�Ob.3ΠI±

®1ǄȦ EB. burgdorferi4�Ź¤ͩǩ1À�ƈ0�.?3ʿτ3̙h�wX͡3ʝʇ�Ŝč
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 E�.�ʬCF,�D��3ʇ͜4$F%F3Ź¤73ǄȦ1ΐ̾-�E.�HF,�E 

(Caimano et al., 2007; Lybecker & Samuels, 2007; Samuels, 2011)	{KNo}�c�1��,

?��*�3Ά¿ū1*�,ȳɿǄȦȊ.Ȇ̮ǄȦȊ.-ʝʇΒ�Ŝč�,�E�.�Œį�

F,�E (Hoshi et al., 2009; Toruño & Hogenhout, 2010)	Ë�5ȳɿ1̨˾@ĢʋIƨ�͢�

 ʚĚƽĿū-�E TENGUΆ¿ū4�Ȇ̮ǄȦȊ.Ɋͫ�,ȳɿǄȦȊ1 5Õʝʇ�ύ��

.��L�hN�RT-PCR1B),ʳ͏�F,�E (Hoshi et al., 2009)	;&�{KNo}�

c�3[t�14 PMU .B5FE{K�aȹ3ΐ̽Ά¿ū̅�Ŭŉ� (Bai et al., 2006; 

Arashida et al., 2008)�OY{KNo}�c�.ĩ�AYY��}1ƍ E AY-WB-4��3

PMU 1Ĭ;FEΆ¿ū3ʝʇ�Ȇ̮ǄȦȊ1��,ύ�ÞĪ1�E�.�Œį�F,�E 

(Dickinson, 2010; Toruño et al., 2010)	�FC3ˮȣ�C�TENGU@�PMU1ʏȞ EΆ¿

ūʌɿ4�{KNo}�c��$F%F3Ź¤7ǄȦ E&>1ΐ̾0Ŀū-�Eĥ̏ƽ�ʵĸ

�FE	�3B�1{KNo}�c�3[t�14�$F%F3Ź¤˪̎7ǄȦIǈˇ�"E&

>3Ά¿ūdko�Ŭŉ��Ź¤ͩǩ1À�ʊŖ3Ŝč1ƻ�,Ά¿ū3ʝʇwh��IƔ<1

ýƵ�,�E.ǧž�FE	 

º�3B�1{KNo}�c�4�Ş�3Ά¿ūIɀŢ�&ζƛ1Ƈ�0[t�^Nc3˪̦

-�D0�C�ȳɿ.Ȇ̮.��é�ʗ0EŹ¤1±®1źʋ EŹ¤ͩǩ.���Trc�I

ȕ��ǄȦIǛş�"E	{KNo}�c�3Ź¤ͩǩ1��,Κ.0EΆ¿ūIʀų E�.

4�{KNo}�c�3Ź¤ͩǩ�Trc�I̓Ȉ��$3ǄȦIýƵ E&>1ΐ̾-�E.

̈�CFE	���{KNo}�c�3Ź¤ͩǩ1À�Ά¿ūʝʇ͔˔1*�,49.J/ȈC

�1�F,�0�	$�-Țˈ-4�{KNo}�c��ȳɿ.Ȇ̮.3ΠIŹ¤ͩǩ E&>

1�/3B�0Ά¿ūIÊ�õ�,�E3�I˶̄ʡ1̓ȡ E�.Iʧʡ.�&	$3&>1�

�NX�L�Nɔ1BD$F%F3Ź¤1��E{KNo}�c�Ά¿ū3ʝʇŜċI̓ȡ�

&	 
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2.2. ěď$G@Ēİ 

2.2.1. £ƑtNQkv�c{�ģľ�ēƅ 

Țʯ˄-4�OY{KNo}�c�IÌ͍{KNo}�c�.�,Êʍ�&	OY{KNo}

�c�4 1982ƞ1ȚΉ1��,h�sW�Cõΰ�F&{KNo}�c�-�ǄȦȳɿ-4ͪ

Ʒ0Ģʋʛʁ�̀CFE (Kuboyama et al., 1998; ŕ̀C�1998; Oshima et al., 2001b)	OY{

KNo}�c�4Ūµ̮-�Ex�{hm��\vN (Macrosteles striifrons) (Ń 2.1) Iµ�

,Ź¤ȳɿ`��WX (Chrysanthemum coronarium) (Ń2.2) 1Ǧʿ�&	Ǧʿ4Ɂ3B�1

�,̲)&	ǲʿ�C3ͼΠƲ3Úé`��WX1ȭIskoƩD3îˎʁ3}�bjkXˎ-

̿��ˎ í1OY{KNo}�c�Òɉ̮I15πèF&	�FIȈȖ16ȊΠ�ȍȖ8ȊΠ�25˚C

3ųƛɦŵȝ¼�-3
4ͼΠ˴ǜ��Ǧʿĭɏ�"&	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ2.1� OYtNQkv�c{ã�ēƅ  
ęŗŝ9ň!2OYtNQkv�c{ã�ēƅs~tfj��^qQ� ƴ?1.5 ~ 2.0 mm� 

Õ2.2� ª°`��YZ (ò) $G@OYtNQkv�c{ăĠ`��YZ (È)  
OYtNQkv�c{`��YZ9?ÆŇŏŀ&ƒEHKJ� 

Oshima et al., 2001bBD�΋ǶŜ 

Oshima et al., 2011BD�΋ǶŜ 
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2.2.2. RNAćµ 

Úé;&4OY{KNo}�c�ǄȦȳɿ�B6Ȇ̮�CRNAIǖô�&	ȳɿ^�}�4�

{KNo}�c�ÒɉȆ̮1BEĭɏIŧ>,�Cˢ1�ȔƲ3�B�ʚƸ3ô,�Eȭ�C̩

IǤĠ�&	^�}�41ÔÆ�CǤĠ��ǖô�&RNAI1Ğƶ.��6Ğƶõʍǃ�&	

;&Ȇ̮^�}�4�{KNo}�c�ǄȦȳɿIĭɏ�",�C 30 ȅƲ3Ȇ̮IÊʍ�&	

^�}�4ǄȦȳɿ 1ÔÆ1ʏȞ EÒɉȆ̮ˢ 30ĎI 1Ğƶ.��ȳɿ^�}�.ĩȹ1 6

Ğƶõʍǃ�&	ëÆʡ0ȃɔ4º�1ʵ 	 

 

1. �B$0.1 g3͍Ȁȳɿ�B6Ȇ̮1ɟÆˆ˦IĈ��̈ ΗIʍ�,˚șʁ10E;-ǰʰ

�&	 

2. 1 ml3 ISOGEN͍  ̭ (rk��a��) IĈ��ɭɟI1.5 mlj��|1ʽ�&	 
3. 12,000×g�4˚C-5õΠ΃ƹ���ɣIȂ��1.5 mlj��|1ľğ�&	 
4. 200 µl3X�����IɢĈ��B�ǳǘ�&	 

5. 12,000×g�4˚C-5õΠ΃ƹ���ɣIȂ��1.5 mlj��|1ľğ�&	 
6. 500 µl3Qht��IɢĈ��ͩÖɡĴ�&	 
7. −20℃130õΠε̂�&Ʋ�12,000×g�4˚C-15õΠ΃ƹ�&	 

8. 1 ml370%Qht��IĈ�,ͩÖɡĴ�&	 
9. 12,000×g�4˚C-5õΠ΃ƹ��ɒɱIəɜ�&	 
10. 8-93əɜ̲ʾI?��Ƥ́DͲ�&	 

11. ɒɱIɮ̦Ɍ1ɭ̓��RNA^�}�.�&	 
12. RNA^�}�3ˣƤ�B6ɴƤIõååƤ͆-ʳ͏�&	 

 

2.2.3. DNase I´Ņ 

ǖô�&RNA^�}�£1ɅŬ EDNAIΧě E&>�DNase IóʉI̲)&	 

 

1. º�3ˬǈ-͍̭IɡĨ��37˚C-1ȊΠĞƻ�"&	 

 

DNase I (RNase-free) (TaKaRa) 2.0 µl (10 U) 
10 × DNase IʍBuffer (TaKaRa) 2.0 µl 



 32 

RNase inhibitor (TaKaRa) 0.5 µl 
RNAϑ10µgϒ - 

DW up to 50.0 µl 

Total volume 50.0 µl 

 
2. 150 µl3ɮ̦Ɍ�100 µl3Ύƽ{Pt���100 µl3X�����IĈ�,B�ǳǘ�&	 
3. 12,000×g�4˚C-10õΠ΃ƹ���ɣIȂ��1.5 mlj��|1ľğ�&	 
4. 200 µl3X�����IĈ�,B�ɡĨ�&	 

5. 12,000×g�4˚C-10õΠ΃ƹ���ɣIȂ��1.5 mlj��|1ľğ�&	 
6. 2.2.2.μǌν6�C101Ƴ��Qht��ɒɱI̲)&	 
7. ɒɱI΄ƫΒ3ɮ̦Ɍ-ɭ̓��ïƤRNA3ˣƤ�B6ɴƤIõååƤ͆-ʳ͏�&	 

 

2.2.4. {QZ�O�QƏĞ 

2.2.2.�B6 2.2.3.μ1Ƴ��OY{KNo}�c�ǄȦȳɿ 1ÔÆ�B6ǄȦȆ̮ 5π3ˬ

<ĨH"I1ˬ.�,͆6ˬ3RNA^�}�Iʍǃ�&	$FC3RNA^�}�1*�,º

�3ǌν-�NX�L�N̓ȡI̲)&	 

 

1. 10 µg3RNAIΘō.�,�300 pmol3��i�}�N��1BDͶͩðĞƻI̲��
OY {KNo}�c�ǄȦȳɿ14 Cy3-dUTP�OY {KNo}�c�ǄȦȆ̮14

Cy5-dUTPIĠDͰ;"�Ȼ͘�&	 
2. IntelliGene chip (TaKaRa) 1B),Èǈ�&DNAjk}IÊʍ��Cy3�B6Cy5-

Ȼ͘�& cDNAIuN|�iNe�`��ɭɟ (6×SSC�0.2% SDS�5×Denhardt’sɭɟ�

carrier DNA) £-65˚C�14ȊΠĞƻ�"&	 
3. DNAjk}Iəɜɟ1 (2×SSC�0.2%SDS) -55��10õΠəɜ�&	�3əɜ43ľ

́DͲ�&	�C1DNAjk}Iəɜɟ2 (0.05×SSC) £-ͪ�əɜ�&	 

4. Affymetrix 428 Array Scanner (Affymetrix) Iʍ�,Cy3�B6Cy5$F%F3ɕΜ3
`Yq�I2ɇΪ3ȵôǄƤ-ɧų�&	 

5. BioDiscovery ImaGene Ver. 4.2 (BioDiscovery) Iʍ�,�NX�L�Nn�h3̓ȡI

̲)&	 
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2.2.5. �O�fQ}RT-PCRƏĞ 

2.2.2.�B6 2.2.3.μ1Ƴ�ǖô�& OY{KNo}�c�ǄȦȳɿ�B6Ȇ̮3 RNA^�

}�Iʍ��º�3ǌν-OY{KNo}�c�Ά¿ū3�L�hN�RT-PCR̓ȡI̲)&	 

 
 
1. 500 ng3RNAIΘō.��High-Capacity cDNA Archive Kit (Applied Biosystems) Iʍ
�,ͶͩðĞƻI̲)&	Ğƻˬǈ�B6Ğƻȝ¼4º�3͸D-�E	 

 

MultiScribe RT enzyme 0.5 µl (25 U)    
10 × RT Buffer 1.0 µl    

25 × dNTPs (100mM) 0.4 µl  25˚C 10:00 

10 × Random primers 1.0 µl  37˚C 2:00:00 
Template RNAϑ500 ngϒ -  4˚C ��

DW up to 10.0 µl    

Total volume 10.0 µl    

 
2. Ͷͩð�& cDNAIɇΪʡ0ɴƤ1͔ǽ��$FCIʍ�,�L�hN� RT-PCRI̲)
&	ʍ�&}�N��dko4̵2.11ʵ 	Ğƻˬǈ�B6Ğƻȝ¼4º�3͸D-�E	
�F1BDȵΒ˻IÈ̼�&	 

 

SYBR GreenϑTaKaRaϒ 10.0 µl 
   

Primer Forwardϑ5µMϒ 1.2 µl 
 

95˚C 2:00 

Primer Reverseϑ5µMϒ 1.2 µl 
 

95˚C 0:15 

Template cDNA 1.0 µl 
 

60˚C 1:00 

DW 6.6 µl 
 

4˚C ��

Total volume 20.0 µl 

 
3. ˳�,�ħʿ^�}�Iʍ�,�L�hN�RT-PCRI̲)&	Ğƻȝ¼�B6Ğƻˬǈ4
�͈3͸D-�E	̓ ȡ4$F%F3Ğƶ̲)&	í΋Ȼɫ.�,�̇ ͊ÁΜĿūΆ¿ū tufB
3Ό÷Iʍ�&	 

×40^NX� 
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4. �L�hN�RT-PCR3ˮȣI?.1ʩƁųΒɊͫI̲)&	;!�í΋ȻɫΆ¿ū.�,
ʍ�& tufBΆ¿ū3ˮȣIʍ�,�ħ^�}�Π3Ά¿ūʝʇΒIɂ́č�&	˳ �,�$

3ʩƁʝʇΒ3Ɋʆ (ȳɿϔȆ )̮ Iɐ>&	 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

Ƈ2.1 �O�fQ}RT-PCRƏĞ=ň!2v�Q{� 
(+&).� 
�� ���

���
�� �� �’���������������������������������’� ���
��$,%-'&*�������

���
�� �� �’����������������������������������’� ���
��$,%-'&*�������

���
�� �� �’��������������������������������’� ���
��$,%-'&*�������

���
�� �� �’������������������������������’� ���
��$,%-'&*�������

���
�� �� �’������������������������������������’� ���
��$,%-'&*�������

���
�� �� �’������������������������������������’� ���
��$,%-'&*�������

������ �� �’���������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������’� ������$,%-'&*�������

������ �� �’������������������������������’� ������$,%-'&*�������

������ �� �’���������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’�������������������������������������’� ������$,%-'&*�������

������ �� �’����������������������������������� ������$,%-'&*�������

����

 �� �’��������������������������������’� ����

$,%-'&*�������

����

 �� �’������������������������������’� ����

$,%-'&*�������

����
� �� �’������������������������������������’� ����
�$,%-'&*�������

����
� �� �’������������������������������������’� ����
�$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������’� ������$,%-'&*�������

������ �� �’������������������������������������’� ������$,%-'&*�������

"#!� �� �’��������������������������������’� �	�������$,%-'&*�������

"#!� �� �’�����������������������������’� �	�������$,%-'&*�������
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2.3. Ŭğ 

2.3.1. ì�Ɯċ=�"tNQkv�c{Ʃ�ä>{QZ�O�QƏĞ 

ȳɿ.Ȇ̮.��é�ʗ0E˪̎í1Ź¤ͩǩ�0�CʋɚʊIǈDˇ&"E{KNo}�

c���ȳɿ−Ȇ̮ΠŹ¤ͩǩ1À�/F'�3Ά¿ūʝʇIŜč�",�E3�I˶̄ʡ1̓

ȡ E&>�OY{KNo}�c�1ǄȦ�&ȳɿ�B6Ȇ̮�C RNAIǖô��­̡̯åȻ

͘ɔ1BE�NX�L�N̓ȡI̲)&	­̡̯åȻ͘ɔ4�ĩ�b�ko�-ˊĨ EuN|

�iNe�`��`Yq�Iȵô E&>�ʩƁʡ0ŜčÌE31ȷ>,ȕĊ-�E	̓ȡ1

4{KNo}�c�Ά¿ū3�(�B$ 70%I˶̄ E 518 Ô3}��|Iʍ�&	Ŵό4 6

Ğƶ̲��ǄȦȳɿ−ǄȦȆ̮Π-{KNo}�c�3Ά¿ūʝʇIɊͫ�&	$3ˮȣ�2Õº

�ʝʇΒ�Ŝč�,�&Ά¿ū4OY{KNo}�c�[t�3ˢ 33%1ʩƫ E͆ 248Ά¿

ūŬŉ�&	ʝʇ�Ŝč�,�&248Ά¿ū3�(135Ά¿ū4ȳɿŹ¤-�113Ά¿ū4Ȇ̮

Ź¤-Ş�ʝʇ�,�& (̵ 2.2)	�FC3Ά¿ū1��Eȳɿ�Ȇ̮Π3ʝʇΒƕ1*�, t

ȵųI̲)&.�G�pØ�0.05BDƇ��?3446Ά¿ūŬŉ�&	;&ʝʇ�Ŝċ�&248

Ά¿ū3�(�ȳɿǄȦȊ3<1ʝʇ�͏>CF&Ά¿ū4 22 Ô�Ȇ̮ǄȦȊ3<1ʝʇ�͏

>CF&Ά¿ū47ÔŬŉ�&	 
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�3�NX�L�N̓ȡˮȣI{KNo}�c�3¹͖˭ͦŃ�1ʵ�& (Ń2.3)	Qs�W

�ʋʌˡ-�E¤0̓˞ˡΡͻΆ¿ū�ëÆʡ14�Y�\�b�Cz�y�Ύ�ʋǈ�FE;

-3΀ʾ-ȿ̏ E΍˦I\�p EΆ¿ū̅4ȳɿǄȦȊ�B6Ȇ̮ǄȦȊ1��,ĩʾƤ

ʝʇ�,�&	�ȃ-z�y�ΎILdj� CoA 1Ŝǩ E΍˦-�Ez�y�Ύ̓Ɍ˦΍˦

̽ĨÆI\�p EΆ¿ū-�E acoA�B6 acoB4�ȳɿǄȦȊ.Ɋͫ�Ȇ̮ǄȦȊ1$F

%F 6.2�B6 11Õ-�E�.�ȈC�.0)&	;&�̙Ɖŉƽ3h�wX͡I\�p E

Ά¿ū4ȳɿǄȦȊ;&4Ȇ̮ǄȦȊ3/(C�1��,Ş�ʝʇ�,�E?3�Ş�̀CF

& (̵2.3)	Ë�5̙ͬ͵ˡΆ¿ū-�EŞāǣô��} (mdlB)�L�tΎo��b��h�̽

ĨÆ (artl�artM)�Y�h��Ύo��b��h� (glnQ)�ɸȿNS�o��b��h� (nlpA)�

ȿ̏Șʬ ABC o��b��h� (abc)�ȿȱþɲġŸj�s� (mscL) 4ȳɿǄȦȊ1�ȿ̏

ȘʬABCo��b��h� (PAM193)�˞ o��b��h� (ugpA) 4Ȇ̮ǄȦȊ1$F%F

4Õº�3ʝʇΒIʵ�&	 

;&�OY{KNo}�c�Ά¿ū-427Ô3õɓh�wX͡�«ɧ�F,�E� (Hoshi et 

al., 2009)�}��|I͉͆�&18Ô3õɓh�wX͡Ά¿ū3�(7Ô4ȳɿǄȦȊ1�6Ô

4Ȇ̮ǄȦȊ1ʝʇΒ�2Õº�1ŗĈ�,�& (̵2.4)	ʀ1õɓh�wX͡PAM486I\�

p EΆ¿ū4�Ȇ̮ǄȦȊ.Ɋͫ�ȳɿǄȦȊ1��,ʝʇΒ� 90 Õ1ŗĈ�,�E�.�

ȈC�.0)&	�F4�NX�L�N̓ȡI̲)&{KNo}�c�Ά¿ūéÆ-2ʖʧ1ş

��ʝʇɊ-�D�̓ȡ�&õɓh�wX͡3£-4ȓ?ʝʇɊ�ş��)&	 
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ēƅăĠĕ=ŐŃ&�
�Ĕ-2Ʃ�ä�

× 8  ×4  ×2    ×2  ×4  ×8 
|   |   |       |   |   | 

Õ2.3� ģľ$G@ēƅ=$*JtNQkv�c{>�ƕŧƷƦƩ�ä>ŐŃ  
ųƁ?ăĠģľ9ŐŃ&ǉ%52Ʃ�ä�ƘƁ?ăĠēƅ9ŐŃ&ǉ%52Ʃ�äLŚ/� 
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Ƈ2.4� ¶įf�rZƗƩ�ä>ƏĞŬğ 

PAM_No. �	.0/-�
�����(#&���

����
�

��,,,,,,

)*'����
�����
���

%"$��!� ����� hypothetical protein ���� � �������

%"$�� � ����� hypothetical protein nt 
%"$��!� ��� hypothetical protein ������ ��

%"$���� ��� � hypothetical protein ������� ��������

%"$���� ��� � hypothetical protein ���!�� �� �  �

%"$�  � ����� hypothetical protein ���! �� �����!��

%"$���� �!��� ATP-dependent Zn protease nt 
%"$���� ����� ATP-dependent Zn protease nt 
%"$���� ��� � hypothetical protein nt 
%"$���� � � � hypothetical protein nt 
%"$���� ����� hypothetical protein nt 
%"$�!��  �� � ATP-dependent Zn protease nt 
%"$��!� ����� hypothetical protein ��!��� ��� � ��

