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� DesZ%íÀf¼"O\SV�$ivŊ2Ŝ�+�4UOŅç�Ï 330	�¥ň 36,530
$ TypeII–ClassIII Extradiol� 2�¥Ņĕð�ńĕ(C:<B@L^E)�	Sphingobium sp. 
SYK-6à$Z?M\üÜq�¥ĢřÒ��õmĶĘĺ"	�� 3-O-methylgallate (3MGA)
$ĢřùōĨ�¾2ı£�/��$Ĥà
-%ø�(�" DesZ$l LigZ	LigAB	DesB
 ���ĸöÿÀ%ÿ!/����Ř"°�/ĢřùōĨńĕ��Ŕ�0�	.	�0

�0g" 2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxybiphenyl (OH-DDVA)	protocatechuate 
(PCA) 	,' gallate 2�ĸ ���¾2ı£�/� 	�0-$ńĕ�¾� DesZ%
èĻāq�íÀ2ĉ�� �Ć-0��/�(�	LigAB	,' DesB"���%Ó"
ęÕáĽ�ëª�0��/��0-$ńĕ$4UOŅŃ�İÞ
-	DesZ% LigAB	
,' DesB�Ç�íÀf¼$ĥ"��/ŗ�2Ç��	LigAB	,' DesB�Ç�!�
2ďÅ$È|Ń� (33-66	126-136ç�) 2Ç�� ��
���(�	�0-ńĕ�
°�/ Extradiol�C:<B@L^E$¡ Ï�%íÀf¼�Ŋ6:\ Ńpę��/
ç�"��� His-His-GluXG^P�x¦�0/�	DesZ�%�$XG^P"Ą·�/
98þĂ$ç�$ His%x¦�0�	-�	Gln ��¦�������$İÞęß 
Swiss-model",/ DesZ$hñáĽ
-	DesZ$íÀf¼�Ŋ6:\ Ńp�/ç�
% His-Gln-Glu ��ÑĮXG^P2Ç�� �hÁ�0��ÙćČ�%	DesZ Řě
ńĕŎ$�ĸ	,'ŉ°6:\$ę�âµ$ŀ�"���čráĽ"����Ćĭ2

»/� 2Ăā �	DesZ$ XĚęÕáĽİÞ 	»-0�ęÕáĽ",/�ĸī�
ráĽ$hñ"�����ÿrĝ$íÀèĻ",/�Þ2ħ��� 
� DesZ%¡ĠĤ2û��¡ňĀø	ēĪ2ħ�	ęÕ�%íÀf¼$Ŋ6:\�Ņ�
",.ľŔ�/$2Ő��*"ēĪăº"¤éÛnb�ħ����ÆI^Fñª%P9

J\P3>JZ^ PF-BL1A (ģ�ą�
&²) �ħ�	Native-SADì",.pĄ2ëª
���áĽē­�% 1.85��İğ�ħ���»-0� DesZ$áĽ% LigAB]DesB$
íÀf¼2�)KW6\ o�}ráĽ2ĉ�	íÀłp$ĥ"Ą·�/åÌŗ�"�

��% CØĎy$Ĕ 15ç� (126-136ç�)$È|Ń�ŗ��ł�ā"�02ĩ���
���(�	íÀf¼�ŉ°6:\"Ńp����ç�%4UOŅŃ��Þ",/hÁ

 %ÿ!.	His12-His184-Glu287�áÄ�0�����
�	His184%_æáĽŃ�
a LigAB]DesB$ His127	,' His124"Ą·�	�0-%ı£ç� ��äğ��
Ŋ6:\ %Ńp�!�ç������(�	LigAB]DesB$íÀf¼$áĽ èĻ
��ŉ°6:\ �0"Ńp�/ç�$ĹŔ�Ō
!��	.	Ńp÷Â+e`įŋ2

x��%�!
���DesZ$ęÕ"���ÿ³�Î2�û��İÞ
-%	»-0�
ęÕáĽ$íÀf¼"% DesZ�ÙÜÇ�Ŋ6:\�%!
;[B7V6:\�ę��
��/� �¶
ĉ��0��(�	DesZ$íÀñªęß"	��	Ŋ6:\Ńp�
�%íÀ2ĉ��	;[B7V6:\Ńp��%íÀ�ő¬�0/� 
-	ÙćČ�

»-0�ęÕáĽ%;[B7V6:\�Ńp��cíÀ�$áĽ��/� �ĉ��

0�����	N6H5Q$÷Â$íÀ� DesZ"����Þ�/�*"	LigAB	,
' DesB$4UOŅŃ�	�ĸī�ráĽ ÙćČ�»-0� DesZáĽ$ņ#�1�
èĻ
-�ĸĴķ	,'ŉ°Ńp"ŏd�/ hñ�0/4UOŅç�"�ÿ2|0

� DesZ�ÿr2ĵĪ�	�0-$íÀñª2ħ����$ęß	LigAB$ı£ç��
�/ His127 His195	DesB$ı£ç���/ His124 His192%4UOŅŃ�İÞ�
DesZ$ His184	,' His250"Ą·�/�	�02 Ala"ĜË���ÿr�% 3MGA
$ōĨı£íÀ�î¢��� 
-	DesZ"	��+ His184	,' His250�ı£ç
� ��äğ�/�ğÀ�ĉ��0���â"	LigAB�Ŋ6:\ Ńp�/ç�



His12/His61/Glu242/Asn59	DesB�Ŋ6:\ Ńp�/ç� His12/His59/Glu239/Asn57
% DesZ$ His12/Gln98/Glu287/Asn96"Ą·�/�	�0-$ç�2 Ala"ĜË���
ÿr�% 3MGA$ōĨı£íÀ�î¢+�
%íÀ�¡�
qb��� 
-	DesZ
"	��+�0-$ç��ŉ°6:\$Ńp"ŏd�/�ğÀ�ĉ��0��(�	

LigAB	,' DesB"	���ĸ$;[T<B�2Ĵķ�/ç�"Ą·�/pĜ"�/
Arg26	Arg3152 Ala+�
% Glu"ĜË���ÿr�+ńĕíÀ�î¢�/� �Ô
-
"!.	�0-$ç�% 3MGA$;[T<B�$Ĵķ"½Ŗ��/ hñ�0�� 
� ÙćČ�»-0� DesZ$ęÕáĽ"	��	Řěńĕ�ı£ç� ��äğ�	Ŋ
6:\ %Ńp�!�ç�"Ą·�/ His184�ŉ°6:\ Ńp����� 	�0
"m1�� LigAB/DesB�Ŋ6:\"Ńp�/ç���/ His61/His59"®¾�/pĜ
"�/ Gln98%ŉ°6:\ Ńp���!��	íÀ"¶
ŏd�/� 	�0"��	
ı£ç� hñ�0/ His250$pĜ	,' 3MGA$;[T<B�2Ĵķ�/ ¿10
/ Arg26/Arg315$pĜ 	«Œ$ LigAB	,' DesB$�ĸī�ráĽ $pĜŏw
2®¾��/ 	N6H5Q÷Â$íÀ� DesZ�«Œ"Ŋ6:\ Ńp�/ç�%
His12-Gln98-Glu287��/½Ĭ��/��$� 
-	k�»-0� DesZęÕáĽ$
ŉ°Ńp÷Â%;[B7V6:\Ńp�$cíÀ!÷Â��/� ",/+$ Ğ�

-0�� 
� �0-$ęß2ĞÃ"|0�@OVŃ��Þ2ħ��ęß	TypeII–ClassIIIC:<B
@L^E"% DesZ�â$È|Ń�2Ç�	Arg26	Arg315"®¾�/ç��x¦�0
�AQ?[^R�¦��/� �ĉ��0���$AQ?[^R�%	�0-$ç�%

�ĸ Ąjsû�	íÀf¼"	�/�ĸ$pĜ2©ª��/¹�2Ç�� �hñ�

0/�(�	�$AQ?[^R%�-" a) DesZ	,' LigZ$ Gln98	,' Asn96"
Ą·�/4UOŅç��x¦�0	His-Gln-Gluŉ°ŃpXG^P2Ç�?[^R	b) 
DesZ$ Gln98"Ą·�/4UOŅç�% His ��x¦�0/�	DesZ� Asn96"Ą
·�/ç�� Ser ��¦��/ His-His-Gluŉ°ŃpXG^P2Ç�� �hñ�0
/?[^R�¦��/� ��Ô��� 
� ÙćČ�ëª��DesZ$XĚęÕáĽ	,'�ÿr$íÀñªęß	,'4UOŅ
Ń�2û��@OVŃ��Þ
-	DesZ	,' LigZ%ŉ°ŃpXG^P��0(�_
ġā"Ğ�-0��� His-His-Glu�%!
	His-Gln-Glu ��ÑĮXG^P2Ç�
TypeII–ClassIIIC:<B@L^E$ÑĮAQ?[^R"°�/� �ĉ��0�� 
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����� 8;gF?7IF��2KL10453 �

� 2«ÍƙŔĦ¤ƘŔ (PEHOL]zS) *EHO\uVIUzS = ƙ¦ƕ�ƘŔ

(oxidoreductase enzymes)(Ù�9 2«Í(1 Í))ƙŔ=®8ƈ1ÁƂ(���9ƙ¦ƕ

�ƘŔ$�ECķ± 1.13.11. �~( Ʊ�:9�PEHOL]zS*aIYs@�7Ŵ

ƪ'ĿđĲĬ0$�[sh[f?x�ſ5Çºí¦ÐĬƂ) ŷ'&)ĕ	'�ſŗƆ

(��#ƙŔ=Ĵ��ƙ¦ŸË¬ì(£Ĵ�:#�8��ſ�6,ÁƂ("�#*Þŏ

'ĕâ�Ï¾�9�%�ŀ7:#�9�0���)ųºÍ%�#ć4È�Ĵ�7:9)

*ƞ$
9�ƞ=¶2PEHOL]zS*�iƸ©đ (mononuclear) )ƞ�ii) [2Fe-2S] I

rQU=ö" Rieske¿�iii) inƞ=ųºÍ%�94)(É�� Ʊ�:9� i) )©

đ)ƞ=ųºÍ%�#ŸË¬ì=Ű�ƘŔ*�7(��)ƞBEx=ųºÍ%�#P

Ezt)Ʃø�9c\vHOÁ)oU¿ƢŲ=ŸË�9 Extradiol¿%�|�)ƞBE

x=ųºÍ%�#Et[¿ƢŲ=Ű� Intradiol¿)PEHOL]zS( Ʊ�:9 (¼

1-1) (Costas et al., 2004 ; Frey et al., 2007)� 

 

 

 
 

¼ 1-1 PEHOL]zS) Ʊ 

Extradiol¿PEHOL]zS% Intradiol¿PEHOL]zS 

(https://openi.nlm.nih.gov/imgs/512/369/2683861/PMC2683861_1756-0500-2-67-2.png68) 

A: Extadiol ring cleavage dioxygenase ; B: Intradiol ring cleavage dioxygenase. ūƳı)ƢŲ¬ì=ŸË�9PE

HOL]zS)� �A) Extradiol¿PEHOL]zS*��)ƞBEx=ųºÍ%�#Ĵ��oU¿Ƣ

Ų¬ì=ŸË�9�B) Intradiol¿PEHOL]zS$*ųºÍ(|�)ƞBEx=Ĵ��Et[¿ƢŲ

¬ì=ŸË�9� 
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0��Extradiol¿PEHOL]zS("�#*��)@m_ƙƗ¡)ľ´í(68�7

'9 Ʊ��:#�8�į¾ Type I�6, II (Eltis et al., 1996)�4��* Class I�7

Class III (Spence et al., 1996)( Ʊ�:#�9(¼ 1-2)��:�:�űĻ'ƘŔ%�#�

Type I - Class I* homoprotocatechuate (HPCA) 2,3-dioxygenase (HPCD)��Type I - Class II

(* 2,3-dihydroxybiphenyl 1,2-dioxygenase (BphC)��Type II - Class III(*

protocatechuate (PCA) 4,5-dioxygenase (LigAB)'&�
�7:9� 

 

 

 

 

 

¼ 1-2 Extradiol¿PEHOL]zS) Ʊ 

©đ)ƞBEx=ųºÍ%�9 Extradiol¿PEHOL]zS*�7(@m_ƙƗ¡ľ´í(68 Type I-II

�6, Class I-III( Ʊ�:9. Type I) Extradiol¿PEHOL]zS*�7( Class IyII( Ʊ�:�Ƒ

¦}@m_ƙƗ¡)ľ´í�7 Class I�Ɣ�ÍƚŴ(68ƺ")\oBx=ö"�%$ Class II¦��%

š
7:#�9��Type II - Class III (Ù�9 Extradiol¿PEHOL]zS*Ɨ¡�6,ĔƏ� Class Iy

II%*ĸ'!#�9. 
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�����B#!24��� :2KL10453�

� Extradiol¿PEHOL]zS) Ʊ("�#*�¯�* Harayama7(68ÁƂ)Ɠ

ôí(ÁƂ��ıâ$
9�©ıâ$
9�)(6!# 2ņƱ( �7:9�%�ùŃ�

:�(Harayama et al., 1989)��)è�Extradiol¿PEHOL]zS("�#¢)Ŋ�Ĕ

Ə%'9 BphC) XŝŘĆĔƏ�ġÒ�:��%$ Ʊ)1'7���)ėŤ=ŀ9}

$)É�'Ƒě=Ɖ
��0� Sugiyama7(6!# Acidovorax sp. KKS102ĐĵČ)

(Sugiyama et al., 1995))�ę�$Han7(6!#Burkholderia xenovorans LB400Đ)BphC

) XŝŘĆĔƏ�ġÒ�:(Han et al., 1995)�0��Senda7(6!# Acidovorax sp. 

KKS102ĐĵČ) BphC�6,�)ÁƂŴ³�)ĔƏ("�#źŕ'ŷč�'�:�

(Senda et al., 1996)���$�BphC)��ĔƏ* NĉŌ\oBx% CĉŌ\oBx) 2

")\oBx$Ĕñ�:#�8��)�\oBx$*	�			ĔƏpWzf� 2¹�

8Ɗ�:�´ĕ)ĔƏ=%!#���%�7�BphC)Ɣ�Í� 2¹�})Ɣ�ÍƚŴ

=ŗ#Ƒ¦�#���%�Ń·�:��ųºÍ$
9ƞBEx* CĉŌ)\oBx( 1

"¶0:�CĉŌ�\oBx�ģí=õ��#�9�%�Ń�:#�9�0��BphC

%�)ÁƂ$
9 2,3-dihydroxybiphenyl (2,3-DHPB))Ŵ³�)ģí�ê(��#*ƞB

Ex� His145�His209�Glu260$Ĕñ�:9 His-His-GlupWzf%Ɨ�Ř³��

2,3-DHPB%* 2�)ĠƙÁ=��#ƞBEx%Ɨ�Ř³�#�9�%�Ń�:���

)ŘĎ* Arciero7(6!# EPR=Ĵ��ÓƴŘĎ�7�ħ�:�ĔƏ (Arciero et al., 

1986)�ĊƂĻ(Ě���%=ą7�(���BphC=�ű%�9 Type I - Class II)ƘŔ

$*�) His145�His209�Glu260$Ĕñ�:9 His-His-GlupWzf*Ɨ¡}�Ï�:

#�8�@m_ƙƗ¡��$4ľ´í�Ż37:9�%�7���ĔƏ�Ʊ��#�9

�%�Ń·�:#�9�Type I - Class II % Type I - Class I)ƘŔ=ĞƇ�9%�Class I

(Ù�9ƘŔ$*Ngq^X[)É��� Class II)§ Ņà$
8�Class II) CĉŌ

\oBx%@m_ƙƗ¡)ľ´í�
9�0��Ɨ¡} Class II(��#ģí�ê=Ĕ

ñ�9ĝÁ4�Ï�:#�9�%�7�Class I)ƘŔ* Class II)ƘŔ) CĉŌ\oB

x)1$Ĕñ�:#�9ƘŔ$
8�Ɣ�Ļ(ƤƐ�
9%š
7:#�9� 

� �:(Ö��Type II - Class III)ƘŔ$* Class I�6, Class II)ƘŔ%){ęĔƏ

)ľ´í������ĔƏ5ģí�ê$�Ï�:�@m_ƙĝÁ("�#* Class III)

{ęĔƏ�7*�ħ$�'������protocatechuate (PCA) 4,5-dioxygenase (LigAB))

Ŋ�ĔƏ�ġÒ�:��%$(Sugimoto et al., 1999)��)Ŋ�ĔƏ� Class I�6, Class 

II)ƘŔ%*��ĸ'9�%�ął(�:��LigAB)ĔƏ=¼ 1-3(Ń���)ŘĎ

�7�Class III)ƘŔ* Class I�6, Class II)ƘŔ%Ƒ¦Ļ(ƤƐ�'��%�Ń·

�:��LigAB)ģí�ê*	Ngq^X[(LigB)(
8�His12ƹHis61ƹGlu242$Ĕ
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ñ�:9 His-His-GlupWzf�ƞBEx%Ɨ�Ř³�#���ģí�ê*�Ngq^

X[(LigA)(68ŵ<:��:�ů)çĽ=Ď��#�9�%� �!��0��LigAB�

PCAÁƂŴ³�(��#�PCA* 2�)ĠƙÁ=��#ƞBEx%Ɨ�Ř³�#�8�

LigAB)ģí�ê)Ɨş* BphC)4)%�<3#�#�9�%�Ń�:���)�%

�7�BphC% LigAB)Ƥ�*Ƒ¦})ń��ĸ'94))��<3#Ʊ���ģí�

ê=Ƒ¦��#��­ÿƑ¦)�%š
7:��Ţ�´{)¬ìoF^Rn=4!#�

9�%�Ń·�:���:(¤
�LigAB%´�� Type II - Class III(Ù�9ƘŔ$


9 gallate dioxygenase (DesB)("�#�Sugimoto7�ĔƏ=ġÒ�#�9(Sugimoto et al., 

2014)�DesB*��ĔƏ%�#LigAB%6�Ʊ���ĔƏ=%!#���(¼ 1-3)�LigAB

$*�)ĔƏ��(LigA)%	(LigB)q^X[( �:9)(Ö��DesB$*�:7)q

^X[�ƐŚ�� 1 Í%�#Ï¾�#�8�LigA(ľå�9ů)Ɩ * DesB Í)

CĉŌ���:(ľå�� 2Ɯ�=æñ�#���DesB)ģí�ê(��#4 LigAB

´ĕ�{ęƗ¡}�Ï�:� His12ƹHis59ƹGlu239$Ĕñ�:9 His-His-GlupWzf

�ƞBEx%Ɨ�Ř³�#���DesB)ÁƂŴ³�ĔƏ�7�ģí�ê(Ï¾�9ƞ

BEx*ÁƂ%ľ��Ĵ=�'�fsz)Įð)�ş(R-site)%�ÁƂ%)Ŵ³�=æñ

�9ģí¦Įð)�ş(A-site)%$*ĸ'8�ģí¿)ÁƂŴ³�=æñ�9ƨ(ƝÙB

Ex�Of[�9�%�Ń·�:�(¼ 1-4)� 
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¼ 1-3 LigAB�6, DesB) XŝŘĆĔƏ 

LigAB, DesB)��ĔƏ= cartoon$Ń��. pZt)Û}(*�:�:) PDBķ±=, Û~(*Ėâ¼=

Ń��. ģí�ê("�#*�:�:ƞBEx%Ɨ��9ĝÁ=QYAXIpZt$űŃ��.  
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¼ 1-4 DesB�gallateŴ³�)ģí�ê%ƞBEx)�ş 

(Sugimoto et al., PLoS One, 9(3), e92249, 201468) 

ÌğĮð) DesB�gallteŴ³�)ģí�ê. DesB)ĝÁ*Ŝ$, gallate)ĩŔ«Í*EuxPŪ$Ń��. 

DesB Í%)ĠŔŘ³*exIŪ)Īŝ$Ń���)ƅƫ(�))þ�=ƌŹ��. ģí�ê(
9ƞBE

x� gallate%ĠŔŘ³�, ģí¦Įð=æñ�9�ş�A-site, DesB)Asn57�(
9�ş=R-site%�#, 

ƞBEx�Of[�9�%�Ń�:#�9. 

