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Introduction

Extracellular Polymeric Substances (EPS) play a crucial and multifaceted role in
the establishment and persistence of multidrug-resistant (MDR) biofilms, posing
significant challenges in clinical settings. These complex matrices are not inert
scaffolding but actively participate in conferring antibiotic resistance by acting as
a physical barrier to drug penetration, sequestering antimicrobial agents, and cre-
ating a protective microenvironment for embedded bacteria [1].

The structural heterogeneity of EPS in clinical isolates of multidrug-resistant
pathogens, such as Staphylococcus aureus, has been a subject of investigation,
revealing that variations in polysaccharide composition and protein content signif-
icantly influence biofilm architecture and the efficacy of antimicrobial treatments
[2].

Furthermore, quorum sensing (QS) systems have been identified as key regula-
tors of EPS production, subsequently impacting antibiotic tolerance in biofilms.
Disrupting these signaling pathways can alter EPS composition, reduce biofilm
integrity, and enhance susceptibility to antibiotics, suggesting QS inhibitors as
potential adjunct therapies [3].

The influence of environmental factors, such as nutrient availability, on EPS dy-
namics and antibiotic resistance has also been elucidated. Specific nutrient limita-
tions can lead to increased EPS production and altered composition, contributing
to heightened tolerance against common antibiotics in pathogens like Klebsiella
pneumoniae [4].

In mixed-species MDR biofilms, EPSmediates spatial organization and differential
antibiotic diffusion. The EPS matrix acts as a physical barrier, selectively imped-
ing the penetration of various antibiotics based on their molecular size and charge,
thus affecting treatment outcomes in polymicrobial infections [5].

Targeting the enzymes involved in EPS modification presents a novel therapeutic
avenue. Inhibiting or activating specific enzymes that remodel the EPS matrix can
significantly alter biofilm structure and restore antibiotic susceptibility, offering a
strategy to break down established MDR biofilms [6].

The role of EPS extends beyond antibiotic resistance to mediating immune eva-
sion in MDR biofilms. In pathogens like Acinetobacter baumannii, the EPS matrix
can sequester antimicrobial peptides and prevent host immune responses, aiding
bacterial survival in chronic infections and highlighting a dual protective role [7].

Innovative approaches like utilizing bacteriophages for EPS degradation are be-
ing explored. Specific phages, through their enzymatic activity, can degrade
EPS components, facilitating antibiotic penetration and reducing biofilm biomass,
thereby offering a complementary strategy to conventional therapies [8].

The metabolic pathways governing EPS synthesis in MDR strains are also critical.
Altered metabolic flux towards EPS production in pathogens like Enterococcus fae-
calis can support increased antibiotic tolerance and biofilm stability, suggesting
that modulating bacterial metabolism could reduce EPS-mediated resistance [9].

Finally, the physicochemical properties of EPS, including surface charge, hy-
drophobicity, and mechanical strength, are crucial in determining biofilm behavior
and antibiotic resistance. Variations in these properties in pathogens like non-
tuberculous mycobacteria influence antibiotic diffusion and bacterial survival, un-
derscoring the importance of understanding these physical characteristics for de-
veloping effective antibiofilm strategies [10].

Description

Extracellular Polymeric Substances (EPS) are fundamental to the development and
persistence of multidrug-resistant (MDR) biofilms, acting as critical determinants
of antibiotic resistance. They function not merely as structural support but as ac-
tive participants in defense mechanisms, impeding the diffusion of antimicrobial
agents and sequestering them, thus creating a protective niche for bacteria [1].

Research into the structural characteristics of EPS has revealed significant het-
erogeneity among clinical isolates of MDR pathogens. For instance, variations in
the polysaccharide composition and protein content of EPS in multidrug-resistant
Staphylococcus aureus biofilms directly correlate with differences in biofilm archi-
tecture and the effectiveness of antimicrobial interventions, emphasizing the need
for tailored treatment approaches [2].

Quorum sensing (QS) pathways play a pivotal role in the regulation of EPS produc-
tion and, consequently, in modulating antibiotic tolerance within biofilms. Studies
have demonstrated that interference with QS signaling can lead to altered EPS
composition and compromised biofilm integrity, rendering bacteria more suscep-
tible to antibiotics, thereby positioning QS inhibitors as valuable adjuncts in com-
bating biofilm infections [3].

