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Biofilms are a population of cells that grown attached to a surface involved in exopolysaccharide
matrix which protects them from attack by antibiotics or immune system. Many chronic and persistent 
infections are caused by bacterial biofilms, which increase significantly the resistance to 
antimicrobials. Different mechanisms of resistance have been pr
extracellular polymers (physical barrier effect), enzymatic modification of antimicrobials, decrease of 
bacterial growth rate, phenotypic changes in bacterial cells (as a result of the acquisition of resistance 
genes within the
But all is not bad in life, bacterial biofilms also may have a protective role, for example the normal 
flora.  
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INTRODUCTION 
 
Microorganisms are susceptible to environmental factors that 
around them, for that reason they are not able to generate 
significant damages to a living organism for themselves 
(Betancurth et al., 2004; Bjarnsholt, 2013; Decho, 2013
that context, the microorganisms have been associated forming 
biofilms, which are complex communities of bacteria 
surrounded by a exopolymer matrix; they form colonies 
adherent to inert surfaces for example catheters, prosthesis, 
glasses, or human tissues and organs (Ceri 
Donlan, 2011). It has reported that a biofilm consist of 
bacteria, water, exopolisacaride matrix, proteins, nucleic ac
and bacterial lysis products (Decho, 2013).  Biofilm has an 
architecture as a mushroom-shaped tower wrapped in 
exopolysaccharide matrix and proteins that are produced by 
resident bacteria. It has been observed that bacterial population 
in the biofilm shows an extraordinary resistance to biocides, to 
antimicrobial treatments also and host immune response 
(Bridier et al., 2011; Sauer, 2003).  
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ABSTRACT 

Biofilms are a population of cells that grown attached to a surface involved in exopolysaccharide
matrix which protects them from attack by antibiotics or immune system. Many chronic and persistent 
infections are caused by bacterial biofilms, which increase significantly the resistance to 
antimicrobials. Different mechanisms of resistance have been pr
extracellular polymers (physical barrier effect), enzymatic modification of antimicrobials, decrease of 
bacterial growth rate, phenotypic changes in bacterial cells (as a result of the acquisition of resistance 
genes within the biofilm), and the persistence of a small group of cells in the bacterial community. 
But all is not bad in life, bacterial biofilms also may have a protective role, for example the normal 
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The first step in the formation of a biofilm is the coaggregation
process formed by the association between bacteria, consisting 
in cell-cell recognition, allowing bacteria that constitute to 
recognize and adhere to each other by adhesins. These 
structures, along with the phenomena of hydrophobicity, 
electrostatic and Van der Waals forces favor the binding to 
proteins, glycoprotein and polysaccharide receptors on the 
surfaces of host (for example: dental plaque, damaged 
endothelium in native valve) or biomaterials as prosthetic 
devices (Costerton, 1999; Decho, 2013; John
Donlan and William, 2002). Therefore, a stress sharp as that 
produced by a change in the flow direction or flow rate or 
changes in the concentration of certain substrates, can cause 
increased erosion of the biofilm and promote cell deta
or the otherwise cause greater aggregation (Matthew and 
Maestre, 2004).  
 
Bacterial Biofilm 
 
The presence of biofilm gives certain advantages to bacteria as 
protection from the environment, resistance to the bactericidal 
action of the antimicrobial, altered host defense mechanisms 
(hinders macrophage phagocytic activity by interfering with 
the coating antibodies to block opsonization and phagocytosis) 
(Kostakioti et al.,, 2013; Shiau and Wu, 1998). Bacteria exist 
in nature in two forms or sta
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Biofilms are a population of cells that grown attached to a surface involved in exopolysaccharide 
matrix which protects them from attack by antibiotics or immune system. Many chronic and persistent 
infections are caused by bacterial biofilms, which increase significantly the resistance to 
antimicrobials. Different mechanisms of resistance have been proposed such as: synthesis of 
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bacteria and bacteria forming biofilm (Donlan and William, 
2002). Since Koch´s times, bacteriologists and clinicians have 
focused the study of planktonic bacteria. This is due among 
other things to the fact that the investigation of bacterial 
biofilms is difficult. Unfortunately, this focus on the 
development of planktonic cells in laboratory cultures has 
limited the understanding regarding the interactions between 
bacteria and host; only a small fraction of bacteria live in 
planktonic stage (Thomas and Nakaishila, 2006). It is 
postulated that 99% of all bacterial cells exist as biofilm and 
only 1% as planktonic stage (Costerton et al., 1995; Costerton, 
1999; Sanclement et al., 2005). Bacterial biofilms are created 
when planktonic cells are sensing a surface which they adhere 
and then produce chemical signals to coordinate differentiation 
and the formation of structures (including the production of 
polysaccharide protective cover) (Romanova et al., 2011; Scott 
and Manning, 2003). The life cycle is a dynamic process that 
can be divided into 3 parts: adhesion, growth and cell 
separation (Ramadan et al., 2005). 
 
