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Abstract

The popularity of enzymes in the industrial applications is growing due to their
environment-friendly catalysis. Specifically, laccases are becoming more important because of
their broad substrate specificity. Laccases are multicopper oxidases that can oxidise various
types of phenolic and non-phenolic compounds. Currently, industrial operations are dominated
by fungal laccases by virtue of their high redox potential, but fungal laccases become non-
functional under many industrial processes which require extreme reaction conditions like high
temperature and pressure, extreme pHs, presence of metal ions, organic solvents, salts, etc. In
view of these limitations, new studies are exploring bacterial laccases owing to their
extremotolerant properties for industrial deployment.

In this study, we isolated a novel thermostable bacterial laccase (LacT) from a hot-
sulphur spring water isolate Brevibacillus agri. LacT was characterized in terms of optimum
pH and temperature, pH and thermo-stability. The enzymatic activity and stability of LacT
were examined in the presence of various organic solvents, metal ions and inhibitors. Also, the
halotolerance ability of LacT was evaluated in the presence of salts like NaCl and KCI.
Different types of natural and synthetic substrates of laccase were used to investigate the
substrate specificity of LacT.

The industrial relevance of LacT was scrutinized by employing it in the bleaching and
dye decolourization processes. In the textile industries, fabric bleaching and dyeing are
considered as the major polluting steps. Commercial bleaching uses pernicious chemicals like
chlorine, sodium hypochlorite, etc., which are highly detrimental to environment and human
health. In our study, we have performed LacT-mediated bio-bleaching that eliminates the
requirement of hazardous bleaching agents. On the other hand, dyes are recalcitrant complexes

that are highly resistant to decomposition. They are well-proven mutagens or carcinogens. The



potential of LacT to decolourize hazardous textile dyes viz. Malachite Green, Reactive Black
5, Bromophenol Blue and Direct Red dye was comprehensively studied.

The high input cost for the production and purification of enzymes forestalls their usage
in the industrial applications. In order to produce low-cost purified LacT on the larger scale,
we optimised both the media for LacT production and its purification strategy. Moreover, the
extracellular nature of LacT made its purification fast and less costly. Purified LacT was
characterized through biophysical studies such as fluorescence spectroscopy and circular
dichroism spectroscopy. Thermo-gravimetric analysis of LacT and a fungal laccase from
Trametes versicolor was conducted to understand their thermal denaturation profiles at high
temperatures.

The final part of the thesis covers the application of LacT in sustainable dyeing. In the
commercial dyeing, harmful aromatic amines like phenylenediamines are employed as dye
precursors. The American Contact Dermatitis Society classified these precursors as severe
allergens. Additionally, harmful organic solvents and highly reactive chemical bleaching
agents namely H>O,, KMnOs are used as oxidants. They may cause eczema, allergy,
hypersensitivity and dermatitis. In this study, we have developed an alternative laccase-based
sustainable dyeing. LacT-mediated dyes/colourants were developed by using natural plant
phenols namely, gallic acid, ferulic acid, syringaldehyde and catechol as dye precursors.
Moreover, there was no use of precarious organic solvents and strong bleaching agents

especially H2O> in LacT-driven dyeing.
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