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本論文で用いている主な略語 
 

VA vanillate 

PCA protocatechuate 

SA syringate 

3MGA 3-O-methylgallate 

GA gallate 

PDC 2-pyrone-4,6-dicarboxylate 

FA ferulate 

SEMP 10 mM sucrose 10 mM glutamate 0.13 mM methionine�:/

10 mM proline 

H4folate tetrahydrofolate 

DesA H4folate-dependent SA O-demethylase 

LigM H4folate-dependent VA/3MGA O-demethylase 

DesB GA dioxygenase 

DesR MarRîȴ´¼ĲåĄ 

 (desB ligMIo}��:/ desR,ȴ´zl|]S�) 

DesQ LysRîȴ´¼ĲåĄ 

DesX IclRîȴ´¼ĲåĄ 

 (SLG_25010-desAIo}�,ȴ´zl|]S�) 

qRT-PCR quantitative reverse transcription-PCR 

RT-PCR reverse transcription-PCR 

EMSA electrophoretic mobility shift assay 

IR inverted repeat 

desBp1-desBp6, desBp EMSA+ƺ� desB�Ƙɴï,Ƅȩ4 -ɮƄȩl}�k 

ligMp1-ligMp6, ligMp EMSA+ƺ� ligM�Ƙɴï,Ƅȩ4 -ɮƄȩl}�k 

desAp1-desAp9 EMSA+ƺ� desA�Ƙɴï,Ƅȩ4 -ɮƄȩl}�k 

desRp1-desRp2 EMSA+ƺ� desR�Ƙɴï,Ƅȩ4 -ɮƄȩl}�k 

ferBp EMSA+ƺ� ferB�Ƙɴï,Ƅȩ4 -ɮƄȩl}�k 
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序章 
 

1. 研究背景 

� 18�ǦÊ.,ƹžɰÞ�ɠ ŀ��ɷ-ǌƓ ǌƩ �:/ÿƬKV*),ÈǌȮƥ

@»ƺ�=�('ǭƠĿɛ@Ʌ�&� ���� ÈǌȮƥ+¡ą� ǭƠĿɛ-Ȯƥ

,ŵƟ9ìƵƢŢÈ*),Ɯ½*Ʒõãɶ@ħ�ȱ��+Ȉ# �ċɥ+ 2013 ğ,

IPCC (Ǝ¥ûÆ+ɟ�=Ŕģɞgd{)ǜ 5ƉȠ¢òÜţ+��& 1950ğ��ɠ+È

ǌȮƥƻŰ,ƢČÅųKVƨĤ-öÃ�ǲ�&�< �>+��ɫƐ,ơĔ�:/ƙɯ

Ə�,�ŝ-ǐȢ�>&�=(òÜ�> �4  2015ğ+jy�V�gz'ɝ©�>

 COP21 (éɃƎ¥ûÆŴǬůǧǜ 21äǶǧé�Ȫ)'- 2020ğ�ɠ,ƢŢÈĐǟ,

ƕǂŴǬ5(*=�gzËĊ�- 196,é(ìï+:#&ŋŅ�> ��,gzËĊ'

- �Ƽ,ĞíƎƢ�ŝ@ƹžɰÞ�¾(ƍȶ�& 2°C ŪƤ+ń
=�( �;+-

1.5°C +ń
=ÄÁ@ȼƑ�=�(-Ŏ�;> �4  ƹžɰÞ�ɠĹƧ+ƗǀÈ�

 �ɞƗÆ+:<ǭƠ�ǒ�,ñǅ'
=ìƵ,ŊǲÕȂĺ-Î04>&�=�(@ǀ

Ǜ+ 2015 ğ+éɃSt]`' Sustainable Development Goals (SDGs; ŊǲÕȂ*ɝǀ

ǆƄ)-ŋŅ�> �SDGs- ŊǲÕȂ*�Ƽ@ċƴ�= 7, 2016ğ�; 2030ğ4

',éɥǆƄ'
< 17,R�{( 169,Z�P]`�;ƁĿ�>&�=� 

� �>;+Ã
 ³ƸÕȂ*ƸƯȮƥ(fEI^Ne}U�@Ɨƺ�&ìƵțƅ',Ȧ

ɶ@ȝƒ�*-;ǭƠĿɛ@ç=�fEIHQet��(��ǽ
ř-Ɗǣ@�Ķ+Ö

ɵ�&�&�=�OECD (ǭƠËÁɝǀƇƁ)+:=( 2030ğ+-�Ƽ,fEIěó,

țƅ-¯ GDP, 2.7% (ǧ 200¬²)+ŉþ� ęž¸ɓ-ěó¯�,ǧ 4À@Í7ť8

þ��*=(�ƣ�>&�= (1)��,:�*ȀŠ,8( ÈǌȮƥ+¡ą� ƚȭî

ǒ��;³ƸÕȂȮƥ@ñȵ(� ȮƥĳƷîǒ�1,ȴŐ-ĹÇ'
=� 

� ÈǌȮƥ,�Ť(*=Ȯƥ(�& ³ƸÕȂ'J�q�cx�`y{*ŽƯfEIs

V-Ɩǆ�>&�=��'8 ũȰfEIsV-ìƵ�+ť8ȫď+ąë�=ƆũƻŰ

,fEIsV'
< �,ȯąɔ-ſ7&Ȇþ'
=�ŜŬ'- ŲìƋŮ(�&ğɞ

ǀƸɔ-ǧ 800 �`�
=+8��?;� �,»ƺƳ- 2016 ğşƪ'ǧ 9%+ƽ4

#&�< ŦÅ*»ƺřƕ,ǐǙ-ŧ4>&�= (Table I) (2)� 
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Table I. HL
������"��/[W a 

/��4%��» ��µ/f (*=)b M�� (%) 

i|�� 
� c�p�� 
� A��� 
� ¾� 
� � 
� ¼Wi|� 
� ¦xd]��x 
� j���ux 
 
vM�� 
� «I�¹¼�± c 
� zY�x 

 
81,000,000 
78,000,000 
13,000,000 
27,000,000 
17,000,000 
6,400,000 
5,000,000 

 
 

13,000,000 
8,000,000 

 
87 
63 

100 
81 
24 
97 
94 

 
 

32 
9 

a/��4%��q¯[w¨� (en 28f) (2)��?±o�. 
b¾�, ¦xd]��x, zY�x�
���B�´µ.  
D�/��4%�
�����´µ. 
c��¬��¸�. 

 

2. 木質成分とその利用 

� ũȰfEIsV-ŽƯǪȁ÷,�șĿ¸'
=X{}�V mtX{}�V�:/z

Oc��;ƁĿ�>=��>;,Ŀ¸-ũȰ�'Í7=ÀØ-ŽƯ�+:#&ƿ*=8

,, X{}�V- 32-52% mtX{}�V- 16-33% ��&zOc�- 9-34%(

*#&�= (Table II) (3-5)�ìƵ�'ť8ȫď+ąë�=³ƸÕȂȮƥ'
=X{}�

V- D-O{Q�V-b-1,4 OzQTaǮØ� ǇɚƱ,pwýǤ'
< ũȰ�'-

ǇɚƱɾ¸ĄÙú-ƏǩǮØ+:<X{}�VtN}jDkz{@īĿ�ǮšÈ�&

�=- �ɍ-ɮšƱľ(�&ąë�=�(-ǋ;>&�=�X{}�V-�+Ǩ�g

{lęž9ǹǳęž',ƸƹÏŗ9ɸàƞÃƯ(�&»ƺ�>&�=� X{y�Y*

)+:=ǤÈ¶ƶ@Ó� į fEIHZe�{Ƹƹ,Ïŗ(�&�ɍ»ƺ�>&�= 

(6-8)�4 ťȺ'- ũŮ�;X{}�Vǹǳ@¸ɩ�&ĴǪÈ�=�('ı;>=X

{}�VbejBEf�-Ř *fEIǥbeǩŮ(�&Ɩǆ�>&�= (9)�mtX

{}�V- X{}�V�:/oN\�@ɢ� ýǤɷ,Ǵǔ'
< D-LT}�V 

D-s�e�V�:/ D-KyN`�V*)-ɒØ� Șɨ*m^}ýǤ'
=�mtX

{}�V-ŽƯǖ ąëɍ�+:#&Ŀ¸+Ɉ�-Ț;> ġȐƆ+��&- 4-O-v\

{O{N}eLTy�-¯mtX{}�V,ǧ 90%@Í7 ɖȐƆ+��&-Cyi

eO{NeLTy�(O{Qs�b�-�>�>¯mtX{}�V�,ǧ 30%( 60%

@Í7= (10)�ũȰ�'mtX{}�V-X{}�V(ƏǩǮØ+:#&�Ø� zO

c�(-ÈćǮØ (H�^{ HV^{ OzQTaǮØ)@īĿ�&�=�mtX{}

�V-Ǩ�g{lęž+��&»ƺ�>=�+ LT}IzRǤ9LTz`�{+ûŐ
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�&ƇȂĺɸà(�&»ƺ�>&�=�4  mtX{}�V-ǤÈ¶ƶ+:#&O{

Q�V4 -LT}�V*),ÌǤ1,ûŐ-ÕȂ'
< �>;ÌǤ@Ïŗ(� f

EIHZe�{Ƹƹl}XV,ɝǀ-Ʉ7;>&�= (11)� 

� �ř' zOc�-ha}LTjGc{l}g� (C6-C3)Ɓɂ@Ŧ�=wezOe�

{-y�[u+ɒØ� m^}*ɾ¸ĄȌɺśÈØƯ'
= (Fig. I)�zOc�- Ș

ɨ'�í�*Ɓɂ@īĿ�ɪ¸ȝĺ@Ǒ� 7 ęžǂ*ŦÅ»ƺƕ-ɝǀȿ�+
=�

ƴë-�+Ǩ�g{lęž9HZe�{Ƹƹl}XV'Ʈƥ(�&ƺ�;>=� Q�

Nz�`ơƏ¿9¸ŕ¿*)1,»ƺ+ɡĊ�>&�= (12, 13)�zOc�-X{}�

V+Ɖ�'ȫď+ąë�=³ƸÕȂȮƥ'
< ȌɺƷ@Ŧ�=Ɓɂǂưĵ�;ęžÏ

ŗ(�&ǌƓÈć,�ɍ@�Ť�=Ʀëĺ@Ǔ7&�=�� -#&zOc�@�Ã¢

¦,ɾ�s^zC{1(ûŐ�=*),ŦÅ»ƺƕ,ǐǙ-ŧ4>=� 

 

Table II. RVhn8�SCC- 

}�QL }�� 
TnL�NU (%) 

&;<>% 25&;<>% :#-= 

¶¥� 
¶¥� 
g¥� 
g¥� 
g¥� 
£w 
£w 

4) 
%" 
0, 
319 
8> : 
%%! 

%�('#9% 

46 
39-48 

44 
42-48 
39-46 
45-52 
32-37 

23 
19-23 

28 
16-22 
24-28 
24-33 
26-33 

28 
33-34 

24 
21-27 
29-32 
9-13 
17-18 

�
�
� (3-5)�����	��. 

 

 

 

 

 

 

 

 

 

 

 
Fig. I. :#-=�qb~®. 
wXº�, Vanholme et al., 2010, Lignin biosynthesis and structure (14)��k�
�. 

 
Stewart et al., 2009). Furthermore, down-regulation
of CAD increases the incorporation of cinnamalde-
hydes into the polymer (Baucher et al., 1998; Lapierre
et al., 1999, 2004; Kim et al., 2003). The most remark-
able shifts in lignin composition are seen when COMT
is down-regulated; in these lignins, 5-hydroxyconiferyl
alcohol, derived from the COMT substrate, is incorpo-
rated, although it is below the detection limit in wild-
type lignin (Van Doorsselaere et al., 1995; Lapierre
et al., 1999; Fig. 5). It is interesting that shifts in G and S
levels, as well as shifts toward more aldehydes, gen-
erally have only minor effects on plant development.
Obviously, because the relative ratio of the different
monomers determines the frequency of the different
bonds in the polymer, all these compositional shifts
have repercussions on the structure of the polymer
and may thus alter the cell wall properties.
The effects of lignin pathway perturbations often

go beyond alterations in lignin amount, composition,
and cell wall structure. Indeed, several studies have
now demonstrated that perturbing individual steps
of the lignin biosynthetic pathway affects the expres-
sion level of other lignin pathway genes and also the
expression of genes involved in a multitude of other,
seemingly unrelated biological processes. These
wider effects are also reflected at the metabolite level
(Rohde et al., 2004; Sibout et al., 2005; Shi et al., 2006;
Dauwe et al., 2007; Leplé et al., 2007). Uncovering
their molecular basis might help mitigate the adverse
effects on plant growth and development that often
accompany lignin modifications.

THE REGULATORY CASCADE

In the past few years, significant progress has been
made in understanding the regulation of lignification.

New data indicate a regulatory cascade of upstream
transcription factors that control the formation of
secondary walls by activating a range of other tran-
scription factors. Some of these downstream transcrip-
tion factors are then able to induce the expression of
genes of the lignin biosynthetic pathway (Zhong and
Ye, 2007). The regulatory cascade explains why several
of the currently described transcription factors lead to
enhanced or reduced lignification when misexpressed
in plants while they do not directly regulate the lignin
biosynthetic genes by binding to their promoters
(Zhong et al., 2006, 2008). Therefore, yeast one-hybrid
assays, protoplast transient expression assays, and
electrophoretic mobility shift assays have been essen-
tial to prove the direct binding of a given transcription
factor to the promoters of lignin genes (Table I).

Microarray experiments on Arabidopsis cell suspen-
sion cultures that are induced to form tracheary ele-
ments have identified a set of transcription factors
involved in this cell differentiation process (Kubo
et al., 2005). Whereas VASCULAR-RELATED NAC-
DOMAIN6 (VND6) and VND7 were shown to be key
upstream regulators of the protoxylem and metaxylem
formation, respectively (Kubo et al., 2005; Yamaguchi
et al., 2008), SECONDARY WALL-ASSOCIATED NAC
DOMAIN PROTEIN1 (SND1) was described as an
upstream regulator of interfascicular fiber develop-
ment, and overexpression of SND1 led to ectopic for-
mation of secondary cell walls (Zhong et al., 2006).
Moreover, SND1 was able to regulate at least 10 other
transcription factors (Zhong et al., 2007, 2008; Zhou
et al., 2009), some of which activated the phenylpropa-
noid pathway (e.g. Myb46,Myb63, andMyb58; Table I).

Engineering the expression of transcription factors
has the potential to alter lignification with fewer
adverse effects on plant development for two reasons.
First, these transcription factors bind the promoters of

Figure 2. Representation of a lignin polymer from poplar, as predicted from NMR-based lignin analysis (adapted from Stewart
et al., 2009).

Lignin Biosynthesis and Structure

Plant Physiol. Vol. 153, 2010 897

https://plantphysiol.orgDownloaded on January 19, 2021. - Published by 
Copyright (c) 2020 American Society of Plant Biologists. All rights reserved. 
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3. リグニンの構造と生合成 

� zOc�- ha}LTjGc{l}g� (C6-C3)Ɓɂ@Ŧ�= coniferyl alcohol 

(guaiacylî) sinapyl alcohol (syringylî) �:/ p-coumaroyl alcohol (p-hydroxyphenylî)

, 3ǖ,wezOe�{@ñŬɽŻ(�&�= (Fig. IIA) (15)�ŽƯ,ǖɷ+:<zO

c�@ƁĿ�=wezOe�{-ƿ*#&�< ɖȐƆzOc�- guaiacylî(��À

Ø, p-hydroxyphenyl î ġȐƆzOc�- guaiacyl î( syringyl î@ñŬɽŻ(�&

Ŧ�= (Fig. IIA) (14, 15)�ȍŬzOc�- guaiacylî( syringylî+Ã
& ɖȐƆ

zOc�:<ɾ�ÀØ' p-hydroxyphenylî-Û4>&�= (Fig. IIA) (14, 15)�2010ğ

ɲ�;�>;wezOe�{+Ã
 ferulate9 p-coumarateǝ, hydroxycinnamate (16, 

17) jyqeEaɷ, tricin (18) ��&wezOe�{( ferulate ,HV^{ņØ�

ǝ (19)8ɍ¸ǂ+zOc�+Ò<ȸ4>&�=�(-Ǒ�>&�= (Fig. IIB)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. II. :#-=�~n��7.:#.>;». 
(A) 7.:#.>;�~®. (B) ­fs��§K���:#-=�~nRG. 

 

� wezOe�{- ǪȁȰ+��& phenylalanine �;ǭǃɐwezOe�{ǭȲ+

:#&ØĿ�>= (14, 15)��,į wezOe�{-Ǫȁ÷1(ȷȽ�> peroxidase

9 laccase ,�ƺ+:#&�ɬĄɐÈ�>&jGeLTyUJ{(*< �>;-y�

[u*J]lz�OÐĸ+:<b-O-4 (b -aryl ether) 5-5 (biphenyl) b-5 (phenylcoumaran) 

b-1 (diarylpropane) b-b (pinoresinol) �:/ 4-O-5 (biphenyl ether)*),�4�4*Ì�
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ɞǮØ@Ƹ�= (Fig. III) (13)�ťǫǂ+�>;ǮØ@�� Șɨ*d]`~�N-īĿ

�> ýƂ*Ɓɂ@(=ɾ¸Ą(�&zOc�-ƸĿ�= (Fig. I)��,:�*zOc

�,Șɨ'�í��$ĈĊ*ɾƉƁɂ- ŽƯǪȁ÷,ĩè�+Ã
 ĴƸƯ¸ȝ1,

Ǿĺ8�
&�< ũȰfEIsV,ęž»ƺ1,þ�*ɦ÷(*#&�= (20, 21)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. III. :#-=�~n����	��RG· U. 

 

4. リグニンの生分解 

� ȇƬƼ+��=zOc�,Ƹ¸ȝ-�+ɾ¸ĄzOc�,�¸ĄÈ( �>+:<Ƹ

Ŀ�=ýƂ*�¸ĄȌɺśÈØƯ,ƫƇÈ, 2 $,V^]l+:<ɄȒ�=(ǽ
;

>&�=(22-24)�ɾ¸ĄzOc�,�¸ĄÈ+- �+ǁȋȄŭȏ*),ňĄȏɷ-ɟ

��=�ɾ¸ĄzOc�,¸ȝ+ɟ?=�Ȕǂ*ǁȋȄŭȏ(�&- Phanerochaete 

chrysosporium9 Ceriporiopsis subvermispora*)-ǋ;>&�< P. chrysosporium-z

Oc�+Ã
 X{}�V�:/mtX{}�V8¸ȝ�=,+Đ�& C. 

subvermispora - ũȰ�,zOc�@ɊŅǂ+�¸ĄÈ�=�(-ǋ;>&�= (25, 

26)��>;,ǁȋȄŭȏǝ-¸Ɣ�= lignin peroxidase manganese peroxidase versatile 

peroxidase laccase �:/ dye-decolorizing peroxidase+:<zOc�-�ɬĄɐÈ@Ó

�& C-CǮØ C-O-CǮØ-ɝȕ��¸ĄÈ�>=(27-29)�Lignin peroxidase-Ȗƈ

¸Ąś(�&mu@Ŧ� ɆɐÈƏǩ@ɬĄÓč�(�&»ƺ�=� veratryl alcohol

@v_DH�Z�(�&»ƺ�=�Ŭɏǩ- anisyl alcohol veratryl alcohol �:/b-aryl 
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ether ,w_{ÈØƯ'
= 1-(3,4-dimethoxyphenyl)-2-(2-methoxyphenoxy)propane-1,3-

diol*),ɮjGe�{ĺ,ġ�ñȰ+Đ�&ɾ�ɐÈȂ@Ǒ��Manganese peroxidase

8ÙƂ+Ȗƈ¸Ąś(�&mu@Ŧ� ɆɐÈƏǩ@ɬĄÓč�(�&»ƺ�=�

Manganese peroxidase- Mn2+@ Mn3++ɐÈ�=Ɨĺ@Ŋ" Ðĸ+:<ƸĿ� Mn3+

-ŦƇɐ(ȘØ�@īĿ�&ɐÈ¿(�&ƇȂ�=�Ŭɏǩ-�+jGe�{ĺñȰ+

Đ�&ɐÈȂ@Ǒ��Versatile peroxidase- lignin peroxidase( manganese peroxidase,

�ř,Ɨĺ@Ǒ��Laccase-±ɍ+ Cu2+@Ŋ" ɐǩ@ɬĄÓč�(�&»ƺ�=�

Ŭɏǩ-�+jGe�{ĺñȰ@�ɬĄɐÈ�=- v_DH�Z�,ąë�'-ɮj

Ge�{ĺñȰ8ɐÈ�=�(-'�=�Dye-decolorizing peroxidase-Ȗƈ¸Ąś(�

&mu@Ŧ� ɬĄÓč�(�&ɆɐÈƏǩ@»ƺ�=- �, peroxidase(-Cte

ɐɎ¹ɷ�ĺ@Ǒ�*��4 Ŭɏǩ- manganese peroxidase (ÙƂ+ Mn2+@ Mn3++

ɐÈ�=Ɨĺ@Ŋ" �+jGe�{ĺñȰ+Đ�&ɐÈȂ@Ǒ�� 

� Dye-decolorizing peroxidase- Rhodococcusė9 Pseudomonasė �:/ Amycolatopsis

ė*),fN^zC+��&ĝġ�Ț$�#&�= (30-34)��;+ Streptomyces ėǪ

ȏ+��&- laccase-Ț·�>&�< (35) Pseudomonas stutzeri, multi copper oxidase

'
= CopA-ɾ¸ĄzOc�,¸ȝƗĺ@Ǒ��(-òÜ�>&�= (36)��>;+

Ã
& ��ťȺ Éǣ,ɖȐƆŲêù�' 13CƄȩzOc�,¸ȝċɼ(vZPeu

ȝű-Ȓ?> ɾ¸ĄzOc�-fN^zC+:#&,5¸ȝ�> �(@Ǒá�=Ǯ

ų-ı;>&�= (37)���,�(�; ȇƬƼ+��&fN^zC8ɾ¸ĄzOc�

,¸ȝ+�ɍĎ��=�(-Ǒá�>&�=��ř fN^zC-�¸ĄÈ�> zO

c�ƻŰ,ȌɺśÈØƯ,ƫƇÈ+þ��Ď��&�=(ǽ
;>&�= (22-24, 38)�

fN^zC-ìƵ�'Ȏþ*ąëɔ@3�=zOc�,ťǫ¸ȝ@ň�(ǽ
;>=

�(�; fN^zC,zOc�ƻŰȌɺśÈØƯ,¸ȝǭȲ �>+ɟ?=ɏǩ,Ƈ

Ȃ ɋ�ĄĻò *;/+ȴ´¼ĲTV^u@ȝŞ�=�(- ìƵ�,ƩǩĳƷ@ƶ

ȝ�=�'ſ7&ɒș'
= (23, 24, 39)�4  fN^zC-Ŧ�=zOc�ƻŰȌɺ

śÈØƯ,¸ȝɏǩǻ-zOc��;,Ŧ¢ƯƸƹ+ĸƺ'�=(ŨĮ�>&�= 

(23, 40, 41)� 
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5. 微生物の代謝能を利用したリグニン有効利用方法 

� zOc�-ęžǂ+»ƺ�9��Ì�,ÈØƯ+ûŐ�=�(-æɪ'
=�(�

; �+Ǩ�g{lęž+��&Hd{M�äÑ, 7,Ʈƥ(�&»ƺ�>&� �

���Ⱥğ'- ǌƓÈć@�ɍ�Ť�=:�*ñĠÈØƯ@zOc��;Ƹƹ�=�

(-ŨĮ�>&�< ×ǖ,fEIzjBEbz�łȓ@ǰØ� zOc�»ƺ, 7

,Łƾ-ŏż�>&�= (42, 43)�zOc�@ƏǩƞÃ+:=Ɍ«¶ƶ C{JzɐÈ

¶ƶ4 -ɐ/ôñȞĂ@ƺ� Èć¶ƶǝ+:#&¸ȝ�=�(' �4�4*Ȍɺ

śÈØƯ-ƸĿ�= (42)��, 7 zOc�,Èć¶ƶ+:#&ı;> �¸ĄȌɺ

śÈØƯ,ƝØƯ@fN^zC-Ŋ$ýǖýƂ'ưƿǂ+ƇȂ�=ûŐɏǩǥ@»ƺ

�&í�'ęžǂ+»ƺ¢¦,ɾ�ÈØƯ1(ɧǧ�=řƕ-Ɩǆ�>&�= (41, 44)�

�>-"Biological funneling"(Ý.> fN^zC-Ŋ$ûŐɏǩǥ,ýƂĺ+ĸ�&ý

Ƃ*ÈćƯȰ1(ûŐ'�=ÕȂĺ-Ǒ�>&�=��, 7 fN^zC+:=zO

c�¸ȝ+ɟ�=Ǎǘ-�Ƽǂ+ɒșĤ-ö�&�&�=� 

 

6. Sphingobium sp. SYK-6株のリグニン由来芳香族化合物代謝系 

� Sphingobium sp. SYK-6Ź- zOc�ƻŰȌɺśÈØƯ,ĴƸƯ�Ȩ+��&ť8ȝ

ű-ɄA'�=fN^zC'
< zOc�ƻŰ, biphenyl îÈØƯ'
= 5,5¢-

dehydrodivanillate (DDVA),ȮÈĺǪȏ(�&ȗǨęó,Ĝɑ�> g{lĥƛƃ�;

Ìɩ�>  (45)�SYK-6Ź-a-proteobacteria+ė�=OyuɣĺāƎĺǪȏ'
< b-

aryl etherî (b-O-4ǮØ) biphenylî (5-5ǮØ) phenylcoumaranî (b-5ǮØ) �:/

diarylpropane î (b-1 ǮØ),zOc�ƻŰȌɺś�ɔ�ÈØƯ@-�7 ferulate (FA) 

vanillin vanillate (VA) syringaldehyde syringate (SA)*),ȌɺśÌɔ�ÈØƯ@â�

,Ʃǩƥ�Hd{M�ƥ(�&Ƹǿ�= (Fig. IV) (23, 24)��>4'+ �ɔ�ÈØƯ

, guaiacylglycerol-b-guaiacyl ether (GGE) (b-aryl etherîÈØƯ) DDVA (biphenylîÈØ

Ư)�:/ dehydrodiconiferyl alcohol (DCA) (phenylcoumaranîÈØƯ) ��&Ìɔ�È

ØƯ, FA vanillin VA syringaldehyde�:/ SA,�Ȩ+ɟ?=ý�,ɏǩɋ�Ą-

ÙĊ�> ƇȂ-Ş;�+�>&� ���+ SYK-6 Ź+��=zOc�ƻŰȌɺś

ÈØƯ�Ȩ,ƀș@Ȼ2=� 
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Fig. IV. Sphingobium sp. SYK-6{� ��:#-=�yCµH/RµH¢½tPU��E©�ª. 
Enzymes: ADHs, alcohol dehydrogenases; ALDHs, aldehyde dehydrogenases; BzaA, benzaldehyde-

derivatives dehydrogenase; PhcC and PhcD, 3-(2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-
methoxy-2,3-dihydrobenzofuran-5-yl)acrylate (DCA-C) oxidases; PhcF and PhcG, 5-(2-carboxyvinyl)-2-
(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-carboxylate (DCA-CC) 

decarboxylases; LSD, lignostilbene a,b-dioxygenase; PinZ, pinoresinol/lariciresinol reductase; LigXa, 
DDVA O-demethylase oxygenase component; LigXc, DDVA O-demethylase ferredoxin component; LigXd, 
DDVA O-demethylase ferredoxin reductase component; LigZ, 2,2¢,3-trihydroxy-3¢-methoxy-5,5¢-
dicarboxybiphenyl (OH-DDVA) meta-cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound 
hydrolase; LigW and LigW2, 5-carboxyvanillate decarboxylases; LigD, LigL and LigN, Ca-
dehydrogenases; LigF, LigE and LigP, b-etherases (glutathione S-transferases); LigG and LigQ, glutathione 

removing enzymes (glutathione S-transferases); HpvZ, HPV oxidase; VceA, vanilloyl acetic acid (VAA)-
converting enzyme; VceB, vanilloyl-CoA thioesterase; FerA, feruloyl-CoA synthetase; FerB and FerB2, 
feruloyl-CoA hydratases/lyases; LigV, vanillin dehydrogenase; DesV, syringaldehyde dehydrogenase; 

LigM, vanillate/3-O-methylgallate O-demethylase; LigA and LigB, small and large subunits, respectively, 
of protocatechuate 4,5-dioxygenase; LigC, CHMS dehydrogenase; LigI, PDC hydrolase; LigU, OMA 
delta-isomerase; LigJ, KCH hydratase; LigK, CHA aldolase; DesA, syringate O-demethylase; DesZ, 3-O-

methylgallate 3,4-dioxygenase; DesB, gallate dioxygenase. 
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Fig. IV. -continued. 
Abbreviations: GGE, guaiacylglycerol-b-guaiacyl ether; HPV, b-hydroxypropiovanillone; DCA, 
dehydrodiconiferyl alcohol; DDVA, 5,5¢-dehydrodivanillate; HMPPD, 1,2-bis(4-hydroxy-3-

methoxyphehyl)-1,3-propanediol; CHMS, 4-carboxy-2-hydroxymuconate-6-semialdehyde; PDC, 2-
pyrobe-4,6-dicarboxylate; OMA, 4-oxalomesaconate; KCH, 2-keto-4-carboxy-3-hexenedioate; CHA, 4-
carboxy-4-hydroxy-2-oxoadipate; CHMOD, 4-carboxy-2-hydroxy-6-methoxy-6-oxohexa-2,4-dienoate; 

TCA, tricarboxylic acid. 

 

β-aryl ether代謝 
� b-O-4ǮØ- zOc��,¸ĄɞǮØ,ǧ 50%@Í7=ť8�ș*ǮØƂĦ'
=�

SYK-6Ź+��=b-aryl ether�Ȩǥ- w_{ÈØƯ'
= guaiacylglycerol-b-guaiacyl 

ether (GGE)@ƺ�&ȝű�>&�  (Fig. V)�erythro( threo,UCV^|Is�@Ŧ

�= GGE- (46, 47) LigD LigL�:/ LigN, 3$, Ca-dehydrogenase+:#&ɐ

È � > =  (48) � LigD - (aR,bS)-GGE ( (aR,bR)-GGE @ � > � > (bS)-a-(2-

methoxyphenoxy)-b-hydroxypropiovanillone (MPHPV)((bR)-MPHPV+ɐÈ�=�LigL(

LigN-(aS,bR)-GGE((aS,bS)-GGE@�>�>(bR)-MPHPV((bS)-MPHPV+ɐÈ�=�

MPHPV- LigE LigF�:/ LigP, 3$, glutathione S-transferase (GST)+:#& Ǚ

�ɊŅǂ* Cb�, ether ɝȕ@Ó�& glutathione (GSH)-�Ã� a-glutathionyl-b-

hydroxypropiovanillone (GS-HPV)( guaiacol@ƸĿ�= (49-51)�GS-HPV,×Ǚ�ƿĺ

�- GST'
= LigG�:/ LigQ+:=GSH,ȃɩ@Ó�&b-hydroxypropiovanillone 

(HPV)1(ûŐ�>= (49, 52)�HPV - glucose-methanol-choline (GMC) oxidoreductase 

family +ė�= HpvZ +:#& vanilloyl acetaldehyde +ɐÈ�> į+ aldehyde 

dehydrogenase+:<ɐÈ�> vanilloyl acetic acid (VAA)1(ûŐ�>= (53)�VceA(

VceB +:#& VAA - VA +ûŐ�>=�(-Ǒ�>&�=- VAA ,�Ȩ+ċɥ+

ɟ��=ɏǩǥ-4!Ş;�+�>&�*� (54)�4  SYK-6 Ź+��& HPV 

(guaiacylî),Cb}OñȰ'
= syringylî,b-hydroxypropiosyringone (HPS)- HPV

�Ȩ+ɟ?=�Ƀ,ɏǩǻ+:< SA1(ûŐ�>=�(-Ǒ�>&�= (53, 54)� 
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Fig. V. SYK-6{� �� GGE�mH�E©�ª. 
Enzymes: LigD, LigL and LigN, Ca-dehydrogenases; LigF, LigE and LigP, b-etherases (glutathione S-
transferases); LigG and LigQ, glutathione removing enzymes (glutathione S-transferases). Abbreviations: 

GGE, guaiacylglycerol-b-guaiacyl ether; MPHPV, a-(2-methoxyphenoxy)-b-hydroxypropiovanillone; 
GS-HPV, a-glutathionyl-b-hydroxypropiovanillone; HPV, b-hydroxypropiovanillone; GS-, reduced 
glutathione; GSSG, oxidized glutathione. 
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Biphenyl代謝 
� Biphenylîw_{ÈØƯ'
= DDVA- üȅȷȽ�'
= TonB-dependent receptor

, DdvT �:/±ȅȷȽ�'
= major facilitator superfamily transporter, DdvK+:

<l}`�ɻÆÁ@»ƺ�&Ǫȁ±+Ò<ȸ4>= (55, 56)�Ǫȁ±+Ò<ȸ4> 

DDVA - Peu�+¸ŕ�&ąë�=ɋ�Ą+Q�a�>= oxygenase (LigXa) 

ferredoxin (LigXc) ferredoxin reductase (LigXd), 3 Ŀ¸�;ƁĿ�>= DDVA O-

demethylase+:#&ȃv\{@Ó� 2,2¢,3-trihydroxy-3¢-methoxy-5,5¢-dicarboxybiphenyl 

(OH-DDVA)+ûŐ�>= (Fig. VI) (57)��,į OH-DDVA meta-cleavage dioxygenase 

(LigZ)�:/ hydrolase (LigY)+:=ȌɺƷɝȕ(§ɚɝȕ@Ó�& 5-carboxyvanillate 

(5CVA)+ûŐ�> (58, 59) 2$, 5CVA decarboxylase (LigW/LigW2)+:=ȃƩɐ@ǭ

& VA+ûŐ�>= (Fig. VI) (60, 61)� 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. VI. SYK-6{� �� DDVA�E©�ª. 
Enzymes: LigXa, DDVA O-demethylase oxygenase component; LigXc, DDVA O-demethylase ferredoxin 
component; LigXd, DDVA O-demethylase ferredoxin reductase component; LigZ, OH-DDVA meta-
cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound hydrolase; LigW and LigW2, 5CVA 

decarboxylases. Abbreviations: DDVA, 5,5¢-dehydrodivanillate; OH-DDVA, 2,2¢,3-trihydroxy-3¢-
methoxy-5,5¢-dicarboxybiphenyl; CHPD, 4-carboxy-2-hydroxypenta-2,4-dienoate; 5CVA, 5-
carboxyvanillate; VA, vanillate; TCA, tricarboxylic acid. 
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Phenylcoumaran代謝 
� Phenylcoumaran îw_{ÈØƯ'
= dehydrodiconiferyl alcohol (DCA)+-Hb�\

Is�-ąë� ȘŖ, alcohol dehydrogenase �:/ aldehyde dehydrogenase +:#&

DCA , B Ʒ§ɚ Cg�, hydroxy ñ- carboxy ñ+ɐÈ�> 3-(2-(4-hydroxy-3-

methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran-5-yl)acrylate (DCA-C)

+ûŐ�>= (Fig. VII) (62)��,į DCA-C Hb�\Is�- GMC oxidoreductase 

family+ė�= PhcC�:/ PhcD+:#& AƷ§ɚ Cg�, hydroxyñ,ɐÈ@ǭ& 5-

(2-carboxyvinyl)-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-3-

carboxylate (DCA-CC)+ûŐ�>= (Fig. VII) (63)�PhcC( PhcD-�>�>(+)-DCA-C

((-)-DCA-C@Ǚ�ɊŅǂ+ûŐ�=�(-Ş;�+�>&�=�DCA-CCHb�\I

s�- decarboxylase+¸ɷ�>= PhcF�:/ PhcG+:<Ǚ�ɊŅǂ+ AƷ§ɚ Cg

�,ȃƩɐ@Ó�& stilbene Ɓɂ@Ŧ�= 3-(4-hydroxy-3-(4-hydroxy-3-methoxystyryl)-5-

methoxyphenyl)acrylate (DCA-S)+ûŐ�> (64) �,į lignostilbene a,b-dioxygenase+

:=§ɚ�ɒǮØ,ɝȕ@Ó�& 5-formyl FA( vanillin+ûŐ�>= (Fig. VII)� 

 

Ferulate代謝 
� FA- feruloyl-CoA synthetase'
= FerA+:#& Cg�+ CoA-�Ã�> feruloyl-

CoA+ûŐ�> į feruloyl-CoA hydratase/lyase'
= FerB4 - FerB2+:< acetyl-

CoA-ȃɩ� vanillin1(ûŐ�>= (Fig. IV) (65)�4  FerAB+:< sinapinate-

syringaldehyde+ûŐ�>=�(-Ǒ�>&�= (65)� 

 

Vanillinおよび syringaldehyde代謝 
� Vanillin�:/ syringaldehyde- aldehyde dehydrogenase+:#&ɐÈ�> �>�>

VA ( SA +ûŐ�>=  (Fig. IV)�Vanillin ,ûŐ+- LigV -�ș+ɟ?< 

syringaldehyde,ûŐ+- DesV-�+ɟ��=�(-Ǒ�>&�= (66, 67)� 
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Fig. VII. SYK-6{� �� DCA�E©�ª. 
Enzymes: ADHs, alcohol dehydrogenases; ALDHs, aldehyde dehydrogenases; BzaA, benzaldehyde-

derivatives dehydrogenase; PhcC and PhcD, DCA-C oxidases; PhcF and PhcG, DCA-CC decarboxylases; 
LSDs, lignostilbene a,b-dioxygenases. Abbreviations: DCA, dehydrodiconiferyl alcohol; DCA-L, 3-(2-(4-
hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran-5-yl)acrylaldehyde; 

DCA-C, 3-(2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran-5-
yl)acrylate; DCA-CL, 3-(3-formyl-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-5-
yl)acrylic acid; DCA-CC, 5-(2-carboxyvinyl)-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-

dihydrobenzofuran-3-carboxylate; DCA-S, 3-(4-hydroxy-3-(4-hydroxy-3-methoxystyryl)-5-
methoxyphenyl)acrylic acid; TCA, tricarboxylic acid. 
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Vanillateおよび syringate代謝 
� VA- tetrahydrofolate (H4folate)¡ąĺ, VA O-demethylase'
= LigM+:<ȃv\

{@Ó� protocatechuate (PCA)1(ûŐ�>= (Fig. VIII) (68)��,į PCA- PCA 4,5-

ɝȕǭȲ+:<�Ȩ�>= (Fig. VIII) (69)� 

� �ř SA - LigM ( 49%,CteɐɎ¹ǈÙĺ@Ǒ� H4folate ¡ąĺ, SA O-

demethylase (DesA)+:<ȃv\{@Ó� 3-O-methylgallate (3MGA)1(ûŐ�>= (Fig. 

VIII) (70)�ƸĿ� 3MGA- i) LigM+:=ȃv\{( gallate (GA) dioxygenase (DesB)

( PCA 4,5-dioxygenase (LigAB)+:= GA,ȌɺƷɝȕ+:< PCA 4,5-ɝȕǭȲ,�ɞ

�'
= 4-oxalomusaconate (OMA)+ûŐ�>=ǭȲ ii) 3MGA 3,4-dioxygenase (DesZ)�

:/ LigAB+:#& 4-carboxy-2-hydroxy-6-methoxy-2,4-dienoate (CHMOD)+ûŐ�>&

OMA1(�Ȩ�>=ǭȲ iii) LigAB( DesZ+:#& PCA 4,5-ɝȕǭȲ,�ɞ�'


= 2-pyrone-4,6-dicarboxylate (PDC)+ûŐ�>=ǭȲ, 3 $,ǭȲ'�Ȩ�>= (Fig. 

