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non-biological surfaces, which is composed of bacteria cells and their extracellular polymeric
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substances (EPS), including exopolysaccharides, protein, nucleic acid. Biofilms become one of the

important causes of persistent infection, virulence and antimicrobial tolerance of pathogenic

microorganisms. The biofilm matrix, as complex extracellular polymers, affect the structure and

functional properties of biofilms. This article describes the composition and functions of two major

categories of EPS, including cell surface components and extracellular components from some

pathogenic bacteria. The physical and chemical properties of EPS matrixs and their roles in the biofilm

virulence were mainly focused. Control strategies of biofilm matrix via multitargeted sites are also

discussed. The aim of this review will provide theoretical support to explore biofilm forming

mechanism and combating technologies in bacterial structured community.
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Table 1 Composition and functions of extracellular polymeric substances (EPS) in biofilms from some
model bacteria
EPS Names Location Functions Bacteria
Polysaccharides Psl Extracellular/  Adhesion, scaffolding, stability, protection Pseudomonas
cell-associated against immune response, cell-to-cell binding aeruginosa
Pel Extracellular/  Adhesion, scaffolding, stability, cell-to-cell
cell-associated binding, protection against antibiotics
Alginate Extracellular ~ Adhesion, scaffolding, water/nutrient
retention, protection against harsh
environments/immune
response/antimicrobials, stability
EpsA-EpsO Extracellular ~ Adhesion, scaffolding, stability Bacillus subtilis
v-PGA (poly-y-glutamate) Extracellular ~ Adhesion, scaffolding, sorption, nutrient
PIA or PNAG Extracellular ~ Adhesion, cohesion, scaffolding, stability, Staphylococcus
protection against antibiotics aureus
Glucans/fructans Extracellular/  Adhesion, cohesion, scaffolding, stability, Streptococcus
cell-associated cell-to-cell binding, acidic mutans
microenvironment, protection against
antimicrobials, nutrient
Vibrio polysaccharide Extracellular/  Adhesion, cohesion, scaffolding, stability Vibrio cholerae
(VPS) cell-associated
Proteins Type IV pilins (T4P) Cell-associated Adhesion, scaffolding, twitching motility, Pseudomonas

Lectins (LecA/LecB)

Structural matrix protein

(CdrA)

Biofilm surface layer

protein (BslA)
TasA/TapA

Flagellum

Fibronectin-binding

proteins

Staphylococcal protein A

Surface protein G (SasG)

Biofilm associated protein

(BAP)

Phenol-soluble modulins

(PSMs)

Extracellular/
cell-associated
Extracellular/
cell-associated
Extracellular

Extracellular
cell wall
Cell-associated
Extracellular/
cell-associated
Extracellular/
cell-associated
Extracellular/
cell-associated
Extracellular

Extracellular

Glucosyltransferases (Gtf)/ Extracellular/

fructosyltransferases

Dextranase
P1 (Antigen I/II)

cell-associated
Extracellular

Cell-associated

mechanosensing aeruginosa
Adhesion, cell-to-cell binding, stability,
cytotoxin

Adhesion, scaffolding, stability,
cell-to-cell binding, interaction with Psl
Surface hydrophobicity, protection Bacillus subtilis
Scaffolding, cell-to-cell binding

Adhesion, motility, mechanosensing
Adhesion, cell-to-cell binding Staphylococcus
aureus
Adhesion, cell-to-cell binding, immune

evasion

Adhesion, cell-to-cell binding

Adhesion, cell-to-cell binding,
scaffolding, stability
Proinflammatory, lysing of host cells,
biofilm spreading, scaffolding

EPS production Streptococcus
mutans

EPS degradation/remodeling

Adhesion, cell-to-cell binding

(58)
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Bk 1)

Glucan binding proteins  Extracellular/
(GbpA, GbpB, GbpC)

Biofilm-associated protein Extracellular/

Adhesion, cohesion, stability
cell-associated

Adhesion, scaffolding, hydrophobicity, Vibrio cholerae

(Bapl) cell-associated stability, protection
RbmA/RbmC Extracellular/ RbmA: cell-to-cell binding
cell-associated RbmC: scaffolding, stability
MSHA pili Cell-associated Adhesion, motility, mechanosensing
Nucleic acids eDNA Extracellular ~ Scaffolding, adhesion, cohesion, nutrient Wide

Lipids Teichoic and lipoteichoic
acids

Lipopolysaccharides LPS (endotoxin)

Cell-associated

Cell-associated

source, DNA damage repair, gene transfer, distribution in
interaction with other matrix components bacteria
Adhesion, cohesion, protection, immune Staphylococcus
evasion aureus
Adhesion, colonization and host invasion, Wide
activation of immune response distribution in

G bacteria
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Figure 1 Control strategies targeting the biofilm matrix*). Control strategies can be designed to prevent the
biofilm formation either by inhibiting EPS production or blocking adhesin-mediated adherence (left). When
biofilms are already established, strategies that can degrade EPS macromolecules may dismantle the
scaffolding/protective matrix to weaken the biofilm structure and potentiate antimicrobial killing (middle). In
addition, EPS networks can also be destroyed by physical-mechanical methods (right).
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