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2. hydrogenase  hydA  

 hydrogenase 

C. saccharoperbutylacetonicum N1-4  DNA  nested PCR 

 600 bp  DNA 

Ethanoligenens harbinense  Fe-hydrogenase  (72%) 

 600 bp  DNA  hydrogenase  hydA 

 C. saccharoperbutylacetonicum N1-4 

 DNA hydA 1,764 

bp 586 aa hydA 

hydA  hypothetical protein pyridine nucleotide disulphide 

oxidoreductase  hypothetical protein  yagB 

 ( 1)  

C. acetobutylicum ATCC 824 hydA (583 aa) 33.8% C. 

acetobutyricum P262  hydA (575 aa) 33.1% C. pasteurinum  hydA

C. perfringense  hydA HydA  N 

 2Fe-2S cluster 1  4Fe-4S cluster  3 C-

 Fe-hydrogenase  H-cluster 

 

 

3. hydrogenase  hupCBA  

 hydrogenase 3  orf 

(hupC hupB hupA)  hydrogenase cluster C. 

saccharoperbutylacetonicum N1-4 

hupCBA hupCBA  

alanine racemase hypothetical protein specialised sigma factor   NimC/NimA

L-amino acid oxidase hydrogenase 

 ( 1)  

 orf hupC hupB hupA 

HupA (587 aa)  C. acetobutylicum ATCC 824  HydA (583 aa)  33.8% C. 



acetobutyricum P262  HydA (575 aa)  33.1% C. pasteurinum  

HydA C. perfringense  HydA Fe-hydrogeanse 

 Thermotoga maritima  hydCBA 

HupA  41.0% HupB  54.0% HupC  47.0%

 

HupA  H-cluster 4Fe-4S cluster

 3 2Fe-2S cluster  1  C. saccharoperbutylacetonicum 

N1-4 HydA T. maritima  HydA HupB 

4Fe-4S cluster  3 2Fe-2S cluster  1 FAD-binding 

site NAD-binding site HupC  2Fe-2S cluster  1 
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4. hydA, hupCBA  
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 bdh (butanol dehydrogenase) 

 ( 2)  hydA 
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hupA 

 15 h 
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hupA C. 
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4 8 12 24 h  RNA 

24 h  RNA  hupCBA  4.0 kb 

hupC hupB  hupB hupA  RT-PCR 



hupCBA 

 

 37 bp  

 

5.  RNA  hupCBA  

(a)  RNA  HupCBA  

 hupCBA 

hydrogenase 

 C. saccharoperbutylacetonicum N1-4 

C. saccharoperbutylacetonicum N1-4 

 hupCBA 

 RNA 

 

 RNA  bdh 

 hupA  RNA  hupCBA 

 2 nt  180 nt hupCBA  mRNA 

 HupC 

 DNA  PCR 

 Escherichia coli- C. saccharoperbutylacetonicum N1-4 

 pNAK1  pNAK2 

 pNAK1  C. 

saccharoperbutylacetonicum N1-4  

N1-4pNAK2  N1-4pNAK1  

 RNA  

N1-4pNAK1  N1-4pNAK2  HupC  HupC 

N1-4pNAK1  HupC 

N1-4pNAK2 

180 nt  RNA  HupC 



 

 hydrogeanse 

 hydrogeanse N1-4pNAK1 

N1-4pNAK2 

 HupC 

hydrogenase 

HupCBA HupCBA 

 T. maritima  HydABC  

N1-4 pNAK2  HupCBA 

 RNA  

HupCBA 

 12 h 

 N1-4pNAK2 

 N1-4 pNAK2  N1-4pNAK1  3.1 HupC 

 N1-4pNAK2  HupCBA 

 hydrogeanse  

(b) hupCBA  

 HupCBA 

N1-4pNAK1  N1-4pNAK2 

 HupCBA 

 

 N1-4pNAK1 3.4 (  174.7 mM  51.3 mM) 

N1-4pNAK2 1.4 (  130.3 mM  95.1 mM) 

N1-4pNAK2  

N1-4pNAK1  74.5%  3.4 

 

N1-4pNAK2  butylaldehyde 

dehydrogenase (Bld)  butanol dehydrogenase (Bdh) 



NAD
+ 

Bld  18.54 mU/mg (N1-4pNAK1)  31.20 mU/mg (N1-4pNAK2) 

N1-4pNAK2 Bdh  56.81 mU/mg 

(N1-4pNAK1)  67.34 mU/mg (N1-4pNAK2) 

 N1-4pNAK2 

 Bld Bdh  

 HupCBA  NADH  hydrogenase 

HupCBA 
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