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ʢ 1ʟ  
˂̞  

 

1.1.� Ȏɚ2ɲȦ  

 

� ˜ɑɬ1şļ EȎɚ3�ƅ1Ȏɚɲ1ˋEɣŊ1�C�F,�D�Ȏɚ�ɤ˒�

ˠ�ͩŧIē�E�.Iˀʓ�,Ȏɚɲ.Ħ7 (ͷȲ�2008)�Ȏɚɲ3ɲČÁ�ČĲ

2ºȀƢ2@2.�ɲČÁµŒ�ČĲ2ͼºȀƢ2@21Ŕò�FE�ͼºȀƢ2@

213�ɤɚɸͲŧ (͵˪�ūɤƢ΍ʤȎɚ)�āŠɸͲŧ (ĺŎȄΊ�ȪȀɚ̪�̵

˴)�ɚɢɸͲŧ (Ü�Ƀƌ�ȧí) 0/�
D�ɤɢɲ�ɤɢͲŧ0/.Ħ4FE�

.@
E�ºȀƢ2ɲȦ2£0ČĲ3ɲČÁ-
D�ˬ·�ʶˬ�ON�a�{KN

n}�b��ON�No0/�ʄCF,�E��FC2ČĲ1BDɲȦ1ˋ)&Ȏɚ

3�ɤ˒�ˠ'�-0��ǣ13ǜǬ1ǾȞ E�.A�²2Óà0Ȏɚ82ƦȀɆ

.0E�.�
E�<&�ɲČÁ-3ɐ��͵˪AūɤƢ΍ʤȎɚ1BEȄΊ2ʡě�

ǝ˵Ahq1BEġȩŧ�B6Έŧ@Ȏɚ1Ŕ�0˽ŧI@&C ČĲ2�*-
D�

ǝ˵Ahq1B),ɲČÁ�ºǈ�FE�.@Ŷ0�0� (ʁŻ�2010)� 

� Ȏɚɲ3Έǖɤɥ͚2ɂđA̵Äɚ2ĩ̪¿�IƎ�̬� � ɬ2¯ĕ3ƈ	ŋ

û�,�E��ɡļ1��,@Ή΋1˧�>¯2Ǔ3Ŷ0�0���Ǚ-̵ÄɚIˑ

 &?2ˑĽͽʙ2ŋû3̷̆?0��$2&?�ć¾ͽʙƑ&D2đ͚Iŋû�"

EƜ̄�
D�$2Ǚȱ2�*.�,Ȏɚɲ2˽ŧIư�E�.�ˏ�CF,�E�

 ɬ-ɤɥ�FEÄɚ2�(ʰ 36%�ƙɤɚɲAɤɢɲ�ŧ˵ɲ�͵˪ŧ0/2Ȏɚ

ɲ1B),ŖHF,�E.ǄŤ�F,�D��2øěIŶ0� E�.�đ͚ŋû2

Ʈȡ2�*.�,Ǭƕ�F,�E (ͷȲ�2008; Ķ 1.1.)� 

 
Ǐľ, 20086Ð&�Ć � � �  

É 1.1.� ĬŐš&14Ņ¸ 

�Ŝ"ºƎ%�ŐŗŘǘ6 100%#��Ě'½ďâ¬¾� 
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1.2.� {KNn}�b�  
 

1.2.1.� ɲƚ�B6Ƣɜ 

 

� {KNn}�b� (phytoplasma) 3Ȏɚ2ʩ͑ʶ˔å1ūɤ��ƦȀ�&Ȏɚ1Ȓ	

0ɲƚIƎ�̬� ȎɚɲČʶˬ-
E�{KNn}�b�3Ǔɷʖµ�2ʗɚ�͙

˭�ǼȘÅ˰ȎɚIĠ>Ȏɚ1ƦȀ E (Lee et al., 2000)�{KNn}�b�1ƦȀ

�&Ȏɚ3˓��¿�0E
˯ˆ��ǽí�F�œ�0E
Ĕɤ��ˢįţ�ƒƪ�F

E9�ʥƭ1˰�ìǵE
˰ā��ˢįţ�C�C1ȄΊƪͣ�̬�E
ʜ�Ʋ���

˰A˩�̫ʵˡ8őˡ E
w�}�nj}��Ȏɚå2ȄΊIđŚ E�.1B),

àÁ�Ώˡ1őˡ E
Ώā��ʩ͑2ōȞ0/Ȓ	0ɲƚIĢ E (Maejima et al., 

2014b; Ķ 1.2.)�{KNn}�b�1B),Ǝ�̬��FE̵Ȑ82ʹɁɸ˽ŧ3Ŕ�

��2001ƈ13��]ȈŃ1��,oNk- 2500���� (Ƒǣ2��nǆʦ-ʰ 28

Øæ)�Ng�L- 1Ø��� (Ĝ�h 110Øæ) 2ǇŖ�ņģ�F,�E (Strauss, 2009)� 

� {KNn}�b�3Ȏɚ2ʩʧ�B6ʩ͑ȁʶ˔å1ŷļ��ʰ 0.08�0.8 µm 2�

Ťƒʫŝȑ́I.D�ʶ˔ŌIƷ&!�ċ�ʰ 8 nm2˖̪«͘˛�C0Eʶ˔˛1Ā

<F,�E (ĺŸC�1967; Ķ 1.3.)�<&��N\}�b� (mycoplasma) A�{KN

n}�b�.Ĝ��Ȏɚ1ű�,ɲȦIƎ�̬� az�}�b� (spiroplasma) -

3�¯ƀɸ1Äƪ�&ŃĽ-ŃΊė˕0ʖ�şļ E (Chanock et al., 1962; Whitcomb, 

1983) ��{KNn}�b�2¯ƀŃΊ3Ĵͷ-
E� 
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A: Himeno et al., 2011�B,C: Maejima et al., 2014b�D,E,F: Bertaccini & Duduk, 2009  

É 1.2.� c8;WesMk&Ąĩ��ĬŐ'őÿŦ%šÿ 

A: c8;WesMk&Ąĩ�!ƗƇŢŒ6Ä�4hRpZ9ǟ»Ǡ 
B: ƗƇ{¹ŗŢŒ6Ä�4YTnǟðǠ 
C: Ƙ°ŢŒ6Ä�49KH;ǟ»Ǡ 
D: Ƙ°ŢŒ6Ä�4msHA^vyBCǟ�Ǡ 
E: Ƅ°ŢŒ6Ä�4ZRZRO< 
F: ǝ°ŢŒ6Ä�4JQv>yKp 
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Oshima et al., 2013   

É 1.3.� c8;WesMk'ǐÜǙþǈ¦Ũ 

c8;WesMk&Ąĩ��ĬŐ'ŵƼ&��4ǐÜǙþǈ¦Ũ�0.08�0.8 µm'Öûā
ŶÜ�c8;WesMk"�3��¢%ĬŐ'ŵƼ"(�'1
%ŶÜ'Ơå(ƥ.25

%	� 
 

1.2.2.� ºǈȒƍ 

 

� {KNn}�b�3˜ɑɬ1��,��\vNAO�T�V`��0/2ǝ˵1B

),ºǈ�FE (Weintraub & Beanland, 2006)�{KNn}�b�3ʖAʯʻ1B),Ŝ

±ė˕0ǝ˵�Ȭ<),�D�Ŝ±ǝ˵2ɛɰƢ3΍���œ�2{KNn}�b�

1��,�Ŝ±ǝ˵3ǮɛŤ-
E� 

� {KNn}�b�1ƦȀ�&ȎɚIŜ±ǝ˵�ġȩ E.�ġȩ�&ǝ˵2Ⱥāį

ţI{KNn}�b��ġȩȻ2ȷF1¥),ʔ˹ E�¢˙1ʔ˹�&{KNn}

�b�3�̇ ʧå˘�C˙ʧ�ɹʶ˔å1ßD�ńƊǸIȗî),˸Á˘1ʔ˹ E�

ǝ˵Áå1Êß�&Ɩ3�˸Á˘A�<�<0įţ2ʶ˔å-ŋȠ�0�Cʔ˹��

ĬȻ˚IĠ>ǝ˵ÁåàÁ1{KNn}�b��ƦȀ E�$�,�{KNn}�b

�1à̯ƦȀ�&ǝ˵�ÓàȎɚIġȩ E.�ĬȻ˚å1�E{KNn}�b��

ĬȻ.â1ĕ͜I̿�,ÓàȎɚ2ʩʧʶ˔1ȳß�F�ǘ&0Ȏɚ1ƦȀIƶŔ�

"E (Ķ 1.4.)� 

� ǝ˵1ÈC0�ºǈ13�ūɤƢȎɚ-
Esp_Tb� (Cuscuta spp.) 2ūɤ1B
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E@2�
E�{KNn}�b��ƦȀ�&Ȏɚ1ūɤ�&sp_Tb���{KN

n}�b�1ͼƦȀ2Ȏɚ1@ūɤ E�.-{KNn}�b��ºǈ�FE�<&�

¯2Ʈ�ûH)&ºǈ2Ǚȱ.�,3ǃ�ǭ1BEºǈ�
E�{KNn}�b�1

ƦȀ�&ȎɚIǃ�ʘ�ͼƦȀ2ȎɚIĘǭ.�,ǃ�ǭI˹)&Ňě�ǃ�ʘ�C

ĘǭȎɚ1{KNn}�b��ºǈ��ǘ&1{KNn}�b�1ƦȀ�&Ȏɚ�ɤ

�E� 

� � � � � �  

Oshima et al., 2011 � �  

É 1.4.� c8;WesMk'ŗŁŖ 

Û�Ęƙ*'ŔýÃĻü�c8;WesMk( 1�2Ƹǋ'Ŋ�{ÓķĞǋ6ſ!ĎŭÃĻ
�ºƎ&%4� 

 

1.2.3.� {KNn}�b� (�N\}�b�Ȓƙɤɚ) 2ɴ̆ 

 

� {KNn}�b��ČĲ-Ǝ�̬��FEɲƚ3Ė��Cşļ��Ǜǰĸå1��

,3ȫƬǣ´�CX�˯ˆɲ2ɴɤ�ʄCF,�&.̌HF�ǟȯ�Ŕȝǣ´1@V

�,J�ſɲANs˯Ώɲ�¦ž�İĸĽǙI¢ƛ.�&Ɖʨ0ĽŁ-ɴɤ�,�& 

(řɧ�1972)��FC2˯ˆ�˯Ώɳɜ2ČĲ1*�,3�ǟ-
D�ǢĨðǬ13ɤ

ɢͲŧAON�a�ČĲ-
E.ˏ�CF,�& (Maramorosch, 1956)���� 1967ƈ�

ĺŸC2ɴ̆1B),$FC2ɳɜ2ČĲ�ʶˬ1BE@2-
E�.�ǟC�.0

)& (ĺŸC�1967)�ʶˬ2ƒɜ�xnAþɚ0/1ƦȀ E�N\}�b�Źʶˬ

2ɛƚ.½,�&�.��N\}�b�.Ĝ��ln�^NX��ƦēƢ-
D�l
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n�^NX��2ëɢ1B),ɳɜ2˄Ĩ�̗?CF&�.�C�ČĲ.0Eʶˬ3

�N\}�b�Ȓƙɤɚ (mycoplasma-like organism: MLO) .��ĝ�³�CF& (ʆ

ŨC�1967)�MLO2ɴ̆1BD�ON�a�ČĲ@��3ČĲ��ǟ-
E.�F,

�&��*�2ɲȦ2ČĲ� MLO 1BE@2-
E�.�ǟC�.0)& 

(Whitcomb & Davis, 1970; řɧ�1972)� 

 

1.2.4.� ʯʻŠɸí· 

 

� {KNn}�b�IĠ>ʂȝʶˬ3 20µ�2ͤ1í·�F�ȎɚɲČʶˬ3œ�2

Y��ͮƢʶˬ�Ġ<FE Proteobacteria ͤ�Ǐ˃ˬ2·ͦIĠ> Actinobacteria ͤ�

ǛĨ̆ɸ-ˤ˔Iƒƪ EY��ͯƢȊˬIĠ> Firmicutes ͤ2Θ*2ͤ1Ġ<FE�

{KNn}�b�.̸˅2�N\}�b�3 Firmicutesͤ1í·�F�Firmicutesͤ1

í·�FEȎɚɲČʶˬ13Ǿ˪ˬ (Bacillus subtillis) 0/�şļ E (Ķ 1.5.)�{K

Nn}�b�3 MLO.�,ɴ̆�F,�CͣC�2ͦ�̄ ƀŃΊʯ�ʊʞ�F,�0

�0/2ɢɨ�C̕ʶ0í·A̋ǹ�͆F,�&�MLO 2í·1*�,3�MLO 2

16S rRNA͏ºŝ� PCR1B),ŋƆ-�E�.�ñǟ�,�Cờ1̈́=�$2͏º

ŝǗɘ2ŉń͓ï̜̋1B),ʯʻŠɸ0̋ǹ�˹HF& (Namba et al., 1993b)�ʯʻ

̋ǹ2ʺǼ�MLO3 Firmicutesͤ��V��laʿ (Class Mollicutes) 1Ź E���

F<-1í·�F&��V��laʿʶˬ2ǚʄ2/2í·ˌ.@ɰ0Eɝʞ�&ʹ

ĳ-
E�.�ǟC�.0D�MLO I
{KNn}�b� (phytoplasma) �.Ħ7�

.�ȬŤ�F& (Gundersen et al., 1994; Tully, 1995)�$2Ɩ�ʖ2í·̇Ť�Ǩǡ-


)&{KNn}�b�IǧŤʖ (Candidatus) 'Phytoplasma' 1í· E�.�ǅȉ�F�

{KNn}�b�2ʖ2í·�Ŕ��̆ɽ�F& (IRPCM , 2004)��F1B),ǚş

2{KNn}�b�ʖ.2 16S rRNA͏ºŝ� 1,200ŉńBDͣ�̜̋�F&��$2

͓ïĜ�Ƣ� 97.5%ǮɅ�@��3Ū£ʨĵAŜ±ǝ˵�ǚşʖ.Ŕ��ɰ0E�.�

ʌ�F&Ňě2=�ǘ&1ʖ.�,̗?CFEB�10D� ɬ¢-ʊ̗�F,�E

{KNn}�b�3ɡļ<-1ʰ 40ʖ1í·�F,�E�ʖBDʶ��í·1*�,

3ȝƍ1Ť?CF,�0���16S rRNA ͏ºŝ2ô͕ͫʳîǗͣǗɘœĿ (restriction 

fragment length polymorphism; RFLP) ̋ǹ1BEí· (Lee et al., 1998; Zhao et al., 2009) 

A���e��g�wX̪I\�o E rplVA rpsC0/2 16S rRNA͏ºŝµŒ2�

�e��͏ºŝ (Martini et al., 2007)�̳̼˛g�wX̪͏ºŝ-
E SecAI\�o 

E͏ºŝ͓ï1BEí· (Hodgetts et al., 2008) �̓=CF,�E�Ǜǰĸå-ɴɤ�

,�E{KNn}�b�1*�, IRPCM2ńɇ1ń+�,ǔɢ E.�ɴɤņģ2
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E 702{KNn}�b��ČĲ-̬�EɲȦ3 9*2ʖ1í·�FE (Maejima et al., 

2014b; Ķ 1.6.)� 

 

 

 
Oshima et al., 2013�  

É 1.5.� c8;WesMk'ŹƁßŦ�Ɖ 

GenBank&Ťǆ�5�16S rRNAƺ�Ü'ƾª6Ð&ƴǍƀ¾ĽǟNeighbor-joining methodǠ
"�Ć��ŹƁı��& Proteobacteria�1) FirmicutesǊ'ŽƖ'ƾª6ř	�9<W
Du|e&( Chlamydia trachomatis6ř	!	4�c8;WesMk( FirmicutesǊot
Ap|ULƃ&ê��k;GesMkêŽƖ%$#ƴƆ"�4� 
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Maejima et al., 2014b�  

É 1.6.� c8;WesMk'ŹƁı 

16S rRNAƺ�Üƾª&Ð 	!ƴǍƀ¾Ľ"�Ć��c8;WesMk (Ca. P.) 'ŹƁ
ı�9<WDu|e&( Acholeplasma laidlawii 6ř	��ŹƁı�'ĒÝ(d|WLWs
Se�"�3�80%��'/'',ū���É�'ÙÝ"ū�5!	4c8;WesMk
ŭ(ėĠÊ¤"ţŗ�ƥ.25�/'6ƛ�!	4� 
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1.2.5.� [t�̜̋ 

 

� {KNn}�b�2à[t�̜̋3 2004 ƈ1g�sW˯Ώɲ (onion yellows; OY) 

{KNn}�b�-ð?,ņģ�F& (Oshima et al., 2004; Ķ 1.7.)�OY{KNn}�

b�3àͣʰ 860 kbp2ȀˡÁ�754Í2 open reading frame (ORF)IƷ(�Ǔ kbp2ͣ

�2Η*2ȀˡÁŒDNAIƷ),�&�ȀˡÁDNA2G+CĠ͚2Ƈľ3 28%-
D�

$2Ñ3²2 MollicutesʿʶˬĜȒ1¿�)&�ȀˡÁ DNA13�´̠ʯʹ̮2͏º

ŝ�Ŷ0��.A�F0F1Ŀ ATP ěƪ͕ʳIƷ&0�0/2ɛƚIƷ(�˜̯2ɤş1

Ɯ̄0̄ʳIŪ£Ô1Èş�,�E.ˏ�CF& (Ķ 1.8.)�OY{KNn}�b�2à

[t�̜̋2ņģ2Ɩ�OY {KNn}�b�.Ĝ�� Phytoplasma asteris 1Ź E

aster yellow witches’ broom (AY-WB) ʯʻ (Bai et al., 2006) �B6 P. australiense PAaʯ

ʻ (Tran-Nguyen et al., 2008) �B6 SLYʯʻ (Andersen et al., 2013)�P. mali ATʯʻ 

(Kube et al., 2008) 2 3ʖ�5ʯʻ-à[t�̜̋�Ţ©��ȀˡÁ2ͣ�3 600~960 kbp�

500~1130 Í2 ORF�0~5 *2ȀˡÁŒ DNA IƷ),�&�ȀˡÁ DNA 2 G+C Ġ͚

2Ƈľ3 21~28%-
D��!F@ OY{KNn}�b�.½&ɛƚIƷ),�E�.

�ņģ�F& (˼ 1.1.)�<&�̸ƈ-3Ŕ̇ȕ_�Z�^�2ȶɦ1BD�4ʖ�8ʯ

ʻ2{KNn}�b�1��,�o�{n[t�͓ï�ņģ�F,�E (Saccardo et al., 

2012; Chung et al., 2013; Mitrovic et al., 2014; Chen et al., 2014; ˼ 1.2.)� 
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Oshima et al., 2004� � �  

É 1.7.� c8;WesMk'ĩƓ�ÌÉ 

P. asteris OYŹƁ'ĩƓ�ÌÉ�¥Õ'ĒÝ(F]m'Ʈō
2Ē��ÒÐŞ¼ǟkbpǠ"
�4�Õ�' 4Æ(Py_CƬ6G|X�4ƺ�ÜƼ�6ū�!�3��5�5'ƺ�Ü

2�ņ�54ĳƎ6�É'�Ƽ&ě
5�ĳƎ&¨ǚ�!Ɠ���!	4�ĜÕÆ
2

esLǇĖÁ�k;YLǇĖÁ�esLǇĖÁ'ǂƝƺ�Ü�k;YLǇĖÁ'ǂƝƺ�

Ü6ū��ǝƓ#żƓ"Đ
5�¥Œ'ë( (G-C)�(G+C)"Ƣų�5� GC skew6ū��
�2&¤�'ǞƓ'¥Œ'ë( G+CÂǃ6ū��¤� 2Æ'ǒƓ( tRNA�ƭƓ( rRNA
6ū��Õ��esLǇĖÁ�¤��k;YLǇĖÁ&G|X�5!	4�#6ū�� 
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×ì2�2004 

É 1.8.� c8;WesMk#k;GesMk'ƐƲƵŹ{�ƪŹ'ĸƱ 

ǞÝ(c8;WesMkǟP. asteris OYŹƁǠ�1)k;GesMkǟMycoplasma 
genitaliumǠ&£ƶ�!ƥ.254ƐƲƵŹ{�ƪſư�ǒÝ(c8;WesMk&',�
ƭÝ(k;GesMk&',G|X�54ƐƲƵŹ{�ƪſư6ū�� 
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ƛ 1.1.� ¢F]mơƨ�5�c8;WesMk 

ʖ� P. asteris   P. mali   P. australiense 

ʯʻ OY-M AY-WB   AT   PAa SLY 

ˀŉńǓ (nt) 853,092  706,569  

 

601,943  

 

879,959  959,779  

G+CĠ͚ (%) 27.8 26.9 

 

21.4 

 

27.4 27 

ORFǓ 751 673 

 

481 

 

686 1126 

tRNAǓ 32 31   32   35 35 

 

ƛ 1.2.� XscWF]mƾª�ÑÅ�5�c8;WesMk 

ʖ P. pruni P. aurantifolia 

ʯʻ VAC MA1 MW1 JR1 PnWB NTU2011 

ˀŉńǓ (nt) 647,754  597,245  583,806  631,440  562,473  

 ContigǓ 272 197 158 185 13 

 Ƈľ Contigͣ (nt) 2,381  3,302  3,695  3,413  43,267  

 G+CĠ͚ (%) 27.4 27.1 27.5 27.3 24.3 

 ORFǓ 650 624 529 654 421 

 tRNAǓ 27 26 36 20 27   

 

ʖ P. solani P. asteris 

ʯʻ stolbur 284/09 stolbur 231/09   WBD   

ˀŉńǓ (nt) 557,538  515,758  611,462  

 ContigǓ 128 298 6 

 Ƈľ Contigͣ (nt) 4,356  1,731  101,910  

 G+CĠ͚ (%) 28.2 28.6 27.1 

 ORFǓ 520 573 532 

 tRNAǓ 27 8 32   

� � P. pruni; Saccardo et al., 2012, P. aurantifolia; Chung et al., 2013 
� � P. solani; Mitrovic et al., 2014, P. asteris; Chen et al., 2014 
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1.2.6.� íȰg�wX̪ 

 

� {KNn}�b�2[t�¢1íȰg�wX̪I\�o E͏ºŝ3ʰ 30 Í
D�

{KNn}�b�1ɛƚɸ0ɲƚ-
E˯ˆ�ĔɤA˰āɳɜIƎ�̬� @2�ʄ

CF,�E� 

� ˯ˆ�ĔɤI̬� íȰg�wX̪1�OY {KNn}�b�-ĜŤ�F& TENGU

�
E (Hoshi et al., 2009)�TENGU3�OY{KNn}�b�-íȰg�wX̪-
E

.ªɄ�FEʰ 302g�wX̪2�(25.*-
D�TENGUIɴɡ�"&Nicotiana 

benthamianaA_�Nrpbp (Arabidopsis thaliana) 1��,˯ˆ�ĔɤɳɜIƎ�̬

�  (Ķ 1.9.)�TENGU 3ͼƅ1ŵ�0íŝ͚2g�wX̪-
D�ªɄíŝ͚� 4.5 

kDa�N ǯʠ1şļ E_Yp�͓ïîǗƖ2ƪɔg�wX̪2ͣ�2ªɄ3 38 L�

t͖-
)&��C1�ƪɔg�wX̪ 38 L�t͖2�(�N ǯʠÔ 11 L�t͖2

=- N. benthamiana1˯ˆ�ĔɤɳɜIƎ�̬���TENGU2˯ˆ�Ĕɤɳɜ2̘Ŵ

3ͼƅ1ͫCF&L�t͖2=-ș˕ E (Sugawara et al., 2013)�TENGU µŒ2˯

ˆ�Ĕɤ̘ŴȶƢIƷ*íȰg�wX̪13�AY-WB {KNn}�b�2 SAP11 �

ĜŤ�F,�E (Sugio et al., 2011)�SAP11 Iɴɡ�"&_�Nrpbp1��,@

TENGU 2ǣ.ĜȒ�˯ˆ�ĔɤA˰2Řƒ0/2ɳɜIƎ�̬� �2 *2íȰg�

wX̪�TENGU�B6 SAP113˯ˆ�ĔɤɳɜI̘Ŵ E��TENGUɴɡȎɚ-3

S�V_�ʹ̮ͧ͂͏ºŝ2ɴɡɂŶ��SAP11 ɴɡȎɚ-3`�a��͖ěƪͧ͂

͏ºŝ2ɴɡ�őþ��`�a��͖˳ʙ͚2ɂŶ�̬�D�Ȏɚ����ͧ͂Ĳŝ

2ɴɡA˳ʙ1Ɠ΀I��E.��ɏ-â̿ɏ�œ�� 

� <&�{KNn}�b�1ƦȀ�&Ȏɚ2¢13�ˢįţ�ƒƪ�FE3!2Ňƭ

�˰1½&ȑ́ɚ1őHE�˰āɳɜ�ɡFE�.�
E�˰āɳɜIƎ�̬� í

Ȱg�wX̪3{KN�`P� (Phyllogen) .Ħ4F��F<-1 AY-WB{KNn}

�b�2 SAP54A OY{KNn}�b�2 PHYL1�ĜŤ�F,�E (MacLean et al., 

2011; Maejima et al., 2014a; Ķ 1.10.)�{KNn}�b�1ƦȀ�&Ȏɚ-3ˢįţƒƪ

1ͧ� E͏ºŝ2ɴɡ�ưô�F,�D�$2ưô3$F%F2ˢįţ�.1ɰ0

E (Himeno et al., 2011)��C1�{KNn}�b��CíȰ�F& SAP54A PHYL1

3ˢįţ2ƒƪIęḚèĲŝ-
E APETALA1 (AP1), APETALA3 (AP3), 

PISTILLATA (PI), SEPALLATA3 (SEP3) 0/.ʺě E�.��FC2̰èĲŝ3}�

lLe��í̋ʯ1B),í̋�FE�.-�ȝƅ0ˢįţ�ÄCF0�0E 

(Maejima et al., 2014a; MacLean et al., 2014)� 
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A,B,C,E: Hoshi et al., 2009�D: Sugio et al., 2011  

