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Abstract

Biocatalysis, the use of natural catalysts such as enzymes for chemical transformations, has emerged as a
cornerstone of modern biotechnology with wide-ranging applications across various industries. This review explores
the expanding horizons of biocatalysis within the realm of enzyme technology, focusing on recent advancements, key
methodologies, and promising avenues for future research and industrial applications. We discuss the underlying
principles of biocatalysis, including enzyme specifcity, catalytic mechanisms, and factors infuencing enzyme activity
and stability. Furthermore, we highlight recent progress in enzyme discovery, engineering, and immobilization
techniques, which have signifcantly enhanced the efciency and versatility of biocatalysts. Through case studies
and examples from diverse felds such as pharmaceuticals, fne chemicals, and biofuels, we illustrate the immense
potential of biocatalysis to revolutionize industrial processes, enabling sustainable and environmentally friendly
manufacturing practices. Finally, we address challenges and opportunities in the feld, including the integration of
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Immobilizzt ion < echnd ¢ foi enz };ne gt abiliz# ion and
jec ycling:

Enzyme immobilization plays a crucial role in biocatalysis by
enhancing enzyme stability, recyclability, and operational e ciency.
Immobilization techniques involve the attachment of enzymes to solid
supports or matrices, such as nanoparticles, polymers, membranes,
and gels, while retaining their catalytic activity and selectivity.
Immobilization not only protects enzymes from denaturation and
proteolytic degradation but also facilitates their separation from
reaction mixtures and reuse in multiple cycles, thereby reducing enzyme
costs and waste generation [6]. Moreover, immobilized enzymes can be
engineered to exhibit improved performance and functionality, such as
enhanced substrate a nity, resistance to inhibitors, and compatibility
with non-aqueous solvents. Common immobilization methods
include adsorption, covalent binding, entrapment, encapsulation,
and cross-linking, each o ering unique advantages and limitations
depending on the enzyme and application requirements. Recent
developments in nanotechnology and materials science have led to the
design of advanced enzyme supports with tailored properties, such as
porosity, surface area, and mechanical strength, further enhancing the
e ectiveness and stability of immobilized enzyme biocatalysts [7].

A??liczt ion of biocwt al ?g in ind gt yand biv echnology:

e versatility and e cacy of biocatalysis have found
widespread applications across various industrial sectors, including
pharmaceuticals, agrochemicals, food and beverage, cosmetics, and
biofuels. In the pharmaceutical industry, enzymes are employed for the
synthesis of chiral intermediates and active pharmaceutical ingredients
(APIs),enablinge cientand cost-e ective routesto complex molecules
with high enantiomeric purity. Biocatalytic processes o er advantages
over traditional chemical methods in terms of stereoselectivity [8],
atom economy, and environmental sustainability, making them
increasingly attractive for drug discovery and development. Similarly,
in the agrochemical sector, enzymes play a vital role in the synthesis
enzyme 0.0key
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