VIII) (71-73)�ɋ�ĄǎøŹ,ȝű�; �>; 3$,ǭȲ,�" LigM( DesB-ɟ�

�= GAɝȕǭȲ-�ș*ĭÀ@ň��(-Ǒ�>&�= (71)� 

 

Protocatechuate代謝 
� PCA,Ò<ȸ5TV^u+$�&-±ȅȷȽ-Ş;�+*#&�< major facilitator 

superfamily transporter , PcaK +:<l}`�ɻÆÁ@»ƺ�&Ǫȁ±+Ò<ȸ4>=

�(-Ǒ�>&�= (74)�Ò<ȸ4> PCA - PCA 4,5-ɝȕǭȲ+:#& pyruvate

( oxaloacetate1(ûŐ�>= (Fig. VIII) (23, 69)�PCA 4,5-ɝȕǭȲ+��& PCA-

LigAB +:<ȌɺƷɝȕ@Ó� 4-carboxy-2-hydroxymuconate-6-semialdehyde (CHMS)+

ûŐ�>= (75)�CHMS -ɏǩɮ¡ąǂ+ɜƷ� į CHMS dehydrogenase (LigC)+

:#&PDC1(ɐÈ�> PDC hydrolase (LigI)+:#&OMA1(ûŐ�>= (76, 77)�

�,į OMA- OMA delta-isomerase (LigU)+:< 2-keto-4-carboxy-3-hexenedioate (KCH)

1(ûŐ�> (78) KCH hydratase (LigJ)�:/ 4-carboxy-4-hydroxy-2-oxoadipate (CHA) 

aldolase (LigK)+:< CHA @ǭ& pyruvate ( oxaloacetate +¸ȝ�>  (79, 80) 

tricarboxylic acid (TCA)äȲ+ØƘ�ƫƇÈ�>=� 
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Fig. VIII. SYK-6{� �� VA/SAE©�ª. 
Enzymes: LigM, VA/3MGA O-demethylase; LigA and LigB, small and large subunits, respectively, of PCA 
4,5-dioxygenase; LigC, CHMS dehydrogenase; LigI, PDC hydrolase; LigU, OMA delta-isomerase; LigJ, 

KCH hydratase; LigK, CHA aldolase; DesA, SA O-demethylase; DesZ, 3MGA 3,4-dioxygenase; DesB, 
GA dioxygenase. Abbreviations: VA, vanillate; PCA, protocatechuate; CHMS, 4-carboxy-2-
hydroxymuconate-6-semialdehyde; PDC, 2-pyrobe-4,6-dicarboxylate; OMA, 4-oxalomesaconate; KCH, 

2-keto-4-carboxy-3-hexenedioate; CHA, 4-carboxy-4-hydroxy-2-oxoadipate; SA, syringate; 3MGA, 3-O-
methylgallate; CHMOD, 4-carboxy-2-hydroxy-6-methoxy-6-oxohexa-2,4-dienoate; GA, gallate; H4folate, 
tetrahydrofolate; 5-CH3-H4folate, 5-methyl-tetrahydrofolate; TCA, tricarboxylic acid. 
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� ��,:�+ SYK-6Ź- guaiacylî�:/ syringylîƁɂ@Ŧ�=�4�4*zO

c�ƻŰȌɺśÈØƯ@�>�> VA( SA+ɧǧ�&�Ȩ�= (Fig. VIII)�SYK-6Ź

,�+8 ǉȏ'
= Paecilomyces variotii+��& sinapinate- SA@ OyuɤĺǪ

ȏ'
= Microbacterium sp. RG1 Ź�:/ Streptomyces sp. NL15-2K Ź+��&

syringaldehyde( vanillin-�>�> SA( VA@ OyuɣĺǪȏ'
= Pseudomonas 

putida KT2440 Ź+��& FA - VA @ ��& Novosphingobium aromaticivorans DSM 

12444Ź+��& sinapinate( FA-�>�> SA( VA@ǭƻ�&�Ȩ�>=�(-ò

Ü�>&�= (81-85)�� -#& VA( SA-zOc�,ĴƸƯ¸ȝ'Ƹ�=�ș*

�Ȩ�ɞ�+�Ǻ%�;>=� 

 

7. バクテリアにおける vanillateと syringateの代謝 

� zOc�ƻŰȌɺśÈØƯ+ưŦ* methoxyñ@Ŋ$ VA�:/ SA- ȃv\{@

Ó� į+ȌɺƷɝȕǭȲ'�Ȩ�>=�zOc�ƻŰȌɺśÈØƯ,ȃv\{- 

methoxyñ@ hydroxyñ1(ûŐ� ǖ�,ȌɺƷɝȕ dioxygenase,ñȰ(*= diolƁ

ɂ1(Ē�zOc�Ƹ¸ȝ,ķɳÐĸ'
=� 

 

Vanillate代謝 
� fN^zC, VAȃv\{TV^u- oxygenaseî( tetrahydrofolate (H4folate)¡ąî

, 2$,ZEl-ǋ;>&�=�Oxygenaseî, VAȃv\{TV^u- Pseudomonas

ėǪȏǝ'Ț·�> VA O-demethylase (VanAB)-ġ�ǋ;>&�=�VanAB -

oxygenase (VanA)( reductase (VanB),�Ŀ¸�;ƁĿ�> class IA oxygenase+ė�=�

ŬTV^u- NADH @Ȗɏǩ(�&șƑ� VanB - NADH �;,ɬĄ@ VanA +�

ɇ� VanA -Ó�Ò# ɬĄ+:#&¸Ą±+Ò<ȸA!ɐǩ¸Ą@ƗĺÈ� VA @

PCA 1(ûŐ�= (Fig. IXA)�āƎĺǪȏ'
= Pseudomonas ėǪȏ (86, 87) 

Acinetobacter baylyi ADP1Ź (88)�:/ Caulobacter crescentus (89, 90)*),Oyuɣĺ

Ǫȏ ��& Corynebacterium glutamicum ATCC 13032 (91) Rhodococcus jostii RHA1Ź 

(92)�:/ Streptomyces sp. NL15-2KŹ (93, 94)*),OyuɤĺǪȏ- VanAB+:<

VA@ PCA1(ûŐ� PCA- PCA 3,4-ɝȕǭȲ'�Ȩ�>=� 

� H4folate ¡ąî, VA ȃv\{TV^u- ăƎĺǪȏ'
= Acetobacterium 

dehalogenans (95-98) Acetobacterium woodii (99) Desulfitobacterium hafniense (100)�:/

Moorella thermoacetica (formerly Clostridium thermoaceticum) (101, 102)+��&òÜ�>

 ��>;,�" M. thermoacetica@ɢ�¯&,Ǫȏ, VAȃv\{TV^u- 2ǖ

ɷ, methyltransferase (MT I�:/MT II) corrinoid protein (CP)�:/ activation protein 

(AE), 4 $,ƿ*=Z�gNȰ+:#&ƁĿ�>&�= (Fig. IXB)�ŬTV^u'- 
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MT I(MT II+:< VA, methoxyñ, methylɍ¸- CP@ǭƻ�& H4folate+ȴǕ�

> PCA ( 5-methyl-H4folate -ƸĿ�= (Fig. IXB)�4 AE - Ȥ#&ɐÈ�> 

corrinoid@ ATP¡ąǂ+Ɍ«�=(ǽ
;>&�=��ř M. thermoacetica- AE-

ɟ��*�MT I MT II�:/CP+:=VAȃv\{TV^u@Ŧ�=�M. thermoacetica

+��& VA ,ȃv\{'ƸĿ�= 5-methyl-H4folate - ƩɐèĊ+ª� Wood-

LjungdahlǭȲ (Acetyl-CoAǭȲ),methylñ ��(�&ƇȂ�= (101, 102)��ȉ+ 

ăƎĺů��' PCA- carboxyñ+ CoA-�Ã�> į+ 3-hydroxybenzoyl-CoA@ǭ

&bɐÈ+:<�Ȩ�>=(ǽ
;>&�=(103, 104)���� �Ȼ� VAȃv\{

Ɨĺ@Ŧ�=ăƎĺǪȏ, PCA �Ȩ+$�&-òÜ�-*� �>;,fN^zC+

��& PCA-),:�*ǭȲ'�Ȩ�>=�-�Ş'
=� 

� �ř' āƎĺ, SYK-6Ź- VA, methoxyñ, methylɍ¸@ H4folate+ǇŌȴǕ

��= H4folate¡ąĺ, VA O-demethylase (LigM)+:< VA@ PCA1(ûŐ�= (Fig. 

YIII) (68)�ťȺ LigM, XǵǮšƁɂȝű-ċŚ�> �,Ǚ�Ɓɂ-Ş;�(*#

  (105, 106)�Ŭȝű+:< Tyr247- LigM,Ɨĺ+ķɳ'
=�(-Ǒ�> Tyr247

, hydroxy proton( VA, methoxyñ,ɐǩ,ĆǙɬĄĐ(,ǈ��ƺ-methylɍ¸,

H4folate1,ȴǕ@£Ʉ�=�(-Ǒá�>&�= (105)�VA,ȃv\{Ðĸ+:#&

ƸĿ� PCA - LigAB -ɟ��= PCA 4,5-ɝȕǭȲ+:#&�Ȩ�>= (Fig. VIII) 

(23, 69)�4  SYK-6Ź(ǥǰǂ+ȺǷ* Novosphingobium aromaticivorans DSM 12444

Ź (107, 108)+��& VA- SYK-6Ź(ÙƂ,ǭȲ'�Ȩ�>=�(-Ǒ�>  (81, 

109)� 
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Fig. IX. \V����� VA�¡6';Sl. 
(A) ^�m�¤� ��³��OZ¡6';Sl. (B) _�m�¤� �� H4folate JaZ�¡
6';Sl. Enzymes: VanA, VA O-demethylase oxygenase subunit; VanB, VA O-demethylase reductase 

subunit; MT I, methyltransferase I; MT II, methyltransferase II; CP, corrinoid protein with cobalt (Co) in 
the respective oxidation state; AE, activating enzyme. Abbreviations: VA, vanillate; PCA, protocatechuate; 
H4folate, tetrahydrofolate; 5-CH3-H4folate, 5-methyl-tetrahydrofolate. 

 

Syringate代謝 
� fN^zC+��= SA�Ȩǥ,ȝű�- VA�Ȩǥ(ƍȶ�&ſ7&Ĕ*� SYK-

6Ź@ɢ�&�,ȡǪ-3(A)Ş;�(*#&�*��1970-80ğ�+ Dagley;+:

< PseudomonasėǪȏ@�Ķ+ SA�ȨǭȲ,ȝű-Ȓ?> ƀș@Ńő�=ǋȚ-ı

;> - (110-114) ƴë4'+�,ɏǩćǂ�ɋ�ćǂ*ȝű-3(A)Ȓ?>&�

*��SA@ȮÈ'�*� P. putida KT2440Ź+��& SA�Ȩ�ɞ�'
= GA,¸

ȝ+ɟ?= galɋ�Ąǻ,ƇȂ-Ş;�+�> - (115, 116) SA¸ȝĺ Pseudomonas

ėǪȏ, SA�Ȩ,¯č-¡Ƭ(�&�Ş'
=� 

� 2000 ğ�+®<ĪǍǘČ' SYK-6 Ź, SA�Ȩǥ+$�&ɏǩćǂ�ɋ�ćǂ*ȝ

ű-Ȓ?> SA-ȘŖ,ȌɺƷɝȕǭȲ@ǭƻ�& PCA 4,5-ɝȕǭȲ+ØƘ�&�Ȩ
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�>=�(-Ǒ�> �>;,ǭȲ+ɟ?=ɏǩɋ�Ą(�>;,ƇȂ-Ş;�+�>

  (70-73)�¾Ȼ,(�< SYK-6Ź+��& SA- LigM(ǈÙĺ@Ǒ� H4folate¡

ąĺ, SA O-demethylase (DesA)+:<ȃv\{@Ó� 3MGA1(ûŐ�>= (Fig. VIII)�

ƸĿ� 3MGA- 3$,ǭȲ+¸Ę�&�Ȩ�> (Fig. VIII) �,�'8 LigM( DesB

-ɟ��= GA ɝȕǭȲ-�ș*ĭÀ@ň��(-Ǒ�>&�= (71)�ťȺ N. 

aromaticivorans DSM 12444Ź, SA�Ȩ+ɟ?=ɏǩɋ�Ą-ȧŷ�> ŬŹ- SYK-

6 Ź,Ŧ�= SA �ȨǭȲ, 2 $(ɷ��=ǭȲ@Ŋ$�(-òÜ�>  (81, 109)�

DSM 12444Ź+��& SA- DesA+:=ȃv\{@Ó�& 3MGA1(ûŐ�>=�

ƸĿ� 3MGA - LigAB/LigAB2 +:=Ʒɝȕ@Ó�& CHMOD +ûŐ�> į 

methylesterase (DesC)�:/ cis-trans isomerase (DesD)+:<OMA1(ûŐ�> PCA 4,5-

ɝȕǭȲ+Ƙ®�=(ōĊ�>&�=(81, 109)�4  DSM 12444Ź,Peu�+ DesB

�:/ DesZ,pw}O-ąë�*�- 3MGA- LigM�:/ DmtS+:=ȃv\{

( LigAB/LigAB2+:=ȌɺƷɝȕ+:< GA@ǭƻ�& OMA1(ûŐ�>=�(8

Ǒ�>&�= (109)�DSM 12444Ź, SA�Ȩ+��& GA@ǭƻ�=ǭȲ-�Ȩj

y]NV,ǧ 15%@Í7=(Ǒá�>&�< CHMOD@ǭƻ�=ǭȲ-�ș*ĭÀ@

ň�(ǽ
;>&�= (81, 109)� 

� Ⱥğ Ʒõ��; SA¸ȝȏ(�& Oceanimonas doudoroffii (117) Microbacterium sp. 

RG1Ź (85) Pandoraea norimbergensis LD001Ź (118) Pseudomonas sp. NGC7Ź (119)

�:/ Serratia sp. JHT01Ź( Serratia liquefacien PT01Ź (120)-Ìɩ�>&�=�4 

Oshlag;- SA@â�,Ʃǩƥ(�&»ƺ'�*�Rhodopseudomonas palustris CGA009

Ź (121, 122)+Đ� SA ÛŦðì@ƺ�&­ƭđăƎĺů��'Ǳ�ðɹ�=�('

SA�ȨȂ@Ʋı�� R. palustris SA008.1.07Ź@Ìɩ�&�= (123)��>;,fN

^zC,�" Microbacterium sp. RG1Ź+��& SA�Ȩ+ɟ?=ɏǩɋ�Ąǻ-ōĊ

�>&�= (85)�RG1Ź+��& SA- SYK-6Ź�:/ DSM 12444Ź(ÙƂ+ DesA

+:=ȃv\{Ó� 3MGA1(ûŐ�> į GA4 - PDC@ǭƻ�& PCA 4,5-ɝ

ȕǭȲ+ØƘ��Ȩ�>=(ǽ
;>&�= (85)� 
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8. SYK-6株における vanillate/syringate代謝と C1代謝 

� SYK-6Ź+:= VA SA�:/ 3MGA,ȃv\{+��& ×ñȰ, methoxyñ+

ƻŰ�=methylɍ¸-H4folate+ȴǕ� 5-methyl-H4folate-ƸĿ�= (68, 70)�5-methyl-

H4folate -ƸƯ+°ɀ�&¤ą�>&�= C1 �Ȩ@ǭ& ķɳCteɐ'
=

methionine9 thymidine�:/ purine(�# źɐɷ N-formyl-methionyl tRNA,ƸØ

Ŀǥ+Ōǲ�=�(-ǋ;>&�= (124)� 

� 5-methyl-H4folate@®<Ô(�= C1�Ȩ-3(A)ǋ;>&�;� SYK-6Ź9ÙƂ

,ȃv\{TV^u@Ŋ$fN^zC,�+- chloromethane ȮÈĺǪȏ'
=

Methylobacterium extorquens CM4Ź (125-128)+��& 5-methyl-H4folate@·ǀ(�=C1

�Ȩ-òÜ�>&�= (125, 127)�CM4Ź+��= chloromethane,v\{ñȴǕ- 

corrinoidǮØî, methyltransferase I (CmuA)( methyltransferase II (CmuB)+:#&ɄȒ

�= (Fig. XA)�chloromethane, methylɍ¸-º7+ CmuA+:#& corrinoid'
=

cobalamin +ȴǕ� �,į CmuB +:#& H4folate +ȴǕ�& 5-methyl-H4folate -Ƹ

Ŀ�= (125, 126)�ƸĿ� 5-methyl-H4folate-5,10-methylene-H4folate reductase (MetF) 

5,10-methylene-H4folate dehydrogenase/5,10-methylene-H4folate cyclohydrolase (FolD)�:/

10-formyl-H4folate hydrolase (PurU)-ň� C1�ȨǭȲ+:#& formic acid( H4folate1

ûŐ�>= (Fig. XA)��>;ɏǩɋ�Ą-¯& CM4 Ź,Ŋ$lyVta pCMU01 �

+Q�a�>&�< purU-folD ( metF-cmuB -�>�>Io}�@īĿ� cmuA -

purU-folD Io}��Ƙ+ȾÚ�,ȴ´řÚ'ąë�=  (Fig. XB) (129)�4  

chloromethane Ƹǿ�'�>;ɋ�Ą,ȴ´-ȣĒ�>=�(-Ş;�(*#&�= 

(129, 130)� 

� SYK-6Ź+��& ligM,Ǉ�Ƙ+- 5-methyl-H4folate@�� C1�Ȩ+ɟ��=

(ǽ
;>= metF �:/ 10-formyl-H4folate synthetase @Q�a�= ligH -ąë� 

ligM-metF-ligH-Io}�@īĿ�=�(-Ş;�(*#&�= (Fig. XV) (23, 131)��

 -#& SYK-6Ź- CM4Ź(ɷ�� 5-methyl-H4folate@�� C1�Ȩǥ@Ŋ$�

(-Ǒá�>&�= (Fig. XI) (68, 70)�SYK-6Ź- VA,ȃv\{ƹƯ'
= PCA@â

�,Ʃǩƥ(�&Ƹǿ�� óØ+ methionine șƑĺ@Ǒ��(�; ŬŹ+��=

VA SA �:/ 3MGA ,ȃv\{- methionine ƸØĿ+ķɳ'
=(ǽ
;>&�= 

(Fig. XI) (68, 70)�ċɥ+ methoxyñ@ 13CƄȩ� vanillin@ƺ� SYK-6Ź,�Ȩ

jy]NVȝű-Ȓ?> methionine,ƸĿ- VA,ȃv\{+ĩ�¡ą�=�(-Ǒ

�>  (132)��;+ C1�Ȩ@��&ƸĿ�= serine�:/ histidine8 ƸĿɔ,ǧ

5 À- VA ,ȃv\{+¡ą�=�(-Ǒ�>  (132)���,:�+ SYK-6 Ź,z

Oc�ƻŰȌɺśÈØƯ�Ȩ+��&ȃv\{- VA �:/ SA ,ûŐV^]l(�
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&ɒș*!�'*� C1 �Ȩ@�� ƸÞƗÆ+ķɳ*×ÈØƯ@ ǯ�=(��ļ

Ǽ8Ŋ"Ø?�&�=� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. X. Methylobacterium extorquens CM4{� C1E©�ª. 
wXº�, r� (127, 129, 130)����I¦
�. (A) CM4 {�qb� C1 E©�ª. Enzymes: 
CmuA, chloromethane-corrinoid methyltransferase; CmuB, methyl-cobalamin-H4folate methyltransferase; 
MetF, 5,10-methylene-H4folate reductase; FolD, 5,10-methylene-H4folate dehydrogenase/5,10-methylene-

H4folate cyclohydrolase; PurU, 10-formyl-H4folate hydrolase; FDH, formate dehydrogenases; MxaF, 
methanol dehydrogenase alpha subunit; Fae, formaldehyde activating enzyme; MtdA, NAD(P)-dependent 
5,10-methylene-H4folate/H4MPT dehydrogenase; MtdB, NAD(P)-dependent methylene-H4MPT 

dehydrogenase; Mch, 5,10-methenyl-H4MPT cyclohydrolase; FhcABCD, formyltransferase-hydrolase 
complex; Fch, 5,10-methenyl-H4folate cyclohydrolase; FtfL, 10-formate-H4folate ligase. Abbreviations: 
H4folate, tetrahydrofolate; H4MPT, tetrahydromethanopterin. (B) CM4{� pCMU01@�°F`h. 
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Fig. XI. SYK-6{� C1E©�ª ��qb�methionine�Un�ª. 
Enzymes: MetE (SLG_27170), methionine γ-lyase; MetK (SLG_33270), S-adenosylhomocysteine 
hydrolase; AhcY (SLG_23600), S-adenosylhomocysteine hydrolase; MetF, 5,10-methylene-H4folate 
reductase; FolD, 5,10-methylene-H4folate dehydrogenase/5,10-methylene-H4folate cyclohydrolase; LigH, 

10-formyl-H4folate synthetase; LigM, VA/3MGA O-demethylase; LigAB, PCA 4,5-dioxygenase; DesA, 
SA O-demethylase; DesB, GA dioxygenase. Abbreviations: VA, vanillate; PCA, protocatechuate; SA, 
syringate; 3MGA, 3-O-methylgallate; GA, gallate; H4folate, tetrahydrofolate. methionine�Un�ª�

T²��$>+���qb���°F`�
�� locus_tag���. 
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9. リグニン由来芳香族化合物からのポリマー原料生産 

� SYK-6 Ź,zOc�ƻŰȌɺśÈØƯ�Ȩ,�ƘǭȲ'
= PCA 4,5-ɝȕǭȲ,�

ɞ�ȨƯ(�&ƸĿ�= PDC- (Fig. IV) ɾƇȂĺrzs�,ÏŗÈØƯ(�&Ŧƺ

'
=�(-Ǒ�>&�= (133)�PDC- pyroneƷ+ 2$, carboxyñ@Ŋ$ŒȌɺƷ

ƂƁɂ@Ŋ" �>4'+ PDC @ɽŻ(� rzHV^{ rzCta �:/rz

F|Z�*)-ɝǀ�>&�= (134-138)�PDC@ bis(b-hydroxyethyl)terephthalate (BHT)

(,ɒǸØ+:#&ØĿ� PDC-BHTQrzHV^{- ǧ 260°C,ɾ�ƮĈĊĺ@

Ŧ� ęžǂ+ġ�»ƺ�>&�=C{tcFu ǉə ɘ ɗ V^�|V �:/

KyV@ſ7&ĩÁ+ŌǊ�=ĺȰ (30�60 MPa,ħĨ<ĩĤ)@Ǒ� (134, 135)�4  

PDC @ɽŻ(�=HrLTŌǊ¿-ɝǀ�>&�= (138)�PDC + 2 $,OzTU{

ñ@�Ã� UOzTU{ PDC ǏÈ¿'
=ƫƏŦƇɐ ��&ǏÈ£Ʉ¿'
=n

�U{v\{Ct�@ƝØ�&èÈ�� HrLTŌǊ¿- V^�|V+Đ�&ǧ90 

MPa ɗÙú,ŌǊ'- 115 MPa(��ɾ�ŌǊĩĤ@Ǒ�� 

� PDC -fN^zC,�Ȩ�ɞ�'
=�(�; PDC @n�V(� rzs�+-

Ƹ¸ȝĺ-ŨĮ�>=��ř' PDC-ÈćØĿ�=�(-æɪ(�>&�< ŦƇÈ

ćǂ*þɔØĿ-Țȸ7*���, 7 �>4'+ SYK-6 Ź@-�7(�=fN^

zC,zOc�ƻŰȌɺśÈØƯ,�Ȩɏǩɋ�Ą@»ƺ� PDC Ƹƹǥ-òÜ�>

&�=�SYK-6Ź, ligABC@Ē®� Pseudomonas putida PpY1100Ź+:= PCA�;

, PDCƸƹǥ-ƁǢ�> 85%��,ÑƳ' 15 g/L��, PDC-ı;>=�(-òÜ

�>&�= (40)��,Ƹƹǥ@ǀĖ�� ligABC+Ã
& PpY1100Ź, vanAB (VA O-

demethylaseɋ�Ą)( SYK-6Ź, ligV (vanillin dehydrogenaseɋ�Ą) ferA (feruloyl-CoA 

synthetaseɋ�Ą) ferB (feruloyl-CoA hydratase/lyaseɋ�Ą) �:/ desZ@Ē®� P. 

putida PpY1100Ź-�ȗ�> kraft lignin Japanese cedar 4 - birch,C{Jzc`

}n�Y�ɐÈ'ı;> vanillin syringaldehyde �:/ VA ǝ@Û6Ň·Ư�;,

PDCƸƹ8Ȓ?>&�= (139)�ŬƸƹǥ'- 140 µg/ml, kraft ligninŇ·Ư�; 53 

µg/ml 1140 µg/ml, Japanese cedarŇ·Ư�; 655 µg/ml 1150 µg/ml, birchŇ·Ư�

; 483 µg/ml, PDC@�>�>Ƹƹ�&�= (139)�4  ligABC vanAB�:/ ligV

@Ē®� PpY1100Ź@ƺ� Ƹƹǥ'- VA�; 100 g/L��, PDCƸƹ-ÕȂ'


=�(-Ǒ�>&�= (140)� 

� ťȺ Perez;+:< N. aromaticivorans DSM 12444Ź,zOc�ƻŰȌɺśÈØƯ�

Ȩǥ@»ƺ� PDCƸƹ-Ȓ?>  (141)�Perez;- PDC@ȑǗ�= DSM 12444Ź

,ɋ�ĄǎøŹ'
=DligIŹ�:/DligIDdesCDŹ@�ȗ� FA VA �:/ SA*)

,ȘŖ,zOc�ƻŰȌɺśÈØƯ (× 3 mM)�; PDC @ɾÑƳ (66-100%)'Ƹƹ�

 ��;+ Rahimi;,řƕ (142, 143)+İ� 4-acetoamide-TEMPO/HNO3/HClȞĂTV
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^u+:#& poplar lignin , Ca�@ɐÈ� �,į,Mɐ/Mɐb`zFu@ƺ� 

ether ǮØɝȕÐĸ+:#&ı;> zOc�ƻŰȌɺśÈØƯ,Ň·Ư  (1 mM 

guaiacyl-diketone 0.35 mM syringyl-diketone 0.37 mM SA 0.12 mM syringaldehyde 0.44 

mM VA 0.1 mM vanillin �:/ 0.93 mM p-hydroxybenzoate,ƝØƯ)@Ïŗ(� óØ

+8 59%,ÑƳ' PDC@Ƹƹ�=�(+ĿÂ�&�=�4 Johnson;- P. putida 

KT2440 Ź, pcaHG (PCA 3,4-dioxygenase ɋ�Ą)@ǎø� ligABC @Ř +Ē®� Ǭ

Ő
�@ƺ�& 4-hydroxybenzoate �; 58.0 g/L , PDC (ÑƳ 80.7%)@Ƹƹ�&�= 

(144)� 

� PDC �ü+8 Pseudomonas putida ǝ@ñǅ(� p-coumarate p-hydroxybenzoate 

�:/ VA�;, cis,cis-muconate (ccMA) (145-147)9 polyhydroxyalkanoate (PHA)Ƹƹǥ 

(44),ɝǀ-ǄA+Ʉ7;>&�=�ccMA - ýƂ*rzs�ÏŗÈØƯ+ÈćûŐ

-ÕȂ*ñĠÈØƯ'
< fEIƸƹ� ccMA �; adipate �:/ hexamethylene 

diamine@ÈćûŐ+:<ȧȗ�µƺØĿǹǳ'
= nylon 6,6@ØĿ'�=�(-ċȟ

�>&�= (148, 149)�PHA-ġǡ*ĴƸƯ+:#&ƹƸ�>=ÿƬ,rzHV^{'


< ɏǩǂ+ĉ¯¸ȝ�>=ưĺ�;Ƹ¸ȝĺlyV\]N(�&,»ƺ-ōɄ�>

&�=�ĪǍǘČ+��&8 »ƺ¢¦,ɾ�Ǥ9ŦƇɐ*)@Ʃǩƥ(�&�ƺ�� 

zOc�ƻŰȌɺśÈØƯ,5@»ƺ�&Ƹǿ�*-; ccMA@Ƹƹ�= Pseudomonas

ėǪȏ-�·�>&�= (119)�4  Pseudomonas ėǪȏ�ü+8 OyuɤĺǪȏ

, Amycolatopsis sp. ATCC 39116 Ź@ƺ� guaiacol ǝ�;, ccMA Ƹƹ �:/ C. 

glutamicum ATCC 13032Ź@ƺ� pine,zOc�ÃƏ¸ȝƯ�;, ccMAƸƹ-òÜ

�>&�= (150, 151)� 

� Ŧ¢ƯƸƹȏ,ǿǖ-�Ȩɏǩɋ�Ą,ǎø9Ē®-�Ƙ'
# - Ⱥğ ȴ´¼

ĲåĄ,ǎø+:=ƯȰƸƹȂ,œȊ-òÜ�>&�= (152, 153)�KT2440 Ź,zO

c�ƻŰȌɺśÈØƯ�Ȩɏǩɋ�Ą,�ɍ- O}�f{|Mx|�Z�'
= Crc 

(catabolite repression control)+:#&¼Ĳ�>&�< crc ɋ�Ą@ǎø�=�(' p-

coumarate�:/ FA�;, ccMAƸƹȂ-Ú��=�(-Ǒ�>  (153)�4  Bentley

;- KT2440 Ź,ȝǤǥ+ɟ��=ɏǩɋ�Ąǻ@Ȭ+¼Ĳ�= HexR @ǎø�=�

(' glucose�;, ccMAƸƹɁĤ-Ú��=�(@òÜ�  (152)� 

� �,:�+ �Ȩǥ+ŬŰ¨?=¼ĲTV^u@�ęǂ+ȧǠ�=�('Ŧ¢ƯƸƹ

,ÅƳ@Ú���=�(-ÕȂ'
=�(�; fN^zC,�Ȩ@»ƺ� zOc�

ƻŰȌɺśÈØƯ�;,ɾÅƳ*Ŧ¢ƯƸƹǥ@ɝǀ�=+
 < ̧ ȝ+ɟ?=ɏǩ

ɋ�Ą@ÙĊ�ȝŞ�=!�'*� �>;ɋ�Ą,ȴ´¼ĲTV^u@Ş;�+�=

�(-ŧ4��� 
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10. バクテリアにおけるリグニン由来芳香族化合物代謝の制御 

� ȇƬƼ+��&fN^zC- ƢĤ ŸɹƷõ ƌĺƯȰ,ąë(�# �4�4*

gyv�Z�-ûɉ�=Ʒõ�'Ƹą�= 7 �>;,ûÈ+Ŷȳ�$ȹɁ+Đĸ�

=ƇƁ@Ʋı�&� ��,ƇƁ,�$+ ưĊåĄ+ĸǞ�&ķș*ɋ�Ą,ȴ´ɔ

@Q�`}�{�=ȴ´¼ĲTV^u-ąë�=��ȉǂ+ ȴ´¼ĲåĄ- DNA+

ǇŌǮØ� RNA rzvy�Y (RNAP),l}w�Z�ɴï1,Ȝßĺ@Q�`}�

{�=�('ǆǂɋ�Ą,ȴ´ȧǠ@Ȓ#&�=�fN^zC,Ȍɺś�Ȩǥɋ�Ą

(ǻ),ȴ´- X�S�(�&ƇȂ�= histidine kinase(|Mx|�Z�(�&ƇȂ�

= response regulator ,�Ŀ¸'ƁĿ�>= two-component regulatory systems 4 -

effector-specific regulator,5'ƁĿ�>= one-component regulatory systems+:#&¼

Ĳ@Ó�=�(-ǋ;>&�= (154-156)� 

� Two-component regulatory systems- Ǫȁ±ȅĕëĺ, histidine kinase(ǪȁȰ+ĕ

ë�= response regulatorɞ,z�ɐz|�@��&ƇȂ�=�-�7+ ozlyWu

+ɭ·� histidine kinase,X�S�avE�-ȌɺśÈØƯǝ@TOb{(�&Ľǋ

�=�(' ATP¡ąǂ+�ĀavE�, HisƋñ@ȇĚz�ɐÈ�=��,į HisƋ

ñ,z�ɐñ- response regulator , N ūǛ+¤ą�> Asp Ƌñ+ȴǕ�=�('

DNA1,Ȝßĺ-ûÈ� ȴ´ȧǠ-Ȓ?>=�Ȍɺś�Ȩ@¼Ĳ�= two-component 

regulatory systems(�& �>4'+ P. putida F1Ź�:/ P. putida DOT-T1Ź,āƎǂ

toluene�Ȩ+ɟ��= todXFC1C2BADEGIH,¼Ĳ@ň� TodS/TodT (157, 158) Thauera 

aromatica ,ăƎǂ toluene �Ȩ@¼Ĳ�= TdiS/TdiR �:/ TutC/TutB (159, 160) 

Rhodococcus sp. M5Ź, biphenyl/polychlorobiphenyl�Ȩ@¼Ĳ�= BpdS/BpdT (161) 

PseudomonasėǪȏ, styrene�Ȩǥɋ�Ąǻ'
= styABCD@¼Ĳ�=StyS/StyR (162-

165) Rhodococcus jostii RHA1 Ź, biphenyl/polychlorinated biphenyl �Ȩ@¼Ĳ�=

BphS1/BphT1�:/ BphS2/BphT2 (166, 167)ǝ-òÜ�>&�=���� zOc�ƻ

ŰȌɺśÈØƯ,�Ȩ¼Ĳ+ two-component regulatory systems-ɟ��=�-òÜ�>

&�*�� 

� One-component regulatory systems@ƁĿ�= effector-specific regulator- ǪȁȰ+ĕ

ë� Ù�¸Ą±+®ÁavE�'
=zK�aǮØw\�j(·ÁavE�'
=

DNAǮØw\�j@Ŧ�= (155)�effector-specific regulator, DNAǮØw\�j- 

helix-turn-helix (HTH)w\�j-ť8�ȉǂ'
=�(-òÜ�>&�=  (168)�

effector-specific regulator- HjGNZ�¸Ą(�&ȌɺśÈØƯ*),ē¸Ą9ɕė

EI�@Ȣȩ�ǮØ�=�('�,Ɓɂ+ûÈ-Ƹ�=�Ɓɂ,ûÈ- DNAǮØw\

�j+8Ĭɱ�= 7 DNA1,Ȝßĺ-ûÈ�ȴ´ȧǠ-Ȓ?>=�effector-specific 

regulator- ·ÁavE�'
= DNAǮØw\�j,Ɏ¹(Ɓɂ+ñ%�&ȘŖ,ƿ
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*=jBtz�+¸ɷ�>= (155, 156)�One-component regulatory systems- fN^z

C, toluene phenol�:/ catechol*),ýƂ*ȌɺśÈØƯ,�Ȩ¼Ĳ@ň��(-

òÜ�>&�= (155)� 

� ƴë4'+ zOc�ƻŰȌɺśÈØƯ'
=DDVA FA@Û6 p-hydroxycinnamates 

VA PCA�:/ p-hydroxybenzoate,¸ȝ+ɟ?=ɏǩɋ�Ą (ǻ),ȴ´¼ĲTV^u

-Ş;�+�>&�= (Table III)��>;,ȴ´¼ĲTV^u+ɟ��=ȴ´¼ĲåĄ

- MarR î IclR î GntR î PadR î4 - LysR îȴ´¼ĲåĄ+ė� �2&

one-component regulatory systems+¸ɷ�>= (Table III) (155)���+×ȴ´¼ĲåĄ

ǻ,ưĵ@ƀȥ�=�4  SYK-6Ź'Ş;�(*#&�=zOc�ƻŰȌɺśÈØƯ

�Ȩǥɋ�Ą (ǻ),ȴ´¼ĲTV^u+$�&- �11. SYK-6 Ź,zOc�ƻŰȌɺ

śÈØƯ�Ȩǥɋ�Ą,ȴ´¼Ĳ�'ȡǪ@Ȼ2=� 
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Table III. ���	��������
��������
����� 
Catabolic substrate Organism Taxona Catabolic gene(s) Inducer(s) 

Regulatory 

protein 

Accession 

number 

Regulator 

family 
Regulation References 

DDVA 

 

p-hydroxycinnamates 

 

 

 

 

 

 

ferulate 

 

 

 

vanillate 

 

 

 

 

protocatechuate 

 

 

 

 

 

 

 

 

 

 

p-hydroxybenzoate 

 

Sphingobium sp. SYK-6 

 

Rhodococcus jostii RHA1 

Rhodopseudomonas palustris CGA009 

Acinetobacter sp. ADP1 

Agrobacterium fabrum C58 

 

Corynebacterium glutamicum ATCC 13032 

 

Sphingobium sp. SYK-6 

 

Pseudomonas fluorescens BF13 

 

Acinetobacter sp. ADP1 

Caulobacter crescentus CB15N 

Corynebacterium glutamicum ATCC 13032 

Agrobacterium fabrum C58 

 

Sphingobium sp. SYK-6 

Corynebacterium glutamicum ATCC 13032 

Agrobacterium tumefaciens A348 

 

Sinorhizobium meliloti 1021 

Agrobacterium tumefaciens 

Pseudomonas putida PRS2000 

 

Acinetobacter sp. ADP1 

Streptomyces coelicolor A3(2) 

 

Acinetobacter sp. ADP1 

Streptomyces coelicolor M600 

a 

 

Gm+ 

a 

g 

a 

 

Gm+ 

 

a 

 

g 

 

g 

a 

Gm+ 

a 

 

a 

Gm+ 

a 

 

a 

a 

g 

 

g 

Gm+ 

 

g 

Gm+ 

ligXa 

 

couNOM, couHTL 

couAB 

hcaABCDE 

atu1416-1415, atu1417, 

hcaR-atu1421 

phd genes 

 

ferBA 

 

ech-vdh-fcs-aat-fcd 

 

vanAB 

vanAB 

vanABK 

atu1418, atu1419, atu1420 

 

ligJABC, ligKUI 

pcaHG 

pcaDCHGB 

 

pcaDCHGB 

pcaIJ 

pcaHG, pcaTBDC, pcaIJ, 

pcaK, pcaF 

pcaIJFBDKCHG 

pcaIJFHGBL 

 

pobA 

pobA 

DDVA 

 

p-coumaroyl-CoA, feruloyl-CoA 

p-coumaroyl-CoA 

p-hydroxycinnamoyl-CoA 

p-coumaroyl-CoA, feruloyl-CoA 

 

ND 

 

p-coumaroyl-CoA, feruloyl-CoA, 

sinapoyl-CoA 

feruloyl-CoA 

 

ND 

vanillate 

vanillate 

5,10-methylene-H4folate 

 

protocatechuate, gallate 

protocatechuate 

b-carboxy-cis, cis-muconate, 

g-carboxymuconolactone 

ND 

b-ketoadipate 

b-ketoadipate 

 

protocatechuate 

protocatechuate 

 

p-hydroxybenzoate 

p-hydroxybenzoate 

DdvR 

 

CouR 

CouR 

HcaR 

HcaR 

 

PhdR 

 

FerC 

 

FerR 

 

VanR 

VanR 

VanR 

Atu1419 

 

LigR 

PcaO 

PcaQ 

 

PcaQ 

PcaR 

PcaR 

 

PcaU 

PcaV 

 

PobR 

PobR 

BAK65453 

 

5CYV_A 

CAE27235 

AAP78949 

AAK87215 

 

CAF18855 

 

BAK67179 

 

CAD60265 

 

AAC27105 

AAK24363 

BAB99775 

AAK87212 

 

BAK65929 

BAB99787 

AAA91130 

 

CAC49892 

undeposited 

Q52154 

 

AAC37157 

CAB45578 

 

AAC37162 

CAB38580 

MarR 

 

MarR 

MarR 

MarR 

MarR 

 

MarR 

 

MarR 

 

MarR 

 

GntR 

GntR 

PadR 

GntR 

 

LysR 

LALb 

LysR 

 

LysR 

IclR 

IclR 

 

IclR 

MarR 

 

IclR 

IclR 

Repressor 

 

Repressor 

Repressor 

Repressor 

Repressor 

 

Repressor 

 

Repressor 

 

Activator/Repressor 

 

Repressor 

Repressor 

Repressor 

Repressor 

 

Activator 

Activator 

Activator 

 

Activator 

ND 

Activator 

 

Activator/Repressor 

Repressor 

 

Activator 

Repressor 

(56, 169) 

 

(170) 

(171) 

(172) 

(173) 

 

(174) 

 

(175) 

 

(176) 

 

(177) 

(89) 

(178) 

(179) 

 

(180) 

(181) 

(182, 183) 

 

(184, 185) 

(186) 

(187-189) 

 

(190-192) 

(193) 

 

(194, 195) 

(196) 

ND, not determined 
aa, alphaproteobacteria; g, gammaproteobacteria; Gm+, Gram positive bacteria 
bLAL, large ATP-binding LuxR family. 
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MarR型転写制御因子 
� MarR ĎʮËÔţćĩ.�E. coli -ĞØɞů (multiple antibiotic resistance, mar)ȃŢ,

˞A> marRAB Kr��Bʢ,Ôţ�> MarR (197))ȝøůBȨ�ʮËÔţćĩ-�

ə(�> (198, 199)�MarR ĎʮËÔţćĩ.�jPa~E-�ʃ+ʮËÔţćĩnD

v~�-�%(�=�2017 Ō,ēü�?! Ensembl bacteria Riwb�]q�X 

(https://bacteria.ensembl.org/index.html)ʊƺ(.�öjPa~E�ŋč 7 µ- MarR k}

�QBƯ�'�>�)�Ȩ�?'�> (200)�MarR ĎʮËÔţćĩ�Ôţ�>ˍ¡ĩ

-Ǔɢ.�żȊȀʦɞů�ĝȗXc�Xɞů�Ȕêůćĩ�ɮ˻ơæ÷Ȁ�ʛ��Ǖ�

ʛȋȀ-Ȋ÷Ŷ�;0Q~KNV�˓Ćʪ+*-�ŧ�ʛ)�
;
,ĞǍ(�> 

(200-202)��ɪȗ, MarR ĎʮËÔţćĩ.�ǵǪ�( homodimer BŝŶ��ɦʭBS

�d�>ˍ¡ĩ-ʹ½,Īċ�>Ôţĸʡˍ¡ĩ(ə)-p�y�]�˵ď,ɒ÷�'

ʮËBȜƌŻÔ�>~p�`U�)�'Ǔɢ�>�5!�øƧ,ɦʭ-ʮË9ŻÔ�>�

ʮËŻÔʊˣ-!8,.�ʮËʖĺȀʦ(�>ĻÏĩ~M�d:ǧů˓Ɍȴ+*-VQ

e��Ũʃ(�> (201, 202)� 

� MarR ĎʮËÔţćĩ.�N ƴȹ-< C ƴȹ,-�' “a1-a2-b1-a3-a4-b2-b3-a5-a6” 

)�$!ct�W�BŝŶ�> (201)��-
#�N ƴȹ) C ƴȹ,�? ?Īċ�>

a1�a5 �;0a6.�˗©ædxG�BǌŶ��ƵdxG�-ȓǟůȝ�«Ȍ�;0ǟ

Ɍɒ÷,;= homodimer BŝŶ�>�5!�Evi˓ˑÑ-�Ģ,. winged-HTH 

(wHTH)y_�nBû7 DNA ɒ÷dxG��Īċ�>�MTTR ,��> wHTH y_�

n-SE˵ď.a2-a3-a4 (ǌŶ�?> HTH ːÏ(�=��- HTH ːÏ� DNA -�

Ǵ)ɒ÷�> (201)��Ɵ�b2-b3 (ǌŶ�?> wing ːÏ. DNA -ÙǴ)ȝ�«Ȍ�

> (201)�MarR ĎʮËÔţćĩ,��'�dimer -ŝŶ��? ?- monomer ,Īċ�

> DNA ɒ÷dxG�-¥ɘBǢį�>�)�Ȩ�?'�=��˗©æ� MarR ĎʮË

Ôţćĩ) DNA )-ʇÿů,Ş˲B��>�)�Ȩă�?'�> (203, 204)� 

� MarR ĎʮËÔţćĩ.�Ôţĸʡˍ¡ĩ(ə)-p�y�]�˵ď,û5?> 16-20

ĖĒȳő-ĭÇ5!.�ĭÇ+ inverted repeat (IR)ˑÑBʕʜ�' DNA ,ɒ÷�>�

MarR ĎʮËÔţćĩ-Ğ�.ĻÏĩ~M�d�ȁ,nHi��Ďæ÷ȀBʕʜ�>�

)(ȷ©ǌˁ�Ĝæ� DNA 1-ɒ÷ů�Ĝæ�>�5!�ÏĩÉ- Cys ǙĒ-˓æ,

;>WX�nFdɒ÷-ŝŶ,¢
ȷ©ǌˁ-Ĝæ,;$'ʘɁ�?>9-9Īċ�

>�Table III ,Ȩ�!~Qf�Ȏƹɮ˻ơæ÷Ȁ-�ʛÔţ,˞A> MarR ĎʮËÔţ

ćĩ-
#�Streptomyces coelicolor A3(2)ǀ- PCA �ʛɉˍ¡ĩə (pcaIJFHGBL)BÔ

ţ�> PcaV (193)�Rhodopseudomonas palustris CGA009 ǀ- p-hydroxycinnamates �ʛ,

˞��> couAB BÔţ�> CouRRpa (171)�;0 Rhodococcus jostii RHA1 ǀ- p-
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hydroxycinnamates �ʛ,˞��> cou ˍ¡ĩəBÔţ�> CouRRHA1 (170),%�'.�

X ɕɒƩǌˁʊƺBʿ�'ʔɎ+ʮËʘɁxLfYw�ƥ<-)+$'�>� 

� PcaV homodimer .�pcaIJFHGBL Kr��-p�y�]�˵ď,ɒ÷�'ƵKr��

-ʮËBʢ,Ôţ�>�InHP]�Ïĩ(�> PCA � PcaV ,ɒ÷�>)�PcaV -

wHTH y_�n��˗©ædxG�Ɵú,Ɋ 15°Ćʮ�ǌˁĜæ�Ȋ�> (193)��?

