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Abstract

Laccases belong to the family of multi-copper oxidoreductases and have gained
prominence due to their broad substrate specificity, making them valuable in bioremediation,
organic synthesis, biosensing, and other industrial and biotechnological applications. However,
despite their promising potential, several limitations exist that hinder their widespread use.
Among all laccases, bacterial and fungal laccases are the most widely studied, and they offer
contrasting properties. For instance, fungal laccases typically exhibit higher enzymatic activity
but lower tolerance to adverse conditions such as extreme pH, temperature, and salinity. In
contrast, even though bacterial laccases present poorer catalytic efficiency, they are more robust
and show superior stability under harsh operational conditions. Considering these differences,
this study explores bacterial and fungal laccases through different approaches to exploit their
respective advantages.

Initially, we employed two distinct immobilization methods — polyacrylamide gel-
encapsulated laccase and cross-linked laccase aggregates — assessing their effects on catalytic
efficiency, stability, and reusability of fungal laccase from 7. versicolor in the
biotransformation of two phenolic contaminants — 4,4’-dihydroxybiphenyl and dienestrol. This
approach successfully improved the stability of the fungal laccase, thereby enhancing their
potential for industrial applications. We then shifted our focus to a bacterial laccase, CotA
laccase from Bacillus licheniformis, given their inherent robustness and stability. Hence,
Chapter 3 and 4 of this study focused on cloning and overexpressing CotA laccase, followed
by site-directed mutagenesis (SDM) to improve its enzymatic performance. SDM targeting
residues in the substrate-binding pocket successfully improved the catalytic efficiency of B.
licheniformis CotA laccase, leading to enhanced dye decolorization efficiency.

Furthermore, we explored the potential of recombinant Bacillus licheniformis CotA

laccase in the fabrication of an electrochemical biosensor for the detection of catechol, an



environmental pollutant. The biosensor was constructed by modifying a screen-printed
electrode with CotA encapsulated in a conducting polymer (PEDOT:PSS)/chitosan film. CotA
can oxidize catechol, and this step enabled the detection of catechol through amperometric
measurements. The biosensor demonstrated competitive analytical features to fungal laccases
with a low limit of detection, high sensitivity, and excellent storage stability. Moreover, it
successfully detected catechol in spiked tap and river water samples making it an effective and
efficient solution for monitoring catechol in real environmental samples.

Unlike fungal laccases, which are typically secreted extracellularly under well-
characterized conditions, the regulation and induction of bacterial laccases remain poorly
understood. To address this gap, we explored the in vivo expression of CotA laccase in Bacillus
licheniformis under different growth conditions. While no induction was observed in the
presence of exogenous copper, phenolics, or oxidative stress, CotA expression and enzymatic
activity significantly increased during sporulation. Additionally, we observed an increase in
melanin production in sporulating cultures, which indicates towards a possible role for CotA

in sporulation-linked melanin synthesis.
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