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ɂ 1ȿ� ţʢ 
ɂ 1Ɉ7ŴȕȈ?\}×b�µʤ� 

ȕĔ?ɜƌ>@ƌɛȠ=\}×b�Ãɘ"ŷʌ:9O�ȕȈ>;69��!>,9ȕļ>ŷʌ

=\}×b�TȎŰ.P!@˔ʌ=ʠ˵:9P5ŴȕȈ@Ġȑ¡?Ǎ�=ȓĩ>ˆğ,9�P5Ƕ

ŤL pH�˓ɑǿŤ�ƶǑȈLȂǑȈ?ɕƁLǿŤ"ț=Pȓĩ:ȕļ.PPJ>�ŴȕȈ@1Q

2Q"1?ȓĩ>ˋ,P\}×b�µʤTǌɉ,9\}×b�TȎŰ,9�P5ŴȕȈ?§:Kɓ

ɺ?\}×b�µʤ@įǍ:9P5\}×b�Ǹ;,9ƶǑȈ4':=%ȂǑȈL×Tȗ�PK?

K�P5GP�Ĵǜēđ>ñ�9ĹǜēđLȞ˒=<Tʂ�K?K�P5 

ɓɺ@ûɓɭȕȈ:9O�Ê�"Ş>Ǎ�=ȓĩĭ÷>Ƴ+Q9�P5ɓɺ@1?M�=ĭ÷?9

Pȓĩ>ˋŸ.PPJ>�17?ȕȈ"ʊƟ?\}×b�µʤTƌ7);"į�5ȓĩĭ÷TŽȪ

,�\}×b�µʤTĐJPǍ�=µʤTëű.P);:�Ȥ5>1?ȓĩ>ˋŸ,�ȕļ,9�

P;ɨ�NQP51?PJ�įǍ=\}×b�µʤTƌ7);;�1QNT<?M�>ëű.P!

@ɓɺ?ȕļƂȚ> �9˔ʌ:9P5 

 
ɂ 2Ɉ7ɐɷ×ČƁɓɺ� 

ɓɺ?§:K˓ɑ˫ȞȕĢ×ČƁTʂ�K?@×ČƁɓɺ;ēAQP5×ČƁɓɺ@ 16S 

rRNA?Ĩĥːç>MPɎəå˶> �9�ɐɷ×ČƁɓɺ�ɠɷȱ˽ɓɺ�ɠɷɍȊŹɓɺ��

�^�cv�W? 47>İ#%å!Q�ʹš�Acidobacteria˙; Gemmatimonadetes˙:K×

ČƁɓɺ?ļğ"Ȳʜ+QP(1, 2)5 

ɐɷ×ČƁɓɺ@��v^�cv�W˙?W×�V���r�`����v^�cv�Wɝ>

åŝ.P51Q2Q?ɝ:×ČƁɮTK7ɺ;ƌP=�ɺ@Ǳğ,9 O�×ČƁɮTƌ7K?"

ɐɷ×ČƁɓɺ;ēAQ9�P5ɐɷ×ČƁɓɺ:HNQP\}×b�µʤ@įǍ:9O�×ČƁ

>ñ�9�Ĵǜēđ�Ȱ˓Y^�Lx��t×W��-N-^ajy˿TMAÒLk�t×l×�]

ajy˿DMSÒT˨ĺĆń¾;,PĹǜēđ(3-5)�ǝɑ?˓÷ˎÕL¬˓÷˓ɑĞĿLȽɑĞ

Ŀ(7)�ˎÕĢȱ˽÷ČȈ?˓÷ɮTK7K?=<?ĦĒ"9P(8-10)5 

¡ʺ?M�>ɐɷ×ČƁɓɺ@��v^�cv�W˙>ƞğ,9 O�\}×b�µʤKįǍ

:9P"�)QN?ɓɺ@Úʽ,9×ČƁ>ŷʌ=ˍ¹ĺ"c�lr�;=69�P×ČƁˍ¹ĺ

c�lr�˿Photosynthesis Gene Cluster, PGC̀Tƌ69�P(11, 12)5Fig. 1-1@��r��

v^�cv�Wɝ?ĹǜŹ×ČƁɓɺ:9P Rubrivivax gelatinosus;W×�V��v^�cv

�Wɝ?ĴǜŹ×ČƁɓɺ:9P Roseobacter denitrificans;W×�V��v^�cv�Wɝ?

ĹǜŹ×ČƁɓɺ:9P Rhodobacter capsulatus? PGCTȳ,9�P(13)5PGC>@×ČƁɷ

ɑ:9P�cv�^c���X×L_�v~Yy?ȕČƁ>ŷʌ=ˍ¹ĺ˿Fig. 1-1:ɠ;^��

k �̀˥×ʇɤ˿puh �̀ăŸ§Ŷ˿puf̀L�b���r�˿Fig. 1-1:ǝɷ̀=<?ˍ¹ĺ"ĐG

Q9 O�1?˘+@ɏ 40 kbp;=P5c�lr�Ý?ˍ¹ĺ?¦B>įő?ˉ�@ʍNQP"�

c�lr�TǌƁ.Pˍ¹ĺ@EFč-:9P5PGC@�%7!?ɐɷ×ČƁɓɺ:@��l�
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y¡>?69 O�ǝŠ¹Ɨ>MOǍ�=ɺ>ȷô,9�P);"ȳĖ+Q9�P(14)5 

 

 

 

Figure 1-1. Photosynthesis gene cluster arrangement in the purple bacteria Rubrivivax gelatinosus, 

Roseobacter denitrificans, and Rhodobacter capsulatus (13)� Chlorophyll biosynthesis (green), 

carotenoid biosynthesis (orange), reaction centers and light-harvesting complexes (puf and puh, 

purple), regulatory proteins (blue), and uncharacterized genes (white). 

��
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ɂ 3Ɉ7ĴǜŹ×ČƁɓɺ;ĹǜŹ×ČƁɓɺ� 

ɐɷ×ČƁɓɺ@Úʽ,9 ��
 Tƌ69�P"�×ČƁ?ȞȐƿ¸@ɺ>M69ț=Oč�:

@=�5ɐɷ×ČƁɓɺ?§>@�Ĺǜƿ¸:?H×ČƁTȞȐ.PĹǜŹ×ČƁɓɺ;�Ĵǜƿ

¸:K×ČƁTȞȐ.PĴǜŹ×ČƁɓɺ"ļğ.P5ĴǜŹ×ČƁɓɺ"Ȟʍ+QPG:@�×

ČƁɓɺ?×ČƁ@Ĺǜƿ¸:?HʂSQPK?4;ɨ�NQ9�P5�

ĴǜŹ×ČƁɓɺ@ %)(� šµ>ɸ;ÿŗ>M69èJ9û˦+QP	���51?ŭ��cv�^

c���X×?ʬĮʀ×Tƍǎ;,Pʒǂ>MO�ĲŠǧ?ǁˏ?Ǭǧʆˬ;İʋǧ?øʋˏ?Ǣ

Ŗ:ĴǜŹ×ČƁɓɺ"Ţ%åŝ,�ǬǧʆŔ?×ČƁ˨ĺ¹ˈɎ? 	�
�TýJP);"ȳĖ+

Q	����ĴǜŹ×ČƁɓɺ?åŝ>˝.PȭȻ"ȢU>ʂSQPM�>=6P5Ȑğ:@�ħƄ>

M69Ǎ�:@9P"�Ǭ?ʨǅ˸=ħƄ> �9@ŠġȠ>ÿǇȕȈ? 1-7%�ǢǬLǠć:@

2-15%"ĴǜŹ×ČƁɓɺ:9P;ɨ�NQ9�P(17)51?PJ�ĴǜŹ×ČƁɓɺ@Ǭǧ?Ȉ

ʫųȓ>ņ¤.P˔ʌ=ɺɦ:9P;ɨ�NQP5ĴǜŹ×ČƁɓɺ@W×�V���r�`��

��v^�cv�W:ļğ"Ȳʜ+Q9�P(18-20)5ȐğȪNQ9�PĴǜŹ×ČƁɓɺ@�Ĵ

ǜƿ¸:×ČƁTȞȐ.P);>ñ�9�_×��hYc×TƌP/�ůœǅ˸Ƞ>ȕɫ.P;�

�ȉŵTƌ7(12, 13, 21-24)5 

ĹǜŹ×ČƁɓɺ:@�½˓ɑLĹǜƿ¸:?H×ČƁ?ȞȐ"Çˁ+Q�Ĵǜƿ¸:@Ũ%

Ɔë+QP(25)5+N>�ĹǜŹ×ČƁɓɺ@�_×��hYc×Tƌ5�Ĺǜƿ¸:ǝɑT˨ĺ

Ã¤¾�¬˓÷ȀɑTȀɑǸ;,9×\}×b�Têȗ,P×ȋȾǅ˸Ƞ=ȕɫT.P);":#

P5GP�×\}×b�>ñ�9�ƶǑȈK\}×b�ǸL˨ĺÃ¤¾;,9êȗ.P×ůœǅ˸

Ƞ=ȕɫKʂ�);":#�×\}×b�"=�ħČ:K�ƶǑȈ=<?³?\}×b�Ǹ"9Q

AƲƿ¸:Kȕɫ@Ĉɮ:9P5 

ĹǜŹ×ČƁɓɺ@˨ĺÃ¤¾;,9ƶǑȈL�ǝɑLˎÕĢȱ˽÷ČȈ=<?ȂǑȈTêȗ

.P);":#(7-10)�ĴǜŹ×ČƁɓɺ@ƶǑȈT˨ĺÃ¤¾;,9êȗ.P(18)5ȂǑ÷ČȈ

T˨ĺÃ¤¾;,PħČ@�1?˓÷>M69ŰNQP˨ĺ:�jxc�� cLɓɭɱÝ?��a

~�"ˎÕ+QP5ƶǑȈT˨ĺÃ¤¾;,PħČ@�TCAęʱTɖȘ,9ƶǑȈ"¬˓÷Ȁɑ

>G:˓÷+QPˇȸ: NADH":#�ȕƁ+QP NADH@ NADHɯǝɑ˒ɑ:˓÷+Q��

�a~�"ˎÕ+QP);:�˨ĺ"a~���×C;ØP5 

Fig. 1-2@ĹǜŹ×ČƁɓɺ;ĴǜŹ×ČƁɓɺ?×ČƁTʂ=69�P;#?˨ĺ?ǪQT

ȳ,9�P5ɐɷ×ČƁɓɺTĐI×ČƁɓɺ@�ǈȈLjW~�cv�W?M�>t�fYyɱ

TƌP/�×ČƁʇɤ@ɓɭɱ¡>ļğ.P51?PJ�×ČƁ˨ĺ¹ˈɎ;ēđ˗˨ĺ¹ˈɎ@

1?Ɓå?į%TÚƶ,9�P5ăŸ§Ŷ>9Pl�j�×�W?�cv�^c���X×>×"

ũPP;óʮȊž;=O�˨ĺTƜä,�Ɯä+QP˨ĺ@a~�C;ǵP5a~�"ˎÕ+QP

;#�ɓɭʫ?��x�"ąOʸGQa~�×;=P);:��x�õː"ȕ-P5˓÷+QP�

cv�^c���X×@ bc1ʊČ¾:ˎÕ+QPjxc�� c!N˨ĺTĆ'ąP);>MOÞŤ

ˎÕ+QP5)?M�>�ɐɷ×ČƁɓɺ?×ČƁ˨ĺ¹ˈɎ@ųȓĢ:9O�×ČƁ?ăŸ:@
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˨ĺ?Ɵ?ĪǴ@ʮ)N=�51?PJ�×ČƁTʂ�;#?˨ĺ¹ˈɎÙ¾?�yucl���

l?ʡƠ>@³?r��cʫ"ŷʌ;=O�ēđ˗˒ɑ"1?ʡɈ>˔ʌ=ŬïTǃP,9�P)

;"ȪNQ9�P5ĹǜŹ×ČƁɓɺ?Ĺǜ�×ČƁƿ¸:?˨ĺ¹ˈɎ:@�NADHɯǝɑ˒

ɑT²,9 NAD́>˨ĺTǵ.);�GP@��y�ez�oT²,PǝɑȕƁ>MOˎÕð"Ǯ

ʩ+QP5)Q>MO�a~���×"ˇˎÕȊž;=P);T˞$�NAD+>ǵ+QPˎÕð@

x��l�y�ez�o>MO NADPHȕƁ>êȗ+Q CO2ĞĿ>ȗ�NQP(26)5�ƥ:�Ĵ

ǜŹ×ČƁɓɺ@_×��hYc×L�y�ez�oTƌP=�PJ�ˎ Õð?Ǯʩ@Ĵǜēđ?

ƻɀ˓÷˒ɑ:? O2?ˎÕL�ɯȽ˒ɑ>MPȰ˓Ĩ?ˎÕ>Äļ,9�P;ɨ�NQP5 
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Cyt .c� hν�
NADH dehydrogenase�

�ADPH� Calvin 
cycle�

Cytoplasmic 
membrane�

Cytoplasm�

Periplasm�
FeS�

NADP��
Transhydrogenase�

Anaerobic photosynthetic bacteria�

Cytochrome bc1 
complex�

Reaction center�O2�

H2O�

Q/QH2�

P870�

Q/QH2�

Cyt .c� hν�
Cytochrome c oxidase�

Cytoplasmic 
membrane�

Cytoplasm�

Periplasm�
c1�

b��

bH�

FeS�

Aerobic photosynthetic bacteria�

Figure 1-2. Schematic summary of electron transport chains of anaerobic and aerobic 

photosynthetic bacteria. Q/QH2; ubiquinone/ubiquinol, P870; special pair, cyt. c; 

cytochrome c. 
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ɂ 4Ɉ7ĹǜŹ×ČƁɓɺ?×ČƁëű� 

ɐɷ×ČƁɓɺ?×ČƁëűǑǌ>˝.PȭȻ@�ĹǜŹ×ČƁɓɺ:9P Rhodobacter 

sphaeroides; Rhodobacter capsulatus? 2ȹ˶?ɺ:Ƭ!NM%ʂSQ9 O�1?åĺ�_

{m�>˝.PȪʍ"į%9P5)QN 2ȹ˶?ɺ:@�RegB/RegA�FnrL�PpsR;1?W�

t���uh�? 47"×ČƁ˝ˀˍ¹ĺ?ʳßëű>˝S69�P);"ȪNQ9�P5Fig. 

1-3@ R. sphaeroides; R. capsulatus?×ČƁ˝ˀˍ¹ĺ?ȞȐëűǑǌTȳ,Pĝ:9P5

RegB/RegA@¬ƁåëűɎ?n�h�az�o;�l��l�b���r�:9O�Ĺǜƿ¸:

?×ČƁ˝ˀˍ¹ĺ?ʳßÇˁ>˝¤.P(27-29)5RegB@åĺÝ:?kl×�XyɗČ?ŪƁL

˓÷ĢK,%@ˎÕĢ��a~�;?ɗČ>MOɲŜ��˓÷ǩŹ"ëű+QP�yucln�

h�:9O�RegA@ DNAɗČy�Y�Tƌ5��cv�^c���X×L_�v~Yy?ȕČ

Ɓ>˝SPˍ¹ĺ?����r�˳ģ>ɗČ.P);"ĦĒ+Q9�P(30-32)5 

FnrL@ Fnr�V���?r��cʫ: DNAɗČy�Y�Tƌ5�Ĺǜƿ¸:?×ČƁ˝ˀˍ

¹ĺ?ʳßÇˁ>˝¤.P;ĦĒ"9P"�)? FnrL>MP×ČƁ˝ˀˍ¹ĺ?ʳßÇˁ@ R. 

sphaeroides?H:ʍNQ�R. capsulatus:@ʍNQ=�(33, 34)5 

PpsR@×ČƁˍ¹ĺc�lr�˿ Photosynthetic gene cluster, PGC Ý̀>f�y+Q9 O�

ȐğȪNQ9�Pɐɷ×ČƁɓɺ@H= PGCÝ> ppsRTƌ7(35)5PpsR˿R. capsulatus:@

CrtJ;ēAQP̀@×ČƁ˝ˀˍ¹ĺ?���uh�:9P);"ȪNQ9 O�ĹǜŹ×ČƁ

ɓɺ> �9 ppsRTȯī.P;Ĵǜƿ¸:K×ČƁ˝ˀˍ¹ĺTȞȐ.PM�>=P(36, 37)5

GP�regAȯīǆL fnrLȯīǆ:@×ČƁ˝ˀˍ¹ĺ?ȞȐ"Ş>Ɔë+QP"�)QN?ǆ:

ppsRTȯī.P;×ČƁ˝ˀˍ¹ĺTȞȐ.PM�>=P;ĦĒ"9P(34, 38)5+N>�PpsR

;ȥ­Àȗ,�PpsRT£ǩ÷+0PW�t���uh�"ļğ.P5R. sphaeroides:@�AppA

;ēAQP NƻɀÏ>˩ɷ×n�h�:9P blue-light using FADy�Y�; CƻɀÏ>��ɗ

Čy�Y�Tƌ7r��cʫ"�×;˓÷ˎÕȊž>ŸɄ, PpsR?W�t���uh�;,9Ǒ

ɮ.P);ȪNQ9�P(39-41)5�ƥ�R. capsulatus?e~�¡>@ appA;ȥč=ˍ¹ĺ@ʍ

NQ=�5R. capsulatus:@ AerR˿PpaA���d̀ " PpsR?W�t���uh�;,9Ǒ

ɮ,�AerR@f����ɗČr��cʫ:�Ww~j×f����"×ñǝåʒ,P�y�ap

f����;ɗČ.P);:×T˜ƓȠ>ŽȪ,�PpsRT£ǩ÷.P;ĦĒ"9P(42)5GP�

aerR˿ppaÀ@į%? PGCÝ: ppsR?¡Ǫ>¼ɤ,9�P(43)5,!,�R. capsulatus:@

Ĵǜƿ¸> �9×"ļğ,9K×ČƁ˝ˀˍ¹ĺ?ʳß@Ɔë+QPGG:�ȞȐ?Ɔë"ʒˢ

+QP?@Ĺǜƿ¸?H:9P(25)5AerR>MP PpsR?ǩŹʡɈ@×>ŸɄ,PʡɈ:9O�

ȐƮȁ:�R. capsulatus> �9 PpsR?ǩŹ"<?M�>˓÷ˎÕȊž>ŸɄ,9ʡɈ+Q9

�P!@£ƫ:9P5 
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RegB�

�ppA 
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membrane�
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Figure 1-3. Schematic summary of regulation of photosynthetic genes in Rhodobacter 

sphaeroides and Rhodobacter capsulatus. OHCbl; hydroxocobalamin. 
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ɂ 5Ɉ7ĴǜŹ×ČƁɓɺ?×ČƁ� 

ĴǜŹ×ČƁɓɺTŀ˺Ł:Ĥ˸,PƮ@�×?ȅō@ȕɫ>��l>K�Yzl>KÒ!/�

Ʋƿ¸;ƫƿ¸:ȕɫ?ś@ʍNQ=�(44)5,!,�ĴǜŹ×ČƁɓɺ?×ČƁʇɤTĐIɱŐ

ɭTȗ��×Tȅō,P;#?��x�ƑäL ATPČƁTǷĿ.P;�×ȅō>Äļ,P��x

�?ƑäL�ATPČƁ"ʮ)P);"ĦĒ+Q9 O�×ČƁ:\}×b�ȕȖ:#P�v�j

�×@ƌ7);@ĦĒ+Q9�P(45)5GP�ǅ˸?Ȃ�˷˹ƿ¸:@×Tȅō.P);:ȕļȏ

"¡"P);L(44, 46)�×Tȅō.P);:ƴɔȠ=�Y^�l"Īñ.P);KƫN!;=6

9 O(47-50)�×ČƁTʂ�);"ĴǜŹ×ČƁɓɺ?ȕɫ>��l>Ò%);"ȳĖ+Q9�

P5 

�ƥ:�ĴǜŹ×ČƁɓɺ?×ČƁɷɑ?ȕȖ@×>M69Ɔë+QP;���{�c=ëű

TĆ'9�P);"ȪNQ9�P(51-53)5Table 1-1 @ĴǜŹ×ČƁɓɺ˿Roseobacter 

denitrificans OCh114̀;ĹǜŹ×ČƁɓɺ˿Rhodobacterœ̀?×ČƁ?ȞȐƿ¸TG;JPK

?:9P5ĴǜŹ×ČƁɓɺ:@Ĵǜƿ¸?ħČ�Ʋƿ¸:@×ČƁTȞȐ.P"�́ ʬĮ×˿ IR̀

?ȅō:1?ȞȐ@Ɔë+Q�˩ ɷ×?ȅō:MOŨ%Ɔë+QP(104 5̀Ĺǜƿ¸˿ TMAOēđ̀

:@˩ɷ×ȅō@Ĵǜƿ¸;čǍ>×ČƁ?ȞȐ"Ũ%Ɔë+QP"�IR:@Ɔë+Q=�(54)5

ĹǜŹ×ČƁɓɺ:@Ĵǜƿ¸:@×ČƁ?ȞȐ@Ũ%Ɔë+Q(25)�Ĺǜƿ¸:@Ʋƿ¸:K×

ČƁTȞȐ,˩ɷ×L IR?ȅō>MO1?ȞȐ@Çˁ+QP(55)5ĴǜŹ×ČƁɓɺ;ĹǜŹ×

ČƁɓɺ@č-M�= PGCTƌ7>K˝SN/�)?M�>×ČƁ?ȞȐƿ¸@İ#%ț=P5

Ĵǜƿ¸:×ČƁʇɤ"ȞȐ.P;�ǩŹ˓ɑȹ"ȕƁ+QP);"«Ż+Q�ĴǜŹ×ČƁɓɺ

:×>MPƆë"ʮ)P?@�ǩŹ˓ɑȹ?ȞȕT˞CPJ;ɨ�NQ9�P"�1?ʛɓ=ëű

Ǒǌ@£ƫ?GG:9P5 

 

 

 

 

 

  

Aerobic Anaerobic (TMAO respiration) Aerobic Anaerobic
Dark ○ ○ × ○
Blue-light × × × �

IR � ○ × �

Aerobic phototrophic bacteria (OCh114) Anaerobic phototrophic bacteria

Table 1-1 Expression pattern of photosynthesis in aerobic phototrophic bacteria and 

anaerobic phototrophic bacteria. 

 

Expression level of photosynthesis: �; high, 2; medium, 0; low, -; very low 



 8 

ɂ 6Ɉ7OCh114ǆ?\}×b�µʤ;×ČƁ˝ˀˍ¹ĺ?ȞȐëű� 

Roseobacter denitrificans OCh114ǆ@ĴǜŹ×ČƁɓɺ:èJ9Ùe~�"ʒʟ+QPǆ:

9P(13)5Ƽɺ@×ČƁ�Ĵǜēđ�Ĺǜēđ? 37?\}×b�ȕȖɎTƌ75+N>�Ĵǜē

đ:@ 47?ƻɀ˓÷˒ɑTƌ69 O�Ĺǜēđ:@ɯȽ; TMAOēđTʂ�);":#P5 

OCh114ǆ?×ČƁ˝ˀˍ¹ĺ?ȞȐƿ¸@ Table 1-1>ȳ,PʽO:�Ʋƿ¸:@˓ɑǿŤ>˝

Æ=%×ČƁ˝ˀˍ¹ĺTȞȐ.P"�IRL˩ɷ×=<?×>MO1?ȞȐ@Ɔë+QP(102 5̀

GP�IR>MPƆë@Ĺǜ TMAOēđƿ¸:@ʍNQ=�(54)5 

Fig. 1-2@ȐğS!69�POCh114ǆ?×ČƁëű>7�9ȳ,PK?:9P5ÖʂȭȻ:�

Ƽɺ? ppsRȯīǆ"Àʉ+Q�Ʋƿ¸;ʹʬɷ×ƿ¸:?x��lc��x��ʒǂ"ʂSQP

(103 5̀1?ɗǃ�ppsRȯīǆ@×ČƁ˝ˀˍ¹ĺTˇî>ȞȐ,�ʹʬĮ×ƿ¸:?ƆëKʍN

Q=%=6P);!N�Ƽɺ:KĹǜŹ×ČƁɓɺ;čǍ> PpsR"×ČƁ˝ˀˍ¹ĺ?���u

h�:9P);"ȳĖ+QP(105 5̀Ƽɺ?e~�¡>@ fnrL; regAB���dKļğ,P"�

fnrLȯīǆ; regAȯīǆ?<5NK�˕ȕǆ;Ǚʴ,9�×ČƁ˝ˀˍ¹ĺ?ʳß��×>İ#

=ˉ�@ʍNQ=!6P˿104 5̀GP�˩ɷ×n�h�y�Y�Tƌ7;«Ż+QP LOV-HKˍ

¹ĺ˿RD1-2129̀Tȯī,P;)R�LOV-HKȯīǆ˿∆LOV-HK̀:@Ʋƿ¸> �9×ČƁ

˝ˀˍ¹ĺ?ȞȐ"Ǵő,P(104 5̀)?);!N�LOV-HK"×ČƁ˝ˀˍ¹ĺ?ȞȐëű>˝

SP);"ȳ+QP"�1?ʛɓ@ƫN!;=69�=�5GP�˩ɷ×LʹʬĮ×ƿ¸:Ĥ˸,

P;#?∆LOV-HKǆ?×ČƁ˝ˀˍ¹ĺ?ȞȐ��×@ʡDNQ9�=�5 

 

 

 

  

Figure 1-4. Schematic summary of regulation of photosynthetic genes in OCh114 strain. 
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repress? 

Wild-type� Wild-type�

activate? 



 9 

ɂ 6Ɉ7ƼȭȻ?ȣȠ� 

ĴǜŹ×ČƁɓɺ@ǬǧʆŔ>į%åŝ,9�P);!N�)QN?ɓɺ@ĠȑʎǏ?Ȉʫų

ȓ>˝S69�P;ƔǷ+QP5ǬǧʆŔ:?Ôý÷> �9�×ČƁɮTK5�×\}×b�

Têȗ:#P);@İ#=ŬïTK7;ƔǷ+QP5�ƥ:�ĴǜŹ×ČƁɓɺ@ĹǜŹ×ČƁ

ɓɺ;ț=O˓ɑļğ¢:K×ČƁTȞȐ.P"�1?ȞȐ@×>M69Ɔë+QP;����

ʍȩȦ,P�{�c=ëűǑǌTK75į%?ɓɺ@ʊƟ?\}×b�µʤTƌ5�1QNTȓ

ĩ>Ÿ-9Á�å'9 O�1?ëűǑǌTȪP);@1?\}×b�µʤ?ŬïTƫN!>.

