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Use of Enzymes to Detoxify Pesticide-Contaminated Soils and Waters

Applying enzymes to transform or degrade pesticides is an innovative treatment technique for removal of
these chemicals from polluted environments. Enzyme-catalyzed degradation of a pollutant by a parathion
hydrolase may be more effective than existing chemical methods. Removal of certain pollutants (for instance
phenols and aromatic amines) from wastewater may be achieved by applying phenoloxidases that can
convert these chemicals to water-insoluble polymers that can then be removed by filtration or sedimentation.
Another decontamination method involves the enzyme-catalyzed incorporation of pesticides into organic
matter. This procedure reduces the mount of leachable pesticides as well as the toxicity and bioavailability of
the chemicals. Pesticide-detoxifying enzymes must be immobilized before they can be used in the
environment. In spite of promising potential applications, very few enzymes have been tested as possible
tools in the detoxification of pesticides. Research in this domain can contribute greatly to developing new
methods for pollution control.
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Conjugating Enzymes Involved in Xenobiotic Metabolism of Organic Xenobiotics in Plants
Phytoremediation of organic pollutants has become a topic of great interest
in many countries due to the increasing number of recorded spill sites.
When applying plant remediation techniques to unknown pollutant
mixtures, information on the uptake rates as well as on the final fate of the
compounds is generally lacking. A range of compounds are easily taken up
by plants, whereas others may stay motionless and recalcitrant in the soil
or sediment. Uptake is a necessary prerequisite for close contact between
the pollutant and the detoxifying enzymes of plants that are localized in the
cytosol of living cells. The presence and activity of these enzymes is crucial
for a potential metabolization and further degradation of the chemicals
under consideration. Conjugation to biomolecules is regarded as a
beneficial detoxification reaction. The present review summarizes several
prerequisites for pollutant uptake and discusses information on
conjugating detoxification reactions. The final fate of compounds is
critically discussed and perspectives for phytoremediation are given.
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Utilization of Enzymes for Environmental Applications

Enzymes are powerful tools that help sustain a clean environment in
several ways. They are utilized for environmental purposes in a number of
industries including agro-food, oil, animal feed, detergent, pulp and paper,
textile, leather, petroleum, and specialty chemical and biochemical
industry. Enzymes also help to maintain an unpolluted environment
through their use in waste management. Recombinant DNA technology,
protein engineering, and rational enzyme design are the emerging areas of
research pertaining to environmental applications of enzymes. The future
will also see the employment of various technologies including gene
shuffling, high throughput screening, and nanotechnology. This article
presents an overview of the enzymatic applications in pollution control and
the promising research avenues in this area.
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Bacterial and Enzymatic Bioassays for Toxicity Testing in the Environment

More than 50,000 chemicals, most of which are xenobiotics, are in
common use and new ones are continually and regularly added to the
inventory. Serious concern has been raised over the release of these
xenobiotics or their metabolites (Liu et al. 1990) into the
environment. Their deleterious effect on the environment can be
assessed via acute and chronic toxicity tests, using mostly fish and
invertebrate bioassays (Peltier and Weber 1985). However, due to
the large number of chemicals to be tested, ecotoxicologists and
environmental scientists and engineers are now using short-term
toxicity assays which are mostly based on inhibition of the activity of
enzymes, bacteria, fungi, algae, and protozoa (Bitton 1983; Bitton
and Dutka 1986; Dutka and Bitton 1986; Bitton et al. 1989; Liu and
Dutka 1984). Microbial bioassays have been used for screening the
toxicity of wastewater effluents and for monitoring the quality of
reclaimed water (Grabow et al. 1985).
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Modern biocatalysis is developing new and precise tools to improve
a wide range of production processes, which reduce energy and raw
material consumption and generate less waste and toxic side-
products. Biocatalysis is also achieving new advances in
environmental fields, from enzymatic bioremediation to the
synthesis of renewable and clean energies and biochemical cleaning
of ‘dirty’ fossil fuels. Despite the obvious benefits of biocatalysis,
the major hurdles hindering the exploitation of the repertoire of
enzymatic processes are, in many cases, the high production costs
and the low yields obtained. This article will discuss these issues,
pinpointing specific new advances in recombinant DNA techniques
amenable to future biocatalyst development, in addition to drawing
the attention of the biotechnology community to the active pursuit
and development of environmental biocatalysis, from remediation
with enzymes to novel green processes.
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