 

 

� Extradiol¿PEHOL]zS)ŸË¬ì)ėß("�#*�Type I - Class II Extradiol

¿PEHOL]zS$
9 BphC("�#�Uragami7(68 Acidovorax sp. KKS102Đ

ĵČ) BphC)ģí¦¿%�)ÁƂŴ³�)ŘĆĔƏŷč�'�: (Uragami et al., 

2001)�Sato7(68¬ì�ƣ�)źŕ'ĔƏ=ŷą�9�3(ÁƂfsz��BphC-

ÁƂŴ³��6, BphC-ÁƂ({ƙ¦ŉŔ)Ŵ³�)ŘĆĔƏ�ġÒ�:� (Sato et al., 

2002)�0��Type I - Class I (Ù�9ƘŔ$
9 homoprotocatechuate (HPCA) (��#

* 2,3-dioxygenase (HPCD))Æĸ�ŷč%¬ì�ƣ�)ĔƏ�7ŷč�Ƒ37:#�� 

(Kovaleva et al., 2007, 2008 ; Lipscomb, 2008)���$Ń�:�¬ì�ƣ�ĔƏ(��#*�

ƙŔ Í%)Ŵ³�ĔƏ* Sato7(69BphC-ÁƂ({ƙ¦ŉŔ)Ŵ³�)ŘĆĔƏ%*

ĸ'8�ƞ%ƙŔ� side-on¿)Ɨ�Ř³=Ű��@tHtktEHT¿)�ƣ�=ŗ

#¬ì�Ƒ2�%�Ń�:�(¼ 1-5)� 
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¼ 1-5 HPCD)ƙŔ(69ģí¦%ƘŔ¬ì 

(Kovaleva et al., Nat Chem Biol., 4, 186-193, 200868) 

 

 

Type II - Class III Extradiol¿PEHOL]zS("�#*�LigAB�6, DesB("�

#ŘĆĔƏ�6,Æĸ�)ŷč(Mizumoto�ÅžĀ, 2001; Sugimoto et al., 1999 ; 

Sugimoto et al., 2014)�6, 2,3-dihydroxyphenylpropionate 1,2-dioxygenase (MhpB))Æĸ

�ŷč (Mendel et al., 2004)Ŏ(68�ŸË¬ìŗƆ)ėß�6,ÁƂĭĸí("�#)

ŷč�Ƒ37:#��� 

� �:7)ŘĎ�7�Extradiol¿PEHOL]zS)ƘŔ¬ì(��#*0�ģí�ê

)ƞBExƷIIƸ(Ɨ�Ř³�� Equatorial�(
9ÁƂ)ĠƙÁ)ťhv[x¦=
Type I (HPCD/BphC)$* Tyr (Tyr257/ Tyr249)��TypeII (LigB/DesB)$* His 

(His127/HIs124)�õ��ã�Ś� Type I (HPCD/BphC)$* His (His200/ His194)��TypeII 

(LigB/DesB)$* His (His195/His192)�ÁƂ) axial�)ĠƙÁ�7hv[x)ã�ó�

=Ű��ę�$hv[x=ò��%$ƘŔ¬ì�Ƒ>$��%š
7:#�9��)6

�'ŗŞ$�Extradiol¿PEHOL]zS(��#*./{ũĻ(¼ 1-6(Ń�ĕâ$

)ŸË¬ì�Ƅ�!#�9$
;��%�Ń�:#��� 
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� 0��ģí�ê(Ï¾�9ƝÙBEx("�#�ƞ�6,lxGx=ģí�ê$Qw

Xh���ƘŔ("�#ģí)ĞƇ=Ű!�ŘĎ��:7)ģí�Æ<7'��%�7�

Extradiol¿PEHOL]zS�{ũĻ'ƝÙƘŔ%*ĸ'8�ģí�ê)ƝÙBEx�

ƙ¦ƕ�Ƭ�(�7�ƙŔ)ģí¦=õ!#�9�%�Ń�:�(Emerson et al., 2007)� 

 
 

 
 

¼ 1-6 DIQ[rPEzt¿PEHOL]zS)¬ìOzKxQĒ 

(Mbughuni et al., Biochemistry, 51, 8743-8754, 201268) 
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����� ���6�3�A��" ����-�( Z)S9E- �B#!24��� : � 8;gF?7IF�

� ŧīĶ(��#ćÉ)ūƳă¦³ĬaBElQ=ª39sJ^x*ƧĲ)ēĬ)Ĕ

Əüö�%�#Ï¾��ƭÝ(Ŵƪ�"ÑÒ'ĔƏ=ö"�sJ^x*ŧīĶ$*�(

ĺŪŦċŬ(6!# ŷ�: (Higuchi et al., 1971)�� Í¦�:�è(½ÄŕŬ(6!

#£Ĵ�:9��°Ť('9�� Í¦�:�sJ^x*½Ä�(Ĳţ�9� ÍsJ

^xƁ¦íŕŬ'&(68ćŖĻ(�ƙ¦ĩŔ%�#Éğ(ý��:9�%('9� 

� Sphingobium sp. SYK-6Đ*bthÚÃ)áĥ�7©ƫ�: (Katayama et al., 1987)��

:0$(ć46�ŁŇ�:#��� ÍsJ^xƁ¦íŕŬ$��)�ſŗƆ("�#

*śŠĻ'ŁŇ�'�:#�� (Katayama et al., 1988 ; Masai et al., 1989 ; Noda et al., 

1990 ; Masai et al., 1991 ; Nishikawa et al., 1998 ; Masai et al., 1999 ; Peng et al., 1999 ; Hara 

et al., 2000)�SYK-6Đ*ƍÝ)ĲĬ�ďƲĨ%�9JtMzQ'&)ŒƱ5M`Iƙ'

&)Ĉėƙ$*Ĳţ$���sJ^xż×�� Í¦³Ĭ)1=ďƲĨ%�#�9��

)�3�SYK-6Đ*�)ĲĬ%Ğ-#ĭĜ'�ſœ=ö!#�9 (¼ 1-7)��)�ſŗ

Ɔ(��#�Ơ%'9)*ūƳı)ƢŲ¬ì$
9��)ƢŲ¬ì=ŸË�9ƘŔ%�

#PEHOL]zS�
�7:�SYK-6Đ)�ſŗƆ$* Biphenyl catabolic pathway, 

3MGA catabolic pathway�6,PCA 4,5-cleavage pathway(��#PEHOL]zS(6

8ūƳıƢŲ¬ì�ŸË�:#�9� 
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¼ 1-7 Sphingobium sp. SYK-6Đ)sJ^xż×�� Í¦³Ĭ)�ſlXh 

(Masai et al., Biosci. Biotechnol. Biochem., 71 (1), 1–15, 200768) 

Sphingobium sp. SYK-6Đ(69� ÍsJ^x)Ɓ¦�ſœ 

 

 

� SYK-6Đ)�ſœ(��#ūƳı)ƢŲ¬ì=ŸË�9ƘŔ("�#*į¾0$(

2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxybiphenyl (OH-DDVA) dioxygenase (LigZ)�

protocatechuate (PCA) 4,5-dioxygenase (LigAB)�gallate dioxygenase (DesB)��6,

3-O-methylgallate (3MGA) dioxygenase (DesZ)) 4ņƱ�©ƫ�:#�8 (Peng et al., 

1998 ; Noda et al., 1990 ; Kasai et al., 2005 ; Kasai et al., 2004)��:7)ƘŔ*�-# Type 

II-Class III) Extradiol¿PEHOL]zS(Ù�#�9�LigAB, DesB, DesZ("�#

* SYK-6Đ)�ſŗƆ)�  3MGA catabolic pathway�6, PCA 4,5-cleavage pathway

$¨ŽĻ(ėŤ�#�9�%� LigAB, DesB, DesZ)Ɣ�Í=Ęú���ÆĸĐ=Ĵ�

�ŁŇŘĎ�7ą7�(�:#�9 (Kasai et al., 2005)���$�Syringate)�ſœ(

��#�LigAB% DesB)ėŤ=Ęú��9% Gallate)ƢŲ¬ì�Ů��ƥÔ�:9

��DesZ* Gallate)ƢŲ(*É��Ƥ���(ų¥Ļ(���%�DesZ* 3MGA)
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ƢŲ(Ƥ��#�9�%�Ń�:#�9(¼ 1-8)�0��LigAB�DesB("�#*�Ƌ

)%�8Ŋ�ĔƏ�Ą(ġÒ�:#�9 (Sugimoto et al., 1999 ; Sugimoto et al., 2014)� 

 

 

 
 

¼ 1-8 Sphingobium sp. SYK-6Đ) 3MGA catabolic pathway�6, PCA 4,5-cleavage 

pathway. 

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 200568) 

SYK-6)� ÍsJ^x�ſ$ Vanillate�6, Syringate68~Ĥ)�ſŗƆ=Ń�. PCA)ūƳıƢŲ=

LigAB�ŸË�, 3MGA catabolic pathway%³Ĥ�9. 0� 3MGA* LigAB, DesZ(68ūƳıƢŲ¬ì=

ŸË�:9. Gallate* DesB�6, LigAB(ūƳıƢŲ¬ì=ŸË�:9. �:7)ŗƆ=�&9�%$�

 ÍsJ^x)�ſĳĬ�ćŖĻ( TCA¹Ɔ(³Ĥ�9�%�°Ť('!#�9. 
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��	��5"1&.�6)
&�5"
 D,+ .�61 *>e�

� DesZ*sJ^xż×�� Í¦³Ĭ$
9 3MGA=ÁƂ(�2 ÍƙŔĦ¤�oU

ƢŲ¬ì=ŸË�9 330ĝÁơ� ÍƜ 36,530)ƘŔ$(Kasai et al., 2004)�DesZ%

LigAB�DesB��6, LigZ)@m_ƙƗ¡)ľ´í(identity)*�:�: 22.2�22.5 �

6, 46ƶ$
9�DesZ�LigAB% DesB)ÁƂ�6,ģí("�#ű 1-1(�LigZ)

ģí("�#ű 1-2(Ń�� 

 

 

 

 

ű 1-1 DesB, DesZ �6, LigAB )ƘŔƎàžĻŷč 

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 200568) 

 

 

 

 

ű 1-2 LigZ )ƘŔƎàžĻŷč 

(Kuatsjah et al., FEBS Letters, 591(7), 1001-1009, 201768) 

 

 

 

� ű(Ń�:�6�(�DesZ) 3MGA(Ö�9ģí* LigAB) PCA(Ö�9�0�

DesB) Gallate(Ö�9ģí%ĞƇ�9% 1/10Ņà(���DesZ(*Êī(��#�

(ģí)Ƶ�ÁƂ�Ï¾�9°Ťí4÷û�:#�9(Kasai et al., 2004)�0��LigZ* 
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SYK-6Đ) biphenyl catabolic pathway(��#dfC^tĔƏ=ö" OH-DDVA)ƢŲ

=ŸË�9PEHOL]zS$�DesZ%*{ęĔƏ)ľ´í� 46ƶ%��ĔƏ=ö"

��3MGA)ƢŲ¬ì=ŸË�9�%*$�'�(Peng et al., 1998 ; Kasai et al., 2004 ; 

Kuatsjah et al., 2017)�{Ă�LigAB�6, DesB% DesZ)@m_ƙƗ¡ŷč(¼ 1-9)%

Swiss-model(69 DesZ)�ħĔƏ(¼ 1-10)�7*�:7)ŸËģí(ëƯ$
9

LigAB�6, DesB) His127/His195�6, His124/His192� DesZ$* His184/His250

%�#�Ï�:#�8�DesZ)ģí�ê$ƝÙ)Ɨ�(Ƥ��9ĝÁ* His-Gln-Glu%

��āŶpWzf$
9�%��ï�:��{ũĻ( Extradiol¿PEHOL]zS$

ƝÙƗ�(Ƥ<9ĝÁ)pWzf* His-His-Asp/Glu$Ĕñ�:��)Ŋ�ĔƏ�ħ�

7* DesZ)ģí�ê)@m_ƙĝÁ)Ɨµ��:0$%ĸ'9°Ťí4š
7:9�

¤
#�@m_ƙƗ¡ŷč�7* DesZ� LigAB% DesB�ö�'� insertionưÀ=ö

"�%�<�!���7(�DesZ$* LigAByDesB$ģí�ê)ůƖ(
�9 LigA

�6, DesB) CĉŌƖ (Öì�9ưÀ=Ęú�#�9(deletionưÀ)��) insertion

ưÀ*�ħĔƏ�7ģí�ê)ů('9Ɩ (ľå�9°Ťí�
9��)ưÀ(*

LigAB�6, DesB(��#�:7)ÁƂĭĸí(Ƥ��9ĝÁ�¶0:9�%4Ń�

:#�8(Sugimoto et al., 1999 ; Sugimoto et al., 2014)��:7)PEHOL]zS% DesZ

(��9ÁƂĭĸí%)Üƒ(�) insertion-deletionưÀ�Ƥ<!#�9�%��ï$

�9� 
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¼ 1-9 DesZ�LigAB�6, DesB)@m_ƙƗ¡ŷč 

}¼( LigAB, DesB�6,DesZ)²\oBx�6,�:7)ľƤ("�#Ėâ¼=Ń��. OzKxQ@

rBxox[}(ƃ$»>�Ɩ ��Ï�:�ƝÙƗ�pWzfĝÁ�6,ģíĝÁ=ƷDesZ("�#*

�ï�:9ĝÁ, }( DesZ)ĝÁķ±=ƃÎ$Ń��Ƹ, Ŝ$»>�Ɩ * DesZ)1�ö" insertionư

À=Ń�.  ** DesZ(��#ƝÙƗ�pWzf��Ï�:#�'�ĝÁ=Ń�. '� DesZ�ö�'�

deletionưÀƖ (ľå�9 LigA)ľ´í("�#*�)ŷčŘĎ(¶>$�'�. 
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¼ 1-10 Swiss-model (https://swissmodel.expasy.org/) (69 DesZ)�ħĔƏ 

DesB)ĔƏ=Ɵ¿(ĔŐ�:� DesZ)�ħĔƏ. ¼)}ƖĂµ(ň��� helixƖ � NĉŌ�)

insertionưÀ(ľå�#�9. 

 
 
� 0��DesZ% LigZ)@m_ƙƗ¡ŷč=Ű!�ŘĎ=¼ 1-11(Ń���)ŘĎ�

7 LigZ4 DesZ%´ĕ�ģí�ê)ƝÙƗ�pWzf%�ħ�:9ĝÁ� His-Gln-Glu

$Ĕñ�:#�9�%�LigAB% DesB�ö�'� insertionưÀ=ö"�%�LigABy

DesB$ģí�ê)ůƖ(
�9 LigA�6, DesB) CĉŌƖ =Ęú�#�9

(deletionưÀ=ö")�%�Ń·�:9� 
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¼ 1-11 DesZ% LigZ)@m_ƙƗ¡ŷč 

OzKxQ@rBxox[}(ƃ$»>�Ɩ ��ħ�:9ƝÙƗ�pWzfĝÁ�6,ģíĝÁ=, ƃ

Î)** DesZ�6, LigZ(��#ƝÙƗ�pWzf��Ï�:#�'�ĝÁ=Ń�. Ŝ$»>�Ɩ *

DesZ�ö" insertionưÀ=Ń�#�8, LigZ("�#4 DesZ´ĕ(�) insertionưÀ=4"�%�Ń·

�:9. 

 

 
��
�BCA@�

� �:0$(Þŏ'ĲĬņ�ÁƂ)PEHOL]zS("�#�)Ĳ¦ÐĻ�6,œř

Ļ'ŷč*'�:#����ĔƏġÒ(Ũ!�4)*ƭÝ(ƦÒ�:#�9�����

SYK-6Đ(��#*´{ĲĬņ(��#ĔƏ=¶3�śŠĻ'ŷč�'�:#�8�Ĝ

( DesZ% LigZ$*Ɨ¡ľ´í�Ƶ��Ʊ���ĔƏ=ö"�%��ï�:9(4Ƥ

<7��� ÍsJ^x ŷŗƆ)}Ĥ� (LigZ : biphenyl catabolic pathway)%~Ĥ� 

(DesZ : 3MGA catabolic pathway)$ūƳı)þ�ĸ'9¦³Ĭ=ÁƂ%�9�%�°Ť

$
9�%4ą7�(�:#�9�¤
# DesZ* LigAByDesB%ĞƇ�# ÍƜ�

Ø���ÁƂ)Żƀ(Ƥ��9ĝÁ�¶0:9%š
7:9{Ɩ\oBx�Ęŭ�#�

9�%�ųºÍ%'9ƝÙBEx%Ɨ��9@m_ƙĝÁ�āŶpWzf=ö"�%�

�ħ�:9�%'&�7��)Ŋ�ĔƏîÂ*�:0$(ŀ7:#�'� Extradiol¿
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PEHOL]zS)ŸË¬ìėĔ=İŷ°Ť(�9�%�ä�Ń·�:9�"08�i) 

LigAB�DesB)ů(
�9Ɩ * DesZ�6, LigZ$*&�'!#�9)�� ii) DesZ

�6, LigZ)ģí�ê$ƝÙ(Ɨ��9ĝÁ* LigAB�DesB%*ĸ'9�%�{ęĔ

Ə�7�ħ�:9��ųºÍ$
9ƞBEx%ÁƂ*&)@m_ƙĝÁ%&)6�(ľ

��Ĵ�#�9)���:7)Ĺ¸("�# DesZ)Ŋ�ĔƏ=Ĵ�9�%$�«Íu

jt$ą7�(�9�%�$�:+�Type II - Class III Extradiol¿PEHOL]zS)

ÁƂĭĸí(Ƥ�#�7(őà)Ƶ�îÂ�é7:9��)6�'š
�7�ĊŁŇ*

XŝŘĆĔƏŷčĢ=£Ĵ�# DesZ)ŘĆĔƏ=ġÒ��Ĳ¦ÐĻ'ĞƇ=Ű��%

(6!#�DesZ)ģí�ê�&)6�'Įð$ŸË¬ì=õ��#�9)��ĔƏî

Â%ƛĲ¿�6,Æĸ¿)ģíĞƇ�7�) ÍĻÁļ=ą7�(�9�%=ĽĻ%

��� 

 

� ĊžĀ*��~)6�(Ĕñ�:9�ßž$
9ō 1ŋ(Ċŋ)(Ś��ō 2ŋ$*Ó

ƴĂĢ("�#�ō 3ŋ$*ŘĎ("�# DesZ) XŝŘĆĔƏŷč�DesZ)Ŋ�Ĕ

Ə�DesZ)ƘŔģíħÒ�6, DesZƛĲ¿%Æĸ�%)ƘŔģí)ĞƇ=Ű!�ŘĎ

)Ʈ(Ƌ-9�0�ćè)ō 4ŋ$*ĊžĀ)šÕ=Ź��� 

 



�
�

 

 

 

 

 

 

� � ��`¥n{�

 

  



� ���

����`¥smC-+J�xs�

íȡ&Ƅ��Ǜǆ
4+ŐÍ& �!) Appendix. A&ǘǨ��� 

 

������A6 *��C-+���

� DesZ(ƴĹ»
4+ǻƮţđǚ�(�1(ƩǐSx_GǢ:Č7�1�DesZ(¤K

yYȜÙ:É0ƊƁƄesOkY"�7 pEDZA:Ƅ�!ƊƁ
4+Ʃǐ:ǉ���

pEDZA)ȈúěǊƚéâé(į�ƔƠî�5ǠŮ�!Ț��2(:�Ƅ��� 

esOkYŌĘ(ŏĄÒ:Ò 2-1&ƙ�� 

 

 
Ò 2-1 pEDZA plasmid map 
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� � �

�(ƊƁesOkY:âƽǃŅ BL21(DE3)pLysS&÷£�ȧƱŶă 100 µg/ml(=xb

Mtx:É0 2×YTÚÕ" 37°C&!ÚȠ�ȧŠȈ 600 nm&
�7ŵă� 0.5&%�

�ķŸ"ƱŶă 1 mM( IPTG:¸	!ƊƁǞ÷���Ǟ÷ċ2ą
Ƶ
Çŀ�"ĥ#

�ÚȠ��Ǟ÷ċ 4ķȋƍ&ÚȠ:Ʊ����ÚȠċ�ÚȠŨ: 5,000 × g, 4�" 10®

ȋǳĎ®ȓ�!Ȓǃ��ǃ�: 2 LÚÕ®��6 45 mL(ƖƕƄ Buffer (50 mM Tris-HCl 

(pH 8.0) , 300 mM NaCl)&ėŵ��ċ�Śª|"ǤȘŠƖƕŐ:Ƅ�!ǃ�:Ɩƕ���

ƖƕŨ)ǳĎ®ȓ(15,000×g , 20 min , 4�)&46}ųđƆ®:ȏ��ċ�{ū:ÎÁ�

�� 

ő&�Č58�DesZ:É0ƨĠ­Ũ:Ȑ?Cx�īGwjXHsc>y&46Ʃǐ�

��50 mM Tris-HCl (pH 8.0)"āǋ»�� HiPrep 16/10 Q FFDsl(GE Healthcare)&Č

58�ƨĠ­Ũ:ToyN��50 mM Tris-HCl (pH 8.0), 1.5 M NaCl:Ƅ�!HsNBx

Xų­:ǉ���HsNBxXų­&46Č58�DesZ:É0Ɔ®)��5&Ɖřđ

Ə��ƄGwjXHsc>y&46Ʃǐ:ǉ���Ȑ?Cx�īGwjXHsc>yƩ

ǐƆ®:50 mM Tris-HCl (pH 8), 3 M (NH4)2SO4#1:1ïȀ"ũÆ��ċ�50 mM Tris-HCl 

(pH 8), 2 M (NH4)2SO4 "āǋ»�� RESOURCE ETH 6mLDsl(GE Healthcare)&To

yN��50 mM Tris-HCl (pH 8):Ƅ�!HsNAxXų­:ǉ���ą
Ƶ
��"Č

58�ų­Ɔ®& �!�L?PħȏGwjXHsc>y(SEC, Juŷǰ)&47ĻƱ

Ʃǐ:ǉ���Dsl)Superdex200 increase 10/300(GE Healthcare)�̂ Uc<y)50 mM 

Tris-HCl (pH 8), 50 mM NaCl:Ƅ�!ų­:ǉ���ų­�8�DesZƆ®& �!)

Nanodrop:Ƅ�!�¤8�ŠȈ 280nm (ÊÁ�5ǗƦ���DesZ(nuÊ¢�ı) 

ExPASy (http://web.expasy.org)(protparam&46Ʀ­���(�)¤!(MOV?xœ

Û�Ǹ ſĕ&�7#�ì��ÜÆ� 

ε280 = 47,900 M-1cm-1 , Abs 0.1% (=1 g/L) 1.311 
"�7�#:³Ƅ�!Ŷă:Ʀ­��� 

Ƭă& �!)SDS-PAGE(^xYȗƞ�5ImageJ (Rasband, W.S., ImageJ, U. S. 

National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/, 1997-2016.)