P);>ɣ"P;ɨ�NQP5ĴǜŹ×ČƁɓɺ?×ČƁëűǑǌTƫN!>.P);:�Ĵǜ

Ź×ČƁɓɺ"<?M�=;#>×ČƁTʂ��1Q"<?M�=��uxTȕHä.?!;�

6PƼɺ> 'P×ČƁ?Ŭï"ʍ�9%P;ɨ�NQP5 

1):ƼȭȻ:@�ĴǜŹ×ČƁɓɺ?×ČƁëűǑǌTƫN!>.P);TȣȠ;,9�ɂ

2ȿ:@OCh114ǆ> �9×ČƁ˝ˀˍ¹ĺȞȐC?˝¤"ȳ+Q9�P LOV-HK>7�9�

1?×ŸɄŹ;jdz×¹ˈƥǣ>7�9ʡDPɗǃTʺDP5ɂ 3ȿ:@×ČƁ˝ˀˍ¹ĺ?

ƆëʒˢǑǌ>7�9ƒɒ,PɗǃTʺDP5)QN?ɗǃ!N�ĴǜŹ×ČƁɓɺ> 'P×

ČƁ?ëűǑǌL1?Ŭï>7�9ɨŉ.P5 
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ɂ 2ȿ� LOV-HK>MP×ČƁëűǑǌ?ʒƫ 
 
ɂ 1Ɉ7ɬư� 

LOV (Light, Oxygen, Voltage)y�Y�@ PER-ARNT-SIMl����V���?�ˏ:9

O(56)�1?ːç@ȧǇȕȈ�W�aW��cv�W? 37?y�Y�>ļğ,9�P(57)5LOV

y�Y�@�ǈȈ> �9˩ɷ×ȅōƮ>��˓÷+QP�]xx���;��r��cʫ:è

J9Ȟʍ+QP(58)5�]xx���@ LOVy�Y�;n��/l�^{�az�oy�Y�!

N=O�ǈȈ?˩ɷ×>M69ʝŏ+QPɽɠ¾?˅ôLǜĻ?˛˚?ëű>˝¤,9�P

(59-62)5 

LOVr��cʫ>@ FMN, FAD, Riboflavin;�6P����åĺȹ"Ȟɷě;,9ɗČ,

(63-65)�LOVr��cʫ>˩ɷ×Tȅō.P;�����"˩ɷ×TđĄ, ˔˰;=O�Fig. 

2-1>ȳ.M�>����? C(4a); LOVy�Y�Ý?jlvY�Ǖĥ?t^�×ĥ;?˜:Ú

ƶɗČ"ŪƁ+QP(66)5ŪƁ+QPÚƶɗČ@ƲƄ:ɲȞȠ>æQ�Õ>ƃP"�)?���

�;jlvY�?ɗČ?ľĿŹ@r��cʫ>M69Ǎ�:9O�1?ùǴƸ" 50ȶL 30å?

K?�2Ʈ˜ɖˇ,9KľĿ=K?Kļğ.P(66, 67)5 

LOVr��cʫ@�ɵȠ>˩ɷ×n�h�:9P LOVy�Y�;�1?jdz×T¹ˈ.

PWZx�uxy�Y�!N=69�P(68)5�cv�W> �9�WZx�uxy�Y�@į

Ǎ:9P"�ɏ 50%@�ltk�az�o˿HK̀TWZx�uxy�Y�;,9K7 LOV-HK

:9O�ɏ 20%@ GGDEF-EALy�Y�TK7 LOV- GGDEF-EAL:9P51?³>KőƟ:

@9P"�LOV-STAS (sulphate transporter anti-sigma antagonist)�LOV-HTH 

(helix-turn-helix)L LOV-SpoIIE (sporulation stage II protein E)=<Kļğ.P(69)5 

LOV-HK@ NƻɀÏ> LOVy�Y��CƻɀÏ> HKy�Y�Tƌ7¬ƁåëűɎ?�l

tk�az�o:9P5�ɵȠ>��ltk�az�o@Ǎ�=ȓĩ?ĭ÷TŽȪ,jdz×¹

ˈTʂ�ɓɭÝĮ?ȓĩĭ÷?n�h�;,9Ǒɮ.P);ȪNQ9�P5Ȑğ��%7!?�

cv�W> �9�×>M69ʝŏ+QPǍ�=ȕȒǑɮ?ĭ÷" LOV-HK>M69ëű+Q

9�P);"ĦĒ+Q9�P5Caulobacter crescentus:@ LOV-HK"×ÄļȠ=ɓɭƓȨ?

ĪŨ>ŷʌ:9O��ɵȠ=lx�lŸɄKf�x��×,9�P);"ȪNQ9�P(70, 71)5

Brucella abortus@°ȍÚʽŽǄȝTŦ#ʮ).ȜÿŹɓɺ:9P"�)?ɺ:@ LOV-HK"

×>ŸɄ,9ȜÿŹTëű,9�P(67)5Rhizobium leguminosarum:@×>ŸɄ,PDUǚ

r��cʫ?ȕȖLɓɭĮįɌ?ȕȖ?ëű>˝S69�P(72)5In vitro?ŀ˺:@�ʊƟ?

LOV-HK?ɲŜ��˓÷ǩŹ@×Tũ9P);:¡ƪ.P);"Ȳʜ+Q9�P(67, 73)5GP�

C. crescentus? LOV-HK@×>M69¡ƪ.P ATPaseǩŹ"ĦĒ+Q9�PK??�ATP?

ǲñ>MPɲŜ��˓÷ǩŹ@Ȳʜ+Q9�=�(70, 74)5 

ĴǜŹ×ČƁɓɺ?×ČƁ@×>M69Ɔë+QP);>ñ��ĴǜŹ×ČƁɓɺ?e~�¡

> LOV-HKˍ¹ĺ"ǙʴȠÈļ+Q9�P);!N�ˇĀ> OCh114ǆ: LOV-HKȯīǆ
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˿∆LOV-HKǆ "̀Àʉ+QP(102 5̀∆LOV-HKǆ:@ƲƄ:Ĥ˸,P;#>×ČƁɷɑȕȖ"

Ǵő,�×ČƁ˝ˀˍ¹ĺ?ʳß��×KǴő,9�P5)?);!N LOV-HK"Ƽɺ> �

9×ČƁëű>˝SPĈɮŹ"ȳ+QP"�1?ʛɓ=ëűǑǌ>7�9@£ƫ?GG:96P

(102 5̀1):Ƽȿ:@�LOV-HK>MP×ČƁ˝ˀˍ¹ĺ?ȞȐëűǑǌTƫN!>.P);

TȣȠ;,�Ƽɺ? LOV-HKr��cʫ?×ŸɄŹ;ȕ¾:?×>MP×ČƁƆë;?˝ÆŹ

āB LOV-HK?jdz×¹ˈɖʱ>7�9ʒǂTʂ=6P5 

 

 
Figure 2-1. Schematic mechanism for cysteine-C(4a) covalent adduct formation in response to light 

absorption by the LOV domain(75). 
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ɂ 2Ɉ7ȭȻƽƢāBƥǣ� 
 

2-1 ȗ�Pɓɺ;Ĥ˸ƿ¸ 
ÁȗɺǆāB��l�y@ Table 2-3>ȳ,P5İɰɺ@ LBĤĠ˿LBĤĠ, Miller, z_

�Yvlc̀Tȗ�9 37˚C:Ĥ˸,P5R. denitrificans OCh114ǆ@ 4 mL?d�n��×

ĤĠ˿Table 2-1̀Tñ�Pʚ˺ɇ: 24!N 27Ʈ˜Ĥ˸,�)QTìĤ˸ǯ;,P5ƼĤ˸@

100 mL?d�n��×ĤĠ"Ø6P 200 mLń�u�×´# ʑ��lf>èƸ OD600=0.02

;=PM�>ìĤ˸ǯTǈɺ,�lr�����:ƙƊ,="NĴǜȠ>Ĥ˸,P5Ʋƿ¸?

Ĥ˸:@ ʑ��lfTW×��Y×:öHˌ×,P5˩ɷ×ƿ¸:@˩ɷ LED˿MIL-B18, 

SANYÒT 43 W/m2?ƜōȅŤ:ȅō,P5ƓČ¹ˈ>MPŪʫʳƕ:@ 1.5%ňıTĐId

�n��×n�cj��ĤĠ˿Table 2-2̀Tn�cj��?;#>Áȗ,P5İɰɺ>Ŋ,9

Áȗ,PƇȕȈʫ@�W��j��; 50 µg/ml�_z�Yj�; 30 µg/ml�e�r�Yj�; 15 

µg/ml?ǿŤ:Áȗ,P5R. denitrificans OCh114ǆ>Ŋ,9@�ňıĤĠ¡:Ūʫʳƕ¾?

n�cj��Tʂ�;#@�_z�Yj�; 600 µg/ml�e�r�Yj�; 60 µg/ml�lx��x

�Yj�āBl�ct~�Yj�; 25 µg/ml?ǿŤ:Áȗ,�ǯ¾ĤĠ:Ĥ˸.P;#@�_

z�Yj�; 300 µg/ml�e�r�Yj�; 30 µg/ml�lx��x�Yj�āBl�ct~�Yj

�; 25 µg/ml?ǿŤ:Áȗ,P5 

 

   
NaCl 20 g
MgCl2�6H2O 5 g
KCl 0.5 g
CaCl2�2H2O 0.5 g
Na2SO4 2 g
NaHCO3 0.2 g
Ferric citrate 0.1 g
Yeast extract 2 g
Polypeptone 1 g
Casamino acids 1 g
Glycerol 1 g

Filled up to
Ion Exchange Water 1 L
Adjust pH 7.5 (NaOH)

Table 2-1. Glycerol medium
NaCl 20 g
MgCl2�6H2O 5 g
KCl 0.5 g
CaCl2�2H2O 0.5 g
Na2SO4 2 g
Na2CO3 2.1 g
Ferric citrate 0.1 g
Yeast extract 2 g
Polypeptone 1 g
Casamino acids 1 g
Glycerol 1 g

Filled up to
Ion Exchange Water 1 L
Adjust pH 9.5 (NaOH)

Table 2-2. Glycerol-selection medium
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Table 2-3. Bacterial strains and plasmids used in the 2nd chapter. 

Strain or plasmid Description or construction Source or reference
Strains
R. denitrificans
OCh114 Wild-type 104
∆LOV-HK OCh114 LOV-HK��ΩSm/Spr 104
+LOV ∆LOV-HK/pHRP-LOV This study
+C69A ∆LOV-HK/pHRP-C69A This study
+H226A ∆LOV-HK/pRK-H226A This study
+H266A ∆LOV-HK/pRK-H266A This study
∆phyR OCh114 phyR��ΩSm/Spr This study
E. coli
JM109 Cloning strain 98

S17-1
For conjugal transfer of plasmids: recA thi pro
hasdRM+ RP4:2-Tc:Mu:Km:TnZ 99

BL21 (DE3) Strain used for heterologous expression 100

Plasmids
pUC18 Cloning vector, Ampr 98
pUCPrpoD1 pUC18 XbaI-BamHI site��rpoD promoter, Ampr This study
pHRP309 broad host range vector, Gmr 101

pRKKM pRK415 Psp1406I site��neo gene from pUC119KM,
Tcr-, Kmr+

104

pHRP-LOV pHRP309��rpoD promoter LOV-HK fusion This study
pHRP-C69A pHRP309��rpoD promoter LOV-HK (C69A) fusion This study
pRK-H226A pRKKM��rpoD promoter LOV-HK (H226A) fusion This study
pRK-H266A pRKKM��rpoD promoter LOV-HK (H266A) fusion This study
pLO1 Mobilizable suicide vector: Kmr, sucB 102
pPSΩSmr pPS854 EcoRI-EcoRV site��ΩSm/Spr, Ampr 104

pLOphyR
pLO1 containing upstream of phyR, ΩSm/Spr and
downstream of phyR This study

pMAL-c5X
Heterologous expression plasmid, maltose binding
protein tag, Ampr New England Biolabs

pET21a (+) Heterologous expression plasmid, His6 tag, Ampr Novagen
pMAL-LOV-HK pMAL-c5x��LOV-HK This study
pMAL-C69A pMAL-c5x��C69A This study
pET-LOV-HK pET21��LOV-HK This study
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2-2 ˕ȕĢ LOV-HK;ċ LOV-HKĭț¾?țȹȞȐ;ɋʉ 
�×x�l�Y�wX�d��vY�(MBP)ʁČ LOV-HK?țȹȞȐ;ɋʉ 

Áȗ,P��Y��?ːç@ Table 2-4>ȳ,P5LOV-HKˍ¹ĺ@MBP-LOV-HK-L;

MBP-LOV-HK-R��Y��Tȗ�9 PCR:Īş,P5Īş,P PCRȖȈT pUC18>c�

�{�d,9j�c\�lʒǂTʂ=6P5\��"ȕ-9�=�);TȲʜ,Pŭ�NdeI;

SacI:ãȒ,�1?ƣȇT pET-28a(+)CƎØ,P5pET28-LOV-HK��l�yT Escherichia 

coli BL21(DE3)CŏØ,�Nƻɀ> Hisrd"ʁČ,P LOV-HKTȞȐ+0P"�LOV-HK

@ŋØ¾;=6P51):�r��cʫ?ĈǺŹT¡ƪ+0P);"ȪNQ9�PMBP;?

ʁČr��cʫ;,9ȞȐ+0PPJ�pET28-LOV-HKT NdeI; SalI:ãȒ,�pMAL-c5X

ŏØ,�pMBP-LOV-HKTÀʉ,P5C69Aĭț¾ˍ¹ĺ@MBP-LOV-HK-L;

MBP-LOV-HK-R��Y��āBLOV-C69A-F;LOV-C69A-RTÁȗ,9PCR:Īş,P5

Īş,P PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒǂTʂ=��ȣȠ?Ĩĥ"ĭ

S69�P);āB\��"ȕ-9�=�);TȲʜ,P51?ŭ�NdeI; SalI:ãȒ,�

1?ƣȇT pMAL-c5XŏØ,�pMBP-C69ATÀʉ,P5 

E. coli BL21(DE3)> pMBP-LOV-HKGP@ pMBP-C69ATŏØ,�Nƻɀ>MBPrd

"ʁČ,Pr��cʫTȞȐ+0P5E. coli BL21 (DE3)/pMBP-LOV-HKGP@ E. coli BL21 

(DE3)/pMBP-C69AT 50 µg/mL?W��j��Tǲñ,P LBĤĠ>ǈɺ,�37˚C: OD600

" 0.6!N 0.7>=PG:Ĥ˸,P51?ŭ�0.1 mM IPTGTǲñ,9 37˚C: 2Ʈ˜Ĥ˸,

Pŭɺ¾TęĄ,�-80˚C:Èļ,P5Èļ,Pɺ¾@ 20 mM Tris-HCl (pH 7.5)�u�V�:

ƀǾ,�ʯ˭Ǥ>MOȯȮ,P5ȯȮŭ�65,000 - g: 5åˊŶT.P);:ƺȯȮɺ¾T

ąOˢ�P51?ŭ�4˚C�100,000 - g: 1Ʈ˜ˊŶ.P);:ĈǺŹșåTŰP5ŰNQ

PĈǺŹșåTđȨ�u�V�(20 mM Tris-HCl (pH 7.4), 200 mM NaCl, 1 mM EDTA):Š

ʄ÷,P 2 mL?W���l�k�_��>Ã,P5_��? 5Ë˖?đȨ�u�V�:Ǩǫ

ŭ�_��? 3Ë˖?Ǻä�u�V�(20 mM Tris-HCl (pH 7.4), 200 mM NaCl, 1 mM EDTA, 

10 mM maltose):Ǻä,P5Ǻä,Ph��×T Vivaspin:ǿɢ,ɋʉMBP-LOV-HKGP

@ɋʉMBP-C69A;,P5 

 

HisrdʁČ LOV-HK?țȹȞȐ;ɋʉ 

Áȗ,P��Y��?ːç@ Table 2-4>ȳ,P5LOV-HKˍ¹ĺ@MBP-LOV-HK-L;

His-LOV-HK-R��Y��Tȗ�9 PCR:Īş,P5Īş,P PCRȖȈ@ pUC18>c��

{�d,9j�c\�lʒǂTʂ=6P5\��"ȕ-9�=�);TȲʜ,Pŭ�NdeI;

XhoI:ãȒ,�1?ƣȇT pET-21a(+)CƎØ,�pET-LOV-HKTŰP5N156Hĭț¾ˍ¹

ĺ@MBP-LOV-HK-L;His-LOV-HK-R��Y��āB LOV-N156H-F; LOV-H156H-RT

Áȗ,9 PCR:Īş,P5Īş,P PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒ

ǂTʂ=��ȣȠ?Ĩĥ"ĭS69�P);āB\��"ȕ-9�=�);TȲʜ,P51?
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ŭ�NdeI; XhoI:ãȒ,�1?ƣȇT pET-21a(+)ŏØ,�pET-N156HTÀʉ,P5 

pET21-LOV-HK��l�yT E. coli BL21(DE3)CŏØ,�Cƻɀ> Hisrd"ʁČ,P

LOV-HKTȞȐ+0P5E. coli BL21 (DE3)/pET21-LOV-HKT 50 µg/mL?W��j��T

ǲñ,P LBĤĠ>ǈɺ,�37˚C: OD600" 0.6!N 0.7>=PG:Ĥ˸,P51?ŭ�0.1 mM 

IPTGTǲñ,9 18˚C:�ƯĤ˸,Pŭ�ɺ¾TęĄ,�-80˚C:Èļ,P5Èļ,Pɺ¾@

20 mM Tris-HCl (pH 7.5)�u�V�:ƀǾ,�ʯ˭Ǥ>MOȯȮ,P5ȯȮŭ�65,000 - g

: 5åˊŶT.P);:ƺȯȮɺ¾TąOˢ�P51?ŭ�4˚C�100,000 - g: 1Ʈ˜ˊŶ

.P);:ĈǺŹșåTŰP5ŰNQPĈǺŹșåTđȨ�u�V�(20 mM Tris-HCl (pH 

7.5), 50 mMY�sq�×, 200 mM NaCl):Šʄ÷,P 2 mL? Ni Sepharose 6 Fast Flow_

��>Ã,P5_��? 5Ë˖?đȨ�u�V�:Ǩǫŭ�_��? 3Ë˖?Ǻä�u�V�

(20 mM Tris-HCl (pH 7.5), 250 mMY�sq�×, 200 mM NaCl):Ǻä,P5Ǻä,Ph�

�×T Vivaspin: 20 mM Tris-HCl (pH 7.5)�u�V�>ɤ#ƕ��ǿɢ,ɋʉ LOV-HK-His

;,P5 
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Name Sequence 5'→3'
MBP-LOV-HK-L TACGAATTCCATATGGCAGATACGAATACGAAAAC 

MBP-LOV-HK-R AGTCAGTTGAGCTCAAGTCCTATCCTATTCGGTGA

His-LOV-HK-R ACTGCTGCAGCTCGAGTTCGGTGACCGACGCGCC

LOV-C69A-F GGCGTAATGCCCGCTTCCT

LOV-C69A-R AGGAAGCGGGCATTACGCC 

LOV-N156H-F GAAGTGCAACATCGGGTTCAA

LOV-N156H-R TTGAACCCGATGTTGCACTTC 

exLOV-HK-L AGTCGGTACCAAGGGCCGCGTAAGGCG

exLOV-HK-R AGTCGAATTCTCCCAAGGCATAAAAGTCCT

PrpoD2 GATGGATCCTGATGTACCCCTTC

PrpoD3 AGATCTAGAAAAGCTCAGTGCAACC

LOV-H226A-F GATTGCCGCAACGGAAGG

LOV-H226A-R CCTTCCGTTGCGGCAATC

LOV-H266A-F CGTTTCAGGCAGCGTTTGAA

LOV-H266A-R TTCAAACGCTGCCTGAAACG

QrpoD-R GTTCGCCTCTACCATTTCCTTCT

QrpoD-L GCCAATACGTGGGTCTCGAT

QbchC-R ACAGACCAAAGGCACCGTCA

QbchC-L CGAGGTGGTTGAGGCTGACA

u2463-F ACTGAGAGCTCCCTTTTCAGTGATGGCGAGC

u2463-R ACTGATCTAGAGCGCATAACGGCGAAGATAG

d2463-F ACTGATCTAGATGAGCCAGGCGATGTTCTTT

d2463-R AGTCAGTCGACGCTCTTTTCGATGCGGTGTC

Table 2-4. Primers used in the 2nd chapter. 
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2-3 ����?Ɖä; TLCʒǂ 
r���cʫ˖" 400 µg?ɋʉMBP-LOV-HK>ɔǿŤ 70%>=PM�>\r~�×Tñ

��100˚C: 2å˜ñȆ,P51?ŭ�Ȥ5>Ǟ¡:àþ,�ǿɢˊŶǑTȗ�9ˌ×�ŁǶ

ƿ¸:ǯ¾TɾȞ+0P5ɾȞ+0Pŭ�20 µL? 35%\r~�×>Ǻʒ,�)QT����

Ɖäǯ;,P5 

TLCʒǂ:@ǎǹʚƢ;,9 100 µM �������FMN�FADT1Q2Q 2 µL;� �

���ƉäǯT1, 2, 4, 8 µL1Q2QW��Y,P5n-butanol/ˑ˓/dH2OT3:1:1˿ vol/vol/vol̀

?ïČ:ǱČ,PK?TŒ˛ǯ;,9êȗ,�Œ˛ŭ@ UVTȅō,��yTǉä,P5 

 

2-4 đĄl�cx×ʒǂ 

ɋʉMBP-LOV-HKTȬɹa��ux>ØQ�ŁǶ:ȟɷ×˿30 W/m2̀T 10å˜ȅō,

P5ȅōŭ�Ȥ5> HITACHI U-2910å××Ťʕ:đĄl�cx×TǷĿ,P51?ŭ�a�

�ux@ŁǶ�ƲƄ:Èļ,�10, 30, 60, 120, 150åŭ>đĄl�cx×TǷĿ,P5×ʝŏ

?đĄl�cx×ĭ÷?ǷĿ:@�ƲƄ: 150å˜Èļ,Ph��×>ŁǶ:ȟɷ×˿ 30 W/m2̀

Tȅō,�1åG;>đĄl�cx×TǷĿ,P5˩ɷ×GP@ʹʬĮ×ȅō>MPđĄl�

cx×?ĭ÷TʍP;#@ɋʉMBP-LOV-HKTƲƄ: 2Ʈ˜¶¡Y�a���x,Pŭ>ċ

×Tȅō,đĄl�cx×TǷĿ,P5˩ɷ×GP@ʹʬĮ×@1Q2Q 45 W/m2�30 W/m2

?ƜōȅŤ: 10å˜ȅō,P5 

 

2-5 źŞȞȐ��l�yTÁȗ,Pȥʈŀ˺ 

Áȗ,P��Y��?ːç@ Table 2-4>ȳ,P5LOV-HKˍ¹ĺ@ exLOV-HK-L;

exLOV-HK-R��Y��Tȗ�9 PCR:Īş,P5C69A?ȁĭț¾ˍ¹ĺ?Īş>@�

exLOV-HK-L; exLOV-HK-R >ñ�9�LOV-C69A-F; LOV-C69A-RTȗ�9 PCRTʂ

=6P5Īş,P PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒǂTʂ=��\��

"ȕ-9�=�);āBȣȠ?ĭț"Ø69�P);TȲʜ,P5ˇĀ?x��lc��x�

�ʒǂ?ɗǃ!N�OCh114ǆ:źŞȞȐ,9�P rpoD˿ RD1-1794 ?̀����r�˳ģ˿ ¡

Ǫ 375 bpāBÝˏ 124 bp̀TźŞȞȐ����r�;,9êȗ,P5rpoD����r�@

PrpoD2; PrpoD3��Y��Tȗ�9 PCR:Īş,P5Īş,P PCRȖȈ@ pUC18? XbaI

; BamHIhYx>c��{�d,9j�c\�lʒǂTʂ=��\��"ȕ-9�=�);

TȲʜ,�)?��l�yT pUCPrpoD1;,P5 

c��{�d:ŰNQPċ��l�yT1Q2Q EcoRI; KpnI:ãȒ,�LOV-HKGP

@ LOV-HK-C69Aˍ¹ĺƣȇT pUCPrpoD1��l�y? rpoD����r�¢Ǫ? EcoRI

; KpnIhYx>ƎØ,P51?ŭ�EcoRI; XbaI:ãȒ.P);: rpoD����r�;

LOV-HKGP@ LOV-HK-C69Aˍ¹ĺ"ʁČ,PƣȇTŰ9�)QTŢģŅ¨��l�y:

9P pHRP309CŏØ,�pHRP-LOV-HK�pHRP-C69A;,P5pHRP-LOV-HK;
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pHRP-C69A: E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>MO∆LOV-HKCŏØ,P5 

H226A?ȁĭț¾ˍ¹ĺ?Īş>@�exLOV-HK-L; exLOV-HK-R >ñ�9�

LOV-H226A-F; LOV-H226A-RTȗ�9 PCRTʂ=6P5H266A?ȁĭț¾ˍ¹ĺ?Īş

>@�exLOV-HK-L; exLOV-HK-R >ñ�9�LOV-H266A-F; LOV-H266A-RTȗ�9

PCRTʂ=6P5Īş,P PCRȖȈ@1Q2Q pUC18>c��{�d,9j�c\�lʒǂ

Tʂ=��\��"ȕ-9�=�);āBȣȠ?ĭț"Ø69�P);TȲʜ,P5c��{

�d:ŰNQP��l�yT EcoRI; KpnI:ãȒ,�LOV-HK-H226AGP@

LOV-HK-H266Aˍ¹ĺƣȇTʡƠ,�pUCPrpoD1�cr�? rpoD����r�¢Ǫ?

EcoRI; KpnIhYx>ƎØ,P51?ŭ�EcoRI; XbaI:ãȒ.P);: rpoD����r

�; LOV-HK-H266AGP@ LOV-HK-H266Aˍ¹ĺ"ʁČ,PƣȇTŰ9�)QTŢģŅ¨

��l�y:9P pRKKMCŏØ,�pRK-H226A�pRK-H266A;,P5pRK-H226A;

pRK-H266A: E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>MO∆LOV-HKCŏØ,P5 

 

2-6 ×ČƁɷɑ?Ŀ˖ 

˕ȕǆ�∆LOV-HK�˕ȕĢ LOV-HKȥʈǆāB LOV-HK-C69Aĭț¾ȥʈǆT 100 mL

?d�n��×ĤĠ:ĴǜȠ>ŊƟĪǖƸŭƸG:Ĥ˸,P51?ŭɺ¾TęĄ,�Wnx�

�r~�×ǣ(53)Tȗ�9×ČƁɷɑTĿ˖,P5ċɺ¾@ 6,500 - g�5 min�4˚C:˥ɺ,�

5 mL? 2 % NaCl PBS�u�V� (2 %(w/v) NaCl, 1.5mM KH2PO4, 2.7 mM KCl, 8.1 mM 

Na2HPO4, pH7.4) : 2ęǨǫ,P5Ǩǫŭ?ɺ¾ T 2% NaCl PBS�u�V�:ƀǾ,�)

QTɓɭƀǾǯ;,P5ɓɭƀǾǯ 1 mLT 13,000 - g, 1 min, 4˚C:˥ɺ, 20 µL?ɯY^

�ǝ:ÞƀǾ,P5)?h��×> 1 mL?Wnx�/�r~�× (7:2) Tǲñ,�ɶ%ƀǾ,

Pŭ 13,000 - g, 1 min, 4˚C:ˊŶ,¡ǳTęĄ,P5ęĄ,P¡ǳ? 400 ~ 800 nm ?đ

Ąl�cx×T HITACHI U-2910å××Ťʕ:ǷĿ,P5ŰNQPđĄl�cx×TɓɭƀǾ

ǯr��cʫ˖:~���Ym,�r��cʫ 1mg9PO?ÍTɆä,P5 

�cv�^c���X×?Ŀ˖:@ OD775?đ×ÆƟ=0.457 (10 µg/mL) ;,(25)�¶¢?