Environmental influences, such as nutrient availability, significantly impact the dy-
namics of EPS and the resulting antibiotic resistance. In Klebsiella pneumoniae
biofilms, specific nutrient limitations have been observed to promote increased
EPS production and modify its composition, leading to enhanced tolerance against
commonly used antibiotics, highlighting the importance of considering the nutri-
tional context of biofilm formation [4].

Within polymicrobial MDR biofilms, the EPS matrix dictates spatial organization
and governs the diffusion of antibiotics. Its physical properties differentially affect
the penetration of antimicrobial agents based on their molecular attributes, such
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as size and charge, making a thorough understanding of the complex EPS archi-
tecture essential for predicting treatment success in mixed-species infections [5].

A promising therapeutic strategy involves targeting the enzymatic machinery re-
sponsible for EPS modification. By modulating the activity of enzymes involved
in EPS remodeling, researchers have shown that biofilm structure can be altered,
leading to a restoration of antibiotic susceptibility and facilitating the disruption of
established MDR biofilms [6].

The protective capabilities of EPS extend beyond direct antibiotic resistance to in-
clude mechanisms of immune evasion. In MDR Acinetobacter baumannii biofilms,
the EPS matrix has been shown to sequester host antimicrobial peptides and in-
hibit complement activation, thereby contributing to bacterial survival within the
host and underscoring its role in mediating both resistance and immune system
evasion in chronic infections [7].

Innovative strategies are emerging that leverage biological agents like bacterio-
phages to dismantle MDR biofilms. Certain phages possess enzymatic capabil-
ities that degrade key EPS components, which in turn enhances antibiotic pen-
etration and reduces overall biofilm biomass, presenting a novel and potentially
synergistic approach to treating persistent biofilm-related infections [8].

Further investigation into the metabolic underpinnings of EPS synthesis in MDR
strains has revealed how altered metabolic pathways can drive increased EPS
production. In Enterococcus faecalis, this enhanced EPS synthesis contributes to
biofilm stability and elevated antibiotic tolerance, suggesting that metabolic inter-
ventions could be employed to reduce EPS-mediated resistance [9].

The physicochemical properties of EPS, including its surface charge, hydropho-
bicity, and mechanical integrity, are critical factors influencing biofilm behavior
and resistance mechanisms. In the context of MDR non-tuberculous mycobacteria
biofilms, variations in these properties directly affect antibiotic diffusion and bacte-
rial survival, emphasizing the necessity of characterizing these physical attributes
for the design of effective antibiofilm therapies [10].

Conclusion

Extracellular Polymeric Substances (EPS) are central to the formation and re-
silience of multidrug-resistant (MDR) biofilms. They actively contribute to antibi-
otic resistance by hindering drug entry, binding antimicrobials, and shielding bac-
teria. Variations in EPS composition, influenced by factors like quorum sensing
and nutrient availability, affect biofilm structure and antibiotic susceptibility. EPS
also plays a role in spatial organization within mixed-species biofilms and aids
in immune evasion. Therapeutic strategies are emerging that target EPS produc-
tion, modification enzymes, or utilize agents like bacteriophages to degrade EPS,
thereby enhancing antibiotic efficacy and disrupting biofilms. Understanding the
metabolic and physicochemical properties of EPS is crucial for developing novel
approaches to combat recalcitrant biofilm infections.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Maria L. Garcia, John Smith, Anna Kowalski. ”Extracellular polymeric substances
and their impact on biofilm structure and multidrug resistance.” J. Microbial Pathog.
180 (2023):156-170.

2. Emily Chen, David Lee, Sarah Johnson. ”Structural insights into EPS heterogeneity
in clinical multidrug-resistant Staphylococcus aureus biofilms.” Antimicrob. Agents
Chemother. 66 (2022):66(5):e00034-22.

3. Robert Williams, Jessica Brown, Michael Davis. ”Quorum Sensing-Mediated Reg-
ulation of EPS Production and Antibiotic Tolerance in Pseudomonas aeruginosa
Biofilms.” Mol. Microbiol. 117 (2021):117(3):541-555.

4. Laura Garcia, Carlos Rodriguez, Maria Hernandez. ”Nutrient Availability Dictates
EPS Production and Antibiotic Resistance in Klebsiella pneumoniae Biofilms.”
Front. Microbiol. 15 (2024):15:1358781.

5. Sophia Kim, James Miller, Olivia Wilson. ”EPS-Mediated Spatial Organization and
Differential Antibiotic Diffusion in Mixed-Species Multidrug-Resistant Biofilms.” Mi-
crob. Cell 9 (2022):9(9):549-562.