,;= PcaV - DNA 1-ʇÿů�¦Ǯ�p�y�]�˵ď-<ʊ˫�>!8�

pcaIJFHGBL Kr��-ʮËŻÔ�ʊˣ�?>�5!�PcaV . PCA )ǌˁ-˸¤�>

4 % - æ ÷ Ȁ  (3,5-dihydroxybenzoate, 3-hydroxybenzoate, 4-hydroxybenzoate, 2,5-

dihydroxybenzoate))�? ?ɒ÷�>�)�Ȩ�?'�>���?<æ÷Ȁ,ĸ�>ʊ

˫įƙ (4.34-147 µM). PCA ,ĸ�>ʊ˫įƙ (0.67 µM))ǝʯ�'ğ��Ȓ+=�

PcaV.PCA,ĸ�˾�~M�dˌžůBƯ�>�)�Ȩă�?'�> (193)�CouRRHA1 

homodimer .�cou ˍ¡ĩə-p�y�]�˵ď,ɒ÷�ʮËBʢ,Ôţ�>��p-

coumarate �;0 FA -�ʛ�˝©(�> p-coumaroyl-CoA ) feruloyl-CoA BInHP]

�Ïĩ)�'ʕʜ�>�)( DNA -<ʊ˫�> (170)�CouRRHA1-p-coumaroyl-CoA ʂ

÷©- X ɕɒƩǌˁʊƺ-<�CouRRHA1-InHP]�ɒ÷,¢
 DNA ʊ˫xLfY

w. PcaV -xLfYw)Ȓ+>�)�Ȩ�?'�>�CouRRHA1. p-coumaroyl-CoA )

ɒ÷�>9--�wHTH y_�n.�˗©ædxG�Ɵú,Ɋ 6°ȳő�-Ćʮ���ǌ

ˁÇ©)�'ğ�+Ĝæ.Ȋ�+� (170)�p-coumaroyl-CoA - CoA ːÏ.~�˓Ē,

;=ʢ,ň˭�'�=�CouRRHA11-ɒ÷Ƨ, DNA ɒ÷dxG�-˭ɲBğ��ʢ,

º<�>��-!8�DNA ) CouRRHA1- DNA ɒ÷dxG�˝,ˮ˭ȗ+îȕÜ�Ȋ

��CouRRHA1. DNA -<ʊ˫�>)ɜ�<?'�> (170)�CouRRHA1) 36%-Evi

˓ˑÑȝøůBȨ� CouRRpa.�CouRRHA1)øǍ, p-coumaroyl-CoA )InHP]�Ï

ĩ)�'ʕʜ� DNA -<ʊ˫�>�)�Ȩ�?'�> (171)�CouRRpa-p-coumaroyl-

CoA ʂ÷©- X ɕɒƩǌˁʊƺ-<�CouRRpa. PcaV -;
,InHP]�ɒ÷,¢


ƥȤ+ǌˁĜæ.Ȋ�+� (205)�CouRRpa. CouRRHA1)øǍ-ʮËʘɁxLfYw

BƯ�>�)-<�ʢ,ň˭�! CoA ːÏ,Ȏƹ�>ˮ˭ȗîȕÜ,;= DNA -<ʊ

˫�>)�Ų�?>��ʔɎ+ DNA ʊ˫xLfYw,%�'.ʝʙ�?'�+�� 
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IclR型転写制御因子 
� IclR ĎʮËÔţćĩ.�E. coli -Q~KNV�˓ɑʪ,˞A> aceBAK Kr��BÔ

ţ�> IclR (206, 207))ȝøůBȨ�ʮËÔţćĩ-�ə(�> (208, 209)�IclR ĎʮË

Ôţćĩ.jPa~E,Ŏ�³Ī�?'�=�Ôţĸʡ)�>ˍ¡ĩ(ə)-Ǔɢ.Q~

KNV�˓ɑʪ-ʘɁ�ɮ˻ơæ÷Ȁ�ʛ�PK}wZ�V�Q�ĞØɞů�ǆȀȔê

ů��;0ɡĩŝŶ+*ĞŁ,ǯ> (208)�IclR ĎʮËÔţćĩ.~p�`U��EP

_q�]��;0�-�Ɵ-ǓɢB9% 3 %-]Gp,Ï�<?>� 

� IclR ĎʮËÔţćĩ.�N ƴȹ, wHTH y_�nBû7 DNA ɒ÷dxG��Īċ

��C ƴȹ,.InHP]�ɒ÷�;0Ğ˗©ŝŶ,˞��>dxG��³Ī�?'�

> (208, 209)�IclR ĎʮËÔţćĩ-Ğ�.�dimer 5!. dimer of dimer BŝŶ�>�

)( DNA ,ɒ÷�>�5!�DNA ɒ÷Ƨ,. IR ˑÑ5!. direct repeat ˑÑBʕʜ�

>�ɮ˻ơæ÷Ȁ�ʛBÔţ�> IclR ĎʮËÔţćĩ,��'�ʕʜ�> IR ˑÑ,.

³Īů��>�)�Ȩ�?'�> (210)� 

� ~Qf�Ȏƹɮ˻ơæ÷Ȁ-�ʛÔţ,˞A> IclR ĎʮËÔţćĩ.ǝʯȗĞ��

Acinetobacter sp. ADP1 ǀ- p-hydroxybezoate ÏʊBÔţ�> PobR (194, 195)�ADP1 ǀ

- PCA �ʛ,˞��> pca ˍ¡ĩəBÔţ�> PcaU (190, 191, 211)�Pseudomonas putida

- PCA �ʛ,˞��> pca ˍ¡ĩəBÔţ�> PcaR (187-189)+*�ēü�?'�>� 

� ADP1 ǀ- PobR .�p-hydroxybezoate 3-hydroxylase BS�d�> pobA )��-Ȝ�

Ǩ,ʼú�-ʮËƟú(Īċ�>ɦʭ-ʮËBÔţ�> (194, 195)�PobR . pobA-pobR

ˍ¡ĩ˝˵ď,ɒ÷��InHP]�Ïĩ(�> p-hydroxybezoate -˯Īċ�(.�ˍ

¡ĩ-ʮËBŻÔ�>�p-hydroxybezoate -Īċ�(.ɦʭ-ʮËBŻÔ�%%�pobA

-ʮËBǧůæ�>�)�Ȩ�?'�>�5!�p-hydroxybezoate -Īċ�( PobR -

DNA ɒ÷¥ɘ.Ĝæ�+��)-<�p-hydroxybezoate )-ɒ÷,;>S�sx�V|

�-Ĝæ� PobR ) RNAP -ȝ�«Ȍ,Ş˲B���pobA -ʮËʘɁBÐ=Ƭ�'�

>)ɜ�<?'�> (195)� 

� PcaU .�PCA 3,4-˜ɾ˒Ɍˍ¡ĩə pcaIJFBDKCHG +<0, quinate/shikimate Ïʊ

˒Ɍˍ¡ĩə quiBCX -ʮËBÔţ�> (190, 191)�ADP1 ǀ,��'�pca ˍ¡ĩə)

qui ˍ¡ĩə. pca-qui Kr��BǌŶ�'�=�pcaU . pcaI -Ȝ�Ǩ,ʼú�-ʮË

Ɵú(Īċ�'�>�PcaU . dimer BŝŶ�>�)( pcaU-pcaI ˍ¡ĩ˝˵ď,ɒ÷

���ˍ¡ĩ (ə)-ʮËBŻÔ�>��InHP]�Ïĩ(�> PCA -Īċ�(.ɦ

ʭ-ʮËBŻÔ�%%�pca-qui Kr��-ʮËBǧůæ�>�)�Ȩ�?'�> (190, 

191, 211)�PcaU . PobR )øǍ,�InHP]�Ïĩ-Īċ�(9 DNA ɒ÷ɢ.Ĝæ

�+�!8�PCA -ɒ÷� PcaU -S�sx�V|�ĜæBŗ�ʧ���pca-qui Kr

��-ʮËʘɁBÐ=Ƭ�'�>)ƍǱ�?>� 
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� P. putida - PCA 3,4-˜ɾɑʪBƁ
 pca ˍ¡ĩə.�pcaHG�pcaIJ�pcaK�pcaF �;

0 pcaTBDC -ʮËè¥(ǌŶ�?'�=�PcaR . pcaHG Bˣ��2'-ˍ¡ĩ (ə)

-ʮËBÔţ�'�> (188, 189)�ʿŉ PcaR . pcaIJ�pcaK�pcaF �;0 pcaTBDC -

ʮËBŻÔ�'�>��PCA �ʛ�˝©(�>b-ketoadipate -Īċ�(.�?<ˍ¡ĩ 

(ə)-ʮËBǧůæ�> (187, 188)��Ɵ�b-ketoadipate -Ưǻ,--A<��ɦʭ-ʮ

ËBŉ,ŻÔ�>�PcaR . dimer 5!. dimer of dimer BŝŶ��pcaR 5!. pcaIJ p

�y�]�˵ď,�? ?ɒ÷�>)Ȩă�?'�> (189)�5!�pcaIJ p�y�]�

,��'�b-ketoadipate -Īċ�( PcaR-RNAP-DNA ʂ÷©-ŝŶ�²˃�?>�)�

Ȩ�?'�> (189)��?.�PcaR �b-ketoadipate )ɒ÷�>�)( pcaIJ p�y�]

�--35 )-10 ˑÑ-ʩ˫Bƭˊæ�>;
,«Ȍ��RNAP -âĂB²˃�!-")

ɜ�<?'�>� 

 

GntR型転写制御因子 
� GntR ĎʮËÔţćĩ.�Bacillus subtilis - gluconate (gnt)�ʛɉKr�� (gntRKPZ)

BÔţ�> GntR (212, 213))ȝøůBȨ�ʮËÔţćĩ-�ə(�> (214)�GntR Ďʮ

ËÔţćĩ.Ŏɂ+jPa~E,Īċ�>���(9 proteobacteria ,ƭ9Ğ�ÏŇ�

'�=�Ɏɡ-ˆâů�ɳɈŶ˚�żȊȀʦȊȋ�żȊȀʦɞů�p}XvdʮȲ�Ȕ

êů�ɣʦ�ʛ�Ɇ�ʛ��;0ɮ˻ơæ÷ȀBû7ƯǓ˓�ʛ+*ĞǍ+ˍ¡ĩ-Ô

ţ,˞��> (156, 215, 216)�GntR ĎʮËÔţćĩ.�Ôţĸʡˍ¡ĩ(ə)-ʮËBǧ

ůæ5!.ŻÔ��øƧ,ɦʭ-ʮËBŻÔ�> (215)� 

� GntR ĎʮËÔţćĩ.�N ƴȹ, wHTH y_�nBû7 DNA ɒ÷dxG��Īċ

��C ƴȹ,.InHP]�ɒ÷y_�n)Ğ˗©æBƁ
dxG��³Ī�?'�> 

(217)��?<-
#�N ƴȹ- DNA ɒ÷dxG�.˯ŉ,˸¤�'�>� C ƴȹdx

G�,.ȝˉ�ʅ<?�Cƴȹ¼Evi˓ˑÑ-ǝʯ-<GntRĎʮËÔţćĩ.FadR�

HutC�MocR�YtrA�AraR�DevA �;0 PlmR -ʍ 7 %-UonDv~�,Ï˸�?

> (217-221)�GntR ĎʮËÔţćĩ.ǵǪ�( dimer BŝŶ�>��UonDv~��

), C ƴȹːÏ�ŝŶ�>dxG�ǌˁ,ĞǍů�ʅ<?��-Ç©ǌˁ.UonD

v~�˝(ğ��Ȓ+$'�> (217)�~Qf�Ȏƹɮ˻ơæ÷Ȁ-�ʛÔţ,˞��

> GntR ĎʮËÔţćĩ VanR .��?<UonDv~�-�(9Evi˓�ʛ:ƯǓ

˓�ʛ-ÔţBƁ
Ôţćĩ�Ğ�û5?>FadRUonDv~�,Ï˸�?> (218)� 

� VanR .�Acinetobacter sp. ADP1 ǀ�;0 Caulobacter crescentus CB15N ǀ,��'�

VA ɤx_�˒Ɍˍ¡ĩ vanAB -ʮËBÔţ�> (89, 177)�ADP1 ǀ�;0 CB15N ǀ

,��'�vanAB Kr��-ʮË. VanR ,;=ʢ,Ôţ�?>��ǀ,��' vanAB

-p�y�]�ǧů. VA Īċ�(ʖĺ�?>�)�Ȩ�?'�>9--�VA � VanR
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-InHP]�Ïĩ)�'Ǔɢ�>-.ʘƾ�?'�<���-ʔɎ+ʮËʘɁxLf

Yw.�ƥ(�>�5!�CB15N ǀ,��'�vanAB p�y�]�. VA )ǌˁ-˸¤

�> vanillin 5!. vanillyl alcohol -Īċ�(9ʖĺ�?>�)�Ȩ�?'�> (89)� 

 

PadR型転写制御因子 
� PadR ĎʮËÔţćĩ.��˓ɳ-�ȴ(�> Pediococcus pentosaceus ,��'

phenolic acid decarboxylase ˍ¡ĩ (padA)Bʢ,Ôţ�> PadR (222))ȝøůBȨ�ʮË

Ôţćĩ-�ə(�> (178, 223-228)�PadR ĎʮËÔţćĩ.�,Q}w˥ůɎɳ,�

�'ʅÎ�?�=�ɮ˻ơ�ʛ�ǜɌȊȋ�ĞØɞů�;0żȊȀʦȊȋ+*-Ôţ,

˞��> (178, 222-228)�PadR ĎʮËÔţćĩ-Ğ�.Ôţĸʡˍ¡ĩ(ə)-ʮËBŻ

Ô�>~p�`U�)�'Ǔɢ��ŻÔʊˣ,InHP]�ÏĩBŨʃ)�>�Bacillus 

subtillis ,��' phenolic acid decarboxylase ˍ¡ĩ (padC)-ʮËBÔţ�> PadR .�

padC p�y�]�˵ď,ɒ÷�ʿŉ padC -ʮËBŻÔ�'�>��p-coumarate 5!

. FA BInHP]�Ïĩ)�'ʕʜ�>�)( DNA -<ʊ˫� padC -ŻÔBʊˣ

�>�)�ƥ<-)+$'�> (224, 229)��Ɵ�Vibrio cholerae -S�}ǜɌȊȋ-Ô

ţ,˞A> AphA .EP_q�]�)�'Ǔɢ�>�)�ȡ<?'�> (225)� 

� PadR ĎʮËÔţćĩ.�N ƴȹ, wHTH y_�nBû7 DNA ɒ÷dxG��Īċ

��C ƴȹ,.Ğ˗©ŝŶ,˞��>dxG��³Ī�?'�>�5!�PadR ĎʮË

Ôţćĩ. C ƴȹdxG�-˚�,ū�'��<, 2 %-UonDv~�,Ï�<?

> (226)�V. cholerae - AphA (225)�Listeria monocytogenes LO28 ǀ-ɷØƊÎt�pB

S�d�> mdrL -Ôţ,˞A> LadR (226)�;0 P. pentosaceus ) B. subtillis - PadR 

(222, 224).UonDv~�1 ,Ï˸�?�80-90 ǙĒ- C ƴȹdxG�BƯ�>��Ɵ�

Lactococcus lactis MG1363 ǀ-ɷØƊÎt�pBS�d�> lmrCD -Ôţ,˞A>

LmrR (227)�;0 Bacillus cereus ATCC 14579 -ĞØɞůBÔţ�>)ɜ�<?'�>

bcPadR1 ) bcPadR2 (230).UonDv~�2 ,Ï˸�?�20-30 ǙĒ- C ƴȹdxG�

BƯ�>� 

� Corynebacterium glutamicum ATCC 13032 - VA �ʛɉˍ¡ĩ vanABK BÔţ�> VanR

.�GntR ĎʮËÔţćĩ,Ŀ�UonDv~�1 ,Ï˸�?> (178)�C. glutamicum ,

��' VA ɤx_�˒Ɍˍ¡ĩ vanAB .�ƍį- VA c}�Xt�]�BS�d�>

vanK )Kr��BŝŶ�'�>�vanR . vanABK -Ȝ�Ǩ,ʼú�-ʮËƟú(Īċ

�'�=�VanR . vanR-vanA ˍ¡ĩ˝˵ď,Īċ�> IR ˑÑBʕʜ�' DNA ,ɒ÷

��vanABK -ʮËBŻÔ�> (178)�VA . VanR -InHP]�Ïĩ)�'Ǔɢ�Ż

Ôʊˣ,À�� (178)��?. VA )ɒ÷�! VanR -ǌˁ,Ĝæ�Ȋ� DNA 1-ʇÿ

ů�¦Ǯ�>!8)ɜ�<?'�> (231)� 
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LysR型転写制御因子 
� LysR ĎʮËÔţćĩ.�E. coli ,��' diaminopimelate - lysine 1-ɤǹ˓BʋĨ

�> diaminopimelate decarboxylase ˍ¡ĩ (lysA)BǗ,Ôţ�> LysR (232))ȝøůBȨ

�ʮËÔţćĩ-�ə(�> (233)�LysR ĎʮËÔţćĩ.�jPa~E,��'ƭğ

ɋ-ʮËÔţćĩəBǌŶ��ɮ˻ơæ÷Ȁ�ʛ�Evi˓÷Ŷ�ɎɡÉ-˓æūɀ�

�;0L�l�Ćʪ+*-Ôţ,˞��> (156, 233, 234)��ɪȗ, LysR ĎʮËÔţ

ćĩ.�ɦʭ-Ȝ�Ǩʼú�-ʮËƟú(Īċ�>ˍ¡ĩ(ə)-ʮËBǗ,Ôţ��ø

Ƨ,ɦʭ-ʮËBŻÔ�>�ʖĺȀʦ-Ưǻ,--A<� DNA ɒ÷ɢBƅ%��ʮË

ǧůæ,.ʖĺȀʦBŨʃ)�>�ɮ˻ơæ÷Ȁ�ʛBÔţ�> LysR ĎʮËÔţćĩ

-Ğ�.��ʛĒʦ5!.�-�˝©BInHP]�Ïĩ)�'ʕʜ�> (156)� 

� LysRĎʮËÔţćĩ.�Nƴȹ,HTHy_�nBû7DNAɒ÷dxG��Īċ��

C ƴȹ,.InHP]�ɒ÷:Ğ˗©æBƁ
dxG��û5?'�>�5!�DNA ɒ

÷dxG�. RNAP )ȝ�«Ȍ�>�)�Ȩ�?'�=�DNA ɒ÷"�(+�ʮËǧ

ůæ,9˕ʃ(�>�)�Ȩă�?'�> (235, 236)�ȅċ5(,�Ralstonia eutropha 

NH9 ǀ- chlorocatechol �ʛɉˍ¡ĩ cbnABCD BÔţ�> CbnR (237)�Acinetobacter sp. 

ADP1 ǀ- benzoate �ʛɉˍ¡ĩ benABCDE BÔţ�> BenM (238)+*-ȷ©ǌˁ�

ƥ<-,�?'�>�LysR ĎʮËÔţćĩ.ǵǪ�( dimer 5!. tetramer (Īċ�>

��DNA-]�kPʦʂ÷©ŝŶƧ,. dimer of dimer 5!. tetramer ( DNA ,ɒ÷�

>�)�Ȩ�?'�> (233, 239)�DNA ɒ÷Ƨ,.�Ôţĸʡˍ¡ĩ(ə)-ʮË˜ĦǺ

-<�ǨɊ 65 ĖĒB�ŧ)�'Īċ�> T-N11-A y_�nBû7�ĭÇ+ IR ˑÑBʕ

ʜ�>� 
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11. SYK-6株のリグニン由来芳香族化合物代謝系遺伝子の転写制御 

� ×ʺ�!;
,�SYK-6 ǀ-~Qf�Ȏƹɮ˻ơæ÷Ȁ�ʛ,%�'.�ÏʊɉBǌ

Ŷ�>˒Ɍˍ¡ĩ-ʊƺ��ŧ,ɻA?'�! (Fig. IV)�5!�ʹŌ(.�SYK-6 ǀ-

~Qf�Ȏƹɮ˻ơæ÷Ȁ-ʲʻ,˞A>ȡʅ9Ţ<?Ħ8�̡ ʻɉ)ÏʊɉB÷A�

'�?5(, 40 ��-˒Ɍˍ¡ĩ�øį�?��-ʔɎ+Ǔɢ�ƥ<-,�?'�>�

�Ɵ�Çĳ�ƥ<-,+=%%�>~Qf�Ȏƹɮ˻ơæ÷Ȁ�ʛɉ,��'��-Ô

ţɉ,˞�>ȡʅ.ˢįȗ(�>��?5(,�DDVA�FA �;0 PCA �ʛɉ˒Ɍˍ

¡ĩə.ʮË�q�(ÔţBð�>�)�ƥ<-)+$'�=�VA/SA �ʛɉ˒Ɍˍ

¡ĩə-Ôţɉ,%�'9�ːȡʅ�Ţ<?'�>� 

 

DDVA代謝系遺伝子群の転写制御 
� DDVA .�DdvT �;0 DdvK ,;=ɎɡÉ,ï=ʷ5?!š�4 Ǜ˦-˒ɌîūB

ð�'VA1)ĜƏ�?�ʛ�?> (Fig. XII)�DDVA�ʛɉˍ¡ĩə-
# ddvT�ddvK�

ligZ��;0 ligY . ddvT Kr��BŝŶ��ddvT Kr���Ǩ,Īċ�> ligXa .�

-�Ǩ- SLG_07760 ) ligXa Kr��BŝŶ�> (Fig. XII) (169)��Kr��-ʮË

.�ligXa Ȝ�Ǩ,ʼú�-ʮËƟú(Īċ�> MarR ĎʮËÔţćĩ DdvR ,;=ʢ

,Ôţ�?'�> (Fig. XII) (56, 169)��Ɵ�Riw�,ÏƘ�'Īċ�> ligXc�ligXd�

ligW��;0 ligW2 .ǌŶȗ,ȕȅ�>�)�Ȩ�?'�> (169)�5! ddvR .�ddvR

�Ǩ,øʮËƟú(Īċ�> 3 %-ˍ¡ĩ) ddvR Kr��BŝŶ�>���-ȕȅ.

ǌŶȗ(�>�)�Ȩă�?'�> (169)�DdvR .�ddvT Kr���;0 ligXa Kr

��-ƍįp�y�]�˵ď,Īċ�> IR ˑÑBʕʜ�'öp�y�]�˵ď,ɒ÷

�>)ɜ�<?'�>�5!�DDVA � DdvR -InHP]�Ïĩ)�'Ǔɢ� DdvR

- DNA ɒ÷B˟Ĳ�>�)-<�DDVA � ddvT Kr���;0 ligXa Kr��-ʮË

ŻÔʊˣ,À��)�Ȩă�?'�> (Fig. XII) (56, 169)� 
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Fig. XII. SYK-6 Ō(-�9 DDVA �ǳƹȑ�êǋ*ǿ¬³ēPR[r. 

DdvR + ddvT Em|}-6, ligXa Em|}*k|t�W�ȲÙ(ǂÅ�, �Em|}*ǿ¬=

Ƕ(³ē�9. DDVA � DdvR *DiCIW�°ê&�$�Ə�, DdvR (69ǿ¬ġ³=ǧȡ�

9. Enzymes: DdvT, DDVA outer membrane transporter; DdvK, DDVA inner membrane transporter; DdvR, 
MarR-type transcriptional regulator; LigXa, DDVA O-demethylase oxygenase component; LigXc, DDVA 
O-demethylase ferredoxin component; LigXd, DDVA O-demethylase ferredoxin reductase component; 
LigZ, OH-DDVA meta-cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound hydrolase; 
LigW and LigW2, 5CVA decarboxylases. Abbreviations: DDVA, 5,5¢-dehydrodivanillate; VA, vanillate. 
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Ferulate代謝系遺伝子群の転写制御 
� FA .�FerA �;0 FerB/FerB2 ,;= vanillin 1)ĜƏ�?�VA BɑȎ�' PCA 4,5-

˜ɾɑʪ,;=�ʛ�?> (Fig. IV) (65)�ferBA .Kr��BǌŶ��ƵKr��-ʮ

Ë. ferB Ȝ�Ǩ,ʼú�-ʮËƟú(Īċ�> MarR ĎʮËÔţćĩ FerC ,;=ʢ,

Ôţ�?> (Fig. XIII) (175)�ferA -�Ǩ,. SLG_25010 �;0 desA �Īċ�>��

SLG_25010 . FA đ˺Ƨ,��' ferBA Kr��-ø�ʮËè¥,û5?+��)-

<�ferBA Kr��) SLG_25010-desA .Ȓ+>ʮËè¥(�>�)�Ȩă�?'�>�

5!�ferB2 . ferC-ferBA )Ȓ+>ˍ¡ĩŒ,¥ɘ�'�=��-ʮË˗. ferB -ʮË

˗-Ɋ 10%��(�>!8�FA �ʛ1- FerB2 -˞�.¦�)ɜ�<?'�> (175)�

FerC .ǵǪ�(�˗©BŝŶ��ferBA Kr��-ʮË˜ĦǺ-<-10 ˑÑ5(Bʄ


;
,Īċ�> IR ˑÑ (5¢-ATGCTATGGCTTATAGCAT-3¢ [�ɕ. IR ːÏBȨ�]))ɒ

÷��IR ˑÑ- half site �? ?, FerC -è˗©Uo{f`c�ɒ÷�>)ɜ�<?

'�>�5!�feruloyl-CoA � FerC -InHP]�Ïĩ)�'Ǔɢ�>�)-<�

feruloyl-CoA � ferBA Kr��-ʮËŻÔʊˣ,Ũʃ(�>)Ȩă�?'�> (Fig. 

XIII)��<,�feruloyl-CoA "�(+��p-coumaroyl-CoA �;0 sinapoyl-CoA 9 FerC

-InHP]�Ïĩ)�'«Ȍ�>�)�Ȩ�?'�> (175)� 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. XIII. SYK-6 Ō(-�9 FA �ǳƹȑ�êǋ*ǿ¬³ēPR[r. 

FerC + ferB k|t�W�ȲÙ(ǂÅ�, ferBA Em|}*ǿ¬=Ƕ(³ē�9. FA �ǳ�Ȟ�%

�9 feruloyl-CoA � FerC *DiCIW�°ê&�$�Ə�, FerC (69ǿ¬ġ³=ǧȡ�9. 
Enzymes: FerC, MarR-type transcriptional regulator; FerA, feruloyl-CoA synthetase; FerB and FerB2, 
feruloyl-CoA hydratases/lyases. Abbreviations: HMPHP-CoA, 4-hydroxy-3-methoxyphenyl-b-
hydroxypropionyl-CoA. 
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Protocatechuate 4,5-開裂経路遺伝子群の転写制御 
� PCA 4,5-˜ɾɑʪ,��' PCA .�LigAB ,;> 4,5-˜ɾ)�?,ɓ� 5 Ǜ˦-˒Ɍ

îūBð�'ƭɏȗ, pyruvate ) oxaloacetate ,ĜƏ�?> (Fig. VIII) (23, 69)�PCA 4,5-

˜ɾɉˍ¡ĩə.�ligKUI-lsdA Kr�� (ligK Kr��)�ligJABC Kr�� (ligJ Kr

��)��;0yiVXc�f`P+ ligR - 3 %-ʮËè¥(ǌŶ�?>�ligK Kr�

�) ligJ Kr��-ʮË. LysR ĎʮËÔţćĩ LigR ,;=Ǘ,Ôţ�?�PCA 5!

. SA �ʛ-�˝©(�> GA -Īċ�(�?<ˍ¡ĩə-ʮË�ǧůæ�> (Fig. 

XIV) (180)�5!�ligR -ʮË.ɦʭ,;=ŉ,ŻÔ�?>�LigR . dimer of dimer B

ŝŶ��ligK �;0 ligJ p�y�]�˵ď,��'öʮË˜ĦǺ,ĸ�'-77 -<-51�

�;0-80 -<-48 -˵ď,�? ?ɒ÷�>))9,�DNA BĽƪ��>�)�Ȩ�

?'�> (180)�5!�PCA 5!. GA � LigR -InHP]�Ïĩ)�'«Ȍ�>�

)( LigR -ɒ÷,;> DNA -Ľƪʉő�Ęğ��ligK p�y�]�˵ď,��'.

³ʞ˵ď�-77 -<-35 ,ƃğ�>�)-<�LigR -ɒ÷˵ď�-35 ˑÑ5(ƃ�>�

)) DNA -Ľƪʉő�Ęğ�>�)�ʮËǧůæ,˕ʃ(�>)ɜ�<?'�> 

(180)� 

 

 

 

 

 

 

 

 

 

 

 
Fig. XIV. SYK-6 Ō(-�9 PCA 4,5-ȝǟȕƼȑ�êǋ*ǿ¬³ēPR[r. 

guaiacyl Ø-6, syringyl Ø*yJ`}Ƒņ¹ÅƆ+, �:�: PCA 0 + GA -&�ǳ�:, 
PCA 4,5-ȝǟǁǽ=ǁ$ TCA Íǽ(Åū�9. LigR + ligJ -6, ligK k|t�W�ȲÙ(ǂÅ

�, �Em|}*ǿ¬=DiCIW�°ê%�9 PCA 0 + GA (ėƴ�$ŪĚ¹�9. 0 , 
ligR *ǿ¬+ǒǾ(68ā(ġ³�:9 . Enzymes: LigR, LysR-type transcriptional regulator. 
Abbreviations: PCA, protocatechuate; GA, gallate. 
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Vanillate/sringate代謝系遺伝子群の転写制御 
� VA/SA �ʛ,˞��> ligM (SLG_12740)�SA �ʛ,˞��> desA (SLG_25000)�;

0desB (SLG_03330).�SYK-6ǀ-ƽɬ©�,Ȓ+>ˍ¡ĩŒ(Īċ�'�> (Fig. XV) 

(23, 24)��?<ˍ¡ĩ-
#�desB .yiVXc�f`P+ʮËè¥(�>��ligM

. C1�ʛ,˞��> metF �;0 ligH )Kr��BǌŶ�'�> (Fig. XV) (23, 24)�

desA -Ȝ�Ǩ,.ø�ʮËƟú,ƍį- hydrolase BS�d�> SLG_25010 �;0

ferBA Kr���Īċ�>�Ã,ʺ2!;
, FA đ˺Ƨ, SLG_25010 . ferBA Kr�

�,û5?+��)�Ȩ�?'�>� (175)�SA đ˺Ƨ,. ferB-ferA-SLG_25010-desA

.Kr��BŝŶ�>�)�Ȩă�?'�= (70) (Fig. XV)�Ƶˍ¡ĩP}X]�-ʮ

Ëè¥.ƥȤ,+$'�+�� 

� 5!�desA�ligM Kr���;0 desB -p�y�]�ʊƺ�ɻA?�desA ) ligM K

r��-ʮË. VA �;0 SA đ˺Ƨ,ʖĺ�?�desB -ʮË.ļ+�)9 SA đ˺Ƨ

,ʖĺ�?>�)�Ȩă�?'�> (131, 240)��?<-
#�ligM Kr��) desB -

ʮË˜ĦǺ�Ǣį�?'�=��ʮË˜ĦǺ-�Ǩ,.ğɥɳ-s70 ¯Īůp�y�]

�-ɒ÷S�Z�UXˑÑ(�>-35 �;0-10 ˑÑ�ʅÎ�?'�> (131, 240)��

<,�desB -ʮËÔţćĩBøį�>!8, desB �Ǩ˵ďɒ÷]�kPʦ-Ƌɍ�ɻ

A?�MarR ĎʮËÔţćĩ)ȝøůBȨ� DesR (SLG_12870)) LysR ĎʮËÔţćĩ

)ȝøůBȨ� DesQ (SLG_14170)�ʅÎ�?! (Fig. XVI)�desR ȣĚǀ�;0 desQ ȣ

ĚǀBȌ�!ʊƺ-<�DesR � ligM �;0 desB -ʮËBʢ,Ôţ�>�)�Ȩă�

?'�=�VA/SA �ʛɉˍ¡ĩə-ʮËÔţVXaw,%�'-ȡʅ��ːŢ<?'

�> (241)� 

 

 

 

 

 

 

 
Fig. XV. SYK-6 Ō(-�9 desA, ligM -6, desB ÉȄ*ȑ�êpZk. 
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Fig. XVI. desB �ūȲÙǂÅW}eIǸ*»Ȩ. 

(A) desB *�ūȲÙ. W}eIǸ*»Ȩ(Ə
7: DNA ĵƄ (desBp1 probe)+ȹ
d�%Ʀ

� . (B) desB �ūȲÙ(ǂÅĚ=Ʀ�W}eIǸ*ȩŝŨ¸ǂŉ. LB %Úȶ� SYK-6 Ō*ƾ

ǏĦ¯ű&, streptavidin g�S(ǂÅ�� biotin ŔǴ desBp1 probe =¿ė��, Ē7: W}

eIǸ= SDS-PAGE (68°Ȩ� . Ő¯�: 18 kDa & 24 kDa * 2 #*W}eIǸ*d}^

+]ykP}Ű¹�:mkY^pRi@}G�ky}[@}J(68°Ň�: . 
 

 
12. 本研究の目的 

� ˾Ïĩ~Qf�-æīÍȇ,;$'Ţ<?>�č�(ĞǍ+¦Ïĩɮ˻ơæ÷ȀB�

Sphingobium sp. SYK-6 ǀ�ƅ%�ʛ˒ɌɉBÓȌ�'Ēōæ÷Ȁ(�> PDC : ccMA

1)ĜƏ���?<BêƜ,˾Ǔɢů�;0ǡȌů-˾�ƯǓƶƜBŢ>�)�(�?

/�~Qf�-ƯáÓȌ�òɢ(�>)ƱŠ�?>�SYK-6 ǀBĒȚ)�!˾áȄ+~

Qf�ĜƏVXawBǌɃ�>,.�Ƶǀ�ƅ%~Qf�Ȏƹɮ˻ơæ÷Ȁ-ï=ʷ6

�;0Ïʊ,˞A>ˍ¡ĩ-øį)Ǔɢ-ʊƥ,Ý�'��?<ˍ¡ĩ-ʮËÔţVX

awBƥ<-,�>�)�ǉ8'˕ʃ(�>� 

� SYK-6 ǀ,��'��?5( 40 Bʨ�>~Qf�Ȏƹɮ˻ơæ÷Ȁ�ʛɉˍ¡ĩ�

øį�ʊƺ�?��?<ˍ¡ĩ-
# DDVA �ʛ�FA �ʛ��;0 PCA 4,5-˜ɾɑʪ

,˞A>˒Ɍˍ¡ĩ,%�'ʮËÔţVXaw�ƥ<-,�?'�!��-��~Qf

�ȊÏʊ,��'˕ʃ+�ʛ�˝©,¥ɘ&�<?> VA �;0 SA -�ʛ˒Ɍˍ¡ĩ

-ʮËÔţVXaw,%�'.��ːȡʅ�Ţ<?'�>9--�-ʔɎ.�ƥ(�>�

~Qf�ȊÏʊ-ƭɏǛ˦(�>VA)SA�ʛ-ÔţVXawBƥ<-,�>�).�

ɦǼȐ,��>ǹɌŤȉ-ȇʊ,�òǔ+"�(+��~Qf�-<˾áȄ,Ư°ȀB

Ȋȋ�>ťȊȀǀ-ÛÎ,ƯȌ)ɜ�<?>�ƵȢȶ(.�SYK-6 ǀ- VA/SA �ʛÔ

ţ-ÇĳʊƥBțȗ)��Ƶǀ- VA/SA �ʛ-�ʃ�ʛ˒Ɍˍ¡ĩ(�> desA�ligM

�;0 desB -ʮËÔţVXaw,%�'ʊƺBɻ$!� 

 

�
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第 1章 
 

Sphingobium sp. SYK-6株における vanillateおよび syringate 
分解酵素遺伝子群の転写制御システム 

 
 
第 1節 緒言 
 

� ťȊȀ-�ʛǓɢBÓȌ�'�~Qf�-¦Ïĩæ(Ţ<?>�č�(ĞǍ+~Qf

�Ȏƹ-ɮ˻ơæ÷ȀBt~u�êƜȿ-Ư°Ȁ,ĜƏ�> Biological funneling .�~

Qf�-ÓȌ°¹B˾8>Ưư+ŹǛ)�'ƱŠ�?'�>� (41)�Sphingobium sp. 

SYK-6 ǀ.�~Qf�Ȏƹ-�˗©�;0è˗©æ÷Ȁ-�ʛɉ�ƭ9ƥ<-,�?'

�>jPa~E(�=�Ƶǀ�;0�-�ʛɉ.~Qf�Ȏƹɮ˻ơæ÷Ȁ-Ư°Ȁ1

-ĜƏɉBǌɃ�>�(ƯȌ(�>�(23, 24)�SYK-6 ǀ.�guaiacyl Ď�;0 syringyl Ď

~Qf�,Ȏƹ�>�5�5+~Qf�Ȏƹɮ˻ơæ÷ȀB�? ? vanillate (VA))

syringate (SA),˪Ɋȗ,ĜƏ���-št~u�êƜ)+> 2-pyrone-4,6-dicarboxylate 

(PDC)BɑȎ�'�ʛ�> (Fig. VIII)�VA �;0 SA .~Qf�-æīȗ¦ÏĩæÍȇ

,;$'Ȋ�>�ʃÏʊȀ(�>�)-<�(242, 243)�SYK-6 ǀBĒȚ)�!˾áȄ+

~Qf�-<-Ư°ȀȊȋɉBǌɃ�>,.��?<æ÷Ȁ-�ʛ,˞��>˒Ɍˍ¡

ĩBøį���-ʮËÔţVXawBƥ<-,�>�)�ư5?>� 

� SYK-6 ǀ,��'�VA . tetrahydrofolate (H4folate)¯Īů- VA/3-O-methylgallate 

(3MGA) O-demethylase (�> LigM ,;=ɤx_�Bð� protocatechuate (PCA)1)Ĝ

Ə�?!š�PCA 4,5-˜ɾɑʪBɑ'�ʛ�?> (Fig. VIII)��Ɵ�SA . H4folate ¯Ī

ů- SA O-demethylase (�> DesA ,;=ɤx_�Bð� 3MGA 1)ĜƏ�?> (Fig. 

VIII)�ȊŶ�! 3MGA . 3 %-ɑʪ,ÏŁ�'�ʛ�?>���-�(9 LigM ,;

>ɤx_�) gallate (GA) dioxygenase (�> DesB ,;>ȉ˜ɾBð� PCA 4,5-˜ɾɑ

ʪ,÷Ǩ�>ɑʪ��ʃ(�>�)�Ȩ�?'�> (Fig. VIII) (71)� 

��-;
,�SYK-6 ǀ- VA/SA �ʛ,˞A>˒Ɍˍ¡ĩ�øį�ʊƺ�?��?

<-ʔɎ+Ǔɢ�ƥ<-,�?'�!� (68, 70-73, 105, 106, 244)�VA/SA �ʛ-ʮËÔ

ţ,%�'.��ʛɑʪ�Ǩ- PCA 4,5-˜ɾɑʪ,˞A>˒Ɍˍ¡ĩə-ʮË��PCA

�;0 GA BInHP]�)�> LysR ĎʮËÔţćĩ(�> LigR ,;$'Ǘ,Ôţ

�?>�)�ƥ<-)+$'�> (Fig. XIV) (180)��-��SYK-6 ǀ,��> VA/SA

�ʛ˒Ɍˍ¡ĩ ligM��;0 SA �ʛ˒Ɍˍ¡ĩ(�> desA�desB -ʮËÔţVXa

w.�ƥ(�>��×�ŜȢȶı,��' desB -ʮËÔţćĩBøį�>!8, desB
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�Ǩ˵ď,ɒ÷�>]�kPʦ-Ƌɍ�ɻA?�MarR ĎʮËÔţćĩ)ȝøůBȨ�

desR (SLG_12870)�;0 LysR ĎʮËÔţćĩ)ȝøůBȨ� desQ (SLG_14170)�ʅÎ

�?'�> (Fig. XVI)�Ƚ 1 ȸ(.�SYK-6 ǀ- VA/SA �ʛɉˍ¡ĩ-ʮËÔţVX

awBƥ<-,�>�)Bțȗ)�'�desA�ligM �;0 desB -ʮËÔţ1- desR �

;0 desQ -˞�Bʘƾ�!� 
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第 2節 結果 
 
1. Sphingobium sp. SYK-6株における vanillateおよび syringate変換の誘導性 

� Sphingobium sp. SYK-6 ǀ,��> vanillate (VA)�;0 syringate (SA)-ĜƏ�ʖĺȗ

(�>-*
-Bƥ<-,�>!8�˯ʖĺƸ�5!.ʖĺƸ�(đ˺�! SYK-6 ǀ

-�ǖɳ©BȌ�' VA ) SA -ĜƏɢBʘ2!�˯ʖĺƸ�)�' 10 mM sucrose�10 

mM glutamate�0.13 mM methionine�10 mM proline Bû7 Wx đČ (Wx-SEMP)�ʖĺƸ

�)�' 5 mM VA 5!. SA Bû7 Wx-SEMP đČ (Wx-SEMP + VA 5!. Wx-SEMP 

+ SA)(đ˺�! SYK-6 ǀ-�ǖɳ© (OD600 = 5.0)Bʘʁ��200 µM - VA 5!. SA

)îū���ɑƧȗ,îūǪBU�p~�Q� HPLC ÏƺBɻ$!��-ɒƼ��æ÷

Ȁ-ĜƏˀő.˯ʖĺƸ�)ǝʯ�' VA 5!. SA Īċ�(đ˺�!Ĕ÷,Ưų,�

Ƥ�! (Fig. 1-1)�VA �;0 SA - 0-10 Ï˝,��>ĜƏˀő.�SEMP )ǝʯ�'

VA Īċ�(đ˺�!Ĕ÷, 6.5 ¶) 3.2 ¶,�SA Īċ�(đ˺�!Ĕ÷, 6.9 ¶) 3.6

¶,�? ?�Ƥ�>�)�Ȩ�?! (Table 1-1)��?<-ɒƼ-<�SYK-6 ǀ,��

> VA �;0 SA -ĜƏ.�VA ) SA (-đ˺Ƨ,ʖĺ�?>�)�ƥ<-)+$!��

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-1. SYK-6 Ō*�ŗƾǏ=Ə
 VA & SA *áĭ. 