%"$� �� ����� hypothetical protein ������ ���+������

%"$���� ��� � hypothetical protein nt 
%"$�� � � ��� hypothetical protein ��� ��� ���� ���

%"$���� ��� hypothetical protein ���! � �������

%"$���� ����� hypothetical protein ������ ��������

%"$� �� �!�!� hypothetical protein ���� �� ��������

%"$���� ���!� hypothetical protein ������ �����!�

%"$��!� ���� hypothetical protein ���!�� �������

%"$���� ����� hypothetical protein ������� ��

%"$���� ��� hypothetical protein ��� �� �������

%"$�!�� ���� hypothetical protein ���!�� ��������

%"$���� ��� � hypothetical protein ��� ��� �������

%"$���� ����� hypothetical protein �����!� �������

%"$���� ���� TENGU nt ,�

����������������
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{K�aȹ3ΐ̽Ά¿ū̅-�E PMU 1Ĭ;FEΆ¿ū̅4˸�,�ȳɿǄȦȊ�B6Ȇ

̮ǄȦȊ1ĩʾƤʝʇ�,�D�ʝʇΒɊ3ÙD4͏>CF0�)& (Ń 2.4)	����ΐ̽ 

EΆ¿ūÌõ�EB�0}��|IÈǈ E�.�-�&?31*�,úÔ1Ɋͫ E.��

��YΠ-Ά¿ūʝʇΒ�ʗ0E?3���*�Ŭŉ�&	Ë�5NS�o��b��h�3 1

ʿ-�EmgtA3ΐ̽Ά¿ū3ʝʇ4ȳɿǄȦȊ1ʝʇ�2.2Õ10E?3�C�Ȇ̮ǄȦȊ1

ʝʇ�2.7Õ10E?3;-ȹ
-�)&	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ2.4� ģľăĠĕ$G@ēƅăĠĕ=$*JOYtNQkv�c{Ʃ�ä>ŐŃĬ  
²>à«%H�1; ēƅ9ŐŃư&Þ¾-2Ʃ�ä (Ƙ)�2; ģľ9ŐŃư&Þ¾-2Ʃ�ä 
(ų)�3; +Ʋ=^�l,K8!JƩ�ä�4; �Ʋ=^�l,K8!JƩ�ä�PMULġƁ9Ś
/�à²>čå?OYtNQkv�c{>Ʃ�äŌÉLŚ/� 
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2.3.2. �O�fQ}RT-PCR=GJ{QZ�O�QƏĞŬğ>ĤƐ 

�NX�L�N̓ȡ3ˮȣ1*�,ȵ͋ E&>�ʝʇ�Ŝč�&Ά¿ū3�(��i�1΅

Ǔ�&15Ά¿ū1*�,��L�hN�RT-PCR̓ȡI̲)&	í΋Ȼɫ14{KNo}�c

�3̇͊ÁΜĿūEF-TuI\�p E tufBΆ¿ūΌ÷Ií΋Ȼɫ.�,ʍ�&	ǄȦȳɿ�B

6ǄȦȆ̮1��EOY{KNo}�c�Ά¿ū3ʝʇΒI tufBΆ¿ū3ʝʇΒ1Ɓ EʩƁ

Ø.�,ɐ>�$3ʩƁʝʇΒ3Ɋʆ (ȳɿϔȆ )̮ Iɐ>&	Ŵό4 3 Ğƶº�̲)&	�L

�hN� RT-PCR ̓ȡ1BDɐ>&ʩƁʝʇΒ3Ɋʆ��NX�L�N̓ȡ3ˮȣ.�̜ E

�/��I͌Î�&.�G�¡̉3ˮȣ49:ĩȹ3ÞĪIʵ�& (Ń2.5)	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ2.5� �O�fQ}RT-PCR=GJ{QZ�O�QƏĞŬğ:>ĬƝ  
{QZ�O�QƏĞ>Ŭğ (ő) $G@�O�fQ} RT-PCR>Ŭğ (ǀ) L log2 (ģľăĠ
ĕǌēƅăĠĕ) >ïč9Ś-2� 
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8#
!��&�%��

#�$ �"RT!PCR#
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2.4. źî 

2.4.1. ŮïíŇāŪƂ>Ʃ�äŐŃß¿ 

{KNo}�c�3Ά¿ūʝʇ�ȳɿ�B6Ȇ̮$F%F3Ź¤˪̎í-/3B�1Ŝč�

,�E3�I˶̄ʡ1̓ȡ E&>�OY{KNo}�c�1ǄȦ�&ȳɿ�B6Ȇ̮�CRNA

Iǖô��{KNo}�c�Ά¿ū3�NX�L�N̓ȡI̲)&	$3ˮȣ�OY {KNo}

�c�[t�1\�p�FEéΆ¿ū3ˢ 33%1ʩƫ E 248 Ά¿ū3ʝʇ�Ŝč�,�D�

OY{KNo}�c��ȳɿ�B6Ȇ̮3 2*3ʗ0EŹ¤ʊŖ1ƻ�,ąʡ1Ά¿ūʝʇIŜ

č�",�E�.�ȈC�.0)&	;&�$3ʝʇ4Ź¤ͩǩ1À�ʝʇΒ�Ŝč�0�Ά¿

ū�C100Õº�1Ŝč E?3;-ζƛ1ơ�ŜċƜIʵ�&	 

�̟1ʹ̲ʡͽčI;�&˪̦4̚ʏʋɚƽ3˪̦.Ɋͫ�,Ά¿ūʝʇýƵIǗ�ͩðĿ

ū3ʿτ�ƈ0�	{KNo}�c�IĬ=Mollicutes˵1ƍ E˪̦4�$39.J/�ʹ̲

ʡͽč1BDŞ�3Ά¿ūIɀŢ�,�D�Ë�5ͧ̚3Ά¿ūʝʇ1ƺ̾0ͩðĿū-�E`

Y�Ŀū4 1
2ʿτ��Òǜ�,�0�	$F1Ɓ��̚ʏʋɚƽ3˪̦-�E E. coli@ B. 

subtilis-4$F%F7�B618ʿτ3`Y�ĿūIÊ�õ�,�E	�F;-1�{KNo}

�c�.ĩ��˪̎í1˱Ɓźʋ E˪̦-ʹ̲ʡͽčI;�&L|��`3êʋ̦ Buchnera 

aphidicola-4�ɼ`�kX1BDʝʇΒ�Ŝč EΆ¿ū3ʝʇŜċƜ�E. coli@B. subtilis

.Ɋͫ E.σ̪1Ƈ���.�ʵ�F,�E (Samuels, 2011)	�3�.�C Samuels4�

ʹ̲ʡͽčI;�&˪̦�Ά¿ūʝʇýƵ3ȧͨƽIŢ),�Eĥ̏ƽIǝǯ�&	���$3

�ȃ-�{KNo}�c�.ĩ�Mollicutes˵1ƍ E˪̦-�EM. pneumoniae-4�ȹ


0ȝ¼�-�B$42%3Ά¿ūʝʇwh���Ŝč��£14L�jd�bRNA@ƇõūRNA

0/3non-coding RNA?Ş�ͩð�F,�E�.�ȈC�.0),�E (Güell et al., 2009)	

;&ir0/3˔ͥċɿ.�xoIĬ=ċɿ˪̎.3ΠIŹ¤ͩǩ E˪̦-�E B. 

burgdorferi-4�ir�Cķ¨τ73Ź¤ͩǩ1À��ͩ ðĿū�mRNA3bm���}ȸͺ�

small non-coding RNA34&C�1BDΆ¿ūʝʇ�ζƛ1̽ί1ýƵ�F,�E�.�ȈC

�1�F**�E (Samuels, 2011)	�3B�0ʇ͜�/3B�1ʚĚƽ1Ʈκ E3�1*�

,4´Ʋ3̓ȡ�ư&FE��Țˈ1,̲)&�NX�L�N̓ȡ3ˮȣ�{KNo}�c�4

Ź¤ͩǩ1À�Ş�3Ά¿ūIÊ�õ�,�E�.�ȈC�.0)&	´Ʋ{KNo}�c�3
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Ά¿ūʝʇIǄȦ΋Ã;&4ǦʿƲȅǼˍ1õ�,ɇΪʡ1̓ȡ E�.1BD�Ş�3Ά¿ū

�ɀŢ EB�0ʹ̲ʡͽčI;�&˪̦�Ǽƈ0�Ά¿ūIϋÊ�,Ź¤1ǄȦIǈˇ�"

EB�0¶ˬ<IBD͎˪1ȈC�1 E�.�-�E�?�F0�	 

 

2.4.2. �ƕŧƷƦƩ�ä>ŐŃß¿ 

{KNo}�c�3Qs�W�ʋʌˡ-�E̓˞ˡ1ΡHEşŞǼ3Ά¿ū4�¡Ź¤1��

,ĩʾƤʝʇ�,�&	{KNo}�c�4FOF1ōATPĨǈ΍˦3^|�rkoI\�p E

Ά¿ūI 1*?ȕ�,�C! (Oshima et al., 2004)�Qs�W�ʋʌI̓˞ˡ�Cʋʌ�FE

ATP1ÍŬ�,�E.̈�CFE�.�C��NX�L�N̓ȡ3ˮȣ4ȳɿ�B6Ȇ̮/(C

3Ź¤ǄȦȊ1��,?̓˞ˡ1ƺ̾0΍˦�ƺ̾.�F,�E�.Iʵĸ�,�E	�ȃ-�

acoA�B6acoB3ʝʇ4Ȇ̮ǄȦȊ1σ̪1�ȇ�&	�&�),ȳɿǄȦȊ.Ȇ̮ǄȦȊ.

-̓˞ˡ3ȓ˫ʌɿIŜč�"E�.�{KNo}�c�3ʊŖ΄ƻǉʕ31*.0),�E3

�?�F0�	 

˪̦3˪̙̎4��̐͡�Cȸǈ�FE	�FC3��̐͡3ȸǈ4̙3ƋȐƽĪ�ɦƤǄġ

ƽ�ɞͷňǄġƽ�ǒʋɿ͡ǄġƽIŜč�"EĚĿ.0E�.�ʬCF,�E (Verheul et al., 

1997)	{KNo}�c�.ĩ�Mollicutes˵1ƍ EMycoplasmaƍ˪̦4�ζƛ1Ƈ�0[

t�^Nc1?��HC!�ȹ
0��̐͡1BD˪̙̎�ȸǈ�F,�E�.�ȈC�.0)

,�E (Kornspan & Rottem, 2012)	{KNo}�c�1��,4ƈ0�.?¡ƽ��̐͡�b

{Kja�Qht��L�� (PE) �B6Ύƽ��̐͡�b{Kja�Y�d��� (PG) Ĩ

ǈ˭ͦ�ÒŬ�F,�E (Ń2.6)	�NX�L�N̓ȡ3ˮȣ��3�(PGĨǈ˭ͦ-ȿ̏ 

E΍˦I\�p EΆ¿ū-�E�b{Kja�Y�d���ΎĨǈ΍˦Ά¿ū (pgsA) �B

6�b{Kja�Y�d���Ĩǈ΍˦Ά¿ū (pgpB) 3ʝʇΒ�ȳɿǄȦȊ1ŗĈ E�.

�ȈC�.0)&	�3�.4���̙̐͡3ˬǈIŜč�"E�.�{KNo}�c�3ȳɿ

˪̎�B6Ȇ̮˪̎73΄ƻ1ΐ̾0ƯĄIȣ&�,�Eĥ̏ƽIʵĸ�,�E	 
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ȳɿǄȦȊ;&4Ȇ̮ǄȦȊ1ʝʇ�Ŝċ�&¹͖ˡΡͻΆ¿ū4$F%F3Ź¤1��,

ʀʗʡ1ȿ̏ Eΐ̾0Ά¿ū-�Eĥ̏ƽ�ύ����ȃ-¡Ź¤73ǄȦȊ1ʝʇΒ�Ŝč

�0�Ά¿ū4�¡ȃ3Ź¤7΄ƻ E&>1ΐ̾0Ŀū.�,ȿ̏�,�Eĥ̏ƽ�ύ�	�

NX�L�N̓ȡ3ˮȣ�ɚƽΎ˦ʿõ̓΍  ˦ (sod) 3ʝʇΒ4¡Ź¤ǄȦȊ19:Ŝč�0�

�.�ȈC�.0)&	ɚƽΎ˦ʿ4�Ź¤3ƿƛʡ0¹͖ˡ�Cʋ�E3<0C!�Ź¤3ʚ

ĚÆ1Ɓ E΢Ƶƻˏ`Yq�.�,ʌʋ�FE	ʚĚ˪̦�ȳɿ1ǄȦ E.�ȳɿ4

NADPH oxidaseIʍ�,ɚƽΎ˦ʿ3�ʿ-�Eb�w�SV`p�aT� (O2�) IşΒ1ʝ

ʋ�"E (Lamb & Dixon, 1997; Moller, 2001; Imlay, 2003)	Ȇ̮1��,?ʚĚ˪̦3ǄȦ1

Ɓ�,ɚƽΎ˦ʿ�ʝʋ Eʇ͜�ʳ͏�F,�E (Ha et al., 2005)	{KNo}�c��ȳɿ

1ǄȦ�&ά1?ɚƽΎ˦ʿ�ʝʋ E�.�ʬCF,�E (Musetti et al., 2004; Musetti et 

al., 2005; Sánchez-Rojo et al., 2010)	�FC3�.�C�{KNo}�c�3SOD4¡Ź¤�

C3ǷǱ1Ɓǒ Eǌɇ.�,ΐ̾0ß�Iǜ*ĥ̏ƽ�ʵĸ�F&	 

��	�

��	�����

	
� 	�	�

	�� 	��

����������

���������

Õ2.6� OYtNQkv�c{>��žƗ�ƕūƚ 
G3P; [�d��� 3��Ʈ�CDP-DAG; `ga����ƮaO`�[�d����PS; y
btNga�d���PE; ybtNga�Tfp��O|��PGP; ybtNga�[�d�
��Ʈ�PG; ybtNga�[�d����0K1K>ūƚ9ĩŽ/JƭŨL^�l/JƩ�
äÍLÒƎ9Ô52�{QZ�O�QƏĞ>Ŭğ�ēƅăĠĕ:ĬƝ-8ģľăĠĕ=$*J 
pgsA>ŐŃư?20§�Ì.(ģľăĠĕ=$*JpgpB>ŐŃư?8§9 52� 
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2.4.3. ƀƞƢ Ʃ�ä>ŐŃß¿ 

̙ͬ͵ÆΆ¿ū14�ȳɿǄȦȊ;&4Ȇ̮ǄȦȊ1��,ʝʇ�Ŝċ�,�E?3�Ş�Ŭ

ŉ�& (̵ 2.3)	Ë�5�{KNo}�c�14 ABC o��b��h�1õτ�FEŞāǣô

��}�3ʿτ\�p�F,�E	$3�(3�*-�EmdlB4Ȇ̮ǄȦȊ.Ɋͫ�,ȳɿǄ

ȦȊ1ʝʇΒ� 8.4 Õ1ŗĈ�&	��]@q`0/1ɶÝʚIƨ�͢� Pectobacterium 

amylovora@qbʺȳɿI4�>Ş�3ȳɿ1δȤʚIƨ�͢� Ralstonia solanacearum-

4�ȳɿ�˪̦3ǄȦ1Ɓ E΢Ƶɿ͡.�,Ǹô Eǒ̦ƽɿ͡-�E{KNoL�V`�1

Ɓǒ Eǌɇ.�,�Şāǣô��}�ΐ̾0ƯĄIǗ� (Burse et al., 2004; Brown et al., 

2007)	{KNoL�V`�4ȳɿ3΢Ƶƻˏ.�,^�j�Ύ3ʌʋ@ɚƽΎ˦ʿ3ʝʋ..

?1ʌʋ�FEɿ͡-�E (Lamb & Dixon, 1997; Dubreuil-Maurizi & Poinssot, 2012)	ȳɿ-

4{KNo}�c�3ǄȦ1BD^�j�ΎIµ�&΢Ƶƻˏ˭ͦ�ɚƽč�FE�.@�ɚƽ

Ύ˦ʿ�ʝʋ E�.�ȈC�1�F,�E (Musetti et al., 2004; Musetti et al., 2005; 

Sánchez-Rojo et al., 2010; Ahmad et al., 2014)	�3�.�Cȳɿ4{KNo}�c�73΢Ƶ

ǌɇ.�,ʿ
3{KNoL�V`�Iʌʋ�,�E.ǧɧ�FE	�&�),mdlB4{KN

oL�V`�1BEǷǱIľ·��ȳɿ73ǄȦIǈˇ�"E&>1ȿ̏�,�Eĥ̏ƽ�ʵĸ

�FE	 

°Ζ3ĠDͰ<I̲�o��b��h�̽ĨÆI\�p E znuABC4ȳɿǄȦȊ.Ɋͫ�

,Ȇ̮ǄȦȊ1ʝʇΒ�2.3
3.4Õ1ŗĈ�&	�ȃ-�ĩȹ1°Ζ3ĠDͰ<I̲�.̈�C

FE zntA4Ȇ̮ǄȦȊ.Ɋͫ�,ȳɿǄȦȊ1ʝʇΒ��B$ 3.9Õ1ŗĈ�&	°Ζ4Ş�

3΍˦3ɚƽ£ƹ.�,ȿ̏�,�E�.�Cǧž�FEB�1�ʋɿ3ʋŬ1ɀ�"0�Γƍ

ã˦-�E	ċɿ˪̎1źʋ ESalmonella enterica (Ammendola et al., 2007) @Brucella 

abortus (Kim et al., 2004) 3 znuABCΆ¿ū�ɀǭ�&Ŝʗȭ4�Αʋȭ.Ɋͫ�,ŗɆΒ�

ɥƈ E	���$3�ȃ-ʪȮ˪̎í1��E°Ζã˦4ζƛ1ƷΒ-�D�$39.J/�

h�wX͡0/1ƪ�ˮĨ�,�E (Cousins et al., 2006)	�3&>˪̎í1Ïè�&˪̦1.

),�°ΖIʅƴ E&>3�Trc�4ζƛ1ΐ̾-�E.̈�CFE	{KNo}�c�4

ĠͰ<α�°Ζ3ͬ͵IĊʆʡ1̲�&>�$F%F3Ź¤1΄�&o��b��h�IÊ�õ

�,�E3�?�F0�	;&�F.τÂ�&ʇ͜.�,��Ys`O�o��b��h�.�

,ȿ̏ E�.�«ɧ�FE P hN} ATPase 4 OY {KNo}�c�[t�1 4 \z� 
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(mgtA1
4) Ŭŉ E��$3�(mgtA1�B6 mgtA2 4ȳɿŹ¤í-�mgtA34Ȇ̮Ź¤

í-ʝʇ��ȇ�,�&	 

{KNo}�c�4Ź¤73ȷƤ0źʋ3&>Ş�3¹͖ˡΆ¿ūIŢ�.ĩȊ1�̙ ͬ͵ˡ

Ά¿ūIŞǼʅƴ��ͧ̚3ʋŬ1ƺ̾0ɿ͡IŹ¤�CĠDͰ=B�10)&.̈�CFE	

ȿ̏�ΐ̽ EΆ¿ūΠ1��,Ά¿ūʝʇwh��IŜč�"Eǃ̆1*�,4´3.�G

�Ȉ-�E���̟1Ά¿ūΐ̽4Ά¿ʡŞȹƽIύ>�Şȹ0ʊŖ1΄ƻ E&>1ΐ̾0Ư

ĄIȣ&�,�E.ͅHF,�E (Makino & Kawata, 2012; Magadum et al., 2013)	�&�)

,{KNo}�c�4ȳɿ.Ȇ̮.��é�ʗ0EŹ¤�CĊʆʡ1ɿ͡IĠDͰ=&>1�$

F%F3Ź¤1��,BD΄�&o��b��h�Iͽč�",�Eĥ̏ƽ�ʵĸ�FE	 

 

2.4.4. ¶įf�rZƗƩ�ä>ŐŃß¿ 

�F;-1é[t��ɑų�F,�E OY {KNo}�c�3[t��14�õɓh�wX

͡I\�p EΆ¿ū� 27 Ôǧų�F,�E (Hoshi et al., 2009)	$3�(3 1 *-�E

TENGU4H!�38L�tΎ�CǈEõūΒ4.5 kDa3���}jp-�D��F;-1Ȇ̮

ǄȦȊ.Ɋͫ�,ȳɿǄȦȊ1mRNA���-ʝʇΒ� 5Õ1ŗĈ E�.�ȈC�1�F,

�E (Hoshi et al., 2009)	Țˈ1,̲)&{KNo}�c�Ά¿ū3�NX�L�N̓ȡ3ˮȣ�

}��|I͉͆�& 18Ô3õɓh�wX͡Ά¿ū3�( 7Ô4ȳɿǄȦȊ-�6Ô4Ȇ̮ǄȦ

Ȋ-2Õº�ʝʇΒ�ŗĈ�,�& (̵2.4)	ʀ1õɓh�wX͡PAM486I\�p EΆ¿ū

4�̓ȡ�&õɓh�wX͡3£-ȓ?ʝʇɊ�ş��)&	�3�.�C PAM486 4ȳɿǄ

ȦȊ1ÇC�3ȿ̏Iȣ& �.�ʵĸ�FE	{KNo}�c�4˪̎íƉŉƽ3˪̦-�E

�.�C�{KNo}�c�̦Æí�Cõɓ�F&h�wX͡4Ź¤˪̎í3ÇC�3Ŀū.ʨ

Ǧʡ1ʩ®Èʍ Eĥ̏ƽ�ύ�	�3�.�C{KNo}�c�3õɓh�wX͡4ʚĚƽĿ

ū3ȓȕĆ×̻-�E.̈�CF,�E	�F;-1{KNo}�c�3õɓh�wX͡-4�

ͳ�&TENGUI4�>���*�3h�wX͡1*�,$3ȿ̏�̓ȡ�F,�E��$FC

4é,ȳɿ1̨˾�Ģʋ�̩č0/3ʚƸIƨ�͢� ʚĚƽĿū-�E (Hoshi et al., 2009)	

�FC3·1?{KNo}�c�1ʀƸʡ0ʚƸIƨ�͢� Ŀū��Eĥ̏ƽ4īų-�0

�?33�Ǽ�Eõɓh�wX͡3é,�ʚƸ1ΡHEĿū-�E.4̈�α�	 
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·3ȳɿʚĚ̦-4�̚ ͧ3ǄȦIǈˇ�"E&>1ȹ
0ȿ̏Iǜ*õɓh�wX̅͡IÒ

ǜ E�.�ȈC�1�F,�E	Ë�5o�o̩�6ʚ  ̦ (Cladosporium fulvum) �CǸô

�FEõɓh�wX͡3£14�ͧ̚3˪̎ŘIŮEß�I E?3�Ź¤3΢ƵƻˏIľ· 

E?30/�Œį�F,�E (Van den Burg et al., 2006; De Jonge et al., 2010)	;&�T�V

l��B�ʚ  ̦ (Xanthomonas campestris) -4�Ź¤3Ȯ1Ɖŉ�Ź¤3ͩðĿū.ˮĨ E

�.-�$3ͩðĿū3ýƵ�1�E΢ƵΡͻΆ¿ū3ʝʇIǐý Eõɓh�wX͡�ʬCF

,�E (Canonne et al., 2011)	Țˈ1��E�NX�L�N̓ȡ1B),Ź¤ʀʗʡ0ʝʇŜ

ċIʵ�&õɓh�wX͡3£14ȳɿ3Ȯ@̩˹Æ1Ɖŉ E`Yq��«ɧ�FE?3?