ť!NɆä,P5_�v~Yy?Ŀ˖:@�cv�^c���X×Șǀ?đĄTɨſ,P

corrected OD510; corrected OD456?ÍTÁȗ,9¶¢?ť!NɆä,P5 

 

 

 

 

 

 

 

  

OD775x10�

0.457�
Bacteriochlorophyll (µg/mL)=�

(corrected OD510x0.692 – corrected OD456x0.0728)x10�Carotenoid (µg/mL)=�

Corrected OD510=OD510 - OD775x0.05�

Corrected OD456=OD456 - OD775x0.1�
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2-7 RNAƉä 

ċǆTĴǜƿ¸:Ĥ˸,�ŊƟĪǖƸèƸ:9P OD600" 0.4!N 1.5?˜:Ĥ˸ǯTh�

���d,�Ȥ5>Ĥ˸ǯ? 2 Ë˖? RNA Protect Bacteria Reagent (QIAGEN)Tñ��Ƙ

Ɗ, RNA ?åʒT˞�45ƘƊŭ�5,000 - g�4˚C�10 minˊŶT,9¡ǼHTˢĀ,�

ǟǘTęĄ,P5.C> RNATƉä,=�ħČ@1?ǟǘT-20˚C:Èļ,P5ǟǘ> 5 

mg/mL �qt�� (TE, pH 8.0)T 200 µLñ�ŁǶ: 5åY�a���x,Pŭ�RNeasy 

Mini Kit (QIAGEN)Tȗ�9 RNATƉä,P5Ɖä,P RNA@ RNase free - DNase 

(RQ1DNase, Promega) Tñ��37˚C: 30åY�a���xŭ�RNeasy Mini Kit 

(QUIAGEN)Tȗ�9 RNATɋʉ,�Total RNATŰP5total RNAǺǯ? RNAǿŤ@ A260

?Í!NɆä,P5 

 

2-8 qRT-PCR 
ʻʳß@ ReverTra Ace® qPCR RT Master Mix with gDNA Remover˿TOYOBÒTȗ�

9ʂ=��180 µg? total RNATv����x;,P5e~� DNAˢĀăŸ;,9 37˚C: 5

åY�a���x,Pŭ�̒ ʳßăŸ;,9 37˚C: 15åY�a���x,�+N> 50˚C: 5

åY�a���x,P51?ŭ�98˚C: 5åY�a���x.P);:˒ɑTĳǩ+0P5 

qPCR@ THUNDERBIRD® SYBR® qPCR Mix˿TOYOBÒTȗ�9h��×Tʡʉ,�

LightCycler 96˿RochèTȗ�9ʂ=6P5èƸĭŹ;,9 95˚C: 30ȶY�a���x,

Pŭ�95˚C: 5ȶ�60˚C: 20ȶ�72˚C: 30ȶT 50hYc×? 3lvu� PCRTʂ=6

P59 µg? total RNA!Nʻʳß,P cDNATv����x;,P5 

rpoD@ QrpoD-R; QrpoD-L�bchC@ QbchC-R; QbchC-L��Y��T1Q2Qȗ�

P5Áȗ,P��Y��?ːç@ Table 2-4>ȳ,P5rpoD˿RD1-1794̀@�Zla���d

ˍ¹ĺ;,9êȗ,P5 

 

2-9 Z\lr���ux 

Ĥ˸,Pɺ¾TŊƟĪǖƸ:ęĄ,�2%NaCl PBS: 2ęǨǫ,P51?ŭ�ɺ¾T 20 mM 

Tris-HCl (pH 7.5)ɡʃǯ>ƀǾ,�ʯ˭Ǥ: 10å˜ãȒ,ȯȮ,P5ȯȮŭ�ƺȯȮɺ¾Tˢ

%PJ 13,000 xg�4˚C: 1åˊŶT,9¡ǼHTęĄ,�)QTȂɓɭƉäǯ;,P58GP

@ 15 µg?r��cʫT SDS-PAGE>MOå˦,�e×§?r��cʫT PVDFɱ>ʳß,

P5 

�ǒƇ¾@İɰɺ:țȹȞȐ�ɋʉ,P LOV-HK-HisTƇÿ;,9Zhb:Àʉ,P5¬

ǒƇ¾@ Peroxidase-conjugated AffiniPure Goat Anti-Rabbit IgG (H+L)˿Jackson 

ImmunoResearchȴ̀TÁȗ,P52%la��×c TBST>r��cʫTʳß,P PVDFɱ

Tǭ, 4˚C:�Ư˪ɤ,9��ua�d,P5��ua�dŭ�TBST: 2ęǨǫŭ��ǒƇ

¾TĐI 0.3%la��×c˿1:200̀>ɱTǭ,ŁǶ:ǭʼ,="N 3Ʈ˜Y�a���x,
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P5�ǒƇ¾ăŸŭ�TBST: 2ęǨǫŭ�¬ǒƇ¾ăŸTʂ=6P5¬ǒƇ¾˿Jackson 

ImmunoResearchȴ, Peroxidase-conjugated AffiniPure Goat Anti-Rabbit IgG (H+L)̀TĐ

I 0.3%la��×c˿1:2000̀>ɱTǭ,ŁǶ:ǭʼ,="N 1Ʈ˜Y�a���x,P5

TBST: 2ęǨǫŭ Tween 20TĐG=� TBST:�ŤǨǫ,9Ȟɷǯ>ǭ, H2O2Tñ�Ȟ

ɷ+0P5 

 

2-10 phyR (RD1-2463) ȯīǆ?Àʉ 
Áȗ,P��Y��?ːç@ Table 2-4>ȳ,P5phyRˍ¹ĺ¡Ǫ 1073 bp˿u2463;.

P̀āB phyRˍ¹ĺ¢Ǫ 1032 bp˿d2463;.P̀@��Y��u2463-F; u2463-RāB

d2463-F; d2463-RTȗ�9 PCR>MOĪş,P5Īş,P PCRȖȈ@ pEX18>c��{

�d,9j�c\�lʒǂTʂ�\��"ȕ-9�=�);TȲʜ,P5ċ DNAƣȇTc�

�{�d,P��l�yT XbaI; SalI:ãȒ,�d2463ƣȇT pEXu2463>ƎØ,9

pEXud2463TŰP5pEXud2463; pPSΩSmrT XbaI:ãȒ,�lx��x�Yj�āBl

�ct~�Yj�ɪŹˍ¹ĺTpEXud2463¡?u2463;d2463?˜>ƎØ,�pEXud2463Sm

TŰP5pEXud2463Sm; pLO1T1Q2Q SacI; SalI:ãȒ,�u2463�lx��x�Y

j�āBl�ct~�Yj�ɪŹˍ¹ĺ; d2463TĐIƣȇT pLO1CƎØ,�

pLO1∆2463SmTŰP5pLO1∆2463Sm: E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>M

OWTCŏØ,P5ŏØŭ�n�cj�����x:lx��x�Yj�āBl�ct~�Y

j�ɪŹTK7f�{�TąŰ,�PCR>MO phyRˍ¹ĺ"ȯī+Q9�P);TȲʜ,�

∆phyRǆTŰP5 

 

2-11 ɲŜ��˓÷ăŸ 
ɋʉ LOV-HKāBɋʉ LOV-HK-N156H@ƲƄ:Èļ,ƲȊž>,Pŭ�ɲŜ��˓÷ă

Ÿ>ȗ�P520 mM Tris-HCl (pH 7.5), 5 mM MgCl2, 4 mM ATP> 10 µM ɋʉ LOV-HKG

P@ LOV-HK-N156HTñ��ƲƄGP@ȟɷ×Tȅō,="N 40å˜ŁǶ:Y�a���

x,P5ATP˫ǲñ?h��×:@1?µSO>ɡʃǯTñ�P51?ŭ�3 - SDS-PAGE

h��×�u�V�˿195 mM Tris-HCl (pH 6.8), 0.01% bromophenol blue, 6% SDS, 30% 

glycerol, 15% 2-mercaptoethanol̀Tǲñ,�ăŸTÎǓ+0P5 

 

2-12 Phos-tag SDS-PAGE 
��˓÷r��cʫ?ǉä@ Zn2+-Phos-tag SDS-PAGE >MOʂ=6P5ǿɢe×āBå

˦e×?ɕƁ@ Table 2-5; Table 2-6>ȳ,P5Ǧô�u�V�>@ 0.10 M Tris-MOPS 

(pH7.8), 0.1%SDS, 5 mM NaHSO3Tȗ�P520 µMGP@ 50 µM Phos-tagTĐI 8˾e×T

ȗ�9ǦôTʂ=6P5��˓÷�ltk�@Ȇ>£ľĿ:9PPJ�h��×@ĥƼȠ> 3 - 

SDS-PAGEh��×�u�V�Tǲñŭ�ȆãȒTʂS/>Ȥ5>Ǧô,P5ȆãȒTʂ�ħ
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Č@ 100˚C: 5å˜ñȆ,P5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-13 Ĵǜƿ¸;Ĺǜƿ¸:?˩ɷ×ȅō>MP bchCʳß��×?ĭ÷ 

˕ȕǆ@ 100 mLd�n��×ĤĠ>ǈɺ,�ĴǜȠ>Ʋƿ¸:ŊƟĪǖƸG:Ĥ˸,P5

ŊƟĪǖƸ>Ø6PNh����dT,�)QTȅōì?h��×;,P51?ŭ�Ĥ˸ǯ 5mL

Tǜȥ"W×g�>ɤƕ+QP�YW×Ȕ˿Ĺǜƿ¸̀;ȉ>ǜȥTɤƕ,9�=��YW×

Ȕ˿Ĵǜƿ¸̀>1Q2Qåǥ,P5Ĵǜƿ¸?�YW×Ȕ@ɿT0/>�ȼǜ"äØO:#

PȊž;,P5�YW×Ȕ>@lr�����TØQ9 #�lr���:ƙƊ+0="N

30˚C: 30å˜˩ɷ×˿43 W/m2̀Tȅō,�ċh��×?h����dTʂ6P5 

 

  

20 µM Phos-tag 50 µM Phos-tag
30% Acrylamide Solution (30% T, 3.3% C) 1.07 mL 1.07 mL
1.4 M Bis-Tris/HCl (pH6.8) 1 mL 1 mL
10 mM ZnCl2 16 µL 40 µL
5 mM Phos-tag 16 µL 40 µL
Distilled water 1.864 mL 1.816 mL
TEMED 4.5 µL 4.5 µL
10% Ammonium peroxodisulfate 30 µL 30 µL

Total 4 mL 4 mL

30% Acrylamide Solution (30% T, 3.3% C) 0.3 mL
1.4 M Bis-Tris/HCl (pH6.8) 0.5 mL
Distilled water 1.19 mL
TEMED 2 µL
10% Ammonium peroxodisulfate 10 µL

Total 2 mL

Table 2-5. Separating gel of Zn2+-Phos-tag SDS-PAGE. 

Table 2-6. Stacking gel of Zn2+-Phos-tag SDS-PAGE. 
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ɂ 3Ɉ7ɗǃ� 
 

3-1� LOV-HK?×ŸɄŹ;×ČƁëű;?˝Æ 
3-1-1� LOV-HK?Ȟɷě 

LOVr��cʫ@����TȞɷě;,9ƌ5�LOVy�Y�Ý>˫ÚƶɗČȠ>ɗČ,

9�P5OCh114ǆ? LOV-HKK����TÈƶ,9�P?!�GP�<?ȹ?����Tƌ

7?!TƫN!>.PPJ>�İɰɺ:țȹȞȐ�ɋʉ,PMBP-LOV-HKMO����TƉ

ä, TLCʒǂTʂ=6P5 

����Ɖäǯ>ñ�9�������FMN�FADTǎǹȈʫ;,9Œ˛,P˿Fig. 2-2 5̀

�������FMN�FAD? R fÍ@1Q2Q 0.58, 0.21, 0.08:9O�����Ɖäǯ:H

NQPl�ux? RfÍ@ 0.22:96P5)?ɗǃMO�Ƽɺ? LOV-HK@ FMNTȞɷě;

,9ƌ7);"ȳ+QP5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-1-2  LOV-HK?×ȅō>MPl�cx×ĭ÷ 

ɋʉ LOV-HK>ȟɷ×T 10å˜ȅō,Pŭ�đĄl�cx×TǷĿ,P;)R�380 nm

´ʹ>şŢ�đĄ"ʍNQP˿Fig. 2-3A 5̀)? 380 nm?đĄ@����? C(4a) ?Ȁɑ;

jlvY�Ǖĥ"ÚƶɗČTŪƁ,P;#>ʍNQPđĄ?ȉŵ;�ɴ.P51?ŭ�h��

×TƲƄ:Y�a���x,�ċƮ˜:đĄl�cx×TǷĿ,P;)R�370 nm; 450 nm

´ʹ?şŢ�đĄ"Ů�>ȐQ�ɏ 2Ʈ˜:đĄ?ĭ÷@ʍNQ=%=6P5Fig. 2-3C; 2-3D

Figure 2-2. Identification of flavin chromophore within purified MBP-LOV-HK by 

TLC analysis. (A) A picture of TLC plate. Flavin was extracted from purified 

MBP-LOV-HK and dissolved in 35% ethanol. n-butanol/acetic acid/ water. 3:1:1 

was used as solvent. Flavin was detected by irradiation of ultraviolet light. (B) Rf 

values of flavin standards and flavin extract from MBP-LOV-HK.�

�
iboflavin

�

FM
N
�

FA
D
� Extraction of flavin�

1� 2� 4� 8 µl�

Rf
Rivoflavin 0.58
FMN 0.21
FAD 0.08
LOV-HK 0.22

(A)� (B)�
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@�ɋʉ LOV-HK?ƫȊž!NƲȊžC?l�cx×?ĭ÷T 450 nm?đĄ?ĭ÷:HPK

?:9P5Ƽɺ? LOV-HK?ƫȊž?ùǴƸ@ɏ 31å:9O�)Q@�Erythrobacter litoralis

? LOV-HK˿EL346; EL368̀;čǍ?Źʫ:96P(67)5GP�ƲȊž;=6P LOV-HK

>ÞŤȟɷ×Tȅō.P; 1å˜?ȅō: 370 nm; 450 nm?đĄ@İ#%Ǵő,�ÞBƫ

Ȋž?l�cx×C;ĭ÷,P˿Fig. 2-3B 5̀)QN?ɗǃMO�Ƽɺ? LOV-HK@ĈʻȠ=

×ŸɄŹTȳ.r��cʫ:9P);"ȳ+QP5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2-3. Absorption changes of MBP-LOV-HK. (A) Dark recovery of MBP-LOV-HK after 

light excitation. After light excitation, the sample was incubated in the dark and the spectra 

were collected at each time points (10, 30, 60, 120 and 150 min ).The protein concentration 

was 2.83 mg/ml. (B) Light-induced absorption change of MBP-LOV-HK. (C) Monitoring the 

increase of absorbance at 450 nm during the incubation in the dark. The half-life was 

caluculated from the data shown in the panel C. 
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Ƽɺ:@�Ĥ˸Ʈ>˩ɷ×4':=%ʹʬĮ×˿IR̀?ȅō:K×ČƁ˝ˀˍ¹ĺ?ʳß"Ɔ

ë+QP);"å!69�PPJ�IR?ȅō:˩ɷ×;č-M�=ĭ÷"HNQP!Ȳʜ,P

˿Fig. 2-4 5̀IR?ȅō:@đĄl�cx×@ƲȊž?GG:9OjlvY�Ǖĥ;����?

ÚƶɗČ@ŪƁ+Q=�);"ȳĖ+QP5Blue-light?ȅō:@ȟɷ×Tȅō,P;#;č

Ǎ>�380 nm´ʹ>şŢ�đĄ"HNQjlvY�Ǖĥ;����?˜:ÚƶɗČ"ŪƁ+Q

P;ɨ�NQP5 
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Figure 2-4. Effect of excitation of blue-light and near infrared light.  Absorption spectra 

of MBP-LOV-HK were measured after blue-light or near infrared light excitation. �
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3-1-3� ×ŸɄ>ŷʌ=jlvY�Ǖĥ?ȉĿ 

Ƽɺ?LOV-HK:K�ɵȠ=LOVy�Y�;čǍ?×ȅō>MP����;jlvY�Ǖ

ĥ?ÚƶɗČŪƁ"Ȳʜ+QP51):�ÚƶɗČTŪƁ.PjlvY�ǕĥTȉĿ.PPJ

>�OCh114ǆ? LOV-HK; E. litoralis˿EL346; EL368 �̀B. melitensis˿B. mel �̀R. 

leguminosarum˿R. leg �̀C. cresentus˿C. cre �̀Xanthomonas axonopodis˿X. axo �̀

Puseudomonas syringae˿P. syr̀? LOV-HK?W�~˓ːçTȗ�9W�Y��xTÀʉ,

P5Fig. 2-5@Àʉ,PW�Y��x? LOVy�Y�?ˏåTƈɊ,PK?:9P5×ȅō>

M69����;ÚƶɗČTŪƁ.PjlvY�Ǖĥ˿ ˽ɷ @̀ LOVy�Y�Ý:Èļ+Q9

 O�OCh114ǆ? LOV-HK:KčǍ>Èļ+Q9 O�Cys69"1?Ǖĥ:96P5)?)

;!N�Ƽɺ? LOV-HK:@ Cys69"×ȅō>MO����;ÚƶɗČTŪƁ.PjlvY

�Ǖĥ:9P;ƔǷ+QP5 

 

 

 

 

 

 

 

  

. . : : : : *
OCh114 - - - - - - - - - - - - - - - - M A D T N T K T R S D A T H A A G T P S E K D F G G F S R S Q V A M V M T N P N L D D N 44
EL346 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A V G - L A E H D K E A W G R L P F S L T I A D I S Q D D E 30
B. mel - - - - - - - - - - - - - - M A I D L R P F I P F G - - R G A L S Q A T D P F R A A V E F T L M P M L I T N P H L P D N 44
R. leg - - - - - - - - - - M T P H T K E K L H G D L P S A S S K A A S A D R K E L A A I A F E R T R M P M V V T D G R K P D L 50
EL368 M P L K G E I S A Q A G R E F D T S R L D L R A I I D P R D L R V D P T R L F L E T T Q Q T R L A I C I S D P H Q P D C 60
C. cre - - - - - - - - - - - - - - - M E D Y S E S R R A G E R L A A G H G V D D P F A A A I S A T R M A M I V A D A T Q P D I 45
X. axo - - - - - - - - - M N D P G H G E L R A P H I S E S R S L P V E K H R S D I F F A A V E T T R M P M T V T D P H L P D N 51
P. syr - - - - - - - - - M S E - - - - - - N K T R V D N A A T G D I Q H Q G K D I F F A A V E T T R M P M I V T D P N R P D N 45

* : : * * * * * * . : : * * * * * * * * * . : : . : . : * * :
OCh114 P I V Y A N E A F V R T T G Y S H S A I V G R N C R F L Q G E D T D K A A V D V L R H A I E L D Q N V T V D I L N Y K A 104
EL346 P L I Y V N R A F E Q M T G Y S R S S V V G R N C R F L Q G E K T D P G A V E R L A K A I R N C E E V E E T I Y N Y R A 90
B. mel P I V F A N P A F L K L T G Y E A D E V M G R N C R F L Q G H G T D P A H V R A I K S A I A A E K P I D I D I I N Y K K 104
R. leg P I V L A N K A F L E L T G Y P A Q E V L G R N C R F L Q G P A T S P I A V A E I R A A I A G E R E V S V E I L N Y K K 110
EL368 P V V Y V N Q A F L D L T G Y A R E E I V G R N C R F L Q G A D T D P E Q V R K L R E G I A A E R Y T V V D L L N Y R K 120
C. cre P I I F A N D A F L R L T G Y A R D E V I G R N C R F L Q G P D T D P K A I Q A V R D A L A A G E D V A V D L L N Y R K 105
X. axo P I V F A N R A F L E M T G Y A A D E V I G N N C R F L Q G P E T D P A S I S D V R E S I E S R R E F A T E V L N Y R K 111
P. syr P I I F S N R A F L E M T G Y T A E E I L G T N C R F L Q G P D T D P A V V Q S I R D A I A Q R N D I S A E I I N Y R K 105

. * * * : : . * : . : * . * : :
OCh114 N G A P F M N R L I V S P I M D A Q G R T E Y F I G I Q K E L R 136
EL346 D G E G F W N H L L M G P L E D Q D E K C R Y F V G I Q V D M G 122
B. mel S G E A F W N R L H I S P V H N A N G R L Q H F V S S Q L D V T 136
R. leg S G E Q F W N R L H L S P V H G D D G K I L Y F F G S Q I D M T 142
EL368 D G I P F W N A V H V G P I Y G E D G T L Q Y F Y G S Q W D I T 152
C. cre D G S P F W N A L N M S P V R N D A G Q L V Y F F G S Q V D V T 137
X. axo D G S S F W N A L F I S P V F D D K G N L V Y F F G S Q L D V S 143
P. syr D G S S F W N A L F I S P V Y N D A G D L I Y F F A S Q L D I S 137

Figure 2-5. Sequence alignment of the LOV domain of LOV-HKs from various 

organisms. Yellow box denotes conserved cystein residue.  �
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1):�Cys69T Ala>ɤƕ,P C69Aĭț¾TțȹȞȐ�ɋʉ,�×ȅō>MPđĄl�

cx×?ĭ÷TʡDP˿ Fig. 2-6 5̀C69Aĭț¾@ 350 nm; 450 nm>����>Șǀ.P;

ɨ�NQPđĄ"ʍNQ�˫ ÚɗČȠ=����?ɗČ@ɜƌ+Q9�P5)?);!N�C69A

?ĭț@˫ÚƶȠ=����?ɗČ>@ūˮT¤�9�=�;ɨ�NQP5 

C69Aĭț¾>ȟɷ×T 10åGP@ 30å˜ȅō,P"�˕ȕĢ LOV-HK:HNQPM�

=����;jlvY�?ÚƶɗČ?ŪƁ>Șǀ.PđĄl�cx×?ĭ÷@ʍN=!6P5

)?ɗǃ!N�Ƽɺ? LOV-HK:@ Cys69"×Tȅō,P;#>����;ÚƶɗČTŪƁ

.PjlvY�Ǖĥ:9P);"ȳ+QP5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2-6. Absorption spectra of MBP-LOV-HK-C69A after light 

excitation. After the sample was exposed to light for 10 or 30 min, the 

absorption spectra was measured. �
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3-1-4� ˕ȕĢ LOV-HK; LOV-HK-C69Aĭț¾ȥʈǆ?ʒǂ 

Ƽɺ?×ČƁ˝ˀˍ¹ĺ?ʳß@˩ɷ×ȅō>M69İ#%Ɔë+QP5)?˩ɷ×>MP

ʳßƆë; LOV-HK?×ŸɄŹ;?˝ˀTʡDPPJ�∆LOV-HKǆ>˕ȕĢ LOV-HKGP

@ LOV-HK-C69Aĭț¾?ȥʈŀ˺Tʂ=6P5)QN¬7?ȥʈǆ?˜:�˩ɷ×ƿ¸:Ĥ

˸,P;#>×ČƁɷɑȕȖāB×ČƁ˝ˀˍ¹ĺ?ʳß��×>ˉ�"ʍNQP?!TʡD

P5 

Fig. 2-7A@ċǆTƲƿ¸GP@˩ɷ×ƿ¸:Ĥ˸,Pɓɭ!NƉä,P×ČƁɷɑ?đĄ

l�cx×Tȳ,9�P5Ʋƿ¸:Ĥ˸,P˕ȕǆ?ɓɭ:@��cv�^c���X× 

˿BChl̀>Șǀ.P 800 nm´ʹ?đĄ;_�v~Yy˿Crt̀>Șǀ.P 500 nm´ʹ?đ

Ą"Ȳʜ:#P"�˩ɷ×ƿ¸:Ĥ˸,PK?:@ BChl; Crt?<5N?đĄKȲʜ:#=

!6P5∆LOV-HKǆTƲƿ¸:Ĥ˸,P;#?ɓɭ:@�BChl; Crt?<5N?đĄKʍN

QP"�˕ȕǆ;ǙDP;1?đĄ@Ñ!46P5GP�˩ɷ×ƿ¸:Ĥ˸,P∆LOV-HKǆ

?ɓɭ:@˕ȕǆ;čǍ> BChl; Crt?<5N?đĄKȲʜ:#=!6P5 

Ʋƿ¸:Ĥ˸,P˕ȕĢ LOV-HKȥʈǆ˿+LOV-HKǆ̀; LOV-HK-C69Aĭț¾ȥʈǆ

˿+C69Aǆ̀?ɓɭ:@�<5N?ǆ:K BChl?đĄ; Crt?đĄ"Ȳʜ:#�LOV-HKT

ȯī.P);:HNQPƲƿ¸:?×ČƁɷɑ?Ǵő@˕ȕĢ LOV-HKGP@

LOV-HK-C69Aĭț¾Tȥʈ.P);:ęŲ,P˿ Fig. 2-7A 5̀<5N?ȥʈǆK BChl; Crt

?˖@˕ȕǆMOő=�Ðď>96P"�ȥʈǆ˜:@İ#=ś@HNQ=!6P˿ Fig. 2-7B 5̀ 

K,�˕ȕǆ> �9ʍNQP˩ɷ×ȅō>MP×ČƁɷɑȕȖ?Ɔë" LOV-HK>M6

9ëű+Q9�P;.P;�˩ ɷ×>ŸɄ:#P˕ȕĢ LOV-HK?ȥʈǆ;˩ɷ×>ŸɄ.P

);":#=� LOV-HK-C69Aĭț¾?ȥʈǆ:@�˩ ɷ×ƿ¸:×ČƁɷɑȕȖ>ˉ�"H

NQP);"«Ż+QP5,!,�+LOV-HKǆ;+C69Aǆ?×ČƁɷɑȕȖ@˩ɷ×ƿ¸:

ˉ�@ʍNQ/�<5N?ǆK×ČƁɷɑTȕȖ,=!6P˿Fig. 2-7A 5̀ 
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Figure 2-7. Photopigments production in wild-type, ∆LOV-HK, +LOV-HK and +C69A 

strains. (A) The spectrophotometric determination of the photopigments. The wild-type, 

∆LOV-HK, LOV-HK complemented strain and LOV-HK-C69A complemented strain were 

cultivated aerobically in 100 ml of glycerol medium under dark or blue-light conditions. 

