
No. A-7-1E
PJ : Development of a bioprocess that uses electrical energy to fix atmospheric CO2

Theme: Project summary
Organization: National Institute of Advanced Industrial Science and Technology (AIST) 
Contact: Souichiro Kato (s.katou@aist.go.jp)



No. A-7-2E
PJ : Development of a bioprocess that uses electrical energy to fix atmospheric CO2 
Theme: Genome manipulation / Enhancement of CO2 uptake
Organization: AIST, Kobe University
Contact: Souichiro Kato (s.katou@aist.go.jp), Hiroki Ashida (hiroki_ashida@people.kobe-u.ac.jp)



No. A-7-3E
PJ :電気エネルギーを利用し大気CO2を固定するバイオプロセスの研究開発
Theme: Enhancement of CO2 fixing enzyme ability and providing electrotrophy
Organization: Tokyo Institute of Technology
Contact: Kosuke Fujishima (fuji@elsi.jp)

＜半人工CO2固定経路>
-in vitroでの酵素活性の検証(ピーク分取＋LC-MS同定)
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• A total of seven reactions of the ethylmalonyl-CoA pathway in the semi-artificial synthetic circuit, 
from crotonyl-CoA to succinyl-CoA, were successfully verified to proceed in vitro, including enzymes 
from Ralstonia.

• We succeeded in synthesizing and preparative isolation of five non-promotional intermediate acyl-CoA 
compounds, which are industrially difficult to synthesize.

• The CCR-CA fusion protein was found to be more active than natural CCR under low CO2 concentrations.
• Artificial domain-fused carboxylase can synthesize methylmalonyl- and ethylmalonyl-CoA via HCO3 fixation

今年度の進捗

＜CO2固定酵素>

•既知のCCRの周辺のCO2濃度を高めることを目標に、Reut
導入済CCR(Me)にReut内在性のCAを融合させたタンパク質
をデザイン、大腸菌での発現を試みたが、5つの可溶性向上
コンストラクトで全て不溶化 = 多量体化?

→ 単量体のCAに置き換えたタンパク質を新たに作成

-CCRのCO2固定の強化-

CCR

炭酸脱水酵素
(CA)

Stoffel et al, PNAS (2019)

CCR-CA融合タンパク質の立体構造予測

CCR-CA融合タンパク質の発現

リンカー

-高活性CCRスクリーニング用のタンパク質センサー開発-

•低濃度CO2下において高活性のいCCRを進化工学的にスク
リーニングすることを目標に、CCRの反応後産物であるエ
チルマロニルCoAをセンシングするような、タンパク質セン
サーの開発を福居先生（東工大）梅野先生（早稲田大学）
と連携する形で開始。

→ 理論上 100万種類以上の改変型CCRタンパク質を同時に
スクリーニング可能。

エチルマロニルCoA脱炭酸酵素を用いたセンサーとCCRスクリーニング

(Xu et al., Nature 2008)
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Engineering Rhodopseudomonas derived long 
chain carboxylase (LCC) tp create novel 
Propionyl/Ethylmalonyl-CoA carboxylase

Crotonyl-CoA carboxylase/reductase (ccr) 
from Methylorubrum is fused with diatom 
derived monomeric carbonic anhydrase (CA)

CCR-CA fusion protein
(CCR_CA)

Artificially generated CCR-CA 
fusion protein showed higher 
activity than natural CCR 
under atmospheric CO2

LCC_PCCB contributes to two 
CO2 fixation reactions in the 
semi-artificial synthetic pathway

Confirmation of CO2 fixation 
capacity using UPLC * Peak mass 
identified by LC-MS
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• Detection of cathode current by the engineered Ralstonia strain

• We prepared Reut strains transfected with four genes (ccr, ecm, mco, mcl) and artificial enzymes 
(CCR-CA, LCC_PCCB) created in this PJ, and added carbon isotope (C13)-labeled CO2 during culture, 
and identified acyl CoA compounds (M+1, M+2) associated with isotope-labeled Em-CoA circuit in the 
cell extracts by LC-MS.

CO2 fixation using the CCR-CA gene in Ralstonia

CO2 fixation using the LCC_PCCB gene in Ralstonia

■Aim of the project︓
Ralstonia eutropha H16 (Ralstonia) has been previously used as a model organism for bioplastic and other material/compound producing microbe. Here, we will 
search and create a novel CO2-fixing enzyme which play a key role in the Ethylmalonyl-CoA pathway. In addition, a series of genes corresponding to the electron-
transfer system in the cell membrane from the iron-oxidizing bacterium Acidithiobacillus ferrooxidans will be introduced to validate the  electrotrophic activity of 
Ralstonia.
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Structurally stable even 
without the substrate

Stable

mutagenesis

Screening strategy of a protein sensor (mmd_LuxR) 
for sensing methylmalonyl-CoA

Unstable

< Enhancement of CO2 fixing enzyme ability >

< In vitro validation of enzymatic reactions contributing to a 
semi-artificial CO2 fixation circuits>

CO2 uptake was confirmed by LC-MS of the 
exact mass of acyl CoA compounds in cell 
extracts using Ralstonia with carbon isotope C13 
labeled carbonate added to the culture medium.

Metabolic analysis of Reut introduced with 
four genes related to the Em-CoA circuit.

mcm (Reut)

mch (Reut)

< Metabolic analysis of genes related to ethylmalonyl CoA circuit >

A group of proteins isolated and purified for activity confirmation and synthesis of intermediate acyl CoAs.

<Development of protein biosensor to screen for high activity LCC_PCCB>
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＜ Electrochemical measurements of the Ralstonia strains after 
introduction of electron transfer pathway＞
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※No significant differences were observed in *rus8-transgenic strains 
compared to rus4-transgenic strains.
Rus4-pet5 transgenic strains will be measured in the near future

<Protein expression and localization of electron transfer related genes as 
well as introduction of both Downhill and Uphill pathways>

• Preparation and transduction of inducible expression vectors, confirmation of 
Cyc2 expression by Western blotting.
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Cell-free translation

Preparation of transcription 
factor fused methylmalonyl CoA 

decarboxylase constructs
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• A transcription factor-fused methylmalonyl-CoA decarboxylase that is conformationally 
stable only in the presence of ethylmalonyl-CoA, a substrate of LCC_PCCB, was designed
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To enhance the rate of CO2 fixation using Ralstonia in a gas-phase bioreactor integrated with a gas-diffusion bioelectrode.

The goal of this project

Wild type
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CO2
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① Ralstonia/AtaA strain construction ② Electrode development ③ Reactor development
Ralstonia/AtaA strain 
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AtaA, a trimeric autotransporter adhesin from Acinetobacter sp. Tol 5
Fiber length (nm) Fiber size (kDa) Vector

Long AtaA Full-length (FL) 261 359 pBBad
Short AtaA 40% of FL 100 144 pBBad

Conclusion
1. Short AtaA fiber with high adhesivity was successfully expressed on the surface of Ralstonia eutropha IP015 cells.
2. An optimized B-GDE with a modified layer of MPL shows the functions to control water penetration and enhance the 

cell immobilized amount.
3. IPA production is higher in the gas-phase reaction when using 1% CO2 and 3% H2 in the air, compared to that in the 

aqueous-phase reaction.

Electrode development for cell immobilization
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Comparison of IPA production 
in the gas-phase reaction and in the aqueous-phase reaction 
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Optimization of entrance/exit positions for uniform distribution of the gas 
flow pattern in the gas chamber using Computational Fluid Dynamics
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