Ŭŉ E�.�C�·3˪̦-3Œį.ĩȹ1�$F%F3Ź¤˪̎íʊŖ1΄ƻ E&>1Ź

¤Ŀū.ʩ®Èʍ�,�Eĥ̏ƽ�ʵĸ�FE	 
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š3Š tNQkv�c{=$*JĩĢºĹÅëg�o�>ĩŽƏĞ 

3.1. ôĎ 

3.1.1. ĩĢºĹÅëg�o�L�-2ŪƂ>ĲƣÖƓţ 

˪̦IĬ=�CAE˪̎4�ȿȱþɲ.��ɿʉʡ0Ć1BDŜƬ E	Ë�5ɞͷň3Ŝč

1BDƨ�͢��FE˪̎3ŸˁŜč4$3ȌͿʡ0Ë-�E	ÄɞͷňʊŖ1ȏ�F&˪̎-

4�˪̦3ȿȱþɲġŸj�s� [mechanosensitive (MS) channels] �Οʁǅ.0D�NS�

0/3ɞͷň͔˔ɿ͡�˪̎ŝ7Ǹô�FE	�3MSj�s�34&C�1BD˪̎4ɭ̦0

/1BE˪̎3ɃɮIæF,�E (Kung et al., 2010)	˪̦3MSj�s�3ȿ̏41987ƞ1

MartinacC1BDş̗̦1��,ø>,Œį�F (Martinac et al., 1987)�$3Ʋ\�iXh�

b3΂�1BD 2 ʿτ3MS j�s��MscL �B6MscS �Ŭŉ E�.�ȈC�.0)& 

(Sukharev et al., 1994; Levina et al., 1999)	ş̗̦3mscL�B6mscSɀǭŜʗÆ4�ÄƩȝ

¼73Ƽɲ0Ŝč1BD˪̎3ɭ̓Iƨ�͢� �.�ʬCF,�E (Booth & Louis, 1999; 

Levina et al., 1999)	;&�F;-1�mscL�B6mscS4�bo�bƻˏƽ3`Y�Ŀū-

�E σS.̽ĨÆIƬǈ�& RNA�����e1BDͩð�ýƵ�F,�D�σS�ɀǭ�& E. 

coli4ÄƩȝ¼Ǆġƽ.0E�.�ȈC�.0),�E (Stokes et al., 2003)	�&�),MscL

�B6MscS4ʊŖƻˏƽ3j�s�-�E�.�ʵĸ�F,�E	 

 

3.1.2. ģľŪż$G@ēƅŪż>ĲƣÖ 

{KNo}�c�4ŪµȆ̮3˪̎í-ŗɆ�&Ʋ�ģΔI͸�,˗΋˪̎1Ïè E	�&

�),{KNo}�c�4�ȳɿ.Ȇ̮.��é�ʗ0Eʋɿ3˪̎íʊŖ1ȏ�FE�..0

E	˗΋˪̎.Ȇ̮˪̎.-4�ʚĚÆ3ǄȦ1B),ƨ�͢��FE΢Ƶƻˏ3B�0�͐Ɔ

�FEĞƻ3΂�3·1�˪̎í3L�tΎ@NS�3ˬǈ@ɴƤ�pH 0/�͸ƛʁǅ1��

E˪̎3ƽʁ?ş��ʗ0),�E	£-?�ɞͷň3΂�4˪̦3ǄȦ1.),ş�0Ļρ.

0DƴE	˗΋˪̎4�˞I4�>. Eȳɿ3ȕȿȬωõIͬ͵ E˭ͦ-�E�.�C�͸
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ƛ3˪̎BD?ύɞͷňȝ¼1�E	Ŵά1�˗΋˪̎3ɞͷň4Ȇ̮3̱��w3 2
5 Õ-

�E.ͅHF,�E (Douglas, 2006)	 

 

3.1.3. tNQkv�c{>ĩĢºĹÅëg�o� 

{KNo}�c�4Ş�3¹͖ˡΆ¿ūIɀŢ�,�E�ȃ-�̙ ͬ͵ÆΆ¿ūI̽Ǽ\z�

Òǜ�,�E	�3�.�C�{KNo}�c�3̙ͬ͵Æ4Ź¤˪̎.3ɿ͡ʡ0@D.DI

͸��Ź¤.3ʩ®Èʍ1ΐ̾0ƯĄIȣ&�,�E.̈�CFE	ˋ2ˈ1��E�NX�L

�N̓ȡ3ˮȣ�Ş�3̙ͬ͵ÆΆ¿ū�ȳɿǄȦȊ;&4Ȇ̮ǄȦȊ1��,ʝʇ�ȇ�,�

E�.�ȈC�.0)&	£-?ɞͷň͔˔1ΡHEmscL3ʝʇΒ4Ȇ̮ǄȦȊ.Ɋͫ�,ȳ

ɿǄȦȊ-σ̪1ŗĈ�&	3.1.2.μ-ͳ8&B�1�mscL4˪̦3ɞͷň͔˔1ΐ̾0ƯĄI

ȣ& 	ʀ1{KNo}�c�IĬ=Mollicutes˵˪̦4˪̎ŘIǜ&0��.�C�ŝ΋3ɞ

ͷňʊŖ73Ǆġƽ�ύ��.�«ǂ�FE	$�-�ȳɿǄȦȊ1ʝʇΒ�ŗĈ E{KNo

}�c�3mscL4˗΋˪̎í3ɞͷň1΄ƻ E&>1ΐ̾0ƯĄIȣ&�,�E.��»͑

Iˇ,&	 

�3»͑Iȵ͋ E&>1�Țˈ-4ȳɿ�B6Ȇ̮ǄȦȊ1��E OY {KNo}�c�

3mscL (OY-mscL) 3ʝʇI��L�hN�RT-PCRɔ1BDΆ¿ū���-ʳ͏�&	�C

1�OY-MscL 3ȿ̏ΣŶɿ͡-�EŕčUp�r�I��&ȳɿIʍ�,�{KNo}�c�

3ŗɆΒI͌Î�&	�FC3ˮȣI�·3ͱ˽0˪̦1��E MscL 3ȕɸIĬ>,̈ž��

{KNo}�c�3ʋŬ1��EMscL3ȿ̏1*�,ȵ͋�&	 
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3.2. ěď$G@Ēİ 

3.2.1. £ƑtNQkv�c{�ģľ�ēƅ 

Țˈ1��EOY-MscL3ȿ̏̓ȡ-4�2.2.1.μ.ĩȹ3ȝ¼-Ǧʿ�B6˓ʉ�&OY{

KNo}�c�ǄȦȳɿIÊʍ�&	 

 

3.2.2. MscL>ŔÌāĬƝ 

GenBank1ʞΙ�F,�E{KNo}�c�3MscL�B6·3˪̦3MscL3Ό÷Iʍ�

,ʩĩƽ̓ȡI̲)&	L�tΎΌ÷3L�N���o14 CLUSTAL W (Thompson et al., 

1994) I�ʩĩƽ̓ȡ14National Center for Biotechnology Information (NCBI) 3protein 

BLAST (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) Iʍ�&	̓ȡ1ʍ�&ʿ�B6LXd

k`��q�v�4º�3͸D-�E	 

 

 

 

 

 

 

 
 
 
 

3.2.3. RNAćµ 

2.2.2.μ1Ƴ�OY{KNo}�c�ǄȦȳɿ�B6ǄȦȆ̮�CRNAIǖô�&	 

 
 

����  !#$"%&���

Phytoplasma asteris OY-M �������
�

P. asteris AY-WB ABC65144 
P. australiense ���������

P. mali AT ���������

Mycobacterium tuberculosis ����
�	��

Staphylococcus aureus ���	
��
�

Escherichia coli ���������

Bacillus subtilis ���
	����

Rhizobium etli ���	��

�

Acholeplasma laidlawii ������
��

Ƈ3.1� ƏĞ=ň!2MscLy��[ 
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3.2.4. �O�fQ}RT-PCRƏĞ 

3.2.3.μ1Ƴ�ǖô�&OY{KNo}�c�ǄȦȳɿ�B6Ȇ̮3RNA^�}�Iʍ��

2.2.5.μ.ĩȹ3ǌν-OY-mscL3�L�hN�RT-PCR̓ȡI̲)&	ʍ�&}�N��I

̵3.21ʵ 	í΋Ȼɫ42.2.5μ.ĩȹ1 tufB3Ό÷Iʍ�&	 

 

 

 

 
 
 

3.2.5. ÜÀWl�nR}´Ņ 

OY {KNo}�c�̦ÆŗɆ73ƮκIȵ͋ E&>MscL 3ΣŶā.�,ʬCFEŕč

Up�rO� (GdCl3) (Berrier et al., 1992) Ióʉ�&ȳɿ1OY{KNo}�c�IǦʿ�&	

ŕčUp�rO�óʉȳɿ43ÔÆʍǃ�&	ëÆʡ0ȃɔ4º�1ʵ 	 

 
1. ǲʿ�C3ͼΠƲ3Úéȳɿ11 mM3ŕčUp�rO�IĬJ'ɌIƣη˯Ɍ1BD�

�&	 
2. ȳɿ1ÔÆ1*�8ÔÆ3OYǄȦȆ̮IǦʿ�&	 
3. 7ȅ�.13Ȣ3̩IǤĠ�&	ǤĠ428ȅƲ;-͆4ľ̲)&	 

 

3.2.6. DNAćµ 

3.2.5.μ1,ŕčUp�rO�óʉI̲)&{KNo}�c�ǄȦȳɿ�;&4ŕčUp�r

O�ɸóʉ3{KNo}�c�ǄȦȳɿ�CDNAIǖô�&	ëÆʡ0ȃɔIº�1ʵ 	 

 
1. �B$ 0.1 g3͍Ȁȳɿ�B6Ȇ̮1ɟÆˆ˦IĈ��¨ΗIʍ�,˚șʁ10E;-ǰʰ
�&	 

2. DNeasy Plant Mini Kit (Qiagen) Iʍ�,o�h�DNAI˝̼�&	4�>1�400 µl3

Buffer AP1.4 µl3RNase A (100 mg/ml) IɢĈ��B�ɡĴ�&	 

Ƈ3.2� OY-mscL>ŐŃưƏĞ=ň!2v�Q{� 
���� � ��� ���

�
�	����� ����
�����������
�������

��
���
��
�
�� ���������������������

�
�	����� ���


��

��

�
�
�


�

��
����
�
�� ���������������������
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3. Ȃ��Qk��j��|1ǌν 23^�}�Iľğ��65℃- 10õΠÒɦ�&	�3Π1
ǼľͩÖɡĴ��˪̎Iɭ̓�"&	 

4. ʓηɚƽā�h�wX͡�Ş˞τIɒɱ�"E&>�130 µl3Buffer P3IɢĈ��ɡĴ�

&Ʋ�5õΠɍ�-ε̂�&	 
5. 20,000×g�ŵɦ-5õΠ΃ƹ��2 ml\�X`��j��|Idko�&QIAshredder Mini 

Spin Column1�ɣIʽ�&	 

6. 20,000×g�ŵɦ-2õΠ΃ƹ��T��I͸΀�&ɣɯɟIȂ��Qk��j��|1ľğ
�&	 

7. 675 µl3Buffer AW1IɢĈ��z�kmM�Y1BDɡĴ�&	 

8. Ȃ��2 ml\�X`��j��|Idko�&DNeasy Mini Spin Column1ǌν73^
�}�IɢĈ�&	 

9. 6,000×g�ŵɦ-1õΠ΃ƹ��GɟIƦȲ�&	 

10. 500 µl3Buffer AW2IDNeasy Mini Spin Column1ɢĈ��20,000×g�ŵɦ-2õΠ΃
ƹ�&	 

11. T���Űé1©ɽ�,�E�.Iʳ͏��Ȃ��Qk��j��|IDNeasy Mini Spin 

Column1dko�&	 
12. 100 µl3Buffer AEI��|���1ʨǦɢĈ��ŵɦ-5õΠε̂�&Ʋ�6,000×g�ŵ
ɦ-1õΠ΃ƹ�DNAIɭô�&	 

13. ǌν12I?��Ƥ́DͲ��͆200 µl3o�h�DNAIƴ&	 
14. DNA3ˣƤ�B6ɴƤIõååƤ͆-ʳ͏�&	 

 

3.2.7. �O�fQ}PCRƏĞ 

3.2.6.μ1,ǖô�&DNAIʍ�,�L�hN�PCR̓ȡI̲)&	ȵô14 tufB3Ό÷

Iʍ�&	}�N��dko (̵3.3) 4ȄŒ3}�N��Ό÷IÊʍ�& (Wei et al., 2004)	

�L�hN�PCR3Ğƻˬǈ�B6^NX�Ǽ42.2.5μ1Ƴ)&	 

 

 

 

 

Ƈ3.3� tNQkv�c{>Ƃ ÞĪư>ĵè=ň!2v�Q{

� � ��#� ��� ���

����� �’��
�������
������

��
��������
��
’� ����� ���!�"����
��

���	� �’�
�����������������������
�����
’� ����� ���!�"����
��
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3.3. Ŭğ 

3.3.1. MscL>O|pƮƬ¸ŔÌāƏĞ 

OY-MscL3L�tΎΌ÷I[t��̓͒�F,�E·33ʿ3{KNo}�c��B6·3

˪̦�?*MscL.Ɋͫ��L�tΎ3Ό÷ÒŬƽIȵ͇�&	$3ˮȣ�OY-MscL4OY{

KNo}�c�.ͱ˽0AY-WB3MscL.ȓ?B�Â&Ό÷Iǜ(�93%3ʩĩƽIʵ�&	

[t��̓͒�F,�E$3·3{KNo}�c�ʿ-�EP. australiense�B6P. mali3ǜ

*MscL.�OY-MscL.3Π-3L�tΎΌ÷ʩĩƽ4�$F%F 57ϐ�38ϐ -�)& (Ń

3.1)	�F;-1MscL142ˑǋ3̙͞͸p�N�TM1�B6TM2�Ŭŉ��$FC4��

�YΠ-L�tΎΌ÷3ÒŬƽ�ύ��.�ʬCF,�E (Balleza and Gómez-Lagunas, 

2009)	ëÆʡ14�TM1Ϙ[VIML]-D-[LM]-A-[VI]- [GA]-[VI]-[IV]-I-G-[AG]-A-F-[GTS]-x-I-V-x- 

[SA]-[LFV]-[VT]-x-D-[IVL]-[ILVF]-[MNT]-P-x-[IVL] �B6TM2ϘY-G-x-F-[IL]-x(3)-[IVLF]- 

[ND]-F-[LVI]-[IL]-[IVL]-A-F-x-[IVL]-[FY] .��\�d�^bΌ÷�ʀų�F,�E	�˻I͈

�&2ˑǋ3L�tΎ4�{KNo}�c�ƍ1��,$F%FLbw�W��B6�N`��

ÒŬ�F,�&?33�·3\�d�^bΌ÷4 TM1�B6 TM2.?1ɊͫʡB�ÒŬ�F

,�& (Ń 3.1)	�&�),�{KNo}�c�3MscL4·3˪̦.ĩȹ3̙͞͸ƽIǜ*�

.�ʵĸ�F&	 
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Õ3.1� tNQkv�c{>MscL$G@�>ŪƂ>MscL>O|pƮƬ  ̧
2 6>ƀƖƤl~Q� (TM1$G@ TM2) L0K1KǀƁ:ųƁ9Ś-2�¦æā&ǉ!:
,KJO|pƮLŖǅ9Ś-2�0>"4tNQkv�c{ð=ĿōŒ<Ƭ¸LŚ-2ƫ�L
ƘƁ9Ś-2�O�Q~�kÕ=Ś-2 MscL Lĉ6tNQkv�c{�à>ŪƂ?
Mycobacterium tuberculosis�Staphylococcus aureus�Escherichia coli�Bacillus subtillis�
Rhizobium etli�Acholeplasma laidlawii9 J� 
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3.3.2. OY-mscL>ŐŃưƏĞ 

OY{KNo}�c�ǄȦȳɿ�B6ǄȦȆ̮�CRNAIǖô��ͶͩðI̲),ƴCF&

cDNAIΘō.�,�OY-mscLΆ¿ūIŗƜ�&	�3ȵΒ˻Iʍ�,�ǖô^�}�1Ĭ;

FEøȖ RNA ΒI˒ô��OY-mscL 3ʩƁʡʝʇΒIɐ>&	ȳɿ�Ȇ̮$F%F1*�,

ϗ^�}�Iʍ��tuf Ά¿ūIí΋Ȼɫ.�&ʩƁųΒI̲)&ˮȣ�Ȇ̮ǄȦȊ.Ɋͫ�,

ȳɿǄȦȊ��,ȕǃ1ʝʇ�ȇ�,�D��B$3Õ3ʝʇΒIʵ�& (Ń3.2)	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Õ3.2� �O�fQ}RT-PCR=GJOY-mscLŐŃư>ĬƝ 
ģľăĠĕ>OY-mscLŐŃưL100:-2:'>ŔïŐŃưLŚ/�ųƁ?ģľăĠĕ�Ƙ
Ɓ?ēƅăĠĕ>ŔïŐŃưLŚ/�±ƫĦĶ=? tufB Lň!2�T��q�?ĦĶ©óL
Ś/�Obf�bZ?ėĂĭĶ5%9ėĂó&ƒEHK2+:LŚ/ (p < 0.05)� 
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3.3.3. ÜÀWl�nR}´Ņ=GJtNQkv�c{ÞĪưA>øǂ 