The cells were collected in late log phase and the pigments were extracted. The 

absorption spectra of the extracts were measured. Data are means of three independent 

experiments. (B) Quantitative determination of bacteriochlorophyll and carotenoid 

contents in the cells grown under dark condition. Bacteriochlorophyll and carotenoid 

contents were calculated from the absorption coefficients as described in materials and 

methods. Data are means of three independent experiments. Error bars indicate 

standard deviation from the means.�
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˕ȕǆ�∆LOV-HKǆ�+LOV-HKǆ�+C69AǆTƲƿ¸;˩ɷ×ƿ¸:Ĥ˸,�×ČƁ

˝ˀˍ¹ĺ?�7:9O BChl?ȕČƁ>˝SPˍ¹ĺ:9P bchC?ʳß��×T qRT-PCR

>MOǷĿ,P˿Fig. 2-8 5̀˕ȕǆ? bchCʳß��×@×ČƁɷɑȕȖ;čǍ>�Ʋƿ¸;

ǙD9˩ɷ×ƿ¸:İ#%Ǵő,P5Ʋƿ¸:?∆LOV-HKǆ? bchCʳß��×@˕ȕǆ?

Ʋƿ¸:?ʳß��×;ǙD9 10å? 1ȸŤ:96P5+LOV-HKǆ;+C69Aǆ@Ʋƿ¸:

˕ȕǆ;čȸŤ? bchCʳß��×Tȳ,�<5N?ȥʈ:K bchCʳß��×@ęŲ,P5˩

ɷ×ƿ¸:@�+LOV-HKǆ;+C69Aǆ<5NK˕ȕǆ;čǍ> bchCʳß��×@İ#%Ǵ

ő,P5)QN? bchCʳß��×?ɗǃ@×ČƁɷɑĿ˖?ɗǃ;�ɴ,9�P5 

LOV-HKƇ¾Tȗ�9Z\lr���ux>MO˕ȕǆāBċȥʈǆ? LOV-HK?ȞȐ˖

TȲʜ,P5̞ ȕǆ@Ʋƿ¸;˩ɷ×ƿ¸?<5N:K LOV-HK?ȞȐ˖@ĭSN/��Ŀ˖

ȞȐ,9�P˿Fig. 2-9A 5̀+LOV-HKǆāB+C69Aǆ:@˕ȕǆ?K?MO˻åĺÏ>��

y"HNQP˿Fig. 2-9B 5̀)Q@ rpoD����r�Ý? rpoDˍ¹ĺ?�ˏ;ʁČ,9ȞȐ

,9,G6PPJ;ɨ�NQP5,!,�×ČƁɷɑȕȖāB bchCʳß��×"ȥʈ>MO

ęŲ,PPJ�ʁČ,P);@ LOV-HK>MP×ČƁëű>İ#=ūˮ@āF,9�=�;ɨ

�NQP5+LOV-HKǆāB+C69Aǆ? LOV-HK?ȞȐ@Ʋƿ¸;˩ɷ×ƿ¸?<5N:K

Ȳʜ:#�˩ɷ×ƿ¸:į�Ðď"HNQP5<5N?ƿ¸:K+LOV-HKǆ;+C69Aǆ˜:

LOV-HK?ȞȐ˖>@ˉ�@ʍNQ=!6P5 
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Figure 2-8. Quantitative RT-PCR showing the relative expression level of bchC in wild-type, 

∆LOV-HK, +LOV-HK and +C69A strains under dark or blue-light conditions. The strains were 

grown in glycerol medium aerobically. Total RNA of wild-type and ∆LOV-HK strains were 

extracted from early log phase (OD600=0.5-1.6) cultures. Total RNA of +LOV-HK and +C69A 

strains were extracted from early log phase (OD600=0.4-1.0) cultures. rpoD gene was used as 

a normalizer. Data are means of three independent experiments. Error bars indicate standard 

deviation from the means.�

Figure 2-9. Western blot analysis using anti-LOV-HK antibody.�(A) Cell free extract of the 

wild-type strain grown under the dark or blue-light condition. The amounts of protein 

applied to each lane were 8 µg. (B) Cell free extract of +LOV-HK and +C69A strains grown 

under dark or blue-light conditions, respectively. The amounts of protein applied to each 

lane were 15 µg.�
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3-1-5� Ĵǜƿ¸;Ĺǜƿ¸:?˩ɷ×>MP bchCʳß��×?ĭ÷ 

LOV-HK-C69Aĭț¾ȥʈ?ŀ˺!N�LOV-HK@ȕ¾Ý:@˩ɷ×>ŸɄ,9�P?:

@=%�é?jdz×TŽȪ,9×ČƁ˝ˀˍ¹ĺ?ëű>˝S69�P);"ƔǷ+QP5

Ƽɺ? LOV-HK@ FMN"ɗČ,P�����vY�:9P);" 3-1-1?Ȟɷě?åǂ:ƫ

N!;=6P"������vY�?§>@˓÷ˎÕȊžTŽȪ.Pn�h�;,9Ǒɮ.P

K?"ĦĒ+Q9�P(76, 77)5GP�˩ɷ×>MP×ČƁ˝ˀˍ¹ĺ?ʳß��×?ĭ÷Tʡ

DPˇȸ:�ʚ˺ɇ:?Ĥ˸; ʑ��lf:?Ĥ˸:@˩ɷ×ȅō>MP bchCʳß��×

?½¢ŤČ�>ˉ�"ʍNQ�ʽǜƿ¸"ʳß��×?ĭ÷>İ#=ūˮT¤�P);"ȳĖ

+QP˿data not shown 5̀1):�Ĵǜƿ¸;Ĺǜƿ¸;��˓÷ˎÕȊž?ț=Pƿ¸:˩

ɷ×Tȅō,�bchCʳß��×?ĭ÷TʡDP5Fig. 2-10@˩ɷ×ȅōì?ʳß��×T 1

;,9�Ĵǜƿ¸;Ĺǜƿ¸:1Q2Q˩ɷ×Tȅō,Pŭ? bchC?ȥŊʳß��×Tȳ,

9�P5Ĵǜƿ¸:˩ɷ×Tȅō,PƮ@ bchCʳß��×"İ#%Ǵő,P"�Ĺǜƿ¸:

@Ǵő@ʍNQ/�ȅōì;č��×:96P˿Fig. 2-10 5̀Ĵǜƿ¸:@ bchC?ʳß"Ɔë

+QP�K,%@�bchCȉțȠ=åʒɎ"ǩŹ÷+Q9ʳß"Ǵő,P;ɨ�NQP5Ĺǜƿ

¸:@˩ɷ×ȅōì;Ǚʴ,9ĭ÷"=!6P);!N�bchC?ʳß"ɚɛ+Q9�P�K,

%@�bchCȉțȠ= RNA?åʒ"ʮ)69�=�;ɨ�NQP5 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-10. Quantitative RT-PCR showing the relative expression level of bchC. wild-type 

strain was grown aerobically under dark condition until log phase. The culture was 

transferred to vial and incubated aerobically or anaerobically under blue-light condition for 

30 min at 30˚C. Total RNA were extracted from the cultures. rpoD gene was used as a 

normalizer. Data are means of three independent experiments. Error bars indicate 

standard deviation from the means. �

Aerobic� Anaerobic�
0.0  

0.2  

0.4  

0.6  

0.8  

1.0  

1.2  

R
el

at
iv

e 
tra

ns
cr

ip
t l

ev
el
�



 32 

3-2� LOV-HK?jdz×¹ˈɖʱ 
3-2-1� ɲŜ��˓÷+QP�ltk�Ǖĥ>7�9 

�ɵȠ>�ltk�az�o@ Nƻɀ>n�h�y�Y��CƻɀÏ>¬˖÷y�Y�;ʓ

ĸy�Y�"ļğ,�n�h�y�Y�>M69ɲŜ��˓÷ǩŹ"ëű+Q9�P5n�h

�y�Y�@r��cʫ>M69Ǎ�:9P"�¬˖÷y�Y�;ʓĸy�Y�@�ltk�

az�o˜:ȥčŹ"9P5 

¬˖÷y�Y�;ʓĸy�Y�>@ H-box�D-box�F-box�G-box;ēAQP�%7!?ȉ

ŵȠ=ːçTƌ69�P5H-box@¬˖÷y�Y�Ý>ļğ,�ATP!N��˓ĥTĆ'ąP

�ltk�Ǖĥ"9O�)?�ltk�Ǖĥ@M%Èļ+Q9�P5ʓĸy�Y�>@|c�

^ty?ɗČ?˝Æ.PˏåLʓĸy�Y�ˏå:9P D-box, F-box, G-box"ļğ.P(78)5

�ltk�az�o@Ɏəʒǂ>MO 11?�V���>å'NQ9�P"�́ š�)Q>ñ�

9)QG:>ȪNQ9�PÜĢȠ=�ltk�az�o;ő,ț=PW�~˓ːç?ȉŵTK

7 HWE/HisKA2�V���"ʍ7!69�P5)?�V���?W�~˓ːç:@�H-box

> HRxxN;���t��"9O�F-box"HNQ=��ATP lid"ȫ�;�6Pȉŵ"ʍNQ

P5(79)5OCh114ǆ? LOV-HK@ Pfam: HisKA2�V���:9P;«Ƿ+Q9�P5 

Fig. 2-11 @ LOV-HK?¬˖÷y�Y�;ʓĸy�Y�ˏå?W�Y��x:9P5

Xanthomonas axonopodis˿X. axo �̀Puseudomonas syringae˿P. syr̀? LOV-HK@�lt

k�az�o?11?�V���?§?HKP4c�l?�ltk�az�o:9P;ĦĒ"9P

(80)5W�Y��x>ĐGQP1?E!? LOV-HK@�H-box?ːç!N HWE/HisKA2�V

���?�ltk�az�o:9P;«Ż+QP"��ltk�az�o> �9M%Èļ+

Q9�P��˓÷+QP�ltk�Ǖĥ"Ƽɺ? LOV-HKTĐI�%7!? LOV-HK> �

9Èļ+Q9 N/�é?Ǖĥ>ĭS69�P5GP��ltk�Ǖĥ"Èļ+Q9�=�ː

ç:@ HWE/HisKA2�V���:HNQP H-box? HRxxN;���t��?Wl��b�

ǕĥKÈļ+Q9�=!6P5,!,�1?E!? F-box"HNQ=�);L ATP lid"ȫ�

;��ȉŵ@č-:96P5åĺɎəǐTÀʉ,P;)R��ltk�Ǖĥ"Èļ+Q9�=

�K?@ûɎə:9P);"ȳĖ+Q˿Fig. 2-12 �̀)?d×��@ HWE/HisKA2�V���

?§: H-box?ÈļŹ"½�d×��:9P;ɨ�NQP5 

�ɵȠ>�ltk�az�o>MPjdz×¹ˈ@�ltk�az�oÝ?�ltk�Ǖ

ĥ?��˓÷!NķGO�¢Ǫ?�l��l�b���r�?Wl��b�˓ǕĥC;��˓

ĥ"ȷP His-Asp?��˓���>M69ʂSQP51?PJ��ltk�az�o;,9Ǒ

ɮ.P>@ɲŜ��˓÷TĆ'P�ltk�Ǖĥ@ŷ˲:9P;ɨ�NQP51):��lt

k�Ǖĥ"Èļ+Q9�=�d×��:M%Èļ+Q9�P�ltk�ǕĥTW�Y��x!

Nƒɒ,P51?ɗǃ��ɵȠ=�ltk�az�o> �9��˓÷+QP�ltk�Ǖĥ

"ļğ.P¬˖÷y�Y�Ý>@Èļ+QP�ltk�Ǖĥ@ļğ,=!6P"�ʓĸy�Y

�Ý> His226; His266? 27?ǙʴȠÈļ+QP�ltk�Ǖĥ"96P5 
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SWISS-MODEL��d��Têȗ, E. litoralis? EL346Tv����x;,9 OCh114

ǆ? LOV-HK?Ⱦ¾ǌʿT«Ƿ,�ATPɗČˏ¼;<?M�=¼ɤ˝Æ>9P!TƔǷ,P5

�w��d?ɗǃ�v����x? EL346; OCh114ǆ? LOV-HK?W�~˓ːç?ȥčŹ

@ 41.7%Tȳ,�GP��w×?ʫTȐ. QMEAN@-1.84:96PPJ��w×?ɋŤ>Ę

˵@=�;ɨ�NQP5Fig. 2-13@ OCh114ǆ? LOV-HK?«Ż+QPȾ¾ǌʿ:9P5

His266@ ATPɗČˏ¼;ǙʴȠʹ�¼ɤ>ļğ,P5His226@ ATPɗČˏ¼;@!=O˦

QP¼ɤ>ļğ,�GP�r��cʫ?ʆˬ´ʹ>¼ɤ,9�P5 

EL346> �9ɲŜ��˓÷ăŸ?ʓĸĨĥ;,9Ǒɮ.P;ɨ�NQ9�PGlu246;1

QTʈò.P Arg143"9O�W�~˓ɤƕĭț¾?ʒǂ>MO�)QN?W�~˓Ǖĥ@ɲ

Ŝ��˓÷ǩŹ>ŷ˲:9P);"ƫN!;=69�P(65)5OCh114? LOV-HKTĐI�l

tk�Ǖĥ"Èļ+Q9�=�d×��:K)QN?ɲŜ��˓÷ǩŹ>ŷ˲?W�~˓Ǖĥ

@Èļ+Q9�P˿Fig. 2-12?1 5̀GP�|c�^tyL ATP?��˓ĥ;?ɗČ>˝¤.

PW�~˓Ǖĥ"9P N-boxL D-box�G-box> �9Èļ+Q9�PWl��b�Ǖĥ�W

l��b�˓Ǖĥ�d�j�ǕĥKčǍ>Èļ+Q9�P5 
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OCh114 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R N G E R 140
Roseobacter_litoralis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R N G E R 140
Tateyamaria_omphalii - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R G N E M 131
Aestuariivita_boseongensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R E G D L 131
Dinoroseobacter_shibae - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - S D R D I 132
Roseivivax_isoporae - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R D G E - 136
Roseivivax_marinus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R D T S - 106
Marivita_hallyeonensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - R D D E Q 107
Jannaschia_faecimaris - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - H D T E R 158
Roseibaca_calidilacus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T E N D R 132
Roseovarius_sp. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - K S E G D A 137
Oceaniglobus_indicus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D Q T S 107
Loktanella_litorea - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D Q G K 137
Sulfitobacter_sp._AM1-D1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D D G 132
Aureimonas_sp._AU20 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A D A A E V 141
Aureimonas_sp._N4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - H D L P R S 142
Aurantimonas_manganoxydans - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - F D P S R Q 142
Stappia_sp. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D Q 127
EL346 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Q S E S 126
Pacificimonas_flava - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G P P H 139
Jannaschia_aquimarina - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G A D S G 137
Pseudooceanicola_nanhaiensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D N G G P 128
Maribius_pelagius - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D T P L T 133
B.mel A H Q A V T G E P Y S I E Y R I V T R L G E T R W L E T R A K A L T G E N P L V L G I V Q D V T E R 272
R.leg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 150
EL368 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 160
C.cre - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L Q Q M V E E R T R E L 164
X.axo - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A E D A L R Q 154
P.syr - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A E E A L R Q 148

H-box �

H R x x N
OCh114 D P N A E K V H D H L M E V Q N R V Q S D L S M I I T M I R - - - - - - - - - N Q S A A T S V P D D 181
Roseobacter_litoralis D P S A E K V H D H L M E V Q N R V Q S D L S M I I T M I R - - - - - - - - - N Q S A A T S V P D D 181
Tateyamaria_omphalii S T S A E E I N A Q L I E I Q N R V A S D L S M I I G M I R - - - - - - - - - Q Q S G S T S V P E D 172
Aestuariivita_boseongensis D T S A E K V G R E L V E I Q N R V R A D L S M V I D M I R - - - - - - - - - L Q S R E T T A P E D 172
Dinoroseobacter_shibae D S S T L S I E K Q L N A V Q R R V R Q D L S M L I D I I R - - - - - - - - - D Q S N R M G S E E G 173
Roseivivax_isoporae D D G P G L S D L R L D M I R S R V H G D L G L I L T N M S - - - - - - R P S L R L S L D D P L H E 180
Roseivivax_marinus G E T S - L S D M R L H A I R S R V R E D L A M I L S S I G - - - - - - E P E R R L S I D D P L T E 149
Marivita_hallyeonensis D Q A N D S A R L H L D T V C S R V S K D L G L I V T S L V G K S D A K P P T T E E E R Q K F L R T 157
Jannaschia_faecimaris E D G E - - L N E K L S S L Q S R V Q E D L S L V L K S L G - - - - - - - - - - - E T T E D E P L E 195
Roseibaca_calidilacus G A D N R I S G D N L T V V Q N L V Q R D L A L I L T S L R - - - - - - - E P A A A D E M S T R R E 175
Roseovarius_sp. A R Q G D V V D D H L S E I Q H R V K N H L S M I V G M I R - - - - - - - - - M Q S R K S G D A D G 178
Oceaniglobus_indicus V H L P P G A D K I M R E I Q H R V K N H L S M I V G M I R - - - - - - - - - L Q A R E S T A A D E 148
Loktanella_litorea V V L A - - L E D T I A E I Q H R V K N H L A M I L G L I R - - - - - - - - - I K S R K M S E G E D 176
Sulfitobacter_sp._AM1-D1 E P E D E D T L E A L E E V Q H R V K N H L S M I V G M I R - - - - - - - M Q A R D S K S T P N R E 175
Aureimonas_sp._AU20 E T G V L R G D T S L G E I Q H R V K N H L A M I I G M I R - - - - - - - M Q S R A H - - T S G E A 182
Aureimonas_sp._N4 E T G V V K A D A A L G E I Q H R V K N H L A M I I G M I R - - - - - - - M Q S R A H - - T S G E A 183
Aurantimonas_manganoxydans V G E A E R I D A A L G E V Q H R V K N H L A M V V G M I R - - - - - - - M Q A R A K - - T S K E A 183
Stappia_sp. V T G - - G I D E A L R E I H H R V K N H L S M V V G M I R - - - - - - - M Q A R S Q N P T S L D N 168
EL346 P D R A T E L D R Q L A E V Q H R V K N H L A M I V S M I R - - - - - - - - I Q S S Q A G G V G S Q 168
Pacificimonas_flava E Y S K D E S G R T L E E L Q H R V K N H L S M I V G M I R - - - - - - - - M Q A R - A D E A G S D 180
Jannaschia_aquimarina S P E A S D F T D T L R E M Q H R V K N H L Q M V A S M I R - - - - - - - - L Q S T S D A P P E A A 179
Pseudooceanicola_nanhaiensis E Q D I Q A L D - L L R E L Q H R V K N H L S M V V S M I R - - - - - - - - - M Q A S R K V T P A S 168
Maribius_pelagius D P - V D A Q D V M L R E L Q H R V K N H L S M I V G M I R - - - - - - - - - M Q A R Q E V S R E T 173
B.mel K K A E A N K A L V S R E I A H R F K N S M A M V Q S I A N Q - - - - - - T L R N T Y D P E Q A N R 316
R.leg - - - E A S E H R L L M E V D H R S K N V L A I V D S I V R - - - - - - - - L S N A D D P A L Y A A 189
EL368 - - - A E T Q R R I A A E L R H R T G N I F A V L N A I I G L - - - - - - T S R R E R D V S E F A D 201
C.cre T E A L K Q K T A L L H E V D H R V K N N L Q L I S S L L L L - - - - - - Q N R R V P D P A V K A S 208
X.axo A Q K M E A L G Q L T G G I A H D F N N L L Q V M S G H L E V I Q T M A S A G G S S A E R I A F S A 204
P.syr A Q K M E A L G Q L T G G I A H D F N N L L Q V M G G Y I D L I G S A A E K P V I D V Q R V Q R S V 198

: : : :

His226
OCh114 F A A L K R R V E T L E L L Y E E M K L A D Q - - - H A N R D A V Q M G S F V S R L A S A I A H T E 228
Roseobacter_litoralis F A A L K R R V E T L E L L Y E E M K L A D R - - - H A N R D T V Q M G S F V S R L A S A I A H T E 228
Tateyamaria_omphalii F A A L S R R I E T L Q L L Y E E M K L S D Q - - - Q S N R D S I Q M G S Y L S R L A A A I A H I E 219
Aestuariivita_boseongensis F F A L S R R I E T L Q I L Y E E M K L S D S - - - R S N R D S V E L G S F L S R V A S A I A H I D 219
Dinoroseobacter_shibae F A A L A R R I E C L Q L L Y E E M R L S D R - - - D A H R Q G I S M G S Y L T R V A N A I A H S D 220
Roseivivax_isoporae V E A L P R R L E C L Q L V Y E E L R Q T D E - - - M I E R V G I D L G S L L A R I A T N V A Y H E 227
Roseivivax_marinus I D A L P R R L E C L Q L V Y E E L R L N D E D T - A T G R A G I E L G A L M S R I A S N V A H H E 198
Marivita_hallyeonensis L D V L P R R L E C L Q F V Y E E M Q L A D E - - - Q W N R D G I D L G S L L S R I S H T I A H N E 204
Jannaschia_faecimaris F E A M T R R M E C L Q L V Y E A M L L S D S Q G - L R S R - G I D L G A L I S R V A A S I A Y E E 243
Roseibaca_calidilacus L E A L P R R L E T L Q L V Y E E M R L T G G - - - V D G R G K I D I G T L L G R V A S A I A H D E 222
Roseovarius_sp. F A A L A R R I E S L Q L L Y E E M S L S D H - - - M N N R D V I P L G T Y L S R I V N S I A H I D 225
Oceaniglobus_indicus Y R D L S R R V E S L Q L L Y E E L T Q I G T - - - G D D A Q E I Q L G S Y L S R V A N A I G H I D 195
Loktanella_litorea L K D I G R R I E S L Q L L Y E E M S A A G A - - - E K N E D Q I Q L G S Y L G R V G N A I A H L D 223
Sulfitobacter_sp._AM1-D1 F D T L A R R I E T L Q L L Y E E M S A D T G G K - N A G K D R I N L G A Y L T R V A N A I A Y I D 224
Aureimonas_sp._AU20 F D T L A R R I E S L Q L L Y Q E M T E A G V G S - T R S Q - R I P L G A Y I S R I A S T I G Y L D 230
Aureimonas_sp._N4 F D T L A R R I E S L Q L L Y Q E M T E S G V G S - T R S Q - R I P L G A Y I S R I A S T I G Y L D 231
Aurantimonas_manganoxydans F D A L A R R I E S L Q L L Y Q E M T E A G I A S - T R S K - R V P L G A Y V S R I A S T I G H L D 231
Stappia_sp. Y T A L A R R I E T L Q F L Y H E M T G S - M Q T - G A D D - D I A L G A Y V S R I A S A I A Y L D 215
EL346 F D S L S R R V E A L Q L L Y Q E M D I A G A A - - K A T D K I I P L G A Y L G R I A S A I N H I D 216
Pacificimonas_flava Y K T L A R R V E T L Q L L Y Q E L S D A G V A - - R H N S D V V P L G A Y V S R V A S A V S H L D 228
Jannaschia_aquimarina F K L L S R R V E S L A A L Y D E F A R P P T G S R G G A Y D V V S A G A Y V G R V A S T V A A L D 229
Pseudooceanicola_nanhaiensis V Q A V G R R V E A L A L L Y E E M F D A T M G - - S G S G E T I R T G A Y L S R I A S V V S R I A 216
Maribius_pelagius F E A L S H R V Q S L A M L Y E E L S P V G V G - - N G D T K S V P A G A Y M S R V V N T L G A L D 221
B.mel L - - F S E R L R A L S Q A H D M L L K E N - - - - - - - W A G A T I Q Q I C A T A L A P F N S - - 355
R.leg A - - I Q H R V Q A L A R A H T L L A A R G - - - - - - - W T N I S L E E L I R Q Q V T P F A - - - 227
EL368 K - - L S E R V S A L A S A H R M T I M D E P - - - - - D Q E A V A I D D L V T G V M K P Y R N - - 242
C.cre L R G M L G R V N A I A T V H R R L F Q S E - - - - - - D V E R F D V S A F I R D M V A D L M G S A 252
X.axo E H A A A A A A K A A T L T Q Q L L A F S R K Q - - K L R G R V V N L N G L V A G M T N M A E R A L 252
P.syr Y H A K S A V E R A S T L T K Q L L A F A R K Q - - K L Q G R V L N L N G L V S I V E P L I E R T F 246