É 1.9.� TENGU, SAP11&13ƗƇ{¹ŗŢŒ6Ä�4ĬŐ 

TENGU&1�!ƗƇ{¹ŗŢŒ6ū� (A) N. benthamiana�1) (B,C) Jw;[YMY
#(D) SAP11 &1�!ƗƇ{¹ŗŢŒ6ū�Jw;[YMY�(E) ļćĚ�'Ĕ°üĞ
ǟ1811�17õǠ�ĵîÊ�&1�!Đ
5��ǄÙƻ#ŎØœ�&¸.25�ƗƇ{¹ŗ (!
7�ï) ŢŒ 
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A: MacLean et al., 2011�B: Maejima et al., 2014a   

É 1.10.� SAP54, PHYL1&13Ƙ°ŢŒ6Ä�4ĬŐ 

A: SAP54�ţŕ�4�#"Ƙ°ŢŒ6ū�Jw;[YMY 
B:c8;WesMkĄĩĚ&Ʈ�4Ƙ°ŢŒ'Ʀçn@ZMm'oVuÉ�ƔÈá"Ķó
&��(�' ABCECsLƺ�Ü'
��ABEƺ�Ü�¨ơ�5�ǃ�Ņé�4�#"Ɣ
'@uUSWoVu�í5!Ƙ°ŢŒ�ø�Ʈ��54� 
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1.2.7.� ˛g�wX̪ 

 

� à[t�͓ï�̜̋�F,�E{KNn}�b�2[t�͓ï̋ǹBD�{KNn

}�b�13œ�2˛g�wX̪͏ºŝ�ªɄ�F,�E (Oshima et al., 2004)�{K

Nn}�b�ˬÁ3ʶ˔å-Ū£2ʶ˔̪.ɽǃɾ¬Äɦ E&?�ˬÁ˼ͽ1şļ

 E˛g�wX̪3Ū£.2ɾ¬Äɦ1̄͘0×�IƵ�.ˏ�CF,�E� 

� ʶˬ2ˬÁŒ82̳̼șȑ13Ŷ0�.@ 5 *2ʹ̮�şļ��$2�(2�*1

Sec_al��
E�Ŕ˙ˬ (Escherichia coli) 1��,�íȰșȑ-
E Sec_al�

1BD�ʶ˔˛2ȑƪƪíAg�wX̪2̳̼'�-0��ȣʳ�ǃʃĲŝ�ûȧí

͕̋ʳ0/�̳̼�FE (Economou, 1999)�<&Ǿ˪ˬ-3�4*
E̳̼ʹ̮2¢-

@ Sec_al��ǩ@̄͘0×�IƵ),�E.ˏ�CF,�E (Tjalsma et al., 2000)�

{KNn}�b�-@̳̼ʹ̮-
E Sec _al�2ȑƪƪí1*�,ʇʚ�˹HF

,�D�OY{KNn}�b�1��, SecA�B6 SecY (Kakizawa et al., 2001)�SecE 

(Kakizawa et al., 2004) �ĜŤ�F,�E�SecA, SecY, SecE2 3*2g�wX̪3 Sec

_al�2ȑƪ1Ɯ΄0g�wX̪-
E.ˏ�CF,�D (Economou, 1999)�{K

Nn}�b�-3�FC2ȑƪg�wX̪1B), Sec_al��×��̨ g�wX̪

I3�?.�&g�wX̪Aɚ̪2̳̼�˹HF,�E.ˏ�CFE� 

� OY{KNn}�b�13�ǝ˵1BEºǈ˕IĮŖ�&ʯʻ�şļ E (Oshima et 

al., 2001)��2ʯʻ-3 2*2}�a�o2�(�1*�ȺŖ�,�D�@� 1*2}

�a�o@͓ï2�͑�ȚŖ E�.1BDͣ��ʅ�0),�E��2&?�2*2

}�a�o�â̿�,Ʒ*͏ºŝ-
E orf3 ͏ºŝ�ŖHF,�E (Nishigawa et al., 

2002; Ishii et al., 2009a, b)�orf3͏ºŝ�Cˎ̑�FE ORF33˛̦̿΅ŁIƷ*&?�

˛g�wX̪.�,×��.-{KNn}�b�2ǝ˵ºǈ1ͧ͂�&ƔøIƷ*.

ˏ�CF,�E� 

� {KNn}�b�2ˬÁ˼ͽ2Ŕ͑íI̅�.ˏ�CF,�E˛g�wX̪1£̄

ƱČ˛g�wX̪�
E�£̄ƱČ˛g�wX̪.��ĝʓ3�{KNn}�b�1

ű EƱÁIÄì Eͱ2Ȕɸ.0E�.�œ��.1ɨǵ E��̸ƈ-3ƱČƢ

1*�,2̄͘Ƣ3¿�&?�ǰ̞Ǖ¢-3£̄˼ͽ˛g�wX̪.Ħ7�{KNn

}�b�2£̄˼ͽ˛g�wX̪3 antigenic membrane protein (Amp)�immunodominant 

membrane protein (Imp)�immunodominant membrane protein A (IdpA) 2 3*2Ŀ1Ŕò�

F�$F%F3¬�1ɾĜ-ɐ� (Barbara et al., 2002; Kakizawa et al., 2006b)�/2Ŀ�

£̄˼ͽ˛g�wX̪-
E�3{KNn}�b�2ʖ1B),ɰ0E��̈́āɸ1

̸˅0{KNn}�b��C3Ĝ�Ŀ2£̄˼ͽ˛g�wX̪�̆ì�FEÖĞ1
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D�Amp3 aster yellows{KNn}�b�A clover phyllody{KNn}�b� (Barbara 

et al., 2002)�OY{KNn}�b� (Kakizawa et al., 2004) 0/IĠ> AYY��}2{

KNn}�b��Imp3 sweet potato witches’ broom (Yu et al., 1998) A AP{KNn}�

b� (Berg et al., 1999) 0/2{KNn}�b��IdpA 3 western X-disease (WX; 

Blomquist et al., 2001) {KNn}�b�-£̄˼ͽ˛g�wX̪.�,ɴɡ�,�E

�.�í�),�E (Ķ 1.11.)� 

� OY {KNn}�b�2 Amp 3ǝ˵2�NX�{M���n.ʺě E�.�í�

),�D�$2ʺě3 OY{KNn}�b�IŜ± Eǝ˵ɛɰɸ-
E�.�C��

2ʺě2ėğ�{KNn}�b�2Ŝ±˕IȬŤ�,�Eė˕Ƣ�ʌī�F,�E 

(Suzuki et al., 2006)�<&�P. asteris 1Ź E chrysanthemum yellows {KNn}�b

� (CYP) 2Amp3ǝ˵Ū£2ATPěƪ͕ʳ.̂ěÁIƒƪ E (Galetto et al., 2011)�

P. asteris1Ź E{KNn}�b�2 amp͏ºŝ-3�L�t͖őɰI»�őɰ�L

�t͖őɰI»H0�őɰBDœ�˳ʙ Eȝ2͎ƳĻ���),�D�L�t͖ő

ɰ�Ū£.2ɾ¬Äɦ E�-̄͘0×�I�,�Eė˕Ƣ�ʌī�F,�E 

(Kakizawa et al., 2006a)�P. mali�Ʒ* Imp3ȎɚLXi�.ʺě E�.�ņģ�F

,�D��2ʺě1B),ʶ˔å-2ŷļAʔ˹1ǫó1×�,�E.ˏ�CFE 

(Boonrod et al., 2012)��C1�ImpI\�o E imp͏ºŝ3�ImpI£̄˼ͽ˛g�

wX̪.�0� OY A WX {KNn}�b��B6£̄˼ͽ˛g�wX̪�Ǯʄ-


E{KNn}�b�2[t�¢1@Ìş�F,�E&?�imp͏ºŝ3{KNn}�b

��$F%F2ʖ1íā Eµö�CÌş�F,�E͏ºŝ-
E.ˏ�CF,�E 

(Kakizawa et al., 2009)�IdpA3WX{KNn}�b�-2=£̄˼ͽ˛g�wX̪.�

,ɴɡ�,�E�.3í�),�E (Blomquist et al., 2001) ��AmpA Imp-̆CFE

B�0ǝ˵AȎɚŪ£.2ɾ¬Äɦ1*�,3�ǟ-
E� 

 

� ˛g�wX̪3{KNn}�b�ˬÁ˼ͽ1͹ì�,�D�Ū£.2ɾ¬Äɦ1ȼ

�ͧ��,�E@2�œ�.ˏ�CFE�.�C�$2ș˕2̋ǟ3{KNn}�b

�2ƢɜIɢ̋ E�-̄͘-
D�ͨͭ2Ȕɸ.�,@ǫù0Ï̀.0D�E�ǰ

ʇʚ-3�Ū£.2ɾ¬Äɦ1ͧ� E˛g�wX̪1ʃɼ�,̋ǹI˹)&�<!

ʢ 2 ʟ-3�{KNn}�b�ˬÁ2Ŕ͑íI̅),�E.ˏ�CFE£̄˼ͽ˛g

�wX̪1ʃɼ�&�̨̊ɦĹˣȎɚ2�N�ciL1ƦȀ E poinsettia 

branch-inducing {KNn}�b�3£̄˼ͽ˛g�wX̪2�( 2 *2Ŀ2͏ºŝI

Ʒ*�2*2�(�/(C�Ɛ�ɴɡ�,�E2�1*�,̝9��C1͏ºŝ2͓ï

œȒƢ1*�,2̋ǹI˹)&�ʽ�,ʢ 3 ʟ-3�ʶˬ2Ū£82Êßǣ1ͧ� 
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E.�FEǃʃĲŝI{KNn}�b�2[t��Cǂʴ��ǃʃĲŝ2ĜŤ�B6

Ƣɜ2̋ǹI˹)&�$2ʺǼ�ǃʃĲŝͦ-ÌşƢ2΍�L�t͖͓ï�ǃʃ˕1

̄͘-
Eė˕Ƣ�ʌī�F&�ǰʇʚ2ʺǼBD{KNn}�b��Ʒ*˛g�w

X̪2̈́āɸˏŮ�B6Ū£ƦȀșȑ1*�,ǘ&0ʄ̆�ƘCF�̄͘0ʌī��

�CF&.ˏ�CFE� 

 
Kakizawa et al., 2006b 

É 1.11.� c8;WesMk'�ƞƛǔƐPy_CƬ 

A: c8;WesMk' 16S rRNAƺ�Ü'ƾª6�&ƴǍƀ¾Ľ"�Ć��ŹƁı�1)�
3P;e'�ƞƛǔƐPy_CƬ6G|X�4ƺ�Ü�9<WDu|e&( Acholeplasma 
laidlawii6ř	!	4�B: 3P;e'�ƞƛǔƐPy_CƬ'c8;WesMkƐƛǔ&�
�4ĂâÉ�ƐƫƶǖÏ(ǒƓ��'�'9l]ǀǖÏ(byCƓ"ū�!	4� 
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ʢ 2ʟ  
poinsettia branch-inducing{KNn}�b�2  

£̄˼ͽ˛g�wX̪2̋ǹ  
 

2.1.� �N�ciL  

 

2.1.1.� ɛƚ 

 

� �N�ciL (Euphorbia pulcherrima Wild. Klotz) 3nOhNY^ʑ1Ź E�V_

\Čɥ2ƅˁƢ¿ǭ-
D�ʅǛǴ¸1��,˰1½&ƒƧIƷ*˦˰ (:�B�) �

̫�Ȁ<E�.�C�X�a�a_�b�2̊˰Ȏɚ.�,¯Ȧ�
E�L��T-

3 2005ƈ1 240�o� (Jerardo, 2006)�Ǜǰ-@ 2008ƈ1 16Øæ (̵Ǻȧɥɿ, 2010) 

̇ȕ2ƂŇ�şļ��̄͘0̨̊ɦĹˣȎɚ2�*-
E� 

� �N�ciL3ƻ�ǭ1BDũǠ1ŋA �.�ìǵEȄΊˇȠƢȎɚ-
E��

ĩʖɵ͟�F&�N�ciL3ʖ˥ȱ1B),˒ƪːȖIƷ*ː�Ị̀�FE&?�

Ǜǰĸå1��,˜ŨŋȠ E13˒ƪːȖIƷ*ː2̟̐�Ɯ̄-
E�ʖ˥ȱ3


Ȏɚ2ǘĩʖ2Ị̀1ͧ EĸͱǴʰ (UPOV Ǵʰ)�1űƞ�,�D�UPOV Ǵʰ

1ń+�&Ị̀ôƌIƷ(��N�ciL�Ị̀ṳ̋.0Eĸ1ű�,3̳ìßė˕

-
E��$2ͱ1ɐǗ-ŋȠ�&ȎɚIÅɦ�̥Ő�̳ìß�,30C0��L�

�T-3�Ȏɚɛ̐ȱ1B),ȄΊˇȠƢȎɚ-
E�N�ciL2˒ƪːȖIƷ*

ː�Ị̀�F,�D�Ǜǰ.ĜȒ�ɐǗ-ŋȠ�"&Ȏɚ2Åɦ�̥Ő�̳ìß�ʏ

�CF,�E� 

� �N�ciL2ƒƧ13�Ɛ�΁ˤÙÿIʌ Restricted-branchĿ (RBĿ) .΁ˤÙ

ÿ�Ə��œ�2ǽí�FIɤ�E Free-branchĿ (FBĿ) 2 2*�şļ E (Ķ 2.1.)� 

FBĿ2�N�ciL3˓��¿�ŵ7D-
D�̫�Ȁ<E˦˰�Ŭʹ�,̆&ɼ�

ˮA�1̆�E&?�ĭȐɸ1̥Ő�F,�E�N�ciL2Ŕ͑í3 FBĿ2ĩʖ-


E� 
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É 2.1.� FBÎ�1) RBÎ'j;yNR9 

ú	Ǖƕ�¯6ū� Restricted-branchÎǟRBÎǥðǠ#Ǖƕ�¯�ù��Ö�'ħ¨

56ŗ�4 Free-branchÎǟFBÎǥ»Ǡ' 2�'j;yNR9�»' FBÎ'j;yNR
9(c8;WesMk&Ąĩ�!�3�ƌ~����ħ¨
5�Ö�%�!	4� 
 

2.1.2.� ƒƧ.{KNn}�b�2ͧË 

 

� FBĿIʌ �N�ciL3�΍ɃëɢAʸˈŃΊ0/2ºʻɸ0ȎɚɲČÁ2ͭč

Ʈȱ1BD FBĿ2Ƣ̪IŖ��.�C�ȎɚɲČÁ��N�ciL1ƦȀ�,ƒƧI

őā�",�E.ˏ�CF,�&� (Dole et al., 1993)�$2ČĲ3ͣ�ͦí�),�0

�)&�1997 ƈ�Lee C1B),�N�ciL2ƒƧőā1{KNn}�b��ȼ�

ͧ��,�E�.�í�)& (Lee et al., 1997)�LeeC3 FBĿIʌ �N�ciL�C

{KNn}�b�Iȏì�&�<&�{KNn}�b�2ȏì�F&�N�ciL�

Csp_Tb� (Cuscuta sp.) Iɦ�,�Óà0�N�ciL1{KNn}�b�Iº

ǈ�"�FBĿ2ƒƧ10E�.Iʌ�&��FBD�FBĿ2ƒƧIʌ �N�ciL

1ƦȀ�,�E{KNn}�b�� poinsettia branch-inducing (PoiBI) {KNn}�b

�.Ħ4FEB�10)&� 

� �N�ciL2Ŕą2ĩʖ3˒ʖ2Ɩ�Ș΍I¿�Ì(�˰ IŬɤ�"Eɼɸ-PoiBI

{KNn}�b�1ƦȀ�"&��-ì˫�F,�E�PoiBI{KNn}�b�1ƦȀ

�&�2B�0�N�ciL3�ȷ̿�̥Ő�ȈŃ2͈ʕ-ǘ&0ƦȀɆ.0Eė˕

Ƣ�
E�����PoiBI{KNn}�b�2Ƣɜ1ͧ E̋ǹ3:.J/˹HF,�

0�� 
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2.1.3.� ƦȀ E{KNn}�b�1ͧ Eʄ̆ 

 

� 16S rRNA ͏ºŝ2ŉń͓ï1ń+�í·1BF4�PoiBI {KNn}�b�3 WX

{KNn}�b�1´˼�FE P. pruni1Ź E (Lee et al., 1998; IRPCM, 2004)�WX

{KNn}�b�2£̄˼ͽ˛g�wX̪3 IdpA -
E�.�ņģ�F,�E 

(Blomquist et al., 2001)�WX{KNn}�b�2[t��13 imp͏ºŝ@\�o�F

,�E�.�ņģ�F,�E��WX{KNn}�b�2 imp͏ºŝɥɚ1*�,3̋

ǹ�F,�0� (Liefting and Kirkpatrick, 2003; Ķ 2.2.)�<&�PoiBI{KNn}�b�

2o�{n[t�̋ǹ� JR1 ʯʻ-˹HF,�D�PoiBI {KNn}�b�.Ĝ� P. 

pruni1Ź E vaccinium witches’ broom (VAC) {KNn}�b��Italian clover phyllody 

{KNn}�b�MAʯʻ (MA1) �B6milkweed yellow (MW1) {KNn}�b�2

3 ʯʻ2{KNn}�b�2o�{n[t�̋ǹ.ěH",ņģ�F,�E (Saccardo 

et al., 2012)�  

 

 
Liefting and Kirkpatrick, 2003 

É 2.2.� WXc8;WesMk' impƺ�Ü# idpAƺ�Ü6Â-F]mǖÏ 

�08�"ū�5�ðÁ�'ũ´� impƺ�Ü6ū���01�& idpAƺ�Ü�ū�5!	4�
Ǣ�'ƺ�Ü(ƴ�&ÞË��impƺ�Ü# idpAƺ�Ü'Ưǎ(ź 7.5 kbp"�4� 
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2.2.� Ǳǖ�B6Ǚȱ  

 

2.2.1.� Ç̓�N�ciL 

 

� ǰʇʚ-ɦ�&̍ 32 ĩʖ2�N�ciL3Ƕ®͒å (ɨǵΚǶ®) �B6Ą˰ʀå 

(ɨǵΚĄ˰)�®͒ƋʞȎɚĹ (ɨǵΚ®͒) BDßƮ�&@2IÅɦ�& (˼ 2.1.)�  

 

2.2.2.� {KNn}�b� DNA2ƴì 

 

� DNeasy Plant Kit (Qiagen) Iɦ�,˼ 2.1.-ʌ�&�N�ciL�CDNAIƴì�&�

DNeasy Plant Kit Iɦ�& DNA2ƴìȱ-3�<!ȎɚIșȌɸ1ʋʈ�&Ɩ�Vj

n³Ź2vj{K�-g�wX̪�B6œʮ·IȭȢ�"�RNase- RNAIí̋�"

&��2ɈȻI�DNA �͎Ƴɸ1ʺě E_�T[���|��1Ç̓��ŗ͵ɚA

͕ʳͩŧɚ̪I͈̽�"&�ǩƖ1�_�T[���|��1Ɉìvj{K�Iû��

ʱƌ2΍� DNA ɈȻIƘ&�DNA ƴì3Vjn1³Ź2}�n\�1Ɨ��ǩʷɸ

1 100 µl2 DNAɈȻIƘ&�DNAƴì2ƪğ3íÜÜƌ̍1,ɄŤ�& DNAɎƌI

Ú1˹)&� 

� ƘCF& DNAɈȻI PCR2 DNAl�}��n.��ț1̺9EƮȱ-{KNn}

�b�ƦȀ2ǫɐIȏŤ�&�PCR2Ʈȱ13 long and accurate PCR (LA-PCR) Iǁɦ

��2.5 mM2 MgCl2�LA-PCR Buffer (Takara Bio)�400 µM2 dNTPs�0.8�qjn2

Takara LA Taq DNA�����d (Takara Bio)�Ě 0.5 µM2{KNn}�b��\�o

 E 16S rRNA ͏ºŝIɛɰɸ1ŋƆ E}�N��cjn  (SN910601 �B6

SN910502; Namba et al., 1993a; ˼ 2.2.)�50�100 ng2͞Ŀ DNAIȾ#�àÁ� 25 µl

10EB�1 DW-�aLj}�&��2ɈȻI 94˚C- 2íͦ DNAIőƢ�"&Ɩ�

94˚C- 30ʒͦ2őƢ�60˚C- 30ʒͦ2Lq���Y�68˚C- 90ʒͦ2 DNA¼ͣI

35^NX�ˉD̹��ǩƖ1 68˚C- 7íͦ2¼ͣI˹)&� 
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ƛ 2.1.� ơĥ&�Ƥ��j;yNR9Çŭ# PoiBIc8;WesMk'ĄĩĭĪƀĦ 

ÇŭÀ ŝŬ Śģ Ąĩ 

9y\SWfSDQ|CvSX (Annette hegg dark red) AHDR �ƽ + 

9y\SWfSDV:^ (Annette hegg diva) AHD �ƽ - 

9y\SWfSDvV: (Annette hegg lady) AHL �ƽ + 

9y\SWfSDk|du (Annette hegg marble) AHM �ƽ - 

9y\SWfSDkCJ (Annette hegg maxi) AHMaxi �ƽ + 
9y\SWfSDbyC (Annette hegg pink) AHP �ƽ + 
9y\SWfSDLet|m (Annette hegg supreme) AHS �ƽ + 
9y\SWfSDix;W (Annette hegg white) AHW �ƽ - 
9|CU:SC (Arctic) Ar ²Ƙ + 
>SELj;yW C-1 vSX (Eckespoint C-1 red) C-1 �ƽ - 
>tIgL>SE (Elizabeth ecke) EE �ƽ + 
>yVp9tyDbyC (Enduring pink) EP ²Ƙ + 
>yVp9tyDvSX (Enduring red) ER ²Ƙ + 
>yVp9tyDix;W (Enduring white) EW ²Ƙ + 
cv;lyDLc:9 (Flaming sphere) FlS �ƽ - 
D|Wa9 V-10 >l| (Gutbier V-10 amy) V-10 �ƽ + 
9;L_yR (Ice punch) IP ²Ƙ + 
K=LP|KyDugu (Jester jingle bell) JJ Ĥ� + 
K=LP|k|du (Jester marble) JM Ĥ� + 
K=LP|vSX (Jester red) JR Ĥ� + 
KyDuguM (Jingle bells) JB �ƽ + 
oyv9u (Monreale) M ²Ƙ + 
b|P|LP|k|du (Peterstar marble) PSM ²Ƙ + 
b|P|LP|vSX (Peterstar red) PSR ²Ƙ + 
evl9mj|s| (Premium polar) PP ²Ƙ + 
evl9mvSX (Premium red) PR ²Ƙ + 
evLU|Kds;WvSX (Prestige bright red) PBR Ĥ� + 
etn|wKyDugu (Primero jingle bells) PJ ²Ƙ + 
Ju^|LP|vSX (Silverstar red) SR ²Ƙ + 
z:Kqy?dDsyV|u (Vision of grandeur) VG ²Ƙ + 
<:yP|w|MbyC (Winter rose pink) WP ²Ƙ + 
<:yP|w|Mix;W (Winter rose white) WW ²Ƙ + 
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2.2.3.� L�t͖͓ï2̋ǹ.ʯʻȘ2Äƪ 