MscL3ΣŶā-�EŕčUp�rO�IȳɿÆ1óʉ�OY{KNo}�c�IǦʿ�&ά

3�̦ÆŗɆ1��EƮκIųΒ PCR1B),͔Ȫ�&	Ŵό4 3Ğƶ̲��OY{KNo}

�c�3ǦʿƲ4ͼΠʧ;-7ȅ�.1̩IǤĠ�&	OY{KNo}�c�ǦʿƲ4ͼΠʧ3

ŕčUp�rO�ζóʉď1��E OY {KNo}�c�3̦ÆΒI 100 .�,Ɋͫ�&.�

G�ǦʿƲ3ͼΠʧ1��,�ŕčUp�rO�ζóʉď1��EOY{KNo}�c�3̦Æ

Β�50%1;-ŗĈ�&�ȃ�ŕčUp�rO�óʉď1��EOY{KNo}�c�3̦ÆΒ

418%.0)& (Ń3.3)	�3ƕI tȵų1B),ȵų�&.�G�p < 0.05-ŕčUp�rO

�óʉď1��E OY {KNo}�c�3̦ÆΒ�ȕǃ1ǐý�F&�.�ʵ�F&	����

4ͼΠʧ1ǤĠ�&̩-4�ŕčUp�rO�óʉ3ȕɸ1ΡHC!OY{KNo}�c�3̦

ÆΒ4ĩʾƤ.0)&	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ3.3� ÜÀWl�nR}´Ņ=GJģľ±9>tNQkv�c{ÞĪA>øǂ 
őƁ?^�k���Á (DW)�ǀƁ?ÜÀWl�nR}´ŅÁ=$*JtNQkv�c{ÞĪ
ư>Ŕï¨LŚ/�ĊŜú4Ƨƶœ>ÜÀWl�nR}ǁ´ŅÁL100%:-2�T��q�
?ĦĶ©óLŚ/�Obf�bZ?ėĂĭĶ5%9ėĂó&ƒEHK2+:LŚ/ (p < 0.05)� 
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3.4. źî 

3.4.1. tNQkv�c{=$*JMscL>¦æā 

MscL 4ʪƽ˪̦3·�Ĥ˪̦�ˠʁ̦IĬ=ơ�ʋɿʿ1��,ÒŬ�F,�E (Balleza 

and Gómez-Lagunas, 2009)	Mollicutes˵1ƍ E{KNo}�c�1��,?��F;-1

[t��̓͒�F,�E 4 ʿ3{KNo}�c�14é, MscL �Ŭŉ E (Oshima et al., 

2004; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008)	;&{KNo}�c�.ĩ

�Mollicutes˵Acholeplasmaʧ1ƍ EAcholeplasma laidlawii3[t�1?�MscL�Ŭŉ

 E	�&�),�ʹ ̲ʡͽčI;�&Mollicutes˵˪̦3£-?��F;-1[t�Ό÷�̓

͒�F,�Eé,3Acholeplasmaʧ˪̦1��,MscL�ʳ͏�F,�E�.�C�MscL4

Acholeplasma ʧ˪̦3ʋŬ1ƺ̾0Ŀū.�,ȿ̏�,�E�.�ʵĸ�FE	�ȃ{KNo

}�c�.ĩ��Mollicutes˵1ƍ E�ʧ���-ʗ0EEntomoplasmaʧSpiroplasmaƍ

˪̦-4MscLIǜ*?34ʳ͏�F,�0�	;&ĩ��Mollicutes˵1ƍ EMycoplasma

ʧ3˪̦-4�MscL Iǜ*?3.ǜ&0�?3�ʳ͏�F,�E	Ë�5 Mycoplasma 

genitalism4MscLIÒǜ�,�0�	���M. genitalism4ɞͷňbo�b1ȏ�FE.Ş

�3̙h�wX͡I4�>. EΆ¿ūʝʇwh���Ŝč E�.�C�MscL1BEɞͷň

͔˔ºŝ3ȿȸ1B),ɞͷňbo�b1΄ƻ�,�E.̈�CFE (Zhang and Baseman, 

2011)	 

MscL4ɊͫʡL�tΎΌ÷�ÒŬ�F,�E2ˑǋ3̙͞͸p�N�Iǜ(���5ΒÆ.

�,j�s�IƬǈ E (Perozo, 2006)	OY{KNo}�c�IĬ=4ʿ3{KNo}�c�

�Òǜ EMscL3L�tΎΌ÷3L�N���oI̲��·3˪̦3MscLΌ÷ǁŒ.Ɋͫ�

&.�G�ÒŬƽ�ύ�.�FEL�tΎ΋Ã4��=2ÒŬ�F,�&?33�{KNo}�

c�ƍ1ʀʗʡ0΋Ã� 2ˑǋŬŉ�,�& (Ń 3.1)	Țˈ1��EÒŬƽ3̓ȡ-ƴCF&ǁ

ŒI?.1�´ƲMscL3΋Ãʀʗʡ0ŜʗÆIʍ�&ɚƽ̓ȡI̲��.1BD�{KNo}

�c�3ʋŬ1��EMscL3ƯĄI�C1ȈC�1 E�.�-�E'G�	 
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3.4.2. tNQkv�c{=$*JMscL>ĩŽ 

̚ɹʊŖ�1��,˪̎4�ƛ1Ŝč EɦƤ@pH�ɞͷň1΄ƻ�0�F50C0�	$

3&>�ʊŖ3Ŝč1΄ƻ E�Trc�4˪̦3ʋŬ1.),ΐ̾-�E	MscL4̙3ȿȱ

ʡ0ÁΜIǄʬ��˪̦�ʋ̍ EʊŖ3Ƽɲ0ɞͷň3Ä��C˪̎IŮE&>1ɀ�"0�

ƯĄIȣ&�,�E.̈�CF,�E (Kung et al., 2010)	Ë�5�E. coli1��EmscL3ʝ

ʇΒ4�ɞͷňȝ¼3Ƽɲ0Ŝč..?1Ŝċ E (Stokes et al., 2003)	{KNo}�c��

Ɖŉ E˗΋˪̎3ɞͷň4Ȇ̮3̱��w32
5Õ-�E.ͅHF,�E (Douglas, 2006)	

;&˗΋˪̎1��Eɞͷň3¤̾0ȸǈ̾˦-�E˞@L�tǅˆ˦ˍ3åĨǈʌɿ4�f�

b̩�C`�X̩7.ͬ͵�F,�E9��åĨǈʌɿ3ɴƤ4ȳɿ3ʋ̍ɇΪ@bo�bƻˏ

1ÍŬ�,ąʡ1Ŝč E�.�ʬCF,�E (Rolland et al., 2006)	�FC3�.�C{KN

o}�c�4Ź¤73ǄȦ΀ʾ1��,ɞͷň3ş�0Ŝċ1ȏ�F,�E.̈�CFE	Țˈ

1,̲)&�L�hN�RT-PCR̓ȡ1BD�OY-mscL4Ȇ̮ǄȦȊ.Ɋͫ�ȳɿǄȦȊ1�

�,ʝʇΒ�3Õ1ŗĈ�,�E�.�ȈC�.0)&	;&�MscLIΣŶ E.{KNo}

�c�3ǄȦøȖ1��EŗɆ�ǐý�FE�.�ȈC�.0)&	�&�),{KNo}�c

�4MscL3ʝʇIýƵ��ȿ̏�"E�.1BD�Ź¤˪̎íʊŖ3ɞͷň1΄ƻ�,�E�

.�ʵĸ�F&	 

 

3.4.3. MscL>ŐŃ:tNQkv�c{>ÞĪ 

MscL3ΣŶā-�EŕčUp�rO� (Berrier et al., 1992) Ióʉ�&ȳɿ1��E{K

No}�c�3ŗɆΒI˭Ȋʡ1͔8&.�G�Ǧʿ3ͼΠƲ1��EŕčUp�rO�óʉď

-3OY{KNo}�c�3ŗɆΒ�ȕǃ1ǐý�F& (Ń3.3)	;&�ȕǃƕ4ɸ�?33�2

ͼΠƲ1��,?OY{KNo}�c�3ŗɆΒ�\�o���ď.Ɋͫ�,ǐý�FEÞĪ�

̀CF&	�3�.�COY-MscL4ȳɿŹ¤˪̎í-3OY{KNo}�c�3øȖŗɆ1ΐ

̾0ƯĄIȣ&�,�E�.�ʵĸ�F&	&'�Ǧʿ 4ͼΠƲ-4�OY{KNo}�c�3

̦ÆΒ4ŕčUp�rO�ζóʉď3ȳɿ.óʉď3ȳɿ.-ĩʾƤ.0)&	�F4ŕčUp

�rO��{KNo}�c�3ŗɆIǜ˳ʡ1ǐý E�.�-�0��.Iʵ�,�E	�3

ʉʏ.�,�ȳɿÆí3ŕčUp�rO�ɴƤ��ų-0��.�ŕčUp�rO�3Ǒ�Β�
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ƈ0�)&�.�̈�CFE	*;D�Ǧʿ3ͼΠƲ;-4{KNo}�c�3ŬŉΒ1Ɓ�,

Up�rO�3Ǒ�Β�đõ-�)&&>1ŗɆIǐ�E�.�-�&��$3Ʋ?��&Up

�rO�Β4�ų-�)&&>�Ǧʿ4ͼΠºΤŗɆ�&{KNo}�c�1Ɓ EUp�rO

�Β�ʩƁʡ1ɥD�{KNo}�c�3ŗɆIǐý E�.�-�0�0)&.̈�CFE	 

´Ʋ�ŕčUp�rO�Ǒ�ȊȖ@ɴƤ�ŕčUp�rO�Ǒ�Ȋ1��E{KNo}�c�

3ȳɿí-3Ɖŉ1*�,͎˪1ȵ͇��º�3ĥ̏ƽ1*�,̓ȡIͽ>E�.-�{KNo

}�c�3ǄȦǉʕIȈC�1��΢Χɔ3Οʝ1*0�E�.�-�E.̈�CFE	 
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š4Š tNQkv�c{=$*JıāƮŨŜ¶ƏƭŨ>ıāƏĞ 

4.1. ôĎ 

4.1.1. ıāƮŨŜ>ŇĄ:0>øǂ 

Ύ  ˦ (O2) 4ůų0őƣʁǅ3õū-�E��΋õʡ1Έã�F&Ύ˦IĬ<Ğƻƽ1ż=Ύ

˦ʿIɚƽΎ˦  ʿ (reactive oxygen species) .��	ʃ̆14b�w�SV`p�aT� (O2�)�

΀ΎčɌ  ˦ (H2O2)�xp�V`�aT� (�OH)��ΐμΎ  ˦ (1O2) Iǝ 	ɚƽΎ˦ʿ4ƪ�

ΎčĆIǜ(�΍˦3Ţɚ@˪̎3ǭÝIƨ�͢� 	Ë�5O2�4�TCAľͦ3L\rh�e�

{���e0/3΍˦3ȸǈĿū-�EΕʲϏh�wX͡.Ğƻ��ΕNS�IŤ� (Wang et 

al., 2007)	;& O2��Cʋ�E H2O24�ΕNS�ḮŪ. E{P�o�Ğƻ1B),�OH

Iʋǈ E���3�OH4ȮΎ0/3ʋÆõū1ʨǦǭÝI��E�.�ʬCF,�E (Imlay, 

2003)	�3B�1ɚƽΎ˦ʿ4ƪ�˪̎ɉƽIʵ ��ɚƽΎ˦ʿ4ťɋĲĭ3¹͖ˡ1Ĭ;

FE̓Ɍ˦΍˦3̚ƖΎč@�åĨǈ1À�΀ă0ΈãĆ1B),?ʋ�E�.�C (Asada, 

1999)�ťɋʡ0ʊŖ-ʋǀ Eʋɿ1.),�ɚƽΎ˦ʿ3ʌʋ4�ĥ·-�E	 

 

4.1.2. ıāƮŨŜL�-2ì�:ŎÃ >Ŕ�¡ň 

ɚƽΎ˦ʿ4�ƿƛʡ0¹͖ˡ�Cʋ�E3<0C!�ʚĚÆ73΢Ƶƻˏ.�,3ȿ̏?Ǘ

�	ʚĚ˪̦�ǄȦ�&œĨ�Ź¤˪̎4 NADPH oxidase Iʍ�, O2�IşΒ1ʝʋ�"E 

(Lamb & Dixon, 1997; Moller, 2001; Imlay, 2003)	O2��B6$F1ʏȞ EɚƽΎ˦ʿ3şΒ

Ǹô4�oxidative burst.Ĳ5FE (Wojtaszek, 1997)	 

ċɿ1��Eoxidative burst-4�̒ȴċɿ3ť£ʈ@�X�{K�a.�)&υÈʍI?

*˪̎�˪̦IĠDͰ<��FC3˪̎3NADPH oxidase�Ύ˦IΈã E�.1B),O2�

Iʌʋ E  (Beutler, 2004)	NADPH oxidase1BEO2�3ʋǈĞƻ4º�3čŭĞƻƧ1B)

,̵�FE	 

 

� 2O2 + NADPH → 2 O2� + NADP + H+ 
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ζ̒ȴċɿ-�EȆ̮3œĨ�̱ ʈ�ĩȹ3ȿ̏IǗ��ɚƽΎ˦ʿ1B),ʚĚÆ3ǄȦ1

Ɓǒ E	ζ̒ȴċɿ1��EɚƽΎ˦ʿʌʋ�Trc�4����LĚ̮Plasmodium berghei

3ŪµȆ̮-�EU�yLu�i�T Anopheles gambiae0/IƁ͜.�,ʯ˄�ͽ>CF,

�E	A. gambiae4�̱��w£1ɚƽΎ˦I̫ˁ�"E�.1B),P. berghei@ʚĚ˪̦

IǷǱ E.̈�CF,�E (Molina-Cruz et al., 2008)	 

ȳɿ1��Eoxidative burst4�ĚƬ̙͡1Ŭŉ ENADPH oxidase��O2�Iʌʋ E�

.1B),͢�E (Doke, 1985; Doke & Miura, 1995)	˪̦0/ʚĚÆ3ÏèIġ�&ȳɿ4�

ʚĚÆ3˪̎ŘIȸǈ E˞͡@�ʚĚÆ3?*ζʚĚΆ¿ūʌɿI͏͘ E	ʚĚÆ3ÏèI

͏͘�&ȳɿ˪̎-4���ΎčĞƻ1B),NADPH oxidase7.`Yq��¿΁�F�O2�

�ʌʋ�FE	O2�4ʚĚÆ1ʨǦʡ0ǭÝI���E� (Doke et al., 1996)��C1ǕǒƽĞƻ

I͐Ɔ E`Yq�.�,?ȿ̏ E	O2�ʏȞ3`Yq�IġŸ�&˪̎-4�ǄȦȊʀʗʡ

ϑpathogen-related, PRϒh�wX͡3ʝʇ͐Ɔ@�ǒ̦ƽɿ͡-�E{KNoL�V`�3̫

ˁ�ȥȾȸͺ3Ƭǈ1BE˪̎Ř3ƪč�΀ǺǄ˪̎Ƀˍ3ǕǒƽĞƻ�͐Ɔ�FE	ʀ1΀Ǻ

Ǆ˪̎Ƀ4�H2O2óʉ1B),4͐Ɔ�F!�O2�1B),3<͐Ɔ�FE�.�ʬCF,�D�

O2�4BDƪĆ0`Yq�-�E�.Iʵ Ë.ͅ�E (Levine et al., 1994)	 

  

4.1.3. ıāƮŨŜ¶ƏƭŨ>ù½ 

ɚƽΎ˦ʿIõ̓ E΍˦4˪̎IɚƽΎ˦ʿ1BEǭÝ�CÒ͚ Eȿ̏I?(�Ş�3ʋ

ɿ�ɚƽΎ˦ʿõ̓΍˦IÒǜ�,�E	4.1.1.μ3͸D�Ȇ̮@ȳɿˍ3ʪȮʋɿ'�-0��

ĚȮʋɿ-�E˪̦3œĨ?�ťɋʡ0ʊŖ1ʋǀ EΥD�ĲĭΡͻ3¹͖ˡ1ʏȞ Eɚƽ

Ύ˦ʿ3ʌʋIæFƴ0�	ʀ1ʚĚ˪̦3œĨ�̚C3¹͖ˡ3Ăʌɿ.�,ʋ�EɚƽΎ˦

ʿ'�-0��Ź¤3΢Ƶƻˏ1B),ŝʡ1ʝʋ EɚƽΎ˦ʿ1?Ɓó Eƺ̾��E	$

3&>�ɚƽΎ˦ʿõ̓΍˦4�ʚĚƷʋɿ3ʋŬ@ʚĚƽ1.),ζƛ1ΐ̾-�E 

(Halliwell, 1974)	 

$�-�ɚƽΎ˦ʿ1BEǭÝ�Cͧ̚IÒ͚ E&>�Ş�3ʋɿ4˪̎í-ʝʋ�&ɚƽ

Ύ˦ʿIõ̓ E΍˦IÜ�,�E	ɚƽΎ˦ʿõ̓΍˦14�superoxide dismutase (SOD)�

catalase (CAT)�peroxidase (POX) 0/�¹̵ʡ0ɚƽΎ˦ʿõ̓΍˦-�D�Ɯơ�ʋɿʿ1
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Ŭŉ E (Michiels et al., 1994)	;&�Lb\�y�Ύ�o\{P���.�)&ħʿyh��

@�Y�hjS�3B�0čŭɿ͡?�ɚƽΎ˦ʿ�CʋÆɿ͡IÒ͚ Eȿ̏Iȣ& �.�

ʬCF,�E	�FC3ɿ͡.ɚƽΎ˦ʿõ̓΍˦I˸ʼ�,�ǒΎčɿ͡.Ĳ5FE	 

�FC3ǒΎčɿ͡3�( SOD4O2�Iõ̓��ɉƽ3Ä�ɚƽΎ˦ʿ-�EH2O2Iʋǈ

 E΍˦-�E (Fridovich, 1995)	õ̓ʌɿ.�,ʋ�E H2O2?ɚƽΎ˦ʿ3�ʿ-�D�

CAT.POX��FIɌ.Ύ˦1õ̓��Űé1ɸɉč E	�ͻ3Ğƻ4º�3Ƨ1B),̵

�FE	 

 

2H+ + 2 O2� → H2O2 + O2 

2H2O2 + → 2H2O + O2 

 

SOD4ɚƽ£ƹ1ΓƍNS�IΌÃ�,ȿ̏ E	£ƹΓƍ14Mn�Fe�Cu/Zn�Ni�ʝ̀

�F,�D�$F%FMn-SOD�Fe-SOD�Cu/Zn-SOD�Ni-SOD.Ĳʼ�FE (Rosen, 1993; 

DiDonato et al., 2003; Majoor-Krakauer et al., 2003; Andersen, 2006; Wang et al., 2008; Perry 

et al., 2010)	xo3œĨ�˪̎͡1Mn-SODI?(��o\�p�L1Cu/Zn-SODI?*	

ȳɿ4�F1Ĉ��̩˹Æ1Fe-SODI?*	˪̦3£1?�̽Ǽʿτ3SODI?*?3�Ŭ

ŉ��Ë�5ş̗̦3œĨ�Mn-SOD�Fe-SOD�Cu/Zn-SOD 3ϗʿIÜ�,�E	ş̗̦1

��,4�˪̎íƉŉ@Ά¿ūʝʇ͔˔3΂��C��FC3 SOD4$F%Fʗ0)&ȿ̏I

Ǘ),�E.̈�CF,�E (Imlay & Imlay, 1996)	 

ʚĚ˪̦3 SOD �?*ȿ̏1*�,4�ċɿʚĚ˪̦Iʍ�,ʯ˄�ͽ>CF,�D�

Salmonella enterica3Cu/Zn-SOD�˪̦3ʚĚƽ1Ρ� E�.�ʬCF,�E (Fang et al., 

1999)	�ȃ-�ȳɿʚĚ˪̦1��,SOD�Ź¤3ǷǱIľ· EË.�,4�Agrobacterium 

tumefaciens3Fe-SOD��E	A. tumefaciens3 sodBI�\�p EFe-SOD4�ɚƽΎ˦

ʿ�Ŭŉ EʊŖ�-˪̦3ʋŬʆIύ>�Ź¤ȳɿ1̖ʜIƬǈ�"E&>1?ƺ̾-�E�

.�ȈC�.0),�E (Saenkham et al., 2007)	 

 

4.1.4. tNQkv�c{>SOD 

·3ʚĚ˪̦.ĩȹ1�{KNo}�c�?Ź¤�C3΢ƵƻˏIġ�E.̈�CFE	ʀ1
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{KNo}�c�4�˪̎ŘIǜ&!Ź¤˪̎í1źʋ E&>�Ź¤ʏȞ3ɚƽΎ˦ʿ1BE

ʨǦʡ0ǭÝIġ�@ �ʊŖ1�D��3ǭÝIľ· E�.4ǄȦ3ǈˇ1ΐ̾-�E.̈

�CFE	 

SODI\�p EΆ¿ū4�F;-[t��̓͒�F,�E4ˡ˰3{KNo}�c�é,

1��,Ŭŉ�ʳ͏�F,�E (Oshima et al., 2004; Bai et al., 2006; Kube et al., 2008; 