N-box
� His266

OCh114 G R P G I R M N M Q I E P L E V S I E V A T R V G L V V S E L L T N A F Q H A F E R M D - - - - - - 272
Roseobacter_litoralis G R P G I R M N M Q I E P L E V S I E V A T R V G L V V S E L L T N T F Q H A F E R M E - - - - - - 272
Tateyamaria_omphalii G R S G I R V T L Q I E S L E V P I E T A T R V G L V L S E L L T N A F Q H A F D R I D - - - - - - 263
Aestuariivita_boseongensis G R P G I R M T L Q I E P L T V P I E V A T R V G L V M S E V L S N A Y Q H A F V R L E - - - - - - 263
Dinoroseobacter_shibae G R P G V A F S I E V G R F E A D L E T A T R T G L I L S E V L T N A F Q H A F V G L D - - - - - - 264
Roseivivax_isoporae G R P G V R F V Q Q I D P I E I N L E T A T R V G L I L S E T L S N A F S H A F V G L D - - - - - - 271
Roseivivax_marinus G R P G V R F V Q Q V D Q M Q V S L E T A V R V A L I L S E T V S N A F T H A F D G L D - - - - - - 242
Marivita_hallyeonensis G R P G V R F V S L V E P L E V N L D T A I R V A L M T F E L V S N A F Q H A F D G L D - - - - - - 248
Jannaschia_faecimaris G R P G I R Y Q Q Q I E S V V V N L E A S V R V S L L L S E V L F N A F H H A F D R L E - - - - - - 287
Roseibaca_calidilacus G R A G I R F V Q T V E R A E I S L D H A T R L A M I V S E T L H N A F N H A F N L Q D - - - - - - 266
Roseovarius_sp. G R A G V R V T T E I E A V D A N T H D A T Q L G L V L S E V V T N A F Q H A F E G R D - - - - - - 269
Oceaniglobus_indicus G R A G V R M N I I A D A I T M P V D S A T R V G L I L S E V L T N A M Q H A F E G R D - - - - - - 239
Loktanella_litorea G R P G V R V N I D V E P I M M Q T D N A V R I G L I V S E V L T N A M Q H A F D G Q S - - - - - - 267
Sulfitobacter_sp._AM1-D1 G R S G V R V N I D A D E M D V P L N T A T Q L G L V L S E I M T N S M Q H A F D G R E - - - - - - 268
Aureimonas_sp._AU20 G R R S V R V N V D C D A I D I D V E R A A R I G L L F S E L L T N A L K H A F K G R D - - - - - - 274
Aureimonas_sp._N4 G R R S V R V N V D C D A I D I S V E R A A R V G L L F S E L L T N A L K H A F K G R D - - - - - - 275
Aurantimonas_manganoxydans G R R S I R V N T D C D A I E D D V E R A A R I G L L F S E L L T N A L K H A F E G R E - - - - - - 259
Stappia_sp. G R E S L Q L N L D L G P M R A P V D T A A R V G L L V S E L L T N A Y Q H A F D G L A - - - - - - 260
EL346 G R G A I K V N V Q A D T V D V P V E T A G R I G L L V S E V L T N A L Q H A F S D R A - - - - - - 272
Pacificimonas_flava G R E S I R V N I D A D E I T V S A Q Q A G Q F G L I A S E L L T N S L Q H A F R D Q R - - - - - - 273
Jannaschia_aquimarina G R S G I R L T V D T D P V H M D S S R A A S L G L L V S E V L S N A M Q H G F D D R A - - - - - - 260
Pseudooceanicola_nanhaiensis G Q S A I R I N V E C E E I D L P V D Q A A R L G L L L S E L L T N A L E H A F K G R D - - - - - - 265
Maribius_pelagius G R P S I R M N V Q C E E M T L P V D Q A A R L G L L V T E F L T N A L E H A F P D G R - - - - - - 298
B.mel - T F A N R I H M S G P H L L V S D R V T V A L S L A F Y E L A T N A V K Y G A L S N E - - - - - - 268
R.leg - - - A T R A I F N G P D I N M P A P V V Q P L A L V L H E L A V N A A H H G A L A V A - - - - - - 285
EL368 - R F A E R V T T S G P K I E L G P R S V T A L G L A L H E L A T N A V K Y G A L S V D - - - - - - 296
C.cre M R D D I R V E L D L E R V E I P A A K A A P L A L V V N E L L T N A L R H G F P E G R - - - - - - 302
X.axo G G G V T L R Q S L E E G L W N C Q I D T T Q A E V A L L N V L I N A R D A M A Q A E R K E V T V Q 296
P.syr G P E V A I E T D L E P A L K N C R I D P T Q A E V A L L N I F I N A R D A L I G R E N P K V F I E

: : * :
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D-box F-box
D X G X G

OCh114 - - - - - - T G L V E I R M S Q L S A G G L R - - - - L I V S D D G I G I P R S M E W P S - - - - - 307
Roseobacter_litoralis - - - - - - T G L V E I R M S Q L S A G G L R - - - - L I V S D D G I G I P R S M E W P S - - - - - 307
Tateyamaria_omphalii - - - - - - M G L V E V R M S R L S A G G L R - - - - L I V A D D G V G I P A D M E W P D - - - - - 298
Aestuariivita_boseongensis - - - - - - T G L V E V R M S R L S E G G L R - - - - L I V A D D G V G I P K E V T W P N - - - - - 298
Dinoroseobacter_shibae - - - - - - A G T V R M E V I A L T E G G F R - - - - V V I S D D G V G I P K D M P V P A - - - - - 299
Roseivivax_isoporae - - - - - - Q G F I D L R V T R L A A G G L R - - - - M M V S D D G V G I P A K I A W P S - - - - - 306
Roseivivax_marinus - - - - - - R G Y V E L R I A R L A A G G L R - - - - M T I S D D G V G I P A K I D W P S - - - - - 277
Marivita_hallyeonensis - - - - - - Q G Y L E L R V N R L A A G G L R - - - - M T I A D D G V G I P K K Q G F P S - - - - - 283
Jannaschia_faecimaris - - - - - - E G L I E L R L T R L A A G G L R - - - - L V V T D D G V G L P S N I C F P D - - - - - 322
Roseibaca_calidilacus - - - - - - E G R I E L R V T N L S G G G V R - - - - I M I S D D G E G L S A D L A W P N - - - - - 301
Roseovarius_sp. - - - - - - V G L L E V R L T N L S S G G I R - - - - L V V A D D G I G M P E G L T W P K - - - - - 304
Oceaniglobus_indicus - - - - - - K G L V E V R L S A L S D G G A R - - - - V S V S D D G V G I P H G V K W P E - - - - - 274
Loktanella_litorea - - - - - - S G L V E L I V R Q T D D G G L R - - - - A I V S D D G I G I P E G T E W P D - - - - - 302
Sulfitobacter_sp._AM1-D1 - - - - - - S G L V E V R I K N L S E G V M R - - - - L Q V A D D G T G I P E G V E W P K - - - - - 303
Aureimonas_sp._AU20 - - - - - - E G L V E A R L K M L S S G L I R - - - - L T V T D D G I G L P P A A H W P H G A E T K 314
Aureimonas_sp._N4 - - - - - - E G L V E A R L K M L S S G V I R - - - - L T V T D D G I G L P R E A R W P Y G E A D K 315
Aurantimonas_manganoxydans - - - - - - E G L V E A R L K M L S S G V I R - - - - M T V S D D G I G L P D G S Q W P Y L S D D R 315
Stappia_sp. - - - - - - E G L I E V H L H G - S D G M I D - - - - L V V E D N G L G L P A D S A W P D - - - - - 293
EL346 - - - - - - S G V V Q L R S S V M S G E Q L R - - - - V T V E D D G R G I P E D C D W P N - - - - - 295
Pacificimonas_flava - - - - - - N G L V T M E L K Q L S N G V V R - - - - M R V S D D G S G L P E G M N W P D - - - - - 307
Jannaschia_aquimarina - - - - - - E G L V E V R L K Q A G G D R V R - - - - L T V T D D G C G L G - D S D W P N - - - - - 307
Pseudooceanicola_nanhaiensis - - - - - - K G L I D V R F K R L S E G G V R - - - - L T V E D D G I G L P E G S N W P Y E A E T V 300
Maribius_pelagius - - - - - - E G V I N V R F Q R Q S G G R A R - - - - L V V E D D G V G M P E G S D W P - - A P P A 303
B.mel - - - - - - K G V I N I T W A I M E D K G E K K F H M R W A E S R G P E V M Q P A R - - - - - - - - 434
R.leg - - - - - - Q G R L S I S W K P R P S G A G - - F Y I R W Q E V G A P T P P K L A K - - - - - - - - 302
EL368 - - - - - - A G R V E I S W S R E D G D V T - - - - L V W Q E Q G G P T V S Q E Q S E P V - - - - - 320
C.cre - - - - - - G G R I F V G L S R L N G D F R - - - - - - - I E I T D D G V G Q D R E T R A - - - - - 328
X.axo T Q N V E I T G H D L A M Y H Q L A P G R Y V S - - - I A V T D T G S G M P P E V V S R V M E P F F 349
P.syr T R N L L V D E L A N M S Y D G L L P G R Y V S - - - I A V T D N G I G M P A S I R D R V M D P F F 343

ATP lid
OCh114 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 307
Roseobacter_litoralis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 307
Tateyamaria_omphalii - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 298
Aestuariivita_boseongensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 298
Dinoroseobacter_shibae - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 299
Roseivivax_isoporae - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 306
Roseivivax_marinus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 277
Marivita_hallyeonensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 283
Jannaschia_faecimaris - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 322
Roseibaca_calidilacus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 301
Roseovarius_sp. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 304
Oceaniglobus_indicus - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 274
Loktanella_litorea - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 302
Sulfitobacter_sp._AM1-D1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 303
Aureimonas_sp._AU20 S S G G Q R V G E A V A M S R E G D V A R E V A T S L A Q A S G G R - L Q A R A E T D G E A V E E M 363
Aureimonas_sp._N4 A R T S Q R V D E A V A L S T D G D M A R E V A T S L A E A T G G I - V R P K A S - D G E G K K E N 363
Aurantimonas_manganoxydans P A D R A R A A D A A Q E P - - - N V A R Q I A E S I G H G R A G R D D N G D A E T G S E V V D T S 362
Stappia_sp. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 293
EL346 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 295
Pacificimonas_flava - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 307
Jannaschia_aquimarina - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 307
Pseudooceanicola_nanhaiensis E V Q Q E R A E R S D G - T L D T T G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 318
Maribius_pelagius A P T E S R P D A T N G G A V V A Q G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 322
B.mel - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 434
R.leg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 302
EL368 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 320
C.cre - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 328
X.axo T T K E E G Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 356
P.syr T T K E E G K - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 350

G-box
G X G X G

OCh114 - - - - - - - - - - - - S A T V G G R I V C G L I E G - L E G T L H L G R G A A G S F V T I D V P A 344
Roseobacter_litoralis - - - - - - - - - - - - S A T V G G R I V C G L I E G - L E G T L H L G R G A A G S F V T I D V P A 344
Tateyamaria_omphalii - - - - - - - - - - - - S K T V G G R I V S G L I E G - L E G T L H L G R G A A G S F I T I D V P A 335
Aestuariivita_boseongensis - - - - - - - - - - - - K S S I G G R V L T G L I E G - L E G T L Q L G R G A A G S V I T I D V P A 335
Dinoroseobacter_shibae - - - - - - - - - - - - T Q T L G G R I A T E L I D S - L E G T L N Y V R G A A G T V V I I D V P A 336
Roseivivax_isoporae - - - - - - - - - - - - E A T V G G R L I A A L L E G - L D A T I N V A R G A A G T V V M I D V P M 343
Roseivivax_marinus - - - - - - - - - - - - A A T R G G R L I A S L L D G - L D V T I N V A R G A A G T V V M I D V P V 314
Marivita_hallyeonensis - - - - - - - - - - - - S T S V G G R L V S S L L D G - L D A T L N V A R G A A G T V I M I D V P V 320
Jannaschia_faecimaris - - - - - - - - - - - - M T T I G G R L I A T L A D G - L D A T I T P V R G A A G T V V M L D V P A 359
Roseibaca_calidilacus - - - - - - - - - - - - E K H A G G R L V R G L L N G - L D A T L N V V R G A A G T V V L L D V P V 338
Roseovarius_sp. - - - - - - - - - - - - P G S L G G K I M Q G L V D S - L D G K F D I T R G D T G T I I T I D V P K 341
Oceaniglobus_indicus - - - - - - - - - - - - T N S L G G R I V L G L V D G - L N A T F D V T K G A S G T V V T L D V P A 311
Loktanella_litorea - - - - - - - - - - - - E G G L G G Q I I S G L C A G - L N A S L N V G R G A V G T I V T L E V P N 339
Sulfitobacter_sp._AM1-D1 - - - - - - - - - - - - S N S L G G R I V S Q L A R S - L D A K I S V E R A L S G T M I V I D I P G 340
Aureimonas_sp._AU20 S E A P A R - - - - - G A G G L G G R I V L S L V H G - L E A R I D V S S Q T S G T T V T V D I P G 407
Aureimonas_sp._N4 G G P - - - - - - - - - R G G L G G R I V V S L V R G - L D A R I D V S S H T S G T T V T V D I P R 403
Aurantimonas_manganoxydans G N A L A R Q R R T H G Q G G L G G R I T L S L V Q G - L N A R I D V S S E M A G T V V T V D I P P 411
Stappia_sp. - - - - - - - - - - - - R G N L G G K I V R S L V T G - L N A R L S I R D T G R G T R I E I R I P A 330
EL346 - - - - - - - - - - - - E G N L G S R I V R Q L V Q G - L G A E L N V T R G G T G T I V N I D I P L 332
Pacificimonas_flava - - - - - - - - - - - - D S G L G G R I V K G L V G E - M N G K L S V D R G I T G T T I T L D L T V 344
Jannaschia_aquimarina - - - - - - - - - - - - S G G M G A R I V R G L A G Q - L G G D L N V A T G A G G T T V T L D I V N 344
Pseudooceanicola_nanhaiensis - - - - - - - - - H D G H S G V G G T I I T G L T Q M - L S A R L D V N R A L Q G T I V T V D F Q P 358
Maribius_pelagius - - - - - - - - - T K R A S G M G G N L V L T L V D S - M G A K I D V S N G L R G T V V T V D L E V 362
B.mel - - - - - - - - - - - - - R G F G Q R L L H S V L A E E L K A K C D V E F A A S G L L I D V L A P I 471
R.leg - - - - - - - - - - - - - R G F G T V I V G A M V E K Q L K G R L Q K I W S D E G L L I D I E I P S 339
EL368 - - - - - - - - - - - - - K G N G T M L I D G M I A S - L T G S I E R D F A A A G L Q A K I T L P V 356
C.cre - - - - - - - - - - - - - S G F G L T I V Q - L L C Q Q L K A K W E T T D A E P G T R V V V L L P I 364
X.axo - - - - - - - - - - - - G T G L G L S M V Y G F V K Q S G G T V R I Y S E V G E G S T V R L Y F P A 394
P.syr - - - - - - - - - - - - G S G L G L S M V Y G F A K Q S G G A A R I Y T E E G V G T T L R L Y F P V 388

* : . * :

OCh114 G A S V T E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 350
Roseobacter_litoralis G A S V T E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 350
Tateyamaria_omphalii G A A L T D E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 342
Aestuariivita_boseongensis G A S D M N E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 342
Dinoroseobacter_shibae G N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 338
Roseivivax_isoporae D P G A S T T E G D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 353
Roseivivax_marinus D L H D L E N K G A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 324
Marivita_hallyeonensis G F T D I R E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 327
Jannaschia_faecimaris G M M D V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 364
Roseibaca_calidilacus N L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 340
Roseovarius_sp. I T P N D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 347
Oceaniglobus_indicus P S D A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 315
Loktanella_litorea A R A T L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 344
Sulfitobacter_sp._AM1-D1 N H T V T E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 346
Aureimonas_sp._AU20 E S P S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 411
Aureimonas_sp._N4 E S P S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 407
Aurantimonas_manganoxydans E D S N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 415
Stappia_sp. D V T L L D Q T E P A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 341
EL346 S Q Q K T L I A D E R T K D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 346
Pacificimonas_flava E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 345
Jannaschia_aquimarina E T R T S L D T D G D R M I T G D G Q S D P Q R A L D D E S D R - - - - - - - - - - - - - - - - - - 376
Pseudooceanicola_nanhaiensis S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 359
Maribius_pelagius P Q G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 365
B.mel T P E V F P G M G H N V P E Q R I A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 489
R.leg A G P T C A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 345
EL368 H Q P E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 360
C.cre N G T Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 368
X.axo S S E F E N D L Q I A K S R A I D K G G N E T I L V V E D K Q D V A V V A R M F L E N A G Y R I L S 444
P.syr D E A G L T N T E S P Q A S D R R L G S S E R I L I V E D R P D V A E L A K M V L D D Y G Y V S E I 438
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Figure 2-12. Phylogenetic tree of LOV-HKs. The tree was generated by the ClustalX 

neighbor-joining method.�

Figure 2-12. Amino acid sequence alignment of kinase region of LOV-HKs. Gray boxes 

denote conserved amino acids in each boxes. Yellow box denotes position of 

phosphorylated histidine residue. Black box denotes conserved phosphorylated histidine 

residue. Blue boxes donate amino acids of consensus HRXXN motif in H box. The 

positions of His226 and His266 are shown in red box. Accsession number of LOV-HKs 

are descrived in Table 2-7. 

�
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Figure 2-13. Structure model of LOV-HK of OCh114. Erythrobacter litoralis EL346 

blue-light activated histidine kinase (PDB ID 4R3A) was used as a template. protein 

modeling was performed by using SWISS-MODEL program.�

LOV domain�

Dimerization domain�

Catarytic domain�

90˚�

His226�

His266�
Asn156�

AMP-PNP�

Table 2-7. Accession number of LOV-HKs.�

Name Accession number
OCh114 ABG31725
X.axo AAM37406
EL346 Q2NB77
EL368 Q2NCA3
B.mel AAL53921
P.syr NP_792694
R.leg WP_011655064
C.cre YP_002515662
Roseobacter_litoralis WP_013961207
Tateyamaria_omphalii WP_076628099
Aestuariivita_boseongensis WP_050929859
Dinoroseobacter_shibae WP_012177807
Roseivivax_isoporae WP_051491709
Marivita_hallyeonensis WP_084066268
Roseovarius_sp. WP_088664637
Roseibaca_calidilacus WP_072244438
Roseivivax_marinus WP_092811619
Jannaschia_faecimaris WP_092642226
Oceaniglobus_indicus WP_099826863
Loktanella_litorea WP_090206652
Sulfitobacter_sp._AM1-D1 WP_083545486
Pacificimonas_flava WP_088713407
Stappia_sp. WP_083550956
Aurantimonas_manganoxydans WP_009211252
Aureimonas_sp._AU20 WP_061972692
Aureimonas_sp._N4 WP_062230594
Jannaschia_aquimarina WP_084629900
Pseudooceanicola_nanhaiensis WP_028285924
Maribius_pelagius WP_091843331
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3-2-2�  Phos-tag SDS-PAGE>MP LOV-HK?ɲŜ��˓÷?ʒǂ 

Ƽɺ?LOV-HK:@ƧȪ?LOV-HK:@Èļ+Q9�P��˓÷+QP�ltk�Ǖĥ"

Wl��b�Ǖĥ>ɤ#ƕS69�P51):�Ƽɺ? LOV-HK"ɲŜ��˓÷ɮTƌ7?!

T Phos-tag SDS-PAGE>MOʒǂ,P5Phos-tag;@��˓ĥ;ȥ­Àȗ.Påĺ:9O�

Phos-tag SDS-PAGE@Wc�×W�ye×> Phos-tagTØQP);:���˓÷,Pr��

cʫ?ȷôʾŤ"˃%=O���˓÷+Q9�=�r��cʫ;å˦.P);":#Pƅǣ:

9P(81)5̞ ȕĢ LOV-HK>ñ�9�OCh114ǆ? LOV-HK:ƧȪ? LOV-HK:��˓÷+

QP�ltk�Ǖĥ"9P¼ɤ>ļğ.PWl��b�Ǖĥ˿N156̀T�ltk�Ǖĥ>ɤƕ

,P LOV-HK-N156Hĭț¾?ɲŜ��˓÷ǩŹKʡDP5 

˕ȕĢ LOV-HKGP@ LOV-HK-N156HTĐIăŸǯ> ATPTǲñ,��ĿƮ˜Y�a

���x,Pŭ�Phos-tag SDS-PAGEāBʽŞ? SDS-PAGE>MOʒǂ,P5˕ȕĢ

LOV-HKGP@ LOV-HK-N156H<5N?h��×KʽŞ? SDS-PAGE:@ 1Ƽ?��y"

Ȳʜ+QP˿Fig. 2-14B 5̀Phos-tag SDS-PAGE:@�ȷôŤ@9GOĭSN=�"�2Ƽ?

��y"Ù9?ƿ¸:ʍNQ�ATP˫ǲñ?h��×:K2Ƽ?��y"ʍNQP˿ Fig. 2-14A 5̀ 

ATP˫ǲñ?h��×:K 2Ƽ?��y"ʍNQ�)?��y?å˦@r��cʫ?��

˓÷>M69ʮ)6PK?:@=�);"ɨ�NQP5��˓÷�ltk�@÷ĽȠ>£ľĿ

:9PPJ�Phos-tag SDS-PAGETʂ�;#@h��×?ȆãȒTʂ69�=!6P"�ƺ

ĭŹ?r��cʫ"9P);:��y" 27ʍ�PĈɮŹ"ɨ�NQP?:�ȆãȒTʂ=6

Ph��×KčƮ>Ǧô,P51?ɗǃ�ȆãȒTʂ�);: 2Ƽʍ�9�P��y?½åĺ

Ï?��y"Ǯĳ,˻åĺÏ?��y?H;=6P˿Fig. 2-14C 5̀ȆãȒT,P);:��˓

÷,Pr��cʫ"Ī�PĈɮŹ@½�?:�2Ƽʍ�9�P��y@ƺĭŹ?r��cʫ;

ĭŹ,Pr��cʫ>Șǀ,P��y:96P;ɨ�NQP5¶¡?ɗǃMO�Ƽɺ?LOV-HK

@ ATPTñ�9K��˓÷,Pr��cʫ@ǉä+Q/�ɲŜ��˓÷ǩŹ@ƌP=�);"

ȳĖ+QP5GP�LOV-HK-N156Hĭț¾:KčǍ>ɲŜ��˓÷ǩŹ@Ȳʜ:#/�Ƽɺ

? LOV-HK@�ltk�az�o;,9?ɲŜ��˓÷ɮ@ĳSQ9�P);"ȳĖ+QP5 
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Figure 2-14. Analysis of LOV-HK and LOV-HK-N156H autophosphorylation by using 

phos-tag SDS-PAGE.�(A) Zn
2+

-Phos-tag acrylamide SDS-PAGE (8% polyacrylamide, 

20 µM Zn
2+

, 20 µM phos-tag). The amounts of protein applied in each lane were 3.8 

µg. (B) SDS-PAGE analysis. The amounts of protein applied in each lane were 3.8 µg. 

(C) Zn
2+

-Phos-tag acrylamide SDS-PAGE (8% polyacrylamide, 50 µM Zn
2+

, 50 µM 

phos-tag). The amounts of protein applied in each lane were 3.8 µg. (D) SDS-PAGE 

analysis. The amounts of protein applied in each lane were 3.8 µg.�

�
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3-2-3�  LOV-HK-H226Aĭț¾; LOV-HK-H266Aĭț¾ȥʈǆ?ʒǂ 

Phos-tag SDS-PAGE:��˓÷r��cʫ@ǉä+Q=!6P);!N�OCh114ǆ?

LOV-HK"ɲŜ��˓÷.PĈɮŹ@½�;ɨ�NQP"�W�~˓ːç?W�Y��x!N

��˓÷.PǕĥ?Ìʈ;,99(NQPHis226;His266"jdz×¹ˈ>˝S69�P?

!Tȥʈŀ˺>MOʡDP5LOV-HK? His226GP@ His266T Ala>ɤƕ,Pĭț¾ˍ¹

ĺ?ȥʈ��l�yTÀʉ,�∆LOV-HKǆ>ȥʈ,P5H226Aĭț¾ȥʈǆ; H266Aĭț

¾ȥʈǆTƲƿ¸:Ĥ˸,�bchCʳß��×TǷĿ,P5H226Aȥʈǆ@WTMOK˻�bchC

ʳß��×Tȳ,�H266Aȥʈǆ@˕ȕĢ LOV-HKȥʈ;čȸŤ?ʳß��×Tȳ,P5)

QN 2ȹ˶?ĭț¾?ȥʈ:K bchCʳß��×@ęŲ,P);!N�LOV-HK? His226G

P@ His266"��˓÷,9jdz×¹ˈT,9�PĈɮŹ@=�;ɨ�NQP5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-4� �l��l�b���r�phyRȯīǆ?ʒǂ 

OCh114ǆ? LOV-HK?W�~˓ːç@ E. litoralis? EL346; 42%?ȥčŹTȳ,�Ǚ

ʴȠ»Pr��cʫ:9P);"ȳĖ+QP5E. litralis? EL346:@�LovR; PhyR;ē

AQP 27?�l��l�b���r�" EL346!N��˓ĥTĆ'ąP);" in vitro?ŀ

˺> �9ȳ+Q9�P(82)5OCh114ǆ?e~�¡> lovR;ȥč=ˍ¹ĺ@=!6P"�

phyR;ȥč=ˍ¹ĺ˿RD1-2463̀"ļğ,9�P˿46%?ȥčŹ 5̀1?PJ�PhyR"Ƽɺ
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Figure 2-15. Quantitative RT-PCR showing the relative expression level of bchC in 

wild-type strain, ∆LOV-HK strain, H226A-complemented strain and 

H266A-complemented strain under dark condition. The strains were grown in glycerol 

medium aerobically. Total RNA were extracted from early log phase (OD600=0.5-1.6) 

cultures. rpoD gene was used as a normalizer. The data of wild-type and ∆LOV-HK are 

means of three independent experiments. The data of +H226A and +H266A are means 

of two independent experiments. Error bars indicate standard deviation from the means.�
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> �9K LOV-HK?jdz×¹ˈ>˝¤,9�P?:@=�!;ƔǷ,�ȯīǆTÀʉ,P5 

ȥčɕƕ�>MO phyR?ˏå" SmāB SpɪŹˍ¹ĺ;=6PȯīǆTÀʉ,P5phyR"

ȯī+Q9�P);@ PCR>MO�phyRȯī��l�yTÀʉ.P;#>Áȗ,P u2463-F

; d2463-R��Y��Tȗ�9Ȳʜ,P5˕ȕǆ:@ 2.8 kbp? PCRȖȈ"HNQ�K,�

phyR"ȯī+Q9�QA�1?��y" 3.8 kbp>j�x.P@/:9P5ȯīÌʈǆ: PCR

Tʂ=69Ȳʜ,P;)R�3.8 kbp>��y"Ȳʜ:#PPJ�)?ǆT phyRȯīǆ˿ ∆phyR

ǆ);,P5 

 

 

 

 

 

 

 

 

 

 

 

PhyR"×ČƁëű?jdz×¹ˈ>˝S69�P?!TʡDPPJ��phyRǆ?Ʋƿ¸;

˩ɷ×ƿ¸:?×ČƁɷɑȕȖāB×ČƁ˝ˀˍ¹ĺ:9P bchC?ʳß��×TǷĿ,�˕

ȕǆ;Ǚʴ,P5 

�phyRǆ@Ʋƿ¸:˕ȕǆ;čȸŤ?�cv�^c���X×;_�v~YyTȕȖ,�1

?ȕȖ@˩ɷ×:Ɔë+QP5GP�bchCʳß��×KƲƿ¸;˩ɷ×ƿ¸?<5N:K˕ȕ

ǆ;čȸŤ:96P5)QN?ɗǃ!N�PhyR@Ƽɺ:@×ČƁ˝ˀˍ¹ĺ?ëű>@˝S

69 N/�LOV-HK>MP×ČƁëű> 'Pjdz×¹ˈ>@˝¤,9�=�;ɨ�NQ

P5  

Figure 2-16.Construction of  ∆phyR. (A) Diagram showing 

chromosomal position of phyR. (B)  Diagnostic PCR of phyR deletion.�

Wild type�

∆	hyR�
Sm/Spr�

RD1-�463 
phyR� WT� ∆phyR�

2.69�

4.26�

kbp�

(A)� (B)�

RD1-�462 RD1-�463 
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Figure 2-17. Photopigments production in wild-type and ∆phyR strains. (A) The 

spectrophotometric determination of the photopigments. The wild-type and ∆phyR 

strains were cultivated aerobically in 100 ml of glycerol medium under dark or 

blue-light conditions. The cells were collected in late log phase and the pigments 

were extracted. The absorption spectra of the extracts were measured. Data are 

means of three independent experiments. (B) Quantitative determination of 

bacteriochlorophyll and carotenoid contents in the cells grown under dark condition. 

