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DESCRIPTION

Functional metagenomics is a molecular biotechnology approach
used to identify biological activities encoded within the collective
genetic material of microbial communities. Unlike approaches
that focus mainly on identifying which microorganisms are
present, functional metagenomics concentrates on what the
produce or
Environmental samples contain Deoxyribonucleic Acid (DNA)
bacteria, archaea, other
microorganisms, including many organisms that cannot be

microbial genetic material can perform.

from  numerous fungi and

readily cultivated under laboratory conditions. Functional
metagenomics provides a way to access their biochemical
capabilities through direct analysis of environmental DNA and
expression of selected genetic fragments in suitable host systems.

Microbial communities occur in soil, oceans, freshwater,
sediments, wastewater, plant surfaces, animal-associated
environments and industrial habitats. Each environment

contains microorganisms adapted to particular nutritional and
physical conditions. Their combined genetic material can
encode enzymes involved in carbohydrate degradation, lipid
modification, protein transformation, antibiotic production,
pollutant degradation and many other biochemical processes.
Functional metagenomics can identify these activities without
requiring every microorganism in the community to be isolated
individually.

The process generally begins with collection of an environmental
sample followed by extraction of total microbial DNA. The
extracted DNA may contain genetic material from thousands of
different organisms. DNA fragments are inserted into suitable
vectors to create a metagenomic library. These libraries can then
be introduced into host microorganisms, commonly selected
bacterial strains, where environmental DNA fragments can be
expressed. The resulting host cells are screened for a particular
activity. Functional central

biochemical screening is a

component of this approach. Instead of asking only whether a

particular gene sequence is present, researchers can look for an
observable activity produced by the cloned DNA. Screening
systems may detect enzyme activity, antimicrobial -effects,
pigment production, substrate degradation, or changes in
metabolic reactions. For example, a soil-derived metagenomic
library can be screened for colonies capable of degrading
cellulose or producing lipase activity. Positive clones can then be
examined further to identify the genetic sequences responsible
for the observed function.

One important advantage of functional metagenomics is its
ability to access genes from microorganisms that are difficult to
cultivate. Many environmental microorganisms require specific
temperature

with
Conventional cultivation methods may therefore recover only a
portion of the microbial community. By extracting DNA directly
from environmental material, functional metagenomics can
access genetic information from a much broader microbial
population. Enzyme discovery is one of the major applications of

nutrients, conditions, chemical signals, or

interactions neighboring  organisms for growth.

functional metagenomics. Environmental microbial
communities contain enzymes with diverse catalytic properties.
Soil microorganisms can produce cellulases, xylanases, proteases,
lipases,
decomposition and nutrient cycling. Marine environments can
contain enzymes adapted to low temperatures, high salt
concentrations, or elevated pressure. Industrial environments
with
functioning in the presence of solvents, detergents, metals, or
unusual pH conditions.

oxidoreductases and other enzymes involved in

may contain microorganisms enzymes capable of

Functional metagenomics can also contribute to the discovery of
antimicrobial compounds. Microbial communities compete for
nutrients and physical space, leading some organisms to produce
that  inhibit
Metagenomic libraries can be screened for antimicrobial activity,
allowing researchers to identify genetic regions associated with

substances neighboring  microorganisms.
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the production of biologically active molecules. These discoveries
can provide new sources of compounds for pharmaceutical and
agricultural  applications.  Another
environmental biotechnology. Microbial communities naturally

important area is

participate in the degradation and transformation of organic
pollutants. identify genes
associated with the breakdown of hydrocarbons, pesticides,

Functional metagenomics can
aromatic compounds and other environmental contaminants.
Enzymes identified through these approaches may later be
evaluated for use in wastewater treatment, contaminated-site
management and industrial waste processing.

The approach also supports carbohydrate biotechnology. Plant
biomass contains cellulose, hemicellulose, lignin and other
complex materials that require multiple enzymes for efficient
Microbial associated with soil,

conversion. communities
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compost, plant residues and animal digestive systems contain
enzymes capable of processing these materials. Functional
metagenomics can identify novel carbohydrate-active enzymes
that may be useful for converting agricultural residues into
fermentable sugars and other valuable products. Host selection
influences the success of functional metagenomic screening. A
DNA fragment obtained from an environmental microorganism
may not function efficiently in the host used for expression.
Differences in promoters, codon usage, protein folding, secretion
systems and regulatory mechanisms can affect the production of
the desired enzyme or compound. Bacterial hosts such as
Escherichia coli are frequently used because they are well
characterized and relatively easy to manipulate, while other hosts
may be selected when specialized expression conditions are
required.
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