
What is a Biofilm? 
Source: wikipedia.org 

A biofilm is a structured community of microorganisms encapsulated within a self-
developed polymeric matrix and adherent to a living or inert surface. Biofilms are also 
often characterized by surface attachment, structural heterogeneity, genetic diversity, 
complex community interactions, and an extracellular matrix of polymeric substances. 

Single-celled organisms generally exhibit two distinct modes of behavior. The first is the 
familiar free floating, or planktonic, form in which single cells float or swim 
independently in some liquid medium. The second is an attached state in which cells are 
closely packed and firmly attached to each other and usually form a solid surface. A 
change in behavior is triggered by many factors, including quorum sensing, as well as 
other mechanisms that vary between species. When a cell switches modes, it undergoes a 
phenotypic shift in behavior in which large suites of genes are up- and down- regulated. 

Formation 

 
 

5 stages of biofilm development: 
  
Stage 1, initial attachment  
Stage 2, irreversible attachment 
Stage 3, maturation I 
Stage 4, maturation II 
Stage 5, dispersion 
 
Each stage of development in the diagram is paired with a photomicrograph of a 
developing P. aeruginosa biofilm. All photomicrographs are shown to same scale. 
Formation of a biofilm begins with the attachment of free-floating microorganisms to a 
surface. These first colonists adhere to the surface initially through weak, reversible van 
der Waals forces. If the colonists are not immediately separated from the surface, they 
can anchor themselves more permanently using cell adhesion structures such as pili.[1] 
The first colonists facilitate the arrival of other cells by providing more diverse adhesion 
sites and beginning to build the matrix that holds the biofilm together. Some species are 
not able to attach to a surface on their own but are often able to anchor themselves to the 



matrix or directly to earlier colonists. It is during this colonization that the cells are able 
to communicate via quorum sensing. Once colonization has begun, the biofilm grows 
through a combination of cell division and recruitment. The final stage of biofilm 
formation is known as development, and is the stage in which the biofilm is established 
and may only change in shape and size. This development of biofilm allows for the cells 
to become more antibiotic resistant. 
 
 
 
Properties 
Biofilms are usually found on solid substrates submerged in or exposed to some aqueous 
solution, although they can form as floating mats on liquid surfaces and also on the 
surface of leaves, particularly in high humidity climates. Given sufficient resources for 
growth, a biofilm will quickly grow to be macroscopic. Biofilms can contain many 
different types of microorganism, e.g. bacteria, archaea, protozoa, fungi and algae; each 
group performing specialized metabolic functions. However, some organisms will form 
monospecies films under certain conditions. 
Researchers from the Helmholtz Center for Infection Research have found the strategies 
used by biofilms. They discovered that biofilm bacteria apply chemical weapons in order 
to defend themselves against disinfectants and antibiotics, phagocytes and our immune 
system. 
The lead researcher, Dr. Carsten Matz, began a serious investigation in order to find why 
phagocytes cannot annihilate the biofilm bacteria. He analyzed the marine bacteria, which 
defend themselves against the amoebae, the behavior of which copies the behavior of 
phagocytes. The amoebae behave in the sea just like the immune cells in human body: 
they search for and feed on the bacteria. When bacteria are alone and separated in the 
water, they become an easy catch for the attackers. However, when they attach to a 
surface and join other bacteria, the amoebae cannot assault them. 
The researcher stated that biofilms may be seen as a source of new bioactive agents. 
When bacteria are organized in biofilms, they produce effective substances which 
individual bacteria are unable to produce alone.  
 
 
 
Extracellular matrix 
The biofilm is held together and protected by a matrix of excreted polymeric compounds 
called EPS. EPS is an abbreviation for either extracellular polymeric substance or 
exopolysaccharide. This matrix protects the cells within it and facilitates communication 
among them through biochemical signals. Some biofilms have been found to contain 
water channels that help distribute nutrients and signalling molecules. This matrix is 
strong enough that under certain conditions, biofilms can become fossilized. 
Bacteria living in a biofilm usually have significantly different properties from free-
floating bacteria of the same species, as the dense and protected environment of the film 
allows them to cooperate and interact in various ways. One benefit of this environment is 
increased resistance to detergents and antibiotics, as the dense extracellular matrix and 



the outer layer of cells protect the interior of the community. In some cases antibiotic 
resistance can be increased 1000 fold.  
 
 
 
Examples 

 
 

Biofilm in Yellowstone National Park. Longest raised mat area is about half a meter long. 
Biofilms are ubiquitous. Nearly every species of microorganism, not only bacteria and 
archaea, have mechanisms by which they can adhere to surfaces and to each other. 

• Biofilms can be found on rocks and pebbles at the bottom of most streams or 
rivers and often form on the surface of stagnant pools of water. In fact, biofilms 
are important components of foodchains in rivers and streams and are grazed by 
the aquatic invertebrates upon which many fish feed. 

