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ABSTRACT

Laccase (EC: 1.10.3.2) is quintessential multi copper oxidoreductase enzyme that can catalyse
oxidation of various phenolic and non-phenolic substrates. These enzymes are considered
versatile and excellent biocatalyst, with myriads of industrial applications in the domains of
textile, pharmaceuticals, food, paper and pulp industries etc. At the catalytic core of the
enzyme, copper centres conjugated with conserved network of amino acid residues at two
different sites namely T site and T»/T3 trinuclear cluster (TNC) serves as a platform for
electron transfer, promoting catalytic oxidation—reduction reactions. Such intricate network is
instrumental in harnessing the electrochemical capabilities of the enzyme. One of the trademark
attributes of laccase is substrate oxidation with concomitant reduction of molecular O2 into
water. This characteristic property renders it suitable for biofuel cells, where direct oxygen
reduction is a critical process. High redox potential of a catalyst is often required for a
spontaneous oxygen reduction in biofuel cells, which apparently dispensed by fungal laccase
more often. However, over the years, the research emphasis has shifted imperatively from
eukaryotic to prokaryotic sources for laccase. Despite the low redox potential of the latter, the
exceptional stability and enhanced physicochemical properties of bacterial laccases makes
them superior alternative to the fungal ones for commercial use. Unlike the traditional
inorganic/organic catalysts, laccases are more lucrative as a biocatalyst because they confer
various advantages, including high efficiency, high turnover rates and operational stability
under mild physiological conditions. Yet, the low redox potential and the instability of the
bacterial and fungal laccases respectively, remains the major bottlenecks in this domain.
Additionally, the critical limiting factors of reusability, retrieval and storage/operational
stability impede the commercialisation of enzymes in general. Therefore, in our study, we
attempted to overcome the constraints of critical limiting factors involved in enzyme
commercialization by improvising immobilisation strategy. Furthermore, we identified and
characterised novel bacterial laccase and investigated their electrocatalytic properties towards
oxygen reduction. By practicing the protein engineering approaches, either rational design or
directed evolution in conjunction with computational tools, we endeavoured into enzyme
modification towards enhance redox potential. Furthermore, by comprehending the core
catalytic structure of laccase, we also investigated the potential of copper-based functional

mimic of laccase towards electrocatalytic activity.
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