 

� PoiBI{KNn}�b��\�o�,�E 16S rRNA͏ºŝ (PoiBI-16S rRNA) �B6

dnaD͏ºŝ (PoiBI-dnaD) . imp͏ºŝ (PoiBI-imp)�idpA͏ºŝ (PoiBI-idpA) 2ŉń

͓ïI̜̋�&�͓ï2̜̋13 PCR ɥɚ2hN�Xn_�XQ�aȱIɦ�&�

PoiBI-16S rRNA2ŋƆ�̋ ̜13SN910601�B6SN910502}�N��cjnIɦ��

PoiBI-dnaD. PoiBI-imp2ŋƆ13 PoiBI-imp-C02F�B6 PoiBI-imp-C06R}�N��

cjnIɦ��PoiBI-idpA͏ºŝ2ŋƆ13 PoiBI-idpA-C2R�B6 PoiBI-idpA-C4F}

�N��cjnIɦ�&�16S rRNA͏ºŝµŒ2}�N��cjn3ǚņ2WX{K

Nn}�b�2͓ï (INSD Acc. No. AF533231; Liefting and Kirkpatrick, 2003) IĎˏ1

�,Äƪ�&�PoiBI-16S rRNA�PoiBI-dnaD�PoiBI-imp �B6 PoiBI-idpA 2ŋƆ�B

6_�XQ�a1ɦ�&}�N��2̕ʶ3˼2.2.1ʌ�&�5 µl2PCRɥɚ1ű�,�

2 µl2 ExoSAP-IT (Amersham Bioscience) Iû��37�- 15íͦ2Ɩ�80�- 15íͦ

ëɢ��PCR Đƞǣ2Ã÷0}�N���B6 dNTP Iͭ�&^�}�Iµ�2_�

XQ�aĐƞ1ɦ�&�ŉń͓ï2ȬŤ13 PRISM 3100 DNA Sequencer (Applied 

Biosystems) Iɦ��Dyedeoxyterminator ȱ-ŉń͓ï2̋ǹI˹)&��LX_��

2Đƞʸƪ3 50-250 ng PCRɥɚ�0.32 µl }�N�� (5 µM)�1.75 µl 5×Seq buffer 

(Applied Biosystems)�0.5 µl PreMix (Applied Biosystems) -�DW- 10 µl1�aLj}

�&��2ɈȻI 96�- 3íͦ DNAIőƢ�"&Ɩ�96�- 15ʒͦ2őƢ�48�-

30ʒͦ2Lq���Y�60�- 4íͦ2 DNA¼ͣI 25^NX�ˉD̹�&�T��

ƵÁ-
E Sephadex G-50 SuperFine (ʪǯɜ; Applied Biosystems) I͚͌OP�1ßF�

$�1 330 µl2 DDWIßF�ŦɃ- 2ǣͦͻˊ�,[�IȧĨ�"&�910×g- 5í

ͦ͋ƛ��T���CÃ̍0ȧíIĒDͭ�&��LX_��Ɩ2^�}�IT��

1L}�N��910×g- 5íͦ͋ƛ�&�Ɉì�F&ɈȻI 45íͦ͋ƛɎˆș1���

^�}�IŢà1¨ɖ�"&�¨ɖ�&^�}�I 15 µl2���L�o-Ɉ̋��ƺ

ɻ E�.- DNA IɈ̋�&�95�- 5 íͦɓȮ��DNA I 1 ǰ͠2ɜƧ1��$

2Ɩ �1Ȩȧ¢1ßF,ơé�"&�^�}�I PRISM 3100 DNA Sequencer 

(Applied Biosystems) å1cjn��ŉń͓ï2̜̋I˹)&�̜̋�&ŉń͓ï3̋

ǹ22( DDBJ/ENA/GenBank �Cȑƪ�FEĸͱŉń͓ïm�g~�a (INSD) 1ɵ

͟�& (INSD Acc. No. AB636356-407)��  

� ̜̋�&ŉń͓ï�CªɄ�F& PoiBI {KNn}�b�2 Imp g�wX̪ 

(PoiBI-Imp) �B6 PoiBI{KNn}�b�2 IdpAg�wX̪ (PoiBI-IdpA)�PoiBI{

KNn}�b�2DnaDg�wX̪ (PoiBI-DnaD) 2L�t͖͓ï.WX{KNn}�
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b�2L�t͖͓ï  (INSD Acc. No. AF533231; Liefting and Kirkpatrick, 2003) I

ClustalW (Tompson et al., 1994) -L�N���n�&�ʯʻȘÄƪ13 MEGA version 

5.2 (Tamura et al., 2011) Iɦ��Model 13̸ͳʺěȱ�Gap 3 Pairwise deletion�

Bootstrap replication =1,000I͎Ƴ�&� 

� �C1 PoiBI-Imp �B6 PoiBI-IdpA �Ʒ*g�wX̪.�,2ɛƚIªɄ�&�˛

̦̿΅3 SOSUI}�Y�� (version 1.11; Hirokawa et al., 1998) Iɦ�,ªɄ��íȰ

_Yp�2ªɄ13 SignalP (version 3.0; Bendtsen et al., 2004) Iɦ�&��C1g�w

X̪2ŷļªɄ13 PSORT (version 1; Horton et al., 2007) Iɦ�&�SignalP�PSORT

2}�Y��-3 0~1 2Ñ-ĚƢ̪�ªɄ�FE�ĚªɄ}�Y��3 World Wide 

Web (WWW) �-óɦ-�E}�Y��-
D�Ě}�Y��2 URLIµ�1̎ � 

�SOSUIΚhttp://harrier.nagahama-i-bio.ac.jp/sosui/ 

�SignalPΚhttp://www.cbs.dtu.dk/services/SignalP/ 

�PSORTΚhttp://psort.hgc.jp/ 

 

ƛ 2.2.� PoiBIc8;WesMkƺ�Ü'ơƨ&ř	�es;k|ƾª 

es;k|À ÒÐƾª (5´→3´) 
16S rRNAƺ�Ü'Óô¶)J|C>yL 
SN910601 GTT TGA TCC TGG CTC AGG ATT 
SN910502 AAC CCC GAG AAC GTA TTC ACC  
dnaD ƺ�Ü¶) imp ƺ�Ü'Óô¶)J|C>yL 
PoiBI-imp-C02F GCT ATT TAT TTA GAT TTA GG 
PoiBI-imp-C03F TGA TTT TAA AAC TMA AYT ACA AG 
PoiBI-imp-C04F GCG AAC CTT TCT AAA AAC GAA CTA G 
PoiBI-imp-C05F CAA TTT AGT CTC TAA ATG GGA C 
PoiBI-imp-C06R CCA GAA TTT TTA TCT CGT CCT CTG AAG CCA CAT CC 
idpA ƺ�Ü'Óô¶)J|C>yL 
PoiBI-idpA-C2R GGT TCG AAT CCC TTC TGC TCC GCC 
PoiBI-idpA-C4F GAA MCA AAC AAA CGC TAA ATA TCA CAC 
PoiBI-idpA-C5R GCY GTT TTA ACT TCT TCC AAA GTT TTT TC 

�  M�1) Y(ƇǂÒÐ"�3�M( A or C, Y( C or T 6ƛ�� 
 

2.2.4.� ͌ƞ̈́ā2ȏì 

 

� ClustalWIɦ�, PoiBI�B6WX{KNn}�b�2 imp͏ºŝ�B6 idpA͏º

ŝ�dnaD͏ºŝ2ŉń͓ïIL�N���n��ͼĜˍˊǆɠ (dN) .Ĝˍˊǆɠ (dS) 

2Ȥ  (dN/dS) I̍ʦ�&�̍ʦ3 MEGA version 5.2 Iɦ��Distances Estimation 

(Bootstrap method, No. of Bootstrap Replication = 1,000)�Gap 3 Pairwise deletion�Model

3 Nei-Gojoboriȱ�Jukes-Cantor�m�I͎Ƴ�&�̍ʦ3 dS ≠ 02Ňě2=˹)&�
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�C1�dN . dS 2ͦ1ǫƥ0Ɓ�
E�/��IȏŤ�&�ǫƥƁȏŤ1ɦ�& tÑ

3�µ�1ʌ ƍ-̍ʦ�&� 

 
� t Ñ� 1.96 BDŔ��Ňě3 dN . dS2Ñ2ͦ1 5%�~�2ǫƥƁ��2.58 BDŔ

��Ňě3 1%�~�2ǫƥƁ�
E.��E�dN, dS, dN�B6 dS2Ȕɇ̚ƁI˼ 

SE(dN), SE(dS) 2Ñ3 MEGA}�Y��å-̍ʦ�F&ʺǼIɦ��tÑ�B6ai�

�m�n tíƃʊɠ̍ʦ-ƘCFE PÑ3�MEGA2ìùʺǼ�Cʦì�&� 

 

2.2.5.� PoiBI-imp. PoiBI-idpA2X��q�Y 

 

� ƱÁÄìIɼɸ.�,ƱČg�wX̪2ɴɡ�ʭ́I˹�&?1�pET _al�I

óɦ�&X��q�Y�ɴɡʯIóɦ�&�pET }�a�oIɦ�&X��q�Y-

3�ɼɸ͏ºŝ�vXl�S{K�` T7̰è�ˎ̑ǌ͓�1X��q�Y�FE�T7

}���g��ȷ1X��q�Y�F&ɼɸ͏ºŝ3�T7 RNA�����d2şļ�

-̰è�ˎ̑�̘Ŵ�FE&?�T7 RNA�����dIɴɡ�"E�.1B),ɼɸ

͏ºŝɨǵ2g�wX̪IŔ͚1ƘE�.�ìǵE�g�wX̪ɴɡɦ2Ŕ˙ˬ.�

,�T7 RNA �����d�ȷ1 lacUV5 }���g�IƷ*Ŕ˙ˬ BL21 (DE3) ȅ 

(Agilent technologies) I Å ɦ � & � lacUV5 } � � � g � 3 Isopropyl- �

-D-1-thiogalactopyranoside (IPTG) şļ�-�ȷ͏ºŝ2ɴɡI̘Ŵ E&?�IPTG I

ȿû E�.1BD T7 RNA�����d�̘Ŵ�F�pET}�a�o1Ŵß�F&ɼ

ɸ͏ºŝɨǵ2̰èɥɚIŔ͚ɴɡ E�.�ė˕.0E�ǰʇʚ-3 pET }�a�

o.�, pET-30a(+) ~Xg�IÅɦ�&�pET-30a(+) ~Xg�3ɼɸ͏ºŝ�Cɴɡ

�&g�wX̪1 6*2xai`�ȟń�͂ʽ�&gY (His-tag) I³û�,ɴɡ�"

E�.�ìǵE��2 His-tagIqjZ�NS� (Ni2+) T��Iɦ�E�.-�Ŕ͚ɴ

ɡ�&g�wX̪�Cɼɸ2g�wX̪Iɛɰɸ1ʭ́ E�.�ė˕10E� 

� pET ~Xg�82X��q�Y2&?�ð?1 PoiBI-imp . PoiBI-idpA I PCR -ŋ

Ɔ�&�PoiBI-Imp2àͣ (PoiBI-Imp) �B6 NǯʠÔ2˛̦̿΅ŁIͭ�&̉ȧƢ΅

Ł  (PoiBI-Imp-out) � PoiBI-IdpA 2 à ͣ  (PoiBI-IdpA) � B 6 ̉ ȧ Ƣ ΅ Ł 

(PoiBI-IdpA-cent)�̉ȧƢ΅Ł2 NǯʠÔąí (PoiBI-IdpA-N)�̉ȧƢ΅Ł2 CǯʠÔ

ąí (PoiBI-IdpA-C) I\�o E΅Ł (Ķ 2.8.) IŋƆ E&?�µ�2}�N��c

jnȈ̍�& (˼ 2.3.)�NdeI3ŒÔ1 7ŉńµ��XhoI3ŒÔ1 3ŉńµ�2³û

͓ï�şļ�0�.ô͕ͫʳ1B),îǗ�F0�&?�$F%F2̡̗^Nn2Œ
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Ô1 7�B6 3ŉń2͓ïI³û�&� 

�PoiBI-ImpΚimpfull-F�impfull-R �PoiBI-Imp-outΚ impout-F�impfull-F 

�PoiBI-IdpAΚidpAfull-F�idpAfull-R �PoiBI-IdpA-centΚidpAcent-F�idpAcent-R 

�PoiBI-IdpA-NΚidpAcent-F�idpA534-R �PoiBI-IdpA-CΚidpA532-F�idpAcent-R  

� PCRŋƆ�& DNAI{Pt���X�����ƴì�Qgt��ȭȢ��͌Ƒ͚2

TE-Ɉ̋�&�ŋƆǗɘ�B6 pET-30a(+) ~Xg�I NdeI. XhoI¡͕ʳ1BDŢà

îǗ EB�1ëɢ�&�0.7%LU��a[�-ȴþƖ�˝āQi`O� (EtBr) .ʵ

Œ˃ɒų-ė̈ā��ɼɸ2^Nb2v�oI[�BDıđ��UltraClean 15 DNA 

purification kit (MO BIO laboratories) Iɦ�,ʭ́�&�ʭ́}�n\�3�³Ź2�q

�L�1Ɨ)&� 

� ʭ́�&ô͕ͫʳëɢɁ=2 PCR ɥɚ (N�^�n) �B6 pET-30a(+) (~Xg�) 

I Ligation-Convenience Kit (qj��`��) Iɦ�, 16�- 60íͦ ligation�"&�

ligationƖ2DNAɈȻ1 100 µl2Ŕ˙ˬ BL21 (DE3) ȅ2\�zl�nc�IȨ�-Ⱦ

ě� 30 íͦͻˊ�&�$2Ɩ�42�- 1 íͦɕ_�jXI���5 íͦȨ�-ͦͻˊ

�&Ɩ�SOCŃĽI 1 mlû��37�- 1ǣͦƺɻŃΊ�&�ƒ̪̰ǆ�F&Ŕ˙ˬI�

LB/Tp�N_�ķƒŃĽ1ǒƃ�, 37�-�Ǥͻˊ�,œǓ2\�q�IƘ&���

*�2\�q�I͎J- LB/Tp�N_�ȻÁŃĽ1��, 37�- 12�16ǣͦƺɻŃ

Ί��L�T� SDSȱ-}�a�oIʭ́�&� 

� ʭ́�&}�a�oI͞Ŀ�N�^�n2ŋƆ1ɦ�&}�N��Iɦ�& PCR -

N�^�n2iPjXI˹��ɼɸ2Ŕ��2Ǘɘ�ŋƆ�F&X���I͎Ʋ��

_�XQ�a1BD͓ïIʊ̗�&�_�XQ�a13�pET-30a(+) 2��iX��

q�Y^Nn2ŒÔ1
E͓ï-
E T7}���g��B6g��s�g�1ɾ̀0

͓ïIƷ*}�N�� (˼ 2.3.) Iɦ�&�_�XQ�a2Ǚȱ3�2.2.1.΂.ĜȒ-


E�ɼɸ2͓ï�ƻß�F,�&X���I͎6�ț΂2ɴɡ̘Ŵ1ɦ�&� 

�SOCŃĽΚBacto-tryptone 20 g, Yeast extract 5 g, NaCl 0.5 g, ʷɎƌ 2.5 mM KCl, ʷɎ

ƌ 10 mM MgCl2 , ʷɎƌ 20 mM glucoseI 1000 ml2 DW1Ɉ̋�&ɈȻ 

�LB/Tp�N_�ķƒŃĽΚBacto-tryptone 10 g, Yeast extract 5 g, NaCl 10 g, Agarose 15 

gI 1000 ml2 DW1Ɉ̋�&ɈȻIɉˬëɢ��̫ Ɏƌ 50 µg/ml2Tp�N_�Iû

�&ɈȻ�LB/Tp�N_�ȻÁŃĽ3�ķƒŃĽʸƪBD AgaroseIͭ�,Ä́ 
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ƛ 2.3.� Imp�1) IdpAPy_CƬ'×ǃţŕ'Cw|ZyD&ř	�es;k|ƾª 

es;k|À ÒÐƾª (5´→3´) 
ImpPy_CƬ'ţŕ{ŸƜ 
impful-F GGA ATT CCA TAT GGT AGC AAT GGA TAA GCA CAA TA 
impout-F GGA ATT CCA TAT GAA TTC ACC TTC TAA AGC GAT T 
imp-R CGG CTC GAG TTC TAA TCC GTA AGC TAT TTT AGA T 
IdpAPy_CƬ'ţŕ{ŸƜ 
idpAful-F GGA ATT CCA TAT GTT TTC GCA AAA TAA AAA TT 
idpAcent-F GGA ATT CCA TAT GCA TAA TAA GGT GTT TGG GAT GA 
idpA532-F GGA ATT CCA TAT GAG AGG TTT AGA AAA TCA A 
idpA534-R CCG CTC GAG CAT ATT GGT TTC TAA TAA TTG A 
idpAcent-R CGG CTC GAG AGT GTT GAT GTT TTT TTC TTT ATC A 
idpAful-R CGG CTC GAG TCT TTT AGA TTG AGG TTT TTT AAT T 
;yH|W'R=SC 
T7 promoter  TAA TAC GAC TCA CTA TA 
T7 terminator  GCT AGT TAT TGC TCA GCG G  

 

2.2.6.� PoiBI-Imp. PoiBI-IdpA2ɴɡ�ʭ́�ƱÁÄì 

 

� PoiBI-imp�B6 PoiBI-idpA2àÁ
E�3͑í΅Ł�ƻß�F& pET30a(+) ~Xg

�IƷ*Ŕ˙ˬ BL21ȅ2\�q�I�LB/Tp�N_�ȻÁŃĽ 5 ml1Ȏ�ʼ��37�

-�ǤƺɻŃΊ�& (öŃΊ)�öŃΊƖ�ǘ&1 200 ml2 LB/Tp�N_�ȻÁŃĽ

1�öŃΊ�&ŃΊȻI 2 ml û��37�-ƺɻŃΊ�& (ǰŃΊ)�2�3 ǣͦʕƌ 

(O.D.600 = 0.7³̸10E<-) ŃΊ�&Ɩ�IPTGIʷɎƌ 1 mM10EB�1û�,

ɼɸ͏ºŝ2ɴɡI̘Ŵ�&�37�-ƺɻŃΊIʼʽ��1ǣͦ��1 10 ml2ŃΊȻ

Iıđ��Ȩ�-Ìş�&�IPTGȿû1BEɴɡ̘Ŵ�C 3ǣͦƖ�à,2ŃΊȻI

ıđ��Ȩȧ¢1ÌƷ�,éĊ�&�̾¢-ıđ�&ŃΊȻ@Ġ?�à,2ŃΊȻI

5,000 rpm�4�- 15íͦ͋ƛ�ʹˬ�&� 

� �ɀIͭč��ʹ ˬ�&ɼɸ͏ºŝIɴɡ�&Ŕ˙ˬI�10 ml2ŃΊȻ
&D 0.4 ml

2 Binding buffer1Ʃɍ�&�Ȩ�-̭ͿȲʉʈ�&Ɩ�ʉʈȻI 12,000×g�4�- 15

íͦ͋ƛ��ėɈƢɫí (�ɀ) .�ɈƢɫí (ȭȢ) 1íͶ�&��ɈƢɫí13 0.4 

ml2 Binding bufferIû��çƩɍ�&�ėɈƢɫí.�ɈƢɫí.@1�4×SDS-PAGE

^�}�vj{K�I 1/3 volumeû�,�ʷɎƌI 1×.�&�95�- 5íͦɕőƢI

˹� SDS-PAGE2ȴþ1Ç�&� 

�Binding bufferΚ500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 5 mM imidazole 

� 4×SDS-PAGE ^�}�vj{K�Κ 0.2 M Tris-HCl, pH 6.8, 8% SDS, 24% 

β-mercaptoethanol, 40% Y�c���, 0.01-0.1% Bromophenol blue (BPB) 

� g�wX̪2[�͸Ȧȴþ13�ATTÓ͸ȦȴþȓIÅɦ��25 mA/[�2ķŤ͸



 

 34 

ȷ- 40-60íͦ˹)&�ȴþvj{K�13 25 mMn�a�190 mMY�_��0.1% SDS

ɈȻIɦ�&�SDS-PAGE 2ȴþ[�13�Tris-HCl vj{K�ʯ2}�V�an-L

X��L�o[�2�mM�[� (BIO-RAD) Iɦ�&�PoiBI-Imp 2ȏì13íͶ[

�Ɏƌ� 12.5%�PoiBI-IdpA 2ȏì13íͶ[�Ɏƌ� 7.5%2ȴþ[�Iɦ�&�ȴ

þƖ�CBB ȀˡI˹�Ňě2g�wX̪^Nb��T�13�SDS-PAGE ag�h�

o Broad (BIO-RAD) Iɦ�&�&'��PoiBI-Impg�wX̪2Ŕ͚ɴɡIʊ̗ E^

Nb��T�13 Precision Plus Protein Standards All Blue (BIO-RAD) Iɦ�&� 

ȴþƖ2Ȁˡ3˗ˡ�ũǠ0 CBB (Coomassie Brilliant Blue) ȀˡVjn-
E

Quick-CBB (Wako)Iɦ�&�<!�ȴþ[�IķŤȻ (50% �gt���10% ͔͖) 1

ȹ��ŦɃ- 10íͦƺɻ�&�Quick-CBB2 AȻ. BȻIʤ͚Ⱦě��ŦɃ- 30í

ͦƺɻ�ȀˡI˹)&�ȀˡƖ�ȴþ[�I˲ɭȧ-Ǔıȵȸ�,˗ˡ��ͼɛɰɸ

ȀˡIăíĒDͭ�&Ɩ�Ȁˡ�F&v�oIė̈Ü�-ǊƓ�&� 

� PoiBI-Imp�B6 PoiBI-IdpA-N3�ɈƢɫí-œ�ɴɡ�,�&�.�C��ɈƢɫ

íIėɈā�&�̭ͿȲʉʈƖ2͋ƛ1B),ƘCF&ȭȢI�ʹˬö2ŃΊȻ͚2

1/10͚2 Binding Buffer1Ʃɍ�&�Ȩ�-̭ͿȲʉʈ�&Ɩ�12,000×g�4�- 15í

ͦ͋ƛ�,ȭȢIƘ&Ɩ�Ĝ�ǋÄI@��ƌˉD̹�,ç6ȭȢIƘ&�ȭȢ1

imidazoleɎƌI 20 mM1�& Binding BufferIû�,ėɈā��ȭȢIɈ��&��

FI 12,000×g�4�- 15íͦ͋ƛ���ɀIț2ʭ́1ɦ�&� 

� PoiBI-Imp �B6 PoiBI-IdpA-N Iɴɡ�"&Ŕ˙ˬBD�His-tag ³û�&Ěg�w

X̪I Ni2+ T��1BDL{MqlM�ʭ́�&�͂ʽ�&Ǔȟń2xai`�ȟń

3 Ni2+.V��nʺě E�.�C�Ni2+T��IÅɦ E�.1BD pET30a(+)-ɴ

ɡ�"& His-tag³û2g�wX̪I͎Ƴɸ1 Ni2+T��1ʺě�"E�.�ìǵE�

Ni2+T��1ʺě�& His-tag ³û�&g�wX̪2Ɉì13N�hf��ɈȻIɦ�

E�N�hf��3xai`�ȟń2Ô͠2ȑ́.Ĝ�ɚ̪-
D�V��nʺě2

ʡěĐƞ1B), His-tag³û�&g�wX̪IɈì E�.�ìǵE�µ�2Ʈ΃-

Ni2+T��1BE His-tag³û�&g�wX̪2ʭ́I˹)&� 

1. Ǘͽæ 1.2 cm2�15 mlũ͚2T�� (Novagen) 1�50%a���(ƩɍÁ) 2 Ni-NTA 

His-Bind Resins (Novagen) I 2 mlû�&� 

2. Ș˖IȘ˖ũ͚ (1 ml) 2 3Î͚2ɉˬȧ-ȵȸ� 

3. Ș˖ũ͚2 5Î͚2 Charge Buffer (50 mM NiSO4) Iû��Ș˖1 Ni2+Iʺě� 

4. Ș˖ũ͚2 3Î͚2 Binding Buffer (6 M UreaßD) Iû�, Ni2+T��IƇ˻ā� 

5. ėɈā�&g�wX̪ɈȻIû�&� 

6. Ni2+T��82ʺě͚Iŋ &?�ʳ̿DɫíIçƌ (̍ 3ı) û�&� 
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7. Ș˖ũ͚2 10Î͚2 Binding Buffer (6 M UreaßD) Iû� Ni2+T��Iȵȸ� 