Bacteriochlorophyll and carotenoid contents were calculated from the absorption 

coefficients as described in materials and methods. Data are means of three 

independent experiments. Error bars indicate standard deviation from the means.�

�
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ɂ 4Ɉ7ɨŉ� 
OCh114ǆ@Ʋƿ¸:Ĥ˸,P;#@×ČƁ˝ˀˍ¹ĺ?ʳß"Çˁ+QP?>Ŋ,�˩ɷ×

ƿ¸:@1?ʳß@Ɔë+QP5ɬư:ʺDPM�>�LOV-HK@Ǎ�=ɺ> �9˩ɷ×>Ä

ļ,PȕȒǑɮ?ĭ÷?ëű>˝S69�P5Ƽɺ> �9K�Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁ˝

ˀˍ¹ĺ?ȞȐ?ˉ�"�˩ɷ×n�h�;,9Ǒɮ.P;«Ż+QP LOV-HK>MOëű+Q

9�P?:@=�!;��·ʞ?K;�OCh114ǆ? LOV-HK?×ŸɄŹ;ëű;?˝ÆāBj

dz×¹ˈƥǣ>7�9ʒǂTʂ=6P5 

OCh114ǆ? LOV-HKr��cʫ@ FMNTȞɷě;,9ĐH�³? LOVy�Y�;čǍ?

����;jlvY�Ǖĥ?�ˇȠ=ÚƶɗČ?ŪƁ>MP˩ɷ×ŸɄŹTȳ,P5)?����

;ÚƶɗČTŪƁ.PjlvY�Ǖĥ@ LOVy�Y�Ý? Cys69:9P);"ƫN!;=6P5

LOV-HKr��cʫ:ʍNQP˩ɷ×ŸɄŹ"�OCh114ǆ?Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁ˝

ˀˍ¹ĺ?ȞȐ?ˉ�>˝¤,9�P?!TʡDPPJ�∆LOV-HKǆ>˕ȕĢ LOV-HKGP@

×ŸɄŹ"ĳSQP LOV-HK-C69Aĭț¾T1Q2Qȥʈ,PǆTêȗ,9�Ʋƿ¸;˩ɷ×ƿ

¸:?×ČƁ˝ˀˍ¹ĺ?ȞȐ?ˉ�TʡDP5LOV-HK-C69Aĭț¾?ȥʈǆ@˕ȕĢȥʈǆ

;čǍ>˩ɷ×ȅō>MP×ČƁ˝ˀˍ¹ĺ?ʳßƆë"HNQ�Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁ

ȞȐ?ˉ�?ëű> LOV-HK? Cys69T²,P×ŸɄŹ@˝Æ,=�);"ȳ+QP5)?ɗǃ

MO�OCh114ǆ? LOV-HK@×;@ț=Pjdz×Tn�j�d,9�PĈɮŹ"ȳĖ+QP5

�����vY�?§>@�yucln�h�;,9Ǒɮ.PK?"�%7!ȪNQ9�P5

Azotobacter vinelandii?ȽɑĞĿ?ëű>˝SPNifLLEscherichia coli?ʭǜŹ?ëű>˝S

P Aer@�����?˓÷ˎÕT²,9ɓɭ?˓÷ˎÕȊžTŽȪ.P�yucln�h�:9P

;ĦĒ+Q9�P(76, 77)5GP�C. crescentus? LOV-HKÝ?����?˓÷ˎÕ˨¼"ǷĿ

+Q�1?Í@ɓɭÝ:ˎÕ+Q�PÍ:96P;ĦĒK9P(83)5)QN?);!N�OCh114

ǆ> �9�LOV-HK@ NifLL Aer?M�>�yucln�h�;,9Ǒɮ,9�PĈɮŹ"ɨ

�NQP5C69A?ĭț@ LOVy�Y�?˫ÚƶȠ= FMN?ɗČ>@ūˮTāF+/�C69A

ĭț¾@˕ȕĢ;čǍ> FMN@ɜƌ+Q9�P51?PJ�����T²,P�yucln�j

�d:9QA C69Aĭț¾:KĈɮ:9P;ɨ�NQP5 

LOV-HK"�yucl�b���r�:9QA�ɓɭ?˓÷ˎÕȊž?ˉ�@×ČƁ˝ˀˍ¹

ĺ?ȞȐ>ūˮT¤�PĈɮŹ"ɨ�NQPPJ�̞ ȕǆTȗ�9Ĵǜƿ¸GP@Ĺǜƿ¸;˓÷

ˎÕȊž?ț=Pƿ¸:?˩ɷ×ȅō>MP×ČƁ˝ˀˍ¹ĺ?ʳß��×?ĭ÷TǙʴ,P5˩

ɷ×>MP×ČƁƆë@Ĵǜƿ¸:?HʍNQ�Ĺǜƿ¸:@Ù%ʍNQ/�ɓɭ?˓÷ˎÕȊž

"×ČƁëű> �9˔ʌ=Ěĺ:9P);"ȳĖ+QP5GP�)?ɗǃ@˩ɷ×"ȤƓ×ČƁ

?Ɔë?jdz×;=N=�);TȳĖ,�LOV-HK"˩ɷ×¶Į?jdz×Tn�j�d,9

�PĈɮŹTƚƌ.Pɗǃ:9P;ɨ�NQP5,!,�)?˓÷ˎÕȊž?ˉ�" LOV-HK>

M69n�j�d+Q�×ČƁ˝ˀˍ¹ĺ?ȞȐ"ëű+Q9�P?!@±?Ǘˣ:@£ƫ:9P5 

OCh114ǆ? LOV-HKTĐJ�Ǎ�=ɺ? LOV-HK?W�~˓ːç!N?W�Y��xTÀʉ
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,Pɗǃ�OCh114ǆTĐI�%7!?ɺ? LOV-HK:@��ltk�az�o> �9Èļ+

Q9�P��˓÷+QP�ltk�Ǖĥ"Èļ+Q9�=�);"ƫN!;=O�1QN@Ɏəʒ

ǂ!NûɎə:9P);"ȳĖ+QP5ɋʉr��cʫTȗ�9ɲŜ��˓÷ǩŹTǷĿ,P"�

�˓÷,Pr��cʫ@ǉä+Q=!6P5GP��ltk�Ǖĥ?Èļ+Q9�=� LOV-HK

> �9ǙʴȠÈļ+Q9�P 27?�ltk�Ǖĥ˿ His226; His266 ?̀ĭț¾ȥʈŀ˺Kʂ

6P"�<5NK LOV-HKMP×ČƁ˝ˀˍ¹ĺ?ʳßÇˁ>@ūˮT¤�=!6P5)QN?

ɗǃ!N�OCh114ǆ? LOV-HK@ɲŜ��˓÷ɮTƌP=�);"Ũ%ȳĖ+QP5 

Ɵ@ő=�"���˓÷+QP�ltk�Ǖĥ"Èļ+Q9�=��ltk�az�o���

d"ɲŜ��˓÷T²+/>jdz×¹ˈ>˝SP;��ĦĒ"�%7!9P5)?M�=�lt

k�az�o���d@�j��y�ltk�az�o˿PseudoHK̀;ēAQ�j�Y|zmz

:@�hYx_Y{�?jdz×¹ˈ> PseudHK"˝¤,�PseudoHK@ȉĿ?�ltk�az

�o?�l��l�b���r�C?��˓ĥ?ʳȷT˟ł.PÀȗ"9PĦĒ"9P(84)5C. 

crescentus? DivL;�� PseudoHK@ DivK;ēAQP�l��l�b���r�?��˓÷

ȊžTľĿ÷.P;ĦĒ"9P(85)5OCh114ǆ? LOV-HKKɲŜ��˓÷ɮTƌP/>jdz

×¹ˈ>˝¤,9�P);"Ũ%ȳĖ+QP);!N�PseudHK?�ȹ:9O��ɵȠ=�lt

k�az�o:ʍNQP His-Asp?��˓���;@ț=P�Ƥʎ=jdz×¹ˈƥǣ>MO×

ČƁTëű,9�P);"ȳĖ+QP5 
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ɂ 3ȿ� ×ČƁ˝ˀˍ¹ĺ?ȞȐƆëʒˢǑǌ?ƒɒ 

 
ɂ 1Ɉ7ɬư� 

PpsR@×ČƁˍ¹ĺc�lr�˿Photosynthetic gene cluster, PGC̀Ý>f�y+Q9 

O�ȐğȪNQ9�Pɐɷ×ČƁɓɺ@H= PGCÝ> PpsRTƌ5�į%?ɐɷ×ČƁɓɺ:

×ČƁ˝ˀˍ¹ĺ?���uh�;,9Ǒɮ.P);"ȪNQ9�P(35-37)5OCh114ǆ:K

PpsR"×ČƁ˝ˀˍ¹ĺ?���uh�:9P);@ȯīǆ?x��lc��x��ʒǂ!N

ƫN!;=69�P"(105 �̀Ƽɺ:@ PpsR>MPƆë"<?M�>ʒˢ+Q9�P!@£ƫ:

9P5Ƽɺ?e~�¡>�ĹǜŹ×ČƁɓɺ: PpsR?W�t���uh�;,9Ǒɮ,9�P

r��cʫ;ȥč=y�Y�Tƌ7ˍ¹ĺ"�%7!96P5RD1-1653@ AppA>ʍNQP

BLUFy�Y�Tƌ7;«Ż+QP5ppaA˿RD1-0142̀@ aerR?���d:9O�Ƽɺ> 

�9K ppsR?¡Ǫ>ļğ,P51Q>ñ�9�∆LOV-HKǆ@Ş>×ČƁ?ȞȐ"Ɔë+QP

Ȋž;=69 O�)Q@ R. sphaeroides> 'P appAȯīǆ;č-M�=ʆȐɎ:9O�

LOV-HK" PpsR?W�t���uh�:9PĈɮŹ"ɨ�NQP51):�RD1-1653�PpaA�

LOV-HK?�/Q!"�Ƽɺ> �9 PpsR?W�t���uh�;,9Ǒɮ,9�P?:@=

�!;ƔǷ,�ʒǂTʂ=6P5 

ɂ 2ȿ:ēđ˗˨ĺ¹ˈɎ;×ČƁëű>˝SO"9P);TȳĖ.PɗǃTŰP51):�

Ĵǜēđ?˨ĺ¹ˈ?ƻɀ:Ǒɮ,�˓ɑTǝ>ˎÕ.Pƻɀ˓÷˒ɑ?˟łí˿NaN3̀;�

˨ĺ¹ˈɎ:ȕƁ+QP��x�õːTʒǮ.PɯÚŬí˿2,4-k{x��[~�×, DNP̀"

×ČƁ˝ˀˍ¹ĺ?ʳß>āF.ūˮTʡDP5 
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Figure 3-1. Predicted regulation mechanism of photosynthetic genes in OCh114. 

DNP; 2,4-dinitrophenol. 
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ɂ 2Ɉ7ȭȻƽƢāBƥǣ� 
 

2-1 ȗ�Pɓɺ;Ĥ˸ƿ¸ 
ȗ�Pɓɺ@ Table3-1:ȳ,P5Ĥ˸@ɂ 2ȿ:ʗʺ,Pƿ¸:ʂ=6P5 

 

2-2 HisrdʁČ PpsR?țȹȞȐ;ɋʉ 
Áȗ,P��Y��?ːç@ Table 3-2>ȳ,P5ppsRˍ¹ĺ@��Y��ppsR-F;

ppsR-RāB�nde-del-ppsR-F; nde-del-ppsR-RTȗ�9 PCR:Īş,P5nde-del-ppsR-F

; nde-del-ppsR-R@ ppsRÝ>ļğ,P NdeIhYx˿cat.ctc̀TǮĀ.PPJ>ȗ�P5

Īş,P PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒǂTʂ=6P5\��"ȕ-

9�=�);TȲʜ,Pŭ�NdeI; XhoI:ãȒ,�1?ƣȇT pET-21a(+)CƎØ,�

pET-ppsRTŰP5 

pET21-ppsR��l�yT Escherichia coli BL21(DE3)CŏØ,�Cƻɀ> Hisrd"ʁČ

,P PpsRTȞȐ+0P5E. coli BL21 (DE3)/pET21-ppsRT 50 µg/mL?W��j��Tǲñ

,PLBĤĠ>ǈɺ,�37˚C:OD600" 0.6!N 0.7>=PG:Ĥ˸,P51?ŭ�0.1 mM IPTG

Tǲñ,9 18˚C:�ƯĤ˸,Pŭ�ɺ¾TęĄ,�-80˚C:Èļ,P5Èļ,Pɺ¾@ 20 mM 

Tris-HCl (pH 7.5)�u�V�:ƀǾ,�ʯ˭Ǥ>MOȯȮ,P5ȯȮŭ�65,000 -g: 5åˊ

ŶT.P);:ƺȯȮɺ¾TąOˢ�P51?ŭ�4˚C�100,000 -g: 1Ʈ˜ˊŶ.P);:

ĈǺŹșåTŰP5ŰNQPĈǺŹșåTđȨ�u�V�(20 mM Tris-HCl (pH 7.5), 50 mM

Y�sq�×, 200 mM NaCl):Šʄ÷,P 2 mL?Ni Sepharose 6 Fast Flow_��>Ã,P5

_��? 5Ë˖?đȨ�u�V�:Ǩǫŭ�_��? 3Ë˖?Ǻä�u�V�(20 mM Tris-HCl 

(pH 7.5), 250 mMY�sq�×, 200 mM NaCl):Ǻä,P5Ǻä,Ph��×T Vivaspin:

20 mM Tris-HCl (pH 7.5)�u�V�>ɤ#ƕ��ǿɢ,ɋʉ PpsR-His;,P5 

 

2-3 �×x�l�Y�wX�d��vY�(MBP)ʁČ PpaA?țȹȞȐ;ɋʉ 
Áȗ,P��Y��?ːç@ Table 3-2>ȳ,P5ppaAˍ¹ĺ@��Y��MBP-ppaA-F

;MBP-ppaA-RTȗ�9 PCR:Īş,P5Īş,P PCRȖȈ@ pUC18>c��{�d,9

j�c\�lʒǂTʂ=6P5\��"ȕ-9�=�);TȲʜ,Pŭ�NdeI; BamHI:ã

Ȓ,�1?ƣȇT pMAL-c5XCƎØ,�pMAL-ppaATŰP5 

E. coli BL21(DE3)> pMBP-ppaATŏØ,�Nƻɀ>MBPrd"ʁČ,Pr��cʫT

ȞȐ+0P5E. coli BL21 (DE3)/pMBP-ppaAT 50 µg/mL?W��j��Tǲñ,P LBĤĠ

>ǈɺ,�37˚C: OD600" 0.6!N 0.7>=PG:Ĥ˸,P51?ŭ�0.1 mM IPTGTǲñ

,9 37˚C: 2Ʈ˜Ĥ˸,Pŭɺ¾TęĄ,�-80˚C:Èļ,P5Èļ,Pɺ¾@ 20 mM 

Tris-HCl (pH 7.5)�u�V�:ƀǾ,�ʯ˭Ǥ>MOȯȮ,P5ȯȮŭ�65,000 -g: 5åˊ

ŶT.P);:ƺȯȮɺ¾TąOˢ�P51?ŭ�4˚C�100,000 -g: 1Ʈ˜ˊŶ.P);:
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ĈǺŹșåTŰP5ŰNQPĈǺŹșåTđȨ�u�V�(20 mM Tris-HCl (pH 7.4), 200 mM 

NaCl, 1 mM EDTA):Šʄ÷,P 2 mL?W���l�k�_��>Ã,P5_��? 5Ë˖

?đȨ�u�V�:Ǩǫŭ�_��? 3Ë˖?Ǻä�u�V�(20 mM Tris-HCl (pH 7.4), 200 

mM NaCl, 1 mM EDTA, 10 mM maltose):Ǻä,P5Ǻä,Ph��×T Vivaspin:ǿɢ,

ɋʉMBP-PpaA;,P5 

 

2-4 MBP-PpaA?ċȹf����ɗČɮ 
E. coli BL21 (DE3)/pMBP-ppaA?ɓɭƀǾǯ>Ww~j×f����˿ Sigma-Aldrich �̀

�t×f����˿ǁ¯÷ƁŘǊ �̀�y�apf����˿ǁ¯÷ƁŘǊ̀T1Q2QɔǿŤ

30 µM>=PM�>ñP51,9�ċȹf����Tǲñ,Ph��×T1Q2Q 2-3:ȳ,

PMBP-PpaA?ɋʉ;č-ƅ˱:ɓɭȯȮ�ɋʉ,�ɋʉMBP-PpaATŰP51?ŭ�

HITACHI U-2910å××ŤʕTȗ�9ċɋʉMBP-PpaA?đĄl�cx×TǷĿ,�f��

��ɗČɮTʙÅ,P5ċh��×?đĄl�cx×@�BCAǣ>MOǷĿ,Pr��cʫǿ

ŤTÕ> 1 mg/mL?đĄl�cx×;=PM�>~���Ym,P5 

 
2-5 e×j�xWunY 

DNA?��×÷ 

bchC¡Ǫ 298 bp; bchCÝˏ 106bpTĐI 404bp?˳ģT bchC����r�;,9ȗ

�P5bchC����r�@ 5'ƻɀT�^t�÷,P PbchC-F-bio; PbchC-R-bio��Y��

˿Table3-2̀Tȗ�9 PCR:Īş,�Īş,P DNAƣȇTe×Ɖä>MOɋʉ,�)QT�

^t���×÷ DNA;,9êȗ,P5��×÷,9�=� bchC����r�@�^t�÷+

Q9�=� PbchC-F; PbchC-R��Y��Tȗ�9 PCR:Īş,�Īş,P DNAƣȇTe

×Ɖä>MOɋʉ,êȗ,P5DNAǿŤ@ A260?Í!NɆä,P5 

 

DNA-r��cʫɗČăŸ 

ăŸ�u�V�(10 mM Tis-HCl pH7.5, 50 mM KCl, 5 mM MgCl2, 10%Grycerol)> 0.4 

fmol?�^t���×÷ DNATñ��1)>ċɋʉr��cʫTñ�P5ŁǶ: 30åY�a

���x,9 DNA;r��cʫTɗČ+0P5ƫƿ¸:ăŸ+0P;#@ȟɷ×Tȅō,=

"NY�a���x,�Ʋƿ¸:@ƲƄ:Y�a���x,P5ɁČŀ˺:@�˫ ��×÷ bchC

����r�DNAT 75 fmolǲñ,�˫ȉțȠ= DNA?ǲñ@�Pseudomonas aeruginosa 

PAO1?e~� DNAT 20 ngǲñ,P5 

 

˨ǜǦô;ǉä 

˨ǜǦô>@�Table3-3>ȳ,PɕƁ? 5%˫ĭŹ��Wc�×W�ye×Tȗ��Ǧô�

u�V�;,9 0.5- TBE�u�V�˿45 mM Tris, 45 mM borate, 1 mM EDTÀTÁȗ,
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P5100 V: 30å����Tʂ=6Pŭ�Z[×Ch��×TW��Y,P51?ŭ�100 V

: 50åǦô,�zY�������(Hybond N+, GE Healthcare)Cʳß,P5zY����

���C?ʳß@ 380 mA: 30å˜ʂ=6P5ʳßŭ UVTȅō,9 DNATc�l��c

+0�Chemiluminescent Nucleic Acid Detection Module˿Thermo scientific̀TÁȗ,9�

lx��xW�k� HRPTêȗ,P÷ĽȞ×ǣ>MO�^t���×÷ DNATǉä,P5 

 

 

 

 

 

 

 

 

 

 

 
2-6 ppaAȯīǆ?Àʉ 

Áȗ,P��Y��?ːç@ Table 3-2>ȳ,P5ppaAˍ¹ĺ¡Ǫ 1417 bp˿uppaA;.

P̀@��Y��uppaA-F; uppaA-R�ppaAˍ¹ĺ¢Ǫ 1237 bp˿dppaA;.P̀@��Y

��dppaA-F; dppaA-RTȗ�9 PCR>MOĪş,P5Īş,P PCRȖȈ@ pEX18Ap>

c��{�d,9j�c\�lʒǂTʂ�\��"ȕ-9�=�);TȲʜ,P5ċ DNAƣ

ȇTc��{�d,P��l�yTëˠ˒ɑãȒ,�pEX18Ap? KpnI; BamHIhYx>

daapAƣȇ"ƎØ+Q�BamHI; HindIIIhYx> uppaAƣȇ"ƎØ+QP pEXudppaAT

ŰP5pEXudppaA; pPSΩSmrT BamHI:ãȒ,�lx��x�Yj�/l�ct~�Yj

�ɪŹˍ¹ĺT pEXudppaA¡? uppaA; dppaA?˜>ƎØ,�pEXudppaASmTŰP5

pEXudppaASm: E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>MO R. denitrificans˕ȕ

ǆCŏØ,P5ŏØŭ�n�cj�����x:lx��x�Yj�āBl�ct~�Yj�

ɪŹTK7f�{�TąŰ,�cppaA-F; cppaA-R��Y��Tȗ�9 PCR>MO ppaAˍ

¹ĺ"ȯī+Q9�P);TȲʜ,�∆ppaAǆTŰP5 

 

2-7 RD1-1653ȯīǆ?Àʉ 
Áȗ,P��Y��?ːç@ Table3-2>ȳ,P5RD1-1653ˍ¹ĺ¡Ǫ 999 bp˿u1653;

.P̀āB RD1-1653ˍ¹ĺ¢Ǫ 977 bp˿d1653;.P̀@��Y��u1653-F; u1653-R

āB�d1653-F;d1653-RT1Q2Qȗ�9PCR>MOĪş,P5Īş,PPCRȖȈ@pUC18

>c��{�d,9j�c\�lʒǂTʂ�\��"ȕ-9�=�);TȲʜ,P5ċ DNA

Table 3-3. Composition of native polyacrylamide gel for gel mobility shift assay. 

30% Acrylamide Solution (30% T, 3.3% C) 1.67 mL
5× TBE buffer 1 mL
80% Glycerol 312 µL
Distilled water 7 mL
TEMED 7.5 µL
10% APS 75 µL
Total 10 mL
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ƣȇTc��{�d,P��l�yT SacI; EcoRI:ãȒ,�u1653ƣȇT pUCd1653>Ǝ

Ø,9 pUCud1653TŰP5pUCud1653T EcoRI; XbaI:ãȒ, ud1653ƣȇT pEX18Ap

>ƎØ,�pEXud1653TŰP5pEXud1653; pPSΩSmrT SacI:ãȒ,�lx��x�Yj

�āBl�ct~�Yj�ɪŹˍ¹ĺT pEXud1653¡? u1653; d1653?˜>ƎØ,�

pEXud1653SmTŰP5pEXud1653Sm: E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>M

O R. denitrificans˕ȕǆCŏØ,P5ŏØŭ�n�cj�����x:lx��x�Yj�ā

Bl�ct~�Yj�ɪŹTK7f�{�TąŰ,�c1653-F; c1653-R��Y��Tȗ�9

PCR>MO RD1-1653ˍ¹ĺ"ȯī+Q9�P);TȲʜ,�∆1653ǆTŰP5 

 

2-8 ȥʈŀ˺ 
Áȗ,P��Y��?ːç@Table3-2>ȳ,P5ppsRˍ¹ĺ@ ppsR-com-F; ppsR-com-R

��Y��Tȗ�9 PCR:Īş,P5rppoD����r�@ PrpoD1; PrpoD2��Y��T

ȗ�9Īş,P5PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒǂTʂ=��\��

"ȕ-9�=�);TȲʜ,P5c��{�d:ŰNQP��l�yT1Q2Q BamHI;

XbaI:ãȒ,�ppsRˍ¹ĺƣȇT pUCPrpoD2�cr�˿pUC18¡? KpnI; BamHIhY

x> rpoD����r�"ƎØ+QP��l�y ?̀ rpoD����r�¢Ǫ? BamHI; XbaI

hYx>ƎØ,P51?ŭ�KpnI; XbaI:ãȒ.P);: rpoD����r�; ppsRˍ¹

ĺ"ʁČ,PƣȇTŰ9�)QT pRKKMCŏØ,�pRK-ppsRTŰP5pRK-ppsR: E. coli 

S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>MO R. denitrificans ∆ppaAǆCŏØ,P5 

ppaA+ppsRˍ¹ĺ?Īş>@�ppaA-com-F; ppsR-com-R��Y��Tȗ�9 PCR:Ī

ş,P5PCRȖȈ@ pUC18>c��{�d,9j�c\�lʒǂTʂ=��\��"ȕ-9

�=�);TȲʜ,P5c��{�d:ŰNQP��l�yT BamHI; XbaI:ãȒ,�ppsR

ˍ¹ĺƣȇTʡƠ,�pUCPrpoD2�cr�? rpoD����r�¢Ǫ? BamHI; XbaIhY

x>ƎØ,P51?ŭ�KpnI; XbaI:ãȒ.P);: rpoD����r�; ppsRˍ¹ĺ"

ʁČ,PƣȇTŰ9�)QT pRKKMCŏØ,�pRK-ppaAppsRTŰP5pRK-ppaAppsR:

E. coli S17-1TŪʫʳƕ,�1?ŭ�ƓČ¹ˈ>MO R. denitrificans ∆ppaAǆCŏØ,P5 

 

2-9 WiYy; DNP?ūˮ 
100 mL?d�n��×ĤĠ:˕ȕǆ;∆LOV-HKǆTŊƟĪǖƸG:Ʋƿ¸:ĴǜȠ>Ĥ

˸,P51?ŭ�WiYyGP@ DNPTǲñ,�+N>Ʋƿ¸:ĴǜȠ> 1Ʈ˜Ĥ˸Tɛ'

P51Ʈ˜ɖˇ,P;)R:h����dTʂ��RNATƉä,P5WiYy@ɔǿŤ 1 mM

;=PM�>ǲñ,P52.4-k{x��[~�×˿DNP̀@\r~�×>Ǻʒ+0PK?˿100 

mM DNP T̀ɔǿŤ 500 µM>=PM�>ǲñ,P5\r~�×>MPūˮTȲʜ.PPJ>�

DNPǲñŀ˺:@\r~�×T 500 µLǲñ,�čǍ> 1Ʈ˜ɖˇ,P;)R:h����d

Tʂ6PK?Tf�x��×;,P5 
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2-10 ×ČƁɷɑ?Ŀ˖ 
ɂ 2ȿ>ʗʺ,Pƥǣ;č-ƥǣ:ʂ=6P5 

2-11 RNAƉä 
ɂ 2ȿ>ʗʺ,Pƥǣ;č-ƥǣ:ʂ=6P5 

 

2-12 qRT-PCR 
ɂ 2ȿ>ʗʺ,Pƥǣ;č-ƥǣ:ʂ=6P5rpoD@ QrpoD-R; QrpoD-L�bchC@

QbchC-R; QbchC-L�ppsR@ QppsR-R; QppsR-L��Y��T1Q2Qȗ�P5Áȗ,P

��Y��?ːç@ Table 3-2>ȳ,P5rpoD˿ RD1-1794̀@�Zla���dˍ¹ĺ;,9

êȗ,P5 
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Table 3-1. Bacterial strains and plasmids used in the 3rd chapter. 