Biofilm biology focuses on the life cycle and interactions with 
the environment. Bacteria can create conditions to form 
biofilms almost any liquid environment. The solid-liquid 
interface between a surface and an aqueous medium such as 
water, blood and so on provides an ideal environment for the 
attachment and growth of microorganisms (Sanderson et al., 
2006). Thus, biofilms are ubiquitous in nature and are 
worldwide (Chole and Faddis, 2003). Bacterial biofilms 
represent an ancient prokaryotic survival strategy. This is 
because bacteria acquire significant advantages because they 
provide protection against environmental fluctuations, 
humidity, temperature, pH, also concentrating nutrients and 
facilitating waste disposal. Fossil´s registration shows that 
prokaryotes have been living in biofilms for more than 3 
billion years (Bridier et al., 2011; Flores-Encarnación et al., 
2009; Merle et al., 2002). The ability to form biofilm seems 
not restricted to any specific group of microorganisms, know a 
days it is considered that under proper environmental 
conditions the vast majority of bacteria, regardless of the 
species, may exist within biofilms adhering to surfaces at an 
solid-liquid interface or liquid-gas interfase, including 
microorganisms that are causative agents of numerous 
infectious diseases (Anderl et al., 2000; Bjarnsholt, 2013).  
 
It has been reported that the formation of bacterial biofilm may 
be generated in response to extreme changes in the 
environment, for example temperature, limitation of nutrients, 
oxygen availability, extreme pH (O’Toole et al., 2000). For 
years bacterial biofilms have caused multiple infectious 
diseases in human and they have been cause of contamination 
of orthopedic and medical devices (Costerton, 1999; Cha et al., 
2013). List includes Gram positive and negative bacteria, 
aerobic and anaerobic bacteria, some yeasts and 
actinomycetes. Among bacterial genera may be mentioned: 
Streptococcus spp causing bacterial endocarditis, dental caries, 
necrotizing fasciitis; Staphylococcus spp causing 
musculoskeletal infections, colonization of sutures, catheters, 
arteriovenous pathways, heart valves, prostheses; 
Pseudomonas spp causing contamination of contact glasses; 
Haemophilus influenzae causing chronic otitis; Escherichia 
coli causing prostatitis, colonization of urinary catheters 

(Costerton et al., 1999; Ferrières et al., 2007; Flores-
Encarnación et al., 2014; Post, 2001). Human normal flora of 
the digestive tract, skin and other anatomical sites such as 
vagina, are efficient barriers to the establishment, growth and 
development of pathogenic bacteria (Costerton et al., 1995; 
Domingue et al., 1991; Leccese-Terraf et al., 2014; Marsh, 
2004; Romanova et al., 2011).   
 
Quorum sensing is a regulatory mechanism dependent 
accumulation of signal molecules (autoinducers) in the 
environment, which allows the bacteria sense the existing 
population density (Costerton, 1999).  Myxobacteria were the 
first microorganisms which quorum sensing was observed. 
However, the best known example is the regulation of light 
production in Vibrio fischeri, a bioluminescent bacterium that 
lives by symbiont in organ generator of light of hawaiian 
squid. When V. fischeri is growing in planktonic stage the 
concentration of autoinducers is low and it not produce 
bioluminescence (Donland, 2002).  It has been shown that 
biofilm formation in P. aeruginosa has two different systems 
of cell-cell signaling: lasR-lasI and rhlR-rhlI systems. Once 
obtained a sufficient density of population, cell-cell signaling 
reaches the concentrations required to activate genes involved 
in biofilm differentiation; mutants unable to produce both 
signals produce notoriously a thinner biofilm and without its 
typical architecture. They can be removed more easily from 
surfaces by surfactants. Adding acyl-homoserine lactone to the 
culture medium containing mutant biofilms gives rise to wild-
type bacterial phenotype (Bassler, 2002; Steindler et al., 2009; 
Whiteley et al., 2001). 
 
Biofilm and Resistance to Antibiotics   
 
In the last 15 years, biofilms have been progressively 
recognized as important factors in the pathogenesis of many 
human persistent infections, including periodontal infection, 
dental plaque, pneumonia, chronic cystitis, bacterial 
endocarditis, osteomyelitis and chronic prostatitis (Diemond 
and Miranda, 2007; Donlan, 2011; Krom and Oskam, 2014).  
One of the feats of modern Medicine has been the progress in 
the diagnosis and treatment of infectious diseases with 
antibiotics, making it possible to effectively control acute 
infections. However there are two exceptions to the rule: 
bacteria are innately resistant to drugs and bacteria that reside 
within biofilm have a greater resistance to antimicrobials than 
those living in planktonic stage (Hall-Stoodley et al., 2008). 
Clinical importance of bacteria forming biofilm is that they are 
more resistant to antibiotics; they can to survive against higher 
concentrations of antibiotics compared to planktonic stage 
bacteria (Stewart and Costerton, 2001). P. aeruginosa and 
Streptococcus spp biofilms are the best studied bacterial and 
they represent a public health serious problem. Biofilms 
produce physical barriers that are important for antimicrobial 
therapy. It has been found that biofilms cause an increasing 
antibiotic resistance in a factor reaches hundreds or thousands 
of times (Greenberg, 2003; Stewart and Costerton, 2001).               
P. aeruginosa biofilms have been difficult to treatment and 
eradicate in patients presenting acute respiratory diseases 
(O’Toole et al., 2000). Another example is S. mutans, a 
bacterium causing caries and gingivitis in oral cavity 
(Kolenblander, 2000; Matsumura et al., 2003). Also it is 
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speculated that the biofilm acts as a niche for the generation of 
resistant organisms given the ability of certain bacteria to 
exchange genetic material by conjugation and contribute to the 
transmission of possible factors of resistance to antibiotics or 
factors involved in adhesion and biofilm development (Guigo, 
2001). Some recent studies argue that bacteria within biofilm 
are so sensible to antibiotics as planktonic bacteria, however 
persistence of cells depend by invulnerability that the 
exopolysaccharide matrix confers them to immune system. 
This would explain the presence of a subpopulation of 
persistent cells causing the chronicity of infection (Lewis, 
2001). Different mechanisms have been proposed to try to 
explain the resistance of the biofilm to antibiotics: preventing 
or retarding the penetration of antimicrobial agent through the 
biofilm matrix; altereding growth rates of microorganisms in 
the biofilm due to physiological changes of biofilm stage 
(Donlan and William, 2002). 
 