8. Ș˖ũ͚2 6Î͚2Wash Buffer (6M UreaßD) Iû��Ni2+T��Iȵȸ� 

(Wash BufferΚ500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 60 mM imidazole) 

9. Ș˖ũ͚2 6Î͚2 Elute Buffer (6M UreaßD) Iû��His-tag�³û�F&g�w

X̪IɈì (Elute BufferΚ500 mM NaCl, 20 mM Tris-HCl, pH 7.9, 1 M imidazole)� 

10. Ni2+T��1û�Eö2g�wX̪ɈȻ�ĚȡͰ (6, 7, 8, 9) - Ni2+T��I̿�,

ƘCF&ɈȻI SDS-PAGE -[�͸Ȧȴþ�,g�wX̪2ɴɡwg��Iȏ̒�&� 

� ʭ́�& PoiBI-Imp �B6 PoiBI-IdpA-N IŨÞ1Ýɱ��Ʊ˸ɀIƘ&�ƱÁ2ɴ

ɡI�Ǟ�"E&?�ðı2ȳų�C 4 ̓ͦƖ1ƱČ2«țȳųI˹)&�«țȳų

2 1 ̓ͦƖ1�țǁ˸I˹���C1$2 1 ̓ͦƖ1ƱČ2�țȳųI˹)&��ț

ȳų2Ζ̓ͦƖ1àǁ˸I˹��Þ2Ʊ˸ɀIƘ&�ƘCF&Ʊ˸ɀ�C Protein A 

Sepharose CL-4B (GE Healthcare) Iɦ�, IgGʭ́I˹)&�IgGʭ́2ãÁɸ0Ʈ΃

3µ�2̿D-
E� 

1. Ǘͽæ 1.2 cm2�15 mlũ͚2T�� (Novagen) 1�Protein A Sepharose CL-4BI 1 ml

û�&� 

2. Protein AT��1 Running BufferI 10 mlû��Ƈ˻ā� 

(Running BufferΚ50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.05% (w/v) Sodium Azide) 

3. Ʊ˸ɀ 1 ml. Running Buffer 1 ml.IȾ#&ɈȻI Protein AT��1û�&� 

4. Running Buffer 10 mlI 2ıû��Protein AT��Iȵȸ� 

5. Eluting Buffer (100 mM Glycine-HCl, pH 3.0) I 1 mlû��ƱÁIɈì��FI 10ı

ˉD̹��$F%FIò2ɫí.�,ıđ� 

6. Ɉì�&ɫí2 O.D.2802ÑIíÜÜƌ̍-$F%FɄŤ��IgGɎƌIɄŤ� 

7. IgG�œ͚1Ġ<F,�&ɫí1 Neutralizing Buffer (1 M Tris-HCl, pH 9.0) Iû��

pHI 7.0Λ8.01ěH"&� 

IgGg�wX̪2ɎƌɄŤ13ʵŒġÜȱIóɦ�&íÜÜƌ̍-˹)&�Ɉìɫí 5 

µl1ű� Eluting Buffer 45 µlIû�, 50 µl.��280 nm 2ġđIɄŤ�&�Blank1

3 Eluting BufferIɦ�&�IgGɎƌ13µ�2ƍ-ʦì�F&ÑIɦ�&� 

(O.D.2802Ñ)�1.445�10 (mg/ml) 

 

2.2.7.� OPag�|�jn̋ǹ 

 

� ̝ǔ�&g�wX̪I�SDS-PAGE 1Ç̓��ʽ�,OPag�|�jn̋ǹIµ

�2Ʈ΃-˹)&�g�wX̪^Nb��T�13�Precision Plus Protein Standards All 
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Blue (BIO-RAD) Iɦ�&� 

1. SDS-PAGE -g�wX̪Iȴþ�&[�I�|�jlM�Yvj{K�1ȹ�&�

|�jlM�Yvj{K�3 100 mM2n�a�192 mM2Y�_��20% (v/v) �g

t��IȾě�&@2Iɦ�&� 

2. SDS-PAGE 2ȴþ[�.Ĝ�Ŕ��1î)&ċƮ2GʲI|�jlM�Yvj{K

�1ȹ����{jāyq�m� (PVDF) ˛ (Millipore) I�100% �gt��1ȹ�

&Ɩ�|�jlM�Yvj{K�1ȹ�&� 

3. c�o�Nƍ2|�jlM�Y˾ˊ (BIO-RAD) 1�Gʲ 2ǻ�PVDF˛�ȴþ[��

Gʲ 2ǻ2΃-͘ź�&� 

4. 10V- 30íͦ1ʽ��15V- 30íͦ2|�jlM�YI˹)&� 

5. |�jlM�YƖ2 PVDF ˛I|�jV�Yvj{K�1ȹ�,ŦɃ- 1 ǣͦƺɻ

�&�|�jV�Yvj{K�3 150 mM NaCl, 0.1 % (v/v) Tween-20� 5 % (v/v) aV

���X (BD Difco) I 20 mM Tris-HCl (pH 7.5) 1Ⱦě�&@2Iɦ�&� 

6. |�jV�YƖ2 PVDF˛I PBST-ȵȸ�&� 

7. �țƱÁɈȻ (2.2 µg/ml 2Ʊ PoiBI-ImpƱÁ@��3Ʊ PoiBI-IdpA-NƱÁIȾě�

& PBST) 1 PVDF˛Iȹ��37�- 40íͦĐƞ�"&� 

8. PBST- PVDF˛Iȵȸ�&Ɩ�«țƱÁɈȻ («țƱÁI PBST- 3000ÎƄ͗�&

@2) 1 PVDF˛Iȹ��37�- 40íͦĐƞ�"&�«țƱÁ13L�T�{Ra{

Kg�d (AP) Ȕ̡2ƱO^W IgG-�WƱÁ (Amersham Pharmacia Biotech) Iɦ�&� 

9. PVDF ˛I PBST -ȵȸ�&Ɩ�ECL Western Blotting Reagent Pack (Amersham 

Pharmacia Biotech) 1ȹ��LAS4000 (Fuji film) -_Yp�ȏìI˹)&� 

 

2.2.8.� ÝɱʸˈāŠɸ̋ǹ 

 

� ÝɱʸˈāŠɸ̋ǹ3µ�2Ʈ΃-˹)&� 

1. ȎɚIķŤȻå1ßF�m_Z�g�å-2˗ȦIˉD̹ �.-Ȏɚʸˈå2ʛ

ȦIƲ�&Ɩ�4�-�ǤķŤ�&�Ȏɚ3Óà�B6 PoiBI {KNn}�b�ƦȀ2

�N�ciLIÅɦ��{KNn}�b��œ�ŷļ�,�Eʩ͑IĠ>˩͑íIɦ

�&�ķŤȻ13 4% (w/v) w����L�mxo�0.25% Y�g�L�mxoIĠ>

0.1 M ��͖vj{K� (pH 7.4) Iɦ�&� 

2. ķŤȻIƾ,�30% Qgt��IßF,Ζǣͦµ�ƺɻ�&�µͪ�50% Qgt�

��50% Qgt��Γ10% tert-|i�L�\�� (TBA�ÁʯĝΚΗ-�i�-2-}�w

t��0/)�50% Qgt��Γ20% TBA�50% Qgt��Γ30% TBA�40% Qgt
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��Γ50% TBA�25% Qgt��Γ75% TBA�B6 100% TBA-ƺɻ�,˗ȧ�&� 

3. 80% TBAΓ20% X�����Iû�,ͻˊ�&Ɩ�w�{M� (Paraplast Plus: 

Sherwood Medical) Iû�, 60�-�Ǥͻˊ�&� 

4. w�{M�-Āŀ�&˩IʾʧǳǙĞ1�X�n��- 10 µm2ċ�1îǗ��PLL

\�n2a�NoU�a�1¥"&� 

5. V_���B6 50% V_��Γ50% Qgt��-w�{M�IĒDͭ�&�µͪ�

ȡͰɸ1Qgt��ɎƌI��&ɈȻ1*�,çȧĨ�&� 

6. ʱȧ-ȵȸ�&Ɩ�PBS -ȵȸ��10% BSA Iû�,ŦɃ- 30 íͦͻˊ�,|�

jV�YI˹)&� 

7. 10% BSAIĒDͭ�&Ɩ�10 µg/ml2Ʊ PoiBI-ImpƱÁ@��3Ʊ PoiBI-IdpA-NƱ

ÁIĠ> 10% BSAIû��Ι�-ΖǤĐƞ�"&� 

8. Đƞ�"&a�NoU�aI PBST-ȵȸ��1000ÎƄ͗2L�T�{Ra{Kg

�dIʺě�"&ƱO^W IgGIßF�ŦɃ-ΖǣͦĐƞ�"&� 

9. L�T�{Ra{Kg�d (AP) vj{K�-ȵȸ�&Ɩ�Ǧΐ�-ɴˡȻIû�

,ɴˡĐƞI˹)&�APvj{K�3 100 mM NaCl, 50 mM MgCl2IȾě�& 100 mM 

Tris-HCl (pH 9.5) Iɦ�&�ɴˡȻ3 0.175 mg/ml2 5-|��-4-X��-3-N�o��-

��͖ (BCIIP) �B6 0.34 mg/ml 2qn�|��ln�f�O� (NBT) IȾě�&

APvj{K�Iɦ�&� 

10. ɴˡĐƞƖ�ĐƞȻIƾ, TE-ȵȸ�,ĐƞIÒȜ�"&�$2Ɩ�ȡͰɸ1Q

gt��-çȧĨ�"�Eukit (O Kindler) -}�w��nIÄ́��Άƙ͡-̊Ů�&� 
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2.3.� ʺǼ  

 

2.3.1.� PoiBI{KNn}�b�2ȏì 

 

� �N�ciL3ĩʖǍˠ1B),œ�2ĩʖ�ͥɴ�ĭĩā�F,�E�<!Ǜǰ

ĸå2�N�ciL� PoiBI {KNn}�b�1ƦȀ�,�E�/��I̝9E&?�

̂Ǔ2�N�ciLĩʖIɦ�,{KNn}�b�ƦȀ2ǫɐI̝9&�{KNn}

�b� DNA2ȏì3�{KNn}�b�2 16S rRNA͏ºŝ2͑í͓ï2 1.3 kbpIŋ

Ɔ E�qv�^�}�N��Iɦ�&PCR1B),˹)&�̝ Ȃ�& 32ĩʖ2�(�

27ĩʖ- DNAŋƆǗɘ�ƘCF& (˼ 2.1.)��Ǚ�AHD, AHM, AHW, C-1�B6 FlS

2 5ĩʖ-3 16S rRNA͏ºŝ2ŋƆ3̗?CF0�)&�DNAŋƆ2̗?CF& 27

ĩʖɨǵ2ŋƆǗɘIhN�Xn_�XQ�a-͓ïI̜̋�&ʺǼ�à,2͓ï1

*�,�ǚņ2 PoiBI{KNn}�b�2 16S rRNA͏ºŝ (Lee et al., 1997; GenBank 

Acc. No. AF190223) 2͓ï.�˞�&&?�DNA2ŋƆ�& 27ĩʖ13 PoiBI{KN

n}�b��ƦȀ�,�E�.�ʌī�F&��N�ciL2ƒƧI PoiBI{KNn}

�b�ƦȀ2ǫɐ1B),Ȥ̱�&ƭ�PoiBI{KNn}�b��ƦȀ�&ĩʖ3˓�

�¿��ǽí�F2œ�ƒƧIʌ�,�& (Ķ 2.3.)� 

 

 

É 2.3.� j;yNR9'ûąĸƱ 

PoiBIc8;WesMkĄĩ'ĝŏ&14j;yNR9'ûą'ĸƱ�16S rRNAƺ�Ü'
Óô�ƥ.25%
�� 3Çŭ (AHM, C-1, FlS) �1)Óô�ƥ.25� 2Çŭ (AHP, 
AHS) 6ĸƱ��� 
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2.3.2.� PoiBI-imp. PoiBI-idpA2͓ï̜̋.ŷļǄŤ 

 

� PoiBI {KNn}�b��Ʒ*͏ºŝ2œȒƢI̝9E&?�PoiBI {KNn}�b

�2ƦȀ�̗?CF& 27 ĩʖ2�N�ciLIǱǖ.�,ɦ�, imp ͏ºŝ 

(PoiBI-imp). idpA͏ºŝ (PoiBI-idpA) IĠ>[t�΅ŁIX��q�Y��͓ïI̋

̜�&�͓ïI̜̋ E&?1ŋƆ�& 2*2΅ŁIĶ 2.4.A1̎�&�amp͏ºŝ1

*�,3��F<-2ņģ1BDS�e�Y2şļ�ʊ̗�F,�0�&?ŋƆI˹

H0�)& (Liefting & Kirkpatrick, 2003; Saccardo et al., 2012)� 

� PoiBI-imp�Cˎ̑�FE Impg�wX̪ (PoiBI-Imp) . PoiBI-idpA�Cˎ̑�FE

IdpAg�wX̪ (PoiBI-IdpA) 2L�t͖͓ïI�PJ2ŉń͓ï�CǄŤ���FC2

͓ï2˛̦̿΅Ł2ǫɐI SOSUI ver 1.11 (Hirokawa et al., 1998) Iɦ�,̝9&.�

G�PoiBI-Imp-3 NǯʠÔ2 20�42L�t͖��PoiBI-IdpA-3 NǯʠÔ2 6�28

L�t͖�B6 C ǯʠÔ2 297�319 L�t͖�˛̦̿΅Ł-
E.ǄŤ�F& (Ķ

2.4.B)� Imp- NǯʠÔ1 1*2˛̦̿΅Ł��IdpA-3¡ǯʠÔ1$F%FΖ*!

*�̍ 2Tƭ2˛̦̿΅Ł�
E.��ɛƚ3�ImpA IdpA1ͧ E�F<-2ņģ

.�˞�,�& (Kakizawa et al., 2006b, 2009)�  

� ț1 SignalP ver 3.0Iɦ�,��FC2g�wX̪2íȰ_Yp�͓ï2ǫɐI̝9

&.�G�PoiBI-Imp�B6 PoiBI-IdpA3.@1΍�ʊɠ ($F%F 0.885. 0.824) -

íȰ_Yp�͓ïIƷ(�PoiBI-Imp3 Nǯʠ�CǓ�, 48ɯɼ. 49ɯɼ2L�t͖

2ͦ-�PoiBI-IdpA 3Ĝ�� 35 ɯɼ. 36 ɯɼ2L�t͖2ͦ-îǗ�FE.ǄŤ�

F&��C1 PSORT Iɦ�&ŷļǄŤ-3�PoiBI-Imp 3ʶ˔Œ8íȰ�FE.ªɄ

�F&��$2ʊɠ3 0.300 .¿��PoiBI-Imp 2ŷļ1*�,3ǄŤ-�0�)&�

PoiBI-IdpA3 0.7692΍�ʊɠ-ˬÁ˛2˼ͽ1şļ E�.�ǄŤ�F&� 
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É 2.4.� PoiBIc8;WesMk' impƺ�Ü# idpAƺ�Ü6Â-ǖÏ 

(A) PoiBIc8;WesMk' impƺ�Ü�1) idpAƺ�Ü#�'ÆƳ'ƺ�ÜĮĆ�ƺ�
ÜĮĆ'�'ťċƅǖÏ6�27ÇŭŚģ' PoiBIc8;WesMk"ƾªơƨ��� 
(B) PoiBIc8;WesMk' impƺ�Ü�1) idpAƺ�Ü
2ďâ�54 Imp�1) IdpA
Py_CƬ'őÿ�ǝƓ"ū�5�ǖÏ� SOSUI&!ƐƫƶǖÏ#�ņ�5��ĒÝ( N
ğŰ
2'9l]ǀŞ¼� 

 

2.3.3.� ĩʖ2͊�1BE PoiBI-Imp�B6 PoiBI-IdpA2œȒƢ 

 

� PoiBI{KNn}�b�ƦȀ2̗?CF&�N�ciL 27ĩʖ�CƘCF&�27í

Ͷȅ2 PoiBI-imp͓ïIȤ̱�&.�G�$2ŉń͓ï1œȒƢ�̗?CF&��!F

@L�t͖őɰI»�ŉńˊǆ (ͼĜˍˊǆ) -
D�L�t͖őɰI»H0�ŉńˊ

ǆ (Ĝˍˊǆ) 3̗?CF0�)&�27íͶȅ2�(�AHMaxi�AHP�AHS�Ar�EE�

JB�PSR�PR�WW-3 PoiBI-Imp2͓ï� 100%�˞���F.3ò1�PBR�PJ�

VG 2 PoiBI-Imp ͓ï@ 100%�˞�&�ƘCF& PoiBI �B6 WX {KNn}�b�

2 Imp2L�t͖͓ï2L�N���nIĶ 2.5.1ʌ�&��-̺9&�͓ï� 100%

�˞�&@21ͧ�,3WW�B6 PJIɦ���2 2ĩʖ.͓ï� 100%�˞�&ĩ

ʖ2͓ï3Ķ 2.5.-3ɿɮ�&� 

� PoiBI-Imp3��*�2ɰ0Eʥƭ-͓ï1œȒƢ�̆CFE�L�t͖͓ï2Ĝ�

Ƣ3΍��Ĝ�Ƣ�ǩ@¿�ʸ=ěH"3 EP vs JJ, JM, PSM-�L�t͖͓ï2Ĝ�

Ƣ3 97.2%-
)&�PoiBI�B6WX{KNn}�b�2 Imp͓ïIń1�&ʯʻȘ

IĶ 2.6.1ʌ�&� 

� PoiBI-imp͓ï�œȒƢ1ŭ>21ű��PoiBI-idpAA PoiBI-16S rRNA-3�ŉń͓

ï�Ţà1�˞��PoiBI {KNn}�b�íͶȅͦ2͊�3̆CF0�)&�

PoiBI-imp1ͳǃ EuOaV�z�Y͏ºŝ2PoiBI-dnaD-@ŉń͓ï�Ţà1�˞

��imp͏ºŝ2Ĥ̶2ȀˡÁ�őɰ�A �.��ė˕Ƣ3¿�.ˏ�CF&� 
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É 2.5.� PoiBI�1)WXc8;WesMk' Imp'9l]ǀ9s;ynyW 

Imp( NğŰ&ǡ�'ƐƫƶǖÏǟǞ�ƅƼǠ6č���'ǖÏ¤'9l]ǀƾª'�Þ
ā(ǜ
���}Ė"Ɩ�Õ&Ǒ§�4ǖÏ'9l]ǀ(Ɖđ0ĴÚ�ƥ.25�� 
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É 2.6.� PoiBI¨ǎī�1)WXc8;WesMk' Imp'9l]ǀƾª6ř	!�Ć��ŹƁı 

ƴǍƀ¾Ľ&Ð 	!�Ć��ŹƁı�É�'d|WLWsSe�( 60��',ƛū��
9<WDu|e&WXc8;WesMk6ř	�� 

 

2.3.4.� PoiBI.WX{KNn}�b��ÌƷ E͏ºŝ2Ȥ̱̋ǹ 

 

� PoiBI.WX{KNn}�b�2 Imp2Ĝ�Ƣ3 92.6�93.8%-
D�¢ͦÑ3 93.3%

-
)& (Ķ 2.5.)� PoiBI.WX{KNn}�b�2 IdpA�B6 Imp1ͳǃ EDnaD

2L�t͖͓ïI̝9&ʺǼ�PoiBI . WX {KNn}�b�ͦ2Ĝ�Ƣ3$F%F

64.7%. 98.0%-
)&�IdpA3 Nǯʠ. Cǯʠ1$F%FΖ*2˛̦̿΅Ł (Ķ 2.7.

2ΐ�˃͑) IƷ(��2˛̦̿΅Łå2͓ï3B�Ìş�F,�&�����˛̦̿

΅Ł1ƹ<F&̉ȧƢ΅Ł13œ�2őɰAW�j}�̗?CF&�IdpA 3 PoiBI .

WX{KNn}�b�2͓ïIȤ̱�&ǣ�ˬ ÁŒ1͹ì E.ªƤ�FE΅Ł1��

,œ�2L�t͖ˊǆ�
D�ImpA DnaD1Ȥ9,Ĝ�Ƣ�¿�)&��Ǚ�[t�

¢- imp͏ºŝ1ͳǃ E dnaD͏ºŝ2͓ï�CªƤ�FEDnaD2L�t͖͓ï3�

PoiBI.WX{KNn}�b�-:.J/͊��ɐ�)& (Ķ 2.7.)�  
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É 2.7.� IdpA (A) �1) DnaD (B) '9l]ǀ9s;ynyW 

PoiBIc8;WesMk' IdpA�1) DnaDƾª(¢!'¨ǎī"à¢&}Ƒ���.�
É"( PoiBI',ū���WX-IdpA�1)WX-DnaDƾª( INSD Acc. No. AF533231&
Ťǆ�5�ƾª6ř	��Ǟ�ƅƼ(ƐƫƶǖÏ6ū�� 
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2.3.5.� imp͏ºŝ�B6 idpA͏ºŝ2͌ƞ̈́ā2ȏì 

 

� ŉń2ˊǆ3L�t͖őɰI»�ͼĜˍˊǆ.�L�t͖őɰI»H0�ͼĜˍˊ

ǆ2Ŕ�� 2 *1í�CFE�L�t͖ˊǆI»�őɰ3g�wX̪2ș˕ɸôʰ2

&?$2œ��ǫŧ-
E�Ǚ�L�t͖őɰ2»H0� (^N��n0) őɰ3g�

wX̪2L�t͖͓ï1Ɠ΀�0��$2&?�̿ƅ2͏ºŝ1��,3^N��n

0őɰ2øě�œ�̗?CFE�Õ͏ºŝ0/2¢ʞ0͏ºŝAL�t͖őɰ1B)

,ș˕IǇ0H0�Ňě3�L�t͖ˊǆI»�őɰ@^N��n0őɰ@Ĝʕƌ1

˳ʙ E�����L�t͖2ˊǆI»�őɰ1B),ș˕2ŋƐ0/2óɺ�ɤ�

EŇě13�ȝ2͎ƳĻ�ɴɤ��L�t͖2ˊǆI»�őɰ�^N��n0őɰB

D@ǜ�˳ʙ E��FI͌ƞ̈́ā.Ħ7�ŉń͓ï2Ȥ̱-g�wX̪�~�-2

ȝ2͎ƳĻI̍EƸȔ13�ͼĜˍˊǆɠ (dN) .Ĝˍˊǆɠ (dS) 2Ȥ (dN/dS) �͘

̄-
E (Nei, 1987)�dN/dSÑI̍ʦ�&.�1�$2Ñ� 1BDŵ��.�3šŤɸ

0͎ƳĻI�11ʤ��.�3¢ʞőɰI�1BDŔ��.�3ȝ2͎ƳĻIē�,�

E.ˏ�CFE� 

� ͓ïI̜̋�& dnaD͏ºŝ�B6 imp͏ºŝ�idpA͏ºŝ1��,ȝ2͎ƳĻ2Ɠ

΀Iē�,�E�/��I̝9E&?�dN/dS2ÑI̍ʦ�&�PoiBI-dnaD ͏ºŝ�B

6 PoiBI-idpA͏ºŝ3à,2 PoiBIíͶȅ-͓ï��˞�,�&&?�dN /dS2Ñ2̍

ʦ3ìǵ0�)&��C1�PoiBI-imp ͏ºŝ3 PoiBI {KNn}�b�íͶȅͦ-ŉ

ń͓ï2͊��̗?CF&@22�$2őɰ3à,L�t͖ˊǆI»�őɰ-
)&�

$2&?�à,2ʸ=ěH"- dS=0.0E&?�dN /dS2Ñ2̍ʦ3ìǵ0�)&��

PoiBI-imp ͏ºŝ3 PoiBI íͶȅͦ-Ɛ�͌ƞ̈́ā�ɤ�,�E�.�ʌī�F&�ț

1�PoiBI.WX{KNn}�b�2͓ïIɦ�, dN /dS2ÑI̍ʦ�&�dnaD͏ºŝ

2 dN/dS3 0.444 -ΖBDŵ��&?�^N��n0őɰ�L�t͖ˊǆI»�őɰB

D@œ��šŤɸ0͎ƳĻIē�,�E.ˏ�CF& (˼ 2.4.)�imp͏ºŝ2Ū£ʶ˔

1͹ì E.ˏ�CFE΅Ł2 dN/dS3 1.26�1.85. 1BDŔ��@22�dN . dS 2

Ñ1ͦ1ʻ̍Šɸ1ǫƥ0Ɓ30�)& (PÑ=0.1700�0.3730; ˼ 2.5.)� dnaD͏ºŝ

A imp ͏ºŝ-ʻ̍Šɸ1ǫƥ0Ɓ�ȏì�F0�)&21ű�,�idpA ͏ºŝ2Ū

£ʶ˔1͹ì E.ˏ�CFE΅Ł2 dN/dS3 2.05�P Ñ3 0.0018 - 1%ǫƥ-
D�

ȝ2͎ƳĻ2Ɠ΀Iē�,�E.ˏ�CF& (˼ 2.4.)�  
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ƛ 2.4.� dnaD�1) idpAƺ�Ü' PoiBI vs WX' dN/dS�# P� 

ƺ�Ü dN/dS P� 

dnaD 0.44 0.2991 

idpA 2.05 ** 0.0018 
idpAƺ�Ü(ä�Žƍ&Ǒ§�4#Ƌ�254ǖÏ'ÒÐƾª6ř	!Ƣų�� 

**: dN# dS'�'ǋ& 1%vgu"ĝăñ�3 
 

ƛ 2.5.� impƺ�Ü' PoiBI¨ǎī vs WX' dN/dS�# P� 

dN/dS P� PoiBI¨ǎī 

1.85  0.1700  PSM 

1.85  0.1705  JM 

1.85  0.1708  JJ 

1.71  0.2174  ER, EP, EW 

1.71  0.2097  AHL 

1.70  0.2130  DPP 

1.70  0.2121  PBR, PJ, JR, VG 

1.69  0.2161  IP 

1.69  0.2155  SR 

1.56  0.2615  AHDR, AHMaxi, AHP, AHS, Ar, EE, JB, JR1, M, PSR, PR, WW 

1.26  0.3730  V-10, WP 
ä�Žƍ&Ǒ§�4#Ƌ�254ǖÏ'ÒÐƾª6ř	!Ƣų�� 

 

2.3.6.� Ŕ˙ˬ1��E PoiBI-Imp. PoiBI-IdpA2ɴɡ�B6ʭ́ 

 

� {KNn}�b�2ʶ˔˼ͽ1͹ì�,�E.ˏ�CFE Imp�B6 IdpAg�wX

̪1ű EƱÁIÄì��Ȏɚå1��, PoiBI{KNn}�b��$FCg�wX̪

Iɴɡ�,�E�/��I̋ǹ�&�<!�PoiBI-Imp�B6 PoiBI-IdpAg�wX̪I

Ŕ˙ˬå-ɴɡ�"E&?�$F%F2͏ºŝ2X��q�YI˹)&�PoiBI-Imp3

àͣ΅Ł.˛̦̿΅ŁIͭ�&̉ȧƢ΅Ł (PoiBI-Imp-out) 2 2*�PoiBI-IdpA3àͣ

΅Ł.˛̦̿΅ŁIͭ�&̉ȧƢ΅Ł (PoiBI-IdpA-cent)�̉ȧƢ΅ŁIąí1�& N

ǯʠÔ (PoiBI-IdpA-N) . C ǯʠÔ (PoiBI-IdpA-C) 2 4 *2\�an�Xn2ÄƪI

̓=& (Ķ 2.8.)�~Xg�82X��q�Y�ƪú�0�)& PoiBI-IdpA �B6

PoiBI-IdpA-cent µŒ2\�an�Xn1*�, IPTG 1BEg�wX̪ɴɡ̘Ŵ2Ɩ�

SDS-PAGE 1B),�ɼɸ2g�wX̪2ɴɡIʊ̗�&�$2ʺǼ�PoiBI-Imp .

