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• The presence of the reduced 

cofactor NADH is in major 

importance to drive the reaction 

towards formic acid

• Accumulation of NAD+ leads to 

reaction shift towards CO2
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Conclusions

1 Investigation of potency of free FDH reverse reaction (pH 7.0, 30oC)

Investigation of catalytic potency of immobilized FDH (FDH@HPCs)

• At equivalent amounts of FDH the 

presence of the HPCs leads to 17-

fold increase of the reaction yield

• HPCs increase the reaction yield  

probably by bringing the adsorbed 

CO2 into proximity with the FDH

• High excess of NADH is crucial to preserve the CO2 reduction

• Immobilized systems exhibit superior performance compared to the free FDH 

system 

•  1.25 mM of formic acid was achieved with multi-enzymatic nano-biocatalyst

Future Work

• Investigation of optimized immobilization system

• Investigation of formic acid yields with lower NADH concentrations

• Investigation of catalytical properties in CO2-adsorbing mediums
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FT-IR spectrum of the co-immobilized enzyme system

• The presence of amide I and 

amide II bands confirm the 

successful immobilization of 

enzymes

Comparison of nano-biocatalytic systems for formic acid production
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• The nano-biocatalytic systems 

achieve faster reaction rates of CO2 

reduction

• Multi-enzymatic system exhibits 

enhanced production of formic acid

• The synergy of CA. FDH and GDH 

should be investigated more deeply

Sacrificial 

Substrate

• Low solubility of CO2 in aqueous media is a crucial limitation for biocatalysis

• Development of a multi-enzymatic nano-biocatalyst to capture and utilize CO2 into formic acid:

o Incorporation of Carbonic Anhydrase (CA) to increase the solubilization of gaseous CO2 

o Addition of CO2 adsorbing nanoparticles namely Hierarchical Porous Carbons (HPCs)

o Simultaneous immobilization of CA, Formate Dehydrogenase (FDH), Glutamate dehydrogenase (GDH)
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