:Ƅ�!Ʀ­��� 

 

��	���wr* 3 r��M�u�

� Ʃǐ��Sx_GǢ� DesZ"�7�#:Ƙǝ�7�1�ƩǐŎÌ& �!=k]Ǽ

NľƤ(Ǻ°ǕŁ:ǉ���.�ƩǐŎÌ: SDS−PAGE&���ċ�[XwQuwy



� ���

Oƾ&Ǧ©���Ǧ©ċ([XwQuwyOƾ)ƍƋ(^xYǹ®:¯6Â6�ewV

?xMyIxLy:Ƅ�!Ǻ°(ǕŁ:ǉ����|&ęț:ƙ�� 

 

NľƤǺ°ǕŁƄ Blotting (semi-dry) 

� �Ƅ�� Buffer(ƲĘ:ǌ 2-1&ƙ�� 

 

ǌ 2-1 NľƤǺ°ǕŁ(�1( Blotting (semi-dry)Ƅ BufferƲĘ 

 

Blotting buffer A 

 

Tris : 3.63 g ( f. 300 mM ) 

Methanol : 5 mL ( f. 5% ) 

ǤƬř : 95 mL 

Blotting buffer B 

 

Tris : 0.3 g ( f. 25 mM ) 

Methanol : 5 mL ( f. 5% ) 

ǤƬř : 95 mL 

Blotting buffer C 

 

Tris : 0.3 g ( f. 25 mM ) 

6-=k]DewxȥfFLxȦǼ : 0.52 g ( f. 40 mM ) 

Methanol : 5 mL ( f. 5% ) 

ǤƬř : 95 mL 

 

[XwQuwyOƾ 

↓  100% Methanol& 20-30 sec.ŦŴ�7 

↓  BŨ&ŝ1�30�{ĥƌ�7ȥř:ć�%�%7."Ȧ 

 

SDS-PAGEƱ�ċ 

↓  ŷƭ: A & 2ł�B& 1ł�C& 3łŦ� 

↓  Aŷƭ: 2łȕŊŽ&QUX�7 

↓  Bŷƭ: 1ł{&Ǿ'7 

↓  [XwQuwyOƾ:Ǿ'�øȀ( B:�5� 

↓  SDS-PAGE(Ju:zƒ B&Ŧ��ċ�[XwQuwyOƾ({&Ǿ'7 

↓  Cŷƭ: 3ł{&Ǿ'7 

↓  ¤�:ÓƑ��7 

↓  CŨ:øȀ�5� 



� ���

 

↓  {ǹȕŊŽ:QUX��Ó:��%�4�&òƑ��7 

↓  153 mA , 30 min (25V�&%7)� * 2 mA/1 cm2 

 

↓  CBBńǁ : ~5 min 

↓  ƼǁȮ70% Ethanol ȥ��ĝ�7("ōç:Ǔ%�5ǉ�Ȧ 

↓  �ż 

↓ 

ƍƋ^xYǹ®(ƾ:¯6Â6�ewV?xMyIxLy&��7 

 

��
�4A��C-+ 40.�2-14 )-.i]¢�u�

� Ʃǐ�� DesZ(OX?FCmXty:ǟ,7�1�Juŷǰ
4+ SEC-MALS:Ƅ

�!ųŨſĕ"(®çȀŰì:ǉ���ęț:�|&ƙ�� 

 

Juŷǰ&47®çȀ(Īì 

� Juŷǰ(ų­�ƹȥRetention volumeȦ�5ųŨſĕ( DesZ(®çȀ:Īì�7�

1�®çȀjyDySx_GǢ:Ƅ��Juŷǰ(ų­�ƹ�5®çȀĪì:ǉ���

®çȀjyDy#�! Bovine Serum Albumin(BSA, ®çȀ 66,000)�Carbonic 

anhydrase(®çȀ 29,000)
4+ Cytochrom C(®çȀ 12,400)(ũÆŨ: Superdex200 

increase 10/300Dsl&=es?��Buffer : 50 mM Tris-HCl (pH8.0), ŤȀ : 0.75 ml/min

"(ų­byG:Űì����(ƴŃ:2#&ňȀƶ:Ʀ­��Çzŀ�|"Juŷǰ

�� DesZ(ų­�ƹ�5�(®çȀ:Īì��� 

 

SEC-MALS&47®çȀ(Űì 

� Juŷǰ"(®çȀĪì#āǉ��SEC-MALS:Ƅ��®çȀ(Űì:ǉ���ę

ț:�|&ƙ�� 

 

Dsl(Ţť 

↓  MilliQ&47Ţť: 0.5 m/min" 2 Dslitpyl(CV)(zĸǉ�ÜÆ) 0.1 ml/min) 

↓  Buffer&47Ţť
4+āǋ»: 0.5 m/min" 2 CV(40®) 

↓  uyeŢť 

RI detector(Shodex)# LS detector(HELEOS II)(ƣ�{� 



� ���

ASTRA 6(ƣ�{� 

 

Lxeu?xNAGMrx 

↓  v^y� Load�({�)(�ƹ&%�!�7�#:Ƙǝ 

↓  ASTRA 6( validate button:GtUGċ�run experiment:ğ��Lxeu:Ě��

0Ų�ë�#��mUQyN�ǌƙ�87 

↓  Lxeu: 30-40 µL=es?��Ȥ�v^y: Load�5 Inject&Î�!WySŰì

:Ȋå�7 

 

WySǕŁ 

↓  SEC&47 A280(byG:Ƙǝ�7 

↓  Procedures(”Baseline”:ǶĞ��Base line:Ƙǝ��apply & OK:ğ� 

↓  Procedures(”Peaks”:ǶĞ��Peak:Ñ0�2��)”Autofind Peaks”:Ĥì�7 

↓  Procedures(”Molar Mass & Radius from LS”:ǶĞ��Enabled Detector�5ǗƦ&Ƅ

�7 LS( No.:ǶĞ�! OK:ğ� 

Result(”Report summary”:ǶĞ��Mw:Ƙǝ�7 

 

��(��ol�

��(����ol� ��A6 �}*���

� Juŷǰ&47ĻƱƩǐċ(DesZųŨ)Śª|"Amicon® Ultra 4(10,000 MWCO)1
¸0!ǳĎ®ȓ%,/n^º\¯�1p��
ǳĎ®ȓ)1Î:5,000 × g , 4�, 10®"ǉ

��10-15 mg/ml&Ǳ�7."ǳĎ®ȓ:Ƹ6ǫ���ĻƱƋ&ƍƋŶă&Æ9�7�

1(þǽŨ&)Ȏàŷǰƾ(ǮǰƆ®:Ƅ���DesZ(Ŷă) Nanodrop ND-1000 

Spectrophotometer1¸0!�¤8�ŠȈ 280nm(ÊÁ�5ǗƦ���DesZ(nuÊ¢�

ı) ExPASy (http://web.expasy.org) (protparam&46Ʀ­���(�)¤!(MOV

?xœÛ�Ǹ ſĕ&�7#�ì��ÜÆ� 

ε280 = 47,900 M-1cm-1 , Abs 0.1% (=1 g/L) 1.311 
"�7�#:³Ƅ�!Ŷă:Ʀ­���ŶƷ
4+ŶăǟĲ�ë��� DesZųŨ)Ś

ªſĕ:���..æŘTox^y¦&Ɯº���30 ®

&ş:ƣ!%�4�&Ɵ

3�&ũË�!ƼǼƮ:ǉ���ƼǼƮ(ſĕ& �!)ld3UD2:�@�%·Y



� ���

1¥Z8!�&³[4$07#1`®"5�~§"a�%�z�4�¹�+&#8!
V��
�z�u*& DesZ ·Y'�&))j�[%g9�+86'Y� �"f�«
j8!-80�"�è����è�� DesZųŨ:ǈǕ��!ƴĹ»&Ƅ�7ȑ&)¨ăƼ

ǼƮĭ�:ǉ��� 

 

��(�����A6 �oltc*k�Ep�l�

� 10-15 mg/mL%¯ª¡�8�DesZ·Y1¸0�j�[�k&�x#t¦[1p��

�!&j�['<BC2U9FTBM�d_yµ1¸0�20�"p��
ld�kZ"
&j�[%���!'ldAQUI�­"�z�8�bh1¸0�
)��j�[>8
R�HU97BE2,(¡�u*¢¨v��&�Y�&}¶% 0!+ld�kZ"�
±%KNBC2U9#��1i.´8�{�9/z�4$07#1ld3UD2:�@
�"`®8!3-�m%¸0�
�c>8R�HU9%' Crystal Screen, Crystal Screen 

2, Index (HAMPTON RESEARCH)�The PEGs II Suite, The Protein Complex Suite 

(QIAGEN)�Wizard Classic 1&2 (Emerald BioSystems) j�[>8R�HU97BE1
¸0�
�&o&j�[�k&t¦[%���!' Detergent screen�Additive screen 

(HAMPTON RESEARCH)+¦e|¸8�<�D2U9µ+²¸8�
<�D2U9%
'j�[>8R�HU9"¬-0�j�1]��¤¸S�M"�0�j�[%¸0�¢
¨v%X8�1�o�OP=G3;�NB>S"OP=G3?8�Y142>6�%�
£8�@UJ8·Y#¢¨v1rq8�o%Y¥­%��%©°9/>ER�8<�D
2U9µ1¸0�
 

 

��)�Nqd�*z_�

� DesZƴĹ(ÎĜĆăWyS) XDS (Kabsch, 2010)�CCP4 program suite (Winn et al., 

2011)( AIMLESS (Evans et al., 2013):Ƅ�!¬Ƃ:ǉ���OIytxH(®Ǖƻ)

AIMLESS¬Ƃķ( Aimless Resolution estimate(�:ÛŲ&Ǚì���®çƹī&Ƅ�

7 n W u ) Phyre2 (Protein Homology/analogY Recognition Engine V 2.0 ; 

http://www.sbg.bio.ic.ac.uk/phyre2):³Ƅ�!ĨƯ:ǉ��DesB( Chain B (PDB: 3WRB)�

ő�" LigB(Chain B (PDB: 1B4U)�®çƹī(nWu#�!Ǵ¯"�7#��ƴŃ:

Č��.���8&¸	�DesZ )ãź(ſĕ"ţđ�Ď&Ȃ?Cx:ģ �#��ē

�8��1��(Ȃ?Cx(ƈÿ®İ:³Ƅ�7 SADŞ (½ŠȈƈÿ®İŞ)�
4+

ãźſĕ(Sx_GǢ�&èÔ�7Ɨȣ¿ç(ƈÿ®İ:³Ƅ�7 Native-SAD Ş&4

7±Ľ�Ə(Ŝì:Ǜ/��®çƹīŞ&) PHENIX (Adams et al., 2010)& phaserMR 



� ���

(McCoy et al., 2007):�SADŞ
4+Native-SADŞ&)PHENIX AutoSol (Terwilliger et al., 

2009):Ƅ��nWuŌƧ&) AutoBuild (Terwilliger et al., 2008)1|¸8�
 

 

��
�v��al�

� DesZ ƴĹ�5Č58�ÎĜĆăWyS(�"Ļ2Ȣ�®Ǖƻ:ƙ��WySQUX

& �!Ʃò»:ǉ����ƏŜì&) 2.6 "Č58� DesZ ±ĽŌǯ:nWu#�!

Ƅ��PHENIX & phaserMR &46®çƹī:ǉ���.��ŌǯƩò»&) PHENIX

& phenix.refine (Afonine et al., 2012)1¸0�
Ʃò»&46Č58�ȕçòăjUe)�
2mFo-DFc map: 1.2σ�mFo-DFc map: 3.5σ"ǌƙ���|(ÛŲ&46nWu(�Œ

:ǉ��� i) ȕçòă�)�
6�%��.�)Ǔ	%�ǹ®&=k]ǼœÛ:£8

%�  ii) ȕçòă(ĉ&46 alternativeŌǯ��7ÜÆ&)�¾ļƀ 50% � &�!

Ōǯ:£87  iii) mFo-DFc map(ǌƙÛŲ"�7 3.5σ&
�!�ȕçòă(ĉ���

#²Ĵ"
7â
�(2(:ř®ç(ȕçòă"�7#²Ĵ���Ʃò»��¤!(

DesZ(ƴĹŌǯ&
�7Ă�éƋſĕ(NCmXty))�PHENIX( MolProbity (Lovell 

et al., 2003)&!Ƙǝ:ǉ��� 

 

������A6 �oa*£bN3B*iu�

������5 �TQ)-.:N7M<�o)S,L.£bN3B*iu�

� DesZƴĹ&É.87ȁù?Cx& �! XAFS (X-ray Absorption Fine Structure)&4

7®Ł:ǉ���DesZ:)�1#�7 Extradiol×NCFMJZyR)�&Ȃ��7�

)��(ǵƜȁù:�ģ�7Ãƻđ�Ȣ��1�ŰìŠȈ& �!)�85(ȁù?C

x(XƶÊÁ:Űì�7�#:ƺĖ&£8!ǉ���.�MCA (Multi Channel Analyzer)

:Ƅ�! DesZ\?V>dƴĹ:Ǜĳ#�!jxEx�Ȃ�K^uX�ȃ�[UIu&

õ�!žƈƋ%ÊÁ:2 ŠȈ:�8�8OFox��XƶÊÁ:Ƙǝ"
�ŠȈ& 

�!(/�XAFS&47®Ł:ǉ��� 

 

�������dilcXC@2u*Ii)-. ��A6 �oa*£bN3B*iu�

� Ò 2-2"ƙ�4�&�DuM@l&žƈƋ%ÊÁ:ģ Xƶ(ŠȈ) 3.08	"�7�

1��(ÊÁƤ�Ǫ(ƓŠȈ�"ÎĜŸŰì:ǉ���8& �!(ƈÿ®İücyt

BÒ:ĺ��#"DuM@l�èÔ�7�ƹ&ȕçòă:Ƙǝ"
7�����Çķ&

Ɨȣ¿ç%$(ŠȈ 3.08	462ȈŠȈ�&ÊÁƤ:2 Ǿ¿ç"ƈÿİ�&ñ~�

72(& �!2ȕçòă�Ƙǝ"
!�.��1�ŰìŠȈ 3.0�3.3	"(ƈÿ®İ



� �	�

ü:Ƅ�!DuM@l(ƈÿ®İücytBÒ:�Ę���ƈÿ®İücytBÒ)Ű

ìŠȈ 3.0	
4+ 3.3	&
�7 DANO ( anomalous difference = |F (+) – F (-)| ):Ƅ��

|F3.0	(+) – F3.0	(-)| - | F3.3	(+) – F3.3	(-)| # 3.0	ŠȈ"Űì��ÎĜĆăWyS�5®ç

ƹī&46Č58��Ə:Ƅ�!ǗƦ���ÎĜŸŰì) Photon Factory (ǂØƐ �*

ý) PF BL-1A&
�!ft@lTox^y:�Ƅ��DesZƴĹņçȋ(*5 
&4

7Ċș:Ƿ�7�1�Çz(ƴĹ(ǲ�ǹ®:��!ŠȈ 3.0�3.3	& �!ǉ���

Űì���8�8(ÎĜĆăWyS) XDS�AIMLESS :Ƅ�!¬Ƃ:ǉ��ċ�

phaserMR&46®çƹī:ǉ���nWuŌǯ&) 2.6"Č58� DesZ±ĽŌǯ:Ƅ

���OIytxH(®Ǖƻ) AIMLESS¬Ƃķ( Aimless Resolution estimate(�:Û

Ų&Ǚì���.��ŌǯƩò»&) phenix.refine 1¸0�
W�±ysL�R5�&

w�%' CCP4 program suite( CAD�Scaleit (Howell et al., 1992)
4+ FFT (Read et al., 

1988):Ƅ���ǜư%ęț& �!)Ò 2-3&ǘ��� 

 

 

 
(http://skuld.bmsc.washington.edu/scatter/AS_form.html"�Ę) 

 

Ò 2-2 Ȃ
4+Ɨȣ�DuM@l( KŔÊÁƤ
4+�85(ƈÿİ��ı 

 



� �
�

 

 

Ò 2-3 W�±ysL�R5�&w��� 
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�����^ ��e*~_)-.¡�Y ��A6 *|h�h�

� DesZ(ǻƮţđ:ǚ��7�1�DesZ-ÛǢÀĐŨ�(ǼƮŶă(ŭǍȀ:ţđ(²

ĴĤŎ#��ÀĐŨ(ųèǼƮŶă(Űì:ǉ���DesZ)ơŘ�(ǼƮ&�5�8

7�#&46ǏÏç"�7��Ȃ?Cx�Ǽ»�8!ţđ��|�7�#�ēì�8

7(Kuatsjah et al., 2017)zĵ�ÀĐ&)ÛǢ#�!(ǼƮ�ďǒ#%7��(�1�ƼǼ

Ʈ�� DesZųŨ#�ÛǢ
4+ǼƮ:É;�ÀĐŨ�ũÆ�8�ƒȋ�5(ǼƮŶă

(ŭǍȀ:Űì�7ďǒ��7�zǀƋ&Ũ��(ųèǼƮŶă:Űì�7&)Ǜȡų

Ũ&ȕŊ:ƎĩŦŴ�!Įġ�%�5ȕ�:Űì�7ęŞ�Ƅ�587������(

ęŞ:Ƅ�7ÜÆ�i) ŗǧƋáȀ(ÀĐŨ:ďǒ#�7  ii) Űìƿ��ǼƮ:ŧǡ�

7  iii) æŘ-äŘŀ�(KxXwyu�ÐȔ"�7 ƥ(Ƃƅ&46Űìŀ�(ĻǴ»

�Ȕ�����"�ĿƔƠ")òȉ×(¢éĄǼƮŶăŰìƪ:Ƅ�!ÀĐŨ(ųèǼ

ƮŶă:Űì����(Űìƪ")Ũ��(ǼƮ®ç�ŠȈ 600 nm(Ǉ¢:ŧ¢�7

�#:³Ƅ��òȉ�8�ÀĐïÍ¦&Ū���esTZȅ�_UT:ïÍà(ewy

d�5(¹ǣ¢"¹ǣ�!Ǉ¢:Ɗƃ����(ċĵİ��5ŧ¢ă:Űì�7�#"

ųèǼƮŶă:Űì�7�1ƎĩÀĐŨ&ȕŊ:Ħ£�7ďǒ�Ź��ǼƮ(ŧǡ%�

Űì�"
7³Ÿ��7(Ò 2-4)� 
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Ò 2-4 òȉ×¢éĄǼƮŶăŰìǎƹ (NeoFox) &47ųèǼƮŶăŰì 

{ǘǎƹ)ųŨ�(ǼƮ®ç�Ŷă�èƋ& 600 nm(Ǉ¢:ŧ¢�7�#:³Ƅ�!ųèǼƮŶă:Ű

ì�7. û{&ǎƹ(¤��, Ä&esTZȅ�_UT:Ƅ��ÜÆ(ĢâŏĄÒ:ƙ��. ewyd�

5 450 nm¹ǣ¢:òȉïÍ¦&Ū���_UT&Ĉ!7�#&46 600 nmǇ¢:Ɗƃ��, �(ċĵİ

�Ćă:Űì�7. û|&)ųèǼƮŶă#Ǉ¢Ćă(ƏȌÒ:ƙ�. ųèǼƮŶă�Ȣ�-$Ǉ¢(ŭ

ǍȀ�á�%7�#:³Ƅ�!ųèǼƮŶă:ś17.�

http://oceanoptics.com/measurementtechnique/oxygen-sensing/ �5Ò:ąƄ�, ǭǘ��. 

 

 

������|h~_� ��A6 �}*���

� DesZ(ƊƁ
4+Ʃǐ) 2.2&ǘ��ĵŞ&Ų�!ǉ���Űì&ȑ�7µ¬Ƃ (¨

ţđ»¬Ƃ)#�!�Ʃǐ�� DesZ) Amicon® Ultra 4 (10,000 MWCO):Ƅ�! 6 mg/mL

&ŶƷ��æŘTox^y¦"ƼǼƮ¬Ƃ(ċ�¨ţđ»^Uc<y (4 mM =OKu

axǼZXt@l, 2 mM ƗǼȂ(II), 100 mM Tris-HCl (pH 7.5))#ƥȀ� ũÆ�Śª|

" 2ķȋ?xFpgyX���?xFpgyXċ( DesZųŨ)�·(Ȃ?Cx:ȏ�

�1�ƼǼƮ��^Uc<y"vNx:ƼǼƮ
4+āǋ»��ƼÝDsl(PD-10):



� � �

Ƅ�! 100 mM Tris-HCl (pH 7)&^Uc<yƹī���µ¬Ƃ(ë��� DesZųŨ)®

š��Ũ�ƢƮ"«ƴ��!�5-80�&�è����{(µ¬Ƃ)�,!æŘTox

^y¦"ǉ��-80��è��Lxeu:ǈǕ�!Űì�7µ&)¨ăƼǼƮ¬Ƃ:ǉ

���.��ŰìĶŖ&ŎŲ#�!«ƴ��ÇzwUX(¨ţđ»¬ƂŬ DesZLxe

u& �!ţđŰì:ǉ��«ƴ�è&47Ċș
4+ŰìƩă(ßº& �!Ƙǝ�

�� 

 

��������mg�}a*�^ ��e*~_�

� ¤!(Űì& �!) 20�Ēůî¦"�Çz(Ǜȡ¼& �!Å 4Î(Űì:ǉ�

��Űì&ȑ�!( pH) Kasai5(2004)&46ĻǴ pH#�8� pH 7.0(^Uc<y:

Ƅ��ǛȡŨ(ųèǼƮŶă) 1ƛ�#&ǘȆ���.��ęț)�|(Ǯ6"ǉ���

ŋƇ:Ò 2-5&ƙ�� 

 

1.  ÛǢÀĐŨ (ÛǢ:�ĔŶă&%74�& 100 mM Tris-HCl (pH 7)&ųǕ�7):ơ

ŘȟËſĕ&%7."Įġ�7 (Ƅķǟǐ). 

2.  DesZųŨ:æŘTox^y&£8�ƼǼƮ¬Ƃ:ǉ�. 

3.  ŰìƄ^?=u&ÛǢÀĐŨ: 1.7 mL£8!QeSl�
(ǅ:��æŘTox

^y&£87 (Ò 2-4 ①). 