PoiBI-IdpA-N -2=��ɈƢɫí1��,ªƤ�F&^Nb³̸1g�wX̪2ɛɰ



 

 46 

ɸ0ɴɡ�̗?CF& (Ķ 2.9.)� PoiBI-Imp-out�B6 PoiBI-IdpA-C3�ªƤ2^Nb

I3E�1̭�Eg�wX̪2ɴɡ�̗?CF&�µƖ2ťΌ13 PoiBI-Imp �B6

PoiBI-IdpA-NIÅɦ�&� 

� PoiBI-Imp.PoiBI-IdpA-NIɴɡ�&Ŕ˙ˬ2�ėɈƢɫíIőƢ�",ėɈā�&

Ɩ�Ni2+T��1ȳ�ßF�His-tag�³û�& PoiBI-Imp�B6 PoiBI-IdpA-NIʭ́�

&�ʭ́g�wX̪2ʱƌ3 SDS-PAGE -ʊ̗�& (Ķ 2.10.)�PoiBI-Imp �B6

PoiBI-IdpA-N Iıđ��ŨÞ1Ýɱ��Ʊ PoiBI-ImpƱ˸ɀ�B6Ʊ PoiBI-IdpA-N Ʊ

˸ɀIƘ&�Ʊ˸ɀI Protein A Sepharose CL-4BIɦ�&T��ʭ́1BD IgGIʭ́

��ʭ́Ɩ2ɫí�.1íÜ΍ƌ̍1BDġÜƌIɄŤ�&�ġÜƌIń1ʭ́ IgG

2ɎƌIʦì�&ʺǼ�/(C2ƱÁ@ 2 ƌɼ1Ɉì�&ɫí�ǩ@œ͚2 IgG IĠ

J-�& (Ʊ PoiBI-ImpΚ2.16 mg/ml�Ʊ PoiBI-IdpAΚ2.24 mg/ml)��2ɫí2 pHI 7.3

³̸10EB�1̝́��Ʊ PoiBI-Imp ƱÁ�B6Ʊ PoiBI-IdpA-N ƱÁ.�,µƖ2

̋ǹ1Ç̓�&� 

 

 
É 2.8.� Ċ��Ć'�.&ƣƢ��GyLWsCW 

PoiBI-Imp(¢ǉ (PoiBI-Imp)#ƐƫƶǖÏ6ǌ	�ǖÏ (PoiBI-Imp-out)�PoiBI-IdpA(¢
ǉ (PoiBI-IdpA)#ƐƫƶǖÏ6ǌ	�ƟĺāǖÏ (PoiBI-IdpA-cent)�ƟĺāǖÏ' NğŰ
�³¨ (PoiBI-IdpA-N) # CğŰ�³¨ (PoiBI-IdpA-C) 6ƣƢ����Ƽ'ĒÝ( NğŰ

2'9l]ǀŞ¼�GyLWsCW&ě
5��Ă¨Üǃ( His-tag6ǌ	�×��� 
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É 2.9.� PoiBI-Imp# PoiBI-IdpAPy_CƬ'×ǃţŕ 

SDS-PAGE�CBBĩƓ&14 PoiBI-Imp (A) # PoiBI-IdpA-N (B) 'ţŕŪƥ (ǞũǗ)� v
|y M; Py_CƬH;Mk|@|�v|y 1, 3, 5, 7; ºňāś¨�v|y 2, 4, 6, 8; �ň
āś¨�v|y 1, 2; IPTGń­«�v|y 3, 4; IPTGń­ 1Ěǋü�v|y 5, 6; IPTGń
­ 2Ěǋü�v|y 7, 8; IPTGń­ 3Ěǋü� 

 

 
É 2.10.� ×ǃţŕ��� PoiBI-Imp# PoiBI-IdpA-N'ŸƜ 

Ni2+
@sm"ŸƜ�� PoiBI-Imp (A) # PoiBI-IdpA-N (B)'Ŀ® (CBBĩƓ)�v|y 1; Ÿ

Ɯ« (×ƏƖś¨)�v|y 2; Flow through�v|y 3; ŀł^Sc8|�v|y 4; Č§^
Sc8|�ũǗ(@smŸƜ&1�!ý25�Py_CƬ'^yX6ū�� 

 

2.3.7.� OPag�|�jn̋ǹ 

 

� PoiBI{KNn}�b��ƦȀ�&�N�ciL-2 PoiBI-Imp. PoiBI-IdpA2ɴɡ

͚I̝9E&?�PoiBI{KNn}�b�ƦȀ�N�ciLĩʖ-
E JR2ʬȩȻ (Ʀ

ȀʬȩȻ) . PoiBI{KNn}�b�ͼƦȀ�N�ciLĩʖ-
E FlS2ʬȩȻ (Ó

àʬȩȻ) 1ű�,�2.3.5.΂-ƘCF&ƱÁIɦ�,OPag�|�jn̋ǹI˹)
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&�$F%F2Ȏɚ�C 2×^�}�vj{K�1B),ƴì�&àg�wX̪ʬƴì

ȻI 15,000 rpm-͋ƛ���ɀI̓ǖ.�,Ʊ PoiBI-ImpƱÁ�B6Ʊ PoiBI-IdpA-N

ƱÁIɦ�&OPag�|�jn̋ǹI˹)&�$2ʺǼ�Ʊ PoiBI-ImpƱÁIɦ�&

ȏì-3�ƦȀʬȩȻIȴþ�&���2=-ɛɰɸ0v�o�ƘCF& (Ķ 2.11.A)� 

���Ʊ PoiBI-IdpA-N ƱÁIɦ�&ȏì-3�ÓàʬȩȻ�B6ƦȀʬȩȻ�!F1

ű�,@v�o3ƘCF0�)& (Ķ 2.11.B)�  

� OPag�|�jn̋ǹ-3Ʊ PoiBI-ImpƱÁIɦ�&.�1 PoiBI{KNn}�b

�ƦȀȎɚ�C PoiBI-Impàͣ2Ŕ��1̸�ʰ 19.6 kDa2v�o�ȏì�F&��2

ʺǼBD 2.3.2.΂- PoiBI-Imp 1şļ E.ªƤ�F&_Yp�͓ï3îǗ�F!��

N�ciL2Ȏɚå- PoiBI-Imp3˛g�wX̪.�,şļ E�.�ʌī�F&��

Ǚ�Ŕ˙ˬ-ɴɡ�"& PoiBI-Imp2�(�Ʊ PoiBI-ImpƱÁ.ǩ@ˠ�ʺě Eg�

wX̪3�ƦȀȎɚ-ȏì�F&v�o1Ȥ9Ǔ kDa ŵ��)&��F1BD�Ŕ˙

ˬå- PoiBI-Imp Iɴɡ�"&Ňě�PoiBI-Imp �Ʒ*_Yp�͓ï1B),g�wX

̪�îǗ�F,�Eė˕Ƣ�ʌī�F&� 

 

É 2.11.� <=LPydwSWơĥ&14 PoiBI-Imp# PoiBI-IdpA'ĭ§ 

<=LPydwSWơĥ&14 PoiBI-Imp (A)# PoiBI-IdpA (B) 'ĭ§�v|y 1; ×ƏƖ
ţŕ��� PoiBI-Imp (A)�PoiBI-IdpA-N (B)�v|y 2; PoiBIc8;WesMkǓĄĩj;
yNR9ǟFlSǠČ§Ő�v|y 3; PoiBIc8;WesMkĄĩj;yNR9ǟJRǠČ§Ő�
ǞũǗ(×ƏƖţŕ���Py_CƬ'
�Ċ�#Ĝ/ƒ�ƀ¾�!	4Py_CƬ6�

ťċũǗ( PoiBIc8;WesMkĄĩj;yNR9Śģ'Py_CƬ'
��Ċ�#Ĝ
/ƒ�ƀ¾�!	4Py_CƬ'^yX'�Ɖ6ū�� 
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2.3.8.� ÝɱʸˈāŠɸ̋ǹ 

 

� �C1 PoiBI{KNn}�b�ƦȀ�N�ciL1��E PoiBI-Imp. PoiBI-IdpA2

ŷļIÝɱʸˈāŠɸ1̝9&�ƦȀ�B6Óà2�N�ciL13OPag�|�

jn̋ǹ.Ĝ�ĩʖIÅɦ��ƱÁĐƞI˹�Ȏɚîɘ13w�{M�Āŀ�&�N

�ciL2˩IʾʧǳǙĞ1îǗ�&îɘIɦ�&�̊Ů2ʺǼ�Ʊ PoiBI-ImpƱÁ�

B6Ʊ PoiBI-IdpA-N ƱÁ2/(CIɦ�&Ňě@�ƦȀ�N�ciL2ʩ͑-ɛɰɸ

1ƱÁ�ȏì�F& (Ķ 2.12.)��  

 

 
É 2.12.�  Šžƈ°ßŦĉĽ&14 PoiBI-Imp# PoiBI-IdpAPy_CƬ'ĭ§ 

 Šžƈ°ßŦĉĽ&14 PoiBI-Imp# PoiBI-IdpA'ĭ§�A, C; Ċ PoiBI-ImpĊ�&14
ĭ§�B, D; Ċ PoiBI-IdpA-NĊ�&14ĭ§�A, B; PoiBIc8;WesMkĄĩj;yN
R9ǟJRǠ�C, D; PoiBIc8;WesMkǓĄĩj;yNR9ǟFlSǠ'ƂŴġĖÁ'ĕǔ�
phǥŵƼ�LE|u^|( 250 µm�A�1) B'Ąĩj;yNR9'ŵƼ"�Ċ�#'·
Ā6ū�ǒ	ţƓ�ĭ§�5��  
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2.4.� ˏŮ  

 

2.4.1.� PoiBI{KNn}�b�2£̄0˛g�wX̪ 

 

� PoiBI{KNn}�b�3 Imp. IdpAg�wX̪I\�o E imp͏ºŝ. idpA͏

ºŝIÌƷ�,�D��FCΗ*3¬�1ɾĜ0ͧË-0��imp͏ºŝ3Ɖʨĵ2{

KNn}�b�ʖ-Ìş�F,�E�.�ǚ1ʄCF,�E (Kakizawa et al., 2009)�

WX{KNn}�b�2£̄˼ͽ˛g�wX̪3 IdpA-
E�.�ņģ�F,�E� 

(Blomquist et al., 2001)�WX{KNn}�b�.Ĝʖòʯʻ-
E PoiBI{KNn}�

b�2£̄˼ͽ˛g�wX̪1*�,3�F<-ʇʚ�F,�0�)&�ǰʇʚ-3�

PoiBI{KNn}�b�2ƦȀ�ʊ̗�F&�N�ciL2ʬȩȻA˩2îɘI^�}

�.�,�OPag�|�jn̋ǹ�B6ÝɱʸˈāŠɸ̋ǹI˹��/(C2Ʈȱ

-@ PoiBI-Imp2ɴɡIʊ̗�&�����PoiBI-IdpA3ÝɱʸˈāŠɸ̋ǹ-ɴɡI

ʊ̗ìǵ&�Ǚ-�OPag�|�jn̋ǹ-3ȏì-�0�)&��F<-�OP

ag�|�jn̋ǹBD@ÝɱʸˈāŠɸ̋ǹ2Ǚ-ȏìƦƌ�΍��.�̂Ǔ2ʇ

ʚ1��,ņģ�F,�E (Jiang et al., 1988; Friedlander et al., 1989; Gala et al., 1994)�

�2&?�°ı@ĜȒ1OPag�|�jn̋ǹ-ȏì-�0�)& PoiBI-IdpA ��

ÝɱʸˈāŠɸ̋ǹ-3ȏì�ė˕-
)&.ˏ�CFE� 

� ÝɱʸˈāŠɸ̋ǹ-ȏì�F&_Yp�Ɛƌ3 PoiBI-Imp2Ǚ�Ɛ��OPag�

|�jn̋ǹ-3 PoiBI-Imp2=v�o�ȏì�F& (Ķ 2.11.)� Ŕ˙ˬ-ɴɡ�"&

ƱČ1ű EƱÁ2ĐƞƢ3�OPag�|�jn1��,Ĝʕƌ-
)&&? (Ķ

2.13.)�ƦȀȎɚå- PoiBI{KNn}�b�3 IdpABD ImpIœ�ɴɡ�,�E�.

�ʌī�F&� 

� PoiBI-16S rRNAA PoiBI-dnaD�PoiBI-idpA2ŉń͓ï3�N�ciL2ĩʖ1BC!

�˞�,�&21ű��PoiBI-imp 3 PoiBI {KNn}�b�2ɨǵ.0E�N�ci

L2ĩʖ1B),͓ï�ɰ0),�&��C1�PoiBI-imp 1̗?CF&ŉńˊǆ3à

,L�t͖őɰI»),�D�ŉńˊǆʥƭ3à,˛̦̿΅ŁBD�ȷ2{KNn}

�b�ˬÁŒ1͹ì E΅Ł-
)& (Ķ 2.5.)�ˬ ÁŒ1͹ì E΅Ł3Ū£.ɽǃɾ

¬Äɦ E.ˏ�CF�<&�{KNn}�b��ŷļ Eʩ͑ʶ˔å2ɣŊ3ĩʖ

�.1Ŷ�!*ɰ0E.ªƤ�FE��C1��N�ciL1 PoiBI{KNn}�b�

IƦȀ�"Eǃ�ǭ3�$F%F2ĩʖ�.1˹HF,�&.ˏ�CF�PoiBI{KN

n}�b��Ĝ�ĩʖå-ˉD̹�ºǈ�FE�.-�$F%F2ĩʖå-ɤş E

21ǫó0 PoiBI {KNn}�b��Ùÿ10)&ʺǼ�PoiBI-imp 1��E͓ï2œ



 

 51 

ȒƢ�̗?CF&ė˕Ƣ�
E� 

� OY{KNn}�b�A AY, CYP0/�Ź E P. asteris2{KNn}�b�3�ǰ

ǵ2£̄˼ͽ˛g�wX̪-
E AmpI\�o E amp͏ºŝ2²1�ImpI\�o

 E imp͏ºŝIÌƷ�,�E�OYʯʻIɦ�,ȎɚÁå1��E�FC2g�wX

̪2ɴɡ͚IȤ̱�&.�G�Amp� ImpBD@ʰ 10Îɴɡ͚�œ��<& Amp2

:��ʯʻͦ1��E͓ïœȒƢ1ŭ=�Ɛ�͌ƞ̈́ā�̗?CF,�E (Kakizawa et 

al., 2009)�PoiBI{KNn}�b�-3�PoiBI-Imp � PoiBI-IdpABD@œ�ɴɡ�,

�&�.�C�PoiBI{KNn}�b�1��E£̄0˛g�wX̪3 Imp -
E.ʌ

ī�FE��P. asteris 2̋ǹÆ.ĜȒ1�L�t͖͓ï2œȒƢ1ŭ>�.�ʌ�F

&��F3�£̄˼ͽ˛g�wX̪3ɴɡ͚�΍�'�-0��L�t͖͓ïœȒƢ

1ŭ>ÖĞ�
E�.Iʌ�,�E��Ǚ�PoiBI {KNn}�b�.Ĝʖòʯʻ2

WX {KNn}�b�1��,3�IdpA �£̄˼ͽ˛g�wX̪-
E.ņģ�F,

�E (Blomquist et al., 2001)�ǰʟ2ʺǼ�C�PoiBI.WX3Ĝʖ2{KNn}�b�

-
D0�C�£̄0˛g�wX̪�ɰ0E.��ė˕Ƣ�ʌī�F&��F<-2

ʄ̆-3�Ĝʖ2{KNn}�b�-ɴɡ�,�E£̄0˛g�wX̪3Ĝ�-
E

.ˏ�CF,�&&? (Kakizawa et al., 2006b)�ǰʟ-ƘCF&ʺǼ3˟ĥȼ�ʄ̆-


E.��E� 

 

É 2.13.� ×ƏƖţŕ'Ċµ&æ�4Ċ�'·Āā 

Aǥ×ƏƖ"ţŕ��½Py_CƬ6 SDS-PAGE"Ŀ®��'��CBBĩƓƀĦ� 
Bǥ�5�5'Ċ�"ŸƜPy_CƬ'<=LPydwSWƀĦ� 
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2.4.2.� �N�ciL�C2 PoiBI{KNn}�b�2ȏì 

 

� ǰʇʚ-̝Ȃ�&:.J/2�N�ciLĩʖ- PoiBI {KNn}�b�2ƦȀ�

ʊ̗�F&��¢13ƦȀ�̗?CF0�)&ĩʖ@
)&�C-1�B6QjZa�N

�nC-1��Nn3RB Ŀ2ĩʖ.�,ǚ1ņģ��F,�D (Dole and Wilkins, 1991)�

�FC2ĩʖ3{KNn}�b��{��2ĩʖ-
E�.�ǄŤ�FE�ǰʇʚ-

̝Ȃ�&C-1@ 16S rRNA͏ºŝIg�[jn.�& PCR-3{KNn}�b�Iȏì

-�0�)&�C-1 µŒ2 AHD A AHM�AHW�FlS -@�{KNn}�b�Iȏì

-�0�)&�.�C�ĩʖ.�,ɵ͟�F,�E�N�ciL2à,� PoiBI{KN

n}�b�1ƦȀ�,�EH�-30�ė˕Ƣ�Ɛ�ʌī�F&�&'��°ı2PoiBI

{KNn}�b�ƦȀ2ȏì3 PCR -2=˹),�E&?�PoiBI {KNn}�b�

�ȏì�F0�)&�FC2ĩʖ-3�(1) PoiBI {KNn}�b�2˳ʙ͚�Ŷ0�

PCR1BEȏìͫɬµ�-
Eė˕ƢA�(2) Ȏɚɨǵ2ͩŧɚ̪2şļ1BEƓ΀0

/2&? PCR -͏ºŝ�ŋƆ�F+C�)&.��ė˕Ƣ�ˏ�CFE������

N�ciL2 DNAƴì1ͱ�,3�{KNn}�b�2şļ͚�œ�.ˏ�CFEʾ

ʧǳ͑íIɦ��PoiBI{KNn}�b�2ȏì2ėğ1ͧHC!à,Ĝ�Ʈȱ-ƴì

I˹),�E��C1�PCRͩŧɚ̪2Ɠ΀Iǀͭ E&?�ƴì�& DNAI 10Î

�B6 100Î1Ƅ͗�&ɈȻIl�}��n.�, PCRI˹)&Ňě-@�Û1̺9

& 5ĩʖ-3 DNA2ŋƆ�ʊ̗ìǵ0�)&&? (Ķ 2.14.)�(2) 2ė˕Ƣ@¿��Ɨ

), PCR-{KNn}�b�Iȏì-�0�)& 5ĩʖ3{KNn}�b��{��

2ĩʖ-
Eė˕Ƣ�΍�.ˏ�CFE� 

 

 
É 2.14.� òǁ�� DNA6ǅÎ&ƚ�� PCRŘŐ'Ŀ® 

Č§�� DNAňŃ6 10��1) 100�&òǁ��ňŃ6ǅÎ& PCR6ƚ	�ǐĹĿ®
��ƀĦ�òǁ��Uyev|W6ř	!/ DNA'Óô(Ūƥ"�%
���Ąĩ�Ūƥ
�5!	4 JR"( PCR&14 DNA'Óô�Ūƥ�5� (ũǗ)�Mǥ1 kbsQ|�10�
1) 100ǥ10��1) 100�òǁ�� DNA6ǅÎ#�� PCRŘŐ'Ŀ®v|y� 
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2.4.3.� PoiBI.WX{KNn}�b�2Ȥ̱ 

 

� PoiBI.WX{KNn}�b�2 imp͏ºŝ2ŉń͓ï2Ĝ�Ƣ3�Ƈľ 97.2%-


)&21ű��idpA͏ºŝ2Ĝ�Ƣ3 77.7%.¿�)&�PoiBI.WX{KNn}�b

�2ͦ- idpA ͏ºŝ3L�t͖őɰI»�ˊǆ�L�t͖őɰI»H0� (^N��

n0) ˊǆBD@œ�ɤ�,�E�.�í�)& (ˬÁŒ1͹ì E΅Ł2 dN /dS 

=2.05)�WX {KNn}�b�1��, IdpA 3£̄˼ͽ˛g�wX̪-
E�.��

{KNn}�b�ɛɰɸ0�tX��p�ƱÁIɦ�&ťΌ1BDʌ�F,�E 

(Blomquist et al., 2001)� �2&?�WX{KNn}�b�1��, idpA͏ºŝ�Ū£

.{KNn}�b�2ͦ2ɾ¬Äɦ1̄͘0ƔøIƷ*ė˕Ƣ�ˏ�CF,�D�WX

{KNn}�b�2 idpA ͏ºŝ2őɰ1BD�WX {KNn}�b�2Ū£82͌ƞ

ƌ��Ǟ�&ė˕Ƣ�
E� 

 

2.4.4.� P. pruni2£̄˼ͽ˛g�wX̪2̈́āɸˏŮ 

 