Wx-SEMP (�), Wx-SEMP + VA (�)-6, Wx-SEMP + SA (�)ÚÕ%�:�:Úȶ� SYK-6 Ō

*�ŗǖ� (OD600 = 5.0)=ǲǢ�, 200 µM * VA (A)0 + SA (B)&¿ė�� . ǁĺƘ(¿ė�

ŵ=N}ky}J�, HPLC =Ə
$ÛǸ*ŶøȚ=Ÿï� . ðȷ+�:�: 3 Í�#ǜ
�

*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. Dx�d�+P}nz*ď;(ȥ:$
9. 
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Table 1-1. SYK-6�� VA��� SA����� 

Substrate Culture conditions Activity (µM/min) a,b Fold change c 

VA 

 

 

Wx-SEMP 

Wx-SEMP + VA 

Wx-SEMP + SA 

1.4 

8.7 

9.3 

1.0 

6.5 

6.9 

SA 

 

 

Wx-SEMP 

Wx-SEMP + VA 

Wx-SEMP + SA 

2.2 

7.0 

7.9 

1.0 

3.2 

3.6 
a¿ė 0-10 °Ȟ*áĭȉą=Ʀ�. 
b�:�:*¡+ 3 ÍŸï� ăÖ¡=Ʀ�. 
cWx-SEMP Úȶĺ*¡= 1.0 &� ĺ*Äǰ÷�Ɗ=Ʀ�.�

 
2. desA、ligMおよび desBの転写誘導性 

� ŜȢȶı(İƠ�?! SYK-6 ǀ�;0 desR ȣĚǀ (DdesR; Fig. 1-2A)BȌ�!ʊƺ-

<�desA�ligM �;0 desB -ʮËÔţ-ǋʃ�Ȩ�?! (241)��-��į˗ȗʼʮË

PCR (qRT-PCR)ʊƺ,;>öˍ¡ĩ-ȕȅ˗-ʑ°�çÏ(.+-$!!8�ƵȢȶ(

.�?<,%�'ÊʊƺBɻ$!��

� Wx-SEMP�Wx-SEMP + VA �;0 Wx-SEMP + SA (đ˺�! SYK-6 ǀ-< total RNA

Bè˫��ʼʮËîū,;= cDNA B÷Ŷ�!�Ţ<?! cDNA ) desA�ligM �;0

desB -Éː˵ďB�? ?ĘŊ�>p}Gu�rE (Table 1-3)BȌ�' qRT-PCR ʊƺ

Bɻ��öˍ¡ĩ-ʮË˗BǱį�!�U�p�˝-ʮË˗Bǝʯ�>!8-ÉːǏǳ

,. 16S rRNA ˍ¡ĩBȌ�!��-ɒƼ�desA�ligM �;0 desB -ʮË˗.�SEMP

)ǝʯ�' VA Īċ�(đ˺�!Ĕ÷, 37 ¶�17 ¶�7.4 ¶,�SA Īċ�(đ˺�!

Ĕ÷, 32 ¶�12 ¶�5.8 ¶,�? ?Ęğ�>�)�Ȩ�?! (Fig. 1-3A)��!�$

'��?<ˍ¡ĩ-ʮË. VA 5!. SA Īċ�(ʖĺ�?>�)�Ȩ�?!� 

� desA�ligM �;0 desB -ʮË� VA ) SA ,;=ʖĺ�?>--��>�.�?<-

�˝�ʛȀ(ʖĺ�?>--BǇʐ�>!8,�VA 5!. SA -�˝�ʛȀ(�>

protocatechuate (PCA)�3-O-methylgallate (3MGA)�;0 gallate (GA)Īċ� (5 mM)(-đ

˺Ƨ,��>öˍ¡ĩ-ʮËʖĺůBʘ2!�Wx-SEMP + PCA�Wx-SEMP + 3MGA �

;0 Wx-SEMP + GA (đ˺�! SYK-6 ǀ-<è˫�! total RNA B˙Ď, cDNA B÷

Ŷ��qRT-PCR ʊƺBɻ�öˍ¡ĩ-ʮË˗BǱį�!��-ɒƼ�öˍ¡ĩ-ʮË˗

. SEMP )ǝʯ�' 0.9-1.9 ¶(�=�˷ɵ+ʖĺů.ʈĶ�?+-$! (Fig. 1-3A)�

�?<-ɒƼ-<�VA ) SA � desA�ligM �;0 desB -ʖĺȀʦ)�'Ǔɢ�>�)

�ś�Ȩă�?!� 
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� VA 5!. SA �Ȟ, desA�ligM �;0 desB -ʖĺȀʦ)�'Ǔɢ�>-Bʘ2>

!8,��æ÷Ȁ-ĜƏɢ (ɤx_�ǧů)BǔƑ�! desA ligM �˕ȣĚǀ (DDAM ǀ) 

(68)BȌ�'�?<ˍ¡ĩ- qRT-PCR ʊƺBɻ$!�Wx-SEMP�Wx-SEMP + VA �;

0 Wx-SEMP + SA đČ(đ˺�! DDAM ǀ-<è˫�! total RNA BȌ�' qRT-PCR

ʊƺBɻ��desA�ligM �;0 desB -ʮË˗BǱį�!��-ɒƼ�DDAM ǀ,��

> desA�ligM �;0 desB -ʮË˗. SEMP )ǝʯ�' VA Īċ�(đ˺�!Ĕ÷,�

? ? 18 ¶�23 ¶�13 ¶,�SA Īċ�(đ˺�!Ĕ÷,�? ? 46 ¶�23 ¶�13

¶,�Ƥ����?9˖Ȋǀ)øȿ��,Ęğ�! (Fig. 1-3B)���-ɒƼ-<�VA

�;0 SA � desA�ligM �;0 desB -ʖĺȀʦ)�'Ǔɢ�>�)�Ȩ�?�SYK-6

ǀ- VA ) SA ĜƏ-ʖĺ.ʮËǛ˦,¯Ī�>�)�ƥ<-)+$!��

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-2. SLG_12870 ƤàŌ (DdesR)-6, SLG_14170 ƤàŌ (DdesQ)*�Ǣ. 

(A and B) ü¤eaz+ SYK-6 Ō(-�9 SLG_12870 (A)-6, SLG_14170 (B)*Ƥà*ŕćÏ

=Ʀ�. Â¤eaz+ SLG_12870 -6, SLG_14170 ƤàŌ*NO}cAjyXAU�Pw}ǧ

Ň*ǂŉ=Ʀ�. digoxigenin ŔǴ� Äk|�j (ü¤eaz(ȹ
d�%Ʀ� )=Ə
$, 
SYK-6 Ō-6,DdesR Ō* total DNA PstI Ű¹Ɔ0 + SYK-6 Ō-6,DdesQ Ō* total DNA SacI
Ű¹Ɔ(õ�9NO}cAjyXAU�Pw}=ǜ" . DdesR Ō-6,DdesQ Ō(-
$, 
SLG_12870 %+ TTG �7 TAG 0%ªȜ 519 bp *�! 188-453 ÞÛ, -6, SLG_14170 %+

GTG �7 TAG 0%ªȜ 888 bp *�! 33-667 ÞÛ*ȲÙ��:�:´ȡ�: . 
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Fig. 1-3. SYK-6 Ō-6, DDAM Ō(-�9 desA, ligM -6, desB *ǿ¬ǰ÷Ě. 

5 mM * VA, PCA, SA, 3MGA 0 + GA *íÓ�/ȬíÓ�%Úȶ� SYK-6 Ō (A)-6, 5 
mM * VA 0 + SA *íÓ�/ȬíÓ�%Úȶ� DDAM Ō (B)�7 total RNA =Ħ¯�, qRT-
PCR ǧŇ(68 desA, ligM -6, desB *ǿ¬Ț=Ÿï� . ÄN}kzȞ*ǿ¬Ț=Ŝȁ�9

 3*«ȓŔŹ(+ SYK-6 Ō* 16S rRNA =Ə
 . Relative amount of mRNA + Wx-SEMP %*

mRNA Ț= 1.0 &� ÜÅ*ÄÚȶŅ�*Ɲõ mRNA Ț=Ʀ�. Ÿï+�:�: 3 Í�#ǜ


�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. ǃǨ®ƌ+ Student¢s t test =Ə
$ǜ" . 
ns, P > 0.05; *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001. 
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3. Vanillate/syringate代謝系遺伝子群の転写制御因子の同定 
� ŜȢȶı(ɻA?! desB �Ǩ˵ďɒ÷]�kPʦ-Ƌɍ,;=�MarR ĎʮËÔţć

ĩ�;0 LysR ĎʮËÔţćĩ)�? ?ȝøůBȨ� DesR (SLG_12870)) DesQ 

(SLG_14170)� desB �Ǩ˵ďɒ÷]�kPʦ-·ʀ)�'ʅÎ�?!�DesR �;0

DesQ - desB �Ǩ˵ď1-ɒ÷ůBʘ2>!8�˖Ȋǀ�;0ŜȢȶı(«ʁ�?!

DdesR ǀ) desQ ȣĚǀ (DdesQ; Fig. 1-2B) (241)-ɎɡƀÎǪBȌ�' desB �Ǩ˵ď,

ĸ�> electrophoretic mobility shift assay (EMSA)Bɻ$!�Wx-SEMP�Wx-SEMP + VA

�;0 Wx-SEMP + SA đČ(đ˺�!˖Ȋǀ�DdesR ǀ�;0DdesQ ǀ-<�? ?Ɏ

ɡƀÎǪBʘʁ��desB -˜ĦSd�,ĸ�'-225 -<+23 5(-˵ďBû7 desBp1

p��o)îū��! (Fig. 1-4A)��-ɒƼ�˖Ȋǀ�;0DdesQ ǀ-ɎɡƀÎǪBȌ

�!Ĕ÷���?-đ˺Ƹ�,��'9 DNA−]�kPʦʂ÷©BȨ�Vncj�d�

ʈĶ�?! (Fig. 1-4B)��ƟDdesR ǀ,��'.���?-Ƹ�(đ˺�!ɎɡƀÎǪ

BȌ�'9Vncj�d.ʈĶ�?+-$! (Fig. 1-4B)��!�$'�DesR . desB �

Ǩ˵ď,ɒ÷�>�)�Ȩ�?�DesQ .ø˵ď,ɒ÷�+��)�Ȩă�?!� 

� desR �;0 desQ -ȣĚ� VA/SA �ʛ,Ş˲�>-Bʘ2>!8�DdesR ǀ�;0

DdesQ ǀ- 5 mM VA 5!. SA (-ȊɠɢB˖Ȋǀ)ǝʯ�!��-ɒƼ�DdesR ǀ-

VA 5!. SA (-Ȋɠɢ.˖Ȋǀ)ǝʯ�'Ưų,ƣ�+$!��DdesQ ǀ-Ȋɠɢ

.˖Ȋǀ)øȿ(�$! (Fig. 1-4C and D)�DdesR ǀ,��> VA/SA Ȋɠɢ-Ĝæ�

desR -ȣĚ,ʧć�>-Bʘ2>!8�pJB866 - Pmp�y�]�Ôţ�, desR -Ç

˚ 519 bp Bû7Ɋ 1.9 kb - DNA ƝǿBƈÆ�!ȝʀp}Xvd pJBdR B«ʁ��

pJBdR �;0qP]� (pJB866)B�? ?ĺÆ�!DdesR ǀ�;0˖Ȋǀ- VA Ȋɠɢ

BǱį�!��-ɒƼ�pJBdR B³ƅ�!DdesR ǀ- VA Ȋɠɢ.qP]�B³ƅ�!

DdesR ǀ;=9˅Ŕ�! (Fig. 1-4E)�øǍ,�pJBdR B³ƅ�!˖Ȋǀ,��'9 VA

Ȋɠɢ-˅Ŕ�ʈĶ�?! (Fig. 1-4E)��?<-�)-<�DdesR ǀ,��>ɽȅĎ-

Ĝæ. desR -ȣĚ,ʧć�>�)�Ȩ�?!���-ɒƼ-<�DesR . desB �Ǩ˵

ď,ɒ÷��VA/SA �ʛɉˍ¡ĩ-ļ+�)9�ːBʢ,Ôţ�>�)�ś�Ȩă�

?!��Ɵ�DesQ . VA/SA �ʛÔţ,˞��+��)�Ȩă�?!��

 

 

 

 

 

 

 



	Ƚ 1 ȸ
 

 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-4. desB �ūȲÙǂÅW}eIǸ*ƇĚ. 

(A) desB �ūȲÙ& EMSA (Ə
 DNA ĵƄ. (B) SYK-6 Ō, DdesR Ō-6,DdesQ Ō*ƾǏĦ

¯ű=Ə
 desB �ūȲÙ(õ�9 EMSA. Wx-SEMP, Wx-SEMP + VA -6, Wx-SEMP + SA Ú

Õ%�:�:Úȶ� SYK-6 Ō, DdesR Ō-6,DdesQ Ō�7ƾǏĦ¯ű=ǲǢ�, ƾǏĦ¯ű

*ȬíÓ� (None)0 +íÓ� (4 µg of protein)% 500 pM * digoxigenin ŔǴ� desBp1 k|

�j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, 
PJ_z=Ɩ§ÛǸ(68Ő¯� . CP, DNA-protein complex; FP, free probe. (C and D) DdesR Ō-

6,DdesQ Ō* VA 0 + SA %*ƍǎǐ. LB %µÚȶ� SYK-6 Ō, DdesR Ō-6,DdesQ Ō

= 5 mM VA (C)0 + 5 mM SA (D)=È2 Wx ű�ÚÕ(ŏǖ�, OD660*¡=ǁĺƘ(Ÿï� . 
Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. 
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Fig. 1-4. -continued. 
(E) desR ƝǡŌ* VA ƍǎǐ. pJB866 (vector)0 + pJBdR =�Ĩ� SYK-6 Ō-6,DdesR Ō

= 5 mM VA =È2 Wx ű�ÚÕ(ŏǖ�, OD660 *¡=ǁĺƘ(Ÿï� . SYK-6(pJB866)&
DdesR(pJB866)* VA ƍǎǐ+ pJB866 =�Ĩ�'
Ō (C)&Ŝȁ�$ȌĆ� �, �:+ĊǸǿ

ĭ�*ÚÕ(·� tetracycline *Čȯ(694*&Ę<:9. Ÿï+�:�: 3 Í�#ǜ
�

*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. 

 

4. desR破壊株および desQ破壊株における desA、ligMおよび desBの転写誘導性 
� desR � VA/SA �ʛɉˍ¡ĩə-ʮËÔţ,˞��>-*
-Bʘ2>!8,�DdesR

ǀBȌ�' desA�ligM �;0 desB - qRT-PCR ʊƺBɻ$!�Wx-SEMP�Wx-SEMP + 

VA �;0 Wx-SEMP + SA (đ˺�!DdesR ǀ-< total RNA Bè˫��ʼʮËîū,

;= cDNA B÷Ŷ�!�Ţ<?! cDNA BȌ�' desA�ligM �;0 desB - qRT-PCR

ʊƺBɻ��öˍ¡ĩ-ʮË˗BǱį�˖Ȋǀ-¹)ǝʯ�!��-ɒƼ�DdesR ǀ,

��>˯ʖĺƧ- ligM ) desB -ʮË˗.�˖Ȋǀ-˯ʖĺƧ,ǝ2�? ? 20 ¶�

;0 9.4 ¶,˾�+$! (Fig. 1-5A)�5!�DdesR ǀ,��> VA �;0 SA ʖĺƧ-

ligM -ʮË˗.�? ? 19 ¶) 19 ¶�desB -ʮË˗.�? ? 7.7 ¶) 9.5 ¶,Ęğ

����?9˯ʖĺƧ)øȿ(�$! (Fig. 1-5A)��!�$'�ligM ) desB -ʮË.

DesR ,;$'ʢ,Ôţ�?>�)�ƥ<-)+=��-Ôţ� ligM ) desB -ð�>

Ą�-Ôţ(�>�)�ś�Ȩă�?!��Ɵ�DdesR ǀ,��>˯ʖĺƧ- desA -

ʮË˗.˖Ȋǀ-˯ʖĺƧ)ǝʯ�' 1.6 ¶˾-$!��˖Ȋǀ�;0DdesR ǀ- VA

5!. SA ʖĺƧ-ʮË˗Bğ���Ć$! (Fig. 1-5A)��!�$'�desA -ʮË.

DesR ).Ȓ+>ʮËÔţćĩ,;$'Ôţ�?>�)�Ȩă�?!��

� øǍ,�DdesQ ǀBȌ�' desA�ligM �;0 desB - qRT-PCR ʊƺBɻ��desQ �

�?<ˍ¡ĩ-ʮËÔţ,˞��>-*
-Bʘ2!�Wx-SEMP�Wx-5 mM VA �;

0Wx-5 mM SA(đ˺�!DdesQǀ- total RNAB˙Ď,÷Ŷ�! cDNABȌ�' desA�

ligM �;0 desB - qRT-PCR ʊƺBɻ��öˍ¡ĩ-ʮË˗B˖Ȋǀ-¹)ǝʯ�!�

�-ɒƼ�DdesQ ǀ,��>˯ʖĺƧ- desA�ligM �;0 desB -ʮË˗.�˖Ȋǀ-

˯ʖĺƧ-ʮË˗)øȿ(�$! (Fig. 1-5B)�5!�DdesQ ǀ,��' desA�ligM �;

0 desB -ʮË. VA 5!. SA -Īċ�(˖Ȋǀ)øȿ,ʖĺ�?! (Fig. 1-5B)��!

�$'�desQ -ȣĚ. desA�ligM �;0 desB -ʮËĜâ,Ş˲���DesQ . VA/SA

�ʛÔţ,˞��+�)ɒʙ�?!� 
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Fig. 1-5. DdesR Ō-6,DdesQ Ō(-�9 desA, ligM -6, desB *ǿ¬ǰ÷Ě. 

5 mM * VA 0 + SA *íÓ�/ȬíÓ�%Úȶ� DdesR Ō (A)-6,DdesQ Ō (B)* total 
RNA =Ə
$, qRT-PCR (68 desA, ligM -6, desB *ǿ¬Ț=Ÿï�, �:�:ÆŅ�%Ú

ȶ� șƍŌ*¡&Ŝȁ� . ÄN}kzȞ*ǿ¬Ț=Ŝȁ�9 3*«ȓŔŹ(+ SYK-6 Ō

* 16S rRNA =Ə
 . Relative amount of mRNA + SYK-6 Ō* Wx-SEMP %* mRNA Ț= 1.0 &

� ÜÅ*ÄÚȶŅ�*Ɲõ mRNA Ț=Ʀ�. Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ�

 . Dx�d�+ŔŹ¢ý=Ʀ�. ǃǨ®ƌ+ Student¢s t test =Ə
$ǜ" . ns, P > 0.05; **, P < 
0.01; ***, P < 0.001; ****, P < 0.0001. 

 

5. desRの転写誘導性 
� desR -ʮËʖĺůBʑ°�>!8,�˖Ȋǀ,��> desR - qRT-PCR ʊƺBɻ$

!�Wx-SEMP�Wx-SEMP + VA�Wx-SEMP + SA�Wx-SEMP + PCA�Wx-SEMP + 3MGA

5!. Wx-SEMP + GA (đ˺�! SYK-6 ǀ-< total RNA Bè˫��ʼʮËîū,;

= cDNA B÷Ŷ�!�Ţ<?! cDNA ) desR -Éː˵ďBĘŊ�>p}Gu�rE 

(Table 1-3)BȌ�' qRT-PCR ʊƺBɻ��desR -ʮË˗BǱį�!�U�p�˝-ʮË

˗Bǝʯ�>!8-ÉːǏǳ,. 16S rRNA ˍ¡ĩBȌ�!��-ɒƼ�desR -ʮË˗

. SEMP )ǝʯ�' VA �;0 SA -Īċ�(đ˺�!Ĕ÷,�? ? 6.4 ¶�4.8 ¶,

Ęğ��PCA�3MGA 5!. GA -Īċ�(đ˺�!Ĕ÷. 0.9-1.3 ¶(�$! (Fig. 1-
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6A)��!�$'�desR -ʮË. VA 5!. SA -Īċ�(ʖĺ�?>�)�Ȩ�?!�

5!�VA �;0 SA ĜƏɢBǔ� DDAM ǀ,��' desR -ʮË˗. VA �;0 SA -

Īċ�( 5.7 ¶�;0 5.1 ¶,Ęğ�!�)-< (Fig. 1-6B)�VA �;0 SA � desR -

ʖĺȀʦ)�'Ǔɢ�>�)�ƥ<-)+$!� 

� �ɪ,�MarR ĎʮËÔţćĩ.ɦʭBS�d�>ˍ¡ĩ-ʮËBʢ,Ôţ�>�)

�ȡ<?'�> (199, 201)�desR �ɦʭ,;$'Ôţ�?'�>-*
-Bʘ2>!8�

DdesR ǀ,��> desR - qRT-PCR ʊƺBɻ��˖Ȋǀ-¹)ǝʯ�!��-ɒƼ�

DdesR ǀ,��>˯ʖĺƧ- desR -ʮË˗.�̟ Ȋǀ-˯ʖĺƧ,ǝ2 4.5 ¶˾�+$

! (Fig. 1-6A)�5!�DdesR ǀ,��> VA �;0 SA ʖĺƧ- desR -ʮË˗.˖Ȋǀ

-˯ʖĺƧ- 4.9 ¶) 4.5 ¶,Ęğ��DdesR ǀ-˯ʖĺƧ)øȿ(�$! (Fig. 1-6A)�

��-ɒƼ-<�desR -ʮË. ligM �;0 desB )øǍ, DesR ,;$'ʢ,Ôţ�?

>�)�ƥ<-)+$!��

�

 

 

 

 

 

 

 

 

 

 
Fig. 1-6. SYK-6 Ō, DdesR Ō-6, DDAM Ō-�9 desR *ǿ¬ǰ÷Ě. 

5 mM * VA, PCA, SA, 3MGA 0 + GA *íÓ�/ȬíÓ�%Úȶ� SYK-6 Ō (A)-6, 5 
mM * VA 0 + SA *íÓ�/ȬíÓ�%Úȶ� DdesR Ō (A)0 + DDAM Ō (B)�7 total 
RNA =Ħ¯�, qRT-PCR ǧŇ(68 desR *ǿ¬Ț=Ÿï� . ÄN}kzȞ*ǿ¬Ț=Ŝȁ�

9 3*«ȓŔŹ(+ SYK-6 Ō* 16S rRNA =Ə
 . Relative amount of mRNA + SYK-6 Ō0

 + DDAM Ō* Wx-SEMP %* mRNA Ț= 1.0 &� ÜÅ*ÄÚȶŅ�*Ɲõ mRNA Ț=Ʀ

�. Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. ǃǨ®ƌ

+ Student¢s t test =Ə
$ǜ" . ns, P > 0.05; *, P < 0.05; ***, P < 0.001; ****, P < 0.0001. 
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6. desBおよび ligMのプロモーター領域の同定 
� ŜȢȶı(ɻA?!p}Gu�£˚Ǥ,;> desB �;0 ligM -ʮË˜ĦǺ-øį,

;=�desB -ʮË˜ĦǺ. desB -˜ĦSd�- 109 ĖĒ�Ǩ,¥ɘ�> A ǙĒ(�

=�ligM -ʮË˜ĦǺ. ligM -˜ĦSd�- 68 ĖĒ�Ǩ,¥ɘ�> C ǙĒ(�>�

)�ƥ<-,�?! (Fig. 1-7A and B) (131, 240)��<,��ˍ¡ĩ-ʮË˜ĦǺ�Ǩ,

.�ğɥɳ-s70¯Īůp�y�]�ˑÑ,³Ī�?'�>-35 �;0-10 ˑÑ�ʅÎ�

?'�> (Fig. 1-7A and B)���(�ƍį�?!-35 �;0-10 ˑÑ� desB �;0 ligM

-ʮË,˞��>-Bʘ2>!8,�desB �;0 ligM -�Ǩ˵ď,%�'p�y�]

�ʊƺBɻ$!�LacZ �t�]�E`ZGȌ-p}Xvd,.�p�y�]�p��

oqP]�pPR9TZ - lacZ �Ǩ, desB �Ǩ 205 bp Bû7 663 bp - DNA Ɲǿ�5!.

ligM �Ǩ 323 bp Bû7 506 bp - DNA ƝǿB�? ?P��f�Q�! pRDBX �;

0pPLMBSBȌ�! (Fig. 1-7C and D)�öp}XvdB³ƅ�>SYK-6ǀBWx-SEMP�

Wx-SEMP + VA 5!. Wx-SEMP + SA (đ˺��b-galactosidase ǧůBƆǏ,p�y�

]�ǧůBǱį�!��-ɒƼ�qP]�ĺÆǀ-b-galactosidase ǧů.��?-đ˺

Ƹ�(9øȿ(�$!��Wx-SEMP đ˺�! pRDBX 5!. pPLMBS ĺÆǀ-b-

galactosidase ǧů.�øƸ�(đ˺�!qP]�ĺÆǀ-¹)ǝʯ�' 2.3 ¶) 9.4 ¶

,�? ?Ęğ�! (Fig. 1-7C and D)��<,�pRDBX 5!. pPLMBS ĺÆǀ-b-

galactosidase ǧů.�SEMP )ǝʯ�' VA Īċ�(đ˺�!Ĕ÷,�? ? 3.5 ¶)

4.3 ¶�SA Īċ�(đ˺�!Ĕ÷, 3.1 ¶) 3.2 ¶,Ęğ�! (Fig. 1-7C and D)��!

�$'�desB �;0 ligM -�Ǩ, VA/SA ʖĺů-p�y�]��Īċ��ƍį--35

�;0-10 ˑÑ�p�y�]�)�'Ǔɢ�>�)�ś�Ȩă�?!��

� 5!�desB �;0 ligM -p�y�]�˵ď,. 15 ĖĒ-<+> inverted repeat (IR)

ˑÑ- IR-B (5¢-GTTTGTGTCACATAC-3¢ [ �ɕ. IR ːÏBȨ� ]) ) IR-M (5¢-

GTTTGTGTAACATAC-3¢ [�ɕ. IR ːÏBȨ�])��? ?Īċ�! (Fig. 1-7A and B)�

IR-B . desB -ʮË˜ĦǺ,ĸ�+23 -<+37 -¥ɘ,Īċ�'�!��Ɵ�IR-M .

ligM -ʮË˜ĦǺ,ĸ�-40 -<-26 -˵ď,¥ɘ��ligM p�y�]�˵ď--35 ˑ

ÑBʄ
;
,Īċ�'�!�IR-B ) IR-M .�15 ĖĒ-
# 14 ĖĒ��ɨ�>˾�

ȝøůBȨ�!�)-<�� IR ˑÑ� DesR -ɒ÷ˑÑ(�>)ƍǱ�?!��
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Fig. 1-7. desB -6, ligM *k|t�W�ȲÙ*Æï. 

(A and B) desB (A)-6, ligM (B)*k|t�W�ȲÙ*ÞÛȔ². desB -6, ligM *ȝèM^}

+ȹÌǦ(Ɨì%Ʀ� . ǿ¬ȝèſ+ȪǕƠ¼ (+1)%Ʀ� . Ĭï*-35/-10 Ȕ²+ƽǕ*�

ǆ%Ʀ� . IR Ȕ²%�9 IR-B -6, IR-M +�:�:ȪǕ-6,ǅǕ*Ơ¼%Ʀ� . (C and 
D) desB (C)-6, ligM (D)*k|t�W�ǧŇ. (üeaz) k|t�W�ǧŇ(Ə
 DNA Ȳ

Ù. ȹ
d�+ pPR9TZ (vector)(Ī©� DNA ĵƄ=Ʀ�. desB -6, ligM *ǿ¬ȝèſ+Ȫ

ǕƠ¼ (+1)%Ʀ� . Ĭï*-35/-10 Ȕ²*�Ǌ+ƽǕ*ÌǦ%Ʀ� . (Âeaz) Wx-SEMP, 
Wx-SEMP + VA 0 + Wx-SEMP + SA %Úȶ� Ä{o�W�kxRq^=�Ĩ�9 SYK-6 Ō

*b-galactosidase ŪĚ. Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢

ý=Ʀ�. ǃǨ®ƌ+ Student¢s t test =Ə
$ǜ" . ns, P > 0.05; **, P < 0.01; ***, P < 0.001; ****, 
P < 0.0001. 
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7. desRの E .coliにおける発現と DesRの精製および分子量分析 
� Ʌʁ DesR BŢ>!8,�His ]QBɺ÷�! desR B E. coli (ȕȅ���ˍ¡ĩȋȀ

-ɅʁBɻ$!�desR -Ç˚B pCold I ,ƈÆ�! pCIdR B E. coli BL21(DE3)ǀ,ĺÆ

��cspA p�y�]�Ôţ�( His ]Qɺ÷ desR Bȕȅ��!�đ˺Ǫ-<ɎɡƀÎ

ǪBʘʁ� SDS-PAGE (Ï˫�!ɒƼ�Ɋ 20 kDa BȨ�]�kPʦ-Ȋȋ�ʈĶ�?

! (Fig. 1-8A)��-UGY.�His ]Qɺ÷�! DesR -ƍįEvi˓ˑÑ-<�Ǳ�

?!ȇʙÏĩ˗ (21,522),ʹ¤�'�!��<,�Co EnFfaF�P�ucQ}n

F�,;= DesR �34è�,Ʌʁ�?!�)�Ȩ�?! (Fig. 1-8A)� 

� DesR -ǵǪ�,��>Ğ˗©ǌˁBƥ<-,�>!8�Ʌʁ DesR BȌ�'R�@

ˇP�ucQ}nF�Bɻ$!��-ɒƼ�ǵÎĳ˗ 20 ml ,m�P�ʈĶ�? (Fig. 

1-8B)�Ïĩ˗u�L�)-ǝʯ-< DesR -Ïĩ˗. 42.2 kDa )ʅȵ9<?! (Fig. 1-

8C)�His ]Qɺ÷ DesR è˗©-ȇʙÏĩ˗� 21,522 (�>�)-<�DesR .ǵǪ�

( homodimer BŝŶ�'�>�)�ś�Ȩă�?!��-ȁŦ.��?5(ēü�?'

�>�- MarR ĎʮËÔţćĩ)�ɨ�'�> (199, 201, 202)��

 

 

 

 

 

 

 

 

 

 
Fig. 1-8. E. coli BL21(DE3)Ō(-�9 desR *ƖƋ& DesR *ƸǢ-6,°êȚ°Ň. 

(A) E. coli BL21(DE3)Ō(-�9 desR *ƖƋ& Co ?i@`[@�I|p]Jxi@�(69

DesR *ƸǢ. SDS-12% PAGE (6"$ 10 µg 0 + 1 µg *W}eIǸ=°Ȩ�, I�pP�j

yy?}]jz�(6"$ŊǕ� . Lanes: M, °êȚp�F�; 1, pCold I (vector)=�Ĩ� E. 
coli BL21(DE3)Ō*ƾǏĦ¯ű (10 µg protein); 2, pCIdR =�Ĩ� E. coli BL21(DE3)Ō*ƾǏĦ

¯ű (10 µg protein); 3, His spin trap TALON (68ƸǢ� DesR (1.0 µg protein). (B) ƸǢ DesR
*Lz;ȍI|p]Jxi@�. Fxr( Superdex 200 increase 10/300 GL =Ə
$, 10 mM y}

Ȗ (pH 7.4)& 140 mM NaCl íÓ�(-
$ DesR *°êȚ=Ÿï� . Fxr*īȡ�Ƭ+ Blue 
Dextran 2000 *�ĨĺȞ68Š3 . ŔŹW}eIǸ+ thyroglobulin (a, 669 kDa), ferritin (b, 440 
kDa), aldolase (c, 158 kDa), conalbumin (d, 75.0 kDa), ovalbumin (e, 44.0 kDa), carbonic anhydrase (f, 
29.0 kDa), ribonuclease A (g, 13.7 kDa)-6, aprotinin (h, 6.5 kDa)=Ə
 . (C) DesR *°êȚ*Ĭ

ï. ŐȚǆ+ŔŹW}eIǸ=Ə
$�Ǣ� . DesR *Ĭï°êȚ+ȹ�%Ʀ� . 
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8. desB、ligMおよび desA上流領域への DesRの結合能 
� �ɪ,�MarR ĎʮËÔţćĩ.�Ôţ�?>ˍ¡ĩ-p�y�]�˵ď,Īċ�>

IR ˑÑBʕʜ�' DNA ,ɒ÷�> (199, 201, 202)�desB �;0 ligM -p�y�]�

˵ď,.���,ȝøůBȨ� IR-B ) IR-M ��? ?Īċ�! (Fig. 1-7A and B)��

�(�DesR � desB �;0 ligM -p�y�]�˵ď,ɒ÷�>-*
-Bʘ2>!8�

EMSABɻ$!�desB�;0 ligM-�Ǩ˵ďBǛ˦ȗ,û7DNAƝǿ [desBp1-desBp4 

(Fig. 1-9A)�ligMp1-ligMp4 (Fig. 1-9B)]B�? ? digoxigenin Ǐʜ��Ʌʁ DesR )G�

Nzq�c�!��-ɒƼ�desB p�y�]�˵ď,��'.�IR-B Bû7 desBp1�

desBp2 �;0 desBp3 p��o( DNA-DesR ʂ÷©BȨ�Vncj�d-ŝŶ�ʈĶ

�?!��IR-B Bû5+� desBp4 p��o(.Vncj�d.ŝŶ�?+-$! (Fig. 

1-9A)��?<-ɒƼ-<�DesR . desB �Ǩ˵ď,ɒ÷�>�)�Ȩ�?��-ɒ÷

,. IR-B �˕ʃ(�>)Ȩă�?!��<,�ligM p�y�]�˵ď,��'.�IR-

M Bû7 ligMp1 �;0 ligMp2 p��o( DNA-DesR ʂ÷©BȨ�Vncj�d-ŝ

Ŷ�ʈĶ�?�IR-M Bû5+� ligMp3 �;0 ligMp4 p��o(.Vncj�d.ŝ

Ŷ�?+-$! (Fig. 1-9B)��?<-ɒƼ-<�DesR . ligM �Ǩ˵ď,ɒ÷�>�)

�Ȩ�?��-ɒ÷,. IR-M �˕ʃ(�>)Ȩă�?!�Ǖ,�DesR � desA -�Ǩ

˵ď,ɒ÷�>-*
-Bʘ2>!8,�desA -Éː-<�Ǩ˵ď,%�'Ɋ 1.7 kb -

ɂĉBLj��> desAp1-desAp5 (Fig. 1-9C)Bp��o,Ȍ�' EMSA Bɻ$!��-

ɒƼ���?-p��o,��'9 DNA-DesR ʂ÷©BȨ�Vncj�d.ŝŶ�?

� (Fig. 1-9C)�DesR.desA�Ǩ˵ď,ɒ÷�+��)�Ȩ�?!�5!�desAp1-desAp5

p��o�Lj��>Ɋ 1.7 kb -˵ď,. IR-B �;0 IR-M )ȝøůBȨ�ˑÑ.Ī

ċ�+-$!�qRT-PCR ʊƺ,��' desA -ʮË,. desR ȣĚ-Ş˲�ʈĶ�?+-

$!�))÷A�'�(Fig. 1-5A)�DesR . desA -ʮËÔţ,˞��+��)�Ɣƅ�?

!��
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Fig. 1-9. desB, ligM -6, desA �ūȲÙ(-�9 DesR *ǂÅǧŇ. 

(A-C) ü¤eaz+ desB (A), ligM (B)-6, desA (C)*�:�:*�ūȲÙ& EMSA (Ə
 

DNA ĵƄ=Ʀ�. desB -6, ligM *ǿ¬ȝèſ+ȪǕƠ¼ (+1)%, -35/-10 Ȕ²+ƽǕ*ÌǦ

%�:�:Ʀ� . IR-B -6, IR-M +ȪǕ&ǅǕ*ÌǦ%�:�:Ʀ� . Â¤eaz+Ä

DNA k|�j(õ�9 DesR * EMSA *ǂŉ=Ʀ�. DesR *ȬíÓ� (-)0 +íÓ� (+, 240 
nM)% 500 pM * digoxigenin ŔǴ� desBp1-desBp4 k|�j, ligMp1-ligMp4 k|�j0 +

desAp1-desAp5 k|�j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^

Lz(68°Ȩ�, PJ_z=Ɩ§ÛǸ(68Ő¯� . 
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9. desR上流領域への DesRの結合能 
� DesR � desR �Ǩ˵ď,ɒ÷�>-*
-Bʘ2>!8,�desR ) SLG_12860 -ˍ

¡ĩ˝˵ďBû7 317 bp - desRp1 p��oB«ʁ� (Fig. 1-10A)�DesR - desRp1 p

��o1-ɒ÷ůB EMSA (ʊƺ�!��-ɒƼ�DesR Īċ�,��' DNA-DesR ʂ

÷©BȨ�Vncj�d-ŝŶ�ʈĶ�?�DesR � desR �Ǩ˵ď,ɒ÷�>�)�ƥ

<-)+$! (Fig. 1-10B)�desR -˜ĦSd�,ĸ�-76 -<-62 -¥ɘ,.�IR-B �

;0 IR-M )ȝøůBȨ� IR-R (5¢-GTATGCTACGCTTAC-3¢ [�ɕ. IR ːÏBȨ�])�

Īċ�! (Fig. 1-10C and D)��!�$'�DesR . IR-R Bʕʜ�' desR �Ǩ,ɒ÷�

>�)�Ȩă�?!��

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-10. desR �ūȲÙ(-�9 DesR *ǂÅǧŇ. 

(A) desR *�ūȲÙ& EMSA (Ə
 DNA ĵƄ. (B) desRp1 k|�j(õ�9 DesR * EMSA. 
DesR *ȬíÓ� (-)0 +íÓ� (+, 240 nM)% 500 pM * digoxigenin ŔǴ� desRp1 k|�

j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, P
J_z=Ɩ§ÛǸ(68Ő¯� . (C) SLG_12860-desR ȑ�êȞȲÙ*ÞÛȔ². SLG_12860 &

desR *ȝèM^}+ȹÌǦ(Ɨì%Ʀ�. IR Ȕ² (IR-R)+E{}Q*Ơ¼%Ʀ�. (D) IR-R, IR-
B -6, IR-M *ÞÛȔ²*Ŝȁ. �í�:$
9ÞÛ+×Ɯǆ%Ʀ�. 
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10. 変異 IR配列に対する DesRの結合能 
� DesR �ɒ÷�> desB �;0 ligM -p�y�]�˵ď���' desR -�Ǩ˵ď,

.�DesR -ɒ÷,˕ʃ+ˑÑ)ɜ�<?> IR-B�IR-M �;0 IR-R ��? ?ʅÎ�

?!� (Fig. 1-10D)��?< IR ˑÑ� DesR - DNA ɒ÷,Ũ˴-*
-Bƥ<-,�>

!8,�ĜȒBĺÆ�!�? ?- IR ˑÑBû7p��o DNA ,ĸ�> DesR -ɒ÷

ůBʘ2!�desB p�y�]�˵ď,��'�IR-B B DNA - 3¢�;0 5¢ƴȹ,�? 

?Ư�> desBp5 �;0 desBp6 p��oB«ʁ� EMSA Bɻ$! (Fig. 1-11A)��-ɒ

Ƽ��p��o,��' DNA-DesR ʂ÷©BȨ�Vncj�d�ŝŶ�?! (Fig. 1-

11A)�Fig. 1-11A ,Ȩ�;
, desBp5 ) desBp6 p��o�- IR-B - 5¢¼, 2 ĖĒ 

(m2nt)�3 ĖĒ (m3nt)5!. 6 ĖĒ (m6nt)-ĜȒBĺÆ�!p��o DNA Bʘʁ��

DesR )-ɒ÷ůBʘ2!��-ɒƼ�IR-B 1-ĜȒĖĒƙ�Ğ�3*Vncj�d-

ŝŶ�˟Ĳ�?! (Fig. 1-11A)�ligM p�y�]�˵ď,��'9 IR-M B DNA - 3¢�

;0 5¢ƴȹ,�? ?Ư�> ligMp5 �;0 ligMp6 p��oB«ʁ��DesR )-ɒ÷

ůBʘ2! (Fig. 1-11B)��-ɒƼ��p��o,��' DNA-DesR ʂ÷©BȨ�Vn

cj�d-ŝŶ�Ȥʕ�?! (Fig. 1-11B)�ligMp5 ) ligMp6 -ˑÑ�,Īċ�> IR-M

1ĜȒBĺÆ�!p��o DNA Bʘʁ��DesR )-ɒ÷ůBʘ2!��-ɒƼ�IR-

M 1-ĜȒĖĒƙ�ĘÝ�>3*Vncj�d-ŝŶ�˟Ĳ�?! (Fig. 1-11B)�desR

�Ǩ˵ď,��'�IR-R B 5¢ƴȹ,û7 desRp2 p��o) desRp2 - IR-R , 5 ĖĒ 

(m5nt)-ĜȒBĺÆ�!p��o DNA B«ʁ��DesR )-ɒ÷ůBʘ2! (Fig. 1-11C)�

�-ɒƼ�IR-R ,ĜȒBĺÆ�!Ĕ÷, DNA-DesR ʂ÷©BȨ�Vncj�d-Ǯļ

�ʈĶ�?! (Fig. 1-11C)���-ɒƼ-<�IR-B�IR-M �;0 IR-R � DesR - DNA

ɒ÷,Ũ˴(�>�)�ƥ<-)+$!��
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Fig. 1-11. desB, ligM -6, desR *�ūȲÙ(-�9 IR Ȕ²*áƔǧŇ. 