4.  j?GwMtxN:ƼǼƮ�� 100 mM Tris-HCl (pH 7) " 3Î�{Ţť�7�Lx

eu: 20 µLÊ�ǩ;�ċ�LxeuŨ#ÛǢÀĐŨ�Ǝĩǖ8%�4�&æŘTox

^y¦(ŘƏ: 2 µLÊ�!MtxN([yYuǹ®:ű���ċ�^?=u(QeS

lǹ®&j?GwMtxN:ü�ǩ;�ſĕ"�(..æŘTox^y�5­� (Ò

2-4 ②,③)� 

5.  ǼƮŶăŰìǗ(QUV>xH:ǉ��ewyd(¡Ƥǹ:^?=u¦ǹ(Myu

Ū��ƹ&Æ9��Įġ�%�5ŰìǘȆ:Ȋå�7� 

6.  ÛǢųŨ(ųèǼƮŶă��êì�!�7�#:Ƙǝ��ċ�j?GwMtxN(

esxNoy:ğ�ǩ/�LxeuųŨ:ÛǢ&Ū¸�7�Ū¸&47ǼƮŶă(ß»

�Ǆ�Ƒ���#:Ƙǝ�!�5ŰìǘȆ:Ʊ��7 (Ò 2-4 ④)� 

7.  BradfordŞ&46Űì��LxeuųŨ(Sx_GǢŶă:Ƅ��ǻƮÀĐ_sm

yS:Ʀ­�7�DesZųŨ#ÛǢ#(ǻƮÀĐ&47ǼƮŧǡȀ:Ʀ­�7ȑ&)�

dsxG#�!ƼǼƮ�� 20µL ( 100 mM Tris-HCl (pH 7)(/:ÀĐųŨ&¸	�¼

& �!Űì���(āÖ�:ü�ą���:Ƅ�!ǗƦ���ŗţđ)ŰìȊåķ(L



� ���

xeuųŨ#ÛǢųŨũÆķ)�5ƫ 4ƛċ."(ǼƮŧǡȀ (µmol)(�:Ƅ��Sx

_GǢȀ (mg)Ĉ�6(q[UXı (1U = 1 µmol O2/min)/mg�protein"Ʀ­�� 

(Appendix. C)� 

 

 

 

 
 

Ò 2-5 DesZţđŰì(�1(ųèǼƮŶăŰìęț 

 

 

������^ ��e*~_)-. ��A6 [�e*|h�h�

���������A6 [�e���Z?5>9*I��

� Åßƈ�Ƅ&ǙǗ��es?jyQUX:�Ƅ��pEDZAgGSy:Ȅ×#��

PCRÀĐ&46ßƈ desZKyYȜÙǹ®:É0gGSy¤�:ÞĀ����ÀĐċ�

Ȅ×#�� pEDZAgGSy: DpnI´ȎǻƮ¬Ƃ&46ŧ»���DH5αKxbVxX

Qu&ĉǢǦī:ǉ��#&46ƍƋesOkY:ǟǐ���ęț:�|&ƙ�� 

  



� ���

ȩȨPCRÀĐ 

PCRÀĐŨƲĘ (�Ƅ��ǻƮȮPfuUltra High-Fidelity DNA polymerase AD) 

Components Volume Final conc. 

10×PCR Buffer for PfuUltra 5 µL 1× 

2 mM dNTPs 5 µL 0.2 mM each 

primer (5 µM each) 1 µL 0.1 µM 

 1 µL 0.1 µM 

template ( pEDZA: 70 ng / µL) 1 µL 70 ng/50 µL 

PfuUltra (2.5U/ µL) 1 µL 2.5U/ 50 µL 

DW   to 50 µL  

↓ 

{ǘ(Ǯ6ǟǐ��LyjuL?Gsy:Ƅ�!�|(ewHsl:íǉ��� 

↓ 

95�, 2 min 

95�, 30 sec 

50�, 1 min 

68�, 5 min  

68�, 10 min 

10�, ∞ 

 

 

ȪȨpEDZAgGSy(ǻƮ¬Ƃ&47ŧ» 

Components Volume 

PCRÀĐċųŨ 50 µL 

´ȎǻƮ DpnI 1 µL 

 51 µL 

{ǌ(ƲĘ"ǟǐċ�37�" 1ķȋÀĐ��7 

 

 

ȫȨĉǢǦī 

↓  ÀĐċųŨ 10 µL :KxbVxXQu(DH5α) 100 µL#ũÆ 

↓  Ś�" 20®Ȗƹ 

�20 cycles 



� ���

↓  42� , 40ƛȋ`yXMrUGċ�Ś�"Ȗƹ 

↓  2×YTÚÕ: 300 µL¸	�37 �" 1ķȋĥ#�ÚȠ  

↓  Ampicillin (ƱŶă 100µg / mL):É0 LBóãÚÕ&ĬƝ��37 �"zĸȖƹÚȠ 

 

 

ȬȨesOkY(Ǒǐ#Ʃǐ 

� ĉǢǦīċ(âƽǃ(MxHuKw[y: Ampicillin (ƱŶă 100 µg/ mL):É0

2×YTŨ�ÚÕ&Ňǃ��37�"zĸĥƌÚȠ��ċ�ÚȠŨ: 5,000×g, 10®, 4�"ǳ

Ď®ȓ�!ÎÁ��ǃ�hvUX�5�QIAprep® Spin Miniprep Kit:Ƅ�!esOk

Y:Ʃǐ���Ʃǐ��ų­Ũ& �!) Nanodrop ND-1000 Spectrophotometer:�Ƅ

�! 260 nm(Ê¢ă:Űì��DNAŶă:¢ǥȈ 1 cm�260 nm"(Ê¢ă 1.0� 50 

µg/mL#�!ųŨ�(esOkY(Ŷă:Ʀ­��� 

 

ȭȨInsertion sequence(Ƙǝ 

� Ʃǐ��esOkY& �!��( Insertion�ƍƋ(Ǻ°:2 �$���DNAM

yIxOǕŁ:ǉ���ǕŁ)qywc>xNA]kGO&�ȝ��ƍƋ(Ǻ°:�ģ

�!�7�#:Ƙǝ��esOkY:�ȍ(íȡ&�Ƅ��� 

 

�������\��)-. ��A6 [�e*��E���

� �ǐ���8�8(esOkY:ƊƁƄð�âƽǃ&ĉǢǦī��DesZßƈ�(Ɗ

Ɓ
4+Ʃǐ:ǉ���.��ž&ǘǬ�%�Ȏ6) 2.2&ǘ��ǿƃ× DesZ(Ʃǐ

ĵŞ&Ų�!ǉ��� 

 

�����	�.���8�#8% 7#�9�8�#"�A! )-. ��A6 C-+D*[�e*Eyv��i*���

� Ʃǐ�� DesZßƈ��ǿƃ×#Çō(�őŌǯƲĘ:�ģ�!�7�$��:Ƙǝ

�7�1�CDŰì:ǉ���Űì)Lxeu^Uc<y#�! 0.065 mM Tris-HCl (pH 

8.0), 0.065 mM NaCl:Ƅ�!Sx_GǢŶă: 0.2 mg/mL (Ê¢ă&47Ʀ­)&ǟǐ��

20�"ŠȈ 195 nm – 260 nm& �!ǉ���ŰìƴŃ)Űìċ(Lxeu:ÎÁ�!

BradfordŞ&46Sx_GǢŶă:Ʀ­��āÖœÛnuŉ§ƀ&īƦ�!ƙ���Ű

ì
4+āÖœÛnuŉ§ƀīƦ&) J-820OhGXuǕŁewHsl:�Ƅ���.

���őŌǯŗƀ(Ʀ­&) JWSSE-480×Sx_GǢ�őŌǯǕŁewHsl:Ƅ�

��õŻ#�! 0.2 mg/mL&ǟǐ�� BSA:Ƅ��� 

 



� ���

�����
�|h~_� ��A6 [�e�}*���

� 2.9.1&ǘ��ęț#Çō&ǟǐ��ċ�ţđŰì&���� 

 

�����(���mg�}a*�^ ��e*~_E��|h*�h�

� ţđŰìĵŞ& �!)ž&ǘǬ�%�Ȏ6 2.9#Çō(ĵŞ:Ƅ��� 

 

�������A6�Z��oev�*v��u�

�������Z��oe*�ol�

� DesZųŨ) 2.2&ƙ��ĵŞ"Ʃǐ��2.5#Çō(ęț:Ƅ�!ƴĹ»:ǉ���

MyW>xHŞ(ƝƴĹ&)ǿƃ×( DesZƴĹ:�Ƅ���ƴĹ»ŀ�)ǿƃ× DesZ

ƴĹ#Ç���0.1M Tris-HCl (pH8.5) , 0.15M CaCl2 , 15% PEG8000 , 7 mM HEGA®-10:

ŝŕ¶#�!Ƅ��ŝŕ¶# DesZųŨ: 1Ȯ1"ũÆ���ũÆċ�ÛǢ
4+ÛǢ

=ZwH:ƴĹ»YwUe&Ū¸�!D^yEsO"ö£��ƳķƋ&í�Ȟčȇ"ǔ

ô:ǉ���Ƅ��ÛǢ
4+ÛǢ=ZwH(ŌǯĄ)Ò 2-6&ƙ�� 

 

 

 

 

 

Ò 2-6 ¥ƴĹ»&Ƅ��ÛǢ
4+ÛǢ=ZwH(ŌǯĄ 

 

 



� ���

�������Wjfe8CS*Q¤Ev��u�

� 2.11.1 &
�!�ǐ��ƴĹ(ÎĜĆăWyS) XDS�AIMLESS :Ƅ�!¬Ƃ:ǉ

��ċ�phaserMR &47®çƹī&46�Ə:Ŝì���OIytxH(®Ǖƻ)

AIMLESS¬Ƃķ( Aimless Resolution estimate(�:ÛŲ&Ǚì���®çƹīŞ&Ƅ

�7±ĽnWu)�2.7"Ŝì�� DesZ(Ōǯ:Ƅ���Č58� DesZ(Ōǯ& �

!)�mFo-DFc map&
�!ţđ�Ď&tExY(ȕçòă�Ǔ	7�È�"ǑÆ�ƴ

ĹŌǯ"�7�$��:²Ĵ��� 

 



�

 

 

 

 

 

 

W � U�ZK�

 

  



� �
�

����
231 7 � [ZGL^]J�

��� ��
231 7SQ4��Y\�

� DesZ&śćēƈŷď$Ɵ��ŕűĕ¸
ść¥$îŲ#ƮŗàrƮ­Ɠ �7�!

'2�9< DesZ&Ĥð$Ɩ@Cq
îƪ �7�!�.��ÊĞč�$ƙĆƚĈƣ�

7�! Ɩ@Cq&Ƒ¥3Ɗơ$46Ĥð
v
����¯Ŧð (Kuatsjah et al., 2017)

;ťó$�8�ŕűõƩ;ňŏ���æ�'ŕű&¤Ĵ;u�7�1�ŕűĸ&>`?

YU?RI (His-tag(4( GST-tag) ;�£��LqPWlHW$���ľĵƓ&ĒŹ

;Ů��
�̄ īðĺ�*&ľĵ¤Ĵ
�)���1�ŕűĸ&>`?YU?RIƫÁ

;¶.#�ľĵĸalPfX pEDZA;ĸ��Éŧū$47 DesZ&ÉƓľĵŖ;ĸ��

3Ěƞ&HpeWIl`?s$47ŕű;Ů���1Ěƞŀ&ŕű$' DesZ&őƢį


 ProtParamƴhttp://web.expasy.org /protparamƵ$46 4.65!~ĩ�8��1�pH
z

ð�Ɔ& Buffer;ĸ��Ɲ@Cq�ýHpeWIl`?sű
ƌ� �7!ť
�

Sepharose Q FF (GE Healthcare)ø�$47ŕű;Ů���Ę$�Ɲ@Cq�ýHpeW

Il`?s$47ŕű&/ 'ść¥$'w¦�#ŗà ����1�2Ěƞŀ&ŕű

!�� RESOURCE ETHDlg(GE Healthcare);ĸ��Ľğðł��ĸHpeWIl`

?s;Ů����8'Ɲ@Cq�ýHpeWIl`?s ī��8�ĺ�&ÅĬà
ă

$Ʈ��Ƈď#"&\T`=s�ý$Ų�7Ćƚ;ŅŢ�7îŲð;ťó$�8�ƎÑ

����5$ŗà;u�7�1&ĉŚŕű!��KnĭƋ;Ů��ĉŚĿ$ŗà 94Ƴ

&ŕűĕ¸;ë��ĉŚĿ$Ũƌ¥�8� DesZ&ŕűĂĢ(4(�85&­Ĵrŗà

$���'½ 3-1-1$�ů 3-1-1 $' Purification Table;ŉ��� 

 

 



� ���

 
 

½ 3-1-Ʒ DesZ&ŕű 

 

Û�`ps&Ƴ�'Rq]HƂ��&º­Ĵ;ŉ��( )�'�&HpeWIl`?sŕűĆ&º­Ĵ;ŉ

��. SDS-PAGEśĐ&ƃń©' DesZ&�ÌƓ$łæ�7\qX�ţ;ŉ�. �85 3Ěƞ&HpeWI

l`?s$46ĉŚĿ$ŗà 94Ƴ& DesZŕűĕ¸;ë�. .��ë58�ŕűĕ¸' SDS-PAGE&śĐ

\qX
,-§t&]Rsq;ŉ��(6�ść¥$¦�#ŗà �7!�ā��. 

 

 

 

 

 

 



� ���

ů 3-1-1 Purification Table 

 

Fraction 
Total protein (mg) 

/ L medium 
Yield (%) Purity (%) DesZ (mg) 

Crude extract 1,100 100 - - 

HiPrep Q FF 210 20 21 197.4 

RESOURCE ETH 87 8.2 33 81.8 

Superdex 200 Increase 37 3.4 94 34.8 

şRq]HƂƓ'·�àĩÑ$46Œ��, ÉŧūÂƬĥ 1Læ�6&Ɠ$ýŒ��. DesZ&ŗà'

SDS-PAGE&Kn&\qXƧŌ)5 Image J;ĸ��Œ���. 

 

 

��� ��Y\MX7 . Is`5]J�

� ść¥$�ŏ��ë58�ŕűRq]HƂĕ¸
 DesZ �7�!;ňƀ�7�1$

NČŐƐ�ŷď;Ů���½ 3-1-2$�&śĐ;ŉ�� 

NČŐ�)5 7ęÃ$���>f[ƑƐ�;Ɓ+�śĐ�ŕűĕ¸& NČŐƐ�'

“AEIVƺGI”(ƺ'wąŃ#_sH � wŦ) ����DesZ&Ɛ�'“AEIVLGI” �

6�1Ļŀ&hSCYq
�ā�8���
�ŕű�8�Rq]HƂĕ¸' DesZ �

7�!
ňƀ ��� 

 

 



� � �

 
 

½ 3-1-2 ŕűĕ¸& NČŐƐ��ď 

 

 

��� ��A-P_4�� ����-��� 6��4>a]J�

� ŕű�� DesZ&PW@FChWms;Ɓ+7�1�KnĭƋ(4( SEC-MALS;ĸ

��īĥĲò &�ÌƓĩÑ;Ů���½ 3-1-3(4( ½ 3-1-4$śĐ;ŉ�� 

� ĕĪRq]HƂ&�ÌƓ&KnĭƋī��ţ)5�ŕű�8�īĥĲò& DesZ&�

ÌƓ' 52,400!Œ��8��.��SEC-MALS&śĐ ' 78,730 ����PW@F

ChWms!��' DesZ&�ÌƓ
 36,500 �7�!)5�ŕű�8� DesZ'īĥ

z 2Ɠ�&ç;®���7�!
ŉ¹�8�� 

 



� ���

 

 

½ 3-1-3 KnĭƋ$47ŕű DesZĕ¸&�ÌƓŽ� 

Û½'ĕĪRq]HƂ&KnĭƋśĐ!ŕű�8�DesZĕ¸&KnĭƋśĐ;ƒ%³:��½. °$ĕĪ

Rq]HƂ&_sH�ţ!�ÌƓ)5�ô��ĒƓš;ŉ��. �&ĒƓš!DesZ&_sH�ţ)5īĥ

Ĳò& DesZ&�ÌƓ
 52.400 �7�!;ųŌ2��. 

 

  



� ���

 

 
 

½ 3-1-4 SEC-MALS$47ŕű DesZĕ¸&�ÌƓŽ� 

Ûu'ī�_sH½(ī�_sH$×�7 UV&åà;ŠŪ, ƥĿ�ÿ|åà;ƃŪ, ŉÜÙ÷Ĵåà;Ƥ

Ū ŉ�). ��)5Œ��8� DesZ&Āß¿�ÌƓ Mn�ƒƓß¿�ÌƓ Mw'�8�8 78,570 Da ± 

1.845%�78,730 Da ± 2.046% ���.  

 

 

��� ��ZG75<E37O?�

� ~�Òƭ!���ēƈķıÎņōQqRs�$�7ÉŴĖść¥Űţ (PXS) (Hiraki et 

al., 2006);ĸ��ÊĞč�v &ść¥PHmsYqI;Ů���DesZ&Ĭà' 10.58 

mg/mL  Ů��
�ść¥ê 30Ą. $ść'ňƀ �#)��� 

� Ę� �DesZ&Ĥð$'Ɩ@Cq
îƪ �7�!)5�ÊĞč�*&ƙĆƚĈƣ

$47Ɩ@Cq&Ƒ¥3Ɗơ
ēƈ&ÏÑð$èƨ;¬-�¯Ŧð
�6 (Kuatsjah et 

al., 2017)�ÉĞz&ƑŘ$47Ƒ¥&èƨ;�Ď7��ö
7�1$ËĞSjq\s�

 ść¥;Ů�� (Senda et al., 2007)�DesZ&Ĭà' 13.55 mg/mL $Ɓű��NTU?

qIXpTaŬĞùÿĢ;ĸ��Ů���PHmsYqIFTW'ÊĞč�!´Ĕ$ 

Index(4(Wizard classics 1, 2;�ĸ��Ů���DesZīĥ!ġĜ¢' 2 µL : 2 µL 

Ħ³����&śĐ�ść¥þ�)5 1Ąê$�Wizard II-28&č� (20% PEG8000, 0.1M 



� ���

MES/NaOH pH6.0, 0.2M Ca acetate) Łé
 0.1mm �v&Ø�#ƕĲ&HlPRsçś

ć
ŵÖ�8�ƴ½ 3-1-5Ƶ� 

 
 

½ 3-1-5 Wizard II-28 (20% PEG8000, 0.1M MES/NaOH pH6.0, 0.2M Ca acetate) č� ŵ

Ö�8�ść. Łé 0.1 mm�v&ƕĲ&HlPRsść
ĀÈ�ňƀ �7. 

 

 

� �&śĐ;Ã$��8�ƛ&ść¥'��ËĞč�v Ů	�!!��ĩÑ$ƌ��

É��&§ść;ë7�!;ŀĿ!��ść¥PHmsYqI;Ů����&śĐ�

PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2)  ƕĲść
ŵÖ�8�

ƴ½ 3-1-6Ƶ� 

 

 

 
 

½ 3-1-6 PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2) ŵÖ�8�ść 

 

 

ã�Ş���&ść¥č� PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2) 

;�$�ść¥č�$���ĉƌ¥ĒŹ;Ů����&śĐ�16% PEG8000, 0.1M 

Tris-HCl pH8.5, 0.2 M CaCl2 , NsV?qI(+)&ść¥č�v ść
ŵÖ�8���8



� ���

5&ść(4( Photon Factory PF-AR NE3A &ĩÑ$46ë58� Xšº÷�;½

3-1-7$ŉ�� 

  
 

½ 3-1-7 16% PEG8000, 0.1M Tris-HCl pH8.5, 0.2 M CaCl2 , NsV?qI(+)&ść¥č�

v ŵÖ�8�ść(Û)!�&º÷�(4(ĩÑč�(°). 

 

 

�� ë58�ść$���'ĉÉ 2.2��ŷŦ&º÷�
ë58��ĩÑ��º÷

åàVsR$���' phaserMR$47�Ìţý;ž/�
��&č�v ë58��

�&ść&º÷åàVsR)5' DesB& Chain B (PDB: 3WRB)�LigB& Chain B (PDB: 

1B4U) ő;iVn!���Ìţý 'ƌ�#�ċ�ł
ë58#)���1�ã�Ş

�ść¥č�&ĉƌ¥;Ɖ1��ĉŚĿ$��8. &č�&z ĉ2ũ�º÷�
ë

58�ść¥č�� 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2 , 15% PEG8000 

$����ść¥č�$¥³ı;ħ£�7�!$46śćēƈ&]TFqI;Æ¥��

�iM@Hð&�v3śćđÌ&×Ŋð;µu��7#"&¤Đ;ĳ��Additive 

screen(4( Detergent screen;ĸ��ść¥PHmsYqI;Ů���² screen'mM

s\s&ġĜ¢$ŚĬà 1/10ÓƓ¶.874	$Ɓű��DesZīĥ! 1:1ÓƓ Ħ

³�7����1
�0��53247 Ů����&śĐ����)&§śćĔ&ś
ć
ë58��1��v$ŉ�č� ć���ść$��� Photon Factory BL-1A º

÷į&ĩÑ;Ů���vźč� ë�ść&º÷åàVsR$���ů 3-1-2�3-1-3$

ŉ�� 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 0.2 M Sodium chloride 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 0.1% ANAPOE®-X-405 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 7 mM HEGA®-10 



� ���

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 10 mM Betaine hydrochloride 

 

 

ů 3-1-2 DesZść$(�7�ċ�łĠÑ&�1&º÷åàVsR­Ơč� 

 

Additive Sodium 

chloride 

ANAPOE®-

X-405 
HEGA®-10 

Betaine 

hydrochloride 

Light source Photon Factory BL-1A 

Wavelength (Å) 1.9 

Temperature (K) 95 

Detector EIGER 4M 

Crystal-detector distance (mm) 103.800 

Rotation range/ image  (°) 0.5 

Total rotation range  (°) 0-350 0-200 0-300 0-275 

Exposure time/ image (s) 1 

Transmittance (%) 100 

 

  



� �	�

ů 3-1-3 DesZść&śćÎĿ]lhsR(4(º÷åàVsR&ŜŸ� 

 

Additive Sodium 

chloride 

ANAPOE®-X

-405 
HEGA®-10 

Betaine 

hydrochloride 

Space group P21 P21 P65 P21 

Unit-cell parameters     

a , b , c   (�) 128.63 , 

53.42 , 

129.23 

128.26 , 

53.38 , 

129.35 

184.10 , 

184.10 , 

53.56 

128.53 , 

53.55 , 

129.00 

α , β , γ   (°) 90 , 

115.17 , 

90 

90 , 

115.15 , 

90 

90 , 

90 , 

120 

90 , 

115.19 , 

90 

No. of subunits / asym. unit 4 4 2 4 

Resolution (�) 69.11 - 2.53 69.06 - 2.53 92.05 - 2.52 69.01 - 2.52 

Outer Shell (�) (2.62 - 2.53) (2.61 - 2.53) (2.62 - 2.52) (2.62 - 2.52) 

R-merge 0.119 (0.315) 0.050 (0.095) 0.096 (0.552) 0.099 (0.434) 

R-pim 0.081 (0.315) 0.025 (0.080) 0.024 (0.271) 0.053 (0.350) 

I/σ(I) 7.6 (1.6) 23.0 (5.9) 27.6 (2.8) 13.0 (1.6) 

Completeness (%) 83.2 (28.2) 83.2 (29.7) 87.1 (42.5) 82.0 (29.1) 

No. of observed reflections 131,003 

(1,695) 

212,809 

(2,428) 

502,769 

(7,234) 

194,062 

(2,711) 

No. of unique reflections 44,785 

(1,442) 

44,774 

(1,514) 

30,843 

(1,648) 

44,461 

(1,599) 

Multiplicity 2.9 (1.2) 4.8 (1.6) 16.3 (4.4) 4.4 (1.7) 

Mosaicity 0.25 0.19 0.15 0.18 

� � � PJsmqI&�ŷŦ' AIMLESS �ĶĆ& Aimless Resolution estimate &�;ÃĪ$ŻÑ��. 

