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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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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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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 
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Figure 1-4. Schematic summary of regulation of photosynthetic genes in OCh114 strain. 
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1 7  
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(63-65) LOV Fig. 
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(68)5

9 50% HK LOV-HK

9 20% GGDEF-EAL LOV- GGDEF-EAL 9 5

9 LOV-STAS (sulphate transporter anti-sigma antagonist) LOV-HTH 

(helix-turn-helix) LOV-SpoIIE (sporulation stage II protein E) (69)5 

LOV-HK N LOV C HK

9 5 ×

5

LOV-HK

5Caulobacter crescentus LOV-HK

9 × (70, 71)5

Brucella abortus 9 LOV-HK

(67)5Rhizobium leguminosarum P

(72)5In vitro

LOV-HK (67, 73)5 P
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∆LOV-HK P(102 5∆LOV-HK P

× P5 LOV-HK

P 9 P

(102 5 LOV-HK

LOV-HK

LOV-HK × P5 

 

 
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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2 7  
 

2-1 P  
Table 2-3 P5 LB LB , Miller, 

37˚C P5R. denitrificans OCh114 4 mL ×

Table 2-1 P 24 27 P5

100 mL × P 200 mL × OD600=0.02

P5

× × P5 LED MIL-B18, 

SANYO 43 W/m2 P5 1.5%

× Table 2-2 P5

P ; 50 µg/ml ; 30 µg/ml ; 15 

µg/ml P5R. denitrificans OCh114

; 600 µg/ml ; 60 µg/ml

; 25 µg/ml

; 300 µg/ml ; 30 µg/ml

; 25 µg/ml 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 LOV-HK LOV-HK  
× (MBP) LOV-HK  

P Table 2-4 P5LOV-HK MBP-LOV-HK-L

MBP-LOV-HK-R PCR P5 P PCR pUC18

P5 P NdeI

SacI pET-28a(+) P5pET28-LOV-HK Escherichia 

coli BL21(DE3) N His P LOV-HK P LOV-HK

P5 MBP

P pET28-LOV-HK NdeI SalI pMAL-c5X

pMBP-LOV-HK P5C69A MBP-LOV-HK-L

MBP-LOV-HK-R LOV-C69A-F LOV-C69A-R PCR P5

P PCR pUC18

P5 NdeI SalI

pMAL-c5X pMBP-C69A P5 

E. coli BL21(DE3) pMBP-LOV-HK P pMBP-C69A N MBP

P P5E. coli BL21 (DE3)/pMBP-LOV-HK P  E. coli BL21 

(DE3)/pMBP-C69A 50 µg/mL P LB 37˚C OD600

0.6 0.7 P5 0.1 mM IPTG 37˚C 2

P -80˚C P5 P 20 mM Tris-HCl (pH 7.5)

P5 65,000 - g 5

P5 4˚C 100,000 - g 1 P5

P (20 mM Tris-HCl (pH 7.4), 200 mM NaCl, 1 mM EDTA)

P 2 mL P5 5

3 (20 mM Tris-HCl (pH 7.4), 200 mM NaCl, 1 mM EDTA, 

10 mM maltose) P5 P × Vivaspin MBP-LOV-HK P

MBP-C69A P5 

 

His LOV-HK  

P Table 2-4 P5LOV-HK MBP-LOV-HK-L

His-LOV-HK-R PCR P5 P PCR pUC18

P5 P NdeI

XhoI pET-21a(+) pET-LOV-HK P5N156H

MBP-LOV-HK-L His-LOV-HK-R LOV-N156H-F LOV-H156H-R

PCR P5 P PCR pUC18

P5
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NdeI XhoI pET-21a(+) pET-N156H P5 

pET21-LOV-HK E. coli BL21(DE3) C His P

LOV-HK P5E. coli BL21 (DE3)/pET21-LOV-HK 50 µg/mL

P LB 37˚C OD600 0.6 0.7 P5 0.1 mM 

IPTG 18˚C P -80˚C P5 P

20 mM Tris-HCl (pH 7.5) P5 65,000 - g

5 P5 4˚C 100,000 - g 1

P5 P (20 mM Tris-HCl (pH 

7.5), 50 mM ×, 200 mM NaCl) P 2 mL Ni Sepharose 6 Fast Flow

P5 5 3

(20 mM Tris-HCl (pH 7.5), 250 mM ×, 200 mM NaCl) P5 P

× Vivaspin 20 mM Tris-HCl (pH 7.5) 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 TLC  
400 µg MBP-LOV-HK 70% ×

