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The increasing demand for renewable and sustainable energy sources has
spurred innovations in biomass fuel cell technologies. This study reports the
development of a high-efficiency, oxygen-insensitive biomass fuel cell through
enzyme engineering and advanced electrochemical strategies. The anode design
utilizes a synergistic enzyme pair: B-glucosidase (BGL) from Agrobacterium tumefaciens
(BGL5, GH1 family) and FAD-dependent glucose dehydrogenase (FAD-GLcDH) from
Talaromyces emersonii. Both enzymes were heterologously expressed in Escherichia
coli using pET30a and pET32a vectors. Kinetic characterization revealed high catalytic
efficiencies: BGL5 exhibited a K, of 0.17 mM and Vo, of 283 pumol/min-mg for pNPG,
while FAD-GDH showed a K, of 411 mM and V.o, of 7040 pmol/min-mg for glucose.
A rationally engineered BGL5 mutant (H229S) demonstrated significantly improved
glucose tolerance, with an IC50 of 1320 mM compared to 94 mM for the wild type.
The electrochemical system was assembled with wild-type BGL in the cellobiose
solution, pH 7.0, with immobilized GlcDH, polyethyleneimine-ferrocene (PEI-Fc), and
Poly(ethylene glycol) diglycidyl ether (PEGDGE) on a graphene electrode. Cellobiose
is hydrolyzed by BGL into two molecules of D-glucose, which are subsequently
oxidized to gluconolactone by TeGlcDH, with PEI-Fc facilitating mediated electron

transfer between TeGlcDH and the electrode surface. On the cathode side, horseradish



peroxidase (HRP) was covalently immobilized via 1- pyrenebutanoic acid succinimidyl
ester (PBSE), enabling n-n stacking on a graphene-coated polyimide electrode. The
configuration was further stabilized with 0.5% Nafion, enabling efficient hydrogen
peroxide reduction using  2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic  acid)
ammonium salt (AzBTS) as a redox mediator. This biofuel cell configuration achieved
a maximum power density of 126 LuW/cm? with an open-circuit voltage of 0.6 V, which
may be sufficient to power low-energy electronic devices. The system’s oxygen
insensitivity and high catalytic performance make it a significant step toward practical
applications of bioelectrochemical energy systems. These findings highlight the
potential for enzyme-engineered, graphene-based biomass fuel cells in the future of

sustainable energy technologies.
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