      ( )�&Ā�'ĉÇě&�;ŉ�� 

 

  



� �
�

�85&º÷åàVsR$���ŷď;Ů��śĐ�0.1M Tris-HCl (pH8.5), 0.15M 

CaCl2, 15% PEG8000 + 7 mM HEGA®-10č� ć���ść (½ 3-1-8) 'ë58�º

÷åàVsR&śćÎĿ]lhsR$(��ść&đÌÑĀ
Æ¥���8. &ść

¥č� ë58�ść46×Ŋð&Ʈ�ŎƚŤ$Ú�7�!
�)�� (P21→ P65 ; 

ů 3-1-3«İ)�.���&º÷åàVsR)5�ċ�ł;ĠÑ�7�!
 ���1 (ſ

ř' 3-1.5.2 $ź�)��&č�;2��ść¥č�&ĉƌ¥;Ś}�7�!!��� 

 

 

 

 

½ 3-1-8 0.1M Tris-HCl (pH8.5), 0.15M CaCl2 , 15% PEG8000 + 7 mM HEGA®-10 ŵÖ�

8�ść 

 

 

��� ��SeNT7N?�

��� � ��<EDL%78c�

� Native-SADĢ;ĸ��ēƈĠÑ;ŀĿ!��1.9� ģƙ &º÷åàVsR&­Ơ;

Ů����łĠÑ&�1&º÷åàVsR'�Photon Factory BL-1A bmAgSjq

\s;�ĸ��Ů����&º÷åàVsR­Ơč�$���ů 3-1-4$ŉ�� 

 

  



� ���

ů 3-1-4 DesZść$(�7�ċ�łĠÑ&�1&º÷åàVsR­Ơč� 

Light source PF BL-1A 

Wavelength (Å) 1.9 

Temperature (K) 95 

Detector EIGER 4M 

Crystal-detector distance (mm) 103.8 

Rotation range per image (°) 0.5 

Total rotation range (°) 0-325 

Exposure time per image (s) 1.0 

Transmittance (%) 100 

 

ů 3-1-5 DesZść&śćÎĿ]lhsR(4(º÷åàVsR&ŜŸ� 

Space group P65 

Wavelength (Å) 1.9 

Unit-cell parameters (�) a =184.1, b = 184.1, c = 53.56 

 
α = β = 90.0°, γ =120° 

No. of subunits / asymmetric unit 2 

Matthews coefficient (A3/Da) 3.53 

Solvent content [%] 65.16 

Resolution (�) 92.05 - 2.52 

Outer Shell (�) (2.62 - 2.52) 

R-merge 0.096 (0.552) 

R-pim 0.024 (0.271) 

I/σ(I) 27.6 (2.8) 

Completeness (%) 87.1 (42.5) 

Number of observed reflections 502,769 (7,234) 

Number of unique reflections 30,843 (1,648) 

Multiplicity 16.3 (4.4) 

Mosaicity 0.15 

� � � PJsmqI&�ŷŦ' AIMLESS �ĶĆ& Aimless Resolution estimate &�;ÃĪ$ŻÑ��. 

      ( )�&Ā�'ĉÇě&�;ŉ�� 

 



� ���

��� � ��SeNT7N?5+D-LX�

� DesZść)5ë58�Xšº÷�;½ 3-1-9$ŉ��ĩÑ��º÷åàVsR' XDS�

AIMLESS;ĸ���Ķ;Ů��êƴů 3-1-5Ƶ�phaserMR $47�Ìţý;ž/�
�

Phyre2$46iVnēƈ!��ƌ� �7!�8�DesB&Chain B (PDB: 3WRB)�LigB

& Chain B (PDB: 1B4U) ő;2!$ēƈ
ļ#7!ï:87ƫÁ;Ɯ��iVn;�

ĸ���Ìţý 'ƌ�#�ċ�ł
ë58#)���1�Ɩ@Cq)5&ļÞ�ÿ¤

Đ;¡ĸ�� SADĢ;ĸ���łĠÑ;Ÿĺ����)��ĩÑģƙ;ĠÑ�7�1

$MCA;ĸ��ĒŹ;Ů��Ɵ$Ɩ@CqĹĎ&ŭ�Xš_sH
ňƀ �#)��

�1��&ść$Ɩ@Cq'¶.8#�!�ā��Native-SADĢ;ĸ���ċ�ł&

ĠÑ;ž/��ģƙ 1.9� ë58�º÷VsR;ĸ��PHENIX AutoSol�AutoBuild

$46�ċ�ł&ĠÑ)5iVnēŔ. ;Ů	�! ĉŚĿ$½ 3-1-10$ŉ�4	

$ 96 %�u (640/660 ęÃ)$�����ÌţýiVn;�ĸ��$ DesZ&iVn;ē

Ŕ�7�!
 ���.��Ʀ×Ŋ§�z&�ÌĀ' Matthews&â (Matthews, 1968)

)5ųŌ2���ĉŚĿ$ë58�śćÎĿ]lhsR(4(º÷åàVsR&ŜŸ�

'ů 3-1-5$ŉ��� 

 
½ 3-1-9 DesZść)5ë58�º÷� 

Photon Factory BL-1A $� DesZść&º÷åàVsR&­Ơ;Ů��º÷�. ƃ�š ŉ��Ə�'�ŷ

Ŧ 3.0�$łæ�7�ţ;ŉ�. 

  



� � �

 

½ 3-1-10 PHENIX AutoSol $46ë58�ƢÌÕà½ (2.0σ) 

 

 

 
½ 3-1-11 PHENIX AutoBuild$47iVnēŔśĐ (2.0σ) 

AutoBuild&śĐ, R-work/free = 0.1937/0.2372, Residues :640/660 DesZiVn
ēŔ�8�.  

  



� ���

��� 	�L^Y@7�

� DesZ ść)5ë58�º÷åàVsR&z ĉ2Ʈ��ŷŦ;ŉ��VsRQTW

(6 3-1-6);ĸ�� phenix.refine$47ēƈŕÕ¥;Ů���ŷŦ 1.85 � Rwork = 0.1412, 

Rfree = 0.1640, Rms daviations : Bond lengths = 0.006�, Bond angles = 0.761 deg. !#��

!�9 ŕÕ¥;Ś}���º÷åàVsR­Ơč�(4(�&śćÎĿ]lhsR�

śćÎĿŕÕ¥&.!1;ů 3-1-6�ů 3-1-7 $ŉ��.��MolProbity $47

Ramachandran analysis&śĐ�{Ƙ&ś³Ƅơ¬(ś³Ŷà
�ÀĿ#�)5É��Ç

8��#��!;ňƀ��ƴ½ 3-1-12)��� ë58� DesZ &��ēƈ;½ 3-1-13

$ŉ��� 

DesZ&ŏ�ēƈ$���' 3-2$ſř;ź�� 

  



� ���

ů 3-1-6 DesZść&º÷åàVsR­Ơ(4(śćÎĿ]lhsR (ŕÕ¥ĸVsR) 

 

Data collection  

Light source PF BL-17A 

Wavelength (Å) 0.98 

Temperature (K) 95 

Detector PILATUS3 S 6M 

Crystal-detector distance (mm) 368.475 

Rotation range per image (°) 0.5 

Total rotation range (°) 0-300 

Exposure time per image (s) 1.0 

Transmittance (%) 100 

Resolution (�) 45.99 - 1.85 (1.88 - 1.85) 

Space group P65 

Unit-cell parameters (�) a =182.98, b = 182.98, c = 53.21 

                 (°) α = β = 90.0, γ =120 

Number of subunits / asymmetric unit 2 

R-merge 0.093 (0.711) 

R-pim 0.023 (0.184) 

I/σ(I) 26.8 (4.8) 

Completeness (%) 98.7 (96.5) 

Number of observed reflections 1,453,033 (69,004) 

Number of unique reflections 86,140 (4,429) 

Multiplicity 16.9 (15.6) 

      ( )�&Ā�'ĉÇě&�;ŉ�. 

  



� ���

 

 

ů 3-1-7 DesZść&ŕÕ¥]lhsR 

 

Refinement  

Resolution (�) 45.99-1.85 

Rwork / Rfree 0.1412 / 0.1640 

 Number of atoms 10,775 

   Protein 656 

   Ligand/ion - / 4 (DnNAg) 

   Water 740 

 Rms daviations  

   Bond lengths (�) 0.006 

   Bond angles (deg.) 0.761 

 Ramachandran (%)  

   favored 97.5 

   outliers 0 

B-factors (�2)  

  Protein 23.91 

  Ligand/ion - / 18.96 

  Water 37.02 

 

  



� ���

 

 
 

½ 3-1-12 MolProbity$47 DesZśćēƈ& Ramachandran Plot 

Ramachandran analysis &śĐ�{Ƙ&ś³Ƅơ¬(ś³Ŷà
�ÀĿ#�)5É��Ç8��#��!;

ňƀ��. 
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½ 3-1-13 DesZ& Xšśćēƈ 

u½'Ʀ×Ŋ§�z$¶.87DesZ 2�Ì$���A chain ;ƯŪ, B chain;ĮŪ ŉ��. v½' Chain 

A$���ùÉ��ůŉ��.ƯŠŪ ŉ��Ə� (ƃń©) 'û�Ɛ�ƫÁ;ŉ�. Ĥðzí&ƔÚ@C

q'ưń© ŉ��. 

  



� �	�

��� 
�
231 ZGM7bA!#.74J�

� DesZ 
Ĥð;ú��1$'Ĥðzí$Ɩ@Cq;ú��!
îŲ �7
�ë58

� DesZ ść$'Ɩ@Cq
¶.8#��!
 MCA ;ĸ��ĩÑ ŉ¹�8���)

��3-1.6 ë58� DesZēƈ!�&ƢÌÕà½$(��Ĥðzí!~ĩ�87Ə�$

ƔÚ �7!~ñ�87å�ƢÌÕà½
ŵÖ�8� (½ 3-1-14)� 

 

 
½ 3-1-14 DesZśćēƈz$ňƀ�8�ƢÌÕà½ (5σ) 

DesZ&śćēƈz$(��Ĥðzí$Ɛ��7ƔÚ �7!~ĩ�87ƢÌÕà& 2mFo-DFc map (ƤŪ

& mesh) (4( mFo-DFc map (ŠŪ& mesh). y map'!2$ 5.0σ ůŉ��. 

 

�� ��&ƢÌÕà
�$ĹĎ�7&);ĒŹ�7�1$�ë58� DesZśćēƈ

&áĕ)5 CheckMyMetal (http://www.csgid.org/csgid/metal_sites#home-anchor ; Zheng et 

al., 2017);ĸ��Ɛ�Ƅơ�ď;Ů�� (½ 3-1-15)�.��×İ!��Ɩ@Cq
Ɛ�

��śćēƈ �7 LigAB (1BOU) (4( DesB (3WR8) &śĐ;�ź���LigAB(

4( DesB&Ĥðzí 'Ɩ@Cq!Ɛ��7ęÃƚ&Ƅơ'(4� 2.1��Fe-O(4

( Fe-N &Ɛ�Ƅơ$���2(4�ß¿Ŀ#œ¼� (2.0-2.4�)$(�.����
�

DesZ$���'ƔÚ@Cq!�8$Ɛ��7ęÃƚ&Ƅơ'(4� 2.6�!ƙ��Fe-O

(4( Fe-N &Ɛ�Ƅơ$���2ß¿�Ý)5Ç8�(6��&ƢÌÕà
Ɩ@Cq

ĹĎ '#��!
ŉ¹�87śĐ ����.���&ƢÌÕàz$DnNAg@C

q;ţ��ēƈ&�ď '�Ð�$'żÓœ¼� '#�
�CA-OƐ�Ƅơ ß¿Ŀ

#Ƅơœ¼ (2.2-2.8�)$Ɔ�ap`=@n;ŉ���Ĥðzí$Í¾�7ƔÚ@Cq;

DnNAg@Cq2��'Ɩ@Cq!��¨ĊĴ; 100Ƴ!��ŕÕ¥;Ů��Ä³&



� �
�

Ĩà»Ì&Ü;ĝƅ�7!�DnNAg@Cq;ţ��ēƈ$(���46��Ŀ#Ĩ

à»Ì&Ü
Ø���Ĥðzí&ēƈ&Ĩà»Ì!��ƱƲ
#�śĐ!#�� (ů

3-1-8)� 

 

 

 
 

½ 3-1-15 CheckMyMetal$47ƔÚ@Cq&Ɛ�Ƅơ�ď 

DesZ, DesB (3WR8) (4(LigAB( 1BOU) $���CheckMyMetal �ď��śĐ. DesZ$���'Ĥðz

í$ňƀ ��ƢÌÕà$Ɩ@Cq(4(DnNAg@Cq;ţ��áĕ`=@n;�ô�, �8�8$

����ď;Ů��. 



� ���

ů 3-1-8 ƔÚ@Cq&Ĩà»Ì!Ɛ�ªÌ&Ĩà»Ì&ĝƅ 

 

� DnNAg@Cq� Ɩ@Cq��Fe2+	�

ƔÚ@Cq�
chain A 14.90 22.00 

chain B 18.00 27.58 

His12 
chain A 13.70 (1.2) 14.80 (7.2) 

chain B 16.13 (1.87) 17.51 (10.07) 

Gln98 
chain A 34.60 (19.7) 38.79 (16.79) 

chain B 30.30 (12.3) 31.24 (3.66) 

Glu287 
chain A 13.83 (1.07) 14.01 (7.99) 

chain B 17.73 (0.27) 18.08 (9.5) 

His184 
chain A 14.30 (0.6) 12.84 (9.16) 

chain B 19.94 (1.94) 18.49 (9.09) 

DesZśćēƈz&ƔÚ@Cq(4(ƔÚ@Cq$Ɛ��7ªÌ&Ĩà»Ì (§�'�). Ĥðzí$Í¾�

7ƔÚ@Cq;DnNAg@Cq2��'Ɩ@Cq!�, ¨ĊĴ; 100Ƴ!��ŕÕ¥;Ů���;ŉ�. 

( )�&Ā�'�8�8& chain $Í¾�7ƔÚ@Cq&Ĩà»Ì!ƔÚ@Cq$Ɛ��7ªÌ&Ĩà»Ì

&Ü&ŝ×�;ŉ�. 

 

 

��� 
 ��� [:86��E!C *ZG69���bA!#.74J�

� Photon Factory BL-17A $(�� MCA;ĸ���ď;Ů��śĐ�eqEq�L\n

W�Ɨ$���'ÿ| Xš&/&_sH
ë58�ŭ� Xš&_sH'ňƀ �#)

���.��Ɩ(4(YTJn$���'��8�8&ªÌ)5&ŭ� Xš!ï:8

7Ƹ�&_sH
ë58�
�"�52ƦÞ$ìä#_sH ����MCA$47ĩ

Ñ&śĐ;½ 3-1-16$ŉ��.��ã�Ş� Photon Factory BL-17A$(�� MCA$

47�ď&śĐ;2!$�Ɩ(4(YTJn$����8�8&·­Ő�Ɔ Xš·

­PcHWn;ĩÑ��
ąň#·­PcHWn'ňƀ�Ď����&śĐ$(���

85ƔÚ&¨ĊĴ'ƦÞ$��2& �7!ť
58�� 

  



� ���

 

 
 

 

½ 3-1-16 DesZść&��ƍŋƔÚ$×�7 MCA�ď 

Photon Factory BL-17A$(�� DesZść&MCA$47ŭ� XšĩÑ;Ů��śĐ;ƃń© ŉ��. �

8�8&ĩÑģƙ$���'½z$ŉ��. °v$ positive control!��´Ą$´^sgl@q MCA$

47�ď;Ů�� AusERq]HƂ&ść (Mn positive) &ŭ� XšĩÑśĐ;Ƥń© ŉ��. �85&

ĝƅ$46 DesZść&ŭ� Xš_sH
ƦÞ$ìä �7�!
:)7. 

 

 

��� 
 � RC4FB)L,"Z72D6�� 
231 ZGM7bA!#.74J�

� DesZśćēƈ$(��ĩÑģƙ 3.0�3.3� ňƀ ��ļÞ�ÿÜ`smB½�ĩ

Ñģƙ 3.0� &ļÞ�ÿ - 3.3� &ļÞ�ÿ ë�ļÞ�ÿÜ`smB½;½

3-1-17$ŉ���.��DesZśćēƈ&]TFqI&Ĳò!�$ŉ��½;½ 3-1-18

$ŉ��� 



� � �

#(�DesZśćēƈ]TFqI$���' 3-2$ſř;ź�� 

 

 

 

½ 3-1-17 DesZśćēƈ$(�7ļÞ�ÿÜ`smB½ (5σ) 

ĩÑģƙ 3.0� (_sHģƙƹĮŪhTNk), 3.3� (�BZnGs�misWģƙƹėŪhTNk)&ļÞ�

ÿÜ`smB½!�&Ü�!#7ĩÑģƙ 3.0 - 3.3� (_qHŪhTNk)$����85&��Ɛţ (u)

!ĤðzíƏ�;ùÉ��½ (v) ;ŉ�. ĩÑģƙ 3.0�(4( 3.3� '²ģƙ$(�7 DANO 

( anomalous difference = |F (+) – F (-)| )!ƶ3.0�ģƙ ĩÑ��º÷åàVsR)5�Ìţý$46ë58�

�ł;ĸ��ŸŒ��ļÞ�ÿÜ`smB½;, .� 3.0 - 3.3�ļÞ�ÿÜ`smB½$���'ĩÑģ

ƙ 3.0�(4( 3.3�$(�7 DANO;ĸ�, | F3.0�(+) – F3.0�(-)| - | F3.3�(+) – F3.3�(-)|! 3.0�ģƙ ĩÑ�

�º÷åàVsR)5�Ìţý$46ë58��ł;ĸ��ŸŒ��ļÞ�ÿÜ`smB½;ŉ��. 

DesZ�Ì$���'��; cartoon ŉ��ŇƯªÌ;)�0>f[Ƒ �7hSCYq(4(NPU@

qęÃ!Ĥðzí ƔÚ$Ɛ��7ęÃ;PU?THiVn üĺ��. ƢÌÕàeTa'�� 5σ ůŉ

��. 3.0 - 3.3�ļÞ�ÿÜ`smB½$(��DnNAg �7�!
å�ŉ¹�87ƢÌÕà
Ĥðz

í$ňƀ �7. 

 



� ���

 

 

½ 3-1-18 DesZśćēƈz&DnNAg&ƢÌÕà 

ƢÌÕà½ (5σ) ;_qHŪ&hTNk DesZ]TFqI&Ĳò!�$ŉ��. DesZ (2�Ì)'o@qd

sDls&mdq½ ůŉ��. DesZśćēƈ]TFqI$(��, �Ìƚ$2DnNAg �7�!


å�ŉ¹�87ƢÌÕà
ňƀ �7. 

 

 

Kě·­Ő; 3.0-3.3�&œ¼$ú��Ř'DnNAg(ªÌĻ± 20)&/ �6�Dm

Ag(ªÌĻ± 19�Kě·­Ő: 3.44�) ' 3.3�&ļÞ�ÿÜ`smB½ ƢÌÕà


ňƀ �7�1�ĩÑģƙ 3.0� &ļÞ�ÿ - 3.3� &ļÞ�ÿ ë�ļÞ�ÿÜ

`smB½ 'ƢÌÕà
Ü�ã)87�!$#7�.�PDqOAg(ªÌĻ± 21�

Kě·­Ő: 2.76�) 'ĩÑģƙ 3.0� &ļÞ�ÿÜ`smB½ ƢÌÕà'ňƀ 

�#�� 

� �85&śĐ)5�ë58� DesZēƈ&Ĥðzí$'Ɩ@Cq '#�DnNAg

@Cq
Ɛ���.��DnNAg@Cq
�&śćēƈ&ÏÑ$Ôx���7�!


å�ŉ¹�8�� 



� ���

� ��

-� 2B�!(�

� ����

-� 2��!(�

� XÏÍ¢©äÙ¦"Í§�DesZ"©ä#�14¥" αMUC8>� 10¥" β<ZF

�©��.����a¯©ä
*$FOX=Z��Éf©ä0� 3-2-1 Ã��&��

DesZ" insertionö�"Éf©ä_"èÐ ���� 3-2-2 Ã�� 

  



� ���

 
 

 
 

� 3-2-1 DesZ"Í¢©ä
*$�"a¯©ä"FOX=Z 

DesZ"Í¢©ä# 14¥" αMUC8>� 11¥" β<ZF�©��.���. \ [¯©ä�a¯©ä"

���0Ã��. ( )l" �#°�¼w0Ã�. �]"FOX=Z�# Pro-origami 

(http://munk.csse.unimelb.edu.au/pro-origami/; Stivala et al., 2011)�g���DesZ©ä" αMUC8>, β<ZF

¼w0âÛ��. v]��# DesZÍ¢©ä0 cylinderSEV�×Ã��αMUC8>, β<ZF¼w0Û�

�. 

