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Introduction

Bacteria survive in the environment in two forms, free or planktonic cells and adhered to living or non-living surfaces
(sessile cells). Biofilms have a complex architectural structure formed by micro- and macro-colonies between which
there are gaps that allow the passage of nutrients. Externally they are surrounded by a biopolymer matrix. These
biopolymers (extracellular polymeric substances, EPS) are mainly polysaccharides, proteins, nucleic acids (extracellular
DNA, eDNA) and lipids, and mediate cell-to-cell adhesion and cell-to-cell adhesion to the surface on which the cell
grows.

Biomembrane-producing bacteria cause chronic and persistent infections with tissue damage. 65% of microbial
infections are associated with biomembrane formation, such as periodontitis, endocarditis, chronic bronchopulmonary
disease (P. aeruginosa) in patients with cystic fibrosis, otitis media in children (H. influenzae), chronic sinusitis, chronic
osteomyelitis, surgical implant infections, intravenous catheters and stents (S. aureus and other Gram positive cocci),
wound infections, urinary tract infections (E. coli and other pathogens).

Bacteria multiply protected by environmental pressures. The higher the density of a population of bacteria, the more
resistant they are and the higher doses of antimicrobial are required to kill them. This is called the "inoculum effect" .

Resistant mechanisms

1. Host defense escape mechanisms

White blood cells and the various enzymes they produce cannot penetrate the biomembrane, while at the same
time a decreased phagocytic capacity is observed. This phenomenon is called frustrated phagocytosis and
macrophages and neutrophils cannot encapsulate the biomembrane bacteria, while at the same time their toxic
derivatives destroy the surrounding healthy tissue.

2. Extracellular polymeric substances (EPS): Glycocalyx and biopolymer matrix

The glycocalyx consists of glycoproteins and polysaccharides and with the help of Van Der Waals forces and
hydrogen bonds favors the adhesion of the biomembrane to solid surfaces. It helps in the maturation and survival
of the biomembrane. Its absorbent surfaces restrict the transport of germicidal substances and serve to attach to
exogenous enzymes that degrade sensitive antibiotics.

The eDNA in the extracellular polymer is derived endogenously not only as a result of cell lysis but also as a result of
active secretion or exogenously by neutrophils in regions of inflammation. Its presence increases the resistance of
biomembrane to specific antibiotics

3. Enzymes mediated resistance to antibiotics

lonizing enzymes in the biomembrane convert the bactericidal agents into a non-toxic form, thereby conferring
resistance. Enzymatic inactivation of antibiotics in the outer regions of the biomembrane prevents the antibiotic
from reaching the deeper layers.

4. Heterogeneity in metabolism and growth rate

The rate of growth and metabolic activity in a biomembrane is influenced by the different availability of nutrients
and oxygen. As a result, the cell's metabolic activities are enhanced in the periphery of the membrane, while in the
interior are reduced.

5. Intercellular Communication Systems (Quorum Sensing-QS)

The formation of the biomembrane is due to the co-operation of the micro-organisms involved that seem to
interact with different communication systems (Quorum Sensing-QS) and modify gene expression according to
prevailing conditions. The function of these systems is density-dependent) and through them the bacteria regulate
the expression of various genes and the production of virulence factors such as extracellular enzymes and lysines
which are necessary for the pathogenesis of infections, but also antibiotic resistance, inflammatory response and
biomembrane development.

6. The persister cells

Persisters are defined as the population of bacterial cells that are resistant to antimicrobials and cause chronic
infections. In the biomembranes there are such cells that survive in the presence of germicidal substances at deadly
concentrations greater than in planktonic cells. The resulting resistance is not related to genetic or inherited
changes (phenotypic switch). At the end of antibiotic treatment, these cells begin to proliferate and re-form the
biomembrane. The presence of extracellular polysaccharide protects persisters cells from the host's immune
system.
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7. Genetic adaptation and mutations

Genetic adaptation within the biomembrane is necessary to reduce susceptibility and to adopt a durable phenotype. The rate of
biomembrane cell translocation compared to plankton cells is significantly higher and greater horizontal gene transfer and
plasmid transfer is accelerated due to proximity of cells. Another factor that appears to enhance mutations is oxidative stress
within the biomembrane. This is due to the increased production of endogenous reactive oxygen species (ROS) by activated
neutrophils and a defective antioxidant system. As a result, genetic adaptation and evolutionary changes are increasing.

8. Efflux Pumps

Bacteria use specialized proteins to eliminate various substances from the cytoplasm called efflux pumps. They are associated
with endogenous and induced resistance to antibiotics. Genes that control their production are based on plasmids.

9. Response to stress

The stress caused by lack of nutrients, extreme temperatures, hyperosmolarity and acidic pH leads to changes in the morphology
and physiology of the biomembrane cells with the ultimate goal of increasing endurance and preventing cell damage.

10. Structure of the outer membrane

Deprivation or overexpression of outer membrane proteins is associated with resistance to certain antibiotics

11. Bacteriophages

Phages contribute to cell death and eDNA release, and thus contribute to the development of resistance. In addition, their
presence pushes P. aeruginosa to organize into a bio-membrane of particular architecture (liquid crystalline biofilms) that confer
resistance to tobramycin. Pf phages are negatively charged and bind tobramycin to the extracellular polymeric membrane.

12. Interactions among different species

Biomembranes consisting of more than one species of microbes demonstrates a wider range of resistance compared to
biomembranes consisting of only one species of microorganism.

13. Various other mechanisms

tssC1: Type VI secretion systems -T6SS in Gram-negative bacteria serve as secretory pathways that facilitate protein transport
and are involved in antibiotic resistance of biomembrane bacteria. PA2070 and PA5033:

The PA2070 and PA5033 regions are associated with resistance to tobramycin and gentamicin in P. aeruginosa biomembranes by
unknown mechanism.

Conclusions

During their evolution, the bacteria develop strategies that ensure their survival. One such is the creation of biomembrane. The
increased resistance to the antimicrobial agents observed in the biomembranes is due to a combination of mechanisms such as
decreased cross-linking, binding of the antibiotic to the extracellular polymer, enzyme-mediated resistance, level of metabolic
activity, efflux pumps, persister cells and the structure of extrapolysaccharide. Changes in the level of expression of various
genes in response to protect surface-bound bacteria.

Which mechanism will be used depends on the type of micro-organism. In addition, the genetic and biochemical properties of
the biomembrane need to be further investigated in vivo with the aim of producing antimicrobial agents capable of providing
effective protection. The importance of this event is fundamental in prosthetic and catheter infections, as the biomembrane
bacteria multiply and influence the patient's treatment as well as the treatment of persisters and the reduction of relapses.
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