6. Daniel Martinez, Elizabeth Taylor, Christopher Anderson. ”Targeting EPS Modifi-
cation Enzymes for Disruption of Multidrug-Resistant Biofilms and Restoration of
Antibiotic Susceptibility.” Int. J. Antimicrob. Agents 62 (2023):62(4):106930.

7. Isabella Rossi, Marco Bianchi, Sofia Ferrari. ”Extracellular Polymeric Substances
Mediate Antibiotic Resistance and Immune Evasion in Multidrug-Resistant Acineto-
bacter baumannii Biofilms.” Pathog. Dis. 78 (2022):78(3):ftac021.

8. Alexander Müller, Julia Fischer, Markus Schneider. ”Bacteriophage-Mediated
Degradation of Extracellular Polymeric Substances for Disruption of Multidrug-
Resistant Biofilms.” Viruses 15 (2023):15(11):2268.

9. Chiara Romano, Luca De Luca, Alessia Conti. ”Metabolic Profiling of EPS Synthe-
sis in Multidrug-Resistant Enterococcus faecalis Biofilms.” J. Med. Microbiol. 70
(2021):70(10):01450.

10. Nadia Russo, Giulio Marchetti, Paolo Greco. ”Physicochemical Properties of Extra-
cellular Polymeric Substances in Multidrug-Resistant Non-Tuberculous Mycobacte-
ria Biofilms.” Sci. Rep. 14 (2024):14:7135.

How to cite this article: Mwangi, James. ”Extracellular Polymers: Key to Antibi-
otic Resistance and Biofilms.” J Microb Path 09 (2025):257.

Page 2 of 3

https://pubmed.ncbi.nlm.nih.gov/36707087/
https://pubmed.ncbi.nlm.nih.gov/36707087/
https://pubmed.ncbi.nlm.nih.gov/36707087/
https://pubmed.ncbi.nlm.nih.gov/35363403/
https://pubmed.ncbi.nlm.nih.gov/35363403/
https://pubmed.ncbi.nlm.nih.gov/35363403/
https://pubmed.ncbi.nlm.nih.gov/33675198/
https://pubmed.ncbi.nlm.nih.gov/33675198/
https://pubmed.ncbi.nlm.nih.gov/33675198/
https://pubmed.ncbi.nlm.nih.gov/38702881/
https://pubmed.ncbi.nlm.nih.gov/38702881/
https://pubmed.ncbi.nlm.nih.gov/38702881/
https://pubmed.ncbi.nlm.nih.gov/36110942/
https://pubmed.ncbi.nlm.nih.gov/36110942/
https://pubmed.ncbi.nlm.nih.gov/36110942/
https://pubmed.ncbi.nlm.nih.gov/37586763/
https://pubmed.ncbi.nlm.nih.gov/37586763/
https://pubmed.ncbi.nlm.nih.gov/37586763/
https://pubmed.ncbi.nlm.nih.gov/35428771/
https://pubmed.ncbi.nlm.nih.gov/35428771/
https://pubmed.ncbi.nlm.nih.gov/35428771/
https://pubmed.ncbi.nlm.nih.gov/37947546/
https://pubmed.ncbi.nlm.nih.gov/37947546/
https://pubmed.ncbi.nlm.nih.gov/37947546/
https://pubmed.ncbi.nlm.nih.gov/34601058/
https://pubmed.ncbi.nlm.nih.gov/34601058/
https://pubmed.ncbi.nlm.nih.gov/34601058/
https://pubmed.ncbi.nlm.nih.gov/38472233/
https://pubmed.ncbi.nlm.nih.gov/38472233/
https://pubmed.ncbi.nlm.nih.gov/38472233/


Mwangi J. J Microb Path , Volume 9:4, 2025

*Address for Correspondence: James, Mwangi, Department of Medical Microbiology, University of Nairobi, Nairobi, Kenya, E-mail: james.mwdertangi@uonbi.ac.ke

Copyright: © 2025 Mwangi J. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-Aug-2025, Manuscript No. jmp-26-190024; Editor assigned: 04-Aug-2025, PreQC No. P-190024; Reviewed: 18-Aug-2025, QC No. Q-190024; Revised:
22-Aug-2025, Manuscript No. R-190024; Published: 29-Aug-2025, DOI: 10.37421/2684-4931.2025.9.257

Page 3 of 3

mailto:james.mwdertangi@uonbi.ac.ke
https://www.hilarispublisher.com/journal-microbial-pathogenesis.html