Tran-Nguyen et al., 2008)	$3&>�SOD4{KNo}�c�1ê͸�&ΐ̾0ȿ̏IǗ),

�Eĥ̏ƽ�ύ�.̈�CFE	OY{KNo}�c��Òǜ E sod (OY-sodA) 3ʚĚƽ@ŗ

Ɇ73Ρ�4Șʬ-�E��OY{KNo}�c�4OY-SODIʍ�,O2�Iõ̓ E�.-�

Ź¤˪̎í.��˱�!ɚƽΎ˦ʿ1ȏ�FEʊŖ-3ʋŬIĥ̏1�,�Eĥ̏ƽ�ǧž�

FE	 

Țˈ-4�OY-SOD �Ź¤Æí-ɚƽΎ˦ʿõ̓΍˦.�,ȿ̏ E�/��IȈC�1 

E�.Iʧʡ.�&	$3&>�ȳɿ�B6Ȇ̮ǄȦȊ1��E OY-SOD 3ʝʇI�Ά¿ū�

���B6h�wX͡���-ʳ͏�&	�C1�ş̗̦Iʍ�,şΒʝʇ��̋ ̼�&OY-SOD

h�wX͡Iʍ�, in vitro1��EɚƽΎ˦ʿõ̓΍˦ɚƽI̓ȡ�&	�FC3ˮȣI�·

3ͱ˽0˪̦1��E SOD3ȕɸ.�$FC3ɚƽΎ˦ʿ73Ɓǒǉʕ1Ρ Eʬ̀.Ɋͫ�

̈ž��{KNo}�c�3ʋŬ1��ESOD3ź�1*�,ȵ͋�&	 
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4.2. ěď$G@Ēİ 

4.2.1. £ƑtNQkv�c{�ģľ�ēƅ 

Țˈ1��E SOD3ȿ̏̓ȡ-4�2.2.1.μ.ĩȹ3ȝ¼-Ǧʿ�B6˓ʉ�&OY{KN

o}�c�ǄȦȳɿ�B6Ȇ̮IÊʍ�&	 

 

4.2.2. SOD>ŔÌāĬƝ 

GenBank1ʞΙ�F,�E{KNo}�c�3 SOD���Y�B6·3˪̦3 SOD3Ό

÷Iʍ�,ʩĩƽ̓ȡI̲)&	L�tΎΌ÷3L�N���o�B6ʩĩƽ̓ȡ4 3.2.2.μ1

Ƴ)&	̓ȡ1ʍ�&ʿ�B6LXdk`��q�v�4º�3͸D-�E	 

 

 

 

 

 

 

 

 
 

 

 

4.2.3. RNAćµ 

2.2.2.μ1Ƴ�OY{KNo}�c�ǄȦȳɿ�B6ǄȦȆ̮�CRNAIǖô�&	 

 

4.2.4. �O�fQ}RT-PCRƏĞ 

4.2.3.μ1,ǖô�&RNAIʍ�, 2.2.5.μ1Ƴ�OY-sod3�L�hN�RT-PCR̓ȡI

Ƈ4.1� ƏĞ=ň!2SODy��[ 
���� � "#!$%���

Phytoplasma asteris OY-M ������	��

P. asteris OY-W ���


	��

P. asteris AY-WB ABC65443 
P. australiense ����	����

P. mali AT �����
���

Escherichia coli Mn-SOD ����
����

Escherichia coli Fe-SOD ������	��

Escherichia coli Cu/Zn-SOD ���������

Xylella fastidiosa ������	��

Lactococcus lactis ����
����

Streptococcus pyogenes ���
�����

Bacillus subtilis ���

����

Acholeplasma laidlawii ������	��
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̲)&	ʍ�&}�N��I̵4.21ʵ 	í΋Ȼɫ142.2.5μ.ĩȹ1tufB3Ό÷Iʍ�&	 

 
 
 
 
 
 
 

4.2.5. DNAćµ 

3.2.6.μ1Ƴ�OY{KNo}�c�ǄȦȳɿ�B6ǄȦȆ̮�CDNAIǖô�&	 

 

4.2.6. SODŐŃwZf�>ĥŤ 

OY-SOD 3éΜ;&4�΋I PCR ŗƜ��ş̗̦3ʝʇ�Xh�1ˬ<ͰJ'	ş̗̦-

3Ά¿ūʝʇ�Xh�.�,4�ʧʡh�wX͡3CșˉÛ16Ô3xbja�hY (His-tag) 

I¸Ĉ��37˚C-ʝʇ�"EpET30a (+) IÊʍ�&	Ț�Xh�4�Xo�b�}�k^�1

BEͩðýƵˡIûʍ�&h�wX͡ʝʇ�Xh�-�D�ʧʡh�wX͡3ͩð14ͩð̏Ć

3ƪ� T7 {K�aʏȞ3RNA PolymeraseIʍ�,�E�.�C�ʧʡh�wX͡3ύʝʇ

1΄�,�E	ëÆʡ0ȃɔ4º�3͸D-�E	 

 
1. OY-SOD 3éΜ�B6΋õΜIŗƜ E}�N��dkoI͉͆�& (̵ 4.3)	}�N�

�14$F%FNdeI.XhoI3ýΥ΍˦͏͘^NoI¸Ĉ�&	 
2. 3.2.6..ĩȹ3ǌν-ǖô�&DNAIm�}��o.��ǌν 1-͉͆�&}�N��d

koIʍ�,OY-SODIPCRŗƜ�&	PCRĞƻɭɟ3ˬǈ�B6^NX�ǼIº�1
ʵ 	 

 

 
 
 

 

Ƈ4.2� OY-sod>ŐŃưƏĞ=ň!2v�Q{� 
���� � ��� ���

������
����� 	’��

��

��

��

�
�
������

�����’� ��������������������

������
����� 	’��
��


�
���


�����
�
�
���

�����’� ��������������������
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KODϑȟɘ˧ϒ 3 µl 
   

KOD PCRʍ10×PCR Bufferϑȟɘ˧ϒ 5 µl 
 

94˚C 2:00 

Primer Fowardϑ5 µMϒ 3 µl 
 

94˚C 0:15 

Primer Reverseϑ5 µMϒ 3 µl 
 

55˚C 1:00 

Template DNA 2 µl  68˚C 1:00 

10 mM dNTP 5 µl  68˚C 7:00 

MgSO4 3 µl  4˚C � 

DW 26 µl 
 

  

Total volume 50.0 µl 

 

 
3. PCRʌɿI{Pt���X�����ǖô�B6Qht��ɒɱI̲)&	 
4. ΄ƫΒ3ɮ̦Ɍ-ɭ̓�&	 

5. ŗƜȁɾINdeI�B6XhoI3¡΍˦1BDöȁ�&	 
6. 1.7%LU��b[�-βɋɗċ��EtBr-Ȧ̡Ʋ�UVɻƄ�-ʧʡ3^Nc3v�pI

öDô�&	 

7. öDô�&[��CUltra Clean Gel DNA Extraction Kit (MO-BIO) Iʍ�,DNAȁɾ
I˝̼��N�^�o.�&	˝̼}�o\�4¸ƍ3�r�L�1Ƴ)&	 

8. ĩȹ1pET30a�Xh�INdeI�B6XhoI3¡΍˦1BDöȁ�,[�˝̼I̲)&	 

9. ˝̼�&N�^�o.�Xh�I Ligation-Convenience Kit (rk��a��) Iʍ�,
16˚C�5õΠ�N[�`���"&	 

10. �N[�`��Ʋ3^�}�1100 µl3E. coli DH5α\�zm�od� (TaKaRa) Iɍ

�-ɡĨ��30õΠε̂�&	 
11. 42˚C-45ʻΠɼ`�kXI��&	 
12. ɍ�- 5 õΠε̂�&Ʋ�SOC ŐŊ [1000 ml ƫ&D3ˬǈϘ0.5 g NaCl�20 g 

Bacto-tryptone�5 g Yeast extract�˫ɴƤ2.5 mM KCl�˫ɴƤ10 mM MgCl2�˫ɴƤ
10 mM MgSO4�˫ɴƤ20 mM glucose (pH7.0)]I1 mlĈ��37˚C-1ȊΠǟʦŐω�
&	 

13. ş̗̦ILB}��oŐŊ (1000 mlƫ&D3ˬǈϘ10 g Bacto-tryptone�5 g Yeast extract�

×35^NX� 
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10 g NaCl�15 g Agarose�100 µg/ml Ampicillin) 1ŔƘ�,37˚C-1ȋε̂�&	 
14. ��*�3\�r�I YT/Ampicillin ɟÆŐŊ (1000 ml ƫ&D3ˬǈϘ16 g 

Bacto-tryptone�10 g Yeast extract�5 g NaCl�100 µg/ml Ampicillin) 1,37˚C-16

ȊΠǟʦŐω��L�T�SDSɔ-}�b�pI˝̼�&	 
}�b�pINdeI�B6XhoI-öȁ��N�^�o3jPkXI̲)&	 

15. ʧʡ3N�^�o�Ǡè�F,�E.̈�CF&X���I��*�΅Ǔ��̀ �XQ�b

1BDΌ÷Iʳ͏�&	`�XQ�b14 pET `�Z�bʍ}�N��dkoIʍ�& 
(̵4.2)	`�Z�b�LX`��Ğƻɭɟ3ˬǈ�B6^NX�Ǽ4º�3͸D-�E	 

 

PreMixϑApplied Biosystemsϒ 0.05 µl 
 

96˚C 3:00 

5 × Seq BufferϑApplied Biosystemsϒ 1.0 µl 
 

96˚C 0:15 

Primerϑ5µMϒ 0.8 µl 
 

50˚C 0:05 

Template DNA 50-250 ng 
 

60˚C 4:00 

DW up to 10 µl 
 

4˚C � 

Total volume 10.0 µl 

 
�LX`��Ʋ3^�}�4Sephadex G-50 SuperFine (Applied Biosystems) 1BDT�
�˝̼��©ɽ�"&Ʋ 15 µl 3���L�p1ɭ̓��PRISM 3100 DNA Sequencer 
(Applied Biosystems) Iʍ�,Ό÷3̓͒I̲)&	 

16. ʧʡ3Ό÷�Ǡè�F,�&X���I΅6�E. coli BL21 (DE3) \�zm�od�1Ƭ
ͩ͡ǩ�&	Ƭǈ�&\�r�I5 ml3YT/AmpicillinŐŊ1,37˚C-16ȊΠǟʦŐω
��50%Y�d���.̦ŐωɟI 1:1 -ɡĨ�&?3IY�d���bokX.�,

-80˚C1ÒŬ�&	ºƲ�FIŴό1ʍ�&	 
 

 

 

 

 

 

 

 

×25^NX� 

Ƈ4.3� OY-SOD>Z��n�[$G@Ƭ¸řƒ=ň!2v�Q{� 

�ŵ?¹ƺƭŨ_Qk$G@0>�¾Ƭ¸LŚ/� 
 

13.25� ��� ���

���(% ���� �’����������������������������������������������’� �
*-,��
������+���

���(% ����� �’����������������������������������������������’� �
������+���

���(% ����� �’������������������������������������������������’� ��
������+���

���&'%#%)!'�
&'"#!'�

�’�������������������������’� .4/50+��	
�

���)!'#"$�)%'�
&'"#!'�

�’����������������������������’� .4/50+��	
�
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4.2.7. SOD>áưŐŃ$G@ŦƉ 

2.2.4.μ-ȸ˖�&OY-SODʝʇ�Xh�IƆè�&ş̗̦ȭIʍ�,OY-SOD3şΒʝʇ

�B6 His-tag ˝̼I̲)&	OY-SOD 4�ɭƽʒõ1Ş�Ŭŉ E�.�ʳ͏�F&�.�

C�˝̼14�ɭƽʒõIʍ�&	ëÆʡ0ȃɔ4º�3͸D-�E	 

 
1. OY-SODéΜ�B6΋õΜI\�p EοŎ�Ǡè�F& pET30a�Xh�Iǜ*BL21

ȭ3Y�d���bokXI$F%F5 ml3YT/AmpicillinɟÆŐŊ1ȳ�˲��ĀŐω
.�,37˚C-�ȋǟʦŐω�&	 

2. Ȃ��100 ml3YT/AmpicillinɟÆŐŊ1�ĀŐω�&ŐωɟI1 mlĈ��37˚C-ǟʦ

Őω�&	 
3. OD600 = 0.7¸ͱ10E;-Őω�&	 
4. IPTGI˫ɴƤ1 mM.0EB�1Ĉ��37˚C-3ȊΠǟʦŐω�&	 

5. é,3ŐωɟI50 mlj��|1ľğ��3,000×g�4˚C-15õΠ΃ƹ�&	 
6. �ɣIΧě��ɒɱ�&̦Æ1 50 ml3Őωɟ�&D 8 ml3Binding buffer [500 mM 

NaCl�20 mM Tris-HCl (pH 7.9)�5 mM imidazole] IĈ�,Ǉɳ�&	 

7. ͣιɕ��aqN_�IôĆ30%�w�bON 10ʻ�w�bOFF 30ʻ1͉ų��ɍ�-
̦ÆIʱʰ�&	 

8. ʱʰɟI12,000×g�4˚C-15õΠ΃ƹ���ɭƽʒõ (ɒɱ) Iľğ�&	 

9. �ɭƽʒõI10 ml3Binding buffer-ïǇɳ�&	 
10. ǇɳɟI12,000×g�4˚C-15õΠ΃ƹ���ɣIǡ,��ɭƽʒõIľğ�&	 
11. �ɭƽʒõ16 M UreaIĬ=Binding bufferI5 mlĈ��B�Ǉɳ�&Ʋ�4˚C-1Ȋ

Πε̂�&	 
12. Empty Disposable PD-10 Columns (GE~�bZL) 1Ni-NTA Agarose (Qiagen) I2 

mlèF�T��IÈ̼�&	 

13. LU��bǗÆI3 ml3ɮ̦Ɍ-əɜ�&	 
14. LU��bǗÆ15 ml3Charge buffer (50 mM NiSO4) I͵ɟ��ǗÆ1rkZ�NS

�IˮĨ�"&	 

15. 3 ml3Binding bufferI͵ɟ��T��IƝ̴č�&	 
16. ǌν11-͔ǽ�&�ɭƽʒõ3h�wX͡ɭɟIT��1͵ɟ�&	Ş�3h�wX͡I

T��7ˮĨ�"E&>�˦ ͸DʒõIïƤT��1͵ɟ�&	�FI͆3ľ́DͲ�&	 
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17. 10 ml3Binding bufferI͵ɟ�,T��Iəɜ�&	 
18. 6 ml3Wash buffer [500 mM NaCl�20 mM Tris-HCl (pH 7.9)�60 mM imidazole] I͵

ɟ��T��Iəɜ�&	 

19. 6 ml3Elution buffer [500 mM NaCl�20 mM Tris-HCl (pH 7.9)�1 M imidazole] I͵
ɟ�,His-tag�¸Ĉ�F&RpoDOYIɭô�&	 
ɭô�&^�}�I SDS-PAGEɔ�B6CBBȦ̡ɔ1BDȵô��˝̼3ĥīIʳ͏�

&	 

 

4.2.8. ĆSODĆ ¡Ɖ 

SOD4ʪȮʋɿ1?ơ�ÒŬ�F,�E�.�C�OY-SODéΜΌ÷IǒÆ.�,ʍ�&œ

Ĩ�{KNo}�c�3Ź¤-�E`��WX�B6�\vN3Òǜ E SOD�Ğƻ Eĥ̏

ƽ�ǂų�F&	$�-ÒŬƽ3ύ�CșˉÛIΧ�&OY-SOD΋õΜIǒÆ.�,ʍ�E�

..�&	̋ ̼�&΋õΜOY-SODIŷç1æʘ��ǒ̱ɣIƴ&	ƴCF&ǒ̱ɣ�CProtein 

A column (Bio-Rad) Iʍ�, IgGI˝̼�&	ëÆʡ0ǌν4º�3͸D-�E	 

 
1. Protein AT��Iŵɦ1Ǌ��Protein AT��í1è),�Evk{K�Iɭô�"�

Running buffer [50 mM Tris-HCl�pH 8.0�150 mM NaCl�0.05% (w/v) Sodium Azide] I
10 mlɛ��Ɲ̴č�&	 

2. ǒ̱ɣ1 ml.Running buffer 1 ml.Iɡ#&^�}�IT��1L}�N��Running 

bufferI10 ml×2ľɛ��T��Iəɜ�&3(Eluting buffer (100 mM Glycine-HCl�
pH 3.0) I12 mlɛ��ǒÆIɭô�"E	�3.��ɭôʒõI1 ml!* fractionation
�&	 

3. ɭô�&ʒõ3O.D.280IõååƤ͆-$F%Fɧų���1ʵ�&B�1 IgGh�wX͡
ɴƤIɧų�&	 

4. IgG�ŞΒ1Ĭ;F,�&ʒõ1Neutralizing bufferϑ1 M Tris-HCl�pH 9.0ϒIĈ�,�

pHI7Ϛ81ĨH"�Running bufferI20 ml×2ľɛ��T��Iəɜ�&3(�T��
1Running bufferIɬ>,�4˚C1ÒŬ�&	 

5. õååƤ͆-280 nm 3ĭğIɧų�&	˩ŝĭåɔ1BE IgGh�wX͡ɴƤ3͆˒4

º�3͸D-�E	 

 
Sample 5 µl + Eluting buffer 45 µl  (Blank4Eluting buffer) 
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IgG ϙ 
O.D. 280 nm3Ø 

×10� (mg/ml) 
1.445 

4.2.9. f�rZƗćµ 

OY{KNo}�c�ǄȦȳɿ�Úéȳɿ�ǄȦȆ̮�ÚéȆ̮$F%F0.3 g IɟÆˆ˦-

ǰʰ��1 ml 3 sample buffer (60mM Tris/HCl, pH 6.8, 2% SDS, 1 mM PMSF 

(phenylmethylsulfonyl fluoride), 6% 2-mercaptoethanol) IĈ���C1ǰʰ�&	5õΠͣι

ɕóʉI̲)&Ʋ�12,000×g�4˚C- 15õΠ΃ƹõΰ���ɣIľğ��ĥɭƽʒõIƴ&	

ƴCF&ĥɭƽʒõISDS-PAGE�B6OPbh�|�ko̓ȡ1Ì͍�&	 

 

4.2.10. RSbf�u�hkƏĞ 

͔ǽ�&h�wX͡I�SDS-PAGE1Ì͍��˳�,OPbh�|�ko̓ȡI̲)&	õ

ū��T�.�,�Prestained SDS-PAGE Standards (BIO-RAD) Iʍ�&	OPbh�|�

ko̓ȡ3ëÆʡ0ȃɔ4º�3͸D-�E	 

 
1. βɋɗċȺ1��LX��L�p[� [Stacking[�; 4.5%��LX��L�p�124 mM 

Tris-HCl (pH 6.8)�0.1% SDS: Running[�; 15%��LX��L�p�373 mM Tris-HCl 

(pH 8.8)�0.1% SDS ] Idko��ɗċvk{K� (25 mM Tris�190 mM glycine�0.1% 
SDS) Iɩ&�&	 

2. [�1����&D20 µl3͔ǽ^�}�I��p�ˢ15-20 V/cm.0EB�25mA/[�

3ńųβɛ-70õɗċ�&	 
3. SDS-PAGEƲ3ɗċ[�I�Blotting buffer (100 mM Tris�192 mM Glycine�20% (v/v) 

Methanol) 1ɞ�&	 

4. SDS-PAGE 3ɗċ[�.9:ĩ�ş��1ö)&ęǌ3ɵ˥I�ĩȹ1 Blotting buffer
1ɞ�&	 

5. SDS-PAGE3ɗċ[�.9:ĩ�ş��1ö)&polyvinylidene difluoride (PVDF) ��

|�� (Millipore) I�100% Methanol11õΠɞ��˳�,Blotting buffer1ɞ�&	 
6. d�p�NƧ3|�kmM�Y̹  ̂ (BIO-RAD) 1�ɵ˥���|���[��ɵ˥Iΐ

Ǝ�&	 

7. βȷIųβň1dko��10 V 30õΠ1˳�,�15 V 30õΠ3|�kmM�YI̲)&	 
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8. |�kmM�Y3˫H)&��|��IBlocking buffer [20 mM Tris-HCl�pH 7.5�150 
mM NaCl�0.1% (v/v) Tween20�5% (v/v)] bV���X1ɞ�,ŵɦ-1ȊΠǟʦ��
h�wX͡�|�kmM�Y�F,�0���|��̵η1bV���XIˮĨ�",|

�kV�YI̲)&	 
9. |�kV�YƲ3��|��ITBST [20 mM Tris-HCl�pH 7.5�150 mM NaCl�0.1% 

(v/v)] -ͪ�  �'	 

10. 1ɁǒÆɭɟ (TBST1�30 µg/mlǒÆ��B60.5% (v/v) bV���XIĈ�&?3) 1
��|��Iɞ��25˚C-1ȊΠAE@�1ǟʦ�&	 

11. ��|��ITBST-3ľə)&	 

12. 2ɁǒÆɭɟ (2ɁǒÆITBST-1/5,0001ƙΏ�&?3) 1��|��Iɞ��25˚C-
1ȊΠAE@�1ǟʦ�&	2ɁǒÆ4�horseradish peroxidase-Ȼ͘�F&ǒO^Wǒ
Æ (Amersham Biosciences) Iʍ�&	 

13. ��|��ITBST-3ľə)&	 
14. ��|��IECL Western Blotting Reagent Pack (Amersham Pharmacia Biotech) 1

ɞ�&Ʋ�uN|�vkX1Ƃ�&	 

15. LAS-1000 (FUJIFILM )̫ `bm�Iʍ�,`Yq�Iȵô�&	 

 

