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1. Introduction – Enzyme immobilization is the procedure to bond enzymes to a solid support. This procedure 

improves stability and allows the reusability of enzymes. Materials of different types can be used as supports 

for enzyme immobilization, among which mesoporous silica is one of the most frequently applied materials due 

to its large specific surface area, textural and structural resistance, biocompatibility, and efficacy to surface 

functionalization [1,2]. At present, the reduction of CO2 concentration in the atmosphere is one of the most 

investigated fields of research. Several strategies have been reviewed in the last decades to discuss the feasibility 

of recycling CO2 to address current environmental issues. Formate dehydrogenase (FDH) is an NADH-

dependent oxidoreductase capable of reducing CO2 to formic acid [3]. FDH needs a high amount of NADH 

which is a very expensive reagent. By coupling the enzyme glycerol dehydrogenase (GlyDH) to FDH, the 

cofactor nicotinamide is regenerated in reduced form (NADH) and a second valuable product, 1,3-

dihydroxyacetone (DHA), is obtained. In this work, both FDH and GlyDH enzymes are immobilized with 

mesoporous silica, and the optimal FDH:GlyDH ratio for the CO2 reduction reaction to formic acid is also 

studied.  

 

2. Experimental – Mesoporous silica was functionalized with amino groups to immobilize FDH from Candida 

boidinii and GlyDH from Geobacillus stearothermophilus. The support was characterized by N2 adsorption at 

77 K, XRD, and FT-IR spectroscopy. The prepared biocatalyst was characterized through retained activity (Ract) 

and protein immobilization yield (IY). In addition, the optimum pH and temperature were evaluated. For 

immobilization, the protocol indicated in the literature [3] was adapted: the enzymes were separately dissolved 

in phosphate buffer solutions 5 mM pH 7, and put in contact with mesoporous silica to provide an enzymatic 

loading of 2 mgprot/gsup. Subsequent the mesoporous silica powder, with the weakly bonded enzyme, was 

separated from the solution and redispersed in a solution of 0.1% v/v of glutaraldehyde, prepared with phosphate 

buffer 5 mM pH 7. Enzyme activity was measured by following the variation of NADH in the presence of 

sodium formate or glycerol, as appropriate. 

 

3. Results and Discussion – From table I, the supernatant of each enzyme was followed until the activity was 

close to 0, at which time the immobilization time for each enzyme was defined, 45 minutes for GlyDH and 60 

minutes for FDH. 

Table I. Summary of the immobilization of FDH and GlyDH 

Enzyme 𝑅𝑎𝑐𝑡 IY Specific Activity (UI/g) 

FDH 51,56 ± 1,58% 100% 1,77 

GlyDH 77,1 ± 17,1% 100% 0,78 

 

4. Conclusions – By studying different enzyme ratios in the reaction, the condition can be optimized to reduce 

CO2 and produce DHA at the same time. This will allow reducing cofactor consumption. It would be interesting 

to evaluate the co-immobilization of both enzymes to test whether the proximity of the active sites further 

improves the reaction rates.   
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