 



� ���

 

 

 
 

� 3-2-2 DesZ"Í¢©ä 
�- insertionö� 

\�# DesZ, DesB
*$ LigB"1QHéèoÙ¦Í§� DesZ" insertion, deletionö�"���. ] ¥

ÂÆ��+.� DesZÍ¢©ä (A chain) 0 cartoon�×Ã��. DesZ©ä"kf#ùÔ�Ã�, ©ä_"

insertionö� ���-çn ���#ùÎÔ�Ã��. Ás�Ã�.�´�_� ���-ÎÔ"¸#

6V<4R35Y0Ã�. �]�" DesZ"\ç È
m� helix}à� N¤Êj (31-66 : 31°�), �] 

È
m� helix}à� C¤Êj (126-136 : 10°�)" insertionö�0Ã�. 

  



� ���

� ����

-� 2 � )���1.�� &*A�

� �+.� DesZ"Í¢©ä ����PISA server 

(http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver ; Krissinel et al., 2007) 0º��ñ,

y�x Chainï 
�-ÀbgºõÅ0ÚË���Structure Analysis� Interfacesn¦0

Ö��Í§0× 3-2-1 Ã�� 

 

 

×3-2-1 DesZ"xChainï"ÀbgºõÅ 

 

 Surface area (	2) interface area (	2) 

Chain B × Chain A 13,348 × 13,810 1,302.2 

Chain A × Chain A' 13,810 × 13,810 643.4 

Chain B × Chain A' 13,348 × 13,810 616.3 

Chain B × Chain B' 13,348 × 13,348 129.6 

Chain A × Chain A' 13,810 × 13,810 119.2 

PISA server 0º�� Structure Analysis *- Interfacesn¦0Ö��Í§. (re#	2). Chain A', ChainB'#

�Ý�g *,ðå��+.�ñ��- Chain��-��0Ã�. 

 

 

Í¢©ä 
�� DesZn�#ô�Äre_ 2n�����
,�Chain B×A�Ã�

.� 2ëf"Ì'y/� 
��ÀbgºõÅ�£���-���&� LigAB
*$

DesB"©ä 
�� Chain B×A�Ã�.� 2ëf�zª" 2ëf©ä0�-���+�

DesZÍ¢_�ô�Äre ���- 2�"n� Chain A
*$ Chain B# 2ëf0��

��3.1-3�Ã��¶µ_" DesZ©ä0t¡���-)"�Ò	+.��DesZ" 2ë

fq 
��# Chain A� Chain B� β4� β7ö�}à�ã�Ö èÐ��(R105, L106, 

V107, P108, A109 ; V171, A172, A173, M174, K175, A176) ½²�UCB��-���+

½²�Àbgº *���&� Chain A" D170°�� Chain B" R219°�ï
*$

Chain A" R219°�� Chain B" D170°�ï��­ *,Àbgº���-���n

��� (� 3-2-3)��"ö�"ÀbgºõÅ# 1,302.2	2����� 

 



� �	�

 
 

� 3-2-3 DesZÍ¢©ä"ô�Äre 
�- 2ëf�� 

DesZÍ¢©ä"ô�Äre0���- 2n�#b�" β4� β7�ã�Ö èÐ�, Van der Waalsgº *

, 2ëf0�����-. 2ëf0�����-DesZn�0�.�.ÎÔ�óÔ�Ã�, Í¢©ä_"6V

<4R35Y#ùÔ�×Ã��. ½²�Àbgº ð^�-1QHé°�# sphere�×Ã��. &�b�

" D170°�� R219°�ï��­ *,Àbgº���-ö�0������v\ Ã��. v\� #

°�ï"ßò(	)0ùÔ�Ã��. 

 

 

� Í¢©ä_" DesZô�Äre 
����Ä�g�ðå��+.-ñ"n��# α5, 

α4, α3 ( D53-A70 : DQNFAAQITPEAMTAHNA ) �ã�Ö èÐ��½²�Àbgº��

&��"»õ #6V<4R35Y� DesZ 1n� �
 1������-��"6V

<4R35Y#�.�."n�"Q54
*$D309�£)á�eÐ ��� (� 3-2-4)� 

 

 

 



� �
�

 
 

� 3-2-4 DesZÍ¢©ä"8U>AVJC7Y9 

DesZÍ¢©ä"ô�Äre� 2ëf0���- 2n� (Chain A : ÎÔ , Chain B : óÔ) 
*$6V<4

R35Y(ùÔ)  ���, �Ä�g�ðåc�+.-áñ"DesZn�0re¨�(ÇïÑ P65 )��) ×

Ã��. Ás�Ã��P@YA"çn#Àbgºö� (D53-A70 : DQNFAAQITPEAMTAHNA )0Ã�. 

  



� ���

� ����

-� � �,��	��

-	 2!("D�

� ������

-� � �,��	��

-	 2��!(�

� DesZ� LigAB, DesB"Í¢©ä
*$�.�."¬���´�_�"���0�

3-2-5 Ã�� 

 

 

 

 

 

� 3-2-5 DesZ , LigAB
*$ DesB"kf©ä�´�_� 

DesZ� LigAB, DesB"Í¢©ä
*$�.�."´�_���.+"¬��. kf©ä# cartoon, ì�"

èe ð^�-°�#>D2C8SEV�×Ã�, ´�_� ���-ì�35Y# sphereSEV�×Ã

��. 



� 	��

 

&���.+"©ä"ê!y/��0� 3-2-6 Ã�� 

 

 

 
 

� 3-2-6 DesZ , LigAB
*$ DesB"ê!y/� 

LigAB (1BOU)" LigA (Chain C)
*$ LigB (Chain B)0óÔ, DesB (3WR8)" Chain A0®Ô, DesZ" Chain 

A0ùÔ�, &��" insertionö�0ùÎÔ�Ã��. ì�35Y# sphere�Ã��.  ê!y/�� #

PyMOL" Align0hº����a`i�# CCP4" SuperPose (Krissinel et al., 2004)0º��a¯©ä0p

º��ê!y/�1V:U?R (Secondly Structure Matching/SSM) *,³(�. DesZ� LigB
*$ DesB

"��a`i�#�.�. 2.3	 (C�: 502) 
*$ 2.0	 (C�: 505)����. 

 

 

�.+"©ä�+�DesZ�LigB
*$ DesB�´�_�çn0��-;LTGCF 

���#÷d��©ä0�����n�-��DesZ#´�_�çn"Õ �-ö� 

2ëf"·��� �-n���� (deletionö� À��-) �(�́ �_�çn06

IZ�-�( insertionö��çn¾ �.0Ø���-���Ã�.�(� 3-2-7)� 

 

 



� 	 �

 

 

� 3-2-7 DesZ , LigAB
*$ DesB"ê!y/� (2) 

 

DesZ0ÎÔ, LigAB (1BOU)0óÔ, DesB (3WR8)05WY=Ô�Ã��. kf0UNY��Ã�, ì�35

Y# sphere�Ã��. ´�_�"Õ À��-ö� ���# cartoon�×Ã��( DesZ# insertionö� 

(1QHé°�: 31-66
*$ 126-136), DesB# 286-418" C¤Êö�, LigAB# LigA;LTGCF). 

 

 

 

� ������

-���

-	 .�3 �,��	 2#���2"D�

� � 3-2-8 DesZ�DesB
*$ LigAB"´�_�"���0Ã���"��+�DesZ

�#DesB
*$LigAB ±%�´�_� �-ì�35Y�Àbgº�-°�ï"è

eßò�î����n�-�3-1.7 ) CheckMyMetal *-ì�35Yèen¦0Ö�

�Í§0Ã�����"èeßò"æ�#¥ÂÆ��+.� DesZ"Í¢©ä_�#´

�_� èe�-ì��6V<4R35Y��-uÓ��ø����&��DesZ" Q98

°��ì�èe ð^���������ì�èeSBZK"è{��q�-�� Þ

��-�Ò	+.-���. ��)�"Í¢©ä_ |&.-ì�35Y�í35Y



� 	��

�#�����+��"´�_�"©ä�¹fl" DesZ"·�0¿�t¡���uÓ

����Ã~�.�� 

 

 

 
 

� 3-2-8 DesZ , DesB
*$ LigAB"´�_� 

�.�."´�_� 
��ì�35Y�èe�-°�0>D2C8SEV�×Ã�, ì�35Y�èe

�-°�ï"ßò (	)0Ã��. DesZ�#�"ßò��� 2.5	��-��DesB
*$ LigAB�#��

2.1	��,, DesZ"èeßò�î����/�-. DesZ"�«Ü�# 0.14	����. 

 



� ���

����	�.
 �;60-2,�

� DesZ�îÖ¹�/âg�,�'�DesZ-�è}�»[�ïÖÁ��½Þñ/¹��v

§¢³���}�»�À�ïÖÁ��¾�/Ü��	 

 

��� ��	�.
 57.)1��D0-(3�� 	�.
 P1�0-/:�

� q¹�zsÇ/Ü.�� DesZÀ»�q¹�z��FBI0XÙ£/Ü�����

DesZÀ»�q¹�z��FBI0XÙ£/Ü�� DesZÀ»��-�-���� 3MGA

/�è���îÖ}�¹��¾�/Ü��	$��FBI0X�Ã{(JSV8)���

100 mM Tris-HCl (pH 7)�%/¾���{�q¹�z��FBI0XÙ£/Ü����

� DesZÀ»���� q¹�zFBI0X�Ã{���ÛïÖ�� 100 mM Tris-HCl 

(pH 7)� 2j�ð��q¹�zFBI0X 20 µL /}�À»�x��ïÖÁ�½Þñ

/¾�������k/�����k/Ót��	¾�Ø° @VG8èñ (mg)��

+�REBC¦ (1U = 1 µmol O2/min)/mg�protein�£Ó��Ý��	Ø°/Ý 3-3-1�

Ï�	 

 

 

Ý 3-3-1 DesZÔß³��)!q¹�z�-� DesZÀ»�¹�´é 

 

o��Ø° îÖ¼x��ïÖºçñ	*[1]�;VKUFBI0X�Ã{�k/����, Bradford·�

)+¾���@VG8èÁ�/È��Ót��. �-�-�ãù{���� ÅÑ�� 4��¾�/Ü�, 

Ø°/��±³¿l��Ï��. n.d. ±töÊ_Y������/Ï�. 

¾���À» 
ïÖºçñ  

(µmol) 

U /mgýprotein 

(DesZÁ� mg/mL) 

[1] :FBI0X�Ã{ 5.31 ± 2.66 - 

[2] :q¹�zFBI0X�Ã{ 11.1 ± 0.82 - 

[A] : q¹�zsÇ/Ü.�� -0.03 ± 0.3 n.d. (4.13) 

[B] : q¹�z� (FBI0XÙ£��)  108.6 ± 8.95 7.29 ± 0.59 (4.13) 

[C] : [B] - ([2]q¹�zFBI0X�Ã{)  97.5 ± 8.95 6.59 ± 0.60 (4.13) 

[D] : q¹�z + FBI0XÙ£  34.5 ± 3.66 6.13 ± 2.60 (2.29) 



� � �

Ý 3-3-1�Ï�)���[A]�q¹�zsÇ/Ü����� DesZÀ»� îÖ¹� Î

ä���	��
�q¹�z�� DesZÀ»���� ïÖºç
%*-�¹�
�¹

���,��
u	��	$��[2]�q¹�zÈFBI0X�Ã{�%�(ïÖºç


Îä�-�����FBI0X[�dwó24V
îÖ}�� Âõh��è}�»

[�ïÖ/ºç���,��
Ï�-�}�ê�/�à��,GSOX@"��ø/Ú

 �n-,�à
���	�	��[2]�q¹�zÈFBI0X�Ã{�k/[B]�FB

I0XÙ£/Ü����� DesZÀ»�k	*�����k[C]
�q¹�z��FBI

0XÙ£/Ü��{ [D]����ì.��k (C/D =Õ 93û)/Ï����	*�q¹�

z��FBI0XÙ£�), DesZ�îÖ¹�"��ø ������v§��^��

o��¾�����q¹�z���FBI0XÙ£/Ü�����q¹�zFBI0X

[�dwó24V��ø/÷|�,�����	 

 

��� ��	�.
 �;60-�12�<1��"%#!ACH-�48�

� ¬ÌÐ��*-� DesZ�Øª²ë�����¹�[�����,ò�
5U<3N

24V��,��
��Ï��-�(3-1.7)	�-$��ÌÐ� �¹�/i¡���,

=47<9DX?� ¹�[��\�ó(�� MV6V24V/¤�,��
Ï�

-��,
�5U<3N24V
íb��Ä���¹�������� ��-���

��'�5U<3N24Víb� DesZ�îÖ¹�
���,	��	/Îä��	 

� $���µAPVFXp�ÛïÖ��q¹�zsÇ�� DesZÀ» [E] �×Á� 

500µM��,)�� EDTA (pH 8.0)À»/x��¶rY� 20©ô2V7QLXC��

Z¹�zsÇ/Ü��	Z¹�zsÇ�� DesZÀ» Û�5SN(ZebaTM Spin Desalting 

Column)/È��100 mM Tris-HCl (pH7)�FBI0XÙ£��	FBI0XÙ£��

DesZÀ» 3¬�u¸��[F] : 100 mM Tris-HCl (pH7) �]j�ð�[G] : ó/�&q

¹�zÈFBI0X(4 mM 1>:UHVïDCT3N, 2 mMÍïó(II), 100 mM 

Tris-HCl (pH 7.5))/Òñx��¶rY� 2©ô2V7QLXC��q�Û�5SN

(ZebaTM Spin Desalting Column)/È�� 100 mM Tris-HCl (pH7)�FBI0XÙ£� [H] : 

5U<3N/�&q¹�zÈFBI0X(4 mM 1>:UHVïDCT3N, 2 mM �

z5U<3N, 100 mM Tris-HCl (pH 7.5))/Òñx��¶rY� 2©ô2V7QLXC��

q�Û�5SN(ZebaTM Spin Desalting Column)/È�� 100 mM Tris-HCl (pH7)�FBI

0XÙ£��(���-�-����¹�/¾���	�-*�¥e �#��µAP

VFXp�ÛïÖÄ�/i��$$Ü��	Ø° ¾�Ø° @VG8èñ(mg)��+

�REBC¦(1U = 1 µmol O2/min)/mg�protein�£Ó��[E]�q¹�z��FBI0X

Ù£��{���,´Æ (Recover % )��(�Ý��	Ø°/Ý 3-3-2�Ï�	 



� ���

 

Ý 3-3-2 DesZ�îÖ¹���
,ó�)!5U<3Nf���Îä 

 

 U /mgýprotein ( Recover % ) 

  [E] : q¹�z → FBI0XÙ£ 6.13 ± 2.60 (100) 

  [F] : Z¹�z → FBI0XÙ£ 1.52 ± 0.40 (24.7) 

  [G] : Z¹�z → FBI0XÙ£ → 

      + Fe íb��åß → FBI0XÙ£ 
4.83 ± 1.15 (78.8) 

  [H] : Z¹�z → FBI0XÙ£ → 

      + Ca íb��åß → FBI0XÙ£ 
1.02 ± 0.26 (16.6) 

o��Ø° îÖ¼x��ïÖºçñ	*;VKUFBI0X�Ã{�k/����, Bradford·�)+

¾���@VG8èÁ�/È��Ót��. �-�-�ãù{���� ÅÑ�� 4��¾�/Ü�, Ø

°/��±³¿l��Ï��. (Recover % ) q¹�z��FBI0XÙ£�� DesZ�üMGA���,¹

�/ 100û���Ï��. 

 

 

Ý 3-3-2�Ï��)���q¹�z�� DesZÀ»���� EDTA�),Z¹�zsÇ 

[F] �¹� Õ 25%$�cY��$����Ä�	*ó/�&q¹�zFBI0XsÇ 

[G]�)+m�¹��Õ 80%$��¹��	�	��ó/�&q¹�z «y����


�5U<3N/�&FBI0X� q¹�z�-���*�¹� cY�� [H]	 

� �-*�Ø°	*�5U<3N24Víb�� DesZ� ¹� ����
Ï��-

�	�-�a��¬ÌÐ��*-� DesZØª²ë Øªz­`É®�5U<3N24

V
íb��²ë��,�Ú�*-,�'���²ë Z¹�Ä��²ë��¹���

²ë� ����
Ï��-�	 

 

��� ������
�--��� 1�� ����  G9��� 	�.
 �;60-2,�

� ¬ÌÐ��
,îÖ¹�¾�­`��LigAB�DesB�)! HPCD��-�-\��

è��, PCA�Gallate�)! HPCA����(îÖ¹�/¾���DesZ� 3MGA�

��,îÖ¹��´é/Ü��	¾�¨·���� 2.9.2�Ï����+�Ü���

-�-�è 3MGA�~�Á�(1 mM)�¾���	Ø° @VG8èñ(mg)��+�

REBC¦(1U = 1 µmol O2/min)/mg�protein�£Ó��3MGA�îÖ¹����,´Æ

(%)��(�Ý��	��Ø°/Ý 3-3-3�Ï�	 



� ���

 

 

Ý 3-3-3 DesZ� PCA�Gallate�)! HPCA���,îÖ¹� 

 

 

 

 

 

 

 

o��Ø° îÖ¼x��ïÖºçñ	*;VKUFBI0X�Ã{�k/����, Bradford·�)+

¾���@VG8èÁ�/È��Ót��. �-�-�ãù{���� ÅÑ�� 4��¾�/Ü�, Ø

°/��±³¿l��Ï��. n.d. ±töÊ_Y������/Ï��. ( ) p�¦k 3MGA���,

DesZ¹�/ 100%���k/Ï�.  

 

 

Ý 3-3-3�Ï�)���Galltate�)! PCA����(îÖ¹�
Îä�-�	Kasai

*(2005)�),��(Ý 3-3-4)� DesZ� Gallate�3MGA�)! PCA���, Vmax 

�-�- 2.75 ± 0.08�3.63 ± 0.20�< 0.1 (U/mg)��+�¬ÌÐ�¾��-�¹� �-

*�´#�ú�k/Ï��	$��HPCA���� îÖ¹� Îä���	��	 

 

 

Ý 3-3-4 DesB, DesZ and LigAB �îÖê�æËá¯ 

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 2005)+) 

 

Substrate U/mgWprotein (%) 

3MGA 5.50 ± 1.43 (100) 

Gallate 5.80 ± 1.18 (105.6) 

PCA 1.01 ± 0.55 (18.4) 

HPCA n.d. 



� 		�

��	�(-4) S>/�� 1?-� mC;5:M�

 

� �Đ!ã��	ØĐ�$ DesZ#¤ĲöāÉ	ń�#Ľv÷Ë	-%p#C:<B?

MeE�#ņ} �!���-/Įĕ ý�°ĄĨÚ3ģ��+	DesZ¨āx3þ�

�ľĔíÉ#Ĭ|3ĭ*��)�	ØĈČ�Ä.1�ĘÕÞĹ!	��	DesZ#íÉ

jÅ�´Ŋ!Ń¸7:c�Ľv���0å¤$ LigABdDesB�#Be=9cD5_7

c\cK!-0lð�$ā ������)/	LigABdDesB �$�1�1 H61, H59

�ń7:c�Ľv���0�	DesZ�$�1.!¶Ç�0vě!�0 Q98!q2��

H184�Ń¸7:c�Ľv������# Q98� DesZ�íÉ!ņi�0å¤��0


��
3ĉį�0�+	Q983RDGCc!ěÏ�0¨ā3·��� Q98H¨āx	5

_Nc!ěÏ�0¨ā3·��� Q98A¨āx3yĦ���)�	Be=9cD5_7

c\cK!-0lð�ØĈČ�ê³�� DesZčxÞĹ� LigABdDesB�#ŀ"�2

�3ģ��ĘÛŔ� 3-4-1ŕ
.	ĩ¬å¤���#âĝ3Î��Ĝ�.10å¤ (H184	

H250) 35_Nc!ěÏ���¨āx3yĦ����1!��	Ń¸7:c�Ľv��

�0å¤ (H12, E287, H184)�	DesB�­èÙth!	��¤Ĳ��0 Gallate�ħ�x

3ÀÌ�0Ŋ!ń7:c�ċ��0(Sugimoto et al., 2014)��
.	ċ��#ń7:c

#Ľv!ņ20å¤(DesB : N57)!¶Ç�0vě!�0å¤(DesZ : N96)!���,�

1�1¨āx3yĦ���)�	¤ĲöāÉ!Áŋ3�(��ĝÉ��05ZOĿå¤

3lð�0�+	Óć# LigABdDesB‒¤Ĳħ�xÞĹ!	��	¤Ĳ�ąnyþ��

�0�È210å¤�ŀ 0vě!�0 DesZ#5ZOĿå¤ (P132, N322)	ŀ . 

��¤Ĳ!Ķ�vě!�Ņ�¯ �0�ĝÉ#�05ZOĿå¤ (R26, R315)!���

,�1�1¨āx3yĦ���yĦ����#¨āx!���� 3-4-2!Ċ���ØĐ

�$	DesZ¨āx#yĦ�đĦ	-%�1�1#¨āx#íÉĬ|!���ī�� 

 



� 	
�

 
 

� 3-4-1 LigAB, DesB¤Ĳħ�xÞĹ#íÉjÅ� DesZčxÞĹ#ŀ"�2� 

¹g#ŀ"�2���$¤Ĳ	-%¤Ĳ�ąnyþ���0�È210å¤, Ń¸7:c3DI6H=]

Ja�Ċ��. A: LigAB (PDB: 1B4U) #íÉjÅ, ¤Ĳ$ PCA. B: DesB (PDB: 3WR8) #íÉjÅ, ¤Ĳ$

Gallate. C: DesZ#íÉjÅ. jÅļ!¤Ĳ��0 3MGA#lÊ3¤!s!ě��. 

 

 



� 	��

 
 

� 3-4-2 DesZ¨āx#yĦ 

�j!Ċ��ĸ/!5ZOĿå¤!¨ā3·���. ¹�!$ľĔíÉ	-%¤ĲöāÉ!Áŋ3�(�

�ĝÉ�Ĝ�.10å¤!�1�¨ā3Ċ�,jÅļ!¤Ĳ��0 3MGA3lÊ3¤!s!ě��. ���

$Ń¸7:c�Ľv�0(N96!���$Ń¸7:c�Ľv�0�ĝÉ��0)å¤!·���¨ā3Ċ�

�. 