(A-C) ü¤eaz+ desB (A), ligM (B)-6, desR (C)*�:�:*�ūȲÙ& EMSA (Ə
 

áƔ IR Ȕ²=È2 DNA ĵƄ=Ʀ�. desB -6, ligM *ǿ¬ȝèſ+ȪǕƠ¼ (+1)%, -35/-10
Ȕ²+ƽǕ*ÌǦ%�:�:Ʀ�. IR-B, IR-M -6, IR-R +ȪǕ, ǅǕ-6,E{}Q*ÌǦ%

�:�:Ʀ�. Ä IR Ȕ²(÷©� áƔÞÛ+Ǻì%Ʀ�. Â¤eaz+Ä DNA k|�j(õ

�9 DesR * EMSA *ǂŉ=Ʀ�. DesR *ȬíÓ� (-)0 +íÓ� (+, 240 nM)% 500 pM *

digoxigenin ŔǴ� Ä DNA k|�j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?

Iyz?q^Lz(68°Ȩ�, PJ_z=Ɩ§ÛǸ(68Ő¯� . Ƈï*k|�j(-
$, 
DesR *íÓ�%Pi]d}^*ĉą+Łơ*ƌƑ%Ĉ�" . 
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11. DesRのエフェクター分子の同定 
� qRT-PCR ʊƺ,;=�VA ) SA � desB�ligM �;0 desR -ʖĺȀʦ(�>�)�

Ȩ�?! (Fig. 1-3B and 1-6B)���(�VA �;0 SA � DesR - DNA ɒ÷ɢ,Ş˲B

��>-*
-Bʘ2>!8�VA 5!. SA Īċ�(- DesR - desB ) ligM p�y�

]�˵ď�;0 desR �Ǩ˵ď,ĸ�>ɒ÷ůB EMSA (ʊƺ�!��-ɒƼ���?

-p��o DNA BȌ�!Ĕ÷(9 VA Īċ�(.Ƿő¯Īȗ, DNA-DesR ʂ÷©BȨ

�Vncj�d�Ǯļ��50 mM - VA Īċ�(Vncj�d�ĭÇ,ǩģ�! (Fig. 

1-12)��Ɵ SA (.�VA )øǍ,Ƿő¯Īȗ,Vncj�d-Ǯļ�ʈĶ�?!��

DesR - DNA ɒ÷,ì4�Ş˲. VA )ǝʯ�'ř-$! (Fig. 1-12)��?<-�)-

<�VA ) SA . DesR -InHP]�Ïĩ)�'Ǔɢ��DesR ,;> desB�ligM �;

0 desR -ʮËŻÔBʊˣ�>�)�ƥ<-)+$!�5!�DesR ,ĸ�> VA ) SA

-ʇÿů.Ȓ+>�)�ƍǱ�?!��
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Fig. 1-12. VA 0 + SA íÓ�(-�9 DesR * DNA ǂÅǧŇ. 

VA 0 + SA *ȬíÓ� (-)/íÓ� (0.05, 0.5, 5, or 50 mM)($, DesR (24 nM)& desB (desBp2), 
ligM (ligMp1)0 + desR (desRp1)*�ūȲÙ=È2Ä DNA k|�j (500 pM)= 20°C % 20 °

Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, PJ_z=Ɩ§ÛǸ

(68Ő¯� . 
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第 3節 考察 
 

� Ƚ 1 ȸ(.�desB �Ǩ˵ďɒ÷]�kPʦ)�'øį�?! DesR ��ligM �;0

desB -ʮËÔţćĩ(�>�)Bƥ<-,�!��Ɵ�DesR )øǍ, desB �Ǩ˵ďɒ

÷]�kPʦ)�'øį�?! DesQ . VA/SA �ʛÔţ,˞��+�)ɒʙ�?!�

qRT-PCR ʊƺ�;0 EMSA -<�DesR . ligM �;0 desB p�y�]�˵ď,ɒ÷�

>�)(�ˍ¡ĩ-ʮËBʢ,Ôţ��VA 5!. SA � DesR ,ɒ÷�>�)(�-

ŻÔ�ʊˣ�?>�)�Ȩ�?! (Fig. 1-5, 1-9 and 1-12)�DesR � DNA ,ɒ÷�>˧

-ʕʜˑÑ)+> IR-M . ligM -ʮË˜ĦǺ,ĸ�-40 -<-26 -¥ɘ,�5! IR-B

. desB -ʮË˜ĦǺ,ĸ�+23 -<+37 -¥ɘ,�? ?Īċ�'�> (Fig. 1-7A and 

B)�IR-M .-35 ˑÑBʄ
;
,¥ɘ�'�!�)-<�ligM p�y�]�˵ď,�

�' DesR . RNA t~x}�[ (RNAP)-ɒ÷BĤ�>)ɜ�<?>��Ɵ�IR-B .

desB -ʮË˜ĦǺ�Ǩ,¥ɘ�'�>!8�desB p�y�]�˵ď,��' DesR .

RNAP - DNA �-˃ɻBĤĲ��ʮË£˚B˟Ĳ�>)ƍǱ�?>�E. coli K-12 ǀ,

��' 4-hydroxyphenylacetate �ʛɉˍ¡ĩə (hpaGEDFHI)BÔţ�> MarR ĎʮËÔ

ţćĩ HpaR .�hpaR-hpaG ˍ¡ĩ˝˵ď- 2 %-ɒ÷UGc (OPR1 �;0 OPR2),

ɒ÷��hpaG Kr��) hpaR ɦʭ-~p�`U�)�'Ǔɢ�> (245)�OPR2 . hpaR

-ʮË˜ĦǺ,ĸ�+34 -<+60 -¥ɘ,Īċ�'�=�HpaR . OPR2 ,ɒ÷�>�

)( hpaR p�y�]��( RNAP -ʮË£˚B˟Ĳ�>)ɜ�<?'�> (245)�ʮ

Ë˜ĦǺ)ʮËÔţćĩ-ɒ÷¥ɘ-˞±ů-<�DesR,;> desB-ʮËŻÔ.HpaR

- hpaR ɦʭ-ʮËŻÔ)˸¤-xLfYw(ɻA?>)ɜ�<?>��Ɵ�HpaR .

hpaG p�y�]��,-10 ˑÑ) hpaG -ʮË˜ĦǺBʄ
;
,Īċ�> OPR1 ,9

ɒ÷����pǌˁBŝŶ�' hpa ˍ¡ĩə-ʮËBŻÔ�>)ɜ�<?'�> (245)�

�-��desB �Ǩ˵ď,. IR-B )ȝøůBȨ�ˑÑ.�,Īċ�+-$!��!�$

'�DesR .��pǌˁBŝŶ���RNAP ,;>ʮË£˚B˟Ĳ�>�)( desB -ʮ

ËBŻÔ�'�>)ɜ�<?>�qRT-PCR ʊƺ-<�desR -ʮË. DesR ɦʭ,;$'

ŻÔ�?�ʖĺȀʦ(�> VA 5!. SA -Īċ�(�-ŻÔ�ʊˣ�?>�)�ƥ<

-)+$! (Fig. 1-6)�5!�DesR . IR-B �;0 IR-M )ȝøůBȨ� IR-R Bʕʜ�

' desR �Ǩ˵ď,ɒ÷�>�)�Ȩ�?! (Fig. 1-10 and 1-11C)� 

� jPa~E-ɮ˻ơæ÷Ȁ�ʛBÔţ�> MarR ĎʮËÔţćĩ-Ğ�.�¦Ïĩn

Hi��æ÷ȀBInHP]�Ïĩ)�'ʕʜ�>�)(�- DNA ɒ÷�ʊˣ�?> 

(200, 202)�Streptomyces coelicolor A3(2)- PCA �ʛBÔţ�> PcaV .�ǌˁ-˸¤�

> 5 %-æ÷Ȁ (PCA, 3,5-dihydroxybenzoate, 3-hydroxybenzoate, 4-hydroxybenzoate, 2,5-

dihydroxybenzoate)BInHP]�Ïĩ)�'ʕʜ���?<æ÷Ȁ,ĸ�>ʊ˫įƙ.
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0.67-147 µM)ğ��Ȓ+> (193)�5!�E. coli K-12ǀ-HpaR.4-hydroxyphenylacetate, 

3-hydroxyphenylacetate, 3,4-dihydroxyphenylacetate BInHP]�Ïĩ)�'ʕʜ��

SYK-6 ǀ- FerC . feruloyl-coenzyme A (CoA), sinapoyl-CoA, p-coumaroyl-CoA Bʕʜ�

>�)�ēü�?'�> (175, 245)�SYK-6 ǀ,��'�DesR . VA ) SA BInHP

]�Ïĩ)�'ʕʜ�>���ɝ( DesR - DNA ɒ÷B˟Ĳ�>Ƿő,ˉ���=�

VA -Ɵ� SA ;=9 DesR ,ĸ�>ʇÿů�˾�)ƍǱ�?! (Fig. 1-12)�SYK-6 ǀ.

5 mM VA 5!. SA Bè�ǹɌǲ)�'Ȋɠ�!Ĕ÷�ĸƙĘǚƱ,Æ>Ƨ˝��? 

? 10 Ƨ˝�;0 14 Ƨ˝(�=�VA )ǝʯ�' SA BǹɌǲ)�!Ĕ÷�Ɋ 4 Ƨ˝-

˅Ŕ�ʕ8<?! (Fig. 1-4C and D)��Ɵ�DdesR ǀ,��> VA/SA ȊɠƧ-ĸƙĘǚ

Ʊ,Æ>Ƨ˝.�Ēʦ)9,Ɋ 8 Ƨ˝(�=�VA ) SA (3)C*ŅȒ.ʈĶ�?+

-$! (Fig. 1-4C and D)��!�$'�DesR - VA ) SA ,ĸ�>ʇÿů-ˉ���

SYK-6 ǀ- VA ) SA (-ĸƙĘǚƱ�˜Ħ�>Ƨ˝-ˉ�,Ş˲�'�>òɢů�ɜ

�<?>� 

� ƵȢȶ-ɒƼ-<�SYK-6 ǀ- VA/SA �ʛ)ʮËÔţ-˞±.Ǖ-;
,ɜ�<?

>�VA �ʛ,��'.�.�8, VA � DesR ,ɒ÷�>�)( ligM Kr��-ʮË

ŻÔ�ʊˣ�?�LigM ,;= VA � PCA 1)ĜƏ�?>� (Fig. 1-13)�PCA . LigR -

InHP]�Ïĩ(�>!8 (180)�ȊŶ�! PCA )ɒ÷�! LigR � PCA 4,5-˜ɾ˒

Ɍˍ¡ĩə-ʮËBǧůæ��PCA ��ʛ�? TCA UGP�,ǨÆ�> (Fig. 1-13)�

SA �ʛ,��'.�.�8,Ƴøį-ćĩ,Ôţ�?'�> desA -ʮË� SA ,;=

ʖĺ�?�DesA ,;= SA � 3MGA 1)ĜƏ�?>� (Fig. 1-13)�SA Īċ�(. DesR

-ɤŻÔ�ʧ�= ligM ) desB -ʮË�øƧ,ʖĺ�?>!8�3MGA . LigM ,;=

ɤx_�Bð� GA ,ĜƏ�?�DesB ,;> GA -ȉ˜ɾ-š�PCA 4,5-˜ɾɑʪ1)

ǨÆ�> (Fig. 1-13)�GA . LigR -InHP]�Ïĩ(�>!8 (180)�GA )ɒ÷�

! LigR . PCA 4,5-˜ɾ˒Ɍˍ¡ĩə-ʮËBǧůæ���ʛ�˃ɻ�>�SA �ʛ.

3MGA ( 3 %-ɑʪ,ÏŁ�>��PCA 4,5-˜ɾɑʪ�À�,. LigR -InHP]�

Ïĩ(�> GA -ȊŶ�Ũ˴(�> (180)��!�$'�SA �ʛ,��' ligM Kr�

�-ʮËʖĺ.�Ǩ�ʛɑʪˍ¡ĩBʖĺ�>�(9Ũ˴-p�ZX)ʌ�>�5!�

VA �;0 SA Īċ�(. desR -ʮË�ʖĺ�?>!8�(Fig. 1-6)�ɎɡÉ DesR Ƿő�

VA/SA �ʛ˒Ɍ))9,Ęğ�>�)-<�VA/SA �đČ-<ǩģ�>)ȠƧ, ligM

�;0 desB -ʮË�Ż�<?>)ƍį�?>� 

� SYK-6 ǀ- LigM �;0 DesA ,;>ɤx_�,��'�VA ) SA - methoxy Ē-

methyl ːÏ. H4folate ,ʮȲ� 5-methyl-H4folate �ȊŶ�> (Fig. XI)�SYK-6 ǀ,��

' 5-methyl-H4folate .�5,10-methylene-H4folate reductase (MetF)�5,10-methylene-H4folate 

dehydrogenase/5,10-methylene-H4folate cyclohydrolase (FolD)) 10-formyl-H4folate synthetase 
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(LigH)�˞��> C1 �ʛBɑȎ��ǁ˓:Evi˓-÷Ŷɉ,ƌɓ�'�> (Fig. XI) 

(23, 124, 132)�ligM . metF �;0 ligH ))9, ligM�metF�ligH Kr��BǌŶ�'�

>!8 (23)�ƵKr��-ȕȅ. SYK-6 ǀ-Ȋɠ,��'Ũ˴)ʌ�>�ligM -ȕȅ

� DesR ,;$'Ôţ�?>�İ-<�DesR .~Qf�Ȏƹɮ˻ơæ÷Ȁ-ʤæ"�

(+� C1�ʛBÔţ�>)�
˕ʃ+şÚBƯ�'�>)ɜ�<?>�SYK-6 ǀ.�

methoxy ĒBƅ!+� PCA BĄ�-ǹɌǲ)�'Ȋɠ�>Ĕ÷, methionine ʃǠůB

Ȩ��)-< (70)�5-methyl-H4folate -ȊŶ. VA �;0 SA -ɤx_�ˇȳ,¯Ī�

'�>)ɜ�<?'�>��Ɵ(�-�-ƿ˺ʃǠů�ʅ<?+��)-<�5,10-

methylene-H4folate . serine hydroxymethyltransferase (GlyA),;= serine -<9ȊŶ��

FolD ,;>˓æBð�' 10-formyl-H4folate BȊȋ(�>)ɜ�<?'�>��
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Fig. 1-13. Sphingobium sp. SYK-6 Ō(-�9 VA/SA �ǳ&�*ǿ¬³ēPR[r. 

DesR (69 desB, ligM -6, desR *ǿ¬³ē, -6, LigR (69 PCA 4,5-ȝǟȕƼȑ�êǋ

*ǿ¬³ē(#
$+ǌô*Ȱƛ%Ǯƾ=Ȇ. . DesR regulon: ligM�metF�ligH Em|}, desB, 
and desR. LigR regulon: ligJABC Em|}, ligKUI Em|}, and ligR. 
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� Novosphingobium aromaticivorans DSM 12444 ǀ.�SYK-6 ǀ)˸¤�! VA �ʛɉB

Ư�'�>�DSM 12444 ǀ,��' VA .、SYK-6 ǀ- LigM ) 78%-Evi˓ˑÑȝ

øůBȨ� Saro_2861 ˍ¡ĩȋȀ (LigMNA),;$' PCA 1)ĜƏ�?!š�PCA 4,5-

˜ɾɑʪ,;=�ʛ�?>)ɜ�<?'�> (Fig. 1-14) (81, 109)�DSM 12444 ǀ-Ri

w�,.�SYK-6 ǀ- DesR ) 51%-Evi˓ˑÑȝøůBȨ� Saro_0803 �ʅÎ�?

!!8 (Fig. 1-14)�ligMNA-ʮË. Saro_0803 ˍ¡ĩȋȀ,;$'Ôţ�?'�>--

9�?+��Agrobacterium fabrum C58 ǀ,��> VA -< PCA -ĜƏ,.�SYK-6 ǀ

- LigM ) 56%-Evi˓ˑÑȝøůBȨ� Atu1420 �˞��>�)�Ȩ�?'�> 

(246)�5!�C58 ǀ- VA ɤx_�îū(Ȋ�! 5-methyl-H4folate .�SYK-6 ǀ- MetF

) 29%-Evi˓ˑÑȝøůBȨ� Atu1418 ,;$' 5,10-methylene-H4folate ,ĜƏ�

?>)ɜ�<?'�>���ƭʹ�C58 ǀ- atu1418 �;0 atu1420 -ʮË. GntR Ď

ʮËÔţćĩ)ȝøůBȨ� Atu1419 ,;$'ʢ,Ôţ�?>�)�ēü�?! (179)�

Atu1419 .�C. crescentus CB15N ǀ�Acinetobacter sp. ADP1 ǀ�;0 P. putida KT2440 ǀ

- GntR ĎʮËÔţćĩ(�> VanR )�? ? 34%�31%�;0 39%-Evi˓ˑÑ

ȝøůBȨ�!��Ɵ�C58 ǀ-Riw�,. SYK-6 ǀ- desR )ȝøůBȨ�ˍ¡ĩ

.Īċ�+-$!���-�)-<�LigM sy�Q�˞��> VA �ʛɉBƯ�>�

?<jPa~E,��'��ʛ˒Ɍˍ¡ĩ)�-Ôţˍ¡ĩ-ɐ6÷A�.�į(.+

��)�Ȩ�?!�jPa~E-ɮ˻ơ�ʛ,��'��ʛɉ)Ôţɉˍ¡ĩ.�? 

?Ȃȷ�'˃æ�'�!�)�Ǝą�?'�=� (247, 248)�LigM -ÔţVXaw9­

ĝ(.+�)ɜ�<?>��

 

 

 

 

 

 

 

 

 
Fig. 1-14. Sphingobium sp. SYK-6 Ō& N. aromaticivorans DSM 12444 Ō(-�9 ligM -6, desR
ÉȄȲÙ*ȑ�êŒĞ*Ŝȁ. 
?qbȖȔ²ƝÆĚ=Ʀ�ȑ�ê+�Ơ¼%Ʀ� . ÄĲì+õė�9ȑ�ê*?qbȖȔ²

ƝÆĚ= EMBOSS Needle pairwise alignment program %Ƶ¯� 4*=Ʀ�. 
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� qRT-PCR ʊƺ�;0 EMSA -<�desR -ȣĚ. desA -ʮËʖĺů,Ş˲B����

(Fig. 1-5A)�DesR . desA �Ǩ˵ď,ɒ÷�+-$!!8� (Fig. 1-9C)�DesR . desA -

ʮËÔţ,˞��+��)�ƥ<-)+$!�5!�DesQ 9 desA -ʮËÔţ,˞��

+��)�Ȩ�?!�(Fig. 1-5B)��Ɵ(�desA -ʮË. ligM �;0 desB )øǍ, VA

5!. SA -Īċ�(˷ɵ,ʖĺ�?!!8 (Fig. 1-3)�desA -ȕȅ.ʮËǛ˦(ʘɁ

Bð�>�)�Ȩ�?!��?<-�)-<�SYK-6 ǀ,��> desA -ʮË.Ƴøį

-ʮËÔţćĩ,;$'Ôţ�?>�)�ś�Ȩă�?!�(Fig. 1-13)��
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第 4節 材料と方法 
 
試供菌、プラスミド、プライマー、培養条件 
� Ʋ 1 ư%�Ə� ǖŌ&kxRq^+ Table 1-2 (���$ PCR (�Ə� kxAp�+ Table 
1-3 (�:�:Ʀ� �ÚÕ(+ŋȶÚÕ&�$ lysogeny broth (LB)ÚÕ (10 g/l Bacto Tryptone, 5 

g/l Yeast Extract, 5 g/l NaCl)�-6,ƀŖÞÚÕ&�$ Wx ÚÕ (Table 1-4) (175)=Ə
 �Wx Ú

Õ(+Ėǣ(ė�$�5 mM*vanillate (VA)�protocatechuate (PCA)�syringate (SA)�3-O-methylgallate 

(3MGA)�gallate (GA)0 + SEMP (10 mM sucrose, 10 mM glutamate, 0.13 mM methionine, 10 mM 

proline)=Ŵ·��Ə� �Ð�ÚÕ(·�9óä*žą+ 15 g/l &� �ĩƚÚȶ(-�9ĩƚ

ȉą+ L ìǭȷƶ%*Úȶ� 160 rpm�dZiz��ixRM%*Úȶ� 120 rpm 0 + 200 rpm
&� �Sphingobium sp. SYK-6 Ō&�*ȑ�êƤàŌ+ 30°C %çŝŅ��($Úȶ� �Ėǣ

(ė�$�SYK-6 Ō&�*ȑ�êƤàŌ*ÚÕ(+ 300 mg/l * carbenicillin (Cb)�50 mg/l *

kanamycin (Km)�12.5 mg/l * tetracycline (Tc)0 + 12.5 mg/l * nalidixic acid (Nal)=Ŵ·� �

Escherichia coli NEB 10-beta Ō+I|�`}Jðȷ(�E. coli BL21(DE3)Ō+W}eIǸ*ȸƍƎ

(Ə
 �E. coli + 30°C 0 + 37°C %çŝŅ��($Úȶ� �E. coli *ĊǸǿĭ�*ȐĤÚ

Õ(+ 100 mg/l * ampicillin (Ap)0 + 25 mg/l * Km =Ŵ·� � 
 

試薬、基質、酵素、および遺伝子操作 
� Äƫǭǘ-6,ȕƼ+�FUJIFIM Wako Pure Chemical Corporation�Takara Bio Inc.�Tokyo Chemical 

Industry Co., Ltd.�Nacalai Tesque Inc.�Toyobo Co., Ltd.�Nippon Gene�Sigma-Aldrich Co. LLC.�

New England Biolabs. Inc.�Roche Diagnostics K.K.�Promega Corporation�QIAGEN�Thermo Fischer 

Scientific, Inc.-6, Fluorochem Ltd.�7ǹ©��ù*Á8Ġ
ǱĹļ(đ"$�Ə� �ÛŃƘ

'ȑ�êį�+�Molecular cloning A Laboratory Manual 4th edition -6,dAEðȷAxR]{A

[Z^Ʋ 2 þ (ƩŻƧ)(đ" �VA�PCA�SA -6, GA +�Tokyo Chemical Industry Co., Ltd.

0 + Sigma-Aldrich Co. LLC.�7ǹ©� �3MGA + Fluorochem Ltd.�7ǹ©� �VA�PCA

-6, SA + 0.5 M *žą% pH 7.0-8.0 &'96�( 1-2N NaOH aq.=Ə
$�:�:źǧ��

-20°C%�í� �3MGA-6,GA+ 1M*žą&'96�( 100%* dimethyl sulfoxide (DMSO)

(�:�:źǧ��-20°C %�í� � 
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Table 1-2. Ʋ 1 ư%�Ə� ǖŌ-6,kxRq^ 

 
aNalr, Smr, Cbr, Kmr, Apr, Tcr, and Cmr, resistance to nalidixic acid, streptomycin, carbenicillin, kanamycin, ampicillin, tetracycline, and 
chloramphenicol, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strain or plasmid Relevant characteristic(s)a Reference or source 
Sphingobium sp. 
SYK-6 
DDAM (SME021) 
DdesR (SME047) 
DdesQ (SME058) 
 
E. coli 
NEB 10-beta 
 
BL21(DE3) 
 
 
Plasmids 
pT7Blue 
pBluescript II KS(+) 
pColdI 
pJB866 
pPR9TT 
pQF50 
pPR9TZ 
 
pJBdR 
pEVXH 
pRDBX 
pBSM4.7 
pPLMBB 
pPLMBS 
pT1542 
pCIdR 

 
Wild type; Nalr Smr 
SYK-6 derivative; ligM::bla desA::kan; Nalr Smr Cbr Kmr 
SYK-6 derivative; ΔSLG_12870 (desR); Nalr Smr 
SYK-6 derivative; ΔSLG_14170 (desQ); Nalr Smr 
 
 
D(ara-leu) 7697 araD139 fhuA ΔlacX74 galK16 galE15 e14-ϕ80dlacZΔM15 recA1 relA1 endA1 
nupG rpsL (Smr) rph spoT1 D(mrr-hsdRMS-mcrBC) 
F- ompT hsdSB(rB- mB-) gal dcm (DE3); T7 RNA polymerase gene under control of the lacUV5 
promoter 
 
 
Cloning vector; T7 promoter; Apr 

Cloning vector; Apr 
Expression vector; cspA promoter; Apr 
RK2 broad-host-range expression vector; Tcr Pm xylS 
Translational fusion LacZ reporter vector; Apr Cmr 
Broad-host-range transcriptional fusion vector containing a promoterless lacZ; Apr 
pPR9TT with a 3.6-kb SmaI-ScaI fragment containing lacZ from pQF50 replacing the  
3.2-kb BamHI fragment 
pJB866 with a 1.9-kb PCR amplified HindIII-EcoRI fragment carrying desR 
KS(+) with a 3.1-kb XhoI-EcoRV fragment carrying desB 
pPR9TZ with a 0.7-kb XhoI-PstI fragment carrying the desB promoter region from pEVXH 
KS(+) with a 4.7-kb SmaI fragment carrying ligM 
pPR9TZ with a 1.0-kb BamHI fragment carrying the ligM promoter region from pBSM4.7 
0.5-kb SalI deletion of ligM intragenic region of pPLMBB 
pT7Blue with a 0.5-kb PCR amplified fragment carrying desR 
pColdI with a 0.5-kb NdeI-BamHI fragment carrying desR from pT1542 

 
(45) 
(68) 
(241) 
(241) 
 
 
New England Biolabs 
 
(249) 
 
 
 
Novagen 
(250) 
Takara Bio 
(251) 
(252) 
(253) 
(180) 
 
This study 
(71) 
This study 
(68) 
This study 
This study 
This study 
This study 
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Table 1-3. Ʋ 1 ư%�Ə� kxAp�*ÞÛȔ² 

 
Purposes Primers Sequences (5¢ to 3¢) 

qRT-PCR analysis 
 
 
 
 
 
 
 
 
 
 
Gene complementation 
 
 
Protein expression 
 
 
EMSAs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16S_F 
16S_R 
desA_F 
desA_R 
ligM_F 
ligM_R 
desB_F 
desB_R 
desR_F 
desR_R 
 
12870_T_F 
12870_B_R 
 
desR_NdeI_F 
desR_NdeI_R 
 
desBp1_F 
desBp2_F 
desBp3_F 
desBp4_F 
desBp_R 
ligMp1_F 
ligMp1_R 
ligMp2_F 
ligMp2_R 
ligMp3_F 
ligMp3_R 
ligMp4_F 
ligMp4_R 
desAp1_F 
desAp1_R 
desAp2_F 
desAp2_R 
desAp3_F 
desAp3_R 
desAp4_F 
desAp4_R 
desAp5_F 
desAp5_R 
desRp1_F 
desRp1_R 
desBp5_IR-B_R 
desBp5_IR-B_m2nt_R 
desBp5_IR-B_m3nt_R 
desBp5_IR-B_m6nt_R 
desBp6_IR-B_F 
desBp6_IR-B_m2nt_F 
desBp6_IR-B_m3nt_F 
desBp6_IR-B_m6nt_F 
ligMp5_IR-M_R  
ligMp5_IR-M_m2nt_R 
ligMp5_IR-M_m3nt_R 
ligMp5_IR-M_m5nt_R 
ligMp6_IR-M_F 
ligMp6_IR-M_m2nt_F 
ligMp6_IR-M_m3nt_F 
ligMp6_IR-M_m5nt_F 
desRp2_IR-R_F 
desRp2_IR-R_m5nt_F 

GCGCAGAACCTTACCAACGT 
AGCCATGCAGCACCTGTCA 
GCCTTCGCCTTCCTCAACTA 
CACCGGAACCCACTGCTT 
ACGTACTGCTTCGCCTTGTTG 
GCTCTCCGACACGATGATCA 
TTTCGAGCATTATTCGCATTTC 
TCCGCAGGCGAATATTCCT 
TTGGAAGCAAGAGATAGACAGCAT 
TCGTCCGCGCATTCAAG 
 
CGAAGCTTAGATTTCATAGAGGCACAC (HindIII) 
CGGAATTCAGCGAGCGATTGATCTTCTC (EcoRI) 
 
AAGACATATGGAAGCAAGAGATAG (NdeI) 
AATCTATTCGTGGATACGGC 
 
GCCGTTCCCCTCTCAGGC 
ACAGAGCTTGGCCGTG 
TTCACGCACTGCCCATTCG 
AGAAGTTCGGCAGTCTGC 
AAACCGCCGATGATCTTTGC 
GGGGCACGAAATTTTCGTTTG 
GTCGACCATGTGGTGGGT 
ATGGACGAGGGCTTCACG 
ACGCCCGGAAACATACGAAT 
TCGACGACAATCCCTCGG 
ATCCTTGCCATCCCAGCC 
AGAGGACGCAGGCATGAAC 
ATAGCCCACCCGGTCGAT 
CTGCAGGATGTGCGCC 
GTGAATGCCAGCCCCAAA 
GCATGACCTTTCAATTGTGCG 
AAGTGAATGCCGGTGCTGAT 
AGATCATTCGCCGCGCA 
ATGGCTTCATGCTGCACC 
ACCGGCGCCGATGATGC 
TGGTTGAAGAGCACGGCGG 
AACTGGCGCAACGAGCA 
CTGCAGCTGGAAGCGATAGT 
ACCAGGTTCGGAATGTCGCA 
GGAAGCCGATGATGTCGTCG 
GAACTTCTGTATGTGACACAAACGAAATTTT 
GAACTTCTGTATGTGACACAAGTGAAATTTT 
GAACTTCTGTATGTGACGTGAACGAAATTTT 
GAACTTCTGTATGTGATGTGAGTGAAATTTT 
AAAATTTCGTTTGTGTCACATACAGAAGTTC 
AAAATTTCACTTGTGTCACATACAGAAGTTC 
AAAATTTCGTTCACGTCACATACAGAAGTTC 
AAAATTTCACTCACATCACATACAGAAGTTC 
GAATTTTTGTATGTTACACAAACGAAAATTT  
GAATTTTTGTATGTTACACAAGTGAAAATTT 
GAATTTTTGTATGTTACGTGAACGAAAATTT 
GAATTTTTGTATGTTACGTGAGTGAAAATTT 
AAATTTTCGTTTGTGTAACATACAAAAATTC 
AAATTTTCACTTGTGTAACATACAAAAATTC 
AAATTTTCGTTCACGTAACATACAAAAATTC 
AAATTTTCACTCACGTAACATACAAAAATTC 
AAGTAATTGTATGCTACGCTTACGAAATCGA 
AAGTAATTACGTATTACGCTTACGAAATCGA 
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Table 1-4. Wx ÚÕ*ǀĞ (per liter) 

 

 

 

 

 

 

 

 

 

 

 

 
SYK-6株の休止細胞を用いた vanillateおよび syringateの変換実験 
� SYK-6 Ō= LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧǖ� ď�ǖ�= Wx buffer (Wx ÚÕ

�7 Solution II =ȡ
 4* [see Table 1-4])% 2 ÍũŬ��Æ buffer (ĝŽ� �OD600 = 0.2 &

'96�( 30 ml * Wx-SEMP ÚÕ(ŏǖ��30°C % OD600 = 0.5-0.6 ('90%Úȶ� ��

*ď�ǰ÷Ņ�%+ VA 0 + SA =ƿžą 5 mM ('96�(Ŵ·��6 ĺȞÚȶ�  (ƾǏ

+õĲßřĿ(�8ƺº°* VA 0 + SA �ÚÕ��7ŰǷ�: ƈĜ%�9)�Ȭǰ÷Ņ�

(-
$+�OD600 = 0.5-0.6 ('" ď��7( 2 ĺȞÚȶ�  (ƾǏ+õĲßřĿ(�9)�Ú

ȶű=Ȧǖ� ď�ǖ�= 50 mM Tris-HCl buffer (pH 7.5)% 2 ÍũŬ-6,ĝŽ���ŗƾǏ&

� �Ē7: �ŗƾǏ= OD600 = 5.0 ('96�(Æ buffer (ĝŽ��ƿžą 200 µM * VA 0

 + SA =·��300 µl *¿ėƹ($ 30°C�1,500 rpm *čĔĩƚ% 30 min ¿ė=ǜ" �ǁĺ

Ƙ( 50 µl *Úȶű=N}ky}J� (0, 5, 10, 20, and 30 min)�5 min Ȏĕ°Ȩ�$ǖ�=ȡ½�

¿ė=£ŗ� �¿ė�ŵ= 30 µl ÍÀ�ǗƓŞ% 10 �(Āȗ� ď�
HPLC °Ň�(ǪȂ�

 ķť%°Ň=ǜ" � 

 

HPLC分析 
� 
SYK-6 Ō*�ŗƾǏ=Ə
 vanillate -6, syringate *áĭðȷ�%ǲǢ� ¿ėű=ë

Ď 0.20 µm *i@zW� (Millex-LG, Millipore)=Ə
$;ȍ� ď�High-performance liquid 

chromatography [HPLC; ACQUITY ultraperformance liquid chromatography (UPLC) system; Waters](
68°Ň� �Fxr(+ TSKgel ODS-140HTP column (2.1 by 100 mm; Tosoh)=�Ə��ƪ¸Ɲ

+ 0.1%* formic acid =È2 acetonitrile 10%& water 90%*ǀĞ%ūȉ 0.5 ml/min &� �VA -

6, SA *Ő¯ŧȜ+��:�: 260.3 nm -6, 274.4 nm &� � 

 

 

Wx medium 
 
 
Solution I 
 
 
 
Solution II 
 
 
 
Stock salt solution (SSS) 

Solution I 
Solution II 
 
KH2PO4 
Na2HPO4×12H2O 
(NH4)2SO4 
 
MgSO4×7H2O 
FeSO4×7H2O 
SSS 
 
MgO 
CaCO3 
FeSO4×7H2O 
ZnSO4×7H2O 
MnSO4×4H2O 
CuSO4×5H2O 
CoSO4×7H2O 
H3BO3 
12N HCl 

100 ml 
10 ml 

 
17.0 g 
98.0 g 
10.0 g 
 
10.0 g 

0.5 g 
100 ml 
 
10.75 g 

2.00 g 
4.50 g 
1.44 g 
1.12 g 
0.25 g 
0.28 g 
0.06 g 

51.3 ml 
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SYK-6株および遺伝子破壊株の細胞抽出液の調製 
� SYK-6 Ō�DdesR Ō-6,DdesQ Ō= LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧǖ� ď�

ǖ�= Wx buffer % 2 ÍũŬ-6,ĝŽ� �OD600 = 0.2 &'96�( 100 ml * Wx-SEMP ÚÕ

(ŏǖ��30°C % OD600 = 0.5-0.6 ('90%Úȶ� ��*ď�ǰ÷Ņ�%+ VA 0 + SA =

ƿžą 5 mM ('96�(Ŵ·��6 ĺȞÚȶ� �Ȭǰ÷Ņ�(-
$+�OD600 = 0.5-0.6 (

'" ď��7( 2 ĺȞÚȶ� �Úȶű=Ȧǖ� ď�ǖ�= 50 mM Tris-HCl buffer (pH 7.5)
% 2 ÍũŬ��Æ buffer (ĝŽ� �ǼȮŧƤƣǠǊ (UD-201; Tomy Seiko)(68ƾǏ=Ƥƣ��

19,000 ́  g�15 min�4°C %Ȏĕ°Ȩ=ǜ" ��ŵ=ÍÀ��ƿžą 0.1% (wt/vol)&'96�(

streptomycin źű=·�ųË��19,000 ´ g�15 min�4°C %Ȏĕ°Ȩ=ǜ
æȧ DNA =ȡ½�

 ��ŵ=ƾǏĦ¯ű&�$ÍÀ����(Ʀ�
Bradford ť(69W}eIǸ*ïȚ�(đ


ªW}eIǸžą=Ÿï� � 

 
Bradford法によるタンパク質の定量 
W}eIǸ*ïȚ+ Bradford ť (254)%ǜ" �ķť+k|[A}?ZTA CBB źű (Nacalai 

Tesque Inc.)(�ù*ǱĹļ(đ
�°§§ąǨ (V630-BIO; Jasco)=Ə
$Ÿï� �ŔŹW}e

IǸ(+BPǛŵ?zjq}źű (Nacalai Tesque Inc.)=Ə
 � 

 

total RNAの単離 
� SYK-6 Ō�DDAM Ō�DdesR Ō-6,DdesQ Ō= LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧ

ǖ� ď�ǖ�= Wx buffer % 2 ÍũŬ-6,ĝŽ� �SYK-6 Ō�DDAM Ō-6,DdesR Ō

+�OD600 = 0.2 &'96�( 10 ml * Wx-SEMP ÚÕ(ŏǖ��30°C % OD600 = 0.5-0.6 ('9

0%Úȶ� ��*ď�ǰ÷Ņ�%+ VA�PCA�SA�3MGA 0 + GA =ƿžą 5 mM ('9

6�(Ŵ·��VA�SA -6, 3MGA (-
$+ 6 ĺȞ�PCA -6, GA (-
$+ 2 ĺȞÚ

ȶ� �Ȭǰ÷Ņ�(-
$+�OD600 = 0.5-0.6 ('" ď��7( 2 ĺȞÚȶ� �DdesQ Ō 
(-6,Ŝȁõǵ&�9 SYK-6 Ō)+ Wx buffer %ĝŽď�OD600 = 0.2 &'96�( 10 ml * Wx-

SEMP ÚÕ�Wx-5 mM VA ÚÕ�Wx-5 mM SA ÚÕ(�:�:ŏǖ��30°C % OD600 = 0.5-0.6 (

'90%Úȶ� � 

� Úȶű=Ȧǖ� ď�illustra RNAspin Mini RNA Isolation Kit (GE Healthcare)=Ə
$ total RNA

=»Ȩ� �total RNA (õ�$ DNase I (Takara Bio)=Ə
 DNA °ǧ®ƌ=ǜ" ď�phenol-

chloroform Ħ¯-6, ethanol Ţś®ƌ(69°ǧ DNA *ȡ½į�= 2 Íǜ
�ĽƿƘ( 10-20 
µl * diethylpyrocarbonate-treated water (źǧ� ���*į�+�.$ğǞ&pRI=ǠƟ�$

ǜ" �Ē7: total RNA *ƻą+ V630-BIO =Ə
$Ÿï��žą+Ǚ§§ąǨ (Quantus  

Fluorometer; Promega)($ QuantiFluor® RNA System (Promega)=Ə
$Ÿï� � 

 

逆転写反応による cDNAの調製 
� ȇǿ¬¿ė(69 complementary DNA (cDNA)*ǲǢ*į�ķť+�PrimeScript II 1st strand 
cDNA Synthesis Kit (Takara Bio)*ÁĠǱĹļ(đ" �»Ȩ� 1 µg * total RNA�HZ](�

ù* 50 mM Random 6 mers�10 mM dNTP Mixture =È2ªȚ= 10 µl &��65°C % 5 min �ŷ
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� ď�ş�%ę­�� ��7(�5´ Primescript Buffer�40 U/µl RNase Inhibitor�200 U/µl ȇ

ǿ¬ȕƼ (PrimeScript reverse transcriptase)=·�$ªȚ= 20 µl &�ųË� ď�ȇǿ¬¿ė=

ǜ" �¿ė+ 30°C % 10 min �ŷ� ď�42°C % 30 min �ŷ�9�&%ǜ" �ÄN}kz

(#
$�ȇǿ¬ȕƼ=È0'
aG[@jM}]|�z4ǲǢ��Lbr DNA �ų©�$


'
�&=ƥǯ� �Ē7: cDNA + NucleoSpin Gel and PCR Clean-up (Takara Bio)HZ]=Ə


$ƸǢ��30 µl * Elution buffer NE (5 mM Tris-HCl, pH8.5)($ź¯� � 
 

定量的逆転写 PCR (qRT-PCR)解析 
� SYK-6 Ō�DDAM Ō-6,DdesR Ō* qRT-PCR ǧŇ+�cDNA =țØ&��Fast SYBR Green 

master mix (Applied Biosystems)& StepOne real-time PCR system (Applied Biosystems)=Ə
$ǜ"

 �ÛŃƘ'į�ķť+ÁĠǱĹļ(đ"$ǜ" �y?zWAr PCR (Ə
 kxAp�+�

�.$�ù*Vi]BC? (Primer Express version 2.0; Applied Biosystems)=Ə
$ǫǨ�  
(Table 1-3)�PCR ¿ė+ 2 μl * cDNA źű�2 μl * 9 μM kxAp�-6, 10 μl * SYBR Green 

PCR master mix =È2ªȚ 20 μl &� �¿ėű=ǲǢď�3,000 rpm % 1 min āŷȎĕ�$ŝŦ

=ȡ½�9&&4(¿ėű= well *Ą(Ȧƺ� �y?zWAr PCR ¿ė*Ǚ§t`Wy}J

+ StepOne real-time PCR detector =Ə
$ǜ" �NAIzM}\@Pw}+�95°C-15 sec�60°C-

1 min = 40 NAIz&��¿ėď 60°C �7 95°C 0% 1°C/min *ȉą%Đ	(ŷą=�ĸ��

$ßĂƎƆ*ǚǧĻǆ (melting curve)=�Ǣ� � 
� DdesQ Ō (-6,Ŝȁõǵ&�9 SYK-6 Ō)* qRT-PCR ǧŇ+�cDNA =țØ&��Thunderbird 

