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Ability to utilize electric energy

Enhancement of CO2 fixation
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■Aim of the project
Introducing electron transfer pathway into Ralsotnia to provide electrotrophy

■Progress in FY2021
2-1A） Introduction of a group of electron transfer genes from Acidithiobacillus
into Ralstonia

Result:

• Building and transforming inducible expression vector into Ralsotnia

• Confirmation of the expression of electron transfer genes using 

qRT-PCR
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Providing electrotrophy （Tokyo Tech）
■ Progress in FY2021 and future plans for FY2022 
2-1B） Electrochemical measurements of Ralstonia strains transformed with a set of 
electron transfer related genes from Acidithiobacillus

Results：

• Detection of reduction current by Downhill pathway strains

• The effect of the growth status of the fungus on the 

electrochemical properties is significant.

Future plans:

• Optimization of culture conditions and electrochemical 

measurement conditions

• Localization of electron transfer proteins and confirmation of 

ATP production

• Introduction of the Uphill pathway
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■ Aim of the project 
Introducing semi-synthetic CO2 fixation pathway into Ralstonia eutropha and searching 
and enhancing the enzyme activity of new carbon fixation enzyme

■ Progress in FY2021 and future plans for FY2022 
(2-3A) Introduction of gene clusters related to the ethylmalonyl-CoA (Em-CoA) pathway, 
including the CO2 immobilizing enzyme CCR, into Ralstonia
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Results:

• Synthesis of plasmids with genes clusters for Em-

CoA pathway. Ralstonia was transformed with 

each plasmid, gene expression and protein 

expression was confirmed.

Future plans:

• Identification of intermediate metabolites 

using LC-MS

• Confirmation of CO2 fixation capacity using 

carbon isotopes

Enhancement of CO2 fixation（Tokyo Tech）
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■ Progress in FY2021 and future plans for FY2022 
2-3B) Enhancement of the enzyme activity of new 
identified carbon fixation enzymes

Result：

• To improve the CO2 uptake efficiency of CCR, we 

synthesized a fusion protein of CCR and carbonic acid 

dehydrogenase (CA) and confirmed its activity.

• We have predicted and confirmed functional carbon 

fixation enzymes in Ralstonia and in nature

Future plans:

• CCR-CA performance measurement under 

low CO2 condition

• Isolation and purification of novelprotein

candidates with PCC activity in nature

• High-throughput screening of carbon fixing 

enzymes with high activity

Enhancement of CO2 fixation（Tokyo Tech）

今年度の進捗

＜CO 2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CO 2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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Search for novel CO2-fixing enzymes in nature 
using machine learning

Identification of Propionyl CoA carboxylase 
(PCC) in Ralstonia

Design and synthesis of the fusion protein of crotonyl-CoA 
carboxylase/reductase (CCR) and carbonic acid 
dehydrogenase (CA) and its activity confirmed.

Structural prediction of 
CCR-CA fusion

Enzyme Activity of CCR-CA fusion
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