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Abstract
Natural metalloenzymes are often the most proficient catalysts in terms of activity, and 
selectivity to activate small molecules known to be difficult to activate such as CO2, CO or 
H2.  In the search for  new sustainable catalytic  devices,  redox metalloenzymes are of 
great  interest  thanks  to  their  high  performance  under  mild  conditions,  using  earth-
abundant  metals  and  minimal  overpotential.  Despite  their  oxygen-sensitivity  and 
complexity, they are therefore good candidates for developing efficient and sustainable 
bio-electrocatalytic  devices.  Among  them,  carbon  monoxide  dehydrogenase  (CODH) 
reversibly catalyzing the reduction of CO2 to CO with kcat reaching 10000 s-1 for CO 
oxidation  and  30  s-1  for  CO2  reduction.  To  achieve  an  efficient  CO2-to-CO 
interconversion,  we  have  developed  a  multidisciplinary  approach,  combining 
biochemistry, custom electrode design and the use of deep eutectic solvents. Selective 
CO2/CO  interconversion  with  maximum  turnover  frequencies  of  150  s-1  for  CO 
oxidation (1.5 mA cm-2 at 250 mV overpotential) and 420 s-1 for CO2 reduction (4.2 mA 
cm-2 at 180 mV overpotential) are catalyzed by a recombinant CODH immobilized on 
modified  MWCNT  electrodes,  either  in  classic  three-electrode  cell  or  in  specifically-
designed CO2/CO-diffusing electrodes. CODH was further used in a nanohybrid device 
for energy-efficient water gas shift reaction.
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