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Development of bioelectrochemical cascade system by respiratory chain dehydrogenases from
Gluconobacter oxydans
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Oxidoreductases are biocatalysts with high activity and substrate specificity under mild conditions, which
realize efficient energy conversions for a sustainable low-carbon society. Some enzymes can proceed with
catalytic reactions on electrically-connected electrode materials, which is called direct electron transfer (DET)-
type bioelectrocatalysis. In this study, we focused on alcohol dehydrogenase (ADH) and aldehyde dehydrogenase
(AIDH), which constitute the respiratory chain of Gluconobacter oxydans. DET-type bioelectrocatalytic system
of the two enzymes was optimized based on their 3D structures elucidated by cryo-EM, and the bienzymatic two-
step oxidation from ethanol to acetate via acetaldehyde was electrochemically investigated. Furthermore, an
ethanol/air biofuel cell using the bienzymatic DET-type cascade-based bioanode and an O-reducing biocathode
was constructed. The cell exhibited a high power density (0.48 mW cm, which is more than 10 times higher
than those previously reported) and a high Faraday efficiency (90%).
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