� P. pruni1Ź E{KNn}�b�-3�VAC, MA1�B6 MW1{KNn}�b�

2o�{n[t�͓ï2̜̋�˹HF,�E (Saccardo et al., 2012)��FCo�{n[

t�͓ï�C Imp �B6 IdpA 1ɾĜ0͓ïIĒƘ��ˬÁŒ1͹ì E΅Ł2 dN/dS

2ÑI̍ʦ�&�idpA͏ºŝ-3 VAC vs PoiBI�B6 VAC vs WX- dN/dS >1�* P

Ñ<0.052ʺǼ�ƘCF& (˼ 2.6.)� imp͏ºŝ-3 MA1 vs PoiBIíͶȅ2�͑2ʸ

=ěH"�B6 MA1 vs MW1- dN/dS >1�* PÑ<0.052ʺǼ�ƘCF& (˼ 2.7.)�

dN/dS2Ñ� 1I̭��dN. dS2Ñ2ͦ1ǫƥ0Ɓ�̗?CFEŇě3�$2˛g�w

X̪�Ū£1͌ƞ�,�E.ªƤ�FE�.�C�VAC�MA1 �B6 MW1 {KNn

}�b�1��,@ Imp�B6 IdpA�£̄0˛g�wX̪.�,ɴɡ�,�Eė˕Ƣ

�
E�����MA1, MW1�B6 VAC{KNn}�b�-3g�wX̪2ɴɡ͚̋

ǹ�˹HF,�0�2-�Imp. IdpA2/(C�£̄˼ͽ˛g�wX̪-
E�Iñ

Ǘ E�.3ìǵ0��°Ɩ��FC2{KNn}�b�ʯʻ- IdpA. Imp2ɴɡ͚

Ȥ̱�˹HFE�.-�P. pruni1Ź E{KNn}�b�2£̄0˛g�wX̪1*

�,2ʄ̆�ƘCF�BD̕ʶ0̈́āɸˏŮ�ìǵE.ˏ�CFE� 
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ƛ 2.6.� idpAƺ�Ü'½ŹƁǋ' dN/dS�# P� 

dN/dS PoiBI WX VAC MA1 

WX 2.05 ** 
   VAC 1.53 * 1.71 * 

  MA1 1.23  1.21  1.35  
 MW1 1.10  0.94  1.16  1.34  

P� PoiBI WX VAC MA1 

WX 0.0018  
   VAC 0.0365  0.0193  

  MA1 0.1951  0.2321  0.1392  
 MW1 0.3382  0.4040  0.2884  0.2319  

ä�Žƍ&Ǒ§�4#Ƌ�254ǖÏ'ÒÐƾª6ř	!Ƣų�� 
dN# dS'�'ǋ& 5% (*) �1) 1% (**) vgu"ĝăñ�3 

 

ƛ 2.7.� impƺ�Ü'½ŹƁǋ' dN/dS�# P� 

dN/dS PoiBI WX VAC MA1 

WX 1.26 - 1.84 
   VAC 1.05 - 1.15 0.90  

  MA1 1.77 - 2.04 * 1.22  1.67  
 MW1 1.41 - 1.52 1.19  1.41  4.18 *** 

P� PoiBI WX VAC MA1 

WX 0.1700 - 0.3730 
   VAC 0.3596 - 0.4456 0.3935  

  MA1 0.0493 - 0.0892 0.3158  0.0981  
 MW1 0.1328 - 0.1874 0.3328  0.2438  0.0003  

ä�Žƍ&Ǒ§�4#Ƌ�254ǖÏ'ÒÐƾª6ř	!Ƣų�� 
dN# dS'�'ǋ& 5% (*) �1) 0.1% (***) vgu"ĝăñ�3 

MA1 vs PoiBI(�MA1 vs PSM, MA1 vs JJ"', 5%vgu"ĝăñĝ3 
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ʢ 3ʟ  
{KNn}�b�2ǃʃĲŝÏ̀ P382̋ǹ  

 

3.1.� ʶˬ2ǃʃĲŝ  

 

� ɲČʶˬ3�ð?1Ū£ʶ˔˼ͽ1ű�,ǃʃ E�.-ƦȀ E (Soto & Hultgren, 

1999)�œ�2ɲČʶˬ1��,�ˬÁ2ǃʃ13�ǃʃĲŝ (adhesin) .Ħ4FEŪ

£ʶ˔˼ͽ1³ʃ EˬÁ˼ͽ2˛g�wX̪�ș˕ E (Giron et al., 1996; Soto & 

Hultgren, 1999)�Ɨ),�ǃʃĲŝIĜŤ��Ƣɜ̋ǹI E�.3ʶˬ2ƦȀ2ǩð

2alj}I̋ǟ E�-̄͘-
E� 

� ��V��laʿ3�ʁ ˔ŌIƷ&0�¿ G+Cʶˬ2�ˌ-
D��N\}�b��

az�}�b��{KNn}�b�0/�Ź E (Razin et al., 1998; Rottem, 2003; 

Oshima et al., 2004)���V��la3�xn�þɚ�˵�Ȏɚ0/Ɖʨĵ2Ū£1ū

ɤ E��F<-�Ū£ʶ˔˼ͽ82ǃʃ��xnAþɚ1ƦȀƢIʌ �N\}�

b�Źʶˬ2ƦȀ1.),̄͘0alj}-
E�.�ʄCF,�E�Æ�4�

Mycoplasma agalactiae -3ǃʃĲŝ.�,˛g�wX̪2 P40 �ĜŤ�F,�E�M. 

agalactiaeIƱ P40ƱÁ.âŃΊ E.�Ū£ʶ˔82ƦȀýɠ�˱��¿� E�.

�ʌ�F,�E�.�C�P40 3ƦȀ1Ɯ΄-
E.ˏ�CF,�E (Fleury et al., 

2002)�az�}�b�@�ǃʃĲŝI±�,ǝ˵Ū£ʶ˔1ǃʃ�,�E (Steiner et al., 

1982; Liu et al., 1983)�<&�Spiroplasma citri1\�o�FE˛g�wX̪-
E P89

@ǃʃĲŝ-
D�ǝ˵Ū£ŃΊʶ˔1ű Eǃʃ1ͧ� E�.�ʌī�F,�E

(Yu et al., 2000)�M. agalactiae. S. citri3��V��laʿ2ɰ0EŹ1Ź Eʶˬ-


E��P40. P892ˬÁŒ1͹ì�,�E.ƠHFE΅Ł1ʰ 40L�t͖2Ìş΅

Ł�i�{�şļ E (Fleury et al., 2002)�µ���2Ìş΅Ł�i�{I Mollicutes 

adhesin motif (MAM) .Ħ7� 

� ǰʟ-3��N\}�b�Aaz�}�b�-â̿Ƣ2
EǃʃĲŝ2�i�{ 

(MAM) 1ʃɼ�&��F<-{KNn}�b�-3ǃʃĲŝ2ņģ�ɐ�)&��OY

{KNn}�b�[t�͓ï�C pam289 (P38) ͏ºŝ1 MAMIɴ̆��P. asteris2

̂Ǔ2ʯʻ1S�e�Y�Ìş�F,�E�.IǟC�1�&��C1 OY{KNn}

�b�ƦȀŪ£- P38�ɴɡ�,�E�.Iʊ�?�P383Ū£ʬȩȻ.ʺě˕Iʌ 

�.�MAMÈşɸ1ǝ˵Ū£.ɾ¬Äɦ E�.IǟC�1�&�$2�- P38�Ū

£.{KNn}�b�2ɾ¬Äɦ1��,Ǽ& Ɣø1*�,ˏŮ E� 
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3.2.� Ǳǖ�B6Ǚȱ  

 

3.2.1.� Ç̓Ȏɚ�B6ǝ˵ 

 

� OY{KNn}�b�3 1982ƈ1À̧ʀ2g�sW (Allium cepa) BDíͶ�F&@

2-
E�OY{KNn}�b�3ȎɚŪ£.�,_��WX (Glebionis coronarium)�

ǝ˵Ū£.�,x�{gl��\vN (Macrosteles striifrons) Iɦ�&�OY {KNn

}�b�1ƦȀ�&_��WXIx�{gl��\vN1ġȩ�"&2(�{KNn

}�b�ͼƦȀ2_��WX.Ĝ�ɣŊ1ˊ��.-ǘ&1{KNn}�b�ƦȀȎ

ɚIÄD�{KNn}�b�2ʾƷ�ʼ´I˹)& (Ķ 3.1.)�X�˯ˆɲ (mulberry 

dwarf: MD) {KNn}�b��B6V�,J�ſɲ (paulownia witches’ broom: PaWB) 

{KNn}�b�1ƦȀ�&Ȏɚʸˈ3̃ǲäŕĈŏ�B6ĺŽƅɪĈŏ1í̢�,

�&'�&�<&�t|oO2�ʖ (Ampelopsis brevipedunculata) 1ƦȀ�& porcelain 

vine witches’ broom (PvWB) {KNn}�b�3;ĸ-ɴɤ E@2-
E (Jung et al., 

2003)��̎2 OY, MD, PaWB�B6 PvWB{KNn}�b�3 16S rRNA͏ºŝ2͓

ïĜ�ƢBD�à, P. asteris1í·�F,�E (IRPCM, 2004) (Ķ 1.6.)� 

 

3.2.2.� {KNn}�b�1â̿�,̗?CFE P38͏ºŝ2X��q�Y 

 

� P38͏ºŝàͣ2͓ïI̜̋ E&?�OY, MD, PaWB�B6 PvWB{KNn}�b

�1ƦȀ�&ȎɚʸˈBD DNAIƴì��ƴì�& DNAI͞Ŀ.�, P38͏ºŝI

Ġ> DNAǗɘI PCR1,ŋƆ�&�PCRƮȱ13 LA-PCRIɦ��PCRʸƪ3àÁ

2Đƞũ͚� 50 µl-
E�.Iͭ�,�2.2.2.΂-̺̎�&ʸƪ1Ɨ)&�ŋƆ}�N

��13 P38͏ºŝ2�ȷ.ɾĜ0͓ïIƷ* P38N-F�B6�ȷ.ɾĜ0͓ïIƷ*

P38C-R (˼ 3.1.) Iɦ�&�ĐƞɈȻI 94�- 2íͦ DNAIőƢ�"&Ɩ�94�- 30

ʒͦ2őƢ�55�- 30ʒͦ2Lq���Y�68�- 2íͦ2 DNA¼ͣI 35^NX�

ˉD̹��ǩƖ1 68�- 7íͦ2¼ͣI˹)&�pGEM-T easy vector system (Promega) I

ɦ�,�PCRɥɚIN�^�n.�, pGEM-T easy vector1ʸ=̷J'�PCRɥɚI

ʸ=̷J'}�a�oIŔ˙ˬ JM109\�zl�nc�.Ⱦě��2.2.4.΂1̺̎�&

Ʈȱ1B),ʭ́�&}�a�oIƘ&�ƘCF&}�a�o2͓ï2̜̋3 2.2.3.΂

1̺̎�&hN�Xn_�XQ�aȱ1BD˹��_�XQ�a13 M13F �B6

M13R}�N��Iɦ�& (˼ 3.1.)�̋ ̜�&ŉń͓ï�CƘCF& MD, PaWB, PvWB

{KNn}�b�2 P38S�e�Y͓ï3 INSD1ɵ͟�& (AB902909-11)� 
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A: Oshima et al., 2001, B: Hoshi et al., 2009, C: Maejima et al., 2014b� � �  

D: Jung et al., 2003, E: Oshima et al., 2011� � �  

É 3.1.� Ġů"ãǛ&ř	�ĬŐ'šÿ�1)rG^;'¦Ũ 

A: OYc8;WesMk&Ąĩ��ƗƇ{¹ŗ�1)ǝ°ŢŒ6Ä�4JpyBCǟ»Ǡ 
B: MDc8;WesMk&Ąĩ��ƗƇ{¹ŗŢŒ6Ä�4Cx 
C: PaWBc8;WesMk&Ąĩ��!7�ïŢŒ6ū�At 
D: PvWBc8;WesMk&Ąĩ��Ƙ�è��ǝ°��Ů�Ĩ5ŢŒ6ū� 
� ]dX<'}ŭ (Ampelopsis brevipedunculataǥð) 
E: OYc8;WesMk6Û��4�`ncPUyrG^; 
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� ̜̋�&ŉń͓ï�CªɄ�F&P38g�wX̪2L�t͖͓ï.AY-WB{KNn

}�b� (Bai et al., 2006; INSD Acc. No. CP000061) 2 P38S�e�Y (AYWB432) 2

L�t͖͓ïI ClustalW (Tompson et al., 1994) Iɦ�,L�N���n�&��C1

P38 �Ʒ*g�wX̪.�,2ɛƚIªɄ�&�˛̦̿΅Ł3 SOSUI }�Y�� 

(version 1.11; Hirokawa et al., 1998) �B6 TMpredIɦ�,ªɄ��íȰ_Yp�2ª

Ʉ13 SignalP (version 3.0; Bendtsen et al., 2004) Iɦ�&��C1g�wX̪2«țȑ

́ªɄ13 PSIPRED protein analysis workbench (ver. 3.3; Buchan et al., 2013) Iɦ�&�

ĚªɄ}�Y��3WWW�-óɦ-�E}�Y��-
D�Ě}�Y��2 URLI

µ�1̎ �SOSUI�B6 SignalP2 URL1*�,3 2.2.3.΂1̎�&� 

�TMpredΚhttp://www.ch.embnet.org/software/TMPRED_form.html 

�PSIPRED protein analysis workbenchΚhttp://bioinf.cs.ucl.ac.uk/psipred/ 

 

ƛ 3.1.� P38ƺ�Ü?uOwD'ơĥ&ř	�es;k| 

es;k|À ÒÐƾªǟ5'→3'Ǡ 
P38ƺ�Ü?uOwD'Óô 
P38N-F AGA TGG TAT TTT CAC TTA TC 
P38C-R TTG TAC ATT TGG ATT TTG CA 
P38ƺ�Ü?uOwD'J|C>yL 
M13F TGT AAA ACG ACG GCC AGT 
M13R CAG GAA ACA GCT ATG AC 

 

3.2.3.� P382X��q�Y�B6 P382ɴɡ�ʭ́�ƱÁÄì 

 

� P381ű Eɛɰɸ0ƱÁ2ÄìIɼɸ.�,�P38g�wX̪IŔ˙ˬ-ɴɡ�"

&�ð?1 OYʯʻ2 P38g�wX̪2 Nǯʠ�B6 Cǯʠ2˛̦̿΅ŁIͭ�&΅

ŁI\�o E͓ïI LA-PCR1B),ŋƆ�&�LA-PCR2̕ʶ0ťΌǴ¸3�68�

2 DNA ¼ͣǣͦ� 1 í-
E�.�ŋƆ1ɦ�&}�N��� Nd-P38-F �B6

Xh-P38-R (˼ 3.2.) -
E�.Iͭ�, 2.2.2.΂-̺̎�&ʸƪ�Ǵ¸1Ɨ)&�PCRŋ

Ɔ�& DNA2ʭ́µͪ�ƒ̪̰ǆ�F&Ŕ˙ˬ�C}�a�oIʭ́��T7 terminator

}�N�� (˼ 2.3.) Iɦ�&ɼɸ2͓ï2̜̋<-2Ʈȱ3 2.2.4.΂2̺̎1Ɨ)&�

�C1 2.2.5.΂2̺̎1Ɨ��ȻÁŃĽ-2ŃΊ�g�wX̪ɴɡ2̘Ŵ�SDS-PAGE

1BEg�wX̪ɴɡ2ʊ̗�Ni2+T��Iɦ�&g�wX̪2ʭ́�ŨÞ82Ýɱ�

B6ƱÁ2 IgGʭ́I˹)&� 

� �C1 P382őɰg�wX̪2ÄìI˹�&?�KOD FX PCRIɦ�,͏ºŝ2ŋ

ƆI˹)&�KOD FX PCR Buffer (TOYOBO)�400 µM dNTPs�Ě 0.3 µM2 Forward�
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B6 Reverse}�N���1.0 U KOD FX DNA polymerase (TOYOBO)�50�100 ng2͞

Ŀ DNAIȾ#�DW-Đƞũ͚I 50 µl1�&�Åɦ�&}�N��3µ�2\�a

n�Xn2̛ǟ�B6˼ 3.2.1̺̎�&�Ⱦě�&ɈȻI 94�- 2íͦ�DNAIőƢ

�"&Ɩ�94˚C - 30 ʒͦ2őƢ�55˚C - 30 ʒͦ2Lq���Y�68˚C - 1 íͦ2

DNA¼ͣI 35^NX�ˉD̹��ǩƖ1 68˚C- 7íͦ2¼ͣI˹)&� 

� P38g�wX̪2 NǯʠÔIȚŖ�"&őɰg�wX̪ P38�N�B6 P38�NM2

͏ºŝŋƆ13�P38�N-F / P38-R}�N��cjn�B6 P38�NM-F / P38-R }�N

��cjnI$F%Fɦ�& (Ķ 3.8.�B6˼ 3.2.)�P382 MAM΅Ł1L�q�ˊǆ

IŴß�& P38m1�P38m2 �B6 P38m3 2Äƪ13�$F%F 2 *2 DNA ǗɘIŋ

Ɔ��P38-F / P38m1-R�P38m2-R�P38m3-R}�N��cjn�B6 P38m1-F�P38m2-F

�B6 P38m3-F / P38-R}�N��cjnIɦ��$F%F2ŋƆɥɚI P38-F / P38-R

}�N��cjnIɦ�& PCR1B),�N[�_���&��FC 5*2 PCRɥɚ

I GeneArt Seamless Cloning and Assembly Kit (Invitrogen) Iɦ�,�pET-30a(+)~Xg�

2 NdeI�B6 XhoI ^Nn2ͦ1ƻß�&�pET-30a(+)~Xg�1ŴßƖ�Ŕ˙ˬ1,

g�wX̪ɴɡI̘Ŵ�&�Ni2+T��Iɦ�&g�wX̪2ʭ́3�P38g�wX̪

-ɦ�&Ʈȱ.ĜȒ-
E� 

ƛ 3.2.� P38Py_CƬţŕ&ř	�es;k| 

es;k|À ÒÐƾªǟ5'→3'Ǡ 
P38Py_CƬ'ţŕ 
Nd-P38-F AAG AAT TCC ATA TGA AAG CTG CTC CAA CAG 
Xh-P38-R TGA GCT CGA GTC CAT AAT TTG TAT TTT CG 
Ôşç¡�� P38Py_CƬ'ţŕ 
P38-F TAA GAA GGA GAT ATA CAT ATG ATA GAT ATC AGC ACT ATT GAA AA 
P38-R GTG GTG GTG GTG GTG CTC GAG GTT ATT ATC TGT TTT TTC GCT T 
P38∆N-F TAA GAA GGA GAT ATA CAT ATG ATT GGA GAC GAT TTA GAA GTT G 
P38∆NM-F TAA GAA GGA GAT ATA CAT ATG CAA AAT AAA GCT TTA GGG GAT AT 
P38m1-F AGT GGT CTT TCT GCT GCA GCC GCT GCA GCA GCT GTT TTG ATA 

AAC 
P38m1-R GTT TAT CAA AAC AGC TGC TGC AGC GGC TGC AGC AGA AAG ACC 

ACT 
P38m2-F TTG ATA AAC AAT AAC AAA GCA GCT GCC GCA GCA GCA GCA GCT 

GCT GCA AAA ATT AAA GGT CAA GTA GAA 
P38m2-R TTC TAC TTG ACC TTT AAT TTT TGC AGC AGC TGC TGC TGC TGC 

GGC AGC TGC TTT GTT ATT GTT TAT CAA 
P38m3-F GAA AAT TCT AAA AAA ATT AAA GCT GCA GCA GCA GCT GCT GCT 

GCT GCC AAA GAA GAC CTA AAT GTT TTA 
P38m3-R TAA AAC ATT TAG GTC TTC TTT GGC AGC AGC AGC AGC TGC TGC 

TGC AGC TTT AAT TTT TTT AGA ATT TTC 
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3.2.4.� OPag�|�jn̋ǹ 

 

� {KNn}�b�ͼƦȀ@��3ƦȀ2_��WX�B6x�{gl��\vNI

ȻÁʝʳ�B6§͝�§ȍIɦ�, D*7��50 µl2 4�SDS-PAGE^�}�vj

{K�Iû�Ʃɍ�&�1.5 mli��|1ʔ��95�- 10íͦɓȮ�&Ɩ�15,000�g�

4�- 1íͦ͋ƛíͶ���ɀIıđ�, SDS-PAGE-ȴþ�&�SDS-PAGE2ȴþǙ

ȱ�B6OPag�|�jn̋ǹ2Ʈȱ3�µ�1̺9EʥƭIͭ�, 2.2.6.΂.ĜȒ

2Ʈ΃-˹)&� 

��țƱÁɈȻ1Ʊ P38ƱÁ (ǩʷɎƌ 4.5 µg/ml) IÅɦ�& 

�CBBȀˡI˹�ͱ2g�wX̪^Nb��T�13�Precision Plus Protein Standards 

All Blue (BIO-RAD)�OPag�|�jn̋ǹI˹�ͱ2g�wX̪^Nb��T�1

3 Prestained Protein Marker, Broad range (7-175 kDa) (NEB) IÅɦ 

 

3.2.5.� ojn|�jn�{K�OPag�̋ǹ 

 

� PVDF˛1ɋ� EʬȩȻ13�{KNn}�b�ͼƦȀ2_��WX�B6x�{

gl��\vNIÇ̓�&�$F%FȻÁʝʳ�B6§͝�§ȍIɦ�, D*7��

_��WX1ű�,3Ȏɚ͚͘2 4 Î͚�x�{gl��\vN1ű�,3ǝ˵ 1 Í

Á
&D 70 µl2 RXvj{K�I$F%Fû�,Ʃɍ��ʬȩȻ.�&�ojn|�

jn�{K�OPag�2ťΌ3µ�2Ʈ΃-˹)&� 

�RXvj{K�Κ0.1% Triton X-100, 100 mM KCl, 3 mM NaCl, 3.5 mM MgCl2, 1.25 mM 

EGTA, 10 mM HepesIȾě��pH 7.31̝ǔ�&ɈȻ 

1. ʬȩȻ2ɎƌI 50%�10%1 RXvj{K�-Ƅ͗�&Ƅ͗ʬȩȻIÄƪ�, PVDF

˛1ɋ���˜ɑ¨ɖ� 

2. PVPI 2%ĠJ' TBSTvj{K� (TBST-PB) 1 2%2aV���XIɈ̋�&|�

jV�Yvj{K�- PVDF˛I 30íͦƺɻ� 

3. Ŕ˙ˬ-ɴɡ�,ʭ́�& P38g�wX̪..@1 4�-�ǤĐƞ�P381ű Es

UlM|\�n���13O_˸ɀɨǵL�|�� (BSA, Sigma) IÅɦ� 

4. �ǤN�V�~�n�& PVDF˛I TBST-PBvj{K�- 2ıȵȸ� 

5. �țƱÁ.�, 3.2.3.΂1,Ä́�&Ʊ P38ƱÁ (ǩʷɎƌ 4.5 µg/ml)�Ʊ BSAƱÁ 

(ǩʷɎƌ 12 µg/ml�MP Biomedicals) @��3ÝɱöO^WƱÁ (ǩʷɎƌ 14.3 µg/ml) 

..@1 4�- 1ǣͦĐƞ�Ƅ͗13 TBSTvj{K�IÅɦ� 

6. Đƞ�"& PVDF˛I TBST-PBvj{K�- 2ıȵȸ� 



 

 61 

7. «țƱÁ.�, HRPʺě�&ƱO^WƱÁ (5000ÎƄ͗�Amersham Bioscience) .