SYBR qPCR mixture (Toyobo Co., Ltd.)& LightCycler 480 System II (Roche Diagnostics K.K.)=Ə


$ǜ" �ÛŃƘ'į�ķť+ÁĠǱĹļ(đ"$ǜ" �y?zWAr PCR (Ə
 kxA

p�+��.$ Primer Express version 2.0 software program (Applied Biosystems)=Ə
$ǫǨ�  

(Table 2-3)�PCR ¿ė+ 2 μl * cDNA źű�10 pmol *ȑ�êƇƔƘkxAp�-6, 10 μl *

Thunderbird SYBR qPCR mixture =È2ªȚ 20 μl &� �¿ėű=ǲǢď�3,000 rpm % 1 min ā

ŷȎĕ�$ŝŦ=ȡ½�9&&4(¿ėű= well *Ą(Ȧƺ� �y?zWAr PCR ¿ė*Ǚ

§t`Wy}J+ LightCycler 480 System II =Ə
$ǜ" �NAIzM}\@Pw}+�95°C-

3 sec�60°C-30 sec = 40 NAIz&��¿ėď 60°C �7 95°C 0% 2°C/min *ȉą%Đ	(ŷą

=�ĸ��$ßĂƎƆ*ǚǧĻǆ (melting curve)=�Ǣ��ßĂ*ƇƔĚ=ŐǬ� � 

� ÄN}kz*ǿ¬Ț=Ŝȁ�9 3*cBRH�h}Jȑ�ê&�$ SYK-6 Ō* 16S rRNA

=Ə
 �DDAM Ō-6,DdesR Ō(-
$ desA�ligM -6, desR =ßĂ�9 3(�DDAM
Ō-6,DdesR Ō(�:�:Ř" �:7ȑ�ê* 5¢ȲÙ=ßĂ�96�(Ƈï*kxAp�

=ǫǨ� �Ä mRNA -6, 16S rRNA *Ț+�ŔŹ DNA =�Ə�$Ÿï� � 

 

生育試験 
� SYK-6 Ō�DdesR Ō-6,DdesQ Ō= 10 ml * LB ÚÕ% 24 ĺȞÚȶ� �Úȶű=Ȧǖ� 

ď�Wx buffer % 2 ÍũŬ��1 ml * Wx buffer (ĝŽ� �Ē7: ǖ�+�5 mM * VA 0 

+ SA =È2 5 ml * Wx ÚÕ( OD660 = 0.2 &'96�(ŏǖ� �ǖ�*ƍǎǐ+�TVS062CA 
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bio-photorecorder (Advantec Co., Ltd.,)=Ə
$ 30°C % 60 rpm *ȉą%ĩƚ��OD660=ǄĺƘ(

Ÿï�9�&%ǲ. � 

 

total DNAの回収 
� SYK-6 Ō= Nal =È2 LB ÚÕ% 12 ĺȞÚȶ��Úȶű= 19,000 ́  g�15 min�4°C %Ȏĕ°

Ȩ�$Ȧǖ� �ǖ�= STE buffer (pH 8.0; 10 mM Tris-HCl, 1 mM EDTA, 100 mM NaCl)%ũŬ

��Æ buffer (ĝŽ� �ƿžą� 2 g/l &'96�( lysozyme =·�$ųÅ��37°C % 60 °

ȞȫǊ� ��7(ƿžą� 0.2 g/l &'96�( proteinase K =·�$Ȁ�ųÅ��37°C % 60

°ȞȫǊ� ��*ď�ƿžą� 0.5%&'96�( 10% SDS =ųÅ��65°C % 60 °ȞȫǊ�

$źǖ�� �phenol-chloroform ®ƌď( isopropanol Ţś=ǜ
 total DNA =ÍÀ� �Total 

DNA =È2ŢśƆ+�RNase A =È2 TE buffer (źǧ��37°C ($ 1 ĺȞ RNA Ű¹=ǜ
�

total DNA ǭĴ&� �Total DNA ǭĴ+ 4°C %�í� � 
 

desR相補株の生育試験 
� desR ƝǡƏkxRq^=�Ǣ�9 3�SYK-6 Ō* total DNA =țØ( Table 1-3 (Ʀ� 

12870_T_F -6, 12870_B_R =Ə
$ PCR =ǜ
�desR *ªȜ=È2ƺ 1.9 kb *ßĂƎƆ=Ē

 �desR =È2 DNA ĵƄ= pJB866 * HindIII-EcoRI NA](Ī©��pJBdR =�Ǣ� �pJB866

-6, pJBdR = SYK-6 Ō0 +DdesR Ō(��(Ʀ�
D{I]|o{�Pw}ť(69kx

Rq^ DNA *÷©�(đ"$�:�:÷©� desR ƝǡŌ=Ē � 

� SYK-6(pJB866 0 + pJBdR)Ō-6,DdesR(pJB866 0 + pJBdR)Ō=�:�: Tc =È2 10 

ml * LB ÚÕ% 24 ĺȞÚȶ� �Úȶű=Ȧǖ� ď�Wx buffer % 2 ÍũŬ��1 ml * Wx 

buffer (ĝŽ� �Ē7: ǖ�+�Tc -6, Pmk|t�W�*ǰ÷ƆǸ&�$ 1 mM * m-

toluate =È2 5 mM * VA =Ŵ·� 5 ml * Wx ÚÕ( OD660 = 0.2 &'96�(ŏǖ� �Ɲ

ǡŌ*ƍǎǐ+�TVS062CA =Ə
$ 30°C % 60 rpm *ȉą%ĩƚ��OD660=ǄĺƘ(Ÿï�

9�&%ǲ. � 

 

エレクトロポレーション法によるプラスミド DNAの導入 
� Nal =È2 10 ml * LB ÚÕ% SYK-6 Ō0 +�*ȑ�êƤàŌ= 24 ĺȞµÚȶ��10 ml *

ÆÚÕ( 2%ŏǖ�$ OD600 = 0.5 ('90%Úȶ� �Úȶű=Ȧǖ� ď�ǖ�= 1 ml * 0.5 

M sucrose % 2 ÍũŬ��300 µl *Æźű(ĝŽ� �100 µl *ǖ�ĝŽű(kxRq^ DNA =

ƺ 1 µg/µl &'96�(·��Gene pulser (Bio-Rad Laboratories, Inc.)=Ə
$ĥĢ 200 W�ȩÒ 2.5 

kV�ȫȩòȚ 25 µF *Ņ�%ezR=�� �ezRď�Ɯ!( 1 ml * SOC ÚÕ=·�$ 30°C

% 4 ĺȞĩƚÚȶ� �Úȶď�÷©� kxRq^(õė�9ĢƍƆǸ=È2 LB óäÚÕ(

Ýÿ��kxRq^=�Ĩ� Ō=Ȑģ� � 

 

LacZレポーターアッセイ用プラスミドの作製 
� pPR9TZ (È0:9k|t�W�{R* lacZ �ū(�pEVXH �7±8¯� desB �ū 205 bp

=È2 663 bp * XhoI-PstI ĵƄ=Ī©��desB k|t�W�ŪĚŸïƏ*{o�W�kxRq^
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pRDBX =Ē �pPR9TZ * lacZ �ū(�pBSM4.7 �7±8¯� ligM «ȓ�7�ū0%=È

2ƺ 1.0 kb * BamHI ĵƄ=Ī©��pPLMBB =Ē �pPLMBB = SalI Ű¹��Ī©� ȲÙ=

ligM *�ū 323 bp =È2 506 bp (´Ŷ�9�&%�ligM k|t�W�ŪĚŸïƏ*{o�W�

kxRq^ pPLMBS =�Ǣ� � 

 

LacZレポーターアッセイ 
� pRDBX�pPLMBS -6,lIW� (pPR9TZ)=
D{I]|o{�Pw}ť(69kxRq^

DNA *÷©�(đ"$�SYK-6 Ō(�:�:÷©� �ÄkxRq^=÷©� SYK-6 Ō= Cb

=È2 LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧǖ� ď�ǖ�= Wx buffer % 2 ÍũŬ-6,

ĝŽ� �OD600 = 0.2 &'96�( Cb =È2 10 ml * Wx-SEMP ÚÕ(ŏǖ��30°C % OD600 

= 0.5-0.6 ('90%Úȶ� ��*ď�ǰ÷Ņ�%+ VA 0 + SA =ƿžą 5 mM ('96�

(Ŵ·� 6 ĺȞÚȶ� �Ȭǰ÷Ņ�(-
$+�OD600 = 0.5-0.6 ('" ď��7( 2 ĺȞÚ

ȶ� � 

� Úȶű=Ȧǖ� ď�ǖ�= Wx buffer % 2 ÍũŬ� OD600 = 5.0 (Abs600 = 5.0)&'96�(Æ

buffer (ĝŽ� �Ē7: ĝŽű 20 µl (v = 0.02 ml)& 80 µl * permeabilization solution (100 mM 

Na2HPO4, 20 mM KCl, 2 mM MgSO4, 0.8 mg/ml hexadecyltrimethylammonium bromide, 0.4 mg/ml 

sodium deoxycholate, 5.4 µl/ml b-mercaptoethanol)=ųÅ� 30°C % 30 °Ȟ�ŷ� ��*ď�600 

µl * substrate solution (60 mM Na2HPO4, 40 mM NaH2PO4, 1 mg/ml 2-nitrophenyl-b-D-
galactopyranoside, 2.7 µl/ml b-mercaptoethanol)=·��30°C % 5 °Ȟ¿ė��  (t = 5 min)�¿ė

ď�700 µl * stop solution (1 M Na2CO3)=·� �Ē7: ¿ėű= 19,000 × g % 1 °ȞȎĕ�

 ď � � ŵ * Abs420 = Ÿ ï �  � b-galactosidase Ū Ě + � İ á �  Miller assay 

(https://openwetware.org/wiki/Beta-Galactosidase_Assay_(A_better_Miller)) (255, 256)(đ
�Miller 

units [1000 × Abs420/(t × v × Abs600)]&�$÷¯� �Abs420�t�v ��$ Abs600+�:�:�absorbance 

of the o-nitrophenol�reaction time (min)�volume of culture solution (ml)��$ cell density =Ʀ�� 
 

E. coliにおける desRの発現と DesRの精製 
� SLG_12870 (desR)=M�^�9Ȕ²+�SYK-6 Ō* total DNA =țØ( Table 1-3 (Ʀ� 

desR_NdeI_F -6, desR_NdeI_R =Ə
$ PCR ($ßĂ� �ßĂ� 0.5 kb * DNA ĵƄ=

pET-16b ( TA I|�`}J� pT1542 =Ē �pT1542 * 0.5 kb NdeI-BamHI ĵƄ= pCold I *Æ

NA](Ī©� pCIdR =Ē �E. coli BL21(DE3)Ō( pCIdR =÷©��Ap =È2 LB ÚÕ% 12
ĺȞµÚȶ=ǜ" �Ē7: Úȶű=ÆÚÕ(ƿžą 1%&'96�(ŏǖ��30°C % OD600 

= 0.5 ('90%Úȶ� ď�16°C % 30 °ȞȫǊ��ƿžą 1 mM * isopropyl-b-D-

thiogalactopyranoside (IPTG)=·�$�7( 16°C % 24 ĺȞǰ÷Úȶ=ǜ" �desR =ȸƖƋ�

� E. coli Úȶű= 5,000 ´ g�5 min�4°C %Ȧǖ��500 mM NaCl�40 mM imidazole =È2 50 

mM Tris-HCl buffer (pH 7.5)% 2 ÍũŬď�Æ buffer (ĝŽ� �ǼȮŧƤƣǠǊ(68ƾǏ=Ƥ

ƣ��19,000 ´ g�15 min�4°C %Ȏĕ°Ȩ=ǜ" ��ŵ=ƾǏĦ¯ű&�$ÍÀ��500 mM 
NaCl & 40 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)%�7��3ăǝ¹� His Spin 

Trap TALON (GE Healthcare)(?kxA��100 ´ g�1 min�4°C %Ȏĕ� �æȧW}eIǸ*
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ź¯(+ 500 mM NaCl & 40 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)=Ə
$ 5 Íũ

Ŭ��500 mM NaCl & 150 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)%ƛƘW}eIǸ

=ź¯�� ��*ď�ȎĕćȠâ;ȍi@zW�Amicon Ultra (10 kDa cut, Merck)=Ə
$ǑÞ

&žǈ=ǜ" �0 �DesR +ðȷµ(Ȏĕć;ȍs}j{} Ultrafree-MC filter (Merck)(6"

$�źƆ=ȡ½� �W}eIǸ*ïȚ+
Bradford ť(69W}eIǸ*ïȚ�(đ
ǜ" � 

 
SDS-PAGE解析 
� desR *ƖƋ-6,áĚŅ�%*°êȚŸï+�žǈLz 5%�°ȨLz 12%* SDS-PAGE (

6"$ǜ" �ƂţáĚ�� W}eIǸźű= 100 V *ïȩÒ% 120 °ȞŨ¸� �Ũ¸ƿ�

ď(Lz=ŊǕű [0.1% (wt/vol) Coomassie Brilliant Blue R-250, 50% methanol, 5% acetate](ů�

$ñŷ% 30-60 °Ȟĩƚ�� �Lz=ƻŞ%ũŬď�ǑǕű (40% methanol, 10% acetate)(ů

�$ñŷ%ǑǕ� �°êȚp�F�(+ Novex Sharp Pre-stained Protein Standard (Thermo Fischer 
Scientific, Inc.)=Ə
 � 

 

ゲルろ過クロマトグラフィー 
� ƺ 400 µg *ƸǢ DesR�Blue Dextran 2000 -6,ŔŹW}eIǸ (Y|J|jy} [5.0 mg/ml, 

669 kDa]�iCyY} [0.3 mg/ml , 440 kDa]�?z^x�U [4.0 mg/ml , 158 kDa]�M}?zjq

} [3.0 mg/ml , 75.0 kDa]�Ej?zjq} [4.0 mg/ml , 44.0 kDa]�F�n`ZI~?}f^x�

U [3.0 mg/ml , 29.0 kDa]�RNase A [3.0 mg/ml , 13.7 kDa]�?k|Y`} [3.0 mg/ml , 6.5 kDa])=�

140 mM * NaCl =È2 10 mM H3PO4 buffer (pH 7.4)%ăǝ¹� Lz;ȍFxr (Superdex 200 

increase 10/300 GL; GE Healthcare)(�:�:?kxA��BioAssist eZ system (Tosoh)($ūȉ 1.0 

ml/min %°Ȩ� �FxròƬ (lZ^nyv�r)�Blue Dextran 2000 &ÄŔŹW}eIǸ�

ź¯� ĺ*ź¯űȚ (ml)=�:�: Vt�Vo -6, Ve &�$�Kav = (Ve - Vo)/(Vt - Vo)*ć

�7 Kav ¡=Š3ŐȚǆ=�Ǣ��DesR *°êȚ=Ƶ¯� � 
 

digoxigenin標識した DNAプローブの作製 
� Electrophoretic mobility shift assay (EMSA)*ÛŃƘ'į�ķť+�digoxigenin gel shift kit 2nd 

generation (Roche)*ÁĠǱĹļ(đ" �k|�j&�$Ə
 DNA ĵƄ+�Table 1-3 (Ʀ�

kxAp�& SYK-6 Ō* total DNA =țØ(Ə
$ PCR (68ßĂ� �ƛƘ* DNA ĵƄ=

2%?G|�RLz%°Ȩ�Ħ¯� ď�ethanol Ţś(68žǈ� �Ē7: m{Z]=ǗƓ

Ş%źǧ��DNA žą=Ǚ§§ąǨ (Quantus  Fluorometer)($ QuantiFluor® dsDNA System 

(Promega)=Ə
$Ÿï� �Ē7: 1.5 pmol*DNAĵƄ+�HZ](�ù* terminal transferase

(68 3¢łƱ= digoxigenin-11-ddUTP %ŔǴ� � 

 

DNA-タンパク質結合反応 
� EMSA (-�9 DNA-W}eIǸǂÅ¿ė+�SYK-6 Ō-6,ȑ�êƤàŌ*ƾǏĦ¯ű (4 
µg of protein)0 +ƸǢ DesR (10 ng [0.24 pmol dimer]0 + 100 ng [2.4 pmol dimer])�5 fmol *

digoxigenin ŔǴ DNA k|�j�1 μg * poly-[d(I-C)]-6, Binding buffer (1´) [20 mM HEPES, 1 
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mM EDTA, 10 mM (NH4)2SO4, 1 mM dithiothreitol, 0.2% (wt/vol) Tween 20, 30 mM KCl, pH 7.6]=È

2ªȚ 10 μl &� �DNA k|�j& buffer Ƴ=ųÅ� ď�ƾǏĦ¯ű0 + DesR =·�$

ƭ5�(ųÅ��20°C % 20 °Ȟ�ŷ� �DesR &DiCIW�°ê*�Å=ǲ.9ÜÅ+�

VA 0 + SA =ƿžą 0.05�0.5�5 0 + 50 mM &'96�(¿ėƹ( 1 µl ·� � 

 

メンブレンへの転写とシグナルの検出 
� ǂÅ¿ėď*N}kz+Ɯ!(ş�%­5��2.5 μl * 5´ loading buffer (0.25´ TBE buffer, 60%; 

glycerol, 40%; bromphenol blue, 0.2% [wt/vol])=·�$ųÅ� ��*ď�5%ȬáĚoy?Iyz

?q^Lz (sterilized water, 3.1 ml; 5´ TBE buffer [Tris, 445 mM; Boric acid, 445 mM; EDTA, 10 mM], 

1.0 ml; 30% acrylamide, 0.85 ml; 10% ammonium peroxodisulfate, 23 μl; TEMED, 3.85 μl)=Ə
$�

Ũ¸ buffer ( 0.5´ TBE =�Ə�$ 80 V *ïȩÒ% 4°C ($ 1-2 ĺȞŨ¸=ǜ" � 

� DNA *s}j{}-*ǿ¬+D{I]|j|Z[@}Jť(6"$ǜ" �Trans Blot SD 
(Bio-Rad Laboratories)*Ȣő¤�7i@zW�m�e� (Bio-Rad Laboratories)�Hybond-N+s}

j{} (GE Healthcare)�Ũ¸ď*Lz���$i@zW�m�e�*ȱ(Ș)$ 15 V *ïȩÒ

% 10-20 °Ȟ]x}Ri>�� �s}j{}&i@zW�m�e�+�7��3 0.5´ TBE %

ăǝ¹� 4*=Ə
 � 

� j|Z[@}Jƿ�ď�DNA ĵƄ�ǿ¬�: s}j{}( UV Closslinker (CX-2000; 

UVP)=Ə
$ UV Ɓö� (3000×100 µJ/cm2, 20 sec)�DNA *I|Ry}I=ǜ" �s}j{}

=ũŬƏ buffer (100 mM malate, 150 mM NaCl [pH 7.5 with NaOH])(ů��ñŷ%P�V� (Wave-

SI slim; TAITEC Corporation)=Ə
$ 5 °ȞųË�'�7ũŬ� ��*ď�j|ZH}Jźű 

(ũŬƏ buffer + 1% blocking reagent)(ƪ�ñŷ% 30 °ȞųË� �s}j{}*j|ZH}J

®ƌ�ƿ�� ď�1/10,000 Ț*Ģ digoxigenin Ģ� (Anti-Digoxigenin-AP, Roche)=È2j|ZH

}Jźű(�ĭ��ñŷ% 30 °ȞųË�9�&%ȕƼ¨ƕŸïť (ELISA ť)(68s}j{}

�* DNA =ŔǴ� �ũŬƏ buffer =Ə
$ñŷ% 15 °Ȟ*ĩƚ= 2 Íǉ8ȅ�s}j{}

=ũŬ��Ł¿ė*Ģ�=ȡ½� ď�Ő¯Ə buffer (100 mM Tris-HCl, 100 mM NaCl [pH 9.5 with 

HCl])% 5 °Ȟĩƚ=ǜ
s}j{}=ăǝ¹� �6 µl * CDP-Star (Roche)źű=È2 200 µl *

Ő¯Ə buffer =�ăǝ¹� s}j{}*j|Z[@}Jȭ(ħı-6,ůȈ�� �OHP P

�]%s}j{}=Ǥ
��¶* CDP-Star źű=i@zrâ(���¯� �Alkaline 

phosphatase ¿ė(69s}j{}�*PJ_z=¹îƖ§Ő¯ǧŇǠǊ (LumiVision PRO image 

analyzer; Aisin Seiki)%Ő¯~ĮČ� � 
 

統計解析 
� ǃǨǧŇ+�GraphPad Prism 8 (GraphPad Software)=�Ə��Student¢s t test =Ə
 pairwise Ŝ

ȁ(68ǜ" �< 0.05 * P ¡+ǃǨƘ(ľě%�9�&=Ʀ�� 

 

�
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第 2章 
 

Sphingobium sp. SYK-6株における syringate脱メチル酵素 
遺伝子 desAの転写制御システム 

 
 

第 1節 緒言 
 

� Ƚ 1 ȸ-ʊƺ-<�Sphingobium sp. SYK-6 ǀ- vanillate (VA)/syringate (SA)�ʛ˒Ɍˍ

¡ĩ ligM��;0 SA �ʛ˒Ɍˍ¡ĩ(�> desA�desB -ʮË. VA 5!. SA -Īċ

�(˷ɵ,ʖĺ�?>�)�Ȩ�?�VA �;0 SA ��?<ˍ¡ĩ-ʖĺȀʦ(�>

�)�ƥ<-)+$! (Fig. 1-3)�desB �Ǩ˵ďɒ÷]�kPʦ)�'è˫�?!9-

-
#�LysR ĎʮËÔţćĩ DesQ .��?-ˍ¡ĩ-ʮËÔţ,9˞��+-$!

� (Fig. 1-5B)�MarR ĎʮËÔţćĩ DesR . ligM �;0 desB -p�y�]�˵ď,

ɒ÷���ˍ¡ĩ-ʮËBʢ,Ôţ�>�)�Ȩ�?! (Fig. 1-5 and 1-9)���'�VA

�;0 SA �InHP]�)�'Ǔɢ�>�)( DesR ,;>ʮËŻÔBʊˣ�>�)

�ƥ<-)+$! (Fig. 1-12)��-��DesR . desA -ʮËÔţ,˞��+��)�Ȩ

�?! (Fig. 1-5A and 1-9C)�Ƚ 2 ȸ(.�desA -ʮËÔţVXawBʊƥ�>!8,

desA -ʮËÔţćĩBøį��ǓɢʊƺBɻ$!� 
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第 2節 結果 
 

1. Sphingobium sp. SYK-6株における desAの転写制御因子の同定 
� Sphingobium sp. SYK-6 ǀ,��' desA �Ǩ˵ď,ɒ÷�>]�kPʦ-ƯǻBʘ2

>!8�SYK-6 ǀ-ɎɡƀÎǪBȌ�' desA �Ǩ˵ď,ĸ�> electrophoretic mobility 

shift assay (EMSA)Bɻ$!�˯ʖĺƸ�)�' 10 mM sucrose�10 mM glutamate�0.13 

mM methionine ��' 10 mM proline BǬÝ�! Wx đČ (Wx-SEMP)�ʖĺƸ�)�'

5 mM - VA 5!. SA BǬÝ�! Wx-SEMP đČ (Wx-SEMP + VA 5!. Wx-SEMP + 

SA)(đ˺�! SYK-6 ǀ-<ɎɡƀÎǪBʘʁ��digoxigenin Ǐʜ�! desAp1-desAp5

p��o)�? ?îū��! (Fig. 2-1A)��-ɒƼ���?-đ˺Ƹ�(ʘʁ�!Ɏ

ɡƀÎǪBȌ�!Ĕ÷9 desAp2 p��o"�( DNA ]�kPʦʂ÷©BȨ�ƥȤ+

Vncj�d�ʈĶ�?! (Fig. 2-1B)��<,�desA -ʖĺȀʦ(�> SA �;0 VA 

(5 mM)-Īċ�,��' desAp2 p��o) Wx-SEMP đ˺�! SYK-6 ǀ-ɎɡƀÎǪ

BȌ�! EMSA Bɻ$!)�@��æ÷Ȁ-Īċ�(Vncj�d�ǩģ�>�)�

Ȩ�?! (Fig. 2-1C)���-ɒƼ-<�SYK-6 ǀ-ɎɡÉ,. desAp2 ˵ď,ɒ÷�>

]�kPʦ�Īċ���-ɒ÷.SA5!.VA-Īċ�(˟Ĳ�?>�)�Ȩ�?!� 

� SYK-6 ǀ-Riw�- desA ýʶ˵ď,ȟț�>)�desA �Ǩ,. ferulate (FA)�ʛ

,˞��> ferBAKr��)�-ÔţBƁ
MarRĎʮËÔţćĩ ferC�Īċ�> (Fig. 

2-1A) (175)��Ɵ�desA �Ǩ,. IclR ĎʮËÔţćĩ)ȝøůBȨ�ǓɢƳȡ-

SLG_24970 �Īċ�> (Fig. 2-1A, Table 2-1)��ɪȗ,jPa~E-ɮ˻ơ�ʛɉˍ¡

ĩ(ə).�Riw�-ʹ½,Īċ�>ʮËÔţćĩ,;=ÔţBð�> (156)���(�

desAp2 p��o,ɒ÷�!ćĩ� ferC 5!. SLG_24970 -ˍ¡ĩȋȀ(�>-*


-Bʘ2>!8��×ŜȢȶı(ǌɃ�?! ferC ȣĚǀ (DferC ǀ) (175))�ƵȢȶ(

ȝøɐƏ�,;$'«ʁ�! SLG_24970 ȣĚǀ (D24970 ǀ) (Fig. 2-2)-ɎɡƀÎǪB

Ȍ�' desAp1-desAp4 p��o,ĸ�> EMSA Bɻ$!�Wx-SEMP đČ(đ˺�!

DferC ǀ�;0D24970 ǀ-<ɎɡƀÎǪBʘʁ� EMSA Bɻ$!)�@�DferC ǀ-Ɏ

ɡƀÎǪBȌ�!Ĕ÷,.˖Ȋǀ)øǍ, desAp2 p��o"�( DNA ]�kPʦʂ

÷©BȨ�Vncj�d�ŝŶ�?!��D24970 ǀ-ɎɡƀÎǪ(.Vncj�d.

ŝŶ�?+-$! (Fig. 2-1D)�5!�DesR �;0 DesQ -ˍ¡ĩȣĚǀBȌ�'øǍ

-ʊƺBɻ$!)�@�˖Ȋǀ�;0DferC ǀ)øǍ-ɒƼBȨ�! (Fig. 2-1D)���

-ɒƼ-<�SLG_24970 -ˍ¡ĩȋȀ� desAp2 ˵ď,ɒ÷�>�)�Ȩă�?!��

š�SLG_24970 B desX )þù��DesX - SA/VA �ʛÔţ1-˞�Bʘƾ�!� 
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Fig. 2-1. desA �ūȲÙǂÅĚW}eIǸ*Æï. 

(A) desA ÉȄ*ȑ�êpZk. ferC, MarR-type transcriptional regulator gene; ferB, feruloyl-CoA 
hydratase/lyase gene; ferA, feruloyl-CoA synthetase gene; SLG_25010, putative hydrolase gene; 
SLG_24970 (desX), IclR-type transcriptional regulator gene; vceA, vanilloyl acetic acid/3-(4-hydroxy-3,5-
dimethoxyphenyl)-3-oxopropanoic acid-converting enzyme gene (54). ȑ�êpZk�*ȹ
d�+

EMSA (�Ə� DNA ĵƄ (desAp1-desAp5 k|�j)=Ʀ�. (B) SYK-6 Ō*ƾǏĦ¯ű=Ə


 desAp1-desAp5 k|�j(õ�9 EMSA. Wx-SEMP, Wx-SEMP + VA 0 + Wx-SEMP + SA
%Úȶ� SYK-6 Ō�7ƾǏĦ¯ű=ǲǢ�, ƾǏĦ¯ű*ȬíÓ� (None)0 +íÓ� (0.4 
µg protein/µl)%, 500 pM * digoxigenin ŔǴ� desAp1-desAp5 k|�j& 20°C % 20 °Ȟ¿ė

�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, PJ_z=Ɩ§ÛǸ(68

Ő¯� . CP, DNA-protein complex; FP, free probe. 
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Fig. 2-1. -continued. 
(C) SA 0 + VA íÓ�%* SYK-6 Ō*ƾǏĦ¯ű=Ə
 desAp2 k|�j(õ�9 EMSA. 
5 mM * SA 0 + VA *íÓ�/ȬíÓ�($, Wx-SEMP Úȶ� SYK-6 Ō�7ǲǢ� ƾǏ

Ħ¯ű*ȬíÓ� (-)0 +íÓ� (+, 0.4 µg protein/µl)% 500 pM * desAp2 k|�j& 20°C %

20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, PJ_z=Ɩ§

ÛǸ(68Ő¯� . CP, DNA-protein complex; FP, free probe. (D) DferC Ō, D24970 Ō, DdesR Ō-

6,DdesQ Ō*ƾǏĦ¯ű=Ə
 desAp1-desAp4 k|�j(õ�9 EMSA. Wx-SEMP %Úȶ

� DferC Ō, D24970 Ō, DdesR Ō-6,DdesQ Ō�7ƾǏĦ¯ű=ǲǢ�, ƾǏĦ¯ű*ȬíÓ

� (-)0 +íÓ� (+, 0.4 µg protein/µl)% 500 pM * desAp1-desAp4 k|�j& 20°C % 20 °Ȟ

¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, PJ_z=Ɩ§ÛǸ(

68Ő¯� . CP, DNA-protein complex; FP, free probe. 

 

 

Table 2-1. SLG_24970���� IclR��	��
�������
��� 

a IclR Øǿ¬³ēÎê (IclR-type transcriptional regulator, ITTR) 
b?qbȖȔ²ƝÆĚ+ EMBOSS Needle pairwise alignment program %Ƶ¯� . 

 

 

 

 

 

 

 

 

 

ITTRsa 
Accession 

number 
Identity 

(%)b 
Organism Function of target gene(s) Reference 

PcaR 
PcaU 
AllR 
XynR 
KdgR 
TsaQ1 
TphRII 
IphR 
TtgV 
PobR 
PbaR 
MhpR 
HmgR 
TsdR 
OphR 
CatR 
NpdR 
GenR 
IclR 

AAA57136.1 
AAC37157.1 
AAB93847.1 
AAB08693.1 
AAC74897.1 
AAP69991.1 
BAE47083.1 
BAH70273.1 
AAK69562.1 
AAC37162.1 
ALA09398.1 
BAA82877.1 
AAN70195.1 
ABG93672.1 
ABP48117.1 
AGT94972.1 
AAK38101.1 
BAC00418.1 
AAA24008.1 

22.3 
24.0 
23.7 
25.5 
19.9 
19.2 
21.6 
26.5 
23.4 
22.3 
21.6 
23.6 
20.1 
23.3 
23.4 
25.5 
21.2 
21.7 
24.5 

Pseudomonas putida PRS2000 
Acinetobacter baylyi ADP1 
Escherichia coli K-12 
E. coli K-12 
E. coli K-12 
Comamonas testosteroni T-2 
Comamonas sp. E6 
Comamonas sp. E6 
P. putida DOT-T1E 
A. baylyi ADP1 
Sphingobium wenxiniae JZ-1T 
C. testosteroni TA441 
P. putida KT2440 
Rhodococcus jostii RHA1 
Rhodococcus sp. DK17 
Rhodococcus erythropolis CCM2595 
R. erythropolis HL PM-1 
Corynebacterium glutamicum ATCC 13032 
E. coli K-12 

protocatechuate catabolism 
protocatechuate catabolism 
allantoin catabolism 
xylonate catabolism 
sugar acids catabolism 
p-toluenesulfonate degradation 
terephthalate catabolism 
isophthalate catabolism 
multidrug and solvent efflux 
p-hydroxybenzoate catabolism 
3-phenoxybenzoate catabolism 
m-hydroxybenzoate catabolism 
homogentisate catabolism 
g-resorcylate catabolism 
phthalate catabolism 
catechol catabolism 
2,4,6-trinitrophenol degradation 
3-hydroxybenzoate/gentisate catabolism 
glyoxylate shunt 

(188) 
(190) 
(257) 
(258) 
(259) 
(260) 
(210) 
(261) 
(262) 
(194) 
(263) 
(264) 
(265) 
(266) 
(267) 
(268) 
(269) 
(270) 
(207) 
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Fig. 2-2. SLG_24970 ƤàŌ (D24970)*�Ǣ. 

(A) D24970 Ō(-�9 kan Ī©ȲÙ*ŕćÏ. (B and C) D24970 Ō*NO}cAjyXAU�P

w}ǧŇ. SYK-6 Ō-6,D24970 Ō�7Ħ¯� total DNA = SalI Ű¹�, digoxigenin ŔǴ� 

SLG_24970 k|�j (pUC401 Ƒņ*ƺ 1.4 kb * ApaI ĵƄ) (B)0 + kan k|�j (pIK03 Ƒņ

*ƺ 1.3 kb * EcoRV ĵƄ) (C)&cAjyXAU�Pw}=ǜ" . 

 

� ferC �;0 desX -ȣĚ� SYK-6 ǀ- SA �;0 VA �ʛ,Ş˲�>-*
-Bʘ2

>!8,�DferC ǀ)DdesX ǀ- SA �;0 VA ȊɠɢB˖Ȋǀ)ǝʯ�!�˖Ȋǀ�

DferC ǀ�;0DdesX ǀB 5 mM SA 5!. VA Bû7 Wx đČ(đ˺�!)�@�DferC

ǀ.˖Ȋǀ)øȿ-ȊɠɢBȨ�! (Fig. 2-3A and B)��Ɵ�DdesX ǀ,��'.˖Ȋ

ǀ;=9 SA (-Ȋɠ�::ƣ�+=�VA (9 SA 3*ƥȤ(.+�9--øǍ-¿

ú�ʈĶ�?! (Fig. 2-3A and B)��?<-ɒƼ-<�DesX . desAp2 ˵ď,ɒ÷�

desA -ʮËBʢ,Ôţ�>�)�Ȩă�?!�5!�FerC . SYK-6 ǀ- SA/VA �ʛ

Ôţ,˞��+��)�Ȩă�?!� 

� DdesX ǀ,��> SA/VA Ȋɠɢ-Ĝæ� desX -ȣĚ,ʧć�>-Bʘ2>!8�

pJB866 - Pmp�y�]�Ôţ�, desX -Ç˚ 750 bp Bû7Ɋ 1.1 kb - DNA ƝǿB
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ƈÆ�!ȝʀp}Xvd pJB24970 B«ʁ��pJB24970 �;0qP]� (pJB866)B�?

 ?ĺÆ�!˖Ȋǀ�;0DdesX ǀ- 5 mM SA (-ȊɠɢBǱį�!��-ɒƼ�

pJB24970 B³ƅ�>DdesX ǀ- SA Ȋɠɢ.qP]�B³ƅ�>DdesX ǀ)ǝʯ�'˅

Ŕ�>�)�Ȩ�?�qP]�B³ƅ�>˖Ȋǀ)øȿ(�$! (Fig. 2-3C)�5!�

pJB24970 B³ƅ�!˖Ȋǀ- SA Ȋɠ,9˅Ŕ�Ȋ�! (Fig. 2-3C)���-ɒƼ-<�

DdesX ǀ,��>ɽȅĎ-Ĝæ. desX -ȣĚ,;$'Ȋ�!�)�Ȩ�?!� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2-3. SYK-6 Ō, DferC Ō-6,DdesX Ō* SA 0 + VA %*ƍǎǐ. 

(A and B) SYK-6 Ō, DferC Ō-6,DdesX Ō* SA (A)0 + VA (B)%*ƍǎǐ. LB ÚÕ%µÚȶ

� SYK-6 Ō, DferC Ō-6,DdesX Ō= 5 mM SA (A)0 + 5 mM VA (B)=È2 Wx ű�ÚÕ(

ŏǖ�, OD660*¡=ǁĺƘ(Ÿï� . Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . Dx

�d�+ŔŹ¢ý=Ʀ�. (C) desX ƝǡŌ* SA ƍǎǐ. pJB866 (vector)0 + pJB24970 =�Ĩ�

 SYK-6 Ō-6,DdesX Ō= 5 mM SA =È2 Wx ű�ÚÕ(ŏǖ�, OD660*¡=ǁĺƘ(Ÿï

� . SYK-6(pJB866)&DdesX(pJB866)* SA ƍǎǐ+ pJB866 =�Ĩ�'
Ō (A)&Ŝȁ�$ȌĆ

� �, �:+ĊǸǿĭ�*ÚÕ(·� tetracycline*Čȯ(694*&Ę<:9. Ÿï+�:

�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. 
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2. desX破壊株における desA、ligM、desB、ferB、SLG_25010および desXの転写
誘導性 
� desX � SA/VA �ʛɉˍ¡ĩə-ʮËÔţ,˞��>-*
-Bʘ2>!8�DdesX

ǀBȌ�' desA�ligM �;0 desB - qRT-PCR ʊƺBɻ$!�˯ʖĺƸ�)�' Wx-

SEMP�ʖĺƸ�)�' Wx-5 mM SA �;0 Wx-5 mM VA (đ˺�! SYK-6 ǀ�;0

DdesX ǀ-<ƀÎ�! total RNA BȌ�' qRT-PCR ʊƺBɻ��desA�ligM �;0 desB

-ʮË˗BǱį�!��-ɒƼ�˖Ȋǀ,��' desA�ligM �;0 desB -ʮË˗.˯

ʖĺƧ)ǝʯ�' SA Īċ�(đ˺�!Ĕ÷, 28 ¶�5.7 ¶�;0 4.4 ¶,�VA Īċ�

(đ˺�!Ĕ÷, 50 ¶�14 ¶�;0 7.6 ¶,�? ?�Ƥ�! (Fig. 2-4A-C)��?<

-ʖĺ¶Ȅ.Ƚ 1 ȸ,��>ɒƼ)øȿ(�$! (Fig. 1-3A)�DdesX ǀ,��>˯ʖĺ

Ƨ- desA -ʮË˗.�˖Ȋǀ-˯ʖĺƧ-ʮË˗,ǝ2 48 ¶,�Ƥ��˖ůǀ- VA

(-ʖĺƧ-¹)øȿ(�$! (Fig. 2-4A)��!�$'�desA -ʮË. DesX ,;$'

ʢ,Ôţ�?>�)�ƥ<-)+$!�5!�DdesX ǀ-˯ʖĺƧ) SA �;0 VA (

-ʖĺƧ-ʮË˗�34øȿ(�$!�)-<�DesX ,;>ŻÔ� desA -ð�>Ą�

-Ôţ(�>�)�ś�Ȩă�?!��Ɵ�DdesX ǀ,��>˯ʖĺƧ- ligM �;0

desB -ʮË˗.˖Ȋǀ-˯ʖĺƧ)øȿ(�=�˖Ȋǀ)øǍ, SA đ˺Ƨ, 6.3 ¶)

3.6 ¶�VA đ˺Ƨ, 16 ¶) 10 ¶,�? ?ʖĺ�?!!8 (Fig. 2-4B and C)�ligM )

desB -ʮËÔţ, DesX .˞��+��)�Ȩ�?!� 

� SYK-6 ǀ-Riw�,��'�desA �Ǩ,.øʮËƟú,ƍį- hydrolase BS�d

�> SLG_25010 �;0 ferBA Kr���Īċ�> (Fig. 2-1A)�SLG_25010 �;0 ferB

-ʮË� DesX ,;>ÔţBð�>-*
-Bʘ2>!8��?<ˍ¡ĩ- qRT-PCR ʊ

ƺBɻ$!��-ɒƼ�˖Ȋǀ�;0DdesX ǀ,��> ferB -ʮË˗.�˯ʖĺƧ�;

0 SA 5!. VA (-đ˺Ƨ,��'øȿ-¹BȨ�! (Fig. 2-4D)��-�)-<�

DesX . ferBA Kr��-ʮËÔţ,˞��+��)�Ȩ�?!��Ɵ�˖Ȋǀ,��

> SLG_25010 -ʮË˗.�˯ʖĺƧ)ǝʯ�' SA 5!. VA (-đ˺Ƨ, 11 ¶) 39

¶,�? ?�Ƥ�>�)�Ȩ�?! (Fig. 2-4E)��Ɵ�DdesX ǀ,��>˯ʖĺƧ-

SLG_25010 -ʮË˗.�˖Ȋǀ-˯ʖĺƧ-ʮË˗,ǝ2 59 ¶,�Ƥ��SA 5!.

VA ʖĺƧ-ʮË˗ (44 ¶) 51 ¶))øȿ��(�$! (Fig. 2-4E)��?<-�)-<�

SLG_25010 -ʮË. desA ))9, DesX ,;=ʢ,Ôţ�?'�=�SA �;0 VA �

SLG_25010 -ʖĺȀʦ)�'Ǔɢ�>�)�ś�Ȩă�?!�desX -ʮËʖĺůBʘ

2>!8�˖Ȋǀ,��> desX -ʮË˗BǱį�!��-ɒƼ�˖Ȋǀ,��> desX

-ʮË˗.đ˺Ƹ�,--A<�øȿ-¹BȨ�! (Fig. 2-4F)��!�$'�desX .ǌ

Ŷȗ,ȕȅ�'�>�)�Ȩă�?!� 
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Fig. 2-4. SYK-6 Ō-6,DdesX Ō(-�9 desA, ligM, desB, ferB, SLG_25010 -6, desX *ǿ¬

ǰ÷Ě. 