100˚C 2 P5

P5 P 20 µL 35% ×

P5 

TLC 100 µM FMN FAD 2 µL  

1, 2, 4, 8 µL P5n-butanol/ /dH2O 3:1:1 vol/vol/vol

P UV P5 

 

2-4 ×  

MBP-LOV-HK 30 W/m2 10

P5 HITACHI U-2910 × P5

10, 30, 60, 120, 150 × P5

× 150 P × 30 W/m2

1 G × P5 P

× MBP-LOV-HK 2 P

× P5 P 45 W/m2 30 W/m2

10 P5 

 

2-5 P  

P Table 2-4 P5LOV-HK exLOV-HK-L

exLOV-HK-R PCR P5C69A

exLOV-HK-L exLOV-HK-R LOV-C69A-F LOV-C69A-R PCR

P5 P PCR pUC18

P5

OCh114 P rpoD RD1-1794

375 bp 124 bp P5rpoD

PrpoD2 PrpoD3 PCR P5 P PCR pUC18 XbaI

BamHI

pUCPrpoD1 P5 

P EcoRI KpnI LOV-HK P

LOV-HK-C69A pUCPrpoD1 rpoD EcoRI

KpnI P5 EcoRI XbaI rpoD

LOV-HK P LOV-HK-C69A P

9 pHRP309 pHRP-LOV-HK pHRP-C69A P5pHRP-LOV-HK
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pHRP-C69A E. coli S17-1 ∆LOV-HK P5 

H226A exLOV-HK-L exLOV-HK-R 

LOV-H226A-F LOV-H226A-R PCR P5H266A

exLOV-HK-L exLOV-HK-R LOV-H266A-F LOV-H266A-R

PCR P5 P PCR pUC18

P5

P EcoRI KpnI LOV-HK-H226A P

LOV-HK-H266A pUCPrpoD1 rpoD

EcoRI KpnI P5 EcoRI XbaI rpoD

LOV-HK-H266A P LOV-HK-H266A P

9 pRKKM pRK-H226A pRK-H266A P5pRK-H226A

pRK-H266A E. coli S17-1 ∆LOV-HK P5 

 

2-6  

∆LOV-HK LOV-HK LOV-HK-C69A 100 mL

× P5

× (53) P5 6,500 - g 5 min 4˚C

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

Na2HPO4, pH7.4) 2 P5  2% NaCl PBS

P5 1 mL  13,000 - g, 1 min, 4˚C 20 µL

P5 × 1 mL / × (7:2) 

P  13,000 - g, 1 min, 4˚C P5 P  400 ~ 800 nm 

× HITACHI U-2910 P5 P ×

1mg9P P5 

× OD775 =0.457 (10 µg/mL) (25)

P5 × P

corrected OD510 corrected OD456 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 RNA  

9 OD600 0.4 1.5

 2  RNA Protect Bacteria Reagent (QIAGEN)

 RNA 5 5,000 - g 4˚C 10 min

P5 C RNA -20˚C P5 5 

mg/mL  (TE, pH 8.0) 200 µL 5 P RNeasy 

Mini Kit (QIAGEN) RNA P5 P RNA RNase free - DNase 

(RQ1DNase, Promega) 37˚C 30 RNeasy Mini Kit 

(QUIAGEN) RNA Total RNA P5total RNA RNA A260

P5 

 