.@1 4�- 1ǣͦĐƞ� 

8. ECL-Plus detection reagent (Amersham Bioscience) -«țƱÁIȏì��LAS-1000 Plus 

Imaging System (Fujifilm) -˷ÜIė̈ā� 

 

3.2.6.� ͕ʳƱÁʺě̓Ό 

 

� ʺě̓Ό13 DAS-ELISA (Double Antibody Sandwich Enzyme-Linked ImmunoSorbent 

Assay) Iƞɦ�&ƮȱIǁɦ�&�DAS-ELISAȱ-3�ELISA}��n1ƱÁIġʃ

�"&Ɩ�ƱČIĠ>ɈȻIû��ƱÁ.ƱČIʺě�"E�ʺě�ʷH)&COP

�Iȵȸ�,Ãí0ȻIƾ,�ƽƼ�F&ƱČ1ű EƱÁIû�E���-û�E

ƱÁ3�ELISA }��n1ġʃ�"&ƱÁ.3ɰ0EƱČ͑¾I̡̗��͕ʳȔ̡�

&ƱÁIɦ�E�ˡʳʯń̪Iû�&ǣ1ɴˡĐƞ�̈́=�ƱČ2şļ͚IˡʳƐƌ

1B),Ť͚ E�.�ìǵE� 

� ͕ʳƱÁʺě̓Ό-3�ELISA }��n1ġʃ�"EƱÁ2´HD1�Ȏɚ@��

3ǝ˵2ʬȩȻIɦ�&�Ȏɚ�B6ǝ˵ʬȩȻ3 3.2.5.΂-Åɦ�&@2.ĜȒ1̝

ǔ�&�ƱČ13 His-tagI³û2 P38�B6őɰŴß P38Iû��}��n1ġʃ�

"&ʬȩȻ.ʺě�"&�ƱČ2ȏì13 2 *2ƱÁIɦ�&�His-tag-P38 Iȏì 

E&?��Oaɨǵ2ƱHis-tagƱÁIOP�1û�,His-tag-P38.ʺě�&Ɩ�His-tag

Iȏì E&?1L�T�{Ra{Kg�d-Ȕ̡�&Ʊ�OaƱÁIû��ǩƖ1

ń̪.�, p-qn�{Pq���͖ (C6H6NO6P) Iû�&�p-qn�{Pq���͖

3�L�T�Ǵ¸�-L�T�{Ra{Kg�d1B), p-qn�{Pt���͇Ͷ

 E�p-qn�{Pt��3ΏˡIʌ &?�ġÜƌIɄŤ E�.-ʬȩȻ. P38

2ʺě˕IŤ͚ E�.�ìǵE�ɄŤ�&ġÜƌ2ʻ̍ëɢ13�ńɇ.0Eˌ1

ű�,²2à,2ˌIȤ̱ EƮȱ-
E DunnettȱIɦ�&œ͘Ȥ̱ȱI˹)&�͕

ʳƱÁʺě̓Ό2ťΌƮ΃Iµ�1̺̎ E� 

1. ǝ˵�B6Ȏɚ2ʬȩȻI ELISA }��n (Nunc MaxiSorp® flat-bottom 96 well 

plate, Affymetrix) 2OP�1ɋ���4�-�ǤN�V�~�n� 

2. ʬȩȻIƾ,�5%aV���XIĠ> RXvj{K�-|�jV�Y�&Ɩ�His-tag

³û2 P38�B6őɰŴß�& P38g�wX̪IOP�1û��4�-�ǤN�V�~

�n (g�wX̪3 SDS-PAGE-ȴþ��CBB Ȁˡ1B),ȏì�F&v�o�Cg

�wX̪͚IǄŤ��Ěg�wX̪ɈȻ�ʤɎƌ10EB�̝ǔ)� 

3. P38ɈȻIƾ,�RXvj{K�-OP�Iȵȸ�&Ɩ�Ʊ His-tagƱÁ (�Oa�t
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X��p�ƱÁ�1000ÎƄ͗�GE healthcare) ..@1 30�- 4ǣͦN�V�~�n� 

4. Ʊ His-tag ƱÁɈȻIƾ,�RX vj{K�-OP�Iȵȸ�&Ɩ�«țƱÁ.�,

L�T�{Ra{Kg�dȔ̡2Ʊ�OaƱÁ (4000 ÎƄ͗�Invitrogen) ..@1

30�- 4ǣͦN�V�~�n� 

5. Ʊ�OaƱÁɈȻIƾ,�ń̪.�, p-qn�{Pq���͖ (1 mg/mL, Sigma) Ɉ

ȻIȿû� 

6. ń̪Iȿû�& 2ǣͦƖ1�EnSpire Multimode Plate Reader (Perkin Elmer) - 405 nm

ġÜƌI̍Ʉ� 
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3.3.� ʺǼ  

 

3.3.1.� P382ĜŤ 

 

� {KNn}�b�2ǃʃĲŝIĜŤ E&?�P40. P892 2*2ǃʃĲŝ2�i�

{ (MAM) IƷ*g�wX̪I\�o E͏ºŝI�OY{KNn}�b�2[t��

-ǂʴ�&�P40�B6 P892 MAM΅Ł2L�t͖͓ïI Query�OY{KNn}�

b�[t�͓ïI Dataset.�, tblastn-ȏʴI˹)&ʺǼ�pam289͏ºŝIĜŤ��

ˎ̑�FEg�wX̪2ªƤíŝ͚�C P38.ĝ³�&�MAM2L�t͖͓ïĜ�Ƣ 

(·½Ƣ) 3 P38. P402ͦ- 42.6% (59.6%)�P38. P892ͦ- 36.2% (57.4%) -
)

&��FC2͓ïĜ�Ƣ�B6·½Ƣ3 P40 . P89 2ͦ2Ñ (Ĝ�Ƣ 38.8%�·½Ƣ

63.3%) .:;Ĝ�-
)&�P382 MAM13 3*2 β-_�nȑ́�ªɄ�F��2

ȑ́3 P40, P891@ªɄ�F& (Ķ 3.2.)�����3*2g�wX̪-�MAM1Ġ<

F0�΅Ł-3L�t͖͓ï2ÌşƢ3ɐ�)&�P383 338L�t͖�C0Eg�w

X̪-
D�SOSUI-˛̦̿΅Ł2ǫɐI̝9&ƭ�NǯʠÔ2 15�37ɯɼ�B6 C

ǯʠÔ2 309�331ɯɼ2L�t͖�˛̦̿΅Ł-
E.ǄŤ�F&�SignalPIɦ�,

_Yp�͓ï2ǫɐI̝9&ƭ�0.959 .��΍�ʊɠ-íȰ_Yp�͓ïIƷ(�N

ǯʠ�CǓ�, 38ɯɼ. 39ɯɼ2L�t͖2ͦ-îǗ�FE.ǄŤ�F& (Ķ 3.2.)�

�FC2ɛƚ�C�P383{KNn}�b�2ʶ˔˼ͽ1ŷļ E˛g�wX̪-
E

�.�ʌī�F&� 

 

É 3.2.� MAMǖÏ6č� P40, P89, P38Py_CƬ'İ÷É 

ǝƓ'ǖÏ(ƐƫƶǖÏ�ĲƼ( MAM6ƛ��Ǟ'ũǗ(�ņ©ĕH;W6ū���Ƽ'
ĒÝ(�Ǘ
2'9l]ǀĒ6ū���Ƽ'9s;ynyWÉ(�5�5' MAMÆƳƾª
'9l]ǀƾª6ū��ťũ´( β-J|WĮƷ6ū��  
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3.3.2.� P38S�e�Y2͓ï̋ǹ 

 

� P38 ͏ºŝ�{KNn}�b�1��,Ɖ�Ìş�F,�E�/��̝9E&?�

P. asteris1Ź E OY, MD, PaWB�B6 PvWB{KNn}�b�2 DNAI͞Ŀ.�

, PCRI˹)&�à,2{KNn}�b�BD�338L�t͖�C0E ORFIƷ*΅

Ł2͓ï�ƘCF& (Ķ 3.3.)�ƘCF& P38 S�e�Y2àͣL�t͖2͓ïĜ�Ƣ

3 95%µ�-
D (˼ 3.3.)�MAM 1ͫ),Ȥ̱ E.͓ïĜ�Ƣ3 100%-
D΍ƌ

1Ìş�F,�& (Ķ 3.3.)�͓ïm�g~�a�1ɵ͟�F,�E AYWB432 .2͓

ïĜ�Ƣ3�àͣ�MAM͓ï.@1ʰ 80%-
)&� 

 

ƛ 3.3.� P38?uOwD¢ǉ9l]ǀ'ƾª¿}ā 

(%) OY MD PaWB PvWB 
MD 95.9     

PaWB 95.3  97.6    

PvWB 95.6  99.7  97.3   

AY-WB 79.9  80.5  81.1  80.2  
�  

 



 

 65 

 

É 3.3.� P38?uOwD'9s;ynyW 

9l]ǀƾª'Ǟ�ƅ(ƐƫƶǖÏ�ťċ�ƅ( MAM�ũǗ(�ņ©ĕƼ�6ū�� 
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3.3.3.� Ŕ˙ˬ1��E P382ɴɡ�B6ʭ́ 

 

� ÝɱāŠɸƮȱ1B), P382ɴɡ�B6ș˕1*�,̋ǹ E&?�OY{KNn

}�b�2 P38 g�wX̪IX��q�Y��P38 1ű EƱÁIÄì�&�ð?1

OY{KNn}�b��C P382{KNn}�b�˛˼ͽ1ɴɡ�,�E.ˏ�CFE

͏ºŝ΅Ł (Ķ 3.8.2”P38”) 2X��q�YI˹)&�ɼɸ2g�wX̪1 6 *2

His-tagI³û E pET-30a(+) ~Xg�1X��q�Y�&}�a�oI�g�wX̪

ɴɡɦ2Ŕ˙ˬ1Ŵß��IPTG1BEg�wX̪ɴɡ̘Ŵ2Ɩ�SDS-PAGE1B),

ɼɸ2g�wX̪2ɴɡIʊ̗�&�$2ʺǼ�ªƤ�FE^Nb.:;Ĝ�Ŕ��

2g�wX̪2ɴɡ�ėɈƢɫíI¢ƛ1̗?CF& (Ķ 3.4.)�ɴɡ2̗?CF&ėɈ

Ƣɫí2ɈȻINi2+T��1ȳ�ßF�His-tag�³û�& P38g�wX̪Iʭ́�&�

ʭ́�&g�wX̪2ʱƌ3 SDS-PAGE -ʊ̗�& (Ķ 3.5.)�P38 g�wX̪Iıđ

�,ŨÞ1Ýɱ��Ʊ P38Ʊ˸ɀIƘ&�Ʊ˸ɀI Protein A Sepharose CL-4BIɦ�&

T��- IgGIʭ́��ʭ́Ɩ2ɫí�.1íÜÜƌ̍1BDġÜƌ (O.D.280) IɄŤ

�&�ġÜƌBDʭ́ IgG2ɎƌIʦì��ǩ@œ͚2 IgGIĠJ-�&ɫí2 pHI

7.3³̸10EB�̝ǔ��Ʊ P38ƱÁ.�,µͪ2̋ǹ1Ç̓�&� 

 

 

É 3.4.� P38Py_CƬ'×ǃţŕ 

SDS-PAGE�CBBĩƓ&14 P38'ţŕŪƥ (ǞũǗ)�v|y MǥPy_CƬH;Mk
|@|�v|y 1~4ǥ�ňāś¨�v|y 5~8ǥºňāś¨�v|y 1,5ǥIPTGń­«�
v|y 2,6ǥIPTGń­ 1Ěǋü�v|y 3,7ǥIPTGń­ 2Ěǋü�v|y 4,8ǥIPTGń­
3Ěǋü� 
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É 3.5.� ×ǃţŕ��� P38'ŸƜ 

Ni2+
@sm&14ŸƜü' OY-P38Py_CƬ'Ŀ®ǟCBBĩƓǠv|y 1ǥŸƜ«ǟ×Ə

Ɩś¨Ǡ�v|y 2ǥFlow through�v|y 3ǥŀł^Sc8|�v|y 4ǥČ§^Sc8|�
ũǗ(@smŸƜ&1�!ý25��%Py_CƬ'^yX6ƛ�� 
 

3.3.4.� OPag�|�jn̋ǹ 

 

� P38g�wX̪�Ū£ƦȀǣ1ɴɡ�,�E�/��̝9E&?�OY{KNn}�

b�1ƦȀ�&�
E�3Óà0Ȏɚ (_��WX) �B6ǝ˵ (x�{gl��\v

N) �Cg�wX̪Iƴì���FCg�wX̪I SDS-PAGE -ȴþ�&Ɩ�OPa

g�|�jn̋ǹI˹)&�$2ʺǼ�OY{KNn}�b�1ƦȀ�&Ȏɚ�B6ǝ

˵2=�Cʰ30 kDa2v�o�ƘCF�ÓàŪ£-3v�o3ƘCF0�)& (Ķ3.6.)�

ƘCF&v�o2Ŕ��3 P382îǗƖ2ªɄíŝ͚-
E 33.6 kDaBDŵ��)&

��OPag�|�jn2ʺǼBD{KNn}�b��ƦȀ�&ǝ˵�B6Ȏɚ- P38

2ɴɡ�ʊ̗-�&� 
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É 3.6.� OYc8;WesMkĄĩä�&��4 P38Py_CƬ'<=LPydwSWơĥ 

v|yǡǥǓĄĩĘƙ�v|yǢǥOYc8;WesMkĄĩĘƙ�v|yǣǥǓĄĩĬŐ�
v|yǤǥOYc8;WesMkĄĩĬŐ'Č§Ő6Ŀ®�ǞũǗ� P38Py_CƬőş
Ŧ%^yX6ū�!	4� 
 

3.3.5.� ojn|�jn�{K�OPag�̋ǹ 

 

� P382Ū£ʬȩȻ1ű Eǃʃ˕I̝9E&?�Ŕ˙ˬ-ěƪ�,g�wX̪ʭ́I

˹),ƘCF& P38 g�wX̪�B6Ʊ˸ɀBD IgG ʭ́�&Ʊ P38 ƱÁIɦ�,�

ojn|�jn�{K�OPag�̋ǹI˹)&�ȡͰƄ͗�&ǝ˵�B6Ȏɚʬȩ

ȻI PVDF˛1ɋ���PVDF˛1Ŕ˙ˬ-ěƪ�& P38g�wX̪@��3 BSA (\

�n���) IÇ̓�&�ʽ�, P38
E�3 BSA 1ű EƱÁIÇ̓��ƱO^W

-APƱÁ-_Yp�Iȏì�&�$2ʺǼ�ǝ˵�B6Ȏɚ�!F2ʬȩȻIɦ�&Ň

ě-@�P38g�wX̪2Ç̓ʥƭ-3_Yp��ƘCF& (Ķ 3.7.)�����Ýɱö

ƱÁIɦ�&ŇěA�P38g�wX̪Iû�0�)&Ňě3_Yp��ƘCF0�)&�

�FC2ʺǼBD�P38g�wX̪3ǝ˵�B6Ȏɚ2ʬȩȻ. in vitroǴ¸�-ɾ¬

Äɦ E�.�ʌī�F&� 
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É 3.7.� XSWdwSW{c8|<=LPyơĥ 

Ęƙ+�(ĬŐä�'ŷĻŃ6 PVDFƐ&ŉ���P38Py_CƬ0 BSA��4	(�5
2�ŏ	Ģ�";yApg|W���ũǗ(dwSU:yD��Py_CƬŋö6ū�!

�3�ŧæǃ(½dwSC'ð
2 10, 5, 1"�4�P38Py_CƬ�1) BSA6dwS
U:yD��±ś(XSWdwSW{c8|<=LPyơĥ'GyWw|u#�!ř	�� 

 

3.3.6.� ͕ʳƱÁʺě̓Ό 

 

� P38 g�wX̪2/2͑í�Ū£.2ǃʃ1ͧ��,�E2�1*�,̝9E&?�

͕ʳƱÁʺě̓ΌI˹)&�ELISA }��n1Ū£ʬȩȻIġʃ�"&Ɩ�His-tag ³

û�& P38g�wX̪IÇ̓��Ʊ His-tagƱÁ�B6Ʊ�Oa-APƱÁIû�,Đƞ

�",�ġÜƌIɄŤ�&� 

� ǝ˵ʬȩȻ1��,�P38g�wX̪Iû�&ǣ1\�n���.Ȥ9,ǫƥ1ġÜ

ƌ��Ǟ�& (Ķ 3.10.A���� 1�B6 2) �F1ű�,�ȎɚʬȩȻ-3 P38g�

wX̪Iû�&Ňě.û�0�)&Ňě-ġÜƌ1ǫƥ0Ɓ3̗?CF0�)& (Ķ

3.10.B���� 1�B6 2)��FC2ʺǼ3�P38�ǝ˵ʬȩȻ.ɾ¬Äɦ E�.I

ʌ�,�E�ț1�ǝ˵ʬȩȻ.2ʺě1ͧ� E΅ŁIɛŤ E&?�͑íͣ2ő

ɰŴß�& P38g�wX̪IÄì�& (Ķ 3.8.)�P38�B6őɰŴß�& P38g�wX

̪2͚3�SDS-PAGE 1B),ȴþ�&ͱ2v�o2Ɏ��ʤ��0EB�1̝ǔ�

&@2Iɦ�& (Ķ 3.9.)�MAMBD NǯʠÔIȚ� P38ΔNg�wX̪Iǝ˵ʬȩȻ

1û�&Ňě�ġÜƌ��Ǟ�&21ű��MAM IĠ> N ǯʠÔIȚ� P38ΔNM g

�wX̪3 P38g�wX̪Iû�&ǣ.Ȥ9,¿�ġÜƌIʌ�& (Ķ 3.10.A����
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3�B6 4)�ɾ¬Äɦ1��E MAM2̄͘ƢI̝9E&?�MAM2͓ïIL�q�

ˊǆ�&őɰ P38 g�wX̪IÄƪ�& (Ķ 3.8.)�ʺě̓Ό2ʺǼ�őɰ P38 g�w

X̪Iû�&Ňě�ǝ˵ʬȩȻ1ű�,3Â@û�0�)&Ňě.Ĝʤ2ġÜƌ�Ǟ

Iʌ�& (Ķ 3.10.A���� 4�7)�ȎɚʬȩȻ2Ňě�ġÜƌ3�Ǟ�&��P38 I

û�&Ňě�Â@û�0�)&Ňě�őɰ P38 Iû�&Ňě-ġÜƌ1Ɓ�0�)& 

(Ķ 3.10.B)��FC2ʺǼ3�P382 MAM�ǝ˵ʬȩȻ.2ɾ¬Äɦ1ͧ��,�E

�.Iʌ�,�E� 

 
É 3.8.� Ôşç¡�� P38Py_CƬ'İ÷É 

ǝƓ'ǖÏ(ƐƫƶǖÏ�ĲƼ( MAM6ƛ��MAM¤Ƽ'ŌƓƼ(9sZyƉđ��9
l]ǀƼ�6ƛ�!	4�Ɖđ��9l]ǀŲĈ(�Ƽ'9s;ynyWÉ"ū���G

yLWsCW&ě
5��Ă¨Üǃ( His-tag6ǌ	�×���  

 

É 3.9.� ƿŻĊ�ƀ¾ƤǛ&ř	�Py_CƬ'Ŀ® 

­�4Py_CƬǃ�Í}&%41
&ŋö6Ʃē��ü�űǃ6 SDS-PAGE"Ŀ®��� 
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É 3.10.� ƿŻĊ�ƀ¾ƤǛ'ƀĦ 

ĘƙǟAǠ�1)ĬŐǟBǠ'ŷĻŃ&æ�4Ã�ö'�ę�ÐƬ6­�! 2Ěǋü' OD405

Ã�ö6ņâ���>s|^|(įŇƧñ��*�( DunnettĽ&14ĭâ"�ControlƊ&
æ�!ĝăǟP < 0.05Ǡ"�4±6ƛ�� 
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3.4.� ˏŮ  

 

3.4.1.� �N\}�b�Aaz�}�b�2ǃʃĲŝ.2â̿Ƣ 

 

� M. agalactiae2ǃʃĲŝ P40A S. citri2ǃʃĲŝ P89-3 MAM�â̿�,Ìş�

F,�E (Fleury et al., 2002) ����V��laʿµŒ2ʶˬ-3 MAM1·½�&

͓ï3̆*�),�0��ǰʇʚ-3�{KNn}�b�-ð?,�ǃʃĲŝ2ćͶ

̋ǹI˹)&�<!�MAM2͓ïIƮ��D.�, OY{KNn}�b�2[t�̋

ǹ�C˛g�wX̪ P38IǃʃĲŝÏ̀.�,̆ì�&�MAM3 P38, P40, P891΍

ƌ1Ìş�F,�E͓ï-
E�.�C�P383 OY{KNn}�b�2ǃʃĲŝÏ̀

-
D�Ȏɚ�B6ǝ˵2ʬȩȻ.ʺě E�.�í�)&��C1�ǝ˵ʬȩȻ1

*�,3 MAM Èşɸ1ɾ¬Äɦ E�.Iʌ�&��2�.3 P38 2 MAM �Ū£

.2ɾ¬Äɦ1̄͘0×�IƷ*.��ˏ�IǌƷ E@2-
E�P38, P40, P892�

!F2˛g�wX̪1��,@�Ȕɸ.0EŪ£Ĳŝ3̆*�),�0���µ�2

ʺǼBD�FC2ǃʃĲŝ3 MAM I±�,$F%F2Ū£Ĳŝ.ɾ¬Äɦ E.Ǆ

Ʉ�FE� 

� �F<- M. agalactiaeA S. citri2 P40�B6 P89�Ū£82ǃʃ1Ɯ̄-
E�.

3ʄCF,�&��$2ǃʃ1��E MAM 2ͧ�1*�,3̝9CF,�0�)& 

(Yu et al., 2000; Fleury et al., 2002)�ǰʇʚ-{KNn}�b�2˛g�wX̪ P38�Ū

£.2ɾ¬Äɦ1ͧ���MAM�ǝ˵Ū£.2ɾ¬Äɦ1Ɯ̄-
E�.IǟC�1

�& (Ķ 3.7., Ķ 3.10.)�MAM2ș˕I̝9�Ū£.2ɾ¬Äɦ1Ɯ̄-
E�.Iǟ

C�1�&23��V��la-ð?,-
E� 

�  

3.4.2.� Ū£å-ɴɡ�,�E P38g�wX̪ 

 

� Ķ 3.6.2OPag�|�jn̋ǹ�CªƤ�FE P38g�wX̪2íŝ͚3�͏ ºŝ

2͓ï�CªɄ�&íŝ͚BDŵ��@2-
)&�OPag�|�jn̋ǹ-ƘC

F&ʰ 30 kDa2Ŕ��2Ňě�P38g�wX̪3 Nǯʠ� P38�N.:;Ĝ�ʥƭ�

Cś<Eg�wX̪�ɴɡ�,�E��¡ǯʠ2˛̦̿΅ŁIͭ�&΅Ł2g�wX

̪�ɴɡ�,�E.ˏ�CFE�2*2ė˕Ƣ2/(C-
),@�ɴɡ�&g�wX

̪1 MAM 3Ġ<F,�D�P38 �Ʒ*ǃʃ˕3Ìş�F,�E.ˏ�CFE�<&�

M. agalactiae 2ǃʃĲŝ-
E P40 1��,�ƦȀŪ£-OPag�|�jn̋ǹI

˹)&ƭ�37 kDa³̸1v�o�ƘCF,�E�P403 Nǯʠ1ªɄîǗ^Nn�
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D��2Ňƭ-îǗ�F&Ňě P40 3˛̦̿΅ŁIƷ&0�g�wX̪-
E.ªɄ

�FE��˛ɫí.ėɈƢɫíIíͶ�&^�}�-˹)&OPag�|�jn̋ǹ

1BD P403˛ɫí1şļ E�.�C�P403˛g�wX̪.�,ș˕�,�E.ˏ

�CFE (Freury et al., 2002)�$2&?�P38�˛̦̿΅ŁIƷ&0�Ňě-
),@�

P402Ňě.ĜȒ1˛g�wX̪.�,ș˕ Eė˕Ƣ3
E� 

 

3.4.3.� P382Ū£å1��Eɴɡőþ 

 

� P38 3¡Ū£å1��,ɴɡ�ʊ̗�F& (Ķ 3.6.) ���F<-2ʇʚ1BD P38

2 mRNA 3ǝ˵Áå-΍ɴɡ�,�E�.�ʌ�F,�E (ǝ˵/Ȏɚ mRNA ɴɡ͚

Ȥ��NX�L�NΚ5.17Î��L�gN� PCRΚ3.73Î) (Oshima et al., 2011)��F

3 P38�ǝ˵å-£̄0×�I E�.I˿³�E@2-
E��Ǚ�P38.Ȏɚ2ʺ

ě3�Ŷ0�.@͕ʳƱÁʺěťΌ2Ǵ¸-3ʺě�Ə���šŤ-
D�MAM2ǃ

ʃ˕82ͧ�@�ǟ-
E��ojn|�jn�{K�OPag�̋ǹ-3ʺě�̗

?CFE�.�C�ǝ˵Ū£1Ȥ9E.Ə�0�C@�ʺě˕�
E.ˏ�CFE� 
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ʢ 4ʟ  
ˀěˏŮ  

 

4.1.� £̄˼ͽ˛g�wX̪2̈́ā  

 

� PoiBI {KNn}�b�2˛g�wX̪2̋ǹ1BD�PoiBI {KNn}�b�-3

Imp�£̄0˛g�wX̪-
E�.�ʌī�F&�PoiBI{KNn}�b�.Ĝʖ1

í·�FEWX{KNn}�b�-3 IdpA�£̄˼ͽ˛g�wX̪.�,ņģ�F,

�D�Ĝʖ2{KNn}�b�-£̄0˛g�wX̪�ɰ0E.��ņģ3ð-
E�

3*2£̄˼ͽ˛g�wX̪I\�o E͏ºŝ2�(�imp͏ºŝ3{KNn}�b

�2ʖ1ͧË0�Ìş�F,�E�.�C�{KNn}�b�2â̿ʎÛ� imp ͏º

ŝIǫ�,�D�ImpI£̄˼ͽ˛g�wX̪.�,óɦ�,�&ė˕Ƣ�ˏ�CF,

�E (Kakizawa et al., 2009)��2¶̛�ȝ��. E.�PoiBI{KNn}�b�3 Imp

I£̄0˛g�wX̪.�,óɦ�ʽ�,�E21ű�,�WX{KNn}�b�1�

�,3 IdpA2ɴɡ͚�ŋû��£̄˼ͽ˛g�wX̪.�,óɦ�FEB�10)&

2-30��.ˏ�CFE�WX {KNn}�b�3�\vN2 Colladonus montanus 

1B),Ŝ±�FE�.�ʄCF,�E� (Kirkpatrick et al., 1987)�PoiBI{KNn}

�b�3Ŝ±˵�ɛŤ�F,�0����PoiBI{KNn}�b�3�N�ciL2ǃ

�ǭ1B),ºǈ�F,�E��C1{KNn}�b�2[t�3΍�ėňƢIʌ 

�.�í�),�E�Æ�4�{KNn}�b�2ʼ´I˹�ͱ1Ŝ±ǝ˵IÅɦ"

!�ƦȀȎɚ2ǃ�ǭAʸˈŃΊ2=1B),ʼ´ E.�ǝ˵ºǈ˕�ŖHFE.

