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DESCRIPTION
Biomolecular catalysts, or biocatalysts, are naturally occurring 
molecules, primarily enzymes that accelerate chemical reactions 
in biological systems. Enzymes are highly specific catalysts, 
capable of operating under mild conditions, such as ambient 
temperature and pressure, and in aqueous environments. This 
contrasts with traditional chemical catalysts, which often require 
harsh conditions, toxic solvents, and heavy metals, contributing 
to environmental pollution and energy consumption.

The use of enzymes in chemical processes offers numerous 
advantages that align with the principles of green chemistry, 
which aim to design chemical products and processes that 
reduce or eliminate the use and generation of hazardous 
substances. Enzymes are biodegradable, non-toxic, and can be 
sourced from renewable resources, making them inherently 
sustainable. Additionally, their high specificity and selectivity 
can lead to fewer by-products and higher yields, further reducing 
waste and the need for extensive purification steps.

Pharmaceuticals

In the pharmaceutical industry, enzymes play a crucial role in 
the synthesis of active Pharmaceutical Ingredients (APIs). 
Traditional chemical synthesis often requires multiple steps, 
hazardous reagents, and harsh conditions. In contrast, 
biocatalysis using engineered enzymes can streamline the 
production process, reducing the number of steps, minimizing 
waste, and increasing overall efficiency.

For example, the development of engineered transaminases has 
revolutionized the synthesis of chiral amines, which are key 
building blocks for many drugs. These enzymes enable the selective 
production of one enantiomer over the other, a critical 
requirement in pharmaceutical synthesis, as different enantiomers 
can have vastly different biological activities. By using engineered 
transaminases, pharmaceutical companies can produce chiral

amines more sustainably, with fewer by-products and lower 
environmental impact.

Biofuels

The transition to renewable energy sources is a critical 
component of sustainable development, and biofuels are an 
important part of this transition. Enzyme engineering has played 
a key role in making biofuel production more efficient and cost-
effective.

The conversion of lignocellulosic biomass, such as agricultural 
residues and forestry waste, into biofuels relies on enzymes to 
break down complex carbohydrates into simple sugars that can 
be fermented into ethanol or other fuels. Engineered cellulases 
and hemicellulases have been developed to improve the 
breakdown of cellulose and hemicellulose, the major 
components of plant cell walls. These enzymes are more efficient 
and stable, enabling the production of biofuels from non-food 
biomass, which reduces competition with food crops and 
promotes a more sustainable energy system.

Materials science

Enzyme engineering is also making inroads into materials 
science, where it is used to develop sustainable alternatives to 
traditional materials. For example, enzymes can be engineered to 
catalyze the polymerization of biopolymers, such as Polylactic 
Acid (PLA), from renewable resources like corn starch. PLA is a 
biodegradable plastic that can replace petroleum-based plastics 
in various applications, from packaging to medical devices.

In addition, enzymes are being explored for their ability to 
catalyze the degradation of plastic waste, addressing one of the 
most pressing environmental challenges of our time. Engineered 
enzymes that can break down Polyethylene Terephthalate (PET), 
a common plastic used in bottles and packaging, have been 
developed, offering a potential solution for plastic recycling and 
waste reduction.
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CONCLUSION
Biomolecular catalysts, particularly engineered enzymes, are at
the forefront of the movement towards sustainable chemistry. By
enabling more efficient, selective, and environmentally
sustainable chemical processes, enzyme engineering is
transforming industries and contributing to a more sustainable

future. While challenges remain, ongoing research and
technological advances are likely to overcome these obstacles,
paving the way for broader adoption of enzyme-based
technologies. As we continue to explore the potential of
biomolecular catalysts, we are moving closer to a future where
chemistry is not only more efficient but also more aligned with
the principles of sustainability.
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