2-8 qRT-PCR 
ReverTra Ace® qPCR RT Master Mix with gDNA Remover TOYOBO

180 µg total RNA P5 DNA 37˚C 5

P 37˚C 15 50˚C 5

P5 98˚C 5 P5 

qPCR THUNDERBIRD® SYBR® qPCR Mix TOYOBO ×

LightCycler 96 Roche P5 95˚C 30

P 95˚C 5 60˚C 20 72˚C 30 50 × 3 PCR

P59 µg total RNA P cDNA P5 

rpoD QrpoD-R QrpoD-L bchC QbchC-R QbchC-L

P5 P Table 2-4 P5rpoD RD1-1794

P5 

 

2-9  

P 2%NaCl PBS 2 P5 20 mM 

Tris-HCl (pH 7.5) 10 P5

P 13,000 xg 4˚C 1 P58 P

15 µg SDS-PAGE × PVDF

P5 

P LOV-HK-His P5

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

ImmunoResearch P52% × TBST P PVDF

4˚C P5 TBST 2

0.3% × 1:200 3
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P5 TBST 2 P5 Jackson 

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

0.3% × 1:2000 1 P5

TBST 2 Tween 20 TBST H2O2

P5 

 

2-10 phyR (RD1-2463)  
P Table 2-4 P5phyR 1073 bp u2463

phyR 1032 bp d2463 u2463-F u2463-R

d2463-F d2463-R PCR P5 P PCR pEX18

P5 DNA

P XbaI SalI d2463 pEXu2463

pEXud2463 P5pEXud2463 pPSΩSmr XbaI

pEXud2463 u2463 d2463 pEXud2463Sm

P5pEXud2463Sm pLO1 SacI SalI u2463

d2463 pLO1

pLO1∆2463Sm P5pLO1∆2463Sm E. coli S17-1

WT P5

PCR phyR

∆phyR P5 

 

2-11  
LOV-HK LOV-HK-N156H P

P520 mM Tris-HCl (pH 7.5), 5 mM MgCl2, 4 mM ATP 10 µM LOV-HK

P LOV-HK-N156H P 40

P5ATP × P5 3 - SDS-PAGE

× 195 mM Tris-HCl (pH 6.8), 0.01% bromophenol blue, 6% SDS, 30% 

glycerol, 15% 2-mercaptoethanol P5 

 

2-12 Phos-tag SDS-PAGE 
Zn2+-Phos-tag SDS-PAGE P5 ×

× Table 2-5 Table 2-6 P5 0.10 M Tris-MOPS 

(pH7.8), 0.1%SDS, 5 mM NaHSO3 P520 µM P 50 µM Phos-tag 8 ×

P5 9 P × 3 - 

SDS-PAGE × P5
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100˚C 5 P5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-13 bchC ×  

100 mL × P5

P × P5 5mL

× P × ×

P5 ×

P5 ×

30˚C 30 43 W/m2 × P5 

 

  

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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3 7  
 

3-1 LOV-HK  
3-1-1 LOV-HK  

LOV LOV

5OCh114 LOV-HK P

P PMBP-LOV-HK

TLC P5 

FMN FAD P Fig. 2-2 5

FMN FAD R f 0.58, 0.21, 0.08 9

P Rf 0.22 9 P5 LOV-HK FMN

P5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-1-2  LOV-HK ×  

LOV-HK 10 P × P 380 nm

P Fig. 2-3A 5 380 nm C(4a) 

P 5

× × P 370 nm 450 nm

2 P5Fig. 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.
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LOV-HK × 450 nm P

9 5 LOV-HK 31 9 Erythrobacter litoralis
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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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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  

LOV-HK LOV

P5 P

OCh114 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. syr LOV-HK

P5Fig. 2-5 P LOV P 9 5

LOV

OCh114 LOV-HK Cys69 9 P5

LOV-HK Cys69

9 P5 

 

 

 

 

 

 

 

  

. . : : : : *
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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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 LOV-HK LOV-HK-C69A  

5
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P ×

P5 

Fig. 2-7A P P P

× 5 P × 

BChl 800 nm Crt 500 nm
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+C69A BChl Crt LOV-HK
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LOV-HK-C69A P Fig. 2-7A 5 BChl Crt

9 P P Fig. 2-7B 5 

P LOV-HK
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LOV-HK-C69A

P5 +LOV-HK +C69A

P Fig. 2-7A 5 
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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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∆LOV-HK +LOV-HK +C69A

9 BChl 9 bchC × qRT-PCR

P Fig. 2-8 5 bchC ×

P5 ∆LOV-HK bchC ×

× 10 1 9 P5+LOV-HK +C69A
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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 bchC ×  

LOV-HK-C69A LOV-HK

× P5

LOV-HK FMN P 9 3-1-1

P

(76, 77)5 P ×

bchC ×

×

P data not shown 5

bchC × P5Fig. 2-10 × 1

P bchC ×
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× 9 P Fig. 2-10 5 bchC
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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. 
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3-2 LOV-HK ×  
3-2-1  

N C
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9
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HRxxN 9 F-box ATP lid P
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Xanthomonas axonopodis X. axo Puseudomonas syringae P. syr LOV-HK
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SWISS-MODEL E. litoralis EL346 OCh114
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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. 



 37 

 

 

 

 

 

  

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 LOV-HK  

LOV-HK LOV-HK

P5 LOV-HK

Phos-tag SDS-PAGE P5Phos-tag 9

Phos-tag SDS-PAGE × × Phos-tag P

9 (81)5 LOV-HK OCh114 LOV-HK LOV-HK

9 N156

P LOV-HK-N156H P5 

LOV-HK P LOV-HK-N156H ATP

P Phos-tag SDS-PAGE SDS-PAGE P5

LOV-HK P LOV-HK-N156H × SDS-PAGE 1

P Fig. 2-14B 5Phos-tag SDS-PAGE 9 2

ATP × 2 P Fig. 2-14A 5 

ATP × 2

P P5

9 P Phos-tag SDS-PAGE × P

9 2 P P

P × P5 2 P

P Fig. 2-14C 5 P

P P 2 P

P P 9 P 5 LOV-HK

ATP P P

P5 P LOV-HK-N156H

LOV-HK P5 
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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-H226A LOV-HK-H266A  

Phos-tag SDS-PAGE P OCh114

LOV-HK P

9 PHis226 His266 ×

P5LOV-HK His226 P His266 Ala P

∆LOV-HK P5H226A H266A

bchC × P5H226A WT bchC

× H266A LOV-HK × P5

2 bchC × P LOV-HK His226

P His266 × 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-4 phyR  

OCh114 LOV-HK E. litoralis EL346 42%

P 9 P5E. litralis EL346 LovR PhyR

2 EL346 in vitro
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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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LOV-HK × P5 

phyR Sm Sp P P5phyR

PCR phyR P u2463-F

d2463-R P5 2.8 kbp PCR

phyR 3.8 kbp 9 5 PCR

P 3.8 kbp PP phyR ∆phyR

) P5 

 

 

 

 

 

 

 

 

 

 

 

PhyR × P phyR

9 bchC ×

P5 

phyR ×

P5 P bchC ×

9 P5 PhyR

LOV-HK ×

5  

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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4 7  
OCh114 P

5 P LOV-HK

P 5

P LOV-HK

OCh114 LOV-HK

× P5 

OCh114 LOV-HK FMN LOV

P5

LOV Cys69 9 P5

LOV-HK P OCh114

P ∆LOV-HK LOV-HK P

P LOV-HK-C69A P

P5LOV-HK-C69A

LOV-HK Cys69 P P5

OCh114 LOV-HK × P5

5

Azotobacter vinelandii NifL Escherichia coli

Aer 9

(76, 77)5 P C. crescentus LOV-HK

9 P 9 (83)5 OCh114

LOV-HK NifL Aer

P5C69A LOV FMN C69A

FMN P5 P P

9 C69A 9 5 

LOV-HK 9

PP P

× P5

9 P5 P
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9 5 LOV-HK

9 5 
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P OCh114 LOV-HK
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P P5 P LOV-HK
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× PseudHK PseudoHK
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3  

 
1 7  

PpsR Photosynthetic gene cluster, PGC

PGC PpsR

(35-37)5OCh114

PpsR 9

(105 PpsR

9 5 PpsR

9 P5RD1-1653 AppA

BLUF P5ppaA RD1-0142 aerR 9

ppsR P5 ∆LOV-HK P

R. sphaeroides appA 9

LOV-HK PpsR 9 P5 RD1-1653 PpaA

LOV-HK PpsR

P5 

2 9 P5

NaN3

2,4- ×, DNP

P5 
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Figure 3-1. Predicted regulation mechanism of photosynthetic genes in OCh114. 

DNP; 2,4-dinitrophenol. 
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2 7  
 

2-1 P  
P Table3-1 P5 2 P P5 

 

2-2 His PpsR  
P Table 3-2 P5ppsR ppsR-F

ppsR-R nde-del-ppsR-F nde-del-ppsR-R PCR P5nde-del-ppsR-F

nde-del-ppsR-R ppsR P NdeI cat.ctc P P5

P PCR pUC18 P5

P NdeI XhoI pET-21a(+)

pET-ppsR P5 

pET21-ppsR Escherichia coli BL21(DE3) C His

P PpsR P5E. coli BL21 (DE3)/pET21-ppsR 50 µg/mL

PLB 37˚C OD600 0.6 0.7 P5 0.1 mM IPTG

18˚C P -80˚C P5 P 20 mM 

Tris-HCl (pH 7.5) P5 65,000 -g 5

P5 4˚C 100,000 -g 1

P5 P (20 mM Tris-HCl (pH 7.5), 50 mM

×, 200 mM NaCl) P 2 mL Ni Sepharose 6 Fast Flow P5

5 3 (20 mM Tris-HCl 

(pH 7.5), 250 mM ×, 200 mM NaCl) P5 P × Vivaspin

20 mM Tris-HCl (pH 7.5) PpsR-His P5 

 

2-3 × (MBP) PpaA  
P Table 3-2 P5ppaA MBP-ppaA-F

MBP-ppaA-R PCR P5 P PCR pUC18

P5 P NdeI BamHI

pMAL-c5X pMAL-ppaA P5 

E. coli BL21(DE3) pMBP-ppaA N MBP P

P5E. coli BL21 (DE3)/pMBP-ppaA 50 µg/mL P LB

37˚C OD600 0.6 0.7 P5 0.1 mM IPTG

37˚C 2 P -80˚C P5 P 20 mM 

Tris-HCl (pH 7.5) P5 65,000 -g 5

P5 4˚C 100,000 -g 1
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P5 P (20 mM Tris-HCl (pH 7.4), 200 mM 

NaCl, 1 mM EDTA) P 2 mL P5 5

3 (20 mM Tris-HCl (pH 7.4), 200 

mM NaCl, 1 mM EDTA, 10 mM maltose) P5 P × Vivaspin

MBP-PpaA P5 

 

2-4 MBP-PpaA  
E. coli BL21 (DE3)/pMBP-ppaA × Sigma-Aldrich

×

30 µM P5 P × 2-3

PMBP-PpaA MBP-PpaA P5

HITACHI U-2910 MBP-PpaA ×

P5 × × BCA P

1 mg/mL × P5 

 
2-5 ×  

DNA ×  

bchC 298 bp bchC 106bp 404bp bchC

P5bchC 5' P PbchC-F-bio PbchC-R-bio

Table3-2 PCR P DNA ×

× DNA P5 × bchC

PbchC-F PbchC-R PCR P DNA

× P5DNA A260 P5 

 

DNA-  

(10 mM Tis-HCl pH7.5, 50 mM KCl, 5 mM MgCl2, 10%Grycerol) 0.4 

fmol × DNA P5 30

DNA P5

P5 × bchC

DNA 75 fmol DNA Pseudomonas aeruginosa 

PAO1 DNA 20 ng P5 

 

 

Table3-3 P 5% × ×

0.5- TBE 45 mM Tris, 45 mM borate, 1 mM EDTA
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P5100 V 30 P × × P5 100 V

50 (Hybond N+, GE Healthcare) P5

 380 mA 30 P5 UV DNA

Chemiluminescent Nucleic Acid Detection Module Thermo scientific

HRP P × DNA P5 

 

 

 

 

 

 

 

 

 

 

 
2-6 ppaA  

P Table 3-2 P5ppaA 1417 bp uppaA

uppaA-F uppaA-R ppaA 1237 bp dppaA

dppaA-F dppaA-R PCR P5 P PCR pEX18Ap

P5 DNA

P pEX18Ap KpnI BamHI

daapA BamHI HindIII uppaA P pEXudppaA

P5pEXudppaA pPSΩSmr BamHI /

pEXudppaA uppaA dppaA pEXudppaASm P5

pEXudppaASm E. coli S17-1 R. denitrificans

P5

cppaA-F cppaA-R PCR ppaA

∆ppaA P5 

 

2-7 RD1-1653  
P Table3-2 P5RD1-1653 999 bp u1653

RD1-1653 977 bp d1653 u1653-F u1653-R

d1653-F d1653-R PCR P5 PPCR pUC18

P5 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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P SacI EcoRI u1653 pUCd1653

pUCud1653 P5pUCud1653 EcoRI XbaI ud1653 pEX18Ap

pEXud1653 P5pEXud1653 pPSΩSmr SacI

pEXud1653 u1653 d1653

pEXud1653Sm P5pEXud1653Sm E. coli S17-1

R. denitrificans P5

c1653-F c1653-R

PCR RD1-1653 ∆1653 P5 

 

2-8  
P Table3-2 P5ppsR ppsR-com-F ppsR-com-R

PCR P5rppoD PrpoD1 PrpoD2

P5PCR pUC18

P5 P BamHI

XbaI ppsR pUCPrpoD2 pUC18 KpnI BamHI

rpoD P rpoD BamHI XbaI

P5 KpnI XbaI rpoD ppsR

P pRKKM pRK-ppsR P5pRK-ppsR E. coli 

S17-1 R. denitrificans ∆ppaA P5 

ppaA+ppsR ppaA-com-F ppsR-com-R PCR

P5PCR pUC18

P5 P BamHI XbaI ppsR

pUCPrpoD2 rpoD BamHI XbaI

P5 KpnI XbaI rpoD ppsR

P pRKKM pRK-ppaAppsR P5pRK-ppaAppsR
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2-9 DNP  
100 mL × ∆LOV-HK

P5 P DNP 1

P51 P RNA P5 1 mM

P52.4- × DNP × P 100 

mM DNP 500 µM P5 × P

DNP × 500 µL 1 P

P × P5 
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2-10  
2 P P5 

2-11 RNA  
2 P P5 

 

2-12 qRT-PCR 
2 P P5rpoD QrpoD-R QrpoD-L bchC

QbchC-R QbchC-L ppsR QppsR-R QppsR-L P5 P

Table 3-2 P5rpoD RD1-1794

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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3-1 PpsR DNA LOV-HK  
2 LOV-HK ×

P5 9 PpsR

PpsR DNA P5 ×

LOV-HK PpsR DNA P5 

OCh114 PpsR P

OCh114 PpsR C His

9 bchC P5Fig. 3-2A PpsR bchC

5PpsR

P5 P × P P5

DNA 9 P. aeruginosa PAO1 DNA P

P5 OCh114 PpsR bchC

P5 

LOV-HK PpsR DNA P LOV-HK

P LOV-HK-C69A P Fig. 

3-2B 5 LOV-HK PpsR PpsR DNA 9

LOV-HK P P PpsR DNA

5PpsR 2.7 5.3 LOV-HK P

LOV-HK PpsR

P5 
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RD1-1653 131

9 BLUF P5 

RD1-1653 RD1-1653 Sm/Sp P
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9 5 PCR P 2 kbp
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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.
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labeled probe�
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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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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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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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Figure 3-7. Quantitative RT-PCR showing the relative expression level of bchC 

in wild-type strain, ∆ppaA ,+ppaA and + ppaA-ppsR strains 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.



 59 

  

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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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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NaN3 NaN3

P P P 5 P

∆LOV-HK 5 

 

 

 

 

 

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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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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