4.2.11. SOD>ƭŨıāĵè 

SOD3ő͡.0EO2�4ζƛ1�ůų-�E�.�C�SODɚƽIʨǦɧų E34Łα-

�E	$�-�nitroblue tetrazolium (NBT) 3ΈãĞƻIûʍ�,ΠǦʡ1SODɚƽIɧų 

ENBTɔ�ʬCF,�E (Ń4.1) (Beauchamp & Fridovich, 1971)	xanthine.O2�Ŭŉ E

Ğƻˡ1xanthine oxidaseIĈ�E.�xanthine�Ύč�F,uric acid.H2O2�B6O2��

ʋǈ�FE	�3Ğƻˡ-4�ųȖΠ O2��ʋǈ�FE��NBT �ɡŉ�,Ŭŉ EœĨ�O2�

1B),NBT�Έã�F,blue formazan�ʋǈ�FE	ȚȞ��3ɡĨɟ4NBT1ʏȞ�

,̬Ϗ̡IĮ E���3ΈãĞƻ3ˮȣ�blue formazan (ĭğȷş560 nm) 3ɴδ̡IĮ̡

 E	�����͈ɡĨɟ1SODɚƽIǜ*ɿ͡�Ĭȕ�F,�E.�ʋǈ�F&O2�4H2O2

.O21õ̓�FE&>1NBT4Έã�F!�ˮ ȣ.�,ɡĨɟ3Į̡�ǐ�CFE	�3Į̡

3ǐýʾƤI͆ɧ E�.-ΠǦʡ1SODɚƽIɧų E�.�ĥ̏.0E	 
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ëÆʡ0ȃɔIº�1ʵ 	 

 
1. NBT͍όʍĞƻɟ (2.5 x 10-5 M nitroblue tetrazolium, 1 x 10-4 M EDTA, 0.05 M Na2CO3, 

pH 10.2) I͔ǽ��ϕ ml!*õɖ�&	 

2. Ğƻɟ1^�}� (˸Β0.5 mlº�) IĈ��DW-1.5 ml1�bLk}�&	 
3. ĞƻɟIOR�h�vb-25˚C1Ò)&	�3Ȋɷ-3O.D.560I͆ɧ�Blank.�& (A1)	 
4. Ğƻɟ125˚C1Ò)&xanthine oxidase (SIGMA) I10 µlɢĈ�&	 

5. xanthine oxidaseɢĈ0.5�1�1.5�2�2.5�3�3.5�4�5�6 min Ʋ1$F%FO.D.560I
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Õ4.1� NBTİ=GJSODıāĵè>ÃŅ 
xanthine oxidase =GIŇĄ,KJ O2�� NBT IΈã�,ɴδ̡IĮ E NBT 
formazan .0Eȝ¼�1��,�SOD �$3ΈãĞƻIǐý EƤĨ�IĮ̡Ğ
ƻ-͌Î E�.1BD�SODɚƽIɧų E	 
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͆ɧ�&	͆ɧ4ϕ^�}�1*�ϗĞƶ̲)&	 

 
2�3�4�6õƲ1��E O.D.560ɧųØ3ƝŋI A2.��ɧų�F& A1Ĝ6 A23Ø�C

O.D.5603ŜčΒΔAI˒ô�&	 

 
ΔA (Abs560) ϙ A2ϓA1 

 
^�}�3ΔAI�^�}�IĈ�!DW3<Iʍ�,ɧų�&œĨ3ΔA (�FIΔA0. 

E) .Ɋͫ E�.1B),�NBTΈã3ǐýʆ (inhibitory rate, IR) I˒ô�&	 

 
� IR (ϐ) ϙ (ϕϓΔA /ΔA0) × 100 

 
Țμ-ʵ�&ȝ¼�-�ǐýʆ 50ϐ.0ESODΒIϕunit.ų>�IRĜ6^�}�3h�
wX͡ɴƤ (Conc.) Iº�3Ƨ1¹è E�.1BD�̂ �}�£3h�wX͡1 mg �&D
3SODɚƽ (U) Iɑų�&	 

 
� U (unit/mg) ϙIR / [50 × 1.5 (ml) × Conc. (mg/ml)] 

 

4.2.12. SOD>ƭŨıāƹê 

SOD4�$3ɚƽ£ƹ.0EΓƍ1B),`L�čT�O� (KCN) @H2O2ˍ3ΣŶā1

Ɓ EĞƻƽ�ʗ0E	Ë�5KCN4Cu/Zn-SOD3ɚƽIΣŶ E��Mn-SOD3ɚƽIΣ

Ŷ�0� (Fridovich, 1975)	;&H2O24 Cu/Zn-SOD�B6 Fe-SOD3ɚƽIΣŶ E��

Mn-SOD3ɚƽIΣŶ�0� (Dos Santos et al., 2000)	�&�),NBT͍όĞƻɟ1�FC

3ΣŶāIĈ�&.�3 SOD3ɚƽ1��EƮκIɊͫ E�.1BD�Șʬ3ɚƽ£ƹΓƍ

Iùú E�.�ĥ̏-�E	$�-�4.2.11.μ1,̲)&NBTɔ1��,xanthine oxidase

IǑè EĀ1KCN�B6H2O2I$F%F˫ɴƤ1 mM�5 mM.0EB�1Ĉ�E͍όď

I͉ų��4.2.11μ.ĩȹ3ȃɔ-OY-SOD3ɚƽIɧų�&	\�o���.�, Bacillus

ƍ˪̦ʏȞ3Mn-SOD�E. coliʏȞ3Fe-SOD�Homo sapiensʏȞ3Cu/Zn-SODIʍ�& 

(Sigma-Aldrich)	 
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4.3. Ŭğ 

4.3.1. SOD>ŔÌāĬƝƏĞ 

OY{KNo}�c�3SOD3L�tΎΌ÷I�[t��̓͒�F,�E·3{KNo}�

c�Ĝ6·3˪̦�?* SOD 3?3.Ɋͫ��ÒŬƽIȵ͇�&	4�>1�OY {KNo}

�c�32*3õΰȭ-�EOY-W.OY-M1��,SOD3L�tΎΌ÷IɊͫ�&.�G�

99%3ʩĩƽIʵ�&	Țˈ-4´ƲOY{KNo}�c�.�,OY-Wõΰȭ3Ό÷IÊʍ�

,̓ȡI̲)&	ĩȹ1OY-SOD1Ɓ EAY-WB�P. australiense�P. mali1��ESOD

3L�tΎΌ÷IɊͫ�&.�G�$F%F92ϐ�73ϐ�64ϐ-�D�OY{KNo}�c�.

ĩ�ʿ1ƍ EAY-WB.ύ�Ό÷ĩ�ƽIʵ�& (Ń4.2)	 

SOD3ɚƽ£ƹΓƍ4ş��Mn�Fe�Cu/Zn1õτ�FE��OY-SOD4�FC3�(

/3ō3 SOD .ȓ?τÂ E�I͔8E&>�E. coli 3Òǜ E Mn-SOD�Fe-SOD�

Cu/Zn-SOD.Ό÷IɊͫ�&	$3ˮȣ�OY-SOD4Mn-SOD.448.2%�Fe-SOD.441.5%�

Cu/Zn-SOD.412.7%3Ό÷ĩ�ƽIʵ�&	�&�),OY-SOD4Mn-SOD.ȓ?τÂ 

E�.�ʵ�F&	�̟1�Mn-SOD�MnIˮĨ E&>143*3His.1*3Asp�ƺ

ξ-�D��34L�tΎ4ħʋɿʿ3Mn-SODΠ-ύƤ1ÒŬ�F,�E (Bannister et al., 

1987)	;&�Mn-SOD 1ÒŬ�F&3Ό÷3ʀƸ.�,�C șˉÛ3 10 L�tΎ

Leu-Asp-Val-Trp-Glu-His- Ala-Tyr-Tyr-Leu �ÒŬ�F,�E�.�Œį�F,�E 

(Wong-Vega et al., 1991)	´ľL�tΎΌ÷IɊͫ�&�OY{KNo}�c�.·34ˡ˰3

{KNo}�c�3ǜ*é,3SOD-4�FC3Ό÷�ÒŬ�F,�& (Ń4.2)	 
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Õ4.2� tNQkv�c{>SOD$G@�>ŪƂ>Mn-SOD>O|pƮƬ  ̧
46>MnŬËO|pƮLŖǅ9Ś-2�Mn-SOD=¦æā>ǉ!Ƭ¸LƘƁ9�ĆOY-SOD
Ć ¡Ɖ=¢ň-2ǄÙLǀƁ9Ś-2�O�Q~�kÕ=Ś-2SODLĉ6tNQkv�
c{�à>ŪƂ? Escherichia coli�Xylella fastidiosa�Lactococcus lactis�Streptococcus 
pyogenes�Bacillus subtillis�Acholeplasma laidlawii9 J� 
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4.3.2. sod>�O�fQ}RT-PCRƏĞ 

OY{KNo}�c�ǄȦȳɿ�B6ǄȦȆ̮�CRNAIǖô��ͶͩðI̲),ƴCF&

cDNA IΘō.�,�OY-sodA Ά¿ūIŗƜ�&	�3ȵΒ˻Iʍ�,�ǖô^�}�1Ĭ;

FEøȖRNAΒI˒ô��OY-sodA3ʩƁʡʝʇΒIɐ>&	ȳɿ�Ȇ̮$F%F1*�,�

3^�}�Iʍ��tufΆ¿ūIí΋Ȼɫ.�&ʩƁųΒI̲)&ˮȣ�ȳɿǄȦȊ1��,Ȇ̮

ǄȦȊBD?ʝʇΒ�Ş�0EÞĪIʵ�&?33�ȕǃ0ƕ4̀CF0�)& (Ń 4.3)	�&

�),�OY-sodA 4ȳɿŹ¤í1��,?Ȇ̮Ź¤í1��,?9:ĩʾƤʝʇ�,�D�

OY-SOD4Ź¤IĻH!ʝʇ�ȿ̏�,�E�.�ʵĸ�F&	 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

 
 

Õ4.3� �O�fQ}RT-PCRƏĞ=GJOY-sod>ŐŃư>ĬƝ 
ģľăĠĕ>OY-sodŐŃưL100:-2:'>ŔïŐŃưLŚ/�ųƁ?ģľăĠĕ�ƘƁ
?ēƅăĠĕ>ŔïŐŃưLŚ/�±ƫĦĶ=? tufB Lň!2�T��q�?ĦĶ©óLŚ
/� 
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4.3.3. SODŐŃwZf�>ĥŤ�ŐŃ�ŦƉ 

OY{KNo}�c�ʏȞ3 sodAΆ¿ū3éΜIHis-tag.3̰Ĩh�wX͡.�,�ş̗

̦-şΒʝʇ�"&.�G�$39.J/��ɭƽʒõ-ȵô�F& (Ń 4.4)	$�-�ɭƽʒ

õINi2+ T��1BDL{MrmM�˝̼I̲��.-�OY-SODh�wX͡3˝̼I̲)&	

T��1͸�&Ʋ3^�}�ISDS-PAGE1BDõΰ�& (Ń4.5)	$3ˮȣ�OY-SODh�

wX͡3ǧųõūΒ.ĩ� 23 kDa¸ͱ1Ĕ�3v�p�ȵô�F&&>�éΜOY-SODh�

wX͡�˝̼�F&?3.̈�CF&	ƴCF&éΜOY-SOD4�NBTɔ1BE΍˦ɚƽɧų

1ʍ�&	 

ĩȹ3ȃɔ-�ǒOY-SODǒÆÈ̼3&>3΋õΜOY-SODIƴ&	Mn-SOD4ʪȮʋɿ

1��,?ơ�Ŭŉ E&>�{KNo}�c�3Ź¤-�E`��WX�B6�\vN?$F

%FMn-SODIÒǜ�,�Eĥ̏ƽ��E	OY-SOD3 126ʖʧBDCșˉÛ3L�tΎΌ

÷14�Mn-SOD ���YΠ-ÒŬƽ3ύ�p�N��Ŭŉ E	$3&>��ͳ3éΜ

OY-SOD1Ɓ E��X��q�ǒÆIÈ̼�&œĨ�ǒÆ�Ź¤3ʝʇ EMn-SOD.Ğƻ

 Eĥ̏ƽ�ǂų�F&	$�-�OY-SOD3éΜ�C�CșˉÛ3ÒŬοŎIΧ�&΋õ (Ń

4.2) Iş̗̦-şΒʝʇ�"�˝̼�&	$3Ʋ�˝̼�&΋õΜOY-SODh�wX͡Iŷç

1æʘ��ǒOY-SOD��X��q�ǒ̱ɣIƴ&	ǒ̱ɣ�CProtein AT��Iʍ�, IgG

ʒõI˝̼���FIOPbh�|�ko̓ȡ1ʍ�&	 
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Õ4.5� OY-SOD>ŦƉ 
Ê���>_�v�?ò%H1; ŦƉ»�2; t��b���3; Wash buffer�4; Elute buffer
LŚ/�Ŗǅ?ŐŃ-2f�rZƗ ($G023 kDa) LŚ/� 

Õ4.4� OY-SOD>áưŐŃ 
Ê���>_�v�?ò%H1; IPTGĴ¾»ÇķāŊ¶�2; IPTGĴ¾»�ķāŊ¶�3; IPTG
Ĵ¾1ĕƶúÇķāŊ¶�4; IPTGĴ¾1ĕƶú�ķāŊ¶�5; IPTGĴ¾2ĕƶúÇķāŊ
¶�6; IPTGĴ¾2ĕƶú�ķāŊ¶�7, IPTGĴ¾3ĕƶúÇķāŊ¶�8; IPTGĴ¾3ĕ
ƶú�ķāŊ¶LŚ/�Ŗǅ?ŐŃ-2f�rZƗ ($G023 kDa) LŚ/� 
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4.3.4. SOD>RSbf�u�hkƏĞ 

OY{KNo}�c�ǄȦȳɿ�B6Úéȳɿ�;&OY{KNo}�c�ǄȦȆ̮�B6Ú

éȆ̮�Cǖô�&˜h�wX͡IǒĚ.�,�ǒ OY-SOD ǒÆIʍ�,OPbh�|�ko

̓ȡI̲)&	{KNo}�c�ǄȦ3ȕɸ4�{KNo}�c��ƿƛʡ1ʝʇ�,�E¤̾

ǒĚ̙h�wX  ͡ (Amp) 1Ɓ EǒÆIʍ�&OPbh�|�koIĩȊ1̲��.-ʳ͏�

&	ǒOY-SODǒÆIʍ�&OPbh�|�ko̓ȡ3ˮȣ�OY{KNo}�c�ǄȦȳɿ�

B6ǄȦȆ̮1��,�OY-SOD3L�tΎΌ÷�C«ǂ�FEˢ 23 kDa 3Ã̂1v�p�

ʳ͏�F& (Ń 4.6)	�F1BD�OY {KNo}�c�4ȳɿǄȦȊ�B6Ȇ̮ǄȦȊ1��

,�OY-SODIʝʇ�,�E�.�ʳ͏�F&	OY-SOD.ǧų�FEv�p3·1Ɋͫʡ̬

�̽Ǽ3v�p�ȵô�F&���FC4�!F?�ǄȦŹ¤'�-0�ÚéŹ¤1��,?ȵ

ô�F&&>�Ź¤h�wX͡73ζʀʗʡ0Ğƻ3ˮȣȵô�F&h�wX͡-�E.̈�C

F&	 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Õ4.6� OY-SODĆ Lň!2RSbf�u�hkƏĞ 
ģľăĠĕ (a) $G@ēƅăĠĕ (b) =$*JOY-SODLRSbf�u�hkƏĞ=G58
Ĥµ-2�ì�A>tNQkv�c{ăĠ?�ĆAmpĆ Lň!2RSbf�u�hk=G
58řƒ-2�Ŗǅ?ŐŃ-2f�rZƗ ($G023 kDa) LŚ/� 
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4.3.5. SOD>ƭŨıā 

SOD4O2�IH2O2.O21õ̓ Eȿ̏I?*��ő͡.0EO2��ζƛ1�ůų-�E&

>�SOD 3ɚƽIʨǦɧų E34α��	$�- OY-SOD 3΍˦ɚƽɧų14�O2�1BE

NBT3ΈãĞƻIûʍ EΠǦʡ0ȃɔIʍ�& (Beauchamp & Fridovich, 1971)	ŰéΜ3

OY-SODIşΒʝʇ�̋ ̼��SODɚƽINBTɔ1B),ɧų�&	;!�xanthine oxidase

ɢĈƲ�0.5 - 6 õƲ1��,�NBT3Έã1B),ʋ�Eblue formazan3Į̡Iɧų�&	

O.D.560I͆ɧ�&ˮȣ�SOD3ȕɸ1��HC!�ɢĈ 2õºΤ4ĭåƤ1Ŝč�̀CF!�

Ɲ̴ʁǅ1΁ E�.�ȈC�.0)& (Ń4.7)	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ4.7� xanthine oxidaseĴ¾=�"Ð®õßÀ  
ǋ; oWjPu^�k��� (DW)�ǀ; oWjPu^�k��� (ŞwZf�)�ų; zajP
u^�k��� (BacillusðŪƂŉĝMn-SOD)�Ƙ; OY-SOD 
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$�-�xanthin oxidaseɢĈƲ 2�3�4�6 õƲ3O.D.560ɧųØ3ƝŋIĠD�ɢĈƲ3

ĭåƤ (A2) . E�.1ų>�4.2.11.μ1ʵ�&ȃɔ-SODɚƽI˒ô�&	NBT3ΈãI

50%ΣŶ ESOD3ΒI1 unit.�,SOD3ɚƽIɧų�&	$3ˮȣ�OY-SOD˝̼h�

wX͡4586.8 unit/mg3SODɚƽIʵ�& (Ń4.8)	 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3.6. SOD>ıāƹê=GJıā�ÿƱð>Ŀè 

4.3.5.μ1,̲)&SODɚƽɧų͍ό1��,�ΣŶā�Ŭŉ Eȝ¼�-3SODɚƽIɧ

ų E�.1BD SOD �ɚƽ£ƹ1ǜ*ΓƍIʀų E�.�ĥ̏-�E (Fridovich, 1975; 

Dos Santos et al., 2000)	$�-�4.2.12.μ1ʵ�&ǌɔ1Ƴ�SOD3ɚƽIɧų�&	$3

ˮȣ�\�o���.�,ʍ�&Mn-SOD4KCN�B6H2O2Ŭŉ�-$F%F82.6 ± 2.6%�

109.2 ± 4.0%3ɚƽIʵ�&31Ɓ�,�ĩ��\�o���.�,ʍ�&Fe-SOD4$F%F

104.7 ± 1.0%�50.3 ± 1.3%3ɚƽIʵ��H2O2Ŭŉ�-ɚƽ�ƪ�ΣŶ�F&	;&?��

Õ4.8� NBTİ=GJƭŨıāĵè  
ƍè-2Ĝ��9NBT>ƪ­L50%ƹê/JSOD>ưL1 unit:-8SOD>ıāLĵè
-2�oWjPu^�k���=?ŞwZf�Lň!2� 
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*3\�o���-�ECu/Zn-SOD4$F%F8.8 ± 2.8%�51.3 ± 2.4%3ɚƽIʵ��KCN

�B6 H2O23/(C3ΣŶāŬŉ�1��,?ɚƽ�ƪ�ΣŶ�F&	OY-SOD 4$

F%F90.2 ± 4.7%�101.9 ± 0.9%3ɚƽIʵ��3ʿτ3\�o���3�(Mn-SOD.