Strain or plasmid Description or construction Source or reference
Strains
R. denitrificans
OCh114 Wild-type 104
∆LOV-HK OCh114 LOV-HK��ΩSm/Spr 104
∆ppaA OCh114 ppaA��ΩSm/Spr This study
∆1653 OCh114 1653��ΩSm/Spr This study
+ppsR ∆ppaA/pRK-ppaA This study
+����������� ∆ppaA/pRK-ppaAppsR This study
E. coli
JM109 Cloning strain 98

S17-1
For conjugal transfer of plasmids: recA thi pro hasdRM+
RP4:2-Tc:Mu:Km:TnZ 99

BL21 (DE3) Strain used for heterologous expression 100

Plasmids
pUC18 Cloning vector, Ampr 98
pUCPrpoD2 pUC18 KpnI-BamHI site��rpoD promoter, Ampr This study

pRKKM pRK415 Psp1406I site��neo gene from pUC119KM, Tcr-,
Kmr+

104

pRK-ppsR pRKKM��rpoD promoter ppsR fusion This study
pRK-ppaA+ppsR pRKKM��rpoD promoter ppaA and ppsR fusion This study
pEX18Ap Mobilizable suicide vector: Ampr, sucB 103
pPSΩSmr pPS854 EcoRI-EcoRV site ::ΩSm/Spr, Apr 104

pEXdelppaA
pEX18Ap containing upstream of ppaA, ΩSm/Spr and
downstream of ppaA This study

pEXdel1653
pEX18Ap containing upstream of 1653, ΩSm/Spr and
downstream of 1653 This study

pMAL-c5X
Heterologous expression plasmid, maltose binding protein
tag, Ampr New England Biolabs

pET21a (+) Heterologous expression plasmid, His6 tag, Ampr Novagen
pMAL-ppaA pMAL-c5X��ppaA This study
pET-ppsR pET21a (+)��ppsR This study
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Name Sequence 5'→3'
ppsR-F TACGGTACCCATATGACAACCGGCGGAAATACCTT

ppsR-R GTAGGATCCCTCGAGACCGTTTTTGTTGAGGAGTC

nde-del-ppsR-F TCGGGTCACATGCGCATCTATGC

nde-del-ppsR-R TAGATGCGCATGTGACCCGACCG

MBP-ppaA-F TACGAATTCCATATGTCGACGGATGATCAAACAGA

MBP-ppaA-R CAGTAGGATCCCGGTTGTCATGAAGTGCTTG

uppaA-F GGAAGCTTATTTCTCGGTCATACG

uppaA-R ATCGGGATCCAAGTGTTTCTTGC

dppaA-F AGGGATCCCAATACAATACAGGTTG

dppaA-R TCAGGTACCAGTTTGGTGGCATAG

cppaA-F GATGTTTTGGCAYCGACAG

cppaA-R CCACAGCTTCTTCTGCAAC

u1653-F TAACTGAATTCGAAAAACACACCGGTCACGC

u1653-R GATAAGAGCTCCAGCGCCATTGTTGTCCAC

d1653-F GATAAGAGCTCGCTCATCCGAGGCGTCATAA

d1653-R TAACTTCTAGACGAAGGTGTCTACAAGGCGA

c1653-F AGGATCACATTGAGGGCGG

c1653-R GGCGACTGCGCGAGATGT

ppsR-com-F AGTGGATCCTGAAATACGTCAATTCACCAAG

ppsR-com-R AGTTCTAGAAAGGGCCAGGACTGCGTC

ppaA-com-F AGTGGATCCAGGTGAAGGGTCGTTAGGAA

PrpoD1 AGAGGTACCAAAGCTCAGTGCAAC
PrpoD2 GATGGATCCTGATGTACCCCTTC
PbchC-F-bio AGTGTTCAATCTCGACCACAA
PbchC-R-bio GGGGATGTGTATTTCGCCTT 
QrpoD-R GTTCGCCTCTACCATTTCCTTCT

QrpoD-L GCCAATACGTGGGTCTCGAT

QbchC-R ACAGACCAAAGGCACCGTCA

QbchC-L CGAGGTGGTTGAGGCTGACA

QppsR-R GGCCAGCGTTGCATTCATCA

QppsR-L TCTTGGGCCTGAATGCGGAT

Table 3-2. Primers used in the 3rd chapter. 
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ɂ 3Ɉ7ɗǃ� 
 

3-1 PpsR? DNAɗČɮ> 'P LOV-HK?ūˮ 
ɂ 2ȿ:�LOV-HK@��˓���;@ț=PǍť:jdz×¹ˈ,×ČƁëű>˝S6

9�P);"ƔǷ+QP5ĈɮŹ?�7;,9×ČƁ˝ˀˍ¹ĺ?���uh�:9P PpsR

;ȥ­Àȗ,�PpsR? DNAɗČɮTʡɈ,9�P);"ɨ�NQP51):�e×j�xW

unY>MO LOV-HK" PpsR? DNAɗČɮ>āF.ūˮTʡDP5 

G/�OCh114ǆ? PpsR"×ČƁ˝ˀˍ¹ĺ?����r�˳ģ>ɗČ.P?!ʡDPP

J�OCh114ǆ? PpsRT Cƻɀ> HisrdTʁČ+0�İɰɺ:țȹȞȐ�ɋʉ,�×ČƁ

˝ˀˍ¹ĺ?�7:9P bchC����r�˳ģC?ɗČTʡDP5Fig. 3-2A@ PpsR? bchC

����r�˳ģC?ɗČ?ɁČ˟łŀ˺Tȳ,9�P5PpsRTǲñ.P);:��y?j�

x"Ȳʜ:#P5GP�˫ ��×÷����Tǲñ.P;j�x,P��y"Ǵő,P5�ƥ�

˫ȉțȠ= DNA:9P P. aeruginosa PAO1?e~� DNATǲñ,9Kj�x,P��y?

Ǵő@ʍNQ=!6P5¶¡?ɗǃMO�OCh114ǆ? PpsR@ bchC����r�˳ģ>ȉ

țȠ>ɗČ.P);"ȳ+QP5 

ǒ>�LOV-HK" PpsR? DNAɗČɮ>ūˮT¤�P?!TʡDPPJ�ɋʉ LOV-HK

GP@ LOV-HK-C69ATăŸǯ?§>ñ����y?j�x>ĭ÷"ʍNQP!ʡDP˿Fig. 

3-2B 5̀K,�LOV-HK" PpsR;ȥ­Àȗ,�PpsR? DNAɗČɮ>ūˮT¤�P?:9Q

A�LOV-HK?ǲñ>MOj�x,P��y?Ǵő;�6P�PpsR; DNA?ʊČ¾?��

y>ĭ÷"ʍNQP;«Ż+QP5PpsR>Ŋ,9ɏ 2.7Ë�5.3Ë˖? LOV-HKTñ�P"�

Ʋƿ¸;ƫƿ¸?<5N:K��y?j�x>ĭ÷@ʍNQ/�LOV-HK; PpsR?ȥ­Àȗ

@Ȳʜ:#=!6P5 
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3-2 RD1-1653; ppaA?Ǒɮʒǂ 

3-2-1 RD1-1653ȯīǆ?Àʉ;ʒǂ  

R. sphaeroides? AppA@ 450W�~˓!N=O�NƻɀÏ> BLUFy�Y�"9O�C

ƻɀÏ>@jlvY��ut=˳ģ"ʍNQP?>Ŋ,9�RD1-1653@ 131W�~˓!N=

PǙʴȠŐ+�r��cʫTf�y.Pˍ¹ĺ:9O�BLUFy�Y�?H"ʍNQP5 

RD1-1653?ȯī@ȥčɕƕ�>MOʂ��RD1-1653?ˏå" Sm/SpɪŹˍ¹ĺ;=6P

ȯīǆTÀʉ,P5RD1-1653"ȯī+Q9�P);@ PCR>MOȲʜ,P5˕ȕǆ:@ 0.5 

kbp? PCRȖȈ"HNQ�K,�RD1-phyR"ȯī+Q9�QA�1?��y" 2 kbp>j�

x.P@/:9P5ȯīÌʈǆ: PCRTʂ=69Ȳʜ,P;)R�2 kbp>��y"Ȳʜ:#

PPJ�)?ǆT 1653ȯīǆ˿∆1653ǆ);,P˿Fig. 3-3 5̀ 

  

2.7�
1.9�
1.5�
0.9�
0.4�

kbp�

Marker�WT�∆1653�

Wild type�

∆1653�
Sm/Spr�

RD1-1653 

(A)�

RD1-1652 RD1-1654 

(B)�

Figure 3-2. Gel mobility shift assay with PpsR-His. (A) A competition experiment was performed. 

Biotin-labeled bchC promoter region was used as probe. Genomic DNA of Pseudomonas 

aeruginosa PAO1 (unrelated DNA) and unlabeled bchC promoter DNA were used as competitors. 

PpsR-His concentration was 50 nM. (B) LOV-HK and LOV-HK-C69A were added. In light condition, 

the sample was exposed to light during incubation with DNA probe. �

Figure 3-3. Construction of  ∆1653. (A) Diagram showing chromosomal position of RD1-1653. (B)  

Diagnostic PCR of RD1-1653 deletion.�

PpsR-His�
labeled probe�
unlabeled probe�
unrelated DNA�

+� +� +�-�
+� +� +�+�
-� +� -�-�
-� -� +�-�
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RD1-1653"×ČƁëű?jdz×¹ˈ>˝S69�P?!TʡDPPJ��1653ǆ?Ʋƿ

¸;˩ɷ×ƿ¸:Ĥ˸,P;#?×ČƁɷɑȕȖāB×ČƁ˝ˀˍ¹ĺ:9P bchC?ʳß�

�×TǷĿ,�˕ȕǆ;Ǚʴ,P5 

�1653ǆ@Ʋƿ¸:˕ȕǆ;čȸŤ?�cv�^c���X×;_�v~YyTȕȖ,�1

?ȕȖ@˩ɷ×:Ɔë+QP˿Fig. 3-4 5̀GP�bchCʳß��×KƲƿ¸;˩ɷ×ƿ¸?<5

N:K˕ȕǆ;čȸŤ:96P˿Fig. 3-5 5̀)QN?ɗǃ!N�RD1-1653@×ČƁ˝ˀˍ¹

ĺ?ëű>@˝S69�=�);"ƔǷ+QP5 
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Figure 3-4. Photopigments production in wild-type and ∆1653 strains. (A) The 

spectrophotometric determination of the photopigments. The wild-type and ∆1653 strains were 

cultivated aerobically in 100 ml of glycerol medium under dark or blue-light conditions. The cells 

were collected in late log phase and the pigments were extracted. The absorption spectra of the 

extracts were measured. The curves represent the mean of three independent experiments. (B) 

Quantitative determination of bacteriochlorophyll and carotenoid contents in the cells grown 

under dark condition. Bacteriochlorophyll and carotenoid contents were calculated from the 

absorption coefficients as described in materials and methods. Data are means of three 

independent experiments. Error bars indicate standard deviation from the means.�
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3-2-2 ppaAȯīǆ?Àʉ;ʒǂ 

ȥčɕƕ�>MO ppaA?ˏå" Sm/SpɪŹˍ¹ĺ;=6PȯīǆTÀʉ,P5ppaA"ȯ

ī+Q9�P);@ PCR>MOȲʜ,P5˕ȕǆ:@ 0.7 kbp? PCRȖȈ"HNQ�K,�

ppaA"ȯī+Q9�QA�1?��y" 2.2 kbp>j�x.P@/:9P5ȯīÌʈǆ: PCR

Tʂ=69Ȳʜ,P;)R�2.2 kbp>��y"Ȳʜ:#PPJ�)?ǆT ppaAȯīǆ˿ ∆ppaA

ǆ);,P˿Fig. 3-6B 5̀ 

ppaA@į%?ɐɷ×ČƁɓɺ? PGCÝ: ppsR?¡Ǫ>¼ɤ,9�P5Fig.3-6A>ȳ.

M�>�OCh114ǆ:K ppaA@���uh�:9P ppsR?¡Ǫ>¼ɤ,9�P5ppaA?ȯ

ī" ppsR?ʳß>ūˮT¤�PĈɮŹ"96PPJ�∆ppaAǆ? ppsRʳß��×TǷĿ,�

˕ȕǆ;Ǚʴ,P51?ɗǃ�∆ppaAǆ:@ ppsR?ʳß��×"˕ȕǆ? 20å? 1ȸŤG

:Ǵő,�ppaA?ȯī>MO�ppsR?ʳß��×>ūˮ":9,G6P˿Fig. 3-6C 5̀ppaA

ȯī;#>ƎØ,PƇȕȈʫɪŹˍ¹ĺ>@¥ƻɀ> FRTːçTƎØ,9�PPJ�Flp-FRT

ɕƕ�jlv�>MOƇȕȈʫɪŹˍ¹ĺ?ˢĀTʚHP5,!,�FLPˍ¹ĺTĐI��l

�yT∆ppaAǆ>ŏØ,9K�ƇȕȈʫɪŹˍ¹ĺ@ˢĀ+Q/�ƎØ+QPGG46P5Ƽ

ɺ:@ FLP>MPɕƕ�?˴Ť"½�ĈɮŹTɨ�9��{j��lc��{�d>MO�Ƈ

ȕȈʫɪŹˍ¹ĺˢĀǆ?ąŰTʚHP"�ąŰ:#=!6P5GP�FLPˍ¹ĺTĐI��

l�yTÀʉ,P;#>�ɪŹˍ¹ĺˢĀŭ>��l�yTɯɼ+0PPJ>����lc�
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Figure 3-5. Quantitative RT-PCR showing the relative expression level of bchC in 

wild-type strain and ∆1653 strain under dark or blue-light conditions. The strains 

were grown in glycerol medium aerobically. Total RNA was extracted from early 

log phase (OD600=0.6-1.6) cultures. rpoD gene was used as a normalizer. Data 

are means of three independent experiments. Error bars indicate standard 

deviation from the means.�
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lǲñ>MP_Z�r�n�cj��":#P?!KȲʜ,P51?ɗǃ���l�yTÈƌ

,9�Pǆ:Klc��l"ǲñ+QPĤĠ:ȕɫ.P);"Ȳʜ+Q�Ƽɺ:@ sacB>MP

_Z�r�n�cj��@ʂ�=�);"ȳĖ+QP5 

ȐǗˣ:@�OCh114ǆ: FLP>MPƇȕȈʫɪŹˍ¹ĺ?ˢĀL_Z�r�n�cj�

�":#=�);!N�Ƽɺ:��_��lȯīǆTÀʉ.P);@Ĝ˧:9P;ɨ�NQP5

1):�∆ppaAǆ> ppsRTȥʈ,Pǆ˿+ppsRǆ̀āB�ppaA; ppsRT¥ƥȥʈ,Pǆ

˿+̃ ppaA-ppsR ǆ̄ T̀ąŰ,�1QNTȗ�9ċǆ˜:? bchCʳß��×TǙʴ,P˿ Fig. 

3-7 5̀∆ppaAǆ:@ bchC?ʳß��×@˕ȕǆ;ǙD9˻�Ðď>96P5)?¡ƪ@ ppsR

?ʳß��×"Ǵő,Ɔë"+Q=%=6P);"ÿĚ:9P;ɨ�NQP5+ppsRǆ@

∆ppaAǆ; bchC?ʳß��×@İ#%ĭSN=!6P5�ƥ:�+̃ ppaA-ppsR ǆ̄:@+ppsR

ǆ;ǙD9 bchCʳß��×"½�Ðď"ʍNQP5)QN?ɗǃ!N�Ƽɺ:@ PpaA@ PpsR

>MP×ČƁ˝ˀˍ¹ĺ?ʳßƆëTʈò.Pf���uh�;,9Ǒɮ,9�P);"ȳĖ
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Figure 3-6. Construction of ∆ppaA. (A) Diagram showing chromosomal 

position of ppaA. (B) Diagnostic PCR of ppaA deletion. (C) qRT-PCR 

showing the relative expression level of ppsR in wild-type strain and ∆ppaA 

strain. Data are means of three independent experiments. Error bars indicate 

standard deviation from the means.�
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3-3 PpsR; PpaA?ȥ­Àȗʒǂ 

3-3-1 MBP-PpaA?f����ɗČɮ 

R. capsulatus? AerR˿PpaA���d̀@Ww~j×f����L�t×f����;@

ɗČ,=�"�Ww~j×f����"×ñǝåʒ.P);>M69ȕ-P�y�apf��

��;ɗČ, PpsR;ȥ­Àȗ.P;ĦĒ"9P(42)51):�OCh114ǆ? PpaA?Ww~j

×f����˿Ado �̀�y�apf����˿OH �̀�t×f����˿Mè>Ŋ.PɗČ

ɮTʡDP5ċȹf����TMBP-PpaATȞȐ+0Pİɰɺ?ɓɭƀǾǯ>ǲñ,�ɋʉ,

Pr��cʫ?đĄl�cx×TǷĿ,P˿Fig. 3-8B 5̀˫ǲñƿ¸˿noǹ:@ 300-600 nm

?˜>@đĄ@ʍNQ=!6P"�ċȹf����Tǲñ,�ɋʉ,Ph��×:@�Ado�

OH�Me?Ù9?h��×: 350-400 nm; 550 nm´ʹ>f����Șǀ?đĄ"HNQP5

OCh114ǆ? PpaA@�y�apf����>ñ�9�Ww~j×f����;�t×f��

��;KɗČ:#P);"ȳ+QP5 
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Figure 3-7. Quantitative RT-PCR showing the relative expression level of bchC 

in wild-type strain, ∆ppaA ,+ppaA and +̃ppaA-ppsR̄strains under the dark 

condition. The strains were grown in glycerol medium aerobically. Total RNA 

was extracted from early log phase (OD600=0.6-1.6) cultures. rpoD gene was 

used as a normalizer. Data are means of three independent experiments. Error 

bars indicate standard deviation from the means.�
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Figure 3-8 (A) Structures of cobalamin derivatives(6). 

 (B) Absorption spectra of MBP-PpaA treated with various forms of cobalamin. 

Different forms of cobalamin were added to E. coli cell lysate in which MBP-PpaA was 

overexpressed, and then MBP-PpaA was purified with amylose resin. 
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3-3-2 MBP-PpaA, LOV-HK-HisǱČƿ¸:? PpsR?e×j�xWunY 

ȥʈŀ˺?ɗǃ!N�OCh114ǆ? PpaA@ PpsR?f���uh�:9P);"ȳĖ+Q

P5�ƥ:�R. capsulatus:@ PpaA@ PpsR?W�t���uh�:9P;ĦĒ"9P��

y�apf����?ɗČ,P PpaA" PpsR;ȥ­Àȗ.P);"�×sZ�WunY>M

Oȳ+Q�GP�DNaseI�ux���xǣ>MPŀ˺>MO�PpaA" PpsR? DNAɗČ>

˟łȠ>Ò%);"ȳ+QP(42)51):�MBP-PpaA�PpsR-His;Ǎ�=f����Tǲñ

,Pƿ¸:e×j�xWunYTʂ��DNA-r��cʫʊČ¾?ʒǂTʂ=6P5 

K,�PpaA" PpsR;ȥ­Àȗ.P;,PN�PpaATǲñ.P);: PpsR; PpaA"

ʊČ¾TŪƁ,ȷôŤ?ț=P��y"ǉä+QP�K,%@�PpaA" PpsR? DNAɗČɮ

T½¢+0˄˦? DNA"Īñ.P);"«Ż+QP5ċȹf����û¾?ǲñ@ PpsR?

DNAɗČ>ūˮT¤�=!6P˿Fig. 3-9AřÏ 5̀GP�MBP-PpaA;ċȹf����Tǲ

ñ,9Kj�x,P��y@ PpsR-His?H?;#;čǍ:9O�̄ �@ʍNQ=!6P˿ Fig. 

3-9AĊÏ 5̀PpaA>´¤+Q9�PMBPrd" PpsR;?ȥ­ÀȗTĶ(9�PĈɮŹ"ɨ

�NQPPJ�MBP-PpaA?MBPT Factor Xa��vW�oãȒTʂ�);:ˢĀ,�čǍ

>e×j�xWunYTʚHP5,!,�MBPrdTˢ�P PpaA@â˥,L.%�ɗǃTŰ

P);":#=!6P˿ data not shown 5̀¶¡?ɗǃMO�e×j�xWunY:@�OCh114

ǆ? PpaA; PpsR?¬ɩTǱČ,Pƿ¸> �9�PpaA" PpsR;ȤƓȥ­Àȗ.P);T

ȳĖ.Pɗǃ@ŰNQ=!6P5 

PpaA; PpsR?¬ɩ?ǱČ:@�PpsR; DNA?ɗČɮLʊČȊž>ĭ÷@ʍNQ=!6

P51):�OCh114ǆ:×ČƁëű>˝S69�PĚĺ?�7:9P LOV-HKT+N>ǲñ

.P);:�PpsR? DNAɗČɮ"ĭ÷.PĈɮŹ>7�9ǉʖ,P5MBP-PpaA;ċȹf

����>ñ�9�LOV-HK-HisTăŸǯ>ǲñ,e×j�xWunYʒǂTʂ=6P˿Fig. 

3-9B 5̀LOV-HKTǲñ,9K��y?j�x>ĭ÷@ʍNQ/�PpaA; LOV-HKTǱČ,

9K PpsR? DNAɗČɮGP@ʊČ¾Ȋž>ˉ�@ʍNQ=!6P5 
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Figure 3-9. Gel mobility shift assay with PpsR-His. (A) MBP-PpaA and various cobalamin 

derivatives were added to the binding reaction mixtures. Biotin-labeled bchC promoter 

region was used as probe. PpsR-His and MBP-PpaA concentrations were 50 nM and 400 

nM, respectively. The concentrations of the cobalamin derivatives concentration were 30 

µM. (B) MBP-PpaA, the cobalamin derivatives and LOV-HK-His were added to the 

binding reaction mixtures. Biotin-labeled bchC promoter region was used as probe. 

PpsR-His concentration was 50 nM. MBP-PpaA and LOV-HK-His concentration was 200 

nM. Various cobalamin derivatives concentration was 30 µM. �
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3-4  NaN3āB DNPǲñŭ?×ČƁ˝ˀˍ¹ĺ?ʳßĭô 
3-4-1 NaN3ǲñ?ūˮ 

ɂ 2ȿ?ŀ˺:�Ĵǜƿ¸:˩ɷ×Tȅō.P;×ČƁ˝ˀˍ¹ĺ?ȞȐ?Ɔë"HNQP

"�˨ĺĆń¾?=�Ĺǜƿ¸:@˩ɷ×Tȅō,9KƆë"ʍNQ=�);"ʐŉ+QP5

)?ɗǃ!N�×ČƁ˝ˀˍ¹ĺ?ȞȐ?Ɔëʒˢ>@ɓɭÝ?˓÷ˎÕȊž"İ#%ūˮ,

9�PĈɮŹ"ɨ�NQP51):�ƻɀ˓÷˒ɑ˟łí:9P NaN3?ǲñ�GP@�˨ĺ

¹ˈɎ@˟ł,=�"���x�õːTʒǮ.PÀȗTƌ7ɯÚŬí˿ 2,4-k{x��[~�×, 

DNP̀?ǲñ>MP×ČƁ˝ˀˍ¹ĺ?ʳß��×?ĭôT qRT-PCR>MOʡDP5 

˕ȕǆ>ñ�9�×ČƁ˝ˀˍ¹ĺ?ȞȐ"Ɔë+Q9�P�LOV-HKǆTȗ��Ʋƿ¸:

ĴǜȠ>Ĥ˸,�ŊƟĪǖƸ: NaN3Tǲñ, bchCʳß��×?ĭ÷TʡDP5Table 3-4@

3ˀå?˕ȕǆāB∆LOV-HKǆ?NaN3ǲñì;ǲñ,9 1Ʈ˜ŭ? bchC?ȥŊʳß��×

;�]�×yt[�kTȳ,9�P5Í>AN7#@ʍNQPPJŠġÍ:@ȳ+=!6P5

˕ȕǆ;∆LOV-HKǆ?<5N:K NaN3Tǲñ.P);: bchCʳß��×?¡ƪ"ʍNQ�

˕ȕǆ:@ 1.7-7.5Ë�∆LOV-HKǆ:@ 7.1-81Ë>Īñ,P5GP�∆LOV-HKǆ? NaN3

ǲñŭ?ȥŊʳß��×@˕ȕǆ;čȸŤ:96P5 

NaN3?ǲñ>MP bchCʳß��×"Īñ,9�P);!N�NaN3" PpsR>ȤƓÀȗ,

Ɔë"ʒˢ+QPĈɮŹ"ɨ�NQP51):�e×j�xWunY>MO NaN3" PpsR?

bchC����r�C?ɗČT˟ł.P?!ʡDP51?ɗǃ�NaN3Tǲñ,9KPpsR?DNA

ɗČɮ@ĭ÷,=�);"ȳĖ+QP˿Fig. 3-10 5̀ 

)QN?ɗǃMO�NaN3ǲñ>MP×ČƁ˝ˀˍ¹ĺ?ȞȐƆë?ʒˢ@�NaN3Tǲñ

,P);>MOɓɭÝ:ʮ#P¬ǒȠ=ĭ÷>º69ʝŏ+QP;ɨ�NQP5GP�1?Ɔ

ëʒˢ@∆LOV-HKǆ:KčǍ>ʝŏ+Q9�PƔǷ+QP5 

 

 

 

 

 

Table 3-4. Effect of NaN3 on expression of bchC �

�� Relative transcript level Fold-change 
�� -NaN3 +NaN3 
WT-1 0.62 2.48 4.0 
WT-2 0.64 1.09 1.7 
WT-3 0.64 4.78 7.5 
∆LOV-HK-1 0.07 5.95 81 
∆LOV-HK-2 0.14 3.12 23 
∆LOV-HK-3 0.22 1.53 7.1 

Relative transcript level shows the values 
normalized to expression level of rpoD. 
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3-4-2 DNPǲñ?ūˮ 

NaN3?ǲñ>MO bchCʳß��×?¡ƪ"ʍNQ�1Q@���uh�>ȤƓÀȗ,9

ʮ#PK?:@=�);"ȳĖ+QP5NaN3?ǲñ>MOɓɭÝ:ʮ#Pĭ÷;,9�˨ ĺ¹

ˈɎ"ǓGO���x�õː"Ǵő.P);"ɨ�NQ���x�õː?Ǵő"×ČƁ˝ˀˍ

¹ĺ?ȞȐÇˁ?jdz×;=69�PĈɮŹ"ɨ�NQP51):�˨ ĺ¹ˈɎ@˟ł0/�

��x�õːTʒǮ.PÀȗ?9PɯÚŬíTǲñ,P;#? bchCʳß��×?ĭ÷TʡD

P5ɯÚŬí;,9@ DNPTȗ�P5Fig. 3-11A@˕ȕǆ?ǲñì? bchCʳß��×T̂;

,PȥŊʳß��×Tȳ,�Fig. 3-11B@˕ȕǆ;∆LOV-HKǆ?1Q2Q> �9�ǲñì

? bchCʳß��×T 1;,PƮ?�]�×yt[�kTȳ,9�P5̞ ȕǆ:@ DNPTǲñ

,9K bchC?ʳß��×>ĭ÷@ʍNQ=!6P5�ƥ:�∆LOV-HKǆ:@ DNPTǲñ.

