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DESCRIPTION

Biofilms are organized microbial communities that develop on
surfaces and are surrounded by a self-produced extracellular
matrix. They can form on natural materials, medical devices,
industrial equipment, rocks, pipes, and living tissues. Bacteria
are common members of biofilms, although fungi and other
microorganisms may also participate. Biofilm formation changes
microbial behavior and can increase resistance to environmental
stress.

The development of a bacterial biofilm generally begins when
freeliving cells attach to a surface. Initial attachment may be
weak and reversible. If environmental conditions are suitable,
that
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Biofilms are not simply collections of bacterial cells. Cells within
a biofilm experience different concentrations of nutrients,
oxygen, and metabolic products. The outer regions may have
greater access to oxygen and nutrients, while deeper areas can
oxygen-limited. These gradients
microenvironments and influence bacterial growth.
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Communication between bacterial cells can contribute to
biofilm development. Some bacteria use chemical signaling
systems known as quorum sensing. Through these systems,

bacterial cells detect population density and alter gene
expression in response to signaling molecules. Biofilm
formation, enzyme production, motility, and  other

characteristics may be influenced by these signals.

Medical devices can provide surfaces suitable for biofilm
formation. Catheters, prosthetic materials, implanted devices,
and other equipment may become colonized by bacteria under
certain conditions. Once established, biofilms can be difficult to
remove because cells are protected by the surrounding matrix
and may exhibit reduced metabolic activity.

Biofilms are also important in dental health. Dental plaque is a
microbial biofilm that develops on tooth surfaces. Bacteria
within plaque metabolize dietary carbohydrates and produce
acids that can contribute to tooth enamel demineralization.
Regular oral hygiene helps disrupt the biofilm and reduce its
accumulation.

Chronic wounds may contain biofilm communities involving
multiple microbial species. The presence of biofilms can
complicate wound management
study the
microbial communities using culture methods and molecular

and may affect healing.
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Biofilms occur widely outside healthcare. In water distribution
systems, microbial communities can develop on pipe surfaces.
Industrial biofilms may contribute to corrosion, clogging,
contamination, and reduced equipment performance. In
contrast, some engineered biofilms are deliberately used in
wastewater treatment, where microbial communities remove

organic compounds and nutrients.

Biofilms can also support beneficial environmental processes.
Microorganisms —attached to stable
communities that perform complementary metabolic reactions.
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Wastewater treatment systems make use of this principle in
trickling filters,
attached-growth technologies.
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Laboratory studies of biofilms commonly use flow cells,
microtiter plates, microscopy, and molecular assays. Researchers
can measure biomass, attachment, metabolic activity, and
changes in gene expression. Fluorescence microscopy can
provide information about the spatial arrangement of different
organisms within a biofilm.

Biofilm dispersal is another important stage. Environmental
changes or internal signaling can cause some cells to leave the
community and return to a freeliving state. These dispersed cells
may colonize new surfaces, allowing microbial populations to
spread.
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CONCLUSION

Biofilms are structured microbial communities that occur in
medical, environmental, industrial, and natural environments.
Their matrix, gradients,
communication, and altered physiology distinguish them from
free-living microbial populations. Biofilms can contribute to
infections and industrial problems, but engineered biofilms can
also provide useful biological treatment. Improved understanding
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of biofilm development and control can support healthcare,
water treatment, food safety, and industrial microbiology.
Biofilm control depends on the environment and purpose. In
medical settings, appropriate device selection, sterile procedures,
cleaning, and timely device replacement can reduce biofilm-
associated problems. Industrial systems may use mechanical
cleaning, chemical treatment, controlled water conditions, or
other methods.
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