Wx-SEMP, Wx-5 mM SA -6, Wx-5 mM VA %Úȶ� SYK-6 Ō&DdesX Ō�7 total RNA =Ħ

¯�, qRT-PCR ǧŇ(68 desA (A), ligM (B), desB (C), ferB (D), SLG_25010 (E)-6, desX (SYK-
6 Ō%*1Ÿï� ) (F)*ǿ¬Ț=Ÿï� . ÄN}kzȞ*ǿ¬Ț=Ŝȁ�9 3*«ȓŔŹ

(+ SYK-6 Ō* 16S rRNA =Ə
 . Relative amount of mRNA *¡+, SYK-6 Ō* Wx-SEMP %

* mRNA Ț= 1.0 &� ÜÅ*ÄÚȶŅ�*Ɲõ mRNA Ț=Ʀ�. Ÿï+�:�: 3 Í�#ǜ


�*ăÖ¡=Ʀ� . Dx�d�+ŔŹ¢ý=Ʀ�. ǃǨ®ƌ+ Student¢s t test =Ə
$ǜ"

 . ns, P > 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001. 
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3. ferB-ferA-SLG_25010-desA遺伝子クラスターのオペロン構造 
� ŜȢȶı-ʊƺ,;=�ferB-ferA-SLG_25010-desA ˍ¡ĩP}X]�. SA (-đ˺

Ƨ,Kr��BŝŶ�>�)�Ȩ�?'�> (70)��Ɵ�FA (-đ˺Ƨ, ferB ) ferA

.Kr��BŝŶ�>��SLG_25010 .ø�-ʮËè¥,û5?+��)�Ȩ�?'

�> (175)�ƵȢȶ,��'�ferB ) SLG_25010-desA . SA �;0 VA (-đ˺Ƨ,ʮ

Ëʖĺů�Ȓ+>�)�Ȩ�?! (Fig. 2-4A, D, and E)���(�ferB-ferA-SLG_25010-

desA ˍ¡ĩP}X]�-ʮËè¥BÊʘƾ�>!8�˯ʖĺƸ�)�' Wx-SEMP�ʖ

ĺƸ�)�' Wx-5 mM SA�Wx-5 mM VA 5!. Wx-5 mM FA (đ˺�! SYK-6 ǀ-

<ƀÎ�! total RNA )�? ?-ˍ¡ĩ˝˵ďBȁȒȗ,ĘŊ�>p}Gu�rE 

(Table 2-3)BȌ�' RT-PCR ʊƺBɻ$! (Fig. 2-5A)��-ɒƼ�˯ʖĺƸ�(. ferB-

ferA -ĘŊȋȀ-6ʈĶ�?! (Fig. 2-5B)�SA/VA/FA ʖĺƸ�(.�ferB-ferA ,Ý�

' ferA-SLG_25010 �;0 SLG_25010-desA -ĘŊȋȀ9ʈĶ�?! (Fig. 2-5C-E)��

-����?-đ˺Ƹ�,��'9 ferA-desA -ĘŊȋȀ.ʈĶ�?+-$! (Fig. 2-

5B-E)��?<-�)-<� ferB-ferA-SLG_25010-desA . ferBA Kr���;0

SLG_25010-desA Kr��- 2 %-ʮËè¥(ǌŶ�?>�)�Ȩă�?!�SA/VA/FA

ʖĺƸ�(. ferA-SLG_25010 -ĘŊ�ʈĶ�?!� (Fig. 2-5C-E)��?. ferB p�y

�]�-<-~�dX��,ʧć�>)ɜ�<?>�ferA-SLG_25010 -ĘŊ�˯ʖĺ

Ƹ�(.ʅ<?��ferBA Kr��Bʖĺ�+� SA/VA ʖĺƸ�(ʅ<?!ȇȎ,%�

'.š3*ɜĶ�>� 
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Fig. 2-5. ferB-ferA-SLG_25010-desA ȑ�êIxRW�* RT-PCR ǧŇ. 

(A) ferB-ferA-SLG_25010-desA ȑ�êIxRW�ÉȄ*ȑ�êpZk. ȑ�êpZk�*ȹ
d

�&Ĳì+ RT-PCR %*ßĂȲÙ=Ʀ�. (B-E) RT-PCR ßĂƎƆ*?G|�RȩŝŨ¸. PCR (

�Ə� cDNA +, Wx-SEMP (B), Wx-5 mM SA (C), Wx-5 mM VA (D)-6, Wx-5 mM FA (E)%Ú

ȶ� SYK-6 Ō�7Ħ¯� total RNA =Ə
$ÅĞ� . ferA-SLG_25010 (lanes 1; expected size, 
932 bp), SLG_25010-desA (lanes 2 and 3; 1,155 bp and 1,132 bp, respectively), ferA-desA (lanes 4; 1,987 
bp)-6, ferB-ferA (lanes 5; 955 bp)*Äȑ�êȞȲÙ=ƇƔƘ(ßĂ�9kxAp�m?+ Table 
2-3 (Ʀ�. Lanes: M, °êȚp�F�; G, SYK-6 Ō*Lbr DNA =țØ&� M}]|�z

PCR; ‘+’&‘-’, �:�:ȇǿ¬ȕƼ=È20 +È0�( RT-PCR � Ȥ*ƎƆ=Ʀ�. 
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4. SLG_25010-desAオペロンのプロモーター領域の同定 
� SLG_25010-desA Kr��-p�y�]�˵ďBøį�>!8,�lacZ B�t�]�

ˍ¡ĩ)�!p�y�]�ʊƺBɻ$!�ferA Éː-< desA Éː5(-Ɋ 1.4 kb -˵

ďBǛ˦ȗ,û7 DNA ƝǿBp�y�]�p��oqP]�pSEVA225 - lacZ �Ǩ,

P��f�Q��pSDA1�pSDA2�pSDA3 �;0 pSDA4 B«ʁ�! (Fig. 2-6A)�öp

}XvdB³ƅ�> SYK-6 ǀB�˯ʖĺƸ�)�' Wx-SEMP�ʖĺƸ�)�' Wx-5 

mM SA �;0 Wx-5 mM VA (đ˺��b-galactosidase ǧůBƆǏ,p�y�]�ǧů

BǱį�!��-ɒƼ�pSDA2 ĺÆǀ-p�y�]�ǧů"�� SA 5!. VA đ˺Ƨ

,˷ɵ,ʖĺ�?�SEMP đ˺)ǝʯ�'�? ? 12 ¶-ǧů�Ƥ�ʈĶ�?! (Fig. 

2-6A)��!�$'�ferA ) SLG_25010 -ˍ¡ĩ˝˵ď, SA/VA ʖĺůp�y�]��

Īċ�>�)�Ȩă�?!� 

� SLG_25010-desA Kr��-ʮË˜ĦǺBǢį�>!8,�ɹÄǏʜ�!K~TgP

�K_dBȌ�'p}Gu�£˚ǤBɻ$!�SA -Īċ�(đ˺�! SYK-6 ǀ-<è

˫�! total RNA ) SLG_25010 Éː,ʎʍ�! PE25010 p}Gu�BȌ�'p}Gu

�£˚ǤBɻ$!ɒƼ�76 bp -£˚ȋȀ�Ţ<?! (Fig. 2-6B)��-ɒƼ-<�

SLG_25010-desA Kr��-ʮË˜ĦǺ.�SLG_25010 -˜ĦSd�-< 10 ĖĒ�Ǩ,

Īċ�> T ǙĒ(�>�)�Ȩă�?! (Fig. 2-6B)�SLG_25010-desA Kr��-ʮË

˜ĦǺ�Ǩ,.�E. coli -s70¯Īůp�y�]�ˑÑ,³Ī�?'�>-35 �;0-10

ˑÑ�ʅÎ�?! (Fig. 2-6B)��<,�ƍį--10 ˑÑ)˕+>-21 -<-4 -˵ď,.�

18 bp -ĭÇ+ inverted repeat (IR)ˑÑ(�> IR-DA (5¢-TCTTCGTATATACGAAGA-3¢)

�Īċ�! (Fig. 2-6B)� 

� Ǖ,�ƍį�?!-35 �;0-10 ˑÑ� SLG_25010-desA Kr��-ʮË,˞��>

-*
-Bʘ2>!8�ƍį-p�y�]�˵ď,%�'b~�V|�ʊƺBɻ$!�

SA/VA ʖĺȗ+p�y�]�ǧů�ʈĶ�?! pSDA2 -�Ǩ 140 bp BÖˣ�!

pSDA2a�ƍį--35 ˑÑBÖˣ�! pSDA2b��;0ƍį--35 )-10 ˑÑBÖˣ�!

pSDA2c B«ʁ���?<p}XvdB³ƅ�! SYK-6 ǀ-b-galactosidase ǧůBǱį

�! (Fig. 2-6A)��-ɒƼ�pSDA2a ĺÆǀ-p�y�]�ǧů. pSDA2 ĺÆǀ)ø

Ǎ,˯ʖĺƧ)ǝʯ�' SA 5!. VA (-đ˺Ƨ,�? ? 9.4 ¶,�Ƥ�! (Fig. 2-

6A)��Ɵ�pSDA2b 5!. pSDA2c ĺÆǀ(.�ʖĺ/˯ʖĺ,--A<�p�y�]

�ǧů�34ǩģ�! (Fig. 2-6A)��?<-�)-<�ƍį�?!-35 �;0-10 ˑÑ

� SLG_25010-desA Kr��-p�y�]�)�'Ǔɢ�>�)�ś�Ȩă�?!� 
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Fig. 2-6. SLG_25010-desA Em|}*k|t�W�ȲÙ*Æï. 

(A) desA �ūȲÙ*k|t�W�ǧŇ. (üeaz) k|t�W�ǧŇ(Ə
 DNA ȲÙ. ȹ


d�+ pSEVA225 (vector)(Ī©� DNA ĵƄ=Ʀ�. SLG_25010-desA Em|}*ǿ¬ȝèſ+

ȪǕƠ¼ (+1)%Ʀ� . Ĭï*-35/-10 Ȕ²& IR-DA *�Ǌ+�:�:ƽǕ&ǺǕ*ÌǦ%Ʀ

� . (Âeaz) Wx-SEMP, Wx-5 mM SA 0 + Wx-5 mM VA %Úȶ� Ä{o�W�kxRq

^=�Ĩ�9 SYK-6 Ō*b-galactosidase ŪĚ. Ÿï+�:�: 3 Í�#ǜ
�*ăÖ¡=Ʀ� . 
Dx�d�+ŔŹ¢ý=Ʀ�. ǃǨ®ƌ+ one-way ANOVA with Dunnett¢s multiple-comparison test
=Ə
$ǜ" . ns, P > 0.05; ****, P < 0.0001. (B) kxAp��Ȝť(69 SLG_25010-desA Em

|}*ǿ¬ȝèſ*šï. Wx-5 mM SA %Úȶ� SYK-6 Ō�7Ħ¯� total RNA & 5¢łƱ=

6-carboxyfluorescein %Ǚ§ŔǴ� PE25010 kxAp�=Ə
$ȇǿ¬¿ė=ǜ" . (üea

z) Huhxy�P�K}N�ABI3730xl (69ȇǿ¬ƎƆ*ixJs}]ǧŇǂŉ. NASR

W}X�^(+ 350ROX =�Ə�, �ȜƎƆ*ÞÛĲ�7ǿ¬ȝèſ*�Ǌ=Æï� . AU, 
arbitrary units. (Âeaz) SLG_25010-desA Em|}*k|t�W�ȲÙ*ÞÛȔ². SLG_25010
*ȝèM^}+ȹÌǦ(Ɨì%Ʀ� . ǿ¬ȝèſ+ȪǕƠ¼ (+1)%Ʀ� . Ĭï*-35/-10 Ȕ

²+ƽǕ*�ǆ%Ʀ� . IR-DA +ǺǕƠ¼%Ʀ� . Ĭï* Shine-Dalgarno (SD)Ȕ²+ǅǕ*

��Șǆ%Ʀ� . PE25010 kxAp�*�Ǌ+ƤǆƠ¼%Ʀ� . 
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5. desXの E. coliにおける発現と DesXの精製 
� Ʌʁ DesX BŢ>!8,�His ]QBɺ÷�! desX B E. coli (ȕȅ���ˍ¡ĩȋȀ

-ɅʁBɻ$!�desX -Ç˚B pET-16b ,ƈÆ�! p16bdX B E. coli BL21(DE3)ǀ,ĺ

Æ��T7 p�y�]�-Ôţ�( His ]Qɺ÷ desX Bȕȅ��!�đ˺Ǫ-<Ɏɡƀ

ÎǪBʘʁ� SDS-PAGE (Ï˫�!ɒƼ�Ɋ 29 kDa BȨ�]�kPʦ-Ȋȋ�ʈĶ�

?! (Fig. 2-7)��-UGY.�His ]Qɺ÷�! DesX -ƍįEvi˓ˑÑ-<�Ǳ�

?!ȇʙÏĩ˗ (28,968),ʹ¤�'�!��<,�Ni EnFfaF�P�ucQ}nF

�,;= DesX �34è�,Ʌʁ�?!�)�Ȩ�?! (Fig. 2-7)� 

 

 

 

 

 

 

 

 

 
Fig. 2-7. E. coli BL21(DE3)Ō(-�9 desX *ƖƋ& DesX *ƸǢ. 

SDS-12% PAGE (68°Ȩ� W}eIǸ=I�pP�jyy?}]jz�(68ŊǕ� . 
Lanes: M, °êȚp�F�; 1, pET-16b (vector)=�Ĩ� E. coli BL21(DE3)Ō*ƾǏĦ¯ű (10 
µg protein); 2, p16bdX =�Ĩ� E. coli BL21(DE3)Ō*ƾǏĦ¯ű (10 µg protein); 3, His spin trap
(68ƸǢ� DesX (1.0 µg protein). 
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6. SLG_25010-desAオペロンのプロモーター領域への DesXの結合能 
� DesX � SLG_25010-desA Kr��-p�y�]�˵ď,ɒ÷�>-*
-Bʘ2>

!8, EMSA Bɻ$!�SLG_25010-desA Kr��-ýʶ˵ďBǛ˦ȗ,û7 DNA Ɲ

ǿ (desAp1-desAp5 p��o)Bʘʁ��Ʌʁ DesX )G�Nzq�c�! (Fig. 2-8A)�

�-ɒƼ�desAp1�desAp3�desAp4 �;0 desAp5 p��o(.Vncj�d�ʈĶ�

?+-$!��desAp2 p��o,��' DNA-DesX ʂ÷©BȨ�Vncj�d-ŝŶ

�ʈĶ�?! (Fig. 2-8B)�5!�Ȓ+>Ƿő- DesX B desAp2 p��o)G�Nzq

�c�!)�@���?-Ƿő,��'9 1 %-Vncj�d-6�ʈĶ�?! (Fig. 

2-8C)��!�$'�desAp2 ˵ďÉ,. 1 %- DesX ɒ÷ː¥�Īċ�>)ɜ�<?!�

desAp2 ˵ďÉ,. SLG_25010-desA Kr��-ʮË˜ĦǺ�Ǩ,ʅÎ�?! IR-DA �

Īċ�! (Fig. 2-6B and 2-8A)�DesX -ɒ÷˵ďBˢį�>!8,�IR-DA Bû5+�

desAp6 ) desAp8 p��o�;0 IR-DA Bû7 desAp7 p��oBȌ�' EMSA Bɻ

$! (Fig. 2-8A)�desAp6-desAp8 p��o)Ʌʁ DesX B�? ?G�Nzq�c�!

ɒƼ�IR-DA Bû5+� desAp6 �;0 desAp8 p��o(. DNA-DesX ʂ÷©BȨ�

Vncj�d�ŝŶ�?+-$!��IR-DA Bû7 desAp7 p��o(.Vncj�d

�ŝŶ�?! (Fig. 2-8D)��!�$'�SLG_25010-desA Kr��-p�y�]�˵ď

1- DesX -ɒ÷,. IR-DA �˕ʃ(�>�)�ś�Ȩă�?!� 

� IR-DA � DesX -ɒ÷,Ũ˴(�>-*
-Bƥ<-,�>!8,�ĜȒBĺÆ�!

IR-DA Bû7 DNA Ɲǿ,ĸ�> DesX -ɒ÷ůBʘƾ�!�˖ȊĎ- IR-DA B DNA

Ɲǿ- 3¢ƴȹ,Ư�> desAp9 p��oBʘʁ� EMSA Bɻ$! (Fig. 2-8A)��-ɒ

Ƽ�DesX Īċ�,��' DNA-DesX ʂ÷©BȨ�Vncj�d�ŝŶ�?! (Fig. 2-

8E)�Ǖ,�desAp9 p��o,Īċ�> IR-DA -Ç˚ 18 bp -
# left half site - 9 Ė

Ē�right half site - 9 ĖĒ,�? ?ĜȒBĺÆ�! DNA Ɲǿ (desAp9mL �;0

desAp9mR)Bʘʁ� (Fig. 2-8A)�DesX )G�Nzq�c�!��-ɒƼ�desAp9 p�

�o)ǝʯ�'�?<-p��oBȌ�!Ĕ÷, DNA-DesX ʂ÷©BȨ�Vncj�

d�ɵ��Ǯļ�! (Fig. 2-8E)���-ɒƼ-<�IR-DA � DesX - DNA ɒ÷,Ũ˴

(�>�)�ƥ<-)+$!� 

 

 

 

 

 

 

 



	Ƚ 2 ȸ
 

 91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2-8. SLG_25010-desA Em|}*k|t�W�ȲÙ(-�9 DesX *ǂÅǧŇ. 

(A) EMSA (Ə
 DNA ĵƄ. SLG_25010-desA Em|}*ǿ¬ȝèſ+ȪǕƠ¼ (+1)%Ʀ� . 
-35/-10 Ȕ²& IR-DA *�Ǌ+�:�:ƽǕ&ǺǕ*ÌǦ%Ʀ� . desAp9mL -6, desAp9mR
(÷©� IR-DA *áƔÞÛ+Ǻì%Ʀ� . (B and D) DesX =Ə
 desAp1-desAp5 k|�j 
(B)-6, desAp6-desAp8 k|�j (D)(õ�9 EMSA. DesX *ȬíÓ� (-)0 +íÓ� (+, 8 
ng protein/µl)% 400 pM *Ä DNA k|�j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚo

y?Iyz?q^Lz(68°Ȩ�, SYBR Gold %ŊǕ� ď( blue LED % DNA =Ő¯� . 
(C) Ɣ'9žą* DesX =Ə
 desAp2 k|�j(õ�9 EMSA. DesX *ȬíÓ� (0 ng/µl)0
 +íÓ� (0.5-16 ng protein/µl)% 400 pM * desAp2 k|�j& 20°C % 20 °Ȟ¿ė�� . ¿
ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, SYBR Gold %ŊǕ� ď( blue LED %

DNA =Ő¯� . (E) DesX =Ə
 desAp9 k|�j-6,áƔ IR-DA Ȕ²=È2 DNA k|�

j (desAp9mL -6, desAp9mR)(õ�9 EMSA. DesX *ȬíÓ� (-)0 +íÓ� (+, 8 ng 
protein/µl)% 400 pM *Äk|�j& 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iy

z?q^Lz(68°Ȩ�, SYBR Gold %ŊǕ� ď( blue LED % DNA =Ő¯� . 
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7. ferB、ligMおよび desBプロモーター領域への DesXの結合能 
� DesX � ferB�ligM �;0 desB p�y�]�˵ď,ɒ÷�>-Bʘ2>!8�öˍ¡

ĩ-p�y�]�˵ď,ĸ�> EMSA Bɻ$! (Fig. 2-9)�FerC -ɒ÷ˑÑ�Īċ�>

ferB p�y�]�˵ď�DesR -ɒ÷ˑÑ�Īċ�> ligM �;0 desB p�y�]�˵

ďB�? ?û7 DNA ƝǿBʘʁ� DesX )G�Nzq�c�!ɒƼ���?- DNA

Ɲǿ,��'9 DNA-DesX ʂ÷©BȨ�Vncj�d.ŝŶ�?��SA 5!. VA -

Īċ�(9ɒƼ.øǍ(�$! (Fig. 2-9)���-ɒƼ)�ferB�ligM �;0 desB p�

y�]�˵ď,. IR-DA )ȝøůBȨ�ˑÑ�Īċ�+��)-<�DesX . ferB�

ligM �;0 desB p�y�]�˵ď,ɒ÷�+��)�Ȩ�?!��<, qRT-PCR ʊƺ

,��'�ferB�ligM �;0 desB -ʮË,. desX ȣĚ-Ş˲�ʈĶ�?+-$!�)

-< (Fig. 2-4B, C and D)�DesX . ferBA Kr���ligM �;0 desB -ʮËÔţ,˞�

�+�)ɒʙ�?!� 
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Fig. 2-9. ferB, ligM -6, desB k|t�W�ȲÙ(-�9 DesX *ǂÅǧŇ. 

(üeaz) ferB (A) (175), ligM (B)-6, desB (C)*k|t�W�ȲÙ. EMSA (Ə
 Ä DNA k

|�j+ȹ
d�%Ʀ� . Äȑ�ê*ǿ¬ȝèſ+ȪǕƠ¼ (+1)%Ʀ� . -35/-10 Ȕ²*�

Ǌ+ƽǕ*ÌǦ%Ʀ� . ferB k|t�W�ȲÙ(-�9 FerC *ǂÅȔ²-6, ligM/desB k|

t�W�ȲÙ(-�9 DesR *ǂÅȔ²+�:�:h}I&E{}Q*ÌǦ%Ʀ� . (Âea

z) DesX =Ə
 Ä DNA k|�j(õ�9 EMSA. SA/VA *ȬíÓ� (-)0 +íÓ� (50 
mM)($, DesX (8 ng protein/µl)& 400 pM *Ä DNA k|�j= 20°C % 20 °Ȟ¿ė�� . ¿ė

ű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ�, SYBR Gold %ŊǕ� ď( blue LED %

DNA =Ő¯� . 
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8. DesXのエフェクター分子の同定 
� Ƚ 1 ȸ-ʊƺ-<�SA ) VA � desA -ʖĺȀʦ(�>�)�ƥ<-)+$! (Fig. 

1-3B)�5!�Ƶȸ,��'9Kr��BŝŶ�> SLG_25010 ) desA -ʮË� SA 5!

. VA -Īċ�(ʖĺ�?>�)�Ȩ�?! (Fig. 2-4A and E)�SA �;0 VA � DesX

- SLG_25010-desA Kr��-p�y�]�˵ď1-ɒ÷ů,Ş˲B��>-*
-B

ʘ2>!8�SA 5!. VA -Īċ�( DesX - desAp2 p��o,ĸ�> EMSA Bɻ$

!��-ɒƼ�SA Īċ�(.Ƿő¯Īȗ, DNA-DesX ʂ÷©BȨ�Vncj�d�Ǯ

ļ��5 mM - SA Īċ�(Vncj�d�ĭÇ,ǩģ�! (Fig. 2-10)�VA BȌ�!Ĕ

÷9 SA )øǍ,Ƿő¯Īȗ,Vncj�d-Ǯļ�ʈĶ�?!��50 mM (Vncj

�d�ĭÇ,ǩģ�! (Fig. 2-10)��?<-�)-<�SA ) VA . DesX -InHP]

�Ïĩ)�'Ǔɢ��DesX ,;>ʮËŻÔBʊˣ�>�)�ƥ<-)+$!�5!�

SA . VA )ǝʯ�';=¦Ƿő( DesX - DNA ɒ÷,Ş˲Bì4�!�)-<�DesX

,ĸ�>�æ÷Ȁ-ʇÿů.Ȓ+>�)�Ȩă�?!� 

 

 

 

 

 

 

 

 
Fig. 2-10. SA 0 + VA íÓ�(-�9 DesX * DNA ǂÅǧŇ. 

SA 0 + VA íÓ�(-�9 IR-DA =È2 desAp2 k|�j(õ�9 DesX * EMSA. SA/VA *

ȬíÓ� (-)0 +íÓ� (0.05, 0.5, 5, or 50 mM)($, DesX (4 ng protein/µl)& 400 pM * desAp2
k|�j= 20°C % 20 °Ȟ¿ė�� . ¿ėű= 5%ȬáĚoy?Iyz?q^Lz(68°Ȩ

�, SYBR Gold %ŊǕ� ď( blue LED % DNA =Ő¯� . 

 

  



	Ƚ 2 ȸ
 

 95 

第 3節 考察 
 

� Ƚ 2 ȸ(.�SYK-6 ǀ,��' desA -Ôţ,˞��>ʮËÔţćĩ)�' IclR Ďʮ

ËÔţćĩDesXBøį��DesX-˞��>desA-ʮËÔţVXawBƥ<-,�!�

RT-PCR ʊƺ-ɒƼ�ferB-ferA-SLG_25010-desA ˍ¡ĩP}X]�. ferBA Kr��)

SLG_25010-desA Kr��- 2 %-ʮËè¥(ǌŶ�? (Fig. 2-5)�SLG_25010-desA K

r��-ʮË˜ĦǺ. SLG_25010 ˜ĦSd�- 10 ĖĒ�Ǩ- T ǙĒ(�>�)�Ȩ

�?! (Fig. 2-6B)�qRT-PCR ʊƺ-<�DesX . SLG_25010-desA Kr��-ʮËBʢ

,Ôţ�>Ą�-Ôţćĩ(�>�) (Fig. 2-4A and E)�5!�DesX . ligM �;0 desB

-ʮËÔţ,˞��+��)�Ȩ�?! (Fig. 2-4B, C, and 2-9)��?.�ˍ¡ĩ-ʮË

� DesR ,;>èȂ-ÔţBð�>�)BȨ�!Ƚ 1 ȸ-ɒƼBƔƅ�! (Fig. 1-5)��

?5(,�jPa~E,��>ɮ˻ơæ÷Ȁ-�ʛÔţ,˞A>�5�5+ʮËÔţć

ĩ�ʊƺ�ēü�?'�> (155)��(9 IclR ĎʮËÔţćĩ.��-ʮËÔţćĩn

Dv~�)Ȓ+=ɮ˻ơæ÷Ȁ�ʛ-Ôţ,��'EP_q�]�)~p�`U�-

�ɝ�Īċ�> (155)��ɪ,�EP_q�]�)�'Ǔɢ�> IclRĎʮËÔţćĩ.�

ʖĺȀʦĪċ�,��'�ʛ˒Ɍˍ¡ĩ(ə)-ʮËBǗ,Ôţ�>�Ɵ�ʖĺȀʦ-Ư

ǻ,--A<�ɦʭ-ʮËBŻÔ�>�)�ȡ<?'�> (155, 208)�EP_q�]�

(�> GenR�MhpR�PcaU��;0 PobR .�Ôţĸʡp�y�]�--35 ˑÑ�Ǩ,

ɒ÷� RNAP B~P��c�>)ɜ�<?'�> (156, 270)��Ɵ�~p�`U�)�

'Ǔɢ�> IclR ĎʮËÔţćĩ.Ôţĸʡˍ¡ĩBʢ,Ôţ��InHP]�Īċ�

(�-ŻÔ�ʊˣ�?> (261, 265, 271, 272)�P. putida ,��' HmgR .�homogentisate

�ʛ˒Ɍˍ¡ĩə hmgABC -ʮËBÔţ�>~p�`U�)�'Ǔɢ�> (265)�

HmgR .-10 ˑÑ)ʮË˜ĦǺBʄ
;
,ɒ÷�>!8�RNAP -p�y�]�1-

ɒ÷)Ⱥ÷�>)ɜ�<?'�>�Comamonas sp. E6 ǀ,��' isophthalate �ʛɉˍ

¡ĩəBÔţ�> IphR .�Ôţĸʡ- iph p�y�]�˵ď,ĸ�' HmgR ,˸¤�

!ɒ÷ǍŖBȨ� (261)��-;
+ɒ÷ǍŖBȨ�~p�`U�Ď- IclR ĎʮËÔţ

ćĩ. RNAP -p�y�]�1-ɒ÷BˋƝ�>)ɜ�<?'�> (208)�EMSA -ɒ

Ƽ�DesX . SLG_25010 p�y�]�--10 ˑÑ)˕+> IR-DA ,ɒ÷�>�)�Ȩ�

?! (Fig. 2-8)��!�$'�DesX . RNAP -p�y�]�˵ď1-ɒ÷BˋƝ�>�

)( SLG_25010-desA Kr��-ʮËBŻÔ�'�>)ɜ�<?!� 

� DesX . SA ) VA -�ƟBInHP]�Ïĩ)�'ʕʜ�>�)�Ȩ�?! (Fig. 2-

10)��-ɒƼ)Ƚ 1 ȸ-ȡʅ-<�SYK-6 ǀ,��> SA �ʛ.Ǖ-;
,ʽǕȗ,

�ʛ˒Ɍˍ¡ĩə�ȕȅ�>�)(áȄȗ,˃ɻ�>)ɜ�<?!�.�8,�ɎɡÉ

( syringyl Ď~Qf�Ȏƹæ÷Ȁ-Ïʊ,;$'Ȋ�!�9��.Ɏɡĝ-<Ȝƌï=
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ʷ5?! SA � DesX ,ɒ÷�>�)( desA -ʮËŻÔ�ʊˣ�?�DesA ,;= SA

� 3MGA 1)ĜƏ�?>�SA Īċ�(. DesR -ɤŻÔ9ʧ�>!8�Ôţ�,�>

ligM �;0 desB -ʮË�ʖĺ�?�LigM ,;= 3MGA . GA ,ĜƏ�?>��-š�

ȊŶ�! GA . DesB ,;>ȉ˜ɾBð� OMA 1)ĜƏ�? PCA 4,5-˜ɾɑʪ,ǨÆ

�>�GA . LigR -InHP]�Ïĩ(�>!8 (180)�GA )ɒ÷�! LigR ,;=

PCA 4,5-˜ɾ˒Ɍˍ¡ĩə-ʮË�ǧůæ�?�OMA �ˡ-�ʛ�ʸˀ,˃ɻ�>� 

� DesX �;0 DesR .�*#<9 VA �;0 SA BInHP]�Ïĩ)�'ʕʜ�> 

(Fig. 1-12 and 2-10)�DesR ,)$'�-ůʦ.�VA )�SA �ʛ�˝©- 3MGA -�Ɵ

-ɤx_�,À� ligM -ʮËÔţ,˞A>�)-<÷ȇȗ(�>��Ɵ�SA -ɤx_

�,�ʃ,À� DesA .�ȣĚǀ-ʊƺ-< VA -ĜƏ,9ːÏȗ,˞��>�)�Ȩ

�?'�> (68, 70)��!�$'�DesX � SA ,Ý�' VA BInHP]�Ïĩ)�'

ʕʜ�>�)(�VA -;=áȄȗ+ĜƏBòɢ)�'�>--9�?+��in vitro ,

��' DesX . VA ;=9 SA ,ĸ�˾�ʇÿůBƅ%�)�Ȩă�?! (Fig. 2-10)�

SA ) VA -ĜƏɢBǔƑ�! DDAM ǀ,��> desA -ʮË˗.�VA ʖĺƧ;=9

SA ʖĺƧ-Ɵ�˾� (Fig. 1-3B)�DesX -InHP]�ȁȒůBîƦ�!ɒƼ�Ȩ�?

!��Ɵ�̟ Ȋǀ,��> desA -ʮË˗. DDAM ǀ).Ȓ+=�SA ʖĺƧ;=9 VA

ʖĺƧ-Ɵ�˾�¹BȨ�! (Fig. 1-3A and 2-4A)��-ȇȎ.ƥȤ(.+���˖Ȋǀ

(. VA/SA � DDAM ǀ-;
,ɶȵ����-Īċ˗. VA/SA -ɎɡÉ1-ï=ʷ

6ˀő)ĜƏˀő-�ɝ,Ş˲�?>)ɜ�<?>!8�in vitro -ɒƼBȜƌîƦ�

+-$!--9�?+���<,�EMSA (. DesX � DNA -<ʊ˫�>-, mM Ƿ

ő-InHP]�ÏĩBŨʃ)�!� (Fig. 2-10)��-ȇȎ9ȅƧǺ(.�ƥ(�>�

˾Ƿő-InHP]�ÏĩBŨʃ)�>ȅʡ. DesR (9øǍ,ʈĶ�?! (Fig. 1-12)� 

� SLG_25010-desA Kr��-ʮË˜ĦǺ.�SLG_25010 -˜ĦSd�- 10 ĖĒ�Ǩ,

¥ɘ� (Fig. 2-6B)�SLG_25010 -˜ĦSd�-< 8-6 ĖĒ�Ǩ,ř� Shine-Dalgarno ˑ

Ñ�ʅ<?! (Fig. 2-6B)�SLG_25010-desA Kr��-ƍį mRNA -ˑÑBȌ�'

ribosome binding site (RBS) calculator (273),;= SLG_25010 ) desA - translation initiation 

rate Bʘ2!ɒƼ�SLG_25010 . 1.77 (�$!-,ĸ��desA . 2,395 (�$!��?

<-¹B ferB (2,577)�ferA (230)�ligM (177)�;0 desB (6,023)- translation initiation rate

)ǝʯ�!)�@�desA .ȊŶ�> mRNA -<çÏ,ɛʏ�?>)ɜ�<?!��Ɵ�

SLG_25010 -¹ (1.77).�?<ˍ¡ĩ)ǝʯ�'ǉ8'¦��SLG_25010 .ȊŶ�>

mRNA -<ɛʏ�?>òɢů.¦�)ƍǱ�?!�RT-PCR ʊƺ,;=�ferA-SLG_25010

ˍ¡ĩ˝˵ď,��' VA�SA �;0 FA đ˺Ƨ, ferB p�y�]�-<-~�dX�

��ʈĶ�?! (Fig. 2-5)�SEMP đ˺Ƨ, ferA-SLG_25010 -ĘŊ�ʈĶ�?��ferBA

Kr��Bʖĺ�+� SA �;0 VA (-đ˺Ƨ,ø˵ď-ĘŊ�ʈĶ�?!ȇȎ)�
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'�SEMP đ˺Ƨ,. SLG_25010-desA Kr��-p�y�]�˵ď, DesX �ɒ÷�

>!8 ferB p�y�]�-<-ʮË� DesX -ɒ÷ː¥�ʹ(˟Ĳ�?!-,ĸ�'�

SA �;0 VA đ˺Ƨ,. DesX �ʊ˫�>!8 ferB p�y�]�-<-ʮË�˃ɻ�

!)ƍĶ�?>�ferB p�y�]��ʖĺ�?+� SEMP đ˺Ƨ, ferB-ferA -ĘŊ�

ʈĶ�?!�)-<�ferB p�y�]��ʖĺ�?+� SA/VA đ˺Ƨ,.�ĒŐ�q

�- ferB p�y�]�-<-ʮË,;$' ferA-SLG_25010 �ʮË�?!)ŮA?>�

ferB p�y�]�-~�dX��(ȊŶ�> mRNA ˑÑBȌ�' RBS calculator ,;

= SLG_25010 - translation initiation rate Bʘ2!ɒƼ��-¹. 82 (�$!��!�

$'��-~�dX��,;$'ȊŶ�> mRNA � SLG_25010 -ɛʏ,Ũʃ)�?>

--9�?+�� 

� SLG_25010 . hydrolase )Eia�V|��?'�>���-Ǔɢ.ƥ<-)+$'

�+��SYK-6 ǀ- SA �ʛ�Ǩ(Ȋ�> CHMOD .�ɦȕȗ, PDC ,ĜƏ�?>�

Ɵ( hydrolase ,;$' OMA ,ĜƏ�?>)ɜ�<?'�>��Ƶ hydrolase ˍ¡ĩ.

øį�?'�+� (Fig. VIII) (72)�òɢů- 1 %)�'�SLG_25010 � CHMOD -Ýǟ

Ïʊ,˞��>�)�ɜ�<?>�N. aromaticivorans DSM 12444 ǀ.�SYK-6 ǀ)˸

¤�! SA �ʛɉBƯ�'�> (81, 109)�DSM 12444 ǀ,��'�SA . SYK-6 ǀ-

DesA ) 71%-Evi˓ˑÑȝøůBȨ� Saro_2404 ˍ¡ĩȋȀ (DesANA) (Fig. 2-11),

;$' 3MGA ,ĜƏ�?!-#�CHMOD BɑȎ�'�ʛ�?> (81, 109)�CHMOD

-< OMA 1-ĜƏ,. methylesterase (DesC [Saro_2864])) cis-trans isomerase (DesD 

[Saro_2865])�˞��>�)�Ȩ�?'�>  (81)�DSM 12444 ǀ-Riw�,.

SLG_25010 -K�\�Q.Īċ�+-$!��SYK-6 ǀ-Riw�,. desC ) 45%-

Evi˓ˑÑȝøůBȨ� SLG_12720 �;0 desD ) 40%-Evi˓ˑÑȝøůBȨ

�SLG_07230�ʅÎ�?! (Fig. 2-11)��š�SYK-6ǀ,��'�SLG_25010�SLG_12720�

SLG_07230 - CHMOD ĜƏ1-˞�-ƯǻBʘ2>Ũʃ��>� 

� BLAST Ǉɍ,;=�DSM 12444 ǀ-Riw�,.�SYK-6 ǀ- DesX ) 51%-Ev

i˓ˑÑȝøůBȨ� Saro_2407 � desANA (Saro_2404)-ʹ½,ʅÎ�?! (Fig. 2-11)�

5!�desANA) Saro_2403 )-ˍ¡ĩ˝˵ď,.�IR-DA ) 18 ĖĒ-
# 10 ĖĒ��

ɨ�> 18 bp -�ĭÇ+ IR ˑÑ (5¢-TTTTCAAGCACGCGAAAA-3¢ [�ɕ. IR ːÏBȨ

�])�Īċ�! (Fig. 2-11)���-�İ-<�desANA-ʮË. Saro_2407 ˍ¡ĩȋȀ,

;$'Ôţ�?'�>òɢů�˾�)ɜ�<?>� 
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Fig. 2-11. Sphingobium sp. SYK-6 Ō& N. aromaticivorans DSM 12444 Ō(-�9 desA, desX, ligM
-6, desR ÉȄȲÙ*ȑ�êŒĞ*Ŝȁ. 

?qbȖȔ²ƝÆĚ=Ʀ�ȑ�ê+�Ơ¼%Ʀ� . ÄĲì+õė�9ȑ�ê*?qbȖȔ²

ƝÆĚ= EMBOSS Needle pairwise alignment program %Ƶ¯� 4*=Ʀ�. IR-DA -6, desANA
*�ūȲÙ(ǥ¯�: IR-DA (ȴ�� IR Ȕ²=�:�:Ʀ�.?RWyRI+�í�:$


9ÞÛ=Ʀ�. 
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� ǆȀ-˃æ)ǆȀɎɡę�-~Qf�ɐŶ-Ĝæ.Ĵƌ+˞±,�>�)�ȡ<?

'�>�˘ɴǑ.Ɋ 2.9-3.2 ÁŌ×,ȖĔ�!)�?�~Qf�ɐŶ)�' guaiacyl Ď

~Qf�)ť˗- p-hydroxyphenyl Ď~Qf�Bû7 (274)��Ɵ�ŎɴǑ.˘ɴǑ,˅

?Ɋ 0.9-1.3 ÁŌ×,ȖĔ��˃æ-ˇȳ( syringyl Ď~Qf�-Ȋ÷ŶɑʪBȃŢ�

!)ɜ�<?'�> (274, 275)�SYK-6 ǀ( DesR ,Ôţ�?> ligM Kr��.�˘ɴ

Ǒ~Qf�BǌŶ�> guaiacyl Ď~Qf�BÏʊ�>!8,˃æ-ˇȳ(ȃŢ�?!

)ƍį�?>�syringyl Ď~Qf�. guaiacyl Ď~Qf��ˡ,ȖĔ�!�)Bʫ5�

>)�jPa~E.ȉė�-~Qf�ɐŶ-Ĝæ,ĸū�>!8, SA �ʛVXawB

ƞ!,ȃŢ�'�!)ɜ�<?>�SYK-6 ǀ,��'. DesR ,Ôţ�?> C1�ʛɉ

ˍ¡ĩ)L`p~�Q�! VA �ʛɉˍ¡ĩ (ligM-metF-ligH Kr��)�Ȥȷ�?!-

#,�SA �ʛ,Ũʃ+ desA � DesX ,;>ʮËÔţBð�>ŝ(Ȃȷ�'ȃŢ�?!

òɢů�ɜ�<?>�SA - DesA ) LigM ,;>˂ɓ�!ɤx_�,;=ȊŶ�> GA

,ĸ�> PCA 4,5-dioxygenase (LigAB)) 3MGA 3,4-dioxygenase (DesZ)- Vmax/Km. DesB

-¹- 6%) 1%)ǉ8'¦� (71, 244)��-!8�GA BáȄ;�ȉ˜ɾ�>˒Ɍ 

(DesB)�Ũʃ)+=�desB .�-š DesR �Oz��-�ː,ï=ʷ5?!--9�?

+�� 
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第 4節 材料と方法 
 
試供菌、プラスミド、プライマー、培養条件 
� Ʋ 2 ư%�Ə� ǖŌ&kxRq^+ Table 2-2 (���$ PCR (�Ə� kxAp�+ Table 
2-3 (�:�:Ʀ� �SYK-6 Ō&�*ȑ�êƤàŌ�-6, E. coli *Úȶ+Ʋ 1 ư(Ʀ� ķ

ť&Æœ(ǜ" � 

 
Table 2-2. Ʋ 2 ư%�Ə� ǖŌ-6,kxRq^ 

 

aNalr, Smr, Kmr, Apr, and Tcr, resistance to nalidixic acid, streptomycin, kanamycin, ampicillin, and tetracycline, respectively. 
 