Antimicrobial molecules must diffuse through the biofilm 
matrix in an organized manner to inactivate the biofilm cells. 
Extracellular polymeric substances constituting the matrix act 
as a diffusion barrier for these molecules, influencing the rate 
of transport of the molecule within the biofilm or in the 
interaction of antimicrobial substance with biofilm matrix 
(Donlan and William, 2002). Biofilm gives the microcolonies 
a resistance mechanism different than those commonly 
described, being extremely effective and conferring resistance 
to bacteria by a factor of about 500 times than usual (Bruce et 
al., 2007). Biofilms also provide an ideal niche for the 
exchange of extrachromosomal DNA (plasmids). Conjugation 
occurs between high rates of both planktonic and biofilm cells. 
It has been suggests that some strains of bacteria containing 
conjugative plasmids develop more easily biofilm (Guigo, 
2001). Using DNA microarrays it compared gene expression 
in E. coli cells forming biofilm and planktonic stage cells. 
Comparison was a change in more than 600 genes, with 9% of 
the total as activated genes and 4.5% as inactive genes in the 
biofilm. When the profile of biofilm cells was compared with 
the exponential cell growth, there was a different expression 
pattern and only 230 genes expressed differentially. 
 
Expression of 79 genes representing 1.84% of the genome of 
E. coli was significantly altered during formation of the 
biofilm compared with planktonic stage (Prigent et al., 2001). 
Among the genes that increased the expression in biofilm were 
found those related with adhesion and auto aggregation, so as 
coding for structural proteins, for example: OmpC, OmpF and 
OmpT. Also lpxC, a gene coding for a protein associated with 
lipid synthesis, and slp a gene coding for outer membrane 
lipoprotein were expressed. slp and ompC genes have recently 
been associated in the early stages of biofilm formation on 
inert surfaces (Schembri et al., 2003). In the analysis of DNA 
microarray of Ps. aeruginosa was observed that only 1% of 
expressed genes are different when bacteria is forming biofilm 
vs planktonic stage. The study revealed that the average 
expression of genes in cells forming biofilm is similar to 
planktonic cells, growning under similar environmental 
conditions (Whiteley et al., 2001). A important protein by 
bacterial biofilm formation is RpoS, a subunit σs of RNA 
polymerase. RpoS control the expression of genes induced 
during the stationary phase of growth and it is considered as 

master protein, responsible for regulating of stress in E. coli. 
Schembri et al., (2003) reported that 46% of the genes that 
were found differentially during biofilm growth were regulated 
by RpoS (Schembri et al., 2003). RpoS of P. aeruginosa 
seems to have an opposite role to RpoS of E. coli. rpoS gene of 
P. aeruginosa was found suppressed in biofilm. A mutant of P. 
aeruginosa without rpoS formed more biofilm and it was also 
more resistant to antibiotic treatment.These findings are related 
with previous reports in which rpoS mutants of P. aeruginosa 
were the most virulent in mouse models. Biofilm formation 
and its characteristic resistance to antimicrobial agents are the 
cause of persistent and chronic infections. The biofilm has 
shown the ability to colonize a wide variety of medical devices 
and it is associated with important human diseases such as 
endocarditis, urinary tract infections, cystic fibrosis, otitis 
media, lacerations (Sauer, 2003).  
 
Conclusion 
 
The microorganisms throughout history have been able to 
adapt to adverse environmental conditions. Unfortunately, 
pathogens have developed various functional strategies that 
have enabled them to show resistance to antibiotics. The 
biofilm is a form of organization that has enabled them to 
contend against antibiotics. It is necessary to raise awareness 
about the use of antibiotics and prevent misuse of them. 
According to the data presented, the bacteria are able to adapt 
to antibiotics and resist them in relatively short time frames, 
which disputed that in the future can fight infectious diseases 
under the current schemes antimicrobial therapy. Currently, it 
is are seeking new strategies to eliminate pathogenic 
microorganisms and especially to those who are able to form 
biofilm.  
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