ȓ?ͱ�ɚƽwh��Iʵ�&	 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Õ4.9� ƹê¼Ĵ¾=GJSODƭŨıā>ĵè  
ƹê¼Ĵ¾ĕ=$*J SOD>ıāL�ƹê¼><!Ĝ��9> SOD>ıā:>Ŕï¨9Ś
-2�̂ �k���:-8BucillusðŪƂŉĝ>Mn-SOD�E. coliŉĝ>Fe-SOD�H. sapiens
ŉĝ>Cu/Zn-SODLň!2� 
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4.4. źî 

4.4.1. tNQkv�c{=$*JSOD>¦æā 

Țˈ-4�{KNo}�c�3ʋŬ1.),Mn-SOD�ΐ̾0ǃ̆I?),�Eĥ̏ƽIȵ

͋ E&>�ʗ0E{KNo}�c�ˡ˰Π1��E SOD 3ÒŬƽI̓ȡ�&	OY {KNo

}�c�IĬ= 4ˡ˰3{KNo}�c�SOD3L�tΎΌ÷3L�N���oI̲��ȄŒ

3Mn-SOD1Ρ EΌ÷ǁŒ.Ɋͫ�&.�G�Mn.3ˮĨ1ƺξ04L�tΎ@Mn-SOD

1ʀƸʡ0Ό÷�ÒŬ�F,�E�.�ȈC�.0)& (Ń4.2)	SOD4ťɋʡ0ʊŖ1ʋǀ 

Eʋɿ�ơ�Òǜ E΍˦3�*-�E��{KNo}�c�3ƍ EMollicutes˵˪̦14�

SODIǜ&0�?3�Ĭ;FE�.�ʬCF,�E (̵4.4) (Meier & Habermehl, 1990)	�F

;-�{KNo}�c�3·ϗʧ1H&E25ˡ˰3Mollicutes˵˪̦3[t��̓͒�F,�

E��Mycoplasmaʧ�Entomoplasmaʧ3˪̦-4�Mn-SODō3 SODΆ¿ūIǜ*?3

4ʳ͏�F,�0�	�F1Ɓ�,�{KNo}�c�.ĩ� Acholeplasma ʧ1ƍ E

Acholeplasma laidlawii3[t�14�Mn-SODō.ǧɧ�FESODΆ¿ū�Ŭŉ E�.�

ʳ͏�F,�E	$3&>�Mn-SOD 4Mollicutes˵3£-�Acholeplasmaʧ1ʀƸʡ0΍

˦-�E.̈�CFE	�FC3�.4�Acholeplasmaʧ˪̦3ʋŬ1Mn-SOD�ΐ̾0ƯĄ

Iȣ&�,�Eĥ̏ƽIʵĸ�,�E	 
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4.4.2. ģľì�±$G@ēƅì�±=$*JOY-SOD>ŐŃ 

ȳɿ.Ȇ̮3�(��!F3Ź¤1ǄȦ Eά1OY-SOD3ß��ΐ̾-�E3�4{KN

o}�c�3ʋŬǉʕIȈC�1 E��-̞ıɠ�	�L�hN� RT-PCR ̓ȡ3ˮȣ�

OY-sodA4�ȳɿŹ¤ǄȦȊ1��,Ȇ̮Ź¤ǄȦȊBD?ʝʇΒ�Ş�ÞĪIʵ�&?33�

ȕǃ0ƕ4̀CF0�)& (Ń4.3)	;&�OY-SOD4¡Ź¤1��,h�wX͡���-ʝʇ

�,�E�.�ʳ͏�F& (Ń4.6)	�3�.4�OY-SOD�ȳɿ�B6Ȇ̮3¡Ź¤í1��

,{KNo}�c�3ʋŬ1ƺ̾-�E�.Iʵĸ�,�E	 

{KNo}�c�49.J/3œĨ�ȳɿ.Ȇ̮1ǄȦ EɌƝ¿Ǯ˭ͦ1B),ʋɚʊIǈ

ˇ�",�E	�&�),�ȳɿ.Ȇ̮3¡Ź¤ʊŖ73΄ƻ4�{KNo}�c�1.),ΐ

̾-�E.ͅ�E	Ź¤ȳɿ�B6Ź¤Ȇ̮4�$F%FɚƽΎ˦ʿ1BEʚĚÆ73Ǖǒƽȿ

ȸIÜ�,�D�{KNo}�c�4�!F3Ź¤1ǄȦ�,�EœĨ?�ɚƽΎ˦ʿ1BEǭ

Ý3ĖΩƽ1�C�F,�E	$3&>�{KNo}�c�4Ź¤IĻH!OY-SODIʝʇ��

̚CIŮEƺ̾��E.̈�CFE	 

 

4.4.3. tNQkv�c{=$*JSOD>ƯƋā 

O2��B6�$F1ʏȞ EɚƽΎ˦ʿIʍ�&oxidative burst4�Ź¤�ʚĚÆIǷǱ E

&>3ǌɇ-�E	{KNo}�c�1ǄȦ�&Ź¤4�ɚƽΎ˦ʿIʍ�,{KNo}�c�

IǷǱ�,�Eĥ̏ƽ��D�OY-SOD4Ź¤�C3ǷǱ1Ɓ E{KNo}�c�3̚Ɩ΢Ƶ

ȿȸ.�,ΐ̾-�E.ǧɧ�FE	Āͳ3 S. enterica 3· (Fang et al., 1999)�Brucella 

abortus@Haemophilus ducreyi0/3Y��Ψƽ˪̦4���}�c�1 SODIƉŉ�"�

Ź¤�CĈ�CFEɚƽΎ˦ʿ3õ̓I̲��̚ C3˪̎IŮE�.�ʬCF,�E (Tatum et 

al., 1992; San Mateo et al., 1998)	 

�̟1�O2�3̙ͷ΀ƽ4ύ�0�.ͅHF,�E (Takahashi & Asada, 1983)	$3&>�

˪̦3 SOD�ȣ& ȿ̏I̓Ȉ Eά14�΍˦3Ɖŉ�ȕʍ0ǁŒ.0E	̦Æí1Ŭŉ 

ESOD4�˪ ̦ͧ̚3¹͖ˡ�Cʋ�EO2�3õ̓1ź���̦ Æŝ1õɓ�FESOD4ŝʡ

1Ĉ�CF& O2�IΧě E&>1ȿ̏ E.̈�E�.�Ĩʉʡ-�E	L�tΎΌ÷�B6

ɚƽ͍ό3ˮȣ�C�OY-SOD4MnI£ƹΓƍ1?*.ǧɧ�F&	˪ ̦3Mn-SOD4˪̎



 94 

͡1Ɖŉ E?3�Ş�.ͅHF,�D (Regelsberger et al., 2002)�OY-SOD?˪̎͡1Ɖŉ

 E. F5�{KNo}�c�ͧ̚3¹͖ˡ�Cʋ�E O2�Iõ̓�,�Eĥ̏ƽ4đõ1ǂ

ų�FE	���{KNo}�c�4ťɋĲĭ1À� O2�3¤̾0ʝʋɪ-�E.̈�CFE

TCAľͦIĬ=ş΋õ3Ĳĭ¹͖˭ͦIɀ�,�E	*;D{KNo}�c�4TCAľͦI?

&0�&>�Ĳĭ1Ρ E¹͖ˡ�C O2��ŞΒ1ʝʋ Eĥ̏ƽ4Ä�	{KNo}�c�3

[t�1��,�NADH oxidase�Ŭŉ E�.4ʳ͏�F,�E��$3ʝʇ@΍˦ɚƽ1*

�,ȵ͋�&Ë4�F;-10��{KNo}�c�3 NADH oxidase��Ȅʬ3ÇC�3¹

͖˭ͦ3�ˉIǗ),�E.��Œį?0�	�3�.�C̈�,�{KNo}�c�1��,

̚C3¹͖ˡ�Cʋ�EO2�3Β4�·3ťɋĲĭI̲�˪̦1Ɋ8,ƈ0��.�«ǂ�FE	

�&�),�{KNo}�c���̚ ͧ3ʌʋ EO2�3<Iõ̓ E&>1SODIÒǜ�,�

E.4̈�1��	=�GOY-SOD4�{KNo}�c�3ʌʋ EO2�'�-0��Ź¤�ʌ

ʋ�&O2�Iõ̓ E&>1?ȿ̏ E.̈�CFE	 

;&�OY-SOD � Mn-SOD ō-�E�.?�Ź¤�C{KNo}�c�1Ĉ�CFEŝʡ

0O2�3õ̓1Ɓ�,�OY-SOD�ź� Eĥ̏ƽIȲė�0�.̈�CFE	$3ʉʏ3�*

4�{KNo}�c��˪̎Ř@��}�c�IÜ�,�0�&>-�E	O2�3̙ͷ΀ƽ4Ä�

.ͅHF,�E?33�Ź¤˪̎í1źʋ��˪̙̎ºŝ3̙ȸͺI̦Æ̵η1?&0�{KN

o}�c�3œĨ�Ź¤�CĈ�CF&ɚƽΎ˦ʿ��˪̦3̵η�B6í΋1ʨǦʡ0ǭÝI

��EĖΩƽ4�·3˪̦1Ɋ8,ύ�.«ǂ�FE	OY-SOD�˪̎͡í1ʔ;),�E.�

,?��΋{KNo}�c�˪̙̎Iͷ΀�,˪̎͡í1Ïè�&Ź¤ʏȞ3O2�IOY-SOD�

Χě�,�Eĥ̏ƽ�̈�CFE	Ŵά1��ko3˪̎Iʍ�&ʯ˄-4�˪̎ŝ1Ĉ�CF

&ɚƽΎ˦1BEǭÝI�˪̎í3 SOD �˼Ĵ E¬Ë�Œį�F,�E (Hiraishi et al., 

1994)	;&­*ʧ3ʉʏ.�,�˪ ̦3Mn-SOD�ƺ!�?˪̎íƉŉ�0��.?Ǟ�CF

E	Anabaenaƍ˪̦�C4ĚƬ̙͡1Ɖŉ EMn-SOD�̀*�),�D (Regelsberger et 

al., 2002)�Bacillusƍ˪̦-4õɓ`Yq�I?&0�Mn-SOD��̦Æŝ-ȿ̏�,�EË

�Œį�F,�E (Gohar et al., 2005)	´Ʋ{KNo}�c�˪̎í1��EOY-SOD3Ɖŉ

I̓ȡ Eƺ̾ƽ4Ʌ�F,�E?33�OY-SOD�Ź¤ʏȞ3O2�1Ɓ E΢Ƶȿ̏IǗ),

�Eĥ̏ƽ4đõ1̈�CFE	 
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4.4.4.tNQkv�c{>ıāƮŨŜ¶Əĩĥ 

Āͳ3B�1�{KNo}�c�4Ź¤˪̎í.��ʊŖ1ʋǀ E&>�Ź¤ʏȞ3ɚƽΎ

˦ʿ1BEǭÝ4·�CF0�	{KNo}�c�3ʋŬ1.),�ŝʡ0ɚƽΎ˦ʿIõ̓ 

E�Trc�4ƺξ-�E.̈�CFE��OY-SOD3·1�$3ȿ̏IǗ��.3-�E΍˦

4ʇŉ3.�G̀*�),�0�	ş̗̦0/Ş�3˪̦�̽Ǽʿτ3 SODIÜ�,�D��

FC3˪̦4ʏȞ3ʗ0EɚƽΎ˦ʿ1Ɓ�,ʗ0Eʿτ3SODIʍ�,�E (Korshunov & 

Imlay, 2006)	����ʹ̲ʡͽč1B),[t�^NcI˾Ƈ�,�&{KNo}�c�3œ

Ĩ�OY-SOD.��Ĕʂ3΍˦�$3B�0ȿ̏Iì2E�.��Òǜ EΆ¿ū3�w�o�

�Iɥƈ�"E.��ʋŬǉʕ1΄Ĩ�,�E3�?�F0�	 

�̟ʡ0ɚƽΎ˦ʿ3õ̓˭ͦ-4�SOD 1BE O2�3õ̓�Cʋ�& H2O2I��C1

peroxidase (POX) @ catalase (CAT) �õ̓��ɸɉč E (Michiels et al., 1994)	����é

[t��̓͒�F,�E{KNo}�c�3�(��!F1��,? SODºŝ3ɚƽΎ˦ʿ3

õ̓1ΡHE΍˦4̀*�),�0�	{KNo}�c��SOD3<Iǜ(�POX@CATI

?),�0��.4�Ȅʬ3ɚƽΎ˦ʿɸɉč˭ͦ.4ʗ0)&˭ͦ�Ŭŉ Eĥ̏ƽIʵĸ�

,�E	;&�ȃ-�Acholeplasmaʧºŝ3Mollicutes˵˪̦4SODIÒǜ�,�0���

$3£14ťɋʡ0ʊŖ1ʋǀ E1?��HC!�SOD�POX�CAT3�!F??&0�˪

̦�Ŭŉ E	�FC3˪̦3ʋŬIĥ̏1 E�Trc�1*�,̞ı�?&F�ʯ˄�ͽ>

CF,�E	ͱƞ��N\}�c�1��,�SOD@POX�CAT.4ʗ0EɚƽΎ˦ʿõ̓΍

˦3Ŭŉ�Œį�F,�E	Ë�5�Mycoplasma gallisepticum 3 MGA1142 Ά¿ū�B6

Mycoplasma genitalium3MG_454Ά¿ū1\�p�FEh�wX͡��ȕȿ΀ΎčɿΈã΍

˦ organic hydroperoxide reductase (Ohr).�,ȿ̏ E.3Œį@�Mycoplasma 

hyopneumoniae3peroxiredoxin.�,̀*�)&Mhtpx�H2O23ɸɉč1ĊȣIʵ .3

Œį��E (̵4.5) (Jenkins et al., 2008; Machado et al., 2009; Saikolappan et al., 2009)	 

 

 

 

 

 

Ƈ4.5� MycoplasmaðŪƂ%Hƌ6%52ıāƮŨŜ¶ƏƭŨ 
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�FC3¬Ë�C�{KNo}�c�IĬ=Acholeplasmaʧ˪̦1?SOD3õ̓ʌɿI�

C1ɸɉč E&>3΍˦��Eĥ̏ƽ?ǂų�FE	OY {KNo}�c�[t�1\�p�

FE PAM296 Ά¿ū4ȿ̏Șʬ3Ά¿ū-�E?33�ΎčΈã1ΡHEp�N��«ɧ�F

,�E	´Ʋ�3B�0Ά¿ūIƁ͜.�,ɚƽΎ˦ʿõ̓�Trc�I̓ȡ E�.1BD�

·3˪̦@ʪȮ˪̎3?3.4ʗ0EȂţ3ɚƽΎ˦ʿɸɉč˭ͦ�ȈC�10Eĥ̏ƽ��

D̞ıɠ�	ɚƽΎ˦ʿõ̓˭ͦ4�ʚĚ˪̦3ʋŬ.ŗɆ1ΐ̾0�Trc�-�D�ʚĚƽ

1Ρ��,�E¬Ë?Ş�Ŭŉ E (Andersen et al., 1991; De Groote et al., 1997; Saenkham 

et al., 2007)	ƅȞʡ1�OY-SOD3�C0Eȿ̏̓ȡ.�{KNo}�c�[t�1Ŭŉ E

Șʬ3ɚƽΎ˦ʿõ̓΍˦3ǥ˨1BD�ʚĚ˪̦3Ȃ́0ɚƽΎ˦ʿõ̓ȿȸ�ȈC�.0F

5�{KNo}�c�3ʋŬ�ǄȦǉʕ3̓Ȉ3<0C!˪̦ʚ3΢Χ?Ĭ>&Ɯơ�ƻʍ�Ȗ

ư-�E	 
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š5Š ŲËźî 

5.1. tNQkv�c{>Ƹƻİ>řş=Î*8 

 ʓ3³ģ4 -170á³Iͣ��2050ƞ;-190á³Iͤ�E.«ɧ�F,�E (World 

Population Prospects, 2010)	Ņͻυ˟ͮȶȿΡ3͔Ȫ-4ʇȊɷ- ʓ3φϊ³ģ48á³I

ͤ�E.�F,�D�υ˟Ļρ3̓ɑ4ļ˷3͓ρ-�E.ͅ�E	�ȃ-υ˟ʋʌIǵ�Eû

ʍĥ̏0̊Ŋηˁ4ΥCF,�D�ĔÃηˁƫ&D3ğ˃ΒIύ>Eǎ̳�ɐ>CF,�E	�

���ʇʁ.�, ʓ3ȰŐÈɿ1��EŴʋʌς4ĥ̏Èɿʋʌς360
70%1ʔ;D�Ş�

3Èɿ�Ʒʋɿʚ@ʋʉʚ�Ŷ̮ʚ�ί̥Ŷ1BDŢHF,�E (Cramer, 1967)	�&�),

ȳɿʚ1BE̷ŶIǐ�E�.4υ˟ʋʌĊʆIύ>E¤̾0ȃː.�,Ȗư�FE	 

{KNo}�c�ƍ̦3Ź¤˕ł4ζƛ1ơ��Ş�3ȳɿ1��, ʓ£-̷Ŷ�Œį�F

,�E (Brown et al., 2006; Sawayanagi et al., 1996; Strauss, 2009; Takinami et al., 2013)	�

���F;-1{KNo}�c�ʚI΢Χ EȕĊ0ǎ̳4ʳˇ�F,�0�	$3ĚĿ3�*

.�,�{KNo}�c�4Ź¤˪̎1ȷƤ1ÍŬ�&źʋʋɚ3ˮȣ�¹͖ˡΆ¿ūI4�>

. EŞ�3Ά¿ūIɀŢ�,�E�.�Ǟ�CFE	�̟1˪̦ʚ3΢Χ1ʍ�CFḘͮ4�

˪̦3¹͖˭ͦIΣŶ E�.-Ɉ̦ĊȣIʵ ?3�Ş��.�C�{KNo}�c�-4ͮ

̭3Ȼʡ×̻�ƈ0��΢Χɔ3ʳˇIŁα1�,�E	 

Țʯ˄-4�ˋ 2 ˈ1,̲)&{KNo}�c�Ά¿ū3�NX�L�N̓ȡ3ˮȣI?.

1�ȳɿǄȦȊ1ʝʇΒ�σ̪1ŗĈ EȿȱþɲġŸj�s�Ά¿ūmscL1ʫʧ�&	MscL

3ΣŶā-�EŕčUp�rO�Iȳɿ1��E�.1BD�{KNo}�c�3ŗɆΒI˭Ȋ

ʡ1͌Î�&.�G�ǄȦøȖ1��E{KNo}�c�3̦ÆΒ�ǐ�CFE.��ˮȣ�ƴ

CF&	�3ˮȣ4{KNo}�c�3΢Χ1Ī�&�̭ͮ3Ȃ&0ǉʕ.�,ûʍ-�Eĥ̏

ƽ��E	����ȚŴό1��,4{KNo}�c�3ŗɆIŰé1ǐý-�0�.��͓ρ

?Ʌ�F&	Țʯ˄1��E�NX�L�N̓ȡ3ˮȣ-4�mscL 3·1?ζƛ1Ş�3̙h

�wX͡@o��b��h�I\�p EΆ¿ū3ʝʇΒ�ȳɿǄȦȊ1σ̪1ŗĈ E�.

�ȈC�10)&	�FC3£14·3˪̦1?ʩĩƽ3̀CF0�B�0Ά¿ū?Ŭŉ E�

.�C��FC3Ŀū3ȿ̏IȈC�1��Ȼʡ. E�.1BD{KNo}�c�I΅ǔʡ1

΢Χ Ḙͮ3Οʝ�ĥ̏.0E�.�Ȗư�FE	 
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5.2. ƾÚǈāŪƂ>Ʃ�äĩŽƏĞ 

ʊŖ£14ζƛ1Ş�3Ʒʋɿ�Ŭŉ��Ë�5ŇŚ1 g£14109Ô?3˪̦�Ĭ;F,�

E (Whitman et al., 1998)	����$3�(Őω E�.�ĥ̏-�E˪̦4ζƛ1ƈ0��

é̦Ǽ3�(ŽŠŐŊ�1ʋ̍ E˪̦4ŇŚ-40.3%�ɝɌ-40.1%1?ɩ&0� (Amann 

et al., 1995)	�&�),�ʊŖ£1Ŭŉ E9.J/3˪̦4Őω E�.�Łα0αŐωƽ˪

̦-�E.̈�CFE	Ʒʋɿŭ4�ŽŠŐŊ�-Ÿȉ1Őω-�EƷʋɿ1BDőʴ�˖�F

,�&��ʋɿņ1��,$3B�0Ʒʋɿ4��ƈǼ-�E.ͅ�E	 

ͱƞ�õūʋɿŭʡǌɔ3Ɔè.ʝƌ1BD̚ɹʓ1Ŭŉ EαŐωƽ˪̦3B�0ʋɿ3Ş

ȹƽ�ʫʧ�F**�E	$FC3ʯ˄3¤ɛ4�h[t�̓ȡ@`�Y�d��[t�Xb1

BEş́ȼ̓ȡ-�D�ƴCF&ǁŒI?.1ʋʉȿ̏@ʋǅŭʡƯĄ�͙͕�F,�E 

(Edwards et al., 2006; Venter et al., 2004)	$3£14ȕʍ0ʋɿ͟ɪ.�,3ûʍ�Ȗư�F

,�Eʋɿ?ƈ0�0�	�FC3[t�XbʡL}��j4�Őω�Łα0Ʒʋɿ3̓ȡǌɔ

.�,ȕĊ-�E?33��ȃ-$3Ά¿ū�ƷʋɿÆí-/3B�1ȿ̏�,�E3�1*�

,�ʨǦʡ0͋ȈI̲��.�-�0�	$3&>�ʋ̦Iʍ�& in vivo̓ȡI̲�ƺ̾��

E?33�Őω-�0�.��ĀǨȝ¼��Eº��Ƭͩ͡ǩ0/3ǌɔIʍ�E�.4ζƛ1

Łα-�D�αŐωƽ˪̦3Ŵǅ49.J/ȈC�1�F,�0�3�ʇʁ-�E	 

$�-Țʯ˄-4�αŐωƽ˪̦{KNo}�c�3Ά¿ūʝʇ.h�wX͡3ɚƽ1*�,�

o��bX�}o��̓ȡ�B6 in vitro̓ȡ1BDȈC�1��$3ȿ̏Ïž E�.1B

D�{KNo}�c�3Ź¤ͩǩ1��EǄȦǉʕ3̓ȈI͍<&	o��bX�}o��̓ȡ

4�˪̎í3ͩðʌɿ (RNA) I˶̄ʡ1̓͒ Eǌɔ-�E	Țǌɔ4Ά¿ūʝʇ3éÆàI

ǏǪ E in vivo̓ȡɔ.�,ȕĊ-�E	ʀ1ȷΥʊŖ1ʋǀ EαŐωƽ˪̦-4��CA

EʊŖ1΄ƻ E&>3Ȃ&0�Trc��ƴCFEĥ̏ƽ3�Eǌɔ.�,Ȗư�F,�E 

(Sorek & Cossart, 2010)	ˋ2ˈ1��,̲)&�NX�L�N̓ȡ1BD�{KNo}�c�

Ά¿ū3ʝʇwh��4ȳɿǄȦȊ.Ȇ̮ǄȦȊ.-ąʡ1Ŝč E�.�ȈC�10)&	�

3ˮȣ4{KNo}�c��İͯʊŖI͏͘��ͧ̚3̂�F&ʊŖ1ĨH",Ά¿ūʝʇIý

Ƶ�,�E�.Iʵĸ��o��bX�}o��̓ȡ�αŐωƽ˪̦3�bo[t�Xbʯ˄.