 

Strain or plasmid Relevant characteristic(s)a Reference or source 
Sphingobium sp. 
SYK-6 
DferC (SME043) 
DdesX (SME085) 
DdesR (SME047) 
DdesQ (SME058) 
 
E. coli 
NEB 10-beta 
 
BL21(DE3) 
 
 
Plasmids 
pUC18 
pBluescript II KS(+) 
pK19mobsacB 
pIK03 
pJB866 
pSEVA225 
pET-16b 
pUC401 
pKPEV 
pKPEVK 
pMPEVK 
pKNIF 
pMPEVKNI 
pJB24970 
pSDA1 
 
pSDA2 
 
pSDA2a 
 
pSDA2b 
 
pSDA2c 
 
pSDA3 
 
pSDA4 
 
p16bdX 

 
Wild type; Nalr Smr 
SYK-6 derivative; ferC::kan; Nalr Smr Kmr 
SYK-6 derivative; SLG_24970 (desX)::kan; Nalr Smr Kmr 
SYK-6 derivative; ΔdesR; Nalr Smr 
SYK-6 derivative; ΔdesQ; Nalr Smr 
 
 
D(ara-leu) 7697 araD139 fhuA ΔlacX74 galK16 galE15 e14-ϕ80dlacZΔM15 recA1 relA1 
endA1 nupG rpsL (Smr) rph spoT1 D(mrr-hsdRMS-mcrBC) 
F- ompT hsdSB(rB- mB-) gal dcm (DE3); T7 RNA polymerase gene under control of the 
lacUV5 promoter 
 
 

Cloning vector; Apr 

Cloning vector; Apr 

oriT sacB; Kmr 
pBluescript II KS(+) with a 1.3-kb EcoRV fragment carrying kan of pUC4K; Apr Kmr 

RK2 broad-host-range expression vector; Tcr Pm xylS 
RK2 ori lacZ promoter probe broad host range vector; Kmr 

Expression vector; T7 promoter, Apr 
pUC18 with a 4.8-kb SalI fragment carrying SLG_24970 (desX) 
pBluescript II KS(+) with a 1.0-kb PstI-EcoRV fragment of pUC401 
pKPEV with a 1.3-kb EcoRV fragment of pIK03 carrying kan 
pK19mobsacB with a 2.3-kb PstI-SalI fragment of pKPEVK 
pBluescript II KS(+) with a 1.2-kb NruI fragment of pUC401 
pMPEVK with a 1.2-kb SalI-EcoRI fragment of pKNIF 
pJB866 with a 1.1-kb PCR amplified HindIII-BamHI fragment carrying desX 
pSEVA225 with a 396-bp fragment carrying the sequence between positions �548 and �153 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 378-bp fragment carrying the sequence between positions �243 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 238-bp fragment carrying the sequence between positions �103 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 162-bp fragment carrying the sequence between positions �27 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 144-bp fragment carrying the sequence between positions �9 and +135 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 441-bp fragment carrying the sequence between positions +48 and +488 
relative to the SLG_25010 initiation codon 
pSEVA225 with a 387-bp fragment carrying the sequence between positions +430 and +816 
relative to the SLG_25010 initiation codon 
pET-16b with a 750-bp NdeI-BamHI fragment carrying desX 

 
(45) 
(175) 
This study 
(241) 
(241) 
 
 
New England Biolabs 
 
(249) 
 
 
 
(276) 
(250) 
(277) 
(70) 
(251) 
(278) 
Novagen 
(70) 
This study 
This study 
This study 
This study 
This study 
This study 
This study 
 
This study 
 
This study 
 
This study 
 
This study 
 
This study 
 
This study 
 
This study 
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Table 2-3. Ʋ 2 ư%�Ə� kxAp�*ÞÛȔ² 
 

Purposes Primers Sequences (5¢ to 3¢) 
qRT-PCR analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RT-PCR analysis 
 
 
 
 
 
 
 
 
Gene complementation 
 
 
Primer extension 
 
Promoter assay 
 
 
 
 
 
 
 
 
 
 
 
Protein expression 
 
 
EMSAs 
 
 
 
 
 
 
 
 

16S_qF 
16S_qR 
desA_qF 
desA_qR 
ligM_qF 
ligM_qR 
desB_qF 
desB_qR 
ferB_qF 
ferB_qR 
25010_qF 
25010_qR 
desX_qF 
desX_qR 
 
RTferB_F 
RTferA_F 
RTferA_R 
RT25010_F1 
RT25010_F2 
RT25010_R 
RTdesA_R1 
RTdesA_R2 
 
pJB24970_F 
pJB24970_R 
 
PE25010a 
 
pSDA1_F 
pSDA1_R 
pSDA2_F 
pSDA2a_F 
pSDA2b_F 
pSDA2c_F 
pSDA2_R 
pSDA3_F 
pSDA3_R 
pSDA4_F 
pSDA4_R 
 
p16bdX_F 
p16bdX_R 
 
desAp1_F 
desAp1_R 
desAp2_F 
desAp2_R 
desAp3_F 
desAp3_R 
desAp4_F 
desAp4_R 
desAp5_F 
desAp5_R 
desAp6_F 
desAp7_F 
desAp7_R 
desAp8_F 
desAp8_R 

GCGCAGAACCTTACCAACGT 
AGCCATGCAGCACCTGTCA 
GCCTTCGCCTTCCTCAACTA 
CACCGGAACCCACTGCTT 
GCTCTCCGACACGATGATCA 
ACGTACTGCTTCGCCTTGTTG 
TTTCGAGCATTATTCGCATTTC 
TCCGCAGGCGAATATTCCT 
CCGGTGGAACGGGAAGA 
CCACGCCACGTTGTTCAC 
GACATGCTGTGGCAGATGTG 
CGCATCTGCCGCTCATAC 
CAGAAGGTGGACTCGTCGT 
AGGATATCGAGCGTGCG 
 
TGACGTACGACAATGCGGAA 
TGACGCCTCCATCATTCTCG 
ATGATCCGCGTCTTCTCGTC 
ATGAGTCACTCGCCTTCCA 
TCAGCACCGGCATTCACTT 
GCATCGATGAGGGCATCCAT 
CCGACGAGGTTGAACTGGTT 
TCATAATCCGCCCAGGGAC 
 
GACGTCACCATGGGAAGCTTGACACGATCTACCTGCGCA 
CCTGCAGGATATCTGGATCCTCCTCGTGGGACTGGTCAT 
 
ACGGTCATCGCAGATCAG 
 
ACCTGCAGGCATGCAAGCTTTCCATCATTCTCGACGGCG 
ATGTTTTTCCTCCTAAGCTTTCAGTCCACCAGCATCAGG 
ACCTGCAGGCATGCAAGCTTGCGCATCCAGGAACTCGAT 
ACCTGCAGGCATGCAAGCTTGCATGACCTTTCAATTGTGCG 
ACCTGCAGGCATGCAAGCTTCGTATATACGAAGAACATCGG 
ACCTGCAGGCATGCAAGCTTCGGATTTCCATGAGTCACTCG 
ATGTTTTTCCTCCTAAGCTTTTCCCCATAGCCCGCAA 
ACCTGCAGGCATGCAAGCTTCCTGATCTGCGATGACCGT 
ATGTTTTTCCTCCTAAGCTTCGCATCTGCCGCTCATAC 
ACCTGCAGGCATGCAAGCTTGACATGCTGTGGCAGATGTG 
ATGTTTTTCCTCCTAAGCTTTTCCGGCATTGTCCAGCA 
 
TATCGAAGGTCGTCATATGATCCAGAAGGTGGACTC 
CTTTGTTAGCAGCCGGATCCTCAGCGGTCGCCAAG 
 
CTGCAGGATGTGCGCC 
GTGAATGCCAGCCCCAAA 
GCATGACCTTTCAATTGTGCG 
AAGTGAATGCCGGTGCTGAT 
AGATCATTCGCCGCGCA 
ATGGCTTCATGCTGCACC 
ACCGGCGCCGATGATGC 
TGGTTGAAGAGCACGGCGG 
AACTGGCGCAACGAGCA 
CTGCAGCTGGAAGCGATAGT 
ATGAGTCACTCGCCTTCCA 
TTTCCCTCTGCACGACGT 
GTGCCCAGATACGGTCATC 
GCGCATCCAGGAACTCGAT 
TTTCATCTACTCGAAGACCGG 
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Table 2-3. -continued.  
Purposes Primers Sequences (5¢ to 3¢) 

EMSAs 
 

IR-DA_R 
IR-DA_mL_R 
IR-DA_mR_R 
ferBp_F 
ferBp_R 
desBp_F 
desBp_R 
ligMp_F 
ligMp_R 

AATCCGATGTTCTTCGTATATACGAAGATTTCATCT 
AATCCGATGTTCTTCGTATGCGTAGGAGTTTCATCT 
AATCCGATGTCTCCTACGCATACGAAGATTTCATCT 
ATATTGTCGAGCGGGCTG 
ATCTGGCGGTTGAGCTTG 
GCCGTTCCCCTCTCAGGC 
AAACCGCCGATGATCTTTGC 
GTTTCCGCCTGGTCTGAA 
AGGTGCCGACATCAGCTA 

a Primer labeled with 6-carboxyfluorescein at the 5¢ end. 
 
試薬、基質、酵素、および遺伝子操作 
� Äǭǘ�ÛǸ-6,ȕƼƳ+�Ʋ 1 ư%Ʀ� s�F�*ÁĠǱĹļ(đ"$�Ə� �

Ferulate (FA)+ Sigma-Aldrich Co. LLC.�7ǹ©��0.2 M *žą% pH 7.0-8.0 &'96�( 1-2N 

NaOH aq.=Ə
$źǧ��-20°C %�í� �ÛŃƘ'ȑ�êį�+�Ʋ 1 ư(Ʀ� ķť&Æ

œ(ǜ" � 

 

SYK-6株および遺伝子破壊株の細胞抽出液の調製 
� SYK-6 Ō&�*ȑ�êƤàŌ+�Ʋ 1 ư*
SYK-6 Ō-6,ȑ�êƤàŌ*ƾǏĦ¯ű*ǲ

Ǣ�(đ"$Úȶ��ƾǏĦ¯ű=ǲǢ� �ƾǏĦ¯ű*ªW}eIǸžą+�Ʋ 1 ư*


Bradford ť(69W}eIǸ*ïȚ�(đ"$Ÿï� � 

 

digoxigenin標識または非標識 DNAプローブの調製 
� Electrophoretic mobility shift assay (EMSA)*ÛŃƘ'į�ķť+�digoxigenin gel shift kit 2nd 

generation (Roche)*ÁĠǱĹļ(đ" �SYK-6 Ō-6,ȑ�êƤàŌ*ƾǏĦ¯ű=Ə
 

EMSA (�Ə� digoxigenin ŔǴ DNA k|�j+�Table 2-3 (Ʀ� kxAp�& SYK-6 Ō

* total DNA =Ə
$Ʋ 1 ư*
digoxigenin ŔǴ� DNA k|�j*ǲǢ�(đ"$ǲǢ� �

ƸǢ DesX =Ə
 EMSA (�Ə� ȬŔǴ DNA k|�j+�Table 2-3 (Ʀ�kxAp�&

SYK-6 Ō* total DNA =țØ(Ə
$ PCR (68ßĂ� �ƛƘ* DNA ĵƄ= 2%?G|�R

Lz%°Ȩ� ď�NucleoSpin Gel and PCR Clean-up (Takara Bio)HZ]=Ə
$Ħ¯~ƸǢ��

20-40 µl * Elution buffer NE (5 mM Tris-HCl, pH8.5)($ź¯� �Ē7: DNA źű+�Quantus
  Fluorometer (Promega)($ QuantiFluor® dsDNA System (Promega)=Ə
$žą=Ÿï��ȬŔ

Ǵ DNA k|�j&� � 

 

DNA-タンパク質結合反応 
� EMSA (-�9 SYK-6 Ō-6,ȑ�êƤàŌ*ƾǏĦ¯ű=Ə
 DNA-W}eIǸǂÅ¿

ė+�Ʋ 1 ư*
DNA-W}eIǸǂÅǧŇ�(đ"$ǜ" �ƸǢ DesX =Ə
 DNA-W}e

IǸǂÅ¿ė+�DesX (0.5-16 ng protein/µl)�4 fmol *ȬŔǴ DNA k|�j-6, 1´ binding 

buffer [20 mM HEPES, 1 mM EDTA, 10 mM (NH4)2SO4, 1 mM dithiothreitol, 0.2% (wt/vol) Tween 20, 

30 mM KCl, pH 7.6]=È2ªȚ 10 μl &� �ȬŔǴ DNA k|�j& buffer =ųÅ� ď�DesX
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=·�$ƭ5�(ųÅ��20°C % 20 °Ȟ�ŷ� �ƾǏĦ¯ű0 + DesX &DiCIW�°

ê*�Å=ǲ.9ÜÅ+�VA 0 + SA =ƿžą 0.05�0.5�5 0 + 50 mM &'96�(¿ė

ƹ( 1 µl ·� � 

 

シグナルおよび DNAの検出 
� ǂÅ¿ėď*N}kz+Ɯ!(ş�%­5��2.5 μl * 5´ loading buffer (0.25´ TBE buffer, 60%; 
glycerol, 40%; bromphenol blue, 0.2% [wt/vol])=·�$ųÅ� ��*ď�5%ȬáĚoy?Iyz

?q^Lz (sterilized water, 3.1 ml; 5´ TBE buffer [Tris, 445 mM; Boric acid, 445 mM; EDTA, 10 mM], 

1.0 ml; 30% acrylamide, 0.85 ml; 10% ammonium peroxodisulfate, 23 μl; TEMED, 3.85 μl)=Ə
$�

Ũ¸ buffer ( 0.5´ TBE =�Ə�$ 80 V *ïȩÒ% 4°C ($ 1-2 ĺȞŨ¸=ǜ" � 

� digoxigenin ŔǴ� DNA k|�j*Ő¯+�Ʋ 1 ư*
s}j{}-*ǿ¬&PJ_z*Ő

¯�(đ"$ǜ" �ȬŔǴ DNA k|�j*Ő¯+�Ũ¸ƿ�ď*Lz= 1/10,000 (Āȗ� 

SYBRÔ Gold nucleic gel stain (Thermo Fischer Scientific, Inc.)=È2 0.5´ TBE buffer (ů��ȏ§

�$ñŷ% 30 °ȞŊǕ� �ŊǕď*Lz+ OHP P�]%Ǥ
�BluPAD Dual LED Blue/White 

Light Transilluminator (Bio-Helix Co., Ltd.)=Ə
$ 470 nm * Blue LED =Ɓö��DNA =Ő¯�

 � 

 

SLG_24970破壊株 (DdesX株)の作製 
� pUC401 (131)= PstI-EcoRV %Ű¹�$Ē SLG_24970 *�ūȲÙ=È2 1.0 kb * DNA ĵƄ

= pBluescript II KS(+)*õė�9³ȠȕƼNA](Ī©��pKPEV =Ē �pIK03 = EcoRV %

Ű¹�$Ē Km ǍĚȑ�ê (kan)=È2 1.3 kb * DNA ĵƄ=�pKPEV *ÆNA](Ī©�

pKPEVK=�Ǣ� �pKPEVK=PstI-SalI%Ű¹�$Ē7: 2.3 kb*DNAĵƄ=pK19mobsacB

*õė�9³ȠȕƼNA](Ī©��pMPEVK =Ē �pUC401 = NruI Ű¹�$Ē7: 

SLG_24970 *�ūȲÙ=È2 1.2 kb * DNA ĵƄ=�pBluescript II KS(+)* EcoRV NA](I|

�`}J� pKNIF =Ē �pKNIF �7 1.2 kb * NruI ixJs}]=È2 1.2 kb * SalI-EcoRI i

xJs}]=ÁĒ��pMPEVK *õė�9³ȠȕƼNA](Ī©�9�&% SLG_24970 ƤàƏ

kxRq^ pMPEVKNI =ŒƷ� � 

� Ʋ 1 ư*
D{I]|o{�Pw}ť(69kxRq^ DNA *÷©�(đ"$ pMPEVKNI

= SYK-6 Ō(÷©��ƝÆǀĭ��ǻ�8 Km ǍĚ=ƉĒ� Ō=�LB + Km óäÚÕ%Ȑģ

� �Ȑģ� Ō= 10% sucrose =È2 LB + Km % 24 ĺȞÚȶ� �Úȶű=Ķ ' 10% sucrose
=È2 LB + Km ( 2% (vol/vol)ŏǖ�$ 30°C % 24 ĺȞÚȶ� ��*į�= 3 Íǉ8ȅ� 

ď�Úȶű= LB %Āȗ�$ 10% sucrose =È2 LB + Km óäÚÕ(Ýÿ� �Ē7: M|`

�=ȑ�êƤàŌ* ǡ&����(Ʀ�
ȑ�êƤàŌ*NO}cAjyXAU�Pw}ǧŇ�

(đ"$ȑ�ê*Ƥà=ƥǯ� � 

 

遺伝子破壊株のサザンハイブリダイゼーション解析 
� NO}cAjyXAU�Pw}ǧŇ+�DIG DNA labeling kit -6, DIG nucleic acid detection 

kit (Roche Diagnostics K.K.)*ÁĠǱĹļ(đ"$ǜ" � 
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� Ʋ 1 ư*
total DNA *ÍÀ�(đ"$ SYK-6 Ō-6,ȑ�êƤàŌ�7 total DNA =ÍÀ��

SalI ®ƌ� ď( 0.8%?G|�RLzȩŝŨ¸%°Ȩ��Ǒky}-6,?zFy®ƌ=ǜ"

 ��*ď�Lz�7dHv�rj|ZW� (model 785; Bio-Rad Laboratories, Inc.)=Ə
$_A

|}s}j{} (Hybond-N+; GE Healthcare)( DNA =ǿ¬� �s}j{}=ȵ���UV = 5

°ȞƁö�$ DNA =s}j{}(Ðï� �k{cAjyXAU�Pw}= 65°C % 1 ĺȞǜ

" �DIG DNA labeling kit =Ə
$x}XrkxAp�ť(68 digoxigenin ŔǴ� k|�j

=·�$ 65°C % 8 ĺȞ��cAjyXAU�Pw}=ǜ
�s}j{}�* DNA = digoxigenin

%ŔǴ� �s}j{}=ũŬű 1 (300 mM NaCl, 30 mM Sodium citrate dihydrate, 0.1% SDS)% 2

ÍũŬ� ď�ũŬű 2 (15 mM NaCl, 1.5 mM Sodium citrate dihydrate, 0.1% SDS)=Ə
$ 65°C %

2 ÍũŬ� �Buffer 1 (pH7.5; 0.1 M maleate, 0.15 M NaCl)%s}j{}=ũŬ� ď�buffer 2 

(buffer 1 + 10% blocking stock solution)(68j|ZH}J®ƌ=� �Alkaline phosphatase %Ŕ

Ǵ�: Ģ digoxigenin Ģ� (Anti-Digoxigenin-AP-conjugate)=È2 buffer 2 (s}j{}=ů�

$ȕƼ¨ƕŸïť (ELISA ť)(68s}j{}�* DNA =ŔǴ� �s}j{}= buffer 1 %

ũŬ�$Ł¿ė*��=ȡ½� ď�buffer 3 (pH9.5; 0.1 M Tris-HCl, 0.1 M NaCl, 50 mM MgCl2)%

ăǝ¹� �Ɩ§ÛǸ CDP-Star (Roche Diagnostics K.K.)=Ŵ·�$ alkaline phosphatase ¿ė(6

"$s}j{}�*PJ_z= LumiVision PRO image analyzer %Ő¯� � 

� SLG_24970 *Ő¯(+ pUC401 �7±8¯� SLG_24970 =È2 1.4 kb * ApaI ĵƄ 

(SLg_24970 k|�j)=Ə
 �0 �kan *Ő¯(+ pIK03 �7±8¯� kan =È2 1.3 kb
* EcoRV ĵƄ (kan k|�j)=Ə
 ��Ǣ� SLG_24970 ƤàŌ+DdesX Ō&ÊÇ� � 

 

SYK-6株および遺伝子破壊株の生育試験 
� SYK-6 Ō�DferC Ō-6,DdesX Ō= 10 ml * LB ÚÕ% 24 ĺȞÚȶ��Ʋ 1 ư*
ƍǎǭȷ�

(đ"$ SA 0 + VA %*ƍǎǐ=Ÿï� � 

 
desX相補株の生育試験 
� desX (SLG_24970)ƝǡƏkxRq^=�Ǣ�9 3�SYK-6 Ō* total DNA =țØ( Table 2-3

(Ʀ� kxAp�=Ə
$ PCR =ǜ
�desX *ªȜ=È2ƺ 1.1 kb *ßĂƎƆ=Ē �Ē7

: DNA ĵƄ= NEBuilder HiFi DNA assembly cloning kit (New England Biolabs. Inc.)=Ə
$

pJB866 * HindIII-BamHI NA](Ī©��desX ƝǡƏkxRq^ (pJB24970)=�Ǣ� �pJB866

-6, pJB24970 =�Ʋ 1 ư*
D{I]|o{�Pw}ť(69kxRq^ DNA *÷©�(

đ"$ SYK-6 Ō-6,DdesX Ō(�:�:÷©��desX ƝǡŌ=Ē � 

� SYK-6(pJB866 0 + pJB24970)Ō-6,DdesX(pJB866 0 + pJB24970)Ō=��:�: Tc =

È2 10 ml * LB ÚÕ% 24 ĺȞÚȶ� �Úȶű=Ȧǖ� ď�Wx buffer % 2 ÍũŬ��1 ml

* Wx buffer (ĝŽ� �Ē7: ǖ�+�Tc -6, Pmk|t�W�*ǰ÷ƆǸ&�$ 1 mM

* m-toluate =È2 5 mM * SA =Ŵ·� 5 ml * Wx ÚÕ( OD660 = 0.2 &'96�(ŏǖ�

 �ƝǡŌ*ƍǎǐ+�TVS062CA =Ə
$ 30°C % 60 rpm *ȉą%ĩƚ��OD660=ǄĺƘ(

Ÿï�9�&%ǲ. � 
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total RNAの単離 
� SYK-6 Ō-6,DdesX Ō= LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧǖ� ď�ǖ�= Wx 

buffer % 2 ÍũŬ-6,ĝŽ� �OD600 = 0.2 &'96�( 10 ml * Wx-SEMP ÚÕ�Wx-5 mM 

SA ÚÕ�Wx-5 mM VA ÚÕ0 + Wx-5 mM FA ÚÕ(ŏǖ��30°C % OD600 = 0.5-0.6 ('9

0%Úȶ� �Úȶű=Ȧǖ� ď�Ʋ 1 ư*
total RNA *»Ȩ�(đ"$ total RNA =ǲǢ�

 � 
 

逆転写反応による cDNAの調製 
� ȇǿ¬¿ė(69 cDNA *ǲǢ+�Ʋ 1 ư*
ȇǿ¬¿ė(69 cDNA *ǲǢ�(đ"$ǜ

" � 

 

定量的逆転写 PCR (qRT-PCR)解析 
� qRT-PCR ǧŇ+�cDNA =țØ&��Thunderbird SYBR qPCR mixture (Toyobo Co., Ltd.)&

LightCycler 480 System II (Roche Diagnostics K.K.)=Ə
$ǜ" �ÛŃƘ'į�ķť+ÁĠǱĹ

ļ(đ"$ǜ" �y?zWAr PCR (Ə
 kxAp�+��.$ Primer Express version 2.0 

software program (Applied Biosystems)=Ə
$ǫǨ�  (Table 2-3)�PCR ¿ė+ 2 μl * cDNA ź

ű�10 pmol *ȑ�êƇƔƘkxAp�-6, 10 μl * Thunderbird SYBR qPCR mixture =È2ª

Ț 20 μl &� �¿ėű=ǲǢď�3,000 rpm % 1 min āŷȎĕ�$ŝŦ=ȡ½�9&&4(¿ė

ű= well *Ą(Ȧƺ� �y?zWAr PCR ¿ė*Ǚ§t`Wy}J+ LightCycler 480 System 

II =Ə
$ǜ" �NAIzM}\@Pw}+�95°C-3 sec�60°C-30 sec = 40 NAIz&��¿

ėď 60°C�7 95°C0% 2°C/min*ȉą%Đ	(ŷą=�ĸ��$ßĂƎƆ*ǚǧĻǆ (melting 

curve)=�Ǣ��ßĂ*ƇƔĚ=ŐǬ� �ÄN}kz*ǿ¬Ț=Ŝȁ�9 3*cBRH�h

}Jȑ�ê&�$ SYK-6 Ō* 16S rRNA =Ə
 �Ä mRNA -6, 16S rRNA *Ț+�ŔŹ DNA

=�Ə�$Ÿï� � 
 

Reverse transcription (RT)-PCR解析 
� RT-PCR ǧŇ+�1 μl * cDNA źű=țØ(�Äȑ�êȞȲÙ=ƇƔƘ(ßĂ�9kxAp� 

(Table 2-3)& Q5 Hot Start high-fidelity DNA polymerase (New England Biolabs. Inc.)=Ə
$ PCR =

ǜ" �Ē7: PCR ƎƆ= 0.8%*?G|�RȩŝŨ¸(6"$°Ȩ� � 

 
LacZレポーターアッセイ用プラスミドの作製 
� SYK-6 Ō* total DNA =țØ(�Table 2-3 (Ʀ� kxAp�=Ə
$ PCR =ǜ
�desA «

ȓ�7�ūȲÙ0%=ŚȣƘ(È2 DNA ĵƄ=�:�:ǲǢ� �Ē7: DNA ĵƄ=�

NEBuilder HiFi DNA assembly cloning kit =Ə
$ pSEVA225 (278)(È0:9k|t�W�{R*

lacZ �ū* HindIII NA](Ī©��k|t�W�ŪĚŸïƏ*{o�W�kxRq^=�Ǣ�

 � 
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LacZレポーターアッセイ 
� {o�W�kxRq^=Ʋ 1 ư*
D{I]|o{�Pw}ť(69kxRq^ DNA *÷

©�(đ"$�SYK-6 Ō(�:�:÷©� �{o�W�kxRq^=�Ĩ� SYK-6 Ō=�

Km =È2 LB ÚÕ% 24 ĺȞµÚȶ� �Úȶű=Ȧǖ� ď�ǖ�= Wx buffer % 2 ÍũŬ-

6,ĝŽ� �Km =È2 10 ml * Wx-SEMP ÚÕ�Wx-5 mM SA ÚÕ0 + Wx-5 mM VA ÚÕ

( OD600 = 0.2 &'96�(ŏǖ��30°C % OD600 = 0.5-0.6 ('90%Úȶ� � 
� Úȶű=Ȧǖ� ď�ǖ�= Wx buffer % 2 ÍũŬ� OD600 = 2.0 (Abs600 = 2.0)&'96�(Æ

buffer (ĝŽ� �Ē7: ǖ�ĝŽű=Ə
$�Ʋ 1 ư*
LacZ {o�W�?ZTA�(đ"

$b-galactosidase ŪĚ=Ÿï� � 

 

プライマー伸長法 
� SYK-6 Ō= Wx-5 mM SA ÚÕ%Úȶ� ď�Ʋ 1 ư*
total RNA *»Ȩ�(đ"$ total RNA
=ǲǢ� �Ē7: 5 µg * total RNA =țØ&��SLG_25010 *«ȓ(ƇƔƘ(ǂÅ�9 6-

carboxyfluorescein %ŔǴ� Ǚ§kxAp� (Table 2-3)= 2 pmol Ə
$Ʋ 1 ư*
ȇǿ¬¿ė

(69 cDNA *ǲǢ�(đ"$ȇǿ¬ƎƆ=ǲǢ� �NASRW}X�^( 350ROX =�Ə

��Huhxy�P�K}N�ABI3730xl (Applied Biosystems)(68ȇǿ¬ƎƆ*ixJs}]

ǧŇ=ǜ" �ixJs}]ǧŇ+Ōć�ƧpI|QC}~Que}(éǩ� � 

 
E. coliにおける desXの発現と DesXの精製 
� desX =M�^�9Ȕ²+�SYK-6 Ō* total DNA =țØ( Table 2-3 (Ʀ� kxAp�=Ə


$ PCR ($ßĂ� �Ē7: DNA ĵƄ=�NEBuilder HiFi DNA assembly cloning kit =Ə


$ pET-16b * NdeI-BamHI NA](Ī©��p16bdX =�Ǣ� � 

� E. coli BL21(DE3)Ō( p16bdX =÷©��Ap =È2 LB ÚÕ% 12 ĺȞµÚȶ=ǜ" �Ē7

: Úȶű=ÆÚÕ(ƿžą 1%&'96�(ŏǖ��30°C % OD600 = 0.5-0.6 ('90%Úȶ

� ď�ƿžą 1 mM * IPTG =·�$�7( 30°C % 4 ĺȞǰ÷Úȶ=ǜ" �desX =ȸƖƋ

�� E. coli Úȶű= 5,000 ́  g�5 min�4°C %Ȧǖ��300 mM NaCl�100 mM imidazole =È2

50 mM Tris-HCl buffer (pH 7.5)% 2 ÍũŬď�Æ buffer (ĝŽ� �ǼȮŧƤƣǠǊ(68ƾǏ=

Ƥƣ��19,000 ́  g�15 min�4°C %Ȏĕ°Ȩ=ǜ" ��ŵ=ƾǏĦ¯ű&�$ÍÀ��300 mM 

NaCl & 100 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)%�7��3ăǝ¹� His 

SpinTrap (GE Healthcare)(?kxA��100 ´ g�1 min�4°C %Ȏĕ� �æȧW}eIǸ*ź¯

(+ 300 mM NaCl & 100 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)=Ə
$ 3 ÍũŬ

��300 mM NaCl & 500 mM imidazole =È2 50 mM Tris-HCl buffer (pH 7.5)%ƛƘW}eIǸ=

ź¯�� ��*ď�ȎĕćȠâ;ȍi@zW�Amicon Ultra (10 kDa cut)=Ə
$ǑÞ&žǈ=

ǜ" �0 �DesX +ðȷµ(Ȏĕć;ȍs}j{} Ultrafree-MC filter (6"$�źƆ=ȡ½

� � 

� W}eIǸ*ïȚ+�Ʋ 1 ư*
Bradford ť(69W}eIǸ*ïȚ�(đ"$ǜ" �DesX
*ƖƋ&ƸǢ(#
$+�Ʋ 1 ư*
SDS-PAGE ǧŇ�(đ"$ǲ. � 
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統計解析 
� ǃǨǧŇ+�GraphPad Prism 8 =�Ə�$ǜ" �Dunnett¢s test *ãȘŜȁ(69�¦ȔǊ°

ı°Ň (one-way ANOVA)& Student¢s t test =Ə
 pairwise Ŝȁ=�:�:�Ə� �< 0.05 *

P ¡+ǃǨƘ(ľě%�9�&=Ʀ�� 
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総括 
 

ǆȀɎɡę-�ʃǌŶŶÏ(�>~Qf�.�ČȆ�(ƭ9ʠĵ,Īċ�>ÊȊò

ɢ+ɮ˻ơʤǲ(�>!8�ƅɓòɢ+Ȫ -ǌɃ-ʈǺ-<�-ÓǧȌ�ư5?'�

>��-��~Qf�. p-hydroxyphenylpropanoids �}�^w,˕÷�!�č�+˾Ï

ĩæ÷Ȁ(�>!8�Ïʊ�'ȁį-æ÷Ȁ,ĜƏ�>�)�Ĉˬ(�=��-ƯáÓ

ȌǤ.˜ȕʾ�,�>�ʹŌ�Ưá+~Qf�ÓȌǤ)�'�˾Ïĩ~Qf�Bæīȗ

,¦Ïĩæ��Ţ<?>�č�(ĞǍ+¦Ïĩɮ˻ơæ÷ȀB biological funneling )ȱ

�?>jPa~E-�ʛɉBÓȌ�'ńǈȗ,ƯȌ+Ēōæ÷Ȁ1)ĜƏ��>ŷȑ

�ǥțB˪8'�>� 

� Sphingobium sp. SYK-6 ǀ.��Ȑ(ƭ9~Qf�Ȏƹɮ˻ơæ÷Ȁ-�ʛɉ�ƥ<-

,�?!jPa~E(�=�~Qf�Ȏƹ-�5�5+�˗©�;0è˗©ɮ˻ơæ÷

ȀBĄ�-ǹɌǲ�Ih�O�ǲ)�'Ȋɠ(�>�SYK-6 ǀ.�guaiacyl Ď�;0

syringyl ĎǌˁBƯ�>ĞǍ+~Qf�Ȏƹɮ˻ơæ÷ȀB�? ? vanillate (VA))

syringate (SA),˪Ɋ�'�ʛ���-š-�ʛˇȳ(t~u�êƜ)�'-ÓȌ�ƱŠ

�?> 2-pyrone-4,6-dicarboxylate (PDC)BȊŶ�>�VA ) SA .ɦǼȐ,��>~Qf

�-ȊÏʊˇȳ(Ȋ�>˕ʃ+�ʛ�˝©(�>)øƧ,�~Qf�-æīȗ¦Ïĩæ

Íȇ(Ȋ�>�ʃÏʊȋȀ(�>��!�$'�SYK-6 ǀ,��> VA/SA �ʛ)�-

ÔţɉBʊƥ�>�).�ČȆ�,��>ǹɌŤȉ-ȇʊ,%+�>"�(+��~Q

f�-<Ţ<?>ĞǍ+ɮ˻ơæ÷ȀB˾áȄ, PDC ȿ-Ēōæ÷Ȁ,ĜƏ�>ťȊ

ȀǀBǌɃ�>�(ƯȌ+űēB��>9-)ƱŠ�?>� 

SYK-6 ǀ,��' VA .�tetrahydrofolate (H4folate)¯Īů- VA O-demethylase (LigM)

,;=ɤx_�Bð� protocatechuate (PCA)1)ĜƏ�?!š�PCA 4,5-˜ɾɑʪ,;

$'�ʛ�?>��Ɵ SA .�LigM ) 49%-Evi˓ˑÑȝøůBȨ� H4folate ¯Ī

ů- SA O-demethylase (DesA),;$'ɤx_�Bð� 3-O-methylgallate (3MGA)1)Ĝ

Ə�?>��-š 3MGA . 3 %-ɑʪ,ÏŁ�'�ʛ�?>���-�(9 LigM ,;

>ɤx_�) gallate (GA) dioxygenase (DesB),;>ȉ˜ɾBð� PCA 4,5-˜ɾɑʪ,÷

Ǩ�>ɑʪ��ʃ+şÚBƁ
�)�ƥ<-)+$'�>��?5(,�SYK-6 ǀ-

VA/SA �ʛ,˞��> ligM (SLG_12740)�SA �ʛ,˞��> desA (SLG_25000)�;0

desB (SLG_03330)-Ǔɢ,%�'.�-ʔɎ�ʊƺ�?'�!��Ɵ�SYK-6 ǀ-ƽɬ

©�(Ȓ+>ˍ¡ĩŒ,Īċ�>�?<ˍ¡ĩ�*-;
+ȕȅʘɁBð�>-.ƥ

<-,�?'�+-$!�ƵȢȶ(.�SYK-6 ǀ- VA/SA �ʛÔţ-ÇĳʊƥBțȗ

)��Ƶǀ- VA/SA �ʛ-�ʃ�ʛ˒Ɍˍ¡ĩ(�> desA�ligM �;0 desB -ʮË

ÔţVXaw,%�'ʊƺBɻ$!� 
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Ƚ 1 ȸ(.�.�8, desB �Ǩ˵ď,ɒ÷ůBȨ�]�kPʦ-·ʀ)�'ʅÎ�

?! MarR ĎʮËÔţćĩ)ȝøůBȨ� DesR (SLG_12870)�;0 LysR ĎʮËÔţć

ĩ)ȝøůBȨ� DesQ (SLG_14170)- desA�ligM �;0 desB -ʮËÔţ1-˞�B

ʘƾ�!�SYK-6 ǀ- VA/SA ĜƏ. VA �;0 SA ʖĺȗ(�=�desA�ligM �;0

desB -ʮË. VA �;0 SA ȁȒȗ,ʖĺ�?��æ÷Ȁ��?<ˍ¡ĩ-ʖĺȀʦ(

�>�)�ƥ<-)+$!�ˍ¡ĩȣĚǀ-ʊƺ-<�DesR � desB �;0 ligM -ʮ

ËBʢ,Ôţ�>�)�Ȩ�?!��Ɵ�DesR . desA -ʮËÔţ,˞��+��)�

Ȩă�?!�5!�DesQ .��?-ˍ¡ĩ-ʮËÔţ,9˞��+-$!�DesR ,;

$'ÔţBð�> desB�;0 ligM-�Ǩ,.VA/SAʖĺů-p�y�]��Īċ��

�?<-p�y�]�˵ď,.��,˾�ȝøůBȨ� 15 ĖĒ-�ĭÇ+ inverted 

repeat (IR)ˑÑ IR-B ) IR-M ��? ?ʅÎ�?�IR-B . desB -ʮË˜ĦǺ�Ǩ,¥

ɘ��IR-M . ligM p�y�]�˵ď--35 ˑÑBʄ
;
,Īċ�'�!�DesR .

IR-B �;0 IR-M B�? ?ʕʜ�' desB �;0 ligM p�y�]�˵ď,ɒ÷�>�

)�Ȩ�?�VA 5!. SA � DesR -InHP]�Ïĩ)�'Ǔɢ�>�)( DesR -

DNA ɒ÷B˟Ĳ�>�)�ƥ<-)+$!�5!�DesR . desR �Ǩ˵ď,Īċ�>

IR-B �;0 IR-M )ȝøůBȨ� IR-R Bʕʜ�' DNA ,ɒ÷��desR ɦʭ-ʮËB

ʢ,Ôţ�>�)�ƥ<-)+$!��Ɵ�DesR . desA ýʶ˵ď,ɒ÷�+��)�

Ȩ�?�desA � DesR ).Ȓ+>ʮËÔţćĩ,;$'Ôţ�?>�)�Ȩ�?!� 

Ƚ 2 ȸ(.�desA (SLG_25000)-ʮËÔţćĩ)�'�desA - 3 ˍ¡ĩ�Ǩ,Īċ

�> IclR ĎʮËÔţćĩ)ȝøůBȨ� desX (SLG_24970)Bøį��DesX ,;> desA

-ʮËÔţVXawBƥ<-,�!�ˍ¡ĩȣĚǀ-ʊƺ-<�DesX . desA �;0

desA Ȝ�Ǩ,Īċ�>ƍį- hydrolase ˍ¡ĩ SLG_25010 -ʮËBʢ,Ôţ�>�)

�ƥ<-)+$!��Ɵ�DesX . ligM�desB���' desA �Ǩ,Īċ�> ferulate �

ʛɉˍ¡ĩ ferBA -ʮËÔţ,.˞��+��)�Ȩ�?!�ferB-ferA-SLG_25010-desA

ˍ¡ĩP}X]�.�ferBA Kr��) SLG_25010-desA Kr��,Ï-?'�=�ferA-

SLG_25010 ˍ¡ĩ˝˵ď, SA/VA ʖĺȗ+p�y�]��Īċ�!�Ƶp�y�]�

˵ď,.�-10 ˑÑBʄ
;
, 18 ĖĒ-ĭÇ+ IR ˑÑ(�> IR-DA �Īċ��DesX

.Ƶ IR ˑÑBʕʜ�' SLG_25010-desA Kr��-p�y�]�˵ď,ɒ÷�>�)

�ƥ<-)+$!�5!�SA �;0 VA � DesX -InHP]�Ïĩ)�'Ǔɢ��

DesX - DNA ɒ÷B˟Ĳ�>�)�Ȩ�?!��Ɵ�DesX . SA/VA -Ưǻ,--A<

��ligM�desB �;0 ferB p�y�]�˵ď,ɒ÷�+��)-<�DesX � ligM�

desB �;0 ferBA -ʮËÔţ,˞��+��)�Ɣƅ�?!� 

ƵȢȶ(.�~Qf�Ȏƹɮ˻ơæ÷Ȁ�ʛ-yb�jPa~E(�> Sphingobium 

sp. SYK-6 ǀ,��'�~Qf�ȊÏʊ-�ʃ�˝©(�> VA ) SA -�ʛÔţVX
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aw-ÇĳBƥ<-,�!��?5(jPa~E,��> VA -ĜƏ)�-Ôţɉ.�

Pseudomonas Ŀȿ-Q}wˤůɳ+<0,Q}w˥ůɳ(�> Corynebacterium 

glutamicum ,��' VA -ɤx_�,À� oxygenase Ď- VanAB VXaw) GntR Ď5

!. PadR ĎʮËÔţćĩ- VanR �ēü�?'�!�ƵȢȶ(�SYK-6 ǀ,��'

H4folate ¯Īů- VA ɤx_�˒Ɍ LigM � MarR ĎʮËÔţćĩ DesR ,;$'Ôţ�

?>�)�ƥ<-,+$!�Novosphingobium aromaticivorans DSM 12444 ǀ.�SYK-6

ǀ)øǍ, LigM ,;= VA BĜƏ��Riw�, SYK-6 ǀ- DesR ) 51%-Evi˓

ˑÑȝøůBȨ� MarR ĎʮËÔţćĩ�Īċ�>�)-<�DSM 12444 ǀ,��'9

DesR ,;>ÔţVXaw�³Ī�?'�>òɢů��>�ƭʹ Agrobacterium fabrum 

C58 ǀ,��'�SYK-6 ǀ- LigM ) 56%-Evi˓ˑÑȝøůBȨ� VA ɤx_�˒

Ɍˍ¡ĩ� GntR ĎʮËÔţćĩ,;$'Ôţ�?>�)�ēü�?!�jPa~E,

��>ɮ˻ơæ÷Ȁ-�ʛɉ)Ôţɉˍ¡ĩ.�? ?Ȃȷ�'˃æ�'�!)ɜ�

<?'�=�LigM -ÔţVXaw9­ĝ(.+�)ɜ�<?>��Ɵ�jPa~E-

SA �ʛ-ʊƺ­.ǉ8'ļ+���-Ôţɉ,˞�'. SYK-6 ǀ�ĝ(.ƥ<-)+

$'�+��DSM 12444 ǀ. SYK-6 ǀ,˸¤�! SA �ʛɉBƯ�'�=�desA sy

�Q- 3 ˍ¡ĩ�Ǩ, desX sy�Q�Īċ�!��!�$' desA �˞��> SA Ïʊ

ɉBƯ�>jPa~E(. desX ,;>ÔţVXaw�³Ī�?'�>�)�Ȩă�?

>��š�DSM 12444 ǀBû7�- desA ³ƅɳǀ,��>ʮËÔţVXaw,%�'

-ʊƺ�ư5?>�5!�ƭʹ(. SA B�ʛ�> Pseudomonas ĿɎɳ9ēü�?'�

=��?<-�ʛɉˍ¡ĩ�;0Ôţ,˞�>Ȣȶ-˃ľ�Š!?>� 

ƵȢȶ(Ţ<?!ɒƼ.�~Qf�-<-˾áȄ+Ư°ȀȊȋBˈŶ�>ťȊȀǀ

-Ûʁ,˕ʃ+ȡʅBƎ®�>)ƱŠ�?>��?5(��, Pseudomonas ĿɎɳBp

}`cnJ�w)�>~Qf�Ȏƹɮ˻ơæ÷Ȁ-<-Ư°ȀȊȋ�ɻA?'�!��

�?<.è˗©ɮ˻ơæ÷ȀBêƜ)�!9-(�>�~Qf�-æīȗ¦ÏĩæÍȇ
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