 

 

��	�� 2cd�"# (-4) 1?- @Z�Be�

� yĦ���1�1#¨āxT_DZL!���	ăúþµkªĞġ!ÀĲĴÏ�	

DesZ¨āx#ăú	-%đĦ3ģ��ĘÛ	E287A	R315E	-% N322D¨āx3ň


��#¨āx!���$Łý¢ DesZ���đĦTbS47a3Ċ�� (� 3-4-1, 

3-4-2, 3-4-3)��
� E287A	R315A	-% N322D¨āx�$ŉ7:coÏ=bYK>

_S6e#Teaÿ�3ĂéÉąnyþ=bYK>_S6e!{�0�+#��û!

	��§ó¼3 2M (NH4)2SO4)�gÔ���Ŋ!ëæÿ�!©
�ċģ���)�	

ĂéÉąnyþ=bYK>_S6e�$íÉð³!þ�0!�� �ù�#đĦ��

� 
������	ëæÿ�3?aôĺPHS4e!�òĨ���
.óę�	Ăé

Éąnyþ=bYK>_S6e3ģ2�!?aôĺ3 2�Ě/ķ����ē¼3g�	



� 
��

íÉð³!þ�0�������1.#¨āx!���$ē¼�Łý¢	-%p¨āx

�Ļ�	SDS-PAGE��f#PcL� 0ē¼�$ 
���+	SDS-PAGEĘÛ
.

ImageJ!-0ē¼Īď3ģ�	�#ĘÛ
.ó¼ĥä3ģ���)�	�1.#¨ā

x# CDð³!$Łý¢ DesZ��ß#Òì�đĦ��ÿ�3þ��ģ���?aôĺ

3þ��ÖĖđĦÃ# DesZ¨āx!��� SDS-PAGE��Ú��ĘÛ3� 3-4-4!Ċ

�� 

 

 

 
 

� 3-4-1. DesZ¨āx#ăú�đĦ (1) 

�1�1#¨āxT_DZL3ªĞġ�ăú��, �# Lysate3 SDS-PAGE!{��ĘÛ3Ċ�. Ć�$

DesZ#PcLvě3Ċ�. WT$Łý¢3, (-)$ desZ@eLō£3�) �T_DZLV=Fe3ÀĲĴÏ

��ªĞġ# Lysate3, Ć�$ DesZ#PcLvě3Ċ�. 

 

 



� 
 �

 

 

� 3-4-2. DesZ¨āx#ăú�đĦ (2) 

�1�1#¨āx Lysate3ŉ7:coÏ=bYK>_S6e�đĦ��ÿ�!���, SDS-PAGE��Ú

��ĘÛ3Ċ�. Ć�$ DesZ#PcLvě3Ċ�. 

  



� 
��

 

 

� 3-4-3. DesZ¨āx#ăú�đĦ (3) 

E287A	R315A	-% N322D¨āx3ň
�1�1#¨āx3ĂéÉąnyþ=bYK>_S6e�đĦ

��ÿ�!��� SDS-PAGE��Ú��ĘÛ3Ċ�. Ć�$ DesZ#PcLvě3Ċ�. 

 

 

 

 

� 3-4-4. DesZ¨āx#ăú�đĦ (4) 

�1�1#¨āx3?aôĺ3þ��ÖĖđĦ��ÿ�!���, SDS-PAGE��Ú��ĘÛ3Ċ�. Ć�

$ DesZ#PcLvě3Ċ�.  

  



� 
��

��	���
(����3���
3����.32�41 ��"# (-4) �"!� 1?- +87Na6 Ah�

� CDð³#ĘÛ3� 3-4-5!Ċ��Łý¢ DesZ	-% DesZ¨āx# CDDW=Ka

$'(fğ��	/	�#U`H=D�ł$Ē 50%������#~$ØĈČ���!

Ä.1�Łý¢ DesZ#mãÞĹėÌ�fğ���0�)�	¶õ���ð³�� BSA

#U`H=D�ł�Ē 20%�ä��~3Ċ�����z��	ð³đ¼!�Ŏ$ 
	

¨ā·�!Ŋ��#ª� mãÞĹ#¨�$ ����ĉį���� 

 

 

 
 

� 3-4-5 đĦ�� DesZ	-%�#¨āx# CDDW=Ka 

DesZ	-%�#¨āx!��� 0.065mM NaCl 0.065mM Tris-HCl (pH 8.0), 20�Ùth�ð³�, ð³ĘÛ

$»¡å¤]aÝ�ù�Ċ��. ¶õ��� BSA3þ��. 

 

  



� 
��

��	���(-4) 1?- mC;5J.�

��	�����I390�o�#,E��#$(DQ90 (-4) 1?- mC;5J.�

� Be=9cD5_7c\cK	LigAB	-% DesB#íÉjÅ�ØĈČ�ê³��

DesZčxÞĹ#ŀ"�2�ĘÛ
.	Łý¢ DesZ� LigAB	-% DesB#ĩ¬å¤

(H127, H195	-% H124, H192)!ą¿�0154�� DesZ %8"(H184A, H250A)!�

��	ľĔíÉ3ð³���ð³ĘÛ$FcQ=Ĳł (mg) ¿�/#^NHKÑ (1U = 

1 µmol O2/min)/mg�protein!Ïď��Ĥ�	Łý¢ DesZ� 3MGA3¤Ĳ���¦�#

ľĔíÉ!¶�0çù(%)��,!Ĥ���Ĥ 3-4-1!ĘÛ3Ċ�� 

�

�

Ĥ 3-4-1 ĩ¬å¤�ŀ 0vě!�05ZOĿå¤# DesZ¨āx# 3MGA!¶�0 

ľĔíÉ 

�

�

�

�

�

�v$ U /mgŖprotein. 

��#ĘÛ$ľĔï�Ã#ĿĔîıł
.AcTaPHS4e¶õ�#~3º�½�, Bradfordì!-/

ð³��FcQ=Ĳó¼3þ��ď���. �1�1#ĭő�!���$øč�� 4�#ð³3ģ�, Ę

Û3»¡±àñ�º�Ċ��. ( ) �#Ñ~$Łý¢ DesZ� 3MGA3¤Ĳ���¦�#íÉ3 100%���

Ïď��~(%)3, n.d.$Ü�ŇĀrh������3Ċ�. 

�

�

� ĩ¬å¤�ŀ 0vě!�05ZOĿå¤# DesZ¨āx�$	H250A¨āx�²�

!íÉ�î«�	)� H184A¨āx�$Łý¢�çĵ�� 5.5%)�íÉ�wh���

�� 

�

��	���� T4%C)�l,�#90�o�#,E��#$(DQ90 (-4) 1?- 

mC;5J.�

� LigAB	-% DesB#íÉjÅ� DesZčxÞĹ#ŀ"�2�ĘÛ
.	�!236
�$7�0154��9� �0�9� DesZ %8"!���	ľĔíÉ3ð³���

Łý¢ H250A H184A 

5.50 ± 

1.43 
(100) 

n.d. 

0.30 ± 

0.08 
(5.5) 



� 
��

ð³ĘÛ$FcQ=Ĳł (mg) ¿�/#^NHKÑ (1U = 1 µmol O2/min)/mg�protein

!Ïď��Ĥ�	Łý¢ DesZ� 3MGA3¤Ĳ���¦�#ľĔíÉ!¶�0çù(%)

��,!Ĥ���Ĥ 3-4-2!ĘÛ3Ċ�� 

 

 

Ĥ 3-4-2 �!236�$7�0�9� �07#�
0154��9� DesZ %8"#
3MGA!¶�0ľĔíÉ 

 

 

 

 

 

�v$ U /mgŖprotein. 

��#ĘÛ$ľĔï�Ã#ĿĔîıł
.AcTaPHS4e¶õ�#~3º�½�, Bradfordì!-/

ð³��FcQ=Ĳó¼3þ��ď���. �1�1#ĭő�!���$øč�� 4�#ð³3ģ�, Ę

Û3»¡±àñ�º�Ċ��. ( ) �#Ñ~$Łý¢ DesZ� 3MGA3¤Ĳ���¦�#íÉ3 100%���

Ïď��~(%)3, n.d.$Ü�ŇĀrh������3Ċ�. 

 

 

� LigAB	-% DesB�Ń¸7:c�Ľv�05ZOĿå¤�ŀ 0vě!�0å¤#

DesZ¨āx�$	H12A	E287A¨āx�²�!íÉ�î«������#��
.	

�1.#å¤$Ń¸7:c3Ð�0!ÆŌ å¤��0�Ĝ�.1���#ĘÛ!��	

N96A¨āx#ľĔíÉ�Łý¢ DesZ�ç&�Ē 8œ)�wh������
.	�#

å¤� DesB# N57 (¤Ĳħ�x3ÀÌ��� �÷Ë!	��ń7:c�#Ľv!ņ

i�0å¤)#Â�3Û����0���Ċ��10�DesZ#ĘÕÞĹ�$ N96!Ľv

�0Ń¸7:c$ĉį�� 
���	�1$�#ĘÕÞĹj�íÉjÅ!¯ ��Ń

¸7:c�;aB8[7:c�������Ń¸7:c#BSK!Áŋ3�(���

ĝÉ�Ĝ�.10� 

 

��	�����0i<?5�r*�#90�o�#,E��#$(DQ90 (-4) 1?- 

mC;5J.�

Łý¢ Q98H Q98A H12A E287A N96A 

5.50 ± 

1.43 

(100) 

0.85 ± 

0.56 

(15.4) 

0.58 ± 

0.29 

(10.6) 

n.d. n.d. 

0.45 ± 

0.29 

(8.3) 



� 
��

� LigAB	-% DesB#íÉjÅ� DesZčxÞĹ#ŀ"�2�ĘÛ
.	¤ĲöāÉ

!ņi�0å¤�ŀ 0vě!�0154��9� DesZ %8"!���	ľĔíÉ3
ð³���ð³ĘÛ$FcQ=Ĳł (mg) ¿�/#^NHKÑ (1U = 1 µmol 

O2/min)/mg�protein!Ïď��Ĥ�	Łý¢ DesZ� 3MGA3¤Ĳ���¦�#ľĔí

É!¶�0çù (%)��,!Ĥ���Ĥ 3-4-3 !ĘÛ3Ċ�� 

 

 

Ĥ 3-4-3 ¤ĲöāÉ!ņi�0å¤�ŀ 0vě!�0154��9� DesZ %8"#
3MGA!¶�0ľĔíÉ 

 

 

 

 

 

 

 

 

 

 

 

�v$ U /mgŖprotein. 

��#ĘÛ$ľĔï�Ã#ĿĔîıł
.AcTaPHS4e¶õ�#~3º�½�, Bradfordì!-/

ð³��FcQ=Ĳó¼3þ��ď���. �1�1#ĭő�!���$øč�� 4�#ð³3ģ�, Ę

Û3»¡±àñ�º�Ċ��. ( ) �#Ñ~$Łý¢ DesZ� 3MGA3¤Ĳ���¦�#íÉ3 100%���

Ïď��~3, n.d.$Ü�ŇĀrh������3Ċ�. 

 

 

� ¤ĲöāÉ!ņi�0å¤�ŀ 0vě!�0154��9� DesZ %8"ĨÚ�$	
R26A	-% R26E¨āx	R315A	-% R315E¨āx�²�!íÉ�î«����� 

 

� )�	Łý¢ DesZ� DesZ P132E¨āx# PCA	-% Gallate!¶�0ľĔíÉ!�

��ð³��ĘÛ3Ĥ 3-4-4!	�1.#ľĔíÉð³ĘÛ!���#)�+3� 3-4-6

!Ċ�� 

Łý¢ R26A R26E P132A P132E 

5.50 ± 

1.43 
(100) 

n.d. n.d. 

3.33 ± 

0.54 
(60.6) 

4.23 ± 

0.38 
(77.0) 

     

R315A R315E N322A N322D 

n.d. n.d. 
2.50 ± 

0.25 

(45.4) 

0.75 ± 

0.52 

(13.6) 



� 
	�

Ĥ 3-4-4 Łý¢ DesZ� DesZ P132E¨āx# PCA	-% Gallate!¶�0ľĔíÉ 

 

 

 

 

 

 

 

 

 

 

�v$ U /mgŖprotein. 

��#ĘÛ$ľĔï�Ã#ĿĔîıł
.AcTaPHS4e¶õ�#~3º�½�, Bradfordì!-/

ð³��FcQ=Ĳó¼3þ��ď���. �1�1#ĭő�!���$øč�� 4�#ð³3ģ�, Ę

Û3»¡±àñ�º�Ċ��. ( ) �#Ñ~$Łý¢ DesZ# a) 3MGA	-% b) Gallate!¶�0íÉ3 100%

���~3Ċ�. 

 

  

 Łý¢ P132E 

3MGA 
5.50 ± 1.43 

(100) a) 

4.23 ± 0.38 

(77.0) a) 

Gallate 
5.80 ± 1.18 

(105.6) a) 

5.25 ± 1.14 

(95.4) a) 

(90.4) b) 

PCA 
1.01 ± 0.55 

(18.4) a) 



� 

�

 

 
 

� 3-4-6 DesZ¨āx#íÉð³ĘÛ 

DesZŁý¢	-%¨āx#íÉð³ĘÛ. ( ) �#Ñ~$Łý¢ DesZ# 3MGA!¶�0íÉ3 100%��

�Ïď��~3, n.d. $Ü�ŇĀrh������3Ċ�. ĳ®$¨ā!-/²�!íÉ�«21�å¤

3, á®$¨ā!-/íÉ�wh��å¤3Ċ�. ¹�#DesZÞĹ�#jÅļ!¤Ĳ��0 3MGA3lÊ

3¤!s!ě��. 

 

 

� DesZ# H250$ LigAB	-% DesB�#Be=9cD5_7c\cK
.ĩ¬å¤

���#âĝ3Î��lð�1��	´Ŋ! H250A¨āx�$íÉ�²�!î«�	

�#å¤� DesZ#ĩ¬å¤��0���¾
Ċ��10ĘÛ����� 

� )�	DesZ�$ R26	-% R315� 3MGA!¶�0íÉ!ÆŌ��0���ĉį�

1���#ĘÛ�Óć# LigAB	-% DesB#ħ�xÞĹ
.	�1.å¤� 3MGA

#;aX<B¤3įİ�0ļv�lÊ�1	DesB# Tyr391’	Tyr412' 	-% Thr267

#Â�3��Î���0���Ċ��10�Tyr391’	Tyr412' $ DesB#íÉjÅ#Ģ

!��0ļ�ŔDesB# C×Ď� = LigA!¶Ç�0L\7cŕ!¯ ���0�LigAB

�$DesZ	-%DesB#�1.#å¤#Â�3LigA#Phe103' �Í��Ĝ�.10�	



� 
��

Phe103' $¤Ĳ#;aX<B¤�$ 
ĠŐüļ�3 πDFH=�0À�±³����

�0���Ļ���0�)�	Ó!ħ�xÞĹ�¥��1��0 Type I#C:<B?

MeE��0 HPCD� DesZ# R26	-% R315�ŏu����3�0�Ĝ�.10

R243� R2933Î����� (� 3-4-7)	DesZ$ HPCA!¶�0ľĔíÉ3Î� 


��� 

 

 

 

 

� 3-4-7 HPCD#¤Ĳħ�xÞĹ (PDB : 4GHG) 

HPCD#¤Ĳħ�xÞĹ (¤Ĳ$ HPCA). R243� R293� HPCA#;aX<B¤�!¯ ���0. 

 

 

� )�	P132E¨āx$ DesB-Gallateħ�xÞĹ!	�� Glu377' #vě!¶Ç�0

DesZ# Pro1323 Glu!ěÏ��¨āx��0�	�#¨āx�$ Gallate!¶�0ľ

ĔíÉ� 3MGA!¶�0ľĔíÉ-/,çĵĄŒ����Ċ�1�� 

 



 

 

 

 

 

 

� � �� � �
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� � �� � �

 

� DesZ% Sphingobium sp. SYK-6ø$|Ŋīő"	�� 3MGA$ĶŵēŦĻ8ņº�4

Extradiol¯K@BJGVlM�	Type II–Class III"�Ŵ�54�SYK-6ø"	��%

ĶŵēŦĻ8ņº�4 Type II–Class III $ Extradiol¯K@BJGVlM� DesZ$z"

3ġŴ ( LigZkLigABkDesB )£Â�5�	3	�$�� DesZ�ï/Ŷ�:bYşŝ�

Ĝ£Ù8á� LigZ% SYK-6ø$|Ŋīő$oĆ"	��\]>Whúŗ8/�

OH-DDVA$ŦĻ8ņº�4�+�	LigABkDesB�$:bYşŝ�Ĝ£Ù% LigZ1

3���	�52$±ō% PCA	Gallate! 	DesZ��Ŗ�4	�4�%Ŵ���ú

ŗ$±ō8ņº�4w��ĳ��4�DesZ� LigABkDesB% SYK-6ø$ Syringate|

Ŋħ"	�����4�	DesZ$ 3MGA"Æ�4ąÙ% LigABkDesB$ PCA	Gallate

"Æ�4ŞĩąÙ�ăŒ�������ğ�5��4�óĞĢ�%	�52Şĩ$ř�

8úŗĚ!łČ
2ì2
"�4�.	DesZ$ XįĬîúŗŅõ8Ĺ�	�$Ĭö8

±"ąÙ"Ũr�4�vĊ�54Ă±"µĘ8È���ąÙ$ĊÂ8Ĺ��� 

� óĞĢ"	��Ô25� DesZĬîúŗ$ąÙtÕ"%ţ<@j�%!
AhJ=c

<@j�ŝ����4��	DgLOhZQBjE"	��AhJ=c<@j�Ĭîú

ŗ$ÀÂ"Är���4���ğ§�5��DesZ�±ō	1'±ō:ViE�$ľ¢

�Ĭî%Ô25!
���	�$ĒĖ���ŝ����4ŢÊ<@j��ª�!���

4�ĳÙ�Ĳ�254��+3	NlBjE"13AhJ=c<@j�Ĭî
2ß��

³¢"%Ĭî$ZQBjE�´5	ċ�4k/�
%�Ç�ć¹���+��	ÀÂ�

�Ĭîúŗ�%AhJ=c<@j�ąÙtÕ"¾®�4�."ľ¢�úŗ8�5!�

�ĳÙ�Ĳ�254�.	óĞĢ�úŗŅõ"ĕ��Ĭî�ô~"	��% DesZ�±ō

ľ¢�Ĭî8Ô4��%ůÌ"«ŭ��4���äĊ�5��DesZ$Ĭî�"���

%LDglWjE$íČ�ë"·
$Ĭî�ô~"���ùŇĉ,��3	É!
�/

đ®$ęđHjLTfDT
2Ô�ś�¼æµ8��!��ť$ DesZ"���%Ah

J=c8¥-Ĭî�ô~�)*Öű��4����
���4�z"aEXJ=c8¥

-ô~�Ĭî�ŃÅ�5�/$/����	�đÙ"u�
qÀÂ�����.	±ō

ďĘÙ"���$ĲÅ"ÖĿ!�Ņĳ$©ÞSlO8Ô4�."%Ś�!����Ú

Â�54�yÓ	±ōľ¢�Ĭî8Ô4�."%ąÙtÕ"ŝ��4ŢÊ<@j"ĲÜ

�	ĬîúŗÀÂ�$�.$ DesZęđHjLTfDT$æµ0�¿Ě÷þ! �ÖĿ

�!4�Ĳ�25�� 
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� +�	óĞĢ�Ô25� DesZ$Ĭîúŗ� LigAB	1' DesB�$úŗăŒ
2	

LigA	1' DesB$ CòĤ�Ud<j�ąÙtÕ$ĸ�!4Ŝ�$Ñ�8 DesZ$ Cò

Ĥ�$Ĩ 15Ă±$ insertionŲ°�Ŝ�Ě"ļÁ���4���ğ�5��­ 4-1"ğ

�1�"	LigA	1' DesB$ CòĤŜ�"%±ō�Ĝx�ĕ�4Ă± (ÿĵ$è½�

ğ�5�Ă±)�¾®���4� 

 

 

 

 

­ 4-1 DesZ	DesB	1' LigAB"	��ąÙ"Ũr�4Ă± 

DesZ , DesB	1' LigAB"	��ąÙ"Ũr�4Ă±8JlD?jL:f<jdjTo"ğ��. :f<

jdjTo"ň���ç½%DesZ$Ă±ė¡8ğ�. Ŏ½�ğ��Ă±%ąÙtÕ�ŢÊ8ŝ��4Ă±

8, Ů½�ğ��Ă±% DesB	1' LigB�%±ō$Ah`BJ±�Ĝx�ĕ�4Ă±8, ÿĵ�ğ��

Ă±%Ah`BJ±}¶$±ō�¼�Ĝx�ĕ�4Ă±8ğ�� (DesZ�%vĊ�54Ă±8ğ�). DesZ

$ insertionŲ°%Įè½�ğ��. 

