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DESCRIPTION

Microbial consortia are organized communities containing two
or more microorganisms that live and function together within
the These communities may contain
bacteria, archaea, fungi, algae, or other microorganisms with
different metabolic properties. Rather than functioning as
isolated organisms, members of a consortium can exchange
nutrients, metabolites, signaling molecules and other chemical
substances. Such interactions allow microbial communities to
perform biological processes that may be difficult for an
individual microorganism to complete independently.

same environment.

Microbial consortia occur naturally in soil, freshwater, oceans,
sediments, wastewater, plant roots, animal digestive systems and
decomposing organic materials. Each environment provides
particular physical and chemical conditions that influence the
composition of the microbial community. Temperature, pH,
oxygen availability, moisture, nutrient concentration, salinity
and organic matter can affect which microorganisms survive and
how actively they function. The composition of a consortium
may also change when environmental conditions are altered. A
major characteristic of microbial consortia is metabolic
cooperation. One microorganism may convert a complex
compound that another
microorganism can use as a nutrient. For example, one bacterial
population may break down a polymer into smaller molecules,
while another population converts these molecules into organic
acids, alcohols, or gases. This sequential conversion allows
complex  materials to  undergo biological
transformation.

substance into an intermediate

extensive

Crossfeeding is an important mechanism within microbial
communities. During metabolism, microorganisms release
that for neighboring
organisms. Hydrogen, carbon dioxide, organic acids, amino
acids, vitamins and other metabolites may move between
community members. Such exchanges can improve the efficiency
of nutrient utilization and allow different microorganisms to

substances can become nutrients

occupy complementary metabolic niches. Anaerobic digestion is
a well-known application involving microbial consortia. Organic
waste is converted into biogas through several microbial stages.
Hydrolytic =~ microorganisms  first break down complex
carbohydrates, proteins and lipids into smaller compounds.
Acid-producing microorganisms then convert these products
into organic acids and other intermediates. Additional microbial
groups transform these compounds into acetate, hydrogen and
carbon dioxide, which subsequently be used by
methanogenic archaea to produce methane. The combined
activity of these microorganisms allows organic waste to be
converted into an energy-containing gas.

can

Wastewater treatment also depends on diverse microbial
communities. Different microorganisms organic
substances, nitrogen, phosphorus and other components from
wastewater. Aerobic bacteria can consume biodegradable organic
matter, while nitrifying microorganisms convert ammonia into
oxidized nitrogen compounds. Other microbial populations can
perform denitrification under oxygen-limited conditions. The
interaction between these groups supports the removal of several
contaminants during biological wastewater treatment. Microbial
consortia are useful for the treatment of complex pollutants
because different organisms can perform different stages of
chemical transformation. Petroleum hydrocarbons, pesticides,
dyes and industrial chemicals may contain multiple chemical
structures that require several enzymatic reactions for complete
degradation. One  microorganism  may the
transformation, while another continues the process using the
resulting intermediate compounds. This division of metabolic
functions can improve the overall conversion of complex
substances.

remove

initiate

Agriculture provides another area where microbial communities
have practical value. Soil naturally contains communities of
bacteria, fungi, archaea and other microorganisms that
participate in nutrient cycling and plant-microbe interactions.
Some microorganisms fix nitrogen, others release phosphorus
from unavailable forms and certain fungi improve nutrient
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acquisition around plant roots. When these organisms coexist,
their combined activities can influence soil fertility and plant
development. Microbial consortia can also be associated with
plant roots. The rhizosphere contains substances released by
plants that provide nutrients for microorganisms. In return,
microbial communities may influence nutrient availability, root
development and plant defense responses. Some members can
produce growth-related compounds, while others compete with
harmful microorganisms or transform soil nutrients into forms
accessible to plants.

Industrial biotechnology uses microbial communities for the
production of chemicals, enzymes, fuels, organic acids and other
useful materials. A consortium can be designed so that different
microorganisms perform sequential reactions in a production
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process. For example, one organism may produce an
intermediate compound, which is then converted into the
desired product by another organism. Such systems can reduce
the need to maintain every metabolic function within a single
microbial strain. The composition of a microbial consortium is
influenced by interactions among its members. Competition
occurs when microorganisms require the same nutrient or
environmental resource. Cooperation occurs when one
organism provides a substance required by another. Predation,
inhibition, signaling and environmental modification can also
affect community structure. These relationships may change
over time as nutrients are consumed and metabolic products
accumulate.
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