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Role of Microbial Enzymes in the Bioremediation of Pollutants

The process of bioremediation mainly depends on microorganisms which
enzymatically attack the pollutants and convert them to innocuous products.

As bioremediation can be effective only where environmental conditions permit
microbial growth and activity, its application often involves the manipulation of
environmental parameters to allow microbial growth and degradation to proceed at

a faster rate.

A large number of enzymes from bacteria, fungi, and plants have been reported to

be involved in the biodegradation of toxic organic pollutants.

Figure 1: The process of waste bioremediation.
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Enzymes: are biological catalysts that facilitate the conversion of substrates into
products by providing favorable conditions that lower the activation energy of the

reaction.

An enzyme may be a protein or a glycoprotein and consists of at least one
polypeptide moiety. The regions of the enzyme that are directly involved in the

catalytic process are called the active sites.

An enzyme may have one or more groups that are essential for catalytic activity
associated with the active sites through either covalent or noncovalent bonds; the
protein or glycoprotein moiety in such an enzyme is called the apoenzyme, while the
nonprotein moiety is called the prosthetic group. The combination of the apoenzyme

with the prosthetic group yields the holoenzyme.

All known enzymes fall into one of these six categories. The six main divisions are
(1) the oxidoreductases, (2) the transferases, (3) the hydrolases, (4) the lyases, (5)

the isomerases, and (6) the ligases (synthetases).

Oxidoreductases catalyze the transfer electrons and protons from a donor to an
acceptor. Transferases catalyze the transfer of a functional group from a donor to an
acceptor. Hydrolases facilitate the cleavage of C-C, C-O, C-N, and other bonds by
water.

Lyases catalyze the cleavage of these same bonds by elimination, leaving double

bonds (or, in the reverse mode, catalyze the addition of groups across double bonds).
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Isomerases facilitate geometric or structural rearrangements or isomerizations.

Finally, ligases catalyze the joining of two molecules.

Microbial Enzymes in Bioremediation

1) Microbial Oxidoreductases:

The detoxification of toxic organic compounds by various bacteria and fungi and
higher plants through oxidative coupling is mediated with oxidoreductases.
Chlorinated phenolic compounds are among the most abundant recalcitrant wastes

found in the effluents generated by the paper and pulp industry.

These compounds are produced upon the partial degradation of lignin during pulp
bleaching process. Many fungal species are considered to be suitable for the removal
of chlorinated phenolic compounds from the contaminated environments. The
activity of fungi is mainly due to the action of extracellular oxidoreductase enzymes

which are released from fungal mycelium into their nearby environment.

2) Microbial Laccases:

Laccases (p-diphenol:dioxygen oxidoreductase) constitute a family of multicopper
oxidases produced by certain plants, fungi, insects, and bacteria, that catalyze the
oxidation of a wide range of reduced phenolicand aromatic substrates with
concomitant reduction of molecular oxygen to water. Laccases are known to occur
in multiple isoenzyme forms each of which is encoded by a separate gene, and in,
some cases, the genes have been expressed differently depending upon the nature of

the inducer.
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3) Microbial Peroxidases.

are ubiquitous enzymes that catalyze the oxidation of lignin and other phenolic
compoundsat the expense of hydrogen peroxide (H202) in the presence of a
mediator.

These peroxidases can be haem and nonhaem proteins. In mammals, they are
involved in biological processes such as immune system or hormone regulation. In
plants, they are involved in auxin metabolism, lignin and suberin formation, cross-

linking of cell wall components, defense against pathogens, or cell elongation.
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