.@1}�a�o�ũǠ1őɰ
E�3ĮŖ E (Oshima et al., 2001; Ishii et al., 2009a, 

b)�£̄˼ͽ˛g�wX̪3Ū£.2ɾ¬Äɦ1ͧ� E&?�PoiBI.WX{KNn

}�b��Ʒ*Η*2£̄˼ͽ˛g�wX̪I\�o E͏ºŝ3ºǈȒƍ2͊�1

B),ɰ0Ë́āIͅ�&ė˕Ƣ�
D�$2ʺǼ.�,˛g�wX̪2ɴɡ͚2Ɓ

.0),ɡF&.ˏ�CFE (Ķ 4.1.)� 

� �C1�P. pruni1Ź E{KNn}�b�2o�{n[t�͓ïIɦ�&̋ǹ1B

D�£̄˼ͽ˛g�wX̪I\�o E͏ºŝ3�ʯʻ�.1ȝ2͎ƳĻIē�E͏

ºŝ�ɰ0E�.�í�)& (˼ 2.6.; ˼ 2.7.)�°Ɩ�£̄˼ͽ˛g�wX̪IĠ>͏

ºŝ2͓ïȤ̱A�ɴɡ͚Ȥ̱0/2̋ǹI˹��.-�˛g�wX̪2Ƣɜ̋ǹA

{KNn}�b�2̈́āɸˏŮ�̈́>.Ǭƕ�FE� 

� £̄˼ͽ˛g�wX̪2�*-
E Amp 3�ǝ˵2�NX�{M���nA ATP

ěƪ͕ʳ.̂ěÁIƒƪ E.��ņģ�
D�ǝ˵2Ū£Ĳŝ.2ɾ¬Äɦ1×�
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˛g�wX̪-
E�.�ʌī�F,�E (Suzuki et al., 2006; Galetto et al., 2011)��Ǚ

- P. mali2 Imp3Ȏɚ2LXi�.ʺě E.��ņģ�
D�Ȏɚ.2ɾ¬Äɦ1

×�˛g�wX̪-
E�.�ʌī�F,�E (Boonrod et al., 2012)�PoiBI{KNn

}�b�3�Ū£Ȏɚ-
E�N�ciL1ƦȀ�&ÍÁ�C�ǃ�ǭ1B),ǘ&

0�N�ciL1{KNn}�b�2ºǈ�˹HF,�E.ˏ�CFE��FCIˀ

ě�,ˏ�E.�PoiBI{KNn}�b�2 Imp3Ū£-
E�N�ciL.2ɾ¬Ä

ɦ1BD�ƦȀ�&$F%F2ĩʖ1͌ƞ Eƒ-͓ï�őɰ�&ʺǼ�£̄0˛g

�wX̪2͌ƞ̈́ā�ɤ�&.ˏ�CFE� 

 

 

É 4.1.� �ƞƛǔƐPy_CƬ'ÔƹoVu 

�5�5'c8;WesMk�č��ƞƛǔƐPy_CƬƺ�Ü6É"ū��PoiBI#WX
c8;WesMk&�	!(ƐPy_CƬţŕǃ'ƀĦ�1)Ƌå6ū��� 
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4.2.� ǃʃĲŝ.Ū£.2ɾ¬Äɦ  

 

� OY{KNn}�b�2[t�̋ǹ1BDǃʃĲŝ P38IĜŤ��ǝ˵ʬȩȻ.2ʺ

ě13â̿�i�{-
E MAM �Ɯ̄-
E�.�ʌī�F&�ǝ˵ºǈ2ƪʞ1

3�{KNn}�b�3¢˙I̿),˸Á˘1ßD�ĬȻ˚IĠ>̂Ǔ2ʸˈ1Êß

�0�F40C0� (Hogenhout et al., 2008)�$2¢-@¢˙�C˸Á˘�˸Á˘�C

ĬȻ˚1Êß E͈ʕ3ɚɢɸ0ͲŌ�
D�/2B�1Êß E�1*�,3�ǟ

0ɏ�œ���P38�{KNn}�b�2ǃʃĲŝ.�,×��ǝ˵ʶ˔å82Êß1

ū��,�Eė˕Ƣ�ˏ�CF&�ǝ˵2LXi�{M���n.ɾ¬Äɦ E˛g

�wX̪.�, Amp�ʄCF,�E (Suzuki et al., 2006) ��LXi�{M���n3

ʶ˔å1şļ�,�D�̂ěÁ2ƒƪ3{KNn}�b��ʶ˔å1Êß�&Ɩ1̬

�E.ˏ�CFE�  

� {KNn}�b�3ƦȀǝ˵2ġȩ1BD�Ȏɚ2ʩʧʶ˔å1ȳß�F�ʩʧʶ

˔2²1ʩ͑ȁʶ˔A»ʶ˔1ŷļ E (ĺŸC�1967; ŻɧC�1978)�Ȏɚå2{K

Nn}�b�3ʩŞI̿�,ʔ˹�,�E.ˏ�CF,�E (Parthasaratyh, 1974; Ż

ɧC, 1978) ��ʩ͑ȁʸˈA»ʶ˔13ʩŞ�ɴ͉�,�0��$2&?�ʩ͑ȁʶ

˔A»ʶ˔13{KNn}�b�2ǃʃ�Êß1B),ʔ˹���F1 P38 �ͧ� 

Eė˕Ƣ�
E�ǰʇʚ2ʺǼ1BD�P383ȎɚʬȩȻ1ű�,@ʺě˕Iʌ�&��

ǝ˵ʬȩȻ.Ȥ̱ E.$2ʺě˕3šŤɸ-0�ė˕Ƣ�
E�°Ɩ�P38.ʺě 

EȎɚÔ2Ĳŝ2ĜŤA P38 �ș˕ E͑¾I̝9E�.-�{KNn}�b�2Ê

ß�ʔ˹2̕ʶ�ǟC�10E.Ǭƕ�FE� 

 

4.3.� <.?  

 

� ǰʇʚ1BD�{KNn}�b�-Ɖ�Ìş�F,�E imp ͏ºŝ3ʖͦAʯʻͦ

'�-0��ʯʻå1��,@ȝ2͎ƳĻIē�,͌ƞ̈́ā�,�E�.�Ĝʖ2{

KNn}�b�-
),@ºǈȒƍ�ɰ0F4�£̄1ɴɡ E˛g�wX̪2ʖ·

�ɰ0Eė˕Ƣ�
E�.�ʌī�F&�<&�Ū£.2ɾ¬Äɦ1ͧ� E˛g�

wX̪.�,�£̄˼ͽ˛g�wX̪.3ɰ0EǃʃĲŝIĜŤ��ɾĜ͓ï-
E

MAM�ǃʃ˕1ͧ� E�.�ʌī�F&�Amp3ǝ˵2Ĳŝ.�Imp3Ȏɚ2Ĳŝ

.ʺě E�.�ǟC�.0),�E��ǝ˵�Ȏɚ¡Ū£.ʺě˕Iʌ ˛g�w

X̪3 P38 �ð?,-
E�ǃʃĲŝ3ǝ˵�Ȏɚ¡Ū£.ʺě˕Iʌ �.�C�

{KNn}�b�.Ū£ɤɚ.2ɾ¬Äɦ1*�,2ɢ̋Iȼ?E�-ǘ��ʄ̆�
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ƘCF&.��E�ǝ˵1BE{KNn}�b�2ºǈ1ͧ��,�E.ˏ�CFE

@2.�,�}�a�o�1\�o�FE˛g�wX̪ ORF3@
D�°Ɩ�FC2Ū

£.2ɾ¬Äɦ1ͧ� EĲŝ2̋ǹ1BD�{KNn}�b�2Ū£ƦȀșȑ1*

�,2ɢ̋�̈́>�.�Ǭƕ�FE� 
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ǉ̄  
 

� {KNn}�b�3���V��laʿ1Ź EȎɚɲČʶˬ-
D�700ʖµ�2

Ȏɚ1ƦȀ�,˯ˆ�Ώāɳɜ2:��Ôˤ2ŋɤ1BEĔɤɳɜA�ˢįţ2ˁā�

˰ā�ʜ�Ʋ�ɳɜ0/��q�X0ɲƚIƎ�̬� �{KNn}�b�3�\v

N0/1BDºǈ�F�ǝ˵2Áå-ŋȠ E�{KNn}�b�3ʶ˔ŌIƷ&!�

Ū£Ȏɚ2ʩ͑ʶ˔å1ūɤ E�.�C�$2˛g�wX̪3Ū£2ʶ˔̪1͹ì

�,�D�˛g�wX̪�Ū£.2ɾ¬Äɦ1̄͘0ƔøIǼ& .ǄŤ�F,�E�

{KNn}�b�2ˬÁ˼ͽ2Ŕą3�£̄ƱČ˛g�wX̪.ˀʓ�FE˼ͽ˛g

�wX̪1B),̅HF,�E.ˏ�CF,�E��2˼ͽ˛g�wX̪3�F<-

1 AmpΔImpΔIdpA2 3ʖ·�ʄCF,�D�Phytoplasma asteris OYʯʻ-3 Amp�

P. mali-3 Imp�P. pruni WXʯʻ-3 IdpA�$F%F£̄0˼ͽ˛g�wX̪-


E�.�í�),�E�<&�OY {KNn}�b�A WX {KNn}�b�3 Amp

A IdpAµŒ1�ImpI\�o E͏ºŝ@Ʒ*�P. pruni1Ź���N�ciL1ƦȀ

 E poinsettia branch-inducing (PoiBI) {KNn}�b�3 WX {KNn}�b�.Ĝ

Ȓ�IdpA . Imp I\�o E͏ºŝIƷ*�.�ʄCF,�E��PoiBI {KNn}

�b�2£̄0˛g�wX̪1*�,3í�),�0��ǰʇʚ-3�Ū£.ɾ¬Ä

ɦ E.ªɄ�FE{KNn}�b�2˛g�wX̪1*�,ʇʚI˹)&� 0H

(�˼ͽ˛g�wX̪2ɴɡ�B6͏ºɸœȒƢ2̋ǹI˹���C1Ū£1Êß 

Eͱ1Ɯ̄-
E.�FEǃʃĲŝ1*�,̝9��2g�wX̪2Ū£82ǃʃ˕

1*�,̋ǹ��{KNn}�b�.Ū£.2ɾ¬Äɦ1ͧHE˛g�wX̪2×�

1*�,ˏŮ�&� 

 

1. {KNn}�b�2˼ͽ˛g�wX̪2ɴɡ�B6͏ºɸœȒƢ1ͧ E̋ǹ 

 

� �N�ciL (Euphorbia pulcherrima) 3X�a�a_�b�I¢ƛ1� ɬ¢2Ƃ

Ň1ì˫�FEĭȐ�̄͘0̨͢ɦĹˣȎɚ-
E�ˡ�ƒƧ.@1œȒ0˦˰I*

�EœǓ2ĩʖ�ɵ͟�F�˰2Ŭɤ Eĩʖ:/ĭĩÉÑ�΍������:.J

/2ĩʖ3ͥɴ2Ɩ�Ș΍I¿�Ì(�˰ IŬɤ�"Eɼɸ- PoiBI{KNn}�b�

1¯ƀɸ1ƦȀ�"&��-ì˫�F,�E�PoiBI{KNn}�b�1ƦȀ�&�N

�ciL3�ȈŃ�ȷ̿�̥Ő2͈ʕ-ǘ&0ƦȀɆ.0EƣF�
E��PoiBI{K
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Nn}�b�1ͧ E̋ǹ3:.J/˹HF,�0�� 

� ð?1Ƃ̥�FE�N�ciL1��E{KNn}�b�ƦȀ2ǫɐI̝9E&?�

32ĩʖ2�N�ciL�C DNAIƴì��{KNn}�b�2 16S rRNA͏ºŝIŋ

Ɔ E�qv�^�}�N��Iɦ�, PCR-ȏìI˹)&�$2ʺǼ�27ĩʖ�C

DNAŋƆǗɘ�ƘCF�$FCà,2ŉń͓ï�ǚņ2 PoiBI{KNn}�b�2 16S 

rRNA͏ºŝ͓ï.�˞�&�PoiBI{KNn}�b�ƦȀ�ʊ̗�F& 27íͶȅ1*

�,�imp͏ºŝ�B6 idpA͏ºŝ�uOaV�z�Y͏ºŝ-
E dnaD͏ºŝ2ŉ

ń͓ïIȤ̱�&.�G�dnaD͏ºŝA idpA͏ºŝ2ŉń͓ï3à,2 PoiBI{KN

n}�b�íͶȅͦ-Ţà1�˞�&21ű��imp͏ºŝ2ŉń͓ï13œȒƢ�̗

?CF�à,2ŉńˊǆ3L�t͖őɰI»),�&� 

� $�-�PoiBI{KNn}�b�2 Imp�B6 DnaD�IdpA2L�t͖͓ïIĜʖò

ʯʻ2WX{KNn}�b�.Ȥ̱�&�PoiBI{KNn}�b�.WX{KNn}�

b�2L�t͖͓ïĜ�Ƣ3�Imp . DnaD 1��,3$F%F 92.6�93.8%�98.0%

.ÌşƢ�΍�)&�Ǚ-�IdpA1��,3H!� 64.7%-
)&�IdpA1ͧ�,3�

˛̦̿΅Ł2ÌşƢ3΍�)&21ű��ˬÁ˼ͽ1͹ì E.ªƤ�FẺȧƢ΅

Ł2ÌşƢ3¿��<& WX {KNn}�b�1��,3 2 Tƭ1Ŕ�0ȚŖ�
)

&� 

� µ�BD�PoiBI {KNn}�b�3 imp ͏ºŝ�B6 idpA ͏ºŝ2¡͏ºŝI\

�o�,�&���F<-¡͏ºŝBDɴɡ E Imp�B6 IdpAg�wX̪1*�,

̋ǹ�F&Æ30��$�-�Ŕ˙ˬ-ɴɡ�"& Imp�B6 IdpAIŨÞ1Ýɱ E

�.1BDĚg�wX̪1ű EƱÁIÄì���FCIɦ�, PoiBI{KNn}�b

�ƦȀȎɚ1��E Imp�B6 IdpA2ȏìI̓=&�ÓàȎɚ. PoiBI{KNn}�

b�ƦȀȎɚ2ʬȩȻI SDS-PAGE1,ȴþ��Ʊ ImpƱÁ<&3Ʊ IdpAƱÁIɦ�

&OPag�|�jn̋ǹI˹)&ʺǼ�ǄŤíŝ͚ʰ 19 kDa2 Imp3ƦȀȎɚ2ʬ

ȩȻ-2=ɛɰɸ0v�o.�,̊Ů�F&21ű��ǄŤíŝ͚ʰ 37 kDa 2 IdpA

3Óà�ƦȀ2�!F2Ȏɚ2ʬȩȻ1��,@̊Ů�F0�)&�Ŕ˙ˬ-ɴɡ�

"&ʤ͚2ƱČ1ű EƱÁ2ĐƞƢ3�OPag�|�jn1��,Ĝʕƌ-
)

&&?�PoiBI {KNn}�b�3Ȏɚå- IdpA BD@ Imp 1Ȥ9,΍�~�-ɴɡ

�,�E�.�ʌī�F&� 

� �C1ÓàȎɚ.ƦȀȎɚ2˩îɘ1ű EÝɱʸˈāŠɸ̋ǹ1BD�Imp�B6

IdpA 2ȏìI˹)&�$2ʺǼ�ƦȀȎɚ2˩2ʩ͑1��, Imp �B6 IdpA 2ş

ļIʌ ɛɰɸ0_Yp��̗?CF&��$2_Yp�3 Imp 2Ǚ�Ɛ�)&�Ý

ɱʸˈāŠɸ̋ǹ�C@�Imp 2Ǚ� IdpA BD@ɴɡ͚�΍��PoiBI {KNn}�



 

 80 

b�2£̄0˛g�wX̪� Imp-
E�.�ʌī�F&� 

� P. pruni1Ź E{KNn}�b�3 Imp. IdpAI\�o E͏ºŝIÌƷ�,�

E��¡g�wX̪2ɴɡ͚Ȥ̱3ǰʇʚ2 PoiBI{KNn}�b��ð-
E��C

1�£̄1ɴɡ�,�E ImpI\�o E imp͏ºŝ3 PoiBI{KNn}�b�íͶȅ

ͦ1��,@͓ï2œȒƢ�̗?CF&� 

� µ�BD�PoiBI {KNn}�b�3íͶȅͦ- imp ͏ºŝ2͓ï1œȒƢ�
D�

őɰ2à,�ͼĜˍˊǆ-
)&��C1 PoiBI {KNn}�b�3Ȏɚʸˈå-�

IdpA1Ȥ9, ImpIœ�ɴɡ�,�E.ˏ�CF&��Ǚ-�Ĝʖòʯʻ2WX{K

Nn}�b�-3 IdpA�£̄0˼ͽ˛g�wX̪-
D�Ĝʖ2{KNn}�b�-

ɴɡ�,�E£̄0˛g�wX̪�ɰ0E��F3Ŝ±˵1B),ºǈ�˹HFEWX

{KNn}�b�.�ǃ�ǭ1B),ºǈ�FE PoiBI{KNn}�b�2ºǈȒƍ2

͊�1B),ɤ�&ė˕Ƣ�
D�{KNn}�b�2˛g�wX̪2̈́āIˏ�E

�-˟ĥȼ�� 

 

2. {KNn}�b�2ǃʃĲŝ P382̋ǹ 

 

� ɲČʶˬ2œ�3�ˬÁ˼ͽ2˛g�wX̪I±�,Ū£ʶ˔1ǃʃ��Êß�Ʀ

Ȁ E�ɲČʶˬ�Ū£ʶ˔1ǃʃ E&?13�Ū£ʶ˔ǃʃĲŝ.Ħ4FEˬÁ

˼ͽ2˛g�wX̪�̄͘0ș˕IƵ��.��œ�2ɲČʶˬ1��,ņģ�F,

�E�Ɨ),�Ū£ʶ˔ǃʃĲŝIɛŤ��$2ɛƚ�B6ș˕2̋ǹI˹��.��

ɲČʶˬ2ƦȀ�Tqb�I̋ǟ E�-̄͘-
E� 

� ��V��laʿʶˬ3�Ū£ʶ˔82ƦȀ1ͱ�,�P40ΑMycoplasma agalactiaeΒ

�B6 P89ΑSpiroplasma citriΒ0/2ǃʃĲŝIƜ̄. E�.�ʄCF,�E��{

KNn}�b�1��EǃʃĲŝ2şğ@$2Ƣɜ3�ǟ-
E� 

� P40. P893g�wX̪àÁ2ɾĜƢ3ɐ���ʰ 40L�t͖2·½Ƣ2΍�Ìş

΅Ł�i�{ (Mollicutes adhesin motif: MAM) �şļ E�à[t�͓ï�̜̋�F,

�E OY{KNn}�b�- MAM͓ï2 BLASTȏʴI˹)&.�G�MAM1·½

�&͓ïIƷ*g�wX̪ P38Ĭì�&�OY{KNn}�b�2 P38͏ºŝ2ŉń

͓ïI@.1�& PCR�B6͓ïm�g~�a-2 BLASTȏʴ1BD�OY{KNn

}�b�1̸˅0 4 ʯʻ2{KNn}�b�1��, P38 ͏ºŝ2S�e�YĬì

�&��FC3¬�1΍�͓ïĜ�ƢIʌ�&�<&�OY{KNn}�b�2 P38g

�wX̪1ű EƱÁIÄì���2ƱÁIɦ�,Ȏɚ�B6ǝ˵Ū£1��E P38

2ɴɡIOPag�|�jn̋ǹ1BD̝9&.�G�P382v�o�{KNn}�b
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�ƦȀŪ£ɛɰɸ1ȏì�F&��2ʺǼ�C�{KNn}�b�3Ȏɚ�ǝ˵�!

F2Ū£å1��,@ P38I΍�~�-ɴɡ�,�E�.�ʌī�F&� 

� ț�-�Ʊ P38 ƱÁIɦ�&ojn|�jn�{K�OPag�̋ǹ1BD�Ū£

-
EȎɚ�B6ǝ˵2ʬƴìȻ1ű E P38 2ǃʃ˕I̝9&.�G�Ɛ�_Yp

��̗?CF&��Ǚ�P382´HD1Ʊ BSAƱÁIɦ�, BSA2ǃʃ˕I̝9&Ň

ě3�_Yp��̗?CF0�)&�.�C�P38�ǃʃĲŝ.�,×�ė˕Ƣ�Ɛ�

ʌī�F&� 

� �C1͕ʳƱÁʺě̓Ό- P38 .Ū£.2ǃʃ˕I̝9&.�G�ȎɚʬƴìȻ1

ű�,3ǟʊ0ʺěIʌ�0�)&��ǝ˵ʬƴìȻ1ű�, P38 �ʺě E�.�

ʌ�F&��C1�MAMIͭ�& P38A MAM1L�t͖ˊǆIŴß�& P38I͕ʳ

ƱÁʺě̓Ό1Ç�&.�G�̋ ěIʌ�0�0)&�.�C�P38.ǝ˵ʬȩȻ.2

ʺě3 MAMÈşɸ1̬�E.ˏ�CF&�µ�BD�P383Ū£.ɾ¬Äɦ��ɛ1

ǝ˵Ū£1ű�,3 MAMÈşɸ1ș˕ EǃʃĲŝ-
Eė˕Ƣ�ʌī�F&� 

 

� µ�Ī E1�{KNn}�b�2˛g�wX̪3Ū£.2ɾ¬Äɦ1ͧ���

Ū£82ÊßȡͰ1��,ș˕ E@2.ˏ�CF�Ū£2íā2͈ʕ-œȒƢ�ɟ

Ƙ�F&@2.ˏ�CF&�°Ɩ��FC2g�wX̪2ș˕2̕ʶ��C1ǟC�

10F4�Ū£ƦȀșȑ1*�,2ɢ̋�ȼ<E.ˏ�CFE� 
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ŏ̞Ǖ2łʣ1ͱ��œ�2ǫɺ0ǚI�&'�<�&�<&�Ƕ®ŔŠ2Ȏɚɲ

ɢŠʇʚŦ�B6ȎɚĂʑŠʇʚŦ2Û̲�Ɩ̲�Ư˺̀ÀĪ2Ǚ	�ɤɥ�ɣŊɤ

ɚŠŲǎ2ĜǬ2Ǚ	1@� ̔10D<�&��2ŇIÐD,��ʍɩ���< � 

 

� ǰʇʚ-ɦ�&Ě{KNn}�b�ƦȀȎɚ3�ĆǲÀÌȥΑ®͒ƋʞȎɚĹΒ�̃

ǲäŕĈŏΑΎȽŠĹΒ�ĺŽƅɪĈŏBDí̢�,�&'�<�&�ƛBD�ʍɩ�

��< � 

 


