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Introduction 

The extracellular matrix (ECM), both in eukaryotes and prokaryotes, is a combination of high-atomic weight polymers that are 

emitted to the outer medium and are created by virtually a wide range of cell. By definition, the eukaryotic ECM can be 

perceived as the non-cell three-layered macromolecular organization made out of a combination of parts like collagens, 

proteoglycans/glycosaminoglycans (PGs), elastin, fibronectin, laminins, and a few different glycoproteins. This design can be 

found in tissues and organs offering help to the phone parts and giving biochemical and biomechanical prompts to tissue 

morphogenesis, separation and homeostasis [1]. 

Fibril-shaping collagen type I and II are the significant constituents of the extracellular grid of eukaryotic tissues, which can 

be viewed as related to other ECM proteins, collagens and PGs subsequently building huge fibrilar structures. These 

constructions, in mix with other ECM particles, characterize the 3D grid network [2]. It is accordingly possible that the piece 

and underlying association of the ECM impacts important organic cycles, for example, bond, relocation, multiplication and 

separation of eukaryotic cells. To be sure, the ECM has been depicted as a repository for the restriction and convergence of 

development factors and flagging atoms, which structure angles basic for the foundation of formative designing during 

morphogenesis [3]. 

Rather than eukaryotes, in which cells are inherently assembled shaping tissues and organs, bacterial cells live as autonomous 

people or framing multicellular networks, known as biofilms, developing over surfaces and giving a few advantages as the 
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better variation to various natural circumstances, further developed connection to has and to the admittance to supplements [4]. 

Undifferentiated from eukaryotic tissues, bacterial cells inside biofilms are implanted in an emitted and multifunctional ECM 

that gives underlying scaffolding to the local area, worked on cell grip, guideline of the motion of signs and supplements to 

guarantee cell separation and a considerable physicochemical boundary against outside attacks [5]. The microbial ECM is 

heterogeneously made out of proteins, exopolysaccharides, nucleic acids, lipids and auxiliary metabolites, every one of which 

jam comparative usefulness yet is synthetically factor across bacterial taxa. In this small scale audit, we present the primary 

parts of the prokaryotic ECM, their capacities in the development of the biofilm structure and bacterial connections with the 

climate, and we feature the biophysical characteristics that permit their biotechnological abuse. 

 

Biotechnological uses of biofilms 

Bacterial biofilms are broadly circulated in nature and generally add to the change of the climate in an assortment of ways. 

Notwithstanding, the way that bacterial biofilms have been widely considered with human bacterