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1.  
 

CO2 IPCC

5 [1] 2011

CO2 391 ppm

40
 CO2

CO2

CO2

CO2

 
 
 
2.  
 

6

1 2 [2-4]

[5] C1 CoA

Wood-Ljungdahl [6, 7]

TCA  [8, 9] 3- 3-HP [10]

3- /4- 3-HP/4-HB [11]

/4- DC/4-HB [12]

 

-1,5-

/ RuBisCO RuBisCO

-1,5- RuBP PRK

 [5] RuBisCO 4 Form I-IV

Form III RuBisCO

Thermococcus kodakaraensis Form III 

RuBisCO PRK  
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1. [3] 

I. -  

II. CoA Wood-Ljungdahl  

III. TCA  

I  
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2. [4] 

IV. 3− 3-HP  

V. /4- DC/4-HB A  

VI. 3− /4- 3-HP/4-HB B  
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T. kodakaraensis RuBisCO

AMP RuBP

/ [13, 

14] Form III RuBisCO AMP

 

CoA 6

CODH / CoA ACS [6, 7] CODH

CO2 CO CO2

ACS CoA 1

CoA  

TCA TCA TCA

ATP α- :

KGOR :

POR [8, 9]

ATP KGOR POR

 

3-HP [15] 1

GO 1 GO

2

[10] 3-HP CoA 3-

CoA CoA
CoA

CoA CoA

 

3-HP/4-HB DC/4-HB

Fuchs [11, 12]

3-HP/4-HB 3-HP

CoA 4-

CoA 3-HP [11] DC/4-HB

TCA 3-HP/4-HB

[12]  
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3.  Rhodococcus erythropolis N9T-4  

 

[16, 17]

Kuznetsov [18] 1-15 mg C/L

1 mg C/L

CO2

[19, 20] CO2

CO2  

Rhodococcus 

erythropolis N9T-4 N9T-4

BM CO2

3 [21, 22]

N9T-4

[4, 23]

 

 

 

3. R. erythropolis  N9T-4  

A. N9T-4  

B. N9T-4 BM  

       

A B 
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N9T-4 N9T-4

[24] Streptomyces

Rhodococcus

Senechkin [25]

16S rRNA 10 mg C/L

16

- - -

2 Rhodococcus 1 Mycobacterium

 

N9T-4

 

2 N, 

N’-dimethyl-4-nitrosoaniline NDMA

MDH NAD nFADH

[22, 26] MDH

2

[22, 27] N9T-4 2

 

N9T-4

[28, 29] DNA

LB BM BM-N

NaNO3 BM

AmtB amtB

NH4
+ amtB

AmtB

 

N9T-4

BM MgSO4 MgSO4

MgCl2

[28, 29]  

N9T-4

BM
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C1

N9T-4

CO2  

N9T-4

TEM

LB

[30] X TEM-EDX

[31]

 

 

 

4.   

 

N9T-4

 

DNA
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N9T-4 CO CO  
 
 
1-1.  

 

CO2

CO2

C1 CO2 CO CH4

 

 
 
1-2.  

 

1-2-1.  

 

 

1-2-2.  

R. erythropolis N9T-4

[22, 24] NBRC 110906

N9T-4

N9T-4KS N9T-4KS

coxL

[28]  

 
1-2-3.  

N9T-4 BM [22] 0.1  

NaNO3 0.1  K2HPO4 0.1  KH2PO4 0.05  MgSO4 7H2O 0.01  CaCl2

2H2O 0.1  (v/v) pH 7.0 

Milli-Q 100 ml 1 mg 2 mg 2 mg

Ca 2 mg 0.1 mg 1 mg p-

2 mg 0.1 mg 

NaNO3 K2HPO4 KH2PO4 10 MgSO4

CaCl2 1000
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Milli-Q BM

( )  1.5  

LB 1 0.5

1  NaCl LB

2 SSP  
10 μg/ml  

 
1-2-4.  

N9T-4 80 BM

 

0.85  KCl

BM 5 LB

3 0.85  KCl

5,800 

×g 0.85  KCl OD660

100 500 μl 750 μl 2 ml

40

 

BM LB

5,800 ×g 0.85  KCl

OD660 0.1 3.4 107 cells/ml

 

BM LB

5,800 ×g 0.85  KCl

OD660 OD660 0.02

 

N9T-4 30  

 

1-2-5. C1  

1)  

CO2 CO CH4 99.9 CO2 CH4

CO  

 

2) BM  

OD660 1.0 10-3 1.0 10-4 1.0 10-5 100 μl

BM 300 mm 440 mm; 

50 ml

CO2 CO CH4; 2.5
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1  

 

3) CO BM  

BM 100 ml 500 ml

CO

50 ml 5 30

200 300 rpm  

1 1 ml OD660 OD660

 

 

4) CO2 CO  

OD660 1.0 10-3 1.0 10-4 1.0 10-5 3 μl

BM OD660 1.0 10-4

100 μl BM

15 g CO2 Soda Sorb; W. R. 

300 mm 440 mm; 

CO2 CO2

4 a d

a CO2 3

7 b CO2 3  CO2

BM 7

CO2 CO c CO2 CO

150 ml 7.5 3  CO2

BM 7

CO2 CO d CO2 CO

10  

 

1-2-6.  

1)  

2 LB NaCl 2 30 20

OD660 0.02 200 ml LB

30 12 0.85  KCl

OD660 5.0 BM 16.5 mm

165 mm 5 ml  
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2)  

1-2-5-4 a c  

 

1-2-7. PCR 

1-2-7-1.  

Primer Express Version 2.0 Applied Biosystems

1  

 

1. PCR  

16S rRNA Fw AAT CCG TGC CGT AGC TAA CG 

Rv TTA GCC TTG CGG CCG TAC T 

nFADH aldA Fw TGG CAA GAG CCC CAA CAT 

Rv TGT CCT GGT AGT CGT CGT TTG A 

MDH mnoA Fw GAG GCC ACC GGA GTT GAA 

Rv GGA ATG ATG AAC GCG CAG TA 

CODH coxL Fw CAC GAC AAC GGT GCC TAC CT 

  Rv GCG TCG CGG TGT TGA TC 

nFADH: NAD MDH: NDMA

CODH: CO   

 

1-2-7-2. cDNA PCR  

1) RNA  

ISOGEN 1 ml 0.1 mm

0.5 g Model 13110BX

20,400 ×g 5

RNA RNA

70 μl RDD 10 μl DNase

30 100 μl RNase 

DNase RNase /

/ PCI 20,400 

×g 15 200 μl

20,400 ×g 5 3M

pH 5.2 15

4 20,400 ×g 15 70

10 RNase 60 5
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RNA

RNA  

 

2) cDNA  

cDNA RNA High Capacity cDNA 

Reverse Transcription Kits Applied Biosystems

 

 

3) PCR 

PCR cDNA SYBR Green PCR Master Mix

Applied Biosystems 20 ng cDNA 1

SYBR Green PCR Master Mix 0.1 mM

25 μl 50 2 95 10

95 15 1 40

16S rRNA Ct

 

 

1-2-8.  

N9T-4 cox coxMSLG

AB678441 DDBJ/EMBL/GenBank

 

 

 

1-3.  

 

1-3-1. C1  

C1 CO2 CO CH4

BM

CO2 CO CH4

CO2

CO2 CO CH4

CO 89 ppb [32] 2009 CH4 1,803 ppb [1] 2011

CO 2 CH4 8

2  
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CO2

CO CH4 CO

CH4

 

CO

CO BM

BM

[28]

BM CO

CO

4 BM BM

CO

 

 

 
4. CO BM  

CO

660 nm OD  

 

1-3-2. N9T-4 CO CODH  
CO2 CO2 CO2

CO2 CO2 CO

CO

CO2

CO2 3 BM

CO2 BM 7

CO2 CO2 CO
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CO 

5 5A 5B

CO CO

CO CODH

2008 N9T-4

CODH

cox 6

CODH CO CO2 CO

 

CODH coxL

PCR LB

BM

[26] 30 2

7A

nFADH aldA MDH mnoA

30 50-100 [26] coxL

CO2 CO

coxL

coxL 7B aldA mnoA

 

coxL CO coxL

CO2

CO

8
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5. CO CO2  

A B a

b CO2 CO c CO2 CO

1-2-5-4
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6. N9T-4 CODH cox

CODH coxS

coxM coxL G

coxG Form I CO CO2 CO

CODH : Oligotropha

Mycobacterium Pseudomonas Form II Form I

CODH : Bradyrhizobium Mesorhizobium

Sinorhizobium [33]
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7. PCR cox  

A BM 1

B

BM CO2 CO

1 CO

3

1  

8.  coxL CO2 CO  

1-2-5-4  

0 

2.0 

1.0 

0 

1.0 

0.5 

2.0 
A B 

R
el

at
iv

e 
ex

p
re

ss
io

n
 r

at
e 

1.0 0.5 ald mno coxL 

1.5 

 

Gene Induction (h)  

親株 

ΔcoxL 

-CO2 +CO 
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1-4.  

 
CO CODH

CO 2

CO -CoA

CODH/ACS

CODH Ni-Fe [34]

Moorella thermoacetica [35]

Oligotropha carboxidovorans CO CODH

CO CO2

Mo-Fe-

[34] CODH CODH

 

CO CODH

cox coxMSLG 6 coxL

coxG G CODH

coxS coxM coxL

N9T-4 R. erythropolis PR4 R. 

jostii RHA1 O. carboxidovorans Burkholderia xenovorans 

LB400 Mycobacterium tuberculosis H37Rv CO

Form I [33] coxMSL

Form I  
coxL

coxL CO2 CO

coxL CO

coxL

Form II cox

coxL AYRGAGR 

PYRGAGR [36] Form 

I CO cox

coxL AYRCSFR

cox

Rhodococcus Form I CODH

coxMSL

CODH coxL

N9T-4

CO CODH
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M. tuberculosis

CO cor

[37] M. tuberculosis

M. tuberculosis

HO1 CO

CO cor

BLAST M. tuberculosis cor R. erythropolis PR4

R. jostii RHA1 R. equi ATCC 33707

76 74 79

R. equi M. tuberculosis

CO

CO  
CO2 CO

CO

CO2  
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N9T-4  
 
 
2-1.  

 

CO

N9T-4

CO 5 CO

CO2 CO CO2

CO N9T-4

CO

CO

 
N9T-4

Kmr

DNA

DNA 9A

10,000 BM

Luria-Bertani LB

96 9B

BM L- BMM

BM D- BMG

 

  



 

 - 25 - 

 
 

9. DNA

  

A pK19 2 DNA

Escherichia coli N9T-4

Kmr E .  coli ori

MK-10 sacB

B

DNA

96

LB 96

BM LB

BM LB

  

Kmr 

MK-10 

ori 

sacB 

MK-07 

Kmr ori 

A

B LB plate BM plate 
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2-2.  

 

2-2-1.  

 

 

2-2-2.  

R. erythropolis N9T-4 1-2-2

N9T-4KS 2-2-7

N9T-4KS ligD ltsA::Kmr N9T-4KS

ligD ltsA

Kmr

2-2-8 N9T-4KS N9T-4KS

Escherichia coli DH5 [F-, 

Φ80lacZΔM15, Δ(lacZYA-argF)U169, deoR, recA1, hsdR17(rK
- mK

+), phoA, 

supE44, λ -, thi-1, gyrA96, relA1] N9T-4KS N9T-4KS ligD 

ltsA::Kmr

[28]  

 

2-2-3.  
N9T-4 BM

LB 1-2-3 BMM BMG 10 L-

10 D- 1 BM

10 L- pH 5M NaOH 7.0

 
10 μg/ml  

 

2-2-4.  

N9T-4KS ligD ltsA::Kmr -80

10 μg/ml

LB

N9T-4KS -80

LB

 

0.85  KCl

OD660 0.1 3.4 107 cells/ml
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2-2-5. N9T-4 DNA  

1.5 ml 30 μg

DNA

ISOPLANT

 

 

2-2-6.  

1) DNA   

DNA

pK19B pK19sacB1 [38] DNA

MK-07 9A 2 pK19B

DNA MK-10 9A 2

pK19sacB1 MK-10 sacB

Bacillus subtilis [39]

DNA MK-07 MK-10

[38]  

 

2. DNA  

DNA   5’-3’  

MK-07  

MK-10 

1 GGC TGT CTC TTA TAC ACA TCT CAA CCT GCC 

GCA AGC ACT CAG GGC GC 

 2 GGC TGT CTC TTA TAC ACA TCT CAA CCT GTC 

GTG CCA GCT GCA TTA ATG 

[40]  

 

2) N9T-4KS  

40 μl N9T-4KS 40 ml LB 500 ml

30 OD660 = 

1.0 20 1,800 ×g 4

10 Milli-Q 10 ml 3

10 (v/v) 2 ml

0.5 ml

-80  

 

3) N9T-4  

1 μl DNA 40 μl

1-mm Gene 
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Pulser

1.6 kV/cm 200 

1 ml LB 30 5

10 μg/ml LB

30 3

96 10 μg/ml LB

30  

 

4)  

BM LB 10 μg/ml

30 5

BM LB

-80  

 

5)  

DNA 1-2-5 BamHI

DNA

DNA Milli-Q 20 μl

2 μl DNA 2 μl Ligation Mix DNA 

Ligation Kit <Mighty Mix>

16 16-20 E. coli DH5

DNA  

 

2-2-7.  

N9T-4KS ligD ltsA::Kmr 

10 μg/ml BM BMM BMG

OD660 1.0 10-3 1.0 10-4 1.0 10-5 1.0 10-6

3 μl 30 5

 

 

2-2-8.  

N9T-4KS BM BMM BMG

OD660 1.0 10-3 1.0 10-4 1.0 10-5 3 μl

30 5
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2-2-9.  

N9T-4 aceA aceB pckG

LC019150 LC019151 LC019152

DDBJ/EMBL/GenBank  

 

 

2-3.  

 

96 BM

BM BMM BMG

5 TN-C036 TN-C042 TN-C057 TN-D014 TN-D027 BM

BMM BMG 
10A DNA

DNA

DNA N9T-4

DNA

10 bp 10 kbp

R. 

erythropolis PR4 DNA 1.5

104 colonies/μg DNA

DNA [38]

ligD DNA

DNA

non-homologous end joining

DNA

Rhodococcus

 
10B TN-C057 TN-D014 TN-D027

ICL aceA

aceA 2

3-hydroxybutyryl-CoA hbd cobalamin

metE N9T-4

3

aceA TN-C057 TN-D014 TN-D027

11 hbd metE

aceA  
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TN-C036 TN-C042 MS

aceB PEPCK

pckG aceA

aceB BMM

BMG 10A BMM

BMG

GO

pckG BMG

10A pckG

aceA aceB pckG

GO

N9T-4 12  
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10.  

A LB OD660 = 1.0

10-3 10-6 3 μl BM

3 BM 1 L-

BM BMM 1 D- BM BMG

10 μg/ml 30 5

TN-C057 TN-D014 TN-D027 ICL aceA

TN-C036 TN-C042 MS aceB PEPCK

pckG N9T-4KS 

Δ ligD  ltsA::Kmr TN-C TN-D DNA MK-07

MK-10 (B)  aceA 1

Xre family DNA 2 3 4

5 ICL 6 3-hydroxybutyryl-CoA 7 cobalamin

8 NADP  

None + Malate + Glucose

Parent strain 

TN-C057

TN-D014

TN-D027 

TN-C036 

TN-C042 

10-3  10-4  10-5  10-6 10-3  10-4  10-5  10-6 10-3  10-4  10-5  10-6

aceA 

aceB 

pckG 

A

B

8

1 kb

1 2 3 4 5 6 7

TN-D014 

TN-C057 
TN-D027 

Carbon source in BM
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11.  

LB OD660 = 1.0

10-3 10-5 3 μl BM

3 BM 1 L-

BM BMM 1 D- BM BMG 30 5

N9T-4KS aceA hbd

metE ICL 3-hydroxybutyryl-CoA cobalamin

10B 5-7  

  

Carbon source in BM

Parent strain 

ΔaceA

Δhbd

ΔmetE 

10-3  10-4  10-5 10-3  10-4  10-5 10-3  10-4  10-5

None + Malate + Glucose
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12. N9T-4 TCA  

CS ACN ICD

KGDH SCS -CoA

SDH FUM MADH

ICL MS PEPCK

 

 

 

2-4.  

 

N9T-4

DNA

N9T-4 3 10-12

aceA aceB BM

L- D- BM

GO N9T-4

Beste [41] Mycobacterium

ICL 13C
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GO PEPCK PEP 
CoA CoA

PEPCK PEP 

Mycobacterium tuberculosis ICL

[42] N9T-4

N9T-4

C3

2 ICL icl1 icl2

[43] N9T-4

ICL aceA N9T-4

CO2

13CO2 N9T-4
13C

N9T-4

N9T-4 GO

TCA CO2

ICD α- KGDH

N9T-4

pckG

pckG PEPCK

GO

GO CoA C2

N9T-4

 

Fischer [44]

ICL MS PEPCK
13C

PEP CO2 PEP GO

PEP GO PEP GO

NADPH -6-
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TCA NADPH ICD

N9T-4

PEP GO
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N9T-4  
 
 
3-1.  

 

N9T-4 GO

3-2.  

 

3-2-1.  

 

 

3-2-2.  

R. erythropolis N9T-4 1-2-2 N9T-4

E. coli DH5 [F-, 

Φ80lacZΔM15, Δ(lacZYA-argF)U169, deoR, recA1, hsdR17(rK
- mK

+), phoA, 

supE44, λ -, thi-1, gyrA96, relA1] E. 

coli BL21(DE3) [F-, ompT, hsdS(rB
- mB

-), gal, dcm, λ(DE3)]

 

 

3-2-3.  
N9T-4 BM

LB 1-2-3 50 μg/ml Amp

 

 

3-2-4.  

N9T-4 1-2-4

37  

 

3-2-5.  

2 ml 50 mM 100 mM

pH

0.1 mm



 

 - 37 - 

Model 3110BX 4,200 rpm

30 1 6

20,400 ×g 4 10

2 ml

4,200 rpm

30 1 20,400 ×g 4 10

2

0.45 μm

DISMIC-25CS  

Amicon Ultra 10K

PMSF

0.1 mM  

Bio-Rad Protein Assay  

 
 
3-2-6.  

30 DU-800

6 11 13

Tian [45]  

 

1) CS  
50 mM KPi pH 7.5 2 mM

EDTA 100 mM NaCl 0.2 mM 0.14 mM CoA 100 

μM 5,5’- 2- DTNB N9T-4

1 ml 0.2 mM 0.14 

mM CoA 5- -2-

TNB 412 nm 1 1 μmol TNB

1 Unit 13,600 M-1 cm-1

 

 

2) ACN  
50 mM KPi pH 7.5 100 mM NaCl 0.1 mM cis-

N9T-4 1 ml

0.1 mM cis-

240 nm 1 1 μmol
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1 Unit 3,500 M-1 cm-1

 

 
3) ICD  

 
50 mM KPi pH 7.5 10 mM MgCl2 2 mM NAD+ NADP+

1 mM DL- N9T-4 1 ml

DL- NADH

NADPH 340 nm 1 1 μmol NADH

NADPH 1 Unit

6,220 M-1 cm-1  

 

50 mM KPi pH 6.5 10 mM MgCl2 0.4 mM NADH

NADPH 10 mM NaHCO3 10 mM - KG N9T-4

1 ml KG

NADH NADPH 340 nm  

 
4) - KGDH  

100 mM KPi pH 6.5 0.2 mM TPP

1 mM MgCl2 2 mM NAD+ NADP+ 1 mM CoA 1 mM KG N9T-4

1 ml KG

NADH NADPH 340 nm  

 
5) CoA SCS  

50 mM KPi pH 7.5 0.1 mM DTNB 0.25 mM ADP 0.15 

mM CoA N9T-4 1 ml

CoA TNB

412 nm  
 
6) SDH  

Olsthoorn [46] 50 

mM KPi pH 7.5 50 μM 2 ,6 -ジクロ ル DCIP 1 mM

PMS 1 mM KCN

20 mM N9T-4 1 ml

DCIP 600 nm

1 1 μmol DCIP 1 Unit

20,600 M-1 cm-1

N9T-4
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3,500 ×g  
 
7) FUM  

50 mM KPi pH 7.5 25 mM L- N9T-4

1 ml L-

250 nm 1 1 

μmol 1 Unit

1,479 M-1 cm-1  

 
8) MADH  

50 mM KPi pH 7.5 0.2 mM NADH 0.4 mM 
N9T-4 1 ml

NADH 340 nm

 
 
9) ICL  

50 mM KPi pH 7.5 5 mM MgCl2 4 mM

1 mM N9T-4

1 ml 1 mM

GO 324 nm 1 1 μmol GO

1 Unit 16,800 M-1 cm-1

 
 
10) MS  

50 mM KPi pH 7.5 5 mM MgCl2 0.1 mM DTNB 30 μM 
CoA 10 mM GO N9T-4 1 ml

GO TNB 412 nm

1 1 μmol TNB 1 Unit

 

 

11) - KGD  

Tian [47]

-
TPP Mg2+ [48]  

100 mM KPi pH 6.5 0.3 mM TPP 1 mM MgCl2 0.8 mM

K3[Fe(CN)6] 1 mM KG N9T-4

1 ml KG

430 nm
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1 1 μmol 1 Unit

1,000 M-1 cm-1  

 

12) SSADH  
 

50 mM KPi pH 7.5 1 mM 2- 2 mM 

NAD+ NADP+ 0.5 mM SSA

N9T-4 1 ml

SSA NADH NADPH

340 nm  

 
50 mM KPi pH 6.5 0.4 mM NADH NADPH 1 mM

N9T-4 1 ml

NADH NADPH

340 nm  

 

13) PDH  
Tian [47]

100 mM KPB pH 7.0 0.2 mM TPP 1 mM MgCl2

2 mM NAD+ NADP+ 0.165 mM CoA 1 mM N9T-4

1 ml

NADH NADPH 340 nm

 

 

3-2-7. N9T-4  

16.5 mm

30

150 min-1

100  10

OD660 5.0
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3-2-8. KGD rKGD  
3-2-8-1.  

DNASIS Pro

3  

 

3. sucA   

 
 
3-2-8-2. sucA  

TAGzyme N 6×His KGD

sucA

N9T-4 sucA PCR PCR KOD 

plus GeneAtlas 322

 
N9T-4 DNA Kgd_5_SacI_K

Kgd_3_KpnI PCR PCR 94 2 98  
10 68  5 30 30 68 3  

PCR -EX

TAE 100 V

30 w/v 1

DNA Wide-Range DNA ladder 100-5,000 bp

 

PCR pQE-2 SacI

KpnI NEB DNA ligation Kit <Mighty Mix>

10:1 E. coli 

DH5 PCR

 

Kgd_5_SacI_K Fw GAT GAG CTC ATG CGA AGA GCA GCA GTT
CTA CAT CCC AAT TCG GAC AGA AC

pQE-2
PCR

Kgd_3_KpnI Rv GAT GGT ACC TCA GTT GGT CGG CAG GAA
CGC CTC GTC CAA GAT

pQE-2
PCR

Fw_primer2 Fw
GTC GTC AAG AAC ATG TCG CTC KGD 421 441

Fw_primer3 Fw
CGG TGC CGG CGC GAT GGA ATA C KGD 921 942

Fw_primer4 Fw
GTA CTG CCG CCA CGT CGG C KGD 1413 1431

Rv_primer2 Rv
GAA CTT GCC CGT CGT GAA GTC KGD 3336 3316

Rv_primer3 Rv
GTA CTC GTT GCC GGT CTT GCG KGD 2847 2827

Rv_primer4 Rv GTC GTA CAT CGC CGG CTG GGT C KGD 2361 2340
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sucA

DNA BigDye Terminator Cycle 

Sequencing Ready Reaction Kit

96 1 96

10 48 15 60 4 25

Model 3100 Sequencer  
6×His sucA pQE-2

pKgd-K E. coli BL21(DE3)

E. coli BL21(DE3) pKgd-K KGD  

 

3-2-8-3. KGD  
E. coli BL21(DE3) pKgd-K LB/Amp 5 ml 

100 μl 500 ml

LB/Amp 50 ml 37

3 OD600 0.5 0.5 mM

-β- IPTG

18 20 sucA

5,800 ×g 4 1 PBS

pH 7.4; 200 mg/L KCl 200 mg/L KH2PO4 8 g/L NaCl 1,150 mg/L Na2HPO4

2 −40

 

20 ml A pH 8.0 20 mM

300 mM NaCl 50 ml

0.1 mM PMSF SONIFIER 450

BRANSON

30 10 1

15 4 5,800 ×g

KGD rKGD  
rKGD 6×His

TALON Metal Affinity Resin ClonTech 15 ml

A pH 7.4 rKGD

4

4 SRX-201

15 2,430 ×g

A 10 ml
B A 20 mM 2

C A 250 mM
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rKGD

SDS

SDS-PAGE  

SDS-PAGE 7.5

4.75 10 cm × 10 cm SDS

CBB  

rKGD Amicon Ultra 10K

50 mM

0.1 mM PMSF

rKGD -20

rKGD

 
 
3-2-9. GC  GO  
3-2-9-1. TMS  

1) ICL GO  

200 μl

50 g/l  70 μl 5M NaOH 15 μl

60 30 6M HCl 20 μl

0.5 mg/ml

200 μl NaCl 0.1 g

3 ml 5

CVE-100D

1.5 ml

60

100 μl TMS

BSTFA 10  TMCS 100 μl 70

2 GC

 

 
2) ICD ICL GO  

1 ml

50 g/l  210 μl 5M NaOH 45 μl

60 30 6M HCl 60 μl

0.5 mg/ml

200 μl NaCl 0.5 g
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3 ml 5

2.4 ml

3 ml

5.4 ml

60

100 μl

TMS BSTFA 10  TMCS 100 μl 70 2

GC

 
 
3-2-9-2. GC  

TMS GC353B

GC FID

DB-5 30 m 0.32 mm 0.25 

μm 1 μl

FID

230 70 250

70 5 5 /min

10 120 30 /min 6 300 300 1

1 22

1 ml/min 50 ml/min 5 ml/min

GO  

 

3-2-10. TLC  

KG SSA TLC

500 μl 3 M 

HCl 6.3 mM 2,4- DNPH 84 μl

50 45

1.5 ml

1.2 ml

30

20 μl 10 cm TLC TLC Silica gel 60 

F254 3

1- 2 KG
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SSA UV 254 nm  

 

3-2-11. HPLC  

1) KG SSA  

500 μl

6 M HCl 20 μl 3 M HCl 6.3 mM DNPH 42 μl 50

45

1.5 ml

1.2 ml

30

150 μl 20 mM 

NaH2PO4 pH 2.5; pH 1:1

v/v HPLC

 

HPLC ODS SP-120-5-ODS-AP

20 mM NaH2PO4 pH 2.5; pH

A B 45

A:B 95:5 v/v 0 min 0.5 ml/min 20:80 30 min 0.5 

ml/min 1.0 ml/min 20:80 35 min 1.0 ml/min 95:5 40 min 1.0 ml/min

0.5 ml/min 95:5 45 min 0.5 ml/min 365 nm

20-60 μl  [49]

KG SSA

 

 

2)  

500 μl Amicon Ultra 

10K 400 μl

6 M HCl 20 μl 3 M HCl 6.3 mM DNPH 30 μl 50

45 KG SSA 1

20 mM NaH2PO4 pH 2.5 0.1

 

 

3-2-12.  

NADP GTD-209

BM N9T-4

Amicon Ultra 10K

20 100 mM 
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Tris-HCl pH 9.0 0.5 mM NADP+ 20 Unit NADP

32 μM PMS 120 μM NBT

200 μl 120 μl

96 80 μl

50 20

Model 550  595 nm

 

 

3-2-13. DNA  

1) DNA  

N9T-4 2,540

DNA

eArray

DNA

DNA

4 44K  

 

2)  

LB N9T-4 20

200 ml LB OD660 0.02

30 12 10,000 ×g 4 1

30 30 BM

LB 2  

 

3) RNA  

1.5 ml

RNA ISOGENII

200 μg RNA

N9T-4

Agilent 

Expression Array

 

 

3-2-14.  

N9T-4 sucA

LC019149 DDBJ/EMBL/GenBank  
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3-3.  

 

3-3-1. N9T-4 TCA   
GO

N9T-4 TCA BM

TCA

- KGDH

4 GO ICL

MS

N9T-4 NADP

ICD N9T-4 ICD  

 
4. N9T-4 TCA  

 
Unit μmol min-1 mg-1 n.d.  

TCA

4.71
51.4

ICD NAD+ 6.46
NADP+ 71.5
NADH 0.56
NADPH 3.79

α- KGDH NAD+ n.d.
NADP+ n.d.

-CoA 5.99
0.63

40.3
77.8

ICL 19.1
MS 0.59

TCA

KGD 1.07
TPP Mg2+ 0.48

NAD+ 0.77
SSADH NADP+ 0.63

NADH n.d.
NADPH 0.17

x 10-2 Unit/mg
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1 45,000

40,000 57,000 NADP

ICD [50]

CO2 ICD

ICD N9T-4 CO2

 
 
3-3-2. KG GO ICD ICL   

ICL ICD

GO

GC  

N9T-4

ICL

Mg2+

90 1.48 mM

13A Mg2+

 

- KG GO ICD

ICL N9T-4

ICD 4

5 mM KG NADPH

Mg2+ KPi

180 0.13 mM GO

13B CO2 GO

KG GO GO

14  
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13. GC GO  

A  ICL 1 Mg2+

2 3 GO 4 1 GO 1.48 mM

90 600 μl 5 mM 5 mM MgCl2 0.3 

mg/ml 50 mM KPi pH 6.5 B  ICD ICL

1 HCO3
- 2 3

GO 4 1 GO 0.13 mM 180

1,100 μl 5 mM KG 10 mM MgCl2 2 mM NADPH 10 mM NaHCO3 0.3 mg/ml

50 mM KPi pH 6.5 A B GO 8.7

 

 

14. ICD ICL  

KG NADPH

ICD

ICL  
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3-3-3. N9T-4 TCA   
KGDH M. tuberculosis Mtb

KG SSA CO2 KGD

[45, 47] KGDH SucA E1 DlaT E2 Lpd E3

3 KGDH

N9T-4 E. coli SucA

Mtb KGD [51] KGD

GO KGDH

N9T-4

KGD KG

KGD 4 Mtb KGD

TPP Mg2+ [45, 47] N9T-4

KGD LB

KGD BM

KGD

KGD SSA

SSADH N9T-4

SSADH gabD R. erythropolis PR4 RER_05830

RER_44340 gabD2 R. erythropolis PR4 RER_00920

N9T-4 N9T-4

KGD SSADH SSA KG

Mtb TCA [45, 47]  

 

3-3-4. N9T-4 rKGD  
N9T-4 SucA KGD

N9T-4 sucA PCR

sucA 3,762 bp 1,253

137,000 15A BLAST

N9T-4 KGD R. 

erythropolis PR4 R. jostii RHA1 M. smegmatis mc2 155 M. tuberculosis 

H37Rv 99 86 75 74

N9T-4 KGD KGDH E1

15C KGDH E1 N N9T-4

KGD N 42

Mtb KGD Corynebacterium 

glutamicum OdhA Cg OdhA E. coli SucA [52, 53]

N9T-4 KGD N Mtb KGD Cg OdhA

87
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15. N9T-4 rKGD  

A  SDS-PAGE rKGD 2 μg rKGD 7.5 SDS-

CBB 137 kDa B rKGD

KGD TLC 0 15 30 “Complete” 500 

μl 1 mM KG 0.3 mM TPP 1 mM MgCl2 1 μM rKGD 100 mM KPi pH 6.5

TPP Mg2+ “No 

cofactors” 30 DNPH

TLC KG SSA Rf 0.14

0.54 C 4 R. erythropolis  N9T-4 R. jostii  RHA1 M. tuberculosis  

H37Rv C. glutamicum  ATCC 13032 KGDH E1 1

KGDH E1 N 2

3 KGDH E2 4 KGDH E1 C

kDa

175

80

58

46

A

C

0 15 30 0 15 30
Complete No cofactors

Time (min)

1 0.1 1
KG SSA

Standard (mM)

B

R. erythropolis KGD 

R. jostii KGD 

M. tuberculosis KGD  

C. glutamicum OdhA  

1 2 3 4
(1,253 aa) 

(1,258 aa) 

(1,231 aa) 

(1,221 aa) 
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E2 236

[52, 54] KGDH E1

E2 -

N9T-4 KGD KGDH

R. jostii 

RHA1 Rhodococcus 15C

N9T-4 KGDH

 

KGD rKGD

KGD 5.05  0.21 μmol min-1 mg-1

TPP 1.41 0.22 μmol 

min-1 mg-1 TPP Mg2+ 1.05 0.07 μmol min-1 mg-1 rKGD

TPP Mg2+ TLC 15B rKGD

KG SSA SSA

 

 

3-3-5.   SSA KG KGD  

ICD

KGD

KG 0.5 μM

HPLC rKGD SSA KG

KG

-

TPP Mg2+ ATP CoA PLP

KGD SSA

TLC KG

KG 16

N9T-4

2.5 mM

SSA KG SSA

γ- GABA KG

GABA GABA-T

SSA KG

GABA-T  
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16. KG TLC  

500 μl 5 mM SSA 1 mM TPP 10 mM MgCl2 10 mM NaHCO3 0.3 

mg/ml

50 mM KPi pH 6.5 SSA KG

GABA

SSA KG  

 
3-3-6.   DNA  

TCA N9T-4 TCA

TCA

TCA

ICD KGD

ICD KGD

TCA GO

1

2 CO2 1 GO

KGD TCA

DNA

LB BM
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LB

RNA DNA

N9T-4

BM / LB 5-1, 5-2

R. erythropolis PR4 ORF

5-1, 5-2  

SSA TCA

1 5-1

3 SSADH 2 Mtb

ORF gabD R. erythropolis PR4

ORF RER_05830 gabD2 R. erythropolis PR4 ORF

RER_00920 [45] 0.05

4.3 1 gabD R. 

erythropolis PR4 ORF RER_44340

SSADH N9T-4 2 SDH

SDH sdhCAB 18.3

61.4 sdhCAB

GABA SSA

 

aceA aceB pckG 5-1

 

PC PEPCK

PEPC 1.6

ME 7.7

5-1 ME NAD+ NADP+

ME

 

PEP CoA

PEP PK CoA

PDH 2 PDH

KGDH PDH aceE
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PDH PDH AceE

E1 DlaT E2 Lpd E3 3 E2  

E3 KGDH PK PDH

aceE 0.6 1.8

5-1 PDH

PDH

bkdA pdhA bkdB pdhB Mtb

PDH PDH

[47]