P);: 2.8Ë¡ƪ,P5,!,�1?ȥŊʳß��×@˕ȕǆ;ǙDP;ɏ 5å? 1:96

P5×ČƁ˝ˀˍ¹ĺ?ȞȐ> �9�ɯÚŬí?ǲñ@˕ȕǆ:@ūˮ"ʍNQ=�"�

∆LOV-HKǆ:@ŧ%Çˁ.P);"ȳĖ+QP5 
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Figure 3-10. Effect of NaN3 on DNA binding activity of PpsR. Gel mobility shift assay with 

PpsR-His was performed. 1 mM NaN3 was added to binding reaction mixtures.�
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Figure 3-11. Effect of DNP on expression of bchC. (A) Relative transcript level 

of bchC in wild-type and ∆LOV-HK after ethanol or DNP was added. After DNP 

was added to cultures, the samples were cultivated aerobically under dark 

condition for 1 hour. In control samples, ethanol was added instead of DNP. 

Transcription level of bchC was analyzed by qRT-PCR. rpoD gene was used 

as a normalizer. Data are means of three independent experiments. Error bars 

indicate standard deviation from the means.�

 (B) Fold change in comparison with the transcription level of before addition. 

Fold-change was caluculated from the data of panel A. Data are means of 

three independent experiments. Error bars indicate standard deviation from 

the means.�
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ɂ 4Ɉ7ɨŉ� 

Ƽȿ:@OCh114ǆ?×ČƁƆë?ʒˢǑǌ?ƒɒTʂ=6P5ĹǜŹ×ČƁɓɺ:@�PpsR

?W�t���uh�"ļğ,�1Q" PpsR;ȥ­Àȗ.P);:�PpsR>MP×ČƁ˝ˀ

ˍ¹ĺ?ʳßƆëTʒˢ.P5OCh114ǆ:K PpsR?W�t���uh�;=Pr��cʫ"

ļğ,Ɔëʒˢ>˝¤,9�P?:@=�!;ɨ��LOV-HK�RD1-1653�PpaA? 37T PpsR

?W�t���uh�Ìʈ;,99(�PpsR;?ȥ­ÀȗLȯīǆTÀʉ,×ČƁëű;?˝

SOTʡDP5 

�LOV-HKǆ:@×ČƁ˝ˀˍ¹ĺ?ȞȐ��×"Ĵǜ�Ʋƿ¸:@˕ȕǆ;ǙD9½�);�

ɂ 2ȿ:ʺDPM�> LOV-HK"��˓���;@ț=PŪ:×ČƁëű>˝S69�PĈɮ

Ź"˻�);!N�LOV-HK"PpsR?W�t���uh�:9PĈɮŹ"ɨ�NQP51):�

e×j�xWunY>MO LOV-HK" PpsR? DNAɗČɮ>āF.ūˮTʡDP5LOV-HK

Tǲñ,9K PpsR? DNAɗČ>ĭ÷@ʍNQ/�LOV-HK; PpsR?ʊČ¾KȲʜ+Q=!

6P5GP�∆LOV-HKǆ> NaN3Tǲñ.P);:�˕ȕǆ;čȸŤG: bchCʳß��×?

¡ƪ"ʍNQ�)Q@ LOV-HK"=�Ȋž:K×ČƁ˝ˀˍ¹ĺ?ȞȐƆë"ʒˢ+Q�P)

;Tȳ,9�P5)QN?ɗǃMO�LOV-HK"ȤƓ PpsR;ȥ­Àȗ,W�t���uh�;

,9Ǒɮ.PĈɮŹ@½�);"Ũ%ȳĖ+QP5 

RD1-1653@ R. sphaedoides> �9 PpsR?W�t���uh�;,9Ǒɮ.P AppA>

ʍNQP BLUFy�Y�Tƌ7;«Ż+QPˍ¹ĺ:9P5∆1653ǆ@Ʋƿ¸�˩ ɷ×ƿ¸?<

5NK˕ȕǆ;čɃ?×ČƁɷɑȕȖ"ʍNQ�GP�bchCʳß��×Kč��×:96P)

;!N�RD1-1653@×ČƁëű>@˝Æ=�);"ȳ+QP5AppA@ Nƻɀ> BLUFy�Y

�Tƌ5�Cƻɀ>jlvY��ut=˳ģTƌ5�AppA? PpsR;?ɗČ@ CƻɀÏ?˳ģ

:ʮ)O�BLUFy�Y�@1?ȥ­ÀȗTʡɈ.P;ĦĒ"9P(86, 87)5RD1-1653@ BLUF

y�Y�?H!N=O�AppA? Cƻɀ;ȥč=˳ģ@ļğ,=�51?PJ�RD1-1653@ PpsR

;ȥ­Àȗ.P˳ģTƌP=�;«Ż+Q�ȯī,9K×ČƁëű>ūˮ"ʍNQ=!6Pɗǃ

@ĵũ:9P;ɨ�NQP5 

Ƽȿ: OCh114ǆ? PpaA?f����ɗČɮTʡDPɗǃ�ĹǜŹ×ČƁɓɺ:9P R. 

capsulatusLR. sphaeroides?AerRGP@ PpaA@�y�apf����>;,!ɗČ,=�

?>Ŋ,9(42, 43)�OCh114ǆ? PpaA@��y�apf����>ñ�9Ww~j×f��

��L�t×f����;KɗČɮTK7);"ȳ+QP5)?Ǎ�=f����C?ɗČɮ@

³?ĴǜŹ×ČƁɓɺ? PpaA:KʍNQ9�Pȉŵ:96P(43)5∆ppaAǆ?ȥʈŀ˺!N

OCh114ǆ:@ PpaA@ PpsR?f���uh�;,9Ǒɮ,×ČƁ˝ˀˍ¹ĺ?ȞȐ?Ɔë>

˝SP);"ȳĖ+QP51):�ċȹf����ļğ¢:? PpaA; PpsR?ȥ­ÀȗTe×

j�xWunY>MOʒǂ,P"�ċȹf����ǲñƿ¸GP@˫ǲñƿ¸?<?ƿ¸:K

PpaA; PpsR?ȥ­Àȗ@Ȳʜ:#=!6P5 

Ȑğ�PpaAGP@ AerR?×ČƁëű> 'PǑɮ?ĦĒ@Ǎ�9O�×ČƁ?ÇˁĚĺ;
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ƆëĚĺ?<5N?ǑɮKĦĒ+Q9�P5R. sphaeroides; Rhodospirillum centenum:@�

PpaAGP@ AerR?ȯīǆLˇîȞȐǆ?×ČƁɷɑȕȖŹL×ČƁ˝ˀˍ¹ĺ?����r

�ǩŹ?ʒǂ?ɗǃ!N�PpaAGP@AerR@Ĵǜƿ¸> 'P×ČƁ?ȞȐ?Çˁ>˝SO�

R. centenum:@Ĺǜƿ¸> �9@Ɔë>˝SP;ĦĒ+QP(88, 89)5�ƥ�R. capsualtus

:@�aerRȯīǆ?ʒǂ!N�Ĵǜƿ¸:@×ČƁ˝ˀˍ¹ĺ?ȞȐ?Ɔë>˝¤.P);"ȳ

Ė+QP(90)5Ĺǜƿ¸:@�ȯīǆ?ʒǂ!N×ČƁ˝ˀˍ¹ĺ?ȞȐÇˁ>˝SP);"ȳ

Ė+Q�in vitro?ŀ˺: AerR"�y�apf����;ɗČ,�CrtJ˿PpsR���d̀?

DNAɗČT˟ł.P);"ȳ+QP(42, 90)5AerRGP@ PpaA@Ĵǜƿ¸!Ĺǜƿ¸!:�

Ǒɮ"ț=PĦĒ"įƟ+Q9 O��yucln�h�;,9?ǑɮKƌ7?:@=�!;ɨ

�NQP5f����>ĐGQPf�×x@�+1Å!N +3ÅG:?˓÷ȊžT;P);":#�

PpaA@ɓɭÝ?�yuclȊž>ŸɄ.P�v�j�×TK7;ɨ�NQP5ƼȭȻ:@+3Å

?f����Tǲñ,Pŀ˺?H:9O�˓÷ˎÕȊž?ț=Pf����Tȗ�Pŀ˺@ʂ6

9 N/�PpaA?�yuclȊž>ȃȁTũ9Pŀ˺@ʂ69�=�5GP�ƴʹ?ȭȻ:�

R. capsualtus ? AerR@ 2ɅƄ?ɧʘ˛ķȁTƌ5�ȕ¾Ý:@Ő+� AerR˿ SAerR̀;İ#

� AerR˿LAerR̀? 27?WYp�]��"ļğ,�SAerR@×ČƁTƆë,�LAerR@×Č

Ɓ?Çˁ>˝¤.P;ĦĒ+QP(91)5GP�OCh114ǆ? PpaA@ĹǜŹ×ČƁɓɺ? PpaA

:@ʍNQ=��Ǎ�=f����;?ɗČɮTȳ,P"�¡ʺ,P R. capuslatus? SAerR;

LAerR:@f����>Ŋ.PɗČɮKĭ÷,�LAerR@�y�apf����;,!ɗČT

ȳ+=�?>Ŋ,9�SAerR@Ww~j×f����L�t×f����;KɗČTȳ,P(91)5

)?);!N�f����ɗČɮ?ˉ�K PpaA?Ǒɮ> �9˔ʌ=Ěĺ:@=�!;ɨ�N

QP5±ŭ@�f����ɗČɮ;1?˓÷ˎÕȊž>Ȩȣ,PǑɮʒǂTʂ�);:�PpaA

;×ČƁëű;?˝SO"ƫN!>=69�%;ɨ�NQP5 

˨ĺ¹ˈɎ?ƻɀ˓÷˒ɑ˟łí:9P NaN3?ǲñ:×ČƁ˝ˀˍ¹ĺ?ȞȐ"Çˁ+Q

P˿Table 3-4 5̀NaN3?ǲñ>MO��x�õː?Ǵő"Ǵő,×ČƁ˝ˀˍ¹ĺ?ȞȐ"Ç

ˁ+QPĈɮŹ"ɨ�NQP"�DNPTǲñ,9Kˉ�"ʍNQ=!6P);!N���x�

õː?Ǵő@×ČƁ˝ˀˍ¹ĺ?ȞȐ?Çˁ>@˝Æ=�);"ȳĖ+QP5NaN3Tñ�P)

;:ƻɀ˓÷˒ɑ"˟ł+Q�˨ĺ¹ˈɎ"ˎÕȠ>=6P);"Çˁ?ʌĚ:9P;ɨ�NQ

P5ĹǜŹ×ČƁɓɺ:9P R. sphaeroides:@ƻɀ˓÷˒ɑ?�7:9P cbb3Ģjxc�� c

^ajs�oTȯī,Pǆ:@Ĵǜƿ¸:K×ČƁ˝ˀˍ¹ĺ?ȞȐ"Çˁ+QP);"ĦĒ

+Q�)Q@ˍ¹ĺȯī:ȕ-Pɓɭɱ?˓÷ˎÕȊž?ĭ÷>MPK?:9P;ƔǷ+Q9�

P(92)5OCh114ǆ:K×ČƁ˝ˀˍ¹ĺ?ȞȐ@ɓɭ?˓÷ˎÕȊž:ëű+Q9�P);"

ȳĖ+QP5ĹǜŹ×ČƁɓɺ:@�yucl�b���r�:9P RegB/ RegA"×ČƁëű

>˝S69�P(93)5OCh114ǆ?e~�¡>K regB/ regA;ȥč=ˍ¹ĺ"ļğ,�ˇĀ>

regAȯīǆ"Àʉ+QP"�×ČƁëű>ūˮ@ʍNQ=!6P(102 5̀)?);!N�OCh114

ǆ>@ƺȪ?×ČƁëű>˝SP�yucl�b���r�"ļğ,9�P);"ƔǷ+QP5 



 67 

ɂ 4ȿ� ɟƋ;ŒƷ 
ŴȕȈ@įǍ=\}×b�µʤTƌ5�1QNTŚH>ëű.P);:Ǎ�=ȓĩ>ˋŸ,ȕļ

,9�P5ĴǜŹ×ČƁɓɺ@ǬǧʆŔ>į%åŝ,�ʨǅ˸=˳ģ:@Šġ,9ÿǇȕȈ? 1-7%

"�ǢǬLǠć:@ÿǇȕȈ? 2-15%"ĴǜŹ×ČƁɓɺ:9P;ĦĒ"9P(17)5ĴǜŹ×ČƁɓ

ɺ"į%ʍNQPȒȘ?�7;,9�įǍ=\}×b�µʤTƌ5)QNTȓĩ?ĭ÷>Ÿ-9Á

�å'9�P);"ɨ�NQP5ĴǜŹ×ČƁɓɺ?\}×b�µʤ?§:K�×ČƁ@×:Ɔë

+QP�{�c=ëűTĆ'9�P5ƼȭȻ:@)?ĴǜŹ×ČƁɓɺ?ƌ7�{�c=×ČƁë

űǑǌTƫN!>.P);TȣȠ;,�Roseobacter denitrificans OCh114ǆTȗ�9�ɂ 2ȿ:

@ÖʂȭȻ:×ČƁëű>˝SP);"ȳ+Q9�P LOV-HK>MP×ČƁëűǑǌ>7�9�ɂ

3ȿ:@×ČƁ?ȞȐ?ɯƆëǑǌ>ȃȁTũ9ʒǂTʂ6P5 

 

OCh114ǆ? LOV-HK@)QG:>ĦĒ?9P³? LOVr��cʫ;čǍ?×ŸɄŹTȳ,�

×Tȅō.P);: LOVy�Y�Ý?jlvY�Ǖĥ;����"×ȅō>MO�ˇȠ>Úƶɗ

Č"ŪƁ+QP);"Ȳʜ+QP5+N>�W�~˓ɤƕĭț¾?ʒǂ!N�)?����;Úƶ

ɗČTŪƁ.PjlvY�Ǖĥ@ LOVy�Y�Ý? Cys69:9P);TȉĿ,P5GP�C69Aĭ

ț¾@×ŸɄŹTȳ+=!6P"����@Èƌ+Q9�P5OCh114ǆ@Ʋƿ¸:Ĥ˸,P;#

@×ČƁ˝ˀˍ¹ĺ?ʳß"Çˁ+QP?>Ŋ,�˩ɷ×ƿ¸:@1?ʳß@Ɔë+QP(104 5̀1

):�LOV-HKr��cʫ:ʍNQP×ŸɄŹ"�OCh114ǆ?Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁ˝

ˀˍ¹ĺ?ȞȐëű>˝¤,9�P?!TʡDPPJ�∆LOV-HKǆ>˕ȕĢ LOV-HKGP@×Ÿ

ɄŹ"ĳSQP LOV-HK-C69Aĭț¾Tȥʈ,PǆTêȗ,9�Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁ˝

ˀˍ¹ĺ?ȞȐ?ˉ�TʡDP5LOV-HK-C69Aĭț¾?ȥʈǆ@˕ȕĢȥʈǆ;čǍ>˩ɷ×ȅ

ō>MP×ČƁ˝ˀˍ¹ĺ?ʳßƆë"HNQ�Ʋƿ¸;˩ɷ×ƿ¸:?×ČƁȞȐ?ëű>

LOV-HK? Cys69T²,P×ŸɄŹ@˝Æ,=�);"ȳ+Q�OCh114ǆ? LOV-HK@×;@

ț=Pjdz×Tn�j�d,9�PĈɮŹ"ȳĖ+QP5GP�˩ɷ×>MP×ČƁ˝ˀˍ¹ĺ

?ȞȐ?Ɔë@Ĵǜƿ¸:?HȲʜ+Q�Ĺǜƿ¸:@Ù%Ɔë" )N=�);"ƫN!;=O�

)Q@ĴǜŹ×ČƁɓɺ?×ČƁëű> �9è?Ȫʍ:9P5)?ɗǃ!N�×ČƁëű> �

9×4':=%ɓɭÝ?˓÷ˎÕȊžK˔ʌ=Ěĺ:9P);"ȳĖ+QP5�����vY�?

§>@����?˓÷ˎÕT²,9�yucl�b���r�;,9Ǒɮ.PK?"9P);"Ȫ

NQ9�P(76, 77)5LOV-HK-C69Aĭț¾> �9K����@Èƌ+Q9 O�����T²,

P�yucl�b���r�;,9@Ǒɮ:#P;ɨ�NQ�LOV-HK" FMNTʈĚĺ;.P�

yucln�h�;,9Ǒɮ,�×ČƁëű>˝S69�P);"ƔǷ+QP5 

�ltk�az�o?jdz×¹ˈ@��˓ĥʳȷ>M69ʂSQP5LOV-HK?W�~˓ːç

?W�Y��xTÀʉ,P;)R�OCh114ǆTĐI�%7!?ȕȈȹ? LOV-HK:@��ltk

�az�o> �9Èļ+Q9�P��˓÷+QP�ltk�Ǖĥ"Èļ+Q9�=�);"ƫN

!;=6P5Phos-tag SDS-PAGETȗ�9ɋʉ LOV-HK?ɲŜ��˓÷ǩŹTǷĿ,P"���
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˓÷+QPr��cʫ@ǉä+Q=!6P5GP�³ɺȘǀ? LOV-HK:�čǍ>��˓÷+QP

�ltk�Ǖĥ"Èļ+Q9�=�K??§:@�His226; His266"ǙʴȠÈļ+Q9�P5,

!,�)QN�ltk�Ǖĥ@�ltk�az�o> �9�ɵȠ>��˓÷+QP His"ļğ.

P¬˖÷y�Y�:@=%�ʓĸy�Y�>ʍNQP5)QN?�ltk�TW�{�>ɤƕ,P

H226A; H266Aĭț¾TÀʉ,�1Q2QT∆LOV-HKǆ>ȥʈ,�)QN?ĭț?ūˮTʡD

P;)R�1Q2Q∆LOV-HKǆ>ȥʈ,P5ċȥʈǆ:×ČƁ˝ˀˍ¹ĺ?ʳß��×?ęŲ"

Ȳʜ:#�<5N?ĭțK LOV-HKMP×ČƁ˝ˀˍ¹ĺ?ʳßÇˁ>@ūˮT¤�=!6P5)

QN?ɗǃ!N�OCh114ǆ? LOV-HK@ɲŜ��˓÷ɮTƌP=�);"Ũ%ȳĖ+QP5Ƽɺ

? LOV-HK@�ɵȠ=�ltk�az�o:ʍNQP His-Asp?��˓���;@ț=P�Ƥʎ=

jdz×¹ˈƥǣ>MO×ČƁTëű,9�P);"ȳĖ+QP5 

Ƽɺ> �9LOV-HK>MP×ČƁëű>@LOVy�Y�?×ŸɄ@ŷʌ=�);"ƫN!;

=O�GP�×MOɓɭÝ?˓÷ˎÕȊž"×ČƁ˝ˀˍ¹ĺ?ȞȐĭ÷?jdz×;=69�P

);"ȳĖ+QP5+N>�Ƽɺ? LOV-HK@ɲŜ��˓÷ɮTƌP=��ltk�az�o��

�d:9O��ɵȠ=�ltk�az�o;@ț=Pƥǣ>MOjdz×¹ˈTʂ=69�PĈɮ

ŹTŨ%ȳĖ,P5,!,�ƼȭȻ:@ LOV-HK?×ČƁëű?Û¾Ƞ=jdz×¹ˈɖʱ@ƫN

!>.P);@:#=!6P5ɲŜ��˓÷ɮTƌP=��ltk�az�o���d>MPëű

>˝.PĦĒ@9P"�1?Ɵ@G4ő=�5Ƽɺ? LOV-HK;čǍ>��˓÷+QP�ltk�

Ǖĥ"Èļ+Q9�=��ltk�az�o���d"j��y�ltk�az�o;ēAQ9�

P5)QN@�ˍ¹ĺȞȐëű>˝S69�PÂ"ĦĒ+Q9 O�j��y�ltk�az�o

@�ɲʲ"��˓÷,9jdz×¹ˈTʂ�);@=�"�¬ƁåëűɎ?ȉĿ?�ltk�az

�o?�l��l�b���r�C?��˓ĥ?ʳȷT˟ł.PÀȗL�ȉĿ?�l��l�b�

��r�;ȥ­Àȗ,��˓ĥTľĿ÷.PÀȗ"ĦĒ+Q9�P(84, 85)5)QN?);!N�Ƽ

ɺ?LOV-HKKȉĿ?¬ƁåëűɎ;˝SP);:×ČƁëű>˝¤,9�PĈɮŹ"˻�?:@

=�!;ɨ�NQP5×ČƁëű>˝SP¬ƁåëűɎ;,9�ĹǜŹ×ČƁɓɺ:ëű>˝S6

9�P;ĦĒ?9P RegB/RegA"9(NQ(27-29)�RegB/RegA���d@ OCh114ǆ?e~�¡

>Kļğ.P5,!,�ÖʂȭȻ: RegATȯī,9K�×ČƁ˝ˀˍ¹ĺ?ȞȐ>ĭ÷@ʍNQ

=�);"ƫN!;=69�P˿104 5̀1?PJ�ȐƮȁ:@ LOV-HK"ȥ­Àȗ.P¬Ɓåëű

Ɏ?«Ż@Ĝ˧:9P5±ŭ@�OCh114ǆ?e~�¡>ļğ.P�l��l�b���r�L�

ltk�az�o; LOV-HK;?ȥ­ÀȗTɞɥȠ>ʒǂ.P);: LOV-HK?jdz×¹ˈɖ

ʱ"ƫN!>=P;ɨ�NQP5jdz×¹ˈɖʱ"ƫN!;=P);:�LOV-HK?ŽȪ.Pj

dz×?ʛɓKʒƫ:#P;ɨ�NQP5 

 

į%?ɐɷ×ČƁɓɺ> �9�×ČƁ˝ˀˍ¹ĺ@×ČƁˍ¹ĺc�lr�Ý>ļğ.P

PpsR>M69Ɔë+Q�1?Ɔë?ʒˢ@ AppAL PpaA;�6PW�t���uh�" PpsR;

ȥ­Àȗ.P);>MOʂSQP(36, 37, 40, 42)5ÖʂȭȻ> �9�OCh114ǆ:K PpsR"×Č
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Ɓ˝ˀˍ¹ĺ?���uh�:9P);"ȳĖ+Q9�P(105 5̀OCh114ǆ:K PpsR?W�t�

��uh�;=Pr��cʫ"ļğ,Ɔëʒˢ>˝¤,9�P?:@=�!;ƔǷ,�LOV-HK�

RD1-1653�PpaA? 37T PpsR?W�t���uh�Ìʈ;,99(�PpsR;?ȥ­ÀȗLȯ

īǆTÀʉ,×ČƁëű;?˝SOTʡDP5e×j�xWunY>MPʒǂ!N�LOV-HK@

PpsR?×ČƁ˝ˀˍ¹ĺ����r�C?ɗČT˟ł,=!6P);!N�PpsR>ȤƓÀȗ.P

W�t���uh�:@=�);"ȳĖ+QP5RD1-1653@ȯī,9K×ČƁɷɑȕȖL×ČƁ˝

ˀˍ¹ĺ?ʳß��×>ˉ�"ʍNQ=!6P);!N�×ČƁëű>@˝S69�=�);"ȳ

+QP5PpaA@ĭțǆ;1?ȥʈǆ?ʒǂ!N�PpsR?f���uh�:9P);"ȳĖ+QP

"�e×j�xWunY:@ PpsR;?ȥ­Àȗ@ʍNQ=!6P5GP�Ƽɺ? PpaA@Ww~

j×f������t×f������y�apf����? 3ȹ?f����;ɗČ.P);"

ƫN!;=6P5)Q@ĹǜŹ×ČƁɓɺ? PpaA;ț=Pȁ:9O�Ĵǜƿ¸:K×ČƁTȞȐ

.PPJ>˔ʌ=ʌɑ;«Ż+QP5 

ɂ 2ȿ:ɓɭ?˓÷ˎÕȊž"×ČƁëű> �9˔ʌ=Ěĺ:9P);Tȳ.ɗǃ"ŰNQP

PJ�Ĵǜēđ?ƻɀ˓÷˒ɑ˟łí:9P NaN3?ǲñ"×ČƁ˝ˀˍ¹ĺ?ʳß>āF.ūˮ

TʡDP5NaN3Tǲñ.P);: bchCʳß��×?¡ƪ"ʍNQ�˕ȕǆ:@ 1.7-7.5Ë�

∆LOV-HKǆ:@ 7.1-81Ë>Īñ,P5e×j�xWunY>MO NaN3" PpsR? bchC���

�r�C?ɗČT˟ł.P?!ʡDP;)R�NaN3Tǲñ,9K PpsR? DNAɗČɮ@ĭ÷,=

!6P5)QN?);!N�NaN3?ǲñ>MP bchCʳß��×?Īñ@�ēđ˟ł>MP˓÷ˎ

ÕȊž?ĭ÷>MPĈɮŹ"ɨ�NQ�GP�×ČƁ˝ˀˍ¹ĺ?ʳßÇˁ@ŷ/,K LOV-HK"

ŷʌ:@=�);"ȳ+QP5OCh114ǆ:@ēđ?˨ĺĆń¾"=�ƿ¸L˿ɂ 2ȿ �̀ƻɀ˓÷

˒ɑ"˟ł+Q9�Pƿ¸;�6PˎÕð?Ǯʩ",8N�ƿ¸:×ČƁ˝ˀˍ¹ĺ?ȞȐƆë"

ʒˢ+QP);"ȳĖ+QP5PpsR?Ɔëʒˢ>@¿N!?˓÷ˎÕTĆ'P);":#Påĺ"
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