�,ȕĊ0̓ȡɔ-�E�.Iʵ�&	´ľ3�NX�L�N̓ȡ-4�{KNo}�c�3�

N{^NX�1��,ʊŖ�ş��Ŝč Eȳɿ―Ȇ̮Π3Ź¤ͩǩ1ʫʧ�&��ƾC�{K
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No}�c�4$F%F3Ź¤˪̎í-ŗɆ E&>1�ǄȦøȖ�CǄȦƲȖ1��,¦Dͤ

�0�F50C0���*�3έŘIX�L�,�E	Ë�5Ȇ̮ǄȦȊ1��,{KNo}�

c�4�ģΔI͸΀�&3(£̗�ʣ˪̎7Ǧʫ�Ïè��̱��w1¦),éͧ7ʽ̲ E	

$3Ʋĺ̘7.Ïè��ï6ģΔ�Cȳɿ˪̎7Ïè E	{KNo}�c��Ȇ̮73ǄȦI

ǈˇ�"E&>14�$3΀ʾ1��,£̗�ʣ˪̎73Ǧʫ�Ïè��B6ĺ̘73ÏèIǈ

ć�"Eƺ̾��E (Purcell et al., 1981)	ȳɿǄȦȊ1��,4�F;-1ǄȦɇΪ1��E

έŘ4ʵĸ�F,�0�	���ˋ3ˈ1,̲)&ŕčUp�rO�óʉ1BEMscLΣŶȝ¼

�-3{KNo}�c�ŗɆΒ3̓ȡŴό1��,�ǦʿƲ3ͼ
4ͼʧ1��,Ƽɲ1̦ÆΒ

�ŗĈ�&�.4�{KNo}�c�3ǄȦɇΪ1BDΆ¿ūʝʇ�Ŝč Eĥ̏ƽIʵĸ�,

�E	�&�),´Ʋ�ǦʿƲ˭Ȋʡ;&4ǄȦ΋Ãʀʗʡ1o��bX�}o��̓ȡI̲�

�.1BD�αŐωƽ˪̦{KNo}�c�3Ά¿ūʝʇýƵȿȸ1Ρ EȂ&0ʬ̀IƴCF

E�?�F0�	 

Țʯ˄-4{KNo}�c�3ǄȦǉʕIȈC�1 E?��*3L}��j.�,�in 

vitro̓ȡɔIʍ�&	�F1BDˋ4ˈ1,OY{KNo}�c�3SOD�ɚƽΎ˦ʿIõ̓

 EɚƽIǜ*�.I͋Ȉ�&	�F;-3{KNo}�c�ʯ˄1��,�in vitro ̓ȡɔI

ʍ�&¹͖˭ͦ3ɚƽ͍ό4ζƛ1ΥCF,�E��ͱƞ{KNo}�c�1��,���]Ύ

Iz�y�Ύ1Ŝǩ E��]Ύ΍˦��B6Ldj� CoA ILdj���Ύ1Ŝǩ E��

ΎLdj�őͩʽ΍˦3ɚƽIɧų��$3΍˦ɚƽI͌Î�&ʯ˄�Œį�F,�E (Saigo 

et al., 2014)	Țʯ˄�B6SaigoC1B),ʵ�F&B�1��3B�0 in vitro̓ȡˡ4�α

Őωƽ˪̦3¹͖˭ͦI̓ȡ E�-ζƛ1ȕĊ0l��-�E.̈�CFE	´Ʋ�{KNo

}�c�3[t�ǁŒ@o��bX�}o��̓ȡ�CƴCF&ǁŒ.ĨH"�in vitro ̓ȡˡ

IϋÊ E�.1BD�Őω1ƺ̾0ǈõ@ȝ¼Iȵ͇ E�.?ĥ̏-�E.̈�CF�αŐ

ωƽ˪̦3ʯ˄Iͽ>E�-ȕĊ0L}��j-�E	 
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ČƋ 

{KNo}�c�4�Ȇ̮1B),Ūµ�FEƷƇ0ȳɿʚĚ˪̦-�D�700ʿº�3ȳɿ

1ǄȦ E	{KNo}�c��ǄȦ�&ȳɿ4,J�ƒ (̨˾�Ģʋ)�˅Ǔ�Ϗč�̩č�˹

č0/3ʛʁIĮ E&>�ͮÈɿ1��,4ğΒ3ɥƈ@ĵ͡3Ä�Iƨ�͢��ΐ̾0Ļρ

.0E	����F;-1{KNo}�c�ʚIʨǦ΢Χ EȕĊ0ȃɔ4ʳˇ�F,�C!�

΢Χ�ζƛ1Łα-�E	 

{KNo}�c�4ȳɿ3˗΋˪̎í1Ɖŉ�ŗɆ E	ŪµȆ̮��3ǄȦȳɿ3˗˓Iĭ

ɏ E�.1BDȆ̮3ģΔI͸),Ȇ̮3£̗1ü΁ E	Ȇ̮ǄȦȊ1��,4�Ȇ̮3̗

Ř�C̱Æ̕í1Ïè�Ȇ̮3éͧ1ǄȦ E	�C1{KNo}�c�IÒɉ�&Ȇ̮�Ȃ&

1Úé0ȳɿIĭɏ E.�̦Æ�ĺɟ..?1ȳɿ˗˓í1Ǹô�F�Ȃ&0ȳɿ73ǄȦ�

ǈˇ E	�3B�1{KNo}�c�4õτŭ��ʓ����-ʗ0Eʋɿ-�Eȳɿ.Ȇ̮

7±®1Ź¤Iͩǩ E�.1B),ǄȦIǈˇ�"E	{KNo}�c�3Ź¤ͩǩ1��,

Κ.0EΆ¿ūIʀų E�.4�{KNo}�c�3Ź¤ͩǩ�Trc�I̓Ȉ��$3ǄȦ

IýƵ EȃɔIʳˇ E&>1ΐ̾-�E.̈�CFE	����F;-1{KNo}�c�

3Ź¤ͩǩ1À�Ά¿ūʝʇ͔˔1*�,ȈC�1�F&Ë4��H!�-�)&	$�-Ź¤

ͩǩ�Trc�I̓Ȉ E�ĉ. E&>�ȳɿ�B6Ȇ̮ǄȦȊ1��E{KNo}�c�Ά

¿ū3o��bX�}o��̓ȡI̲)&	�C1�{KNo}�c�3ǄȦǈˇ1ΐ̾-�E

.̈�CFE­*3Ά¿ū1ʫʧ��$3ɚƽ.ȿ̏1*�,ȵ͋I̲)&	 

 

1. {KNo}�c�3Ź¤ͩǩ1À�Ά¿ūʝʇ3˶̄ʡ̓ȡ 

 

{KNo}�c���ȳɿ−Ȇ̮ΠŹ¤ͩǩ1À�/F'�3Ά¿ūʝʇIŜč�",�E3

�I˶̄ʡ1̓ȡ E&>�h�sW̨Ϗʚ{KNo}�c� (‘Candidatus Phytoplasma asteris’ 

OY strain; º� OY {KNo}�c�) 1ǄȦ�&`��WX (Chrysanthemum coronarium) 

�B6ŪµȆ̮-�Ex�{hm��\vN (Macrosteles striifrons) �CRNAIǖô��­̡

̯åȻ͘ɔ1BE�NX�L�N̓ȡI̲)&	$3ˮȣ�OY{KNo}�c�[t�3ˢ33%

1ʩƫ E͆248Ά¿ū3ʝʇ�2Õº�Ŝč�,�&	ʝʇ�Ŝč�,�&248Ά¿ū3�(

135 Ά¿ū4ȳɿŹ¤-�113 Ά¿ū4Ȇ̮Ź¤-Ş�ʝʇ�,�&	�FC3Ά¿ū14{K
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No}�c��Ź¤�CȬω0/IĠDͰ=&>1ȿ̏�,�E.̈�CFE̙ͬ͵ÆΆ¿ū

@�{KNo}�c�̦Æí�C̦Æŝ7õɓ�FE�.�«ɧ�F,�Eõɓh�wX͡I\

�p EΆ¿ū�Ş�Ĭ;F&	º�3�.�C�OY {KNo}�c�4ȳɿ�B6Ȇ̮.�

�2*3ʗ0EŹ¤3˪̎íʊŖ1ƻ�,ąʡ1Ά¿ūʝʇIŜč�",�E�.�ȈC�.0

)&	 

 

2. ȿȱþɲġŸj�s�3ȿ̏̓ȡ 

 

�NX�L�N̓ȡ3ˮȣ�Ş�3̙ͬ͵ÆΆ¿ū�ȳɿǄȦȊ;&4Ȇ̮ǄȦȊ-ʝʇ��

ȇ�,�E�.�ȈC�.0)&	£-?ɞͷň͔˔1ΡHEȿȱþɲġŸj�s� (mscL) 3

ʝʇΒ4Ȇ̮ǄȦȊ.Ɋͫ�,ȳɿǄȦȊ1��,σ̪1ŗĈ�&	mscL4˪̦3ɞͷň͔˔1

ΐ̾0ƯĄIȣ& 	ʀ1{KNo}�c�4˪̎ŘIǜ&0��.�C�ŝ΋3ɞͷňʊŖ7

3Ǆġƽ�ύ��.�«ǂ�FE	$�-�ȳɿǄȦȊ1ʝʇΒ�ŗĈ E{KNo}�c�3

mscL4˗΋˪̎í3ɞͷň1΄ƻ��ǄȦIǈˇ�"E&>1ΐ̾0ƯĄIȣ&�,�E.��

»͑Iˇ,&	 

�3»͑Iȵ͋ E&>1�MscL3ΣŶā-�EŕčUp�rO�IȳɿÆ1óʉ�OY{

KNo}�c�IǦʿ�&ά3�ŗɆΒ1��EƮκIųΒPCR1B),˭Ȋʡ1͔Ȫ�&	$

3ˮȣ�Ǧʿ3ͼΠƲ1��EŕčUp�rO�óʉď-3OY{KNo}�c�3ŗɆΒ4ȕ

ǃ1ǐý�F&	;&�ȕǃƕ4ɸ�?33�2ͼΠƲ1��,?OY{KNo}�c�3ŗɆ

Β�\�o���ď.Ɋͫ�,ǐý�FEÞĪ�̀CF&	�3�.�C OY-MscL 4ȳɿŹ¤

˪̎í-3OY{KNo}�c�3øȖŗɆ1ΐ̾0ƯĄIȣ&�,�E�.�ʵĸ�F&	�

��Ǧʿ 4ͼΠƲ-4�OY{KNo}�c�3̦ÆΒ4ŕčUp�rO�ζóʉď3ȳɿ.ó

ʉď3ȳɿ.-ĩʾƤ.0)&	�F4ŕčUp�rO��{KNo}�c�3ŗɆIǜ˳ʡ1

ǐý E�.�-�0��.Iʵ�,�E	�3ʉʏ.�,�ȳɿÆí3ŕčUp�rO�ɴƤ

��ų-0��.�ŕčUp�rO�3Ǒ�Β�ƈ0�)&�.�̈�CFE	´Ʋ�ŕčUp

�rO�Ǒ�ȊȖ@ɴƤ�ŕčUp�rO�Ǒ�Ȋ1��E{KNo}�c�3ȳɿí-3Ɖŉ

1*�,͎˪1ȵ͇ E�.-�{KNo}�c�3΢Χɔ3Οʝ1*0�E�.�-�E.̈

�CFE	 
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3. ɚƽΎ˦ʿõ̓΍˦3ɚƽ̓ȡ 

 

ʚĚÆ3ǄȦ1Ɓ��ċɿ�ȳɿ�Ȇ̮IĬ=Ş�3ʋɿ4΢Ƶƻˏ.�,ɚƽΎ˦ʿIʌʋ

 E	ɚƽΎ˦ʿ4ƪ�ΎčĆIǜ(�h�wX͡@ȮΎˍ3ʋÆõū1ʨǦǭÝI��E�.

�ʬCF,�E	{KNo}�c��Ź¤˪̎7ǄȦ Eά1?�·3ʚĚ˪̦.ĩȹ1Ź¤˪

̎�CɚƽΎ˦ʿ�ʝʋ E	ʀ1{KNo}�c�4�˪̎ŘIǜ&0�&>�Ź¤ʏȞ3ɚ

ƽΎ˦ʿ1BEʨǦʡ0ǭÝIġ�@ �ʊŖ1�E.̈�CFE	ʚĚÆ4�3ǭÝIľ·��

ǄȦIǈˇ�"Eǌɇ3�*.�,�ɚƽΎ˦ʿõ̓΍  ˦ (superoxide dismutase; SOD) IÒ

ǜ�,�E	OY{KNo}�c�[t�£1?SOD.ǧų�FEΆ¿ūOY-sodA�̀*�)

,�D��F�ɚƽΎ˦ʿIõ̓ E�.-�˱�!ɚƽΎ˦ʿ1ȏ�FEŹ¤˪̎íʊŖ-3

ʋŬIĥ̏1�,�Eĥ̏ƽ��E.̈�CFE	�NX�L�N̓ȡ3ˮȣ�OY-sod 3ʝʇ

Β4ȳɿǄȦȊ�B6Ȇ̮ǄȦȊ1��,9:Ŝč�0��.�ȈC�.0)&	�&�),{

KNo}�c�3 SOD4¡ȃ3Ź¤7΄ƻ E&>1ΐ̾0Ŀū.�,ȿ̏�,�Eĥ̏ƽ�

ύ�.̈�&	$�-�OY-SOD�ɚƽΎ˦ʿõ̓΍˦ɚƽIǜ*�1*�,ȵ͋I̲)&	 

SOD 3ő͡.0EɚƽΎ˦ʿ4ζƛ1�ůų-�E�.�C�SOD ɚƽIʨǦɧų E3

4Łα-�E	$�-�nitroblue tetrazolium (NBT) 3ΈãĞƻIûʍ�,ΠǦʡ1SODɚƽ

Iɧų ENBTɔ1BD�SODɚƽIɧų�&	�3ȃɔ-4�SODζŬŉ�1��,4NBT

�δ̡1Į̡ E��SOD �Ŭŉ E�.-$3Į̡�ǐ�CFE	�3Į̡ĞƻIûʍ��

NBT3Į̡�50%ΣŶ�FESOD3ΒI1 unit.�,SOD3ɚƽIɧų�&	$3ˮȣ�

sUmM|\�o���-4ɚƽ�ȵô�F0�)&31Ɓ��OY-SOD ˝̼h�wX͡4

586.8 unit/mg3ɚƽIʵ�&	 

ɚƽΎ˦ʿ4ťɋĲĭ3¹͖˭ͦ1��,?ƿƛʡ1ʋ�E�.�C�ťɋʡ0ʊŖ-ʋǀ 

Eʋɿ1.),�ɚƽΎ˦ʿ3ʌʋ4�ĥ·-�E	�&�), OY-SOD �{KNo}�c�

ͧ̚1ʏȞ EɚƽΎ˦ʿIõ̓ E&>1ȿ̏�,�Eĥ̏ƽ4īų-�0�	����{K

No}�c�4ɚƽΎ˦ʿ3¤̾0ʝʋɪ-�E.̈�CFE TCA ľͦIĬ=ş΋õ3Ĳĭ¹

͖˭ͦΡͻΆ¿ūIÒǜ�,�0�	�3�.�C OY-SOD 4�{KNo}�c�1ʏȞ E

ɚƽΎ˦ʿ.��BD4=�G�Ź¤�ʌʋ�&ɚƽΎ˦ʿIõ̓ E&>1ΐ̾0ƯĄIȣ&
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�,�E.̈�CFE	 

 

Țʯ˄3ˮȣ�{KNo}�c�4Ź¤ͩǩ1À�Ş�3Ά¿ū3ʝʇwh��IŜč�"�

ħ
3Ź¤1΄ƻ�,�E�.�ʵĸ�F&	£-?�ɞͷňI͔˔ Ej�s�-�EMscL

4ȳɿǄȦøȖ1��EOY{KNo}�c�3ŗɆIǐý��ȳɿ73ǄȦ1��,ΐ̾0Ư

ĄIȣ&�,�Eĥ̏ƽ�ʵĸ�F&	;&�{KNo}�c�[t�1\�p�FEɚƽΎ˦

ʿõ̓΍˦ SOD4�ɚƽΎ˦ʿIõ̓ EɚƽIȕ��Ź¤3΢Ƶƻˏ1À�ɚƽΎ˦ʿ3ʌ

ʋ1Ɓǒ Eǌɇ.�,ȿ̏�,�E�.�ʵĸ�F&	´Ʋ�Țʯ˄1BDƴCF&ˮȣI?

.1Ά¿ūȿ̏3ȵ͋Iͽ>E�.-�{KNo}�c�3Ź¤ͩǩȿȸIȈC�1 E..?

1��FC3ˮȣ�{KNo}�c�3΢Χ1Ī�&̭ͮ3Ȃ&0Ȼʡ×̻.�,ûʍ-�Eĥ

̏ƽ�Ȗư�FE	 
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ƕƟ 

Țʯ˄3;̲1�&D�ȟ²şŭşŭΦ ͮŭʋĳʺŭʯ˄  ̋ʋʌ�ʊŖʋɿŭƃǷ ȳɿʚʉŭʯ˄ŵ�

αɕǈ½ǻǢ14�ǆö�ſ0�ǝƆ.�θǴI͠D;�&�.1̶ƹBDǄ͖ʐ���; 	;&�ĩʯ

˄ŵ3şƐʯΊñǻǢ (ʇ ɔǹşŭ ʋĳʺŭ΋ ƻʍȳɿʺŭ  ̋ȳɿĐʺŭƃÓ ǻǢ)�ƏɁƥƟñǻǢ�

ƇȠÚʀ½ĉǻ (ʇ ȟ²ͮƓşŭ ͮŭʯ˄Φ ƻʍʋɿʺŭ  ̋ȳɿʚʉŭʯ˄ŵmr�Lo�kXʀ½

ñǻǢ)�ĀƐÚÈʀ½ĉǻ�ȫɰ̣̲ʯ˄Ķ (ʇ ʌȶǎ̳˸Ĩʯ˄ǋ ʋɿ}�dbʯ˄΋Ν ʋɿ͟ɪǁ

Œőʥʯ˄Y��}¤½ʯ˄Ķ)�ʮ¯Éūĕśʯ˄Ķ (ʇ ʌȶǎ̳˸Ĩʯ˄ǋ ʋɿ}�dbʯ˄΋Ν ʋ

ɿêʋͽčȿȸʯ˄Y��}ʯ˄Ķ)�ũΑȘˤūĕśʯ˄Ķ (ʇ ȟ²şŭşŭΦ ͮŭʋĳʺŭʯ˄  ̋ʋ

ʌ�ʊŖʋɿŭƃǷ ȳɿĐʺŭʯ˄ŵĕśʯ˄Ķ) 14Ɲ˦3ʯ˄3;̲0C61Țˀ3ŏˌ1�&D�

ΐ̾0�ĉͅI͠D;�&	͗J-Ǆ͖ʐ���; 	�C1�ĩȖ3ʟʮǙ§�J�ɺ̺͛šΊ�J�ɨ

̧Ș�J14ʯ˄1��,ΐ̾0LpvNbIλ�&3<0C!�ȅ
3ŭʋʋɚ1��,ƠƤ.0�ʹ3

̛C0�ɷI̻),�&'�;�&	Ƕ>,Ǆ͖3ǃI̵�; 	ȳɿʚʉŭʯ˄ŵ0C61ȳɿĐʺŭʯ

˄ŵ3ĕśʯ˄Ķ�ŭʋ3ʢȹ�Ēȶʋ3ʢȹ�ǎ̳̻ÅĶ3ʢȹ�ζƛČ̋Ķ3ʢȹ14ʯ˄ʋɚ¢61

ŭʋʋɚ3ȹ
0η-�ǵǬI�&'�;�&	ƹBD�ʶʐ���; 	 

 