PDH

PDH 2.7 

nmol min-1 mg-1 NAD+ 2.0 nmol min-1 mg-1 NADP+

PDH KGDH

DlaT E2 Lpd E3 PDH KGDH E1

E2 E3 PDH DlaT Lpd

4 KGDH

PDH

Phosphoenolpyruvate : sugar phosphotransferase system

PTS PEP

ptsI ptsI

PK PEP

PTSI PEP

 

amtB

GDH GD GLNN

5-1 [28, 29] GABA-T

2 1 R. erythropolis PR4 ORF

RER_55640 AmtB

GDH GLNN KG

GD GABA-T GABA SSA
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5-1. DNA

TCA  

 

LB BM
2

0.5  
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5-2. DNA

NADH  

 

LB BM
2

0.5 NF
 

 

MDH

nFADH 300

5-2

[22, 26]  

CoA CoA

ACS CoA

CoA PCS 34.1 ACS 6.9 PCS

5-2 nFADH

MDH

ACS PCS

CoA CoA
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nFADH N9T-4

[55] MDH

Rhodococcus

[56] MDH

MDH

MDH 

N9T-4

GC

MDH

 

CoA CoA

CoA ACC

CoA (S) CoA

CoA PCC

CoA TCA CoA

/ CoA ACC/PCC

7 ACC/PCC CoA

5

2

5-2 accD6 R. erythropolis PR4 ORF RER_36750 ACC/PCC

β 48.5

accA2 R. erythropolis PR4 ORF RER_17550

ACC/PCC α 2.9

2

 

NADH NADH:

NUO chain B

5-2 NADH

NDH 3.8

NADH TCA NADH

NADH I NADH

NDH-I II NADH NDH-II

NDH-I nuo
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N9T-4 nuoA-N 14

I 1

2 NDH-II ndh

NDH-I

NDH-I NDH-II 

N9T-4 Mtb NDH-I NDH-II

Mtb 2 NDH-II ndh ndhA

N9T-4 1 ndh NDH-I

NDH-II 2

Mtb NDH-I

NDH-II

[57] N9T-4 NDH-I NDH-II

nFADH

NAD nFADH

NAD+ NADH nFADH NADH

NUO

 

 

3-3-7.    

TCA

TCA

CoA

TCA

POR CoA

[8, 9] N9T-4 POR

[58]

0.5 μM HPLC

CoA

CoA

6 N9T-4
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6. N9T-4

 

 
Unit μmol min-1 mg-1 1 1 μmol 1 

Unit  n.d. 500 μl

0.5 mM 0.1 mM TPP 0.1 mM MgCl2 50 mM NaHCO3 0.2 mg/ml 

a 100 mM KPi pH 8.0 N9T-4

10,000

a 0 30

DNPH HPLC

30 0

30  

  

x 10-3 Unit/mg
0.60
0.41
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3-4.  

 

3-4-1. N9T-4 TCA  

TCA

17 BM

KGD SSADH

KGDH 4

Mtb TCA N9T-4

Mtb KGDH

KGOR Mtb KGOR

KGOR

korAB CO2

[59] N9T-4 korAB

 

ICD N9T-4

1 TCA

ICD [60]

N9T-4 KGD KGDH E1

KGD KGD SSA

KG

rKGD

KGD KGD

 

SSA TCA

Rhodococcus

TCA

SSA TCA

KGD SSADH

N9T-4

[61, 62]

GDH GABA

TCA

KG

[62]  

N9T-4 CoA TCA

CoA

CoA N9T-4
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TCA sucA

 

 

 
17. N9T-4 TCA   

BM KGDH

N9T-4 TCA SSA KG

CoA GO

CoA CS

ACN ICD KGDH

SCS -CoA SDH

FUM MADH ICL

MS PEPCK

KGD SSADH



 

 - 63 - 

3-4-2.   

N9T-4 TCA

TCA

DNA

18

2  

 

1  

MDH nFADH ACS

CoA

ACC/PCC

ACC CoA

CO2 ACC

N9T-4

ACC/PCC

CoA C2 N9T-4 CO2

C2

GO  

1 ACC

CoA CoA

CO2

CO2 ACC

CO2

C3 CoA CoA

TCA PCC

PCC CO2

 

 

2  

6

ME TCA

PEP
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PDH

N9T-4 PDH

 

2

2 CO2 TCA

GO 1 GO  

 

N9T-4

2.1 μg/m3 25 1.3 ppb

2012  [63]

10 [64]

 

DNA

aldA

BM [22]

aldA

 
13C CoA

13C

HPLC MS

LC-MS/MS 13C

13C
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13C

18 1 2

 

N9T-4
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18. N9T-4  

DNA

5-1 5-2

PEP

MDH

nFADH

NADH NUO NADH

NUO Q  
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N9T-4

CO2 CO

CODH CO CO2

CO

CODH CO

CODH

CODH

 

N9T-4

DNA

BM BM BM

5

aceA aceB PEP

PEPCK pckG

AceA AceB GO PEPCK

GO

GO TCA

 

N9T-4 TCA

BM TCA

KGDH KGDH

KGDH E1 SucA KGD

KGD

SSA SSADH

TCA KG SSA
TCA CoA

CoA ICD

TCA

KGD

DNA
13C
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N9T-4 CO2

21

10

CO2 [65]

CO2
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MS
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