 

 

� DesZ$Ĭîúŗ$ąÙtÕ� LigAB	1' DesB$ąÙtÕ8ăŒ�4�	DesZ�

% His12/His184/Glu287�ŢÊ<@j�ŝ���	3	�52$Ă±$�İ% LigAB	

1' DesB$ His12/His127/Glu242	1' His12/His124/Glu239"Æ×�����	LigAB

	1' DesB�% His184"ĜÎ�4�İ"�4 His127	1' His124%ņºĂ±���
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Āĳ�	ţ<@j�%ŝ����!�Ă±�����+�	DesZ Ĭîúŗ�%ŢÊ<

@j�ŝ��4Ă±$ŝ�ŐŬ�LigAB	1'DesB�ţ<@j�$ŝ�ŐŬ"ă(�

ť
	�$ŝ¤/ DesZ�%snńŤ8���%�!
���+�	DesZ$ His250%

LigAB� DesB$ņºĂ±��4[LPKj(His195	1' His192)"Š!4�İ"��

��ŢÊ<@j�$ŝ�"���%�ŕ$Ă±$z"	DesB "	��»Ąô~p�±

ōľ¢�8ÏÝ�4ū"ąÙtÕ"ŝ��4ţ<@j� R-site
2 A-site"Ġ��4�

��²¦��4�(Sugimoto et al., 2014)	DesB$R-site�ţ<@j$ŝ�"Ũ74Asn57

"ĜÎ�4�İ"% DesZ$ Asn96�¾®��� 

� óĞĢ"	��% DesZ�±ōľ¢�úŗ8Ô4��%��!
���	šĔ¯�µĘ

�$ŞĩąÙ8ăŒ�4��"13	DesZ $±ō	1'ŢÊ<@j�$Ĝx�ĕûÍ

"���ĲÅ8Ĺ���+�	ņºĂ±	1'ŢÊ<@j�ŝ��4Ă±"���$µ

Ę�8�Ľ�	�$ 3MGA"Æ�4ąÙ8ĊÂ���LigAB/DesB$ņºĂ±���Ā

ĳ�4[LPKj(His195/His192 "Æ×�4 His250)8:fWj"İå��µĘ��%

ąÙ�)�9 /�
%Á�"ć¹����
2	DesZ"	��/ His250%ņºĂ±

���$Āĳ8á����Ĳ�25��+�	Gln98 	1' DesZ Ĭîúŗ"	��ą

ÙtÕ�ŢÊ<@j�ŝ�����Ă± (His12-His184-Glu287)"���/£û	 5&

��8:fWj"İå��/ąÙ�)*ć¹�4Ĭö�����DesB $ R-site �ţ<

@j$ŝ�"Ũ74 Asn57 "ĜÎ�4�İ"�4 Asn96 "���/:fWj"İå�

�µĘ��ąÙ�¸�
�p����
2	DesZ"	��/ N96Ă±� R-site8úÝ

�	ŢÊ<@j�$ŝ�"Ũ74Ñ�8á���4�ĳÙ�ğ§�54� 

� +�	DesZúŗ� LigABkDesB$±ōľ¢�úŗ�$Š#¢7�ăŒ"13	±ō

$Ah`BJ±8ŉŋ�4:bYşĂ± (­ 4-1 $Ů½�ğ��Ă±) ��52$K@

BJGVlMŧ�%�¾�5�	2�	:bYşŝ�Ņõ
2%vĊ���!����

7
���DesZ��$Ah`BJ±�Ĝx�ĕ�4�vĊ�54�İ"�4$% Arg26

	1' Arg315Ă±�	�5% LigAB0 DesB13/-�6 Type IK@BJGVlM"

Ê�4HPCD�±ō��4HPCA$Ah`BJ±8ŉŋ�4Ă±�Ŵ������DesZ

� HPCD% Type�Ę!4K@BJGVlM��4��
2:f<jdjTo�%ŝ�

Ĝ£Ù�ŀ���!��	HPCD� HPCA$Ah`BJ±�Ĝx�ĕ�4Ă±/:hC

Wj 2Ă±��4 (z" Type I - Class IIK@BJGVlM"Ê�4 BphC$Ĭîúŗ�

%�52"Ŕ��İ"<Ni<Jj 2 Ă±�¾®�	±ō��4 2,3-dihydroxybiphenyl

%���¨ų��5��4Ah`BJ±8á�!�)��$��
2	DesZ/ HPCA8

±ō��4ŞĩąÙ8á�$�%!�
�Ĳ�	ŞĩąÙ$ĊÂ8Ĺ���	DesZ %
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HPCA "Æ�4ŞĩąÙ8ğ�!
����
� DesZ $ Arg26 	1' Arg315 Ă±%

ąÙ"���Öű��3	 �2
čê"µĘ8È���/ŞĩąÙ%ć¹��� 

� �5+�$²¦�óĞĢ�$Ĭîúŗ	1'ąÙĊÂ$Ĭö
2ąÙ¯ DesZ$±ō

ľ¢�úŗeSh8vĊ�4�	DesZ$ Gln98%māúŗŝ�Ņõ	Š#¢7��ģ

�úŗ$ Cα�İ$��5"	��/ LigAB/DesB�ţ<@j"ŝ��4Ă±��4

His61/His59"Æ×�����	DesZúŗt�%ŢÊ<@j"ŝ����!
����	

DesZ$ His184% LigAB/DesB$ņºĂ±�ţ<@j�%ěãŝ��!� His127/His124

"Æ×�4�	DesZĬîúŗt�%ŢÊ<@j�ŝ���	3	�5"|7��ņº

�×8à�����ĳ!Ă±�ÖĿ!ŐŬĥ¬�"¾®�!���	+�	DesZ"	

��/ņºĂ±�vĊ�54 His250$�İ0 3MGA$Ah`BJ±8ŉŋ�4�Ø7

54 Arg26/Arg3158¥.� LigAB	1' DesB$±ōľ¢�úŗ�$�İÆ×8ĲÜ

"�54�	X<R;^ĐÛ$ąÙ¯ DesZ�Ãū"ţ<@j�ŝ��4Ă±%

His12-Gln98-Glu287��4ÖĿ��4��52$��
2	y©Ô25� DesZĬîú

ŗ$ŢÊŝ�ĐÛ%AhJ=c<@jŝ�¯$qąÙ!ĐÛ��4��"14/$�

Ĳ�25���52$Ĭö�ë"²¦�5� LigAB, DesB$±ōľ¢�
2È����

DesZ$±ōľ¢�úŗvĊeSh8­ 4-2"ğ�� 
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­ 4-2 DesZ$±ōľ¢�úŗvĊeSh 

DesZ$±ōľ¢�úŗ$ąÙtÕ$vĊeSh	1'üÍ­�	ë"²¦�5�ľ¢�úŗ"14 LigAB, 

DesB$±ōľ¢�$ąÙtÕ$üÍ­8ğ�. Ů�¬+5�Ă±%DesB	1' LigB�%±ō$Ah`B

J±�Ĝx�ĕ�4Ă±8, ÿĵ�ğ��Ă±%Ah`BJ±}¶$±ōŜ��Ĝx�ĕ�4Ă±8ğ�

�. (DesZ�%vĊ�54Ă±8ğ�).  

 

 

� +�	DesZ$ Protein BLAST (https://blast.ncbi.nlm.nih.gov/Blast)"14ùĪĬö (ĺ

4-1) �gLT:Q_��:bYşŝ�8ĕ��ŝ�Ņõ (­ 4-3)8Ĺ��Ĭö	1'

�5"±����Ý��ħĭý (­ 4-4)
2	TypeII–ClassIIIK@BJGVlM"%

DesZ£û$â�ŝ�8á�	Arg26	Arg315"Æ×�4Ă±��¾�5�ÆŌñĝ$

K@BJGVlMı�vÚ�54I^Ehl_�¾®�4���ğ§�5���$I^

Ehl_�%	�52$Ă±%±ō�Ĝx�ĕ�	ąÙtÕ"	�4±ō$�İ8ÀÂ

��4Ñ�8á����vĊ�54�+�	�$I^Ehl_%�2" a) DesZ	1'
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LigZ$ Gln98	1' Asn96"ĜÎ�4:bYşĂ±��¾�5	His-Gln-GluŢÊŝ�

ePl]8á�Ehl_	b) DesZ$ Gln98"ĜÎ�4:bYşĂ±% His����¾

�54�	DesZ� Asn96"ĜÎ�4Ă±� Ser���¾®�	His-His-GluŢÊŝ�e

Pl]8á����vĊ�54Ehl_�¾®�4����ì���+�	b)"¥+5

4ĔĎġ%��"ğ��ũ3�%�� high GCEfcŪÙķ��.�����52$I

^Ehl_"���$üÍ­8­ 4-5"ğ�� 

 

 

ĺ 4-1 DesZ$ Protein BLAST"14ùĪĬö 

 

 

Protein BLAST8ĕ�� DesZ�:bYşŝ�Ĝ£Ù$Ŷ�OjZDō8ùĪ�, :bYşĜ£Ù�Ĩ 40%

+�$OjZDō (GYcSlO
2vĊ�5�OjZDō8¥-)8gLT:Q_��Ĭö8ğ�. 
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­ 4-3 DesZ:bYşŝ�$ Protein BLASTùĪĬö8ĕ��ŝ�Ņõ(1) 
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­ 4-3 DesZ:bYşŝ�$ Protein BLASTùĪĬö8ĕ��ŝ�Ņõ(2) 

Protein BLAST8ĕ�	DesZ�:bYşŝ�Ĝ£Ù$Ŷ�OjZDō8ùĪ�	:bYşĜ£Ù�Ĩ 40%

+�$OjZDō(GYcSlO
2vĊ�5�OjZDō8¥-)" LigB 	1' DesB 8¥.�JlFj

L:f<jdjT8Ĺ��Ĭö8ğ��JlFjL:f<jdjT% CLUSTAL O(1.2.4) multiple sequence 

alignment8ĕ���Ý��. :f<jdjT$oŜ"ňœ��ç�% DesZ$:bYşĂ±ė¡8ğ�. 
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+�	�52$OjZDō"���ħĭý8�Ľ��Ĭö8­ 4-4"ğ�� 

 

 

 

 

 
 

­ 4-4 DesZ$:bYşŝ�ŅõĬö"14ħĭý 
�

Protein BLAST 8ĕ��ùĪĬö
2Ô25�ħĭý.  %ĔĎġ$��ĺ. ĺ"ŷ½�ňœ��ġ% a) 

DesZ	1' LigZ$ Gln98	1' Asn96"ĜÎ�4:bYşĂ±��¾�5	His-Gln-GluŢÊŝ�ePl

]8á�Ehl_8, Ŏ½% b) DesZ$ Gln98"ĜÎ�4:bYşĂ±% His����¾�54� DesZ�

Asn96 "ĜÎ�4Ă±� Ser ���¾®�	His-His-Glu ŢÊŝ�ePl]8á����vĊ�54Ehl

_8ğ�. 

�

� �
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­ 4-5 TypeII–ClassIIIK@BJGVlM$éŁI^Ehl_$ąÙtÕvÚüÍ­ 

 

a) DesZ	1' LigZ$ Gln98	1' Asn96"ĜÎ�4:bYşĂ±��¾�5, His-Gln-GluŢÊŝ�eP
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H12A�ëgh´ç  (-) :ľ35 merĿ 

5’-CAAGCATCGGGCCGGCGCTCGTGCCGATGCCAAGG-3’ 

 

E287A�ëgh´ç  (+) :ľ35 merĿ 

5’-CCAGGACGGCACGTCCGCGCTCAAGAACTGGATCC-3’ 

E287A�ëgh´ç  (-) :ľ35 merĿ 

5’-GGATCCAGTTCTTGAGCGCGGACGTGCCGTCCTGG-3’ 

 

H184A�ëgh´ç  (+) :ľ35 merĿ 

5’-CCAAGCCGGAAACGCCCGCCGCTTTCGGCTTCGTC-3’ 

H184A�ëgh´ç  (-) :ľ35 merĿ 

5’-GACGAAGCCGAAAGCGGCGGGCGTTTCCGGCTTGG-3’ 

 

N96A�ëgh´ç  (+) :ľ35 merĿ 

5’-CAGTCATTCTCGGCGCTGATCAGATGGAGATATTC-3’ 

N96A�ëgh´ç  (-) :ľ35 merĿ 

5’-GAATATCTCCATCTGATCAGCGCCGAGAATGACTG-3’ 

 

c�DN0c�4CP;x_t�

3,4-dihydroxy-5-methoxy-benzoic Acid [3MGA] (97%) … ASTATECH 

Syringic acid 98+% … Alfa Aesar 

Protocatechuic acid [PCA]… WAKO 

Gallic acid monohydrate … WAKO 

Vanillic acid … nakarai tesque 

3,4-Dihydroxyphenylacetic acid (homoprotocatechuate)[HPCA] 98% … SIGMA-ALDRICH 

4-nitrocatechol … WAKO 
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?nF:�z�velF]:8Mi\0STnpj:PgB;Md5oir�

< GE Healthcare > 

Q Sepharose Fast Flow 

DEAE Sepharose Fast Flow 

SP Sepharose Fast Flow 

RESOURCE ETH, ISO, PHE � 1 mL, 6 mL 

HiPrep Q FF 16/10 

HiTrap Q Sepharose Fast Flow 1 mL 

HiTrap Phenyl FF (high sub), HiTrap Octyl FF, HiTrap Butyl FF  � 1 mL 

Superdex 200 increase 10/300  

PD-10 

 

ZebaTM Spin Desalting Column (0.5mL, for 30-130 µL 7K MWCO) … Thermo SCIENTIFIC 

 

�
���
�� DN0�(� ##�<� ���

Methanol … Wako 

NuPAGE® Bis-Tris Mini Gels (4-12Ľ-R2%W</T) … life technologies 

NuPAGE® LDS Sample Buffer … life technologies 

NuPAGE® MES SDS Running Buffer … life technologies 

Rapid Stain CBB kit (CBBÌĈÛ) … nacalai tesque 

SeeBlue® Plus2 Pre-Stained Standard (v�ĭJY(Y) … invitorgen 

XCell SureLock® Mini-Cell … life technologies 

6-Aminohexanoic Acid (6-Amino-n-caproic Acid) … Wako 

 

�{sfre�����

Sodium Sulfite, Anhydrous … Wako 

Bio-Rad Protein Assay (6WB,à¦Þ�ç BradfordėĊ) … Bio-Rad 

 

|m�����

Ammonium Iron(II) Sulfate Hexahydrate (Fe(NH4)2(SO4)2X6H2O) … Wako 

BIS-TRIS Propane (C11H26N2O6) … SIGMA-ALDRICH 

Calcium Acetate (Ca(CH3COO)2) … Wako 

Calcium chloride (CaCl2) … Wako 
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Cobalt(II) Chloride Hexahydrate (CoCl2X6H2O) … Wako 

Copper (II) Chloride (CuCl2) … Wako 

Glycine (C2H5NO2) … Wako 

Glycerol … Wako 

Imidazole (C3H4N2) … Wako 

Iron(II) Sulfate Heptahydrate (FeSO4X7H2O) … Wako 

Magnesium Chloride Hexahydrate (MgCl2X6H2O) … Wako 

Manganese(II) Chloride Tetrahydrate (MnCl2X4H2O) … Wako 

Nickel(II) Chloride Hexahydrate (NiCl2X6H2O) … Wako 

N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid [BES] (C6H15NO5S) … Dojindo 

N,N-Bis(2-hydroxyethyl)glycine [Bicine] (C6H13NO4) … Dojindo 

N-Cyclohexyl-2-aminoethanesulfonic acid [CHES] (C8H17NO3S) … Dojindo 

N-Tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid [TES] (C6H15NO6S) … Dojindo 

N-[Tris(hydroxymethyl)methyl] glycine [Tricine] (C6H13NO5) … Dojindo 

Sodium Bromide (NaBr) … Wako 

Sodium Deoxycholate (C24H39NaO4) … Dojindo 

Sodium Iodide (NaI) … Wako 

Zinc Acetate Dihydrate (Zn(CH3COO)2X2H2O)  … Wako 

 

70.0 mM HEGA® -10 (Detergent Screen Reagent 44) … HAMPTON RESEACH 

Lithium chloride (LiCl) 10.0 M solution … HAMPTON RESEARCH 

Lithium acetate dihydrate (CH3COOLiX2H2O) 5.0 M solution … HAMPTON RESEARCH 

Magnesium formate dihydrate (C2H2O4MgX2H2O) 1.0 M solution … HAMPTON RESEARCH 

Potassium thiocyanate (KSCN) 8.0 M solution … HAMPTON RESEARCH 

Sodium formate (CHNaO2) 7.0 M solution … HAMPTON RESEARCH 

Sodium malonate (C3H4O4) 3.4 M solution (pH7.0) … HAMPTON RESEARCH  

Zinc chloride (ZnCl2) 2.0 M solution … HAMPTON RESEARCH 

Polyethylene glycol 10,000 50% w/v solution … HAMPTON RESEARCH 

Polyethylene glycol 20,000 30% w/v solution … HAMPTON RESEARCH 

PEG8000 … Applichem Panreac 

PEG1500, 4000, 6000 … nacalai tesque 

 

�|mx[:Noan;9]B	��
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� Crystal Screen, Crystal Screen 2, Index, 

� Detergent screen, Additive screen … HAMPTON RESEARCH 

� Wizard Classic 1&2 … Emerald BioSystems 

� The PEGs II Suite … QIAGEN 

� The Protein Complex Suite … QIAGEN 

 

tvn`�

AKTA FPLC System (FPLC) … GE Healthcare 

AKTA explorer System (FPLC) … GE Healthcare 

TOMY LSX-7000 ('Y<,UYE) …<KYú¤ 

BIO-SHAKER BR-40LF (1%Y(Y$W*PGY6Y) … TAITEC 

BLOCK INCUBATOR BI-516S (EV9,$W*PGY6Y) … ASTEC 

CHIBITAN-II (ħ®vĵÏ) … MILLIPORE  

FAS-III (/T¼©Đă)… TOYOBO 

GeneAmp PCR System 9700 (0YJT0$,RY) … Applied Biosystems 

Innova 4330 (1%Y(Y$W*PGY6Y) … NEW BRUNSWICK SCIENTIFIC 

IN602 (FV-RLeÝ±ÝÏ) …OJ<ô� 

VP30S ULTRAS HOMOGENIZER (ĠĸÕñðÏ) … TAITEC 

Mupid-2 plus (DNAçĶÒ×}Đă) … ADVANCE 

HELEOS II /ASTLA 6 (SEC-MALS system) … Wyatt Technology 

WTC-030S5 (SEC column) … Wyatt Technology 

TOMY MX-305 (ħ®vĵÏ) …<KYú¤ 

Avanti HP-20XP (ħ®vĵÏ) …  BECKMANCOULER 

�Ò8NWAY … HIRASAWA WORKS 

DU730 (vnn¦ĕ) … BECKMANCOULER 

Nanodrop ND-1000 Spectrophotometer (vnn¦ĕ) … Thermo SCIENTIFIC 

NeoFoxĬü4W0Y49<(FVYE�U9="$B98) … Ocean Optics 

Procise HT (FV:$W1Y.W0Y) … Applied Biosystems 

Leica M250C (�gĺ­Į) … Leica Microsystems 

SteREO Discovery.V8 (�gĺ­Į) … ZEISS 

PERISTA PUMP (HS36IWF) … ATTO 

J-820 (r^Ĉ°vÂĕ) … JASCO 

PTC-423L (Peltier Effect Single Cell Holder) … JASCO 
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CA-1112 (s�Ó¬äĐă) … EYELA 

MNT-Series (÷ü)3ìåĐă) … KOFLOC 

Infinite F200 PRO (J$,VFUY<SY7Y) … TECAN 

 

+LT�

Amicon® Ultra 4, 15 (10,000 MWCO) … MILLIPORE 

4F6Lb
3,SPYA$"T 12×33 mm … GL Sciences 

J$,V1SW2 (100µL) … HAMILTON Syringes 

Anaerobic Indicator BR0055B (�Ò$W;#.Y6Y) … OXOID 

NunclonTM Delta Surface (96well J$,VFUY<) … Thermo SCIENTIFIC 

 

�C21 ba�

Components / 1 L 

Bacto Tryptone 16 g 

Bacto Yeast Ex. 10 g 

NaCl 5 g 

 

-(��>��#� �ba�

Components / 1 L 

Bacto Tryptone 10 g 

Bacto Yeast Ex.  5 g 

NaCl 10 g 

(Agar) (14 g) 

Ampicillin Sodium (100 

mg/mL stock) 
1 mL 
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>>�<��B��(�w^\0Y}�

(���4KE�Lw^��

�

� �

ê� ĉĘďĖ ÆÉĘďĖ  

A, Ala alanine "R>W�  

C, Cys cysteine 13:$W�  

D, Asp aspartic acid "3BR+WĬ�  

E, Glu glutamic acid -T6KWĬ�  

F, Phe phenylalanine D%>T"R>W�  

G, Gly glycine -S1W�  

H, His histidine C382W�  

I, Ile isoleucine $5V$1W�  

K, Lys lysine S2W�  

L, Leu leucine V$1W�  

M, Met methionine M8'>W�  

N, Asn asparagine "3BR+W�  

P, Pro proline FVSW�  

Q, Gln glutamine -T6KW�  

R, Arg arginine "T+>W�  

S, Ser serine 4SW�  

T, Thr threonine 3U'>W�  

V, Val valine ASW�  

W, Trp tryptophan <SF<D!W�  

Y,Tyr tyrosine 8V1W�  
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(���+LTLw^�

 
 

  

ê� ĉĘďĖ 

3MGA 3-O-methylgallate 

HPCA homoprotocatechuate 

OH-DDVA 2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxy- biphenyl 

PCA protocatechuate 

DesB gallate dioxygenase 

DesZ 3-O-methylgallate dioxygenase 

LigAB protocatechuate 4,5-dioxygenase 

LigZ 2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxy- biphenyl dioxygenase 

HPCD homoprotocatechuate 2,3-dioxygenase 
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>>�<��B��)�ophLyZ�

)���reAo?E2LyZu�

 

5mM 3MGAßÛ ç�� DesZ�Ø°Þ�����, Þ�;Y6(�¯İ�Ç���þĥÇı��¯Û�ß

�Ĭüà¦)��0WFTA9D!Y�ĬüÚĜĭ ¥
§
(ERW,đÐ), ĬüÚĜĭ(µmol)�ºù�

�. BradfordÔ�Þ�
�6WB,Ğà¦ (1.97 mg/mL) ����¯Û�{��6WB,Ğĭ ĕù
, î

Ā° k��¯Çı (4.3õ)���m ç���¯Ģ¦(ĬüÚĜĭ µmol /õ) ���ÑØ° (6WB,Ğ

ĭ (mg) ¨���Q>9<Ã (1U = 1 µmol O2/min) /mgXprotein)  ùu
�. ğ��ò
�ĩv	�¯İ�

�� 4.3õª�m ò�)	 
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)���phre.D)P]gl�-�{q���

�

�

C.1�Þ�;Y6����¯Çı(õ)�ĬüÚĜĭ(µmol)�Ĳi. îĀ° k��¯Çı (4.3õ) ğ]�

FV9<
, Ģ¦ùu�ç��îĀ ğ�áĀ�
�ò
�.  

� �
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