• Biofilms grow in hot, acidic pools in Yellowstone National Park (USA) and on 
glaciers in Antarctica. 

• In industrial environments, biofilms can develop on the interiors of pipes, which 
can lead to clogging and corrosion. Biofilms on floors and counters can make 
sanitation difficult in food preparation areas. Biofilms in cooling water systems 
are known to reduce heat transfer and harbour Legionella bacteria. 

• Bacterial adhesion to boat hulls serves as the foundation for biofouling of 
seagoing vessels. Once a film of bacteria forms, it is easier for other marine 
organisms such as barnacles to attach. Such fouling can inhibit vessel speed by up 
to 20%, making voyages longer and requiring additional fuel. Time in dry dock 
for refitting and repainting reduces the productivity of shipping assets, and the 
useful life of ships is also reduced due to corrosion and mechanical removal 
(scraping) of marine organisms from ships’ hulls. 

• Biofilms can also be harnessed for constructive purposes. For example, many 
sewage treatment plants include a treatment stage in which waste water passes 
over biofilms grown on filters, which extract and digest organic compounds. In 
such biofilms, bacteria are mainly responsible for removal of organic matter 
(BOD); whilst protozoa and rotifers are mainly responsible for removal of 
suspended solids (SS), including pathogens and other microorganisms. Slow sand 
filters rely on biofilm development in the same way to filter surface water from 
lake, spring or river sources for drinking purposes. What we regard as clean water 
is a waste material to these microcellular organisms since they are unable to 
extract any further nutrition from the purified water. 

• Biofilms can help eliminate petroleum oil from contaminated oceans or marine 
systems. The oil is eliminated by the hydrocarbon-degrading activities of 
microbial communities, in particular by a remarkable recently discovered group of 
specialists, the so-called hydrocarbonoclastic bacteria (HCB). 



• Biofilms are also present on the teeth of most animals as dental plaque, where 
they may become responsible for tooth decay and gum disease. 

• Biofilms are found on the surface of and inside plants. They can both contribute to 
crop disease or, as in the case of nitrogen fixing Rhizobium on roots, exist 
symbiotically with the plant. Examples of crop diseases related to biofilms 
include Citrus Canker, Pierce's Disease of grapes, and Bacterial Spot of plants 
such as peppers and tomatoes.  

 
 
  
Biofilms and infectious diseases 
Biofilms have been found to be involved in a wide variety of microbial infections in the 
body, by one estimate 80% of all infections. Infectious processes in which biofilms have 
been implicated include common problems such as urinary tract infections, catheter 
infections, middle-ear infections, formation of dental plaque, gingivitis, coating contact 
lenses, and less common but more lethal processes such as endocarditis, infections in 
cystic fibrosis, and infections of permanent indwelling devices such as joint prostheses 
and heart valves. 
It has recently been shown that biofilms are present on the removed tissue of 80% of 
patients undergoing surgery for chronic sinusitis. The patients with biofilms were shown 
to have been denuded of cilia and goblet cells, unlike the controls without biofilms who 
had normal cilia and goblet cell morphology. Biofilms were also found on samples from 
two of 10 healthy controls mentioned. The species of bacteria from interoperative 
cultures did not correspond to the bacteria species in the biofilm on the respective 
patient's tissue. In other words, the cultures were negative though the bacteria were 
present. 
New staining techniques are being developed to differentiate bacterial cells growing in 
living animals, e.g. from tissues with allergy-inflammations. 
 
 
 
Pseudomonas aeruginosa biofilms 
The achievements of medical care in industrialised societies are markedly impaired due 
to chronic opportunistic infections that have become increasingly apparent in 
immunocompromised patients and the aging population. Chronic infections remain a 
major challenge for the medical profession and are of great economic relevance because 
traditional antibiotic therapy is usually not sufficient to eradicate these infections. One 
major reason for persistence seems to be the capability of the bacteria to grow within 
biofilms that protects them from adverse environmental factors. Pseudomonas 
aeruginosa is not only an important opportunistic pathogen and causative agent of 
emerging nosocomial infections but can also be considered a model organism for the 
study of diverse bacterial mechanisms that contribute to bacterial persistence. In this 
context the elucidation of the molecular mechanisms responsible for the switch from 
planctonic growth to a biofilm phenotype and the role of inter-bacterial communication in 
persistent disease should provide new insights in P. aeruginosa pathogenicity, contribute 
to a better clinical management of chronically infected patients and should lead to the 



identification of new drug targets for the development of alternative anti-infective 
treatment strategies. 
 
 
 
Dental plaque 
Dental plaque is the material that adheres to the teeth and consists of bacterial cells 
(mainly Streptococcus mutans and Streptococcus sanguis), salivary polymers and 
bacterial extracellular products. Plaque is a biofilm on the surfaces of the teeth. This 
accumulation of microorganisms subject the teeth and gingival tissues to high 
concentrations of bacterial metabolites which results in dental disease. 
 


