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Development of a Bioprocess That Uses 
Electrical Energy to Fix Atmospheric CO2



Summary of our project
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■Development of an innovative biotechnology for negative emission

■Utilizing electric energy to convert atmospheric CO2 into organic matters 

■More than 50 times more efficiently than plants (>50 kg-CO2/m2/year)

“superbugs” 
that use electric energy, uptake & concentrate 

atmospheric CO2, and fix CO2 with high efficiency.

“gas-phase reaction process” 
that can effectively supply electricity, nutrients

and CO2 to superbugs.
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Development of large-scale genome 
manipulation technology

Abilities of CO2 uptake and 
concentration
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Genome manipulation (AIST)

■Target : Construction of large-scale genome manipulation technologies
for Ralstonia

■1. Large-scale DNA introduction technologies for Ralstonia

On-going works:

・Methods for gene insertion into the genome

（Cre-Lox system）

Achievements:

・Vectors were designed

・DNA introducing methods were examined

5,634 bp

Designed DNA vector based on yeast artificial 

chromosome (YAC)
Summary of Cre-Lox system
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■2. Development of promoter libraries

On-going works:

・Verification of candidate promoters

・Develop promoter libraries

Achievements:

・Expression analysis under CO2-fixing conditions

・Specify candidate promoters

Genes specifically 
expressed under 

CO2-fixing conditions

Results of gene expression analysis

（CO2-fixing and heterotrophic conditions）

Candidates for promoters specifically working 

under CO2-fixing conditions
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Genome manipulation (AIST)



■Target：Introduce genes for CO2 uptake and concentration into Ralstonia

On-going works:

・Further improvement by co-introduction 

of CO2 uptake & concentrating systems

Achievements:

・Construct Rubisco-overexpression strains that

showed higher Rubisco activities & growth

Ability of CO2 concentration (Kobe univ.)
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■1. Introduce CO2-fixing enzymes (Rubisco)
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On-going works:

・Introduction into Ralstonia to improve its 

CO2-fixing abilities 

Achievements:

・Construct vectors for CO2 transporters and 

carboxysome genes derived from cyanobacteria
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■2. Introduction of CO2-uptake and concentrating systems

Carboxysome

Carbonic

anhydrase

RuBisCO

Shell proteins

Carboxysomes in 

Cyanobacteria cells
(Savage et al., 2010)

Ability of CO2 concentration (Kobe univ.)

■Target：Introduce genes for CO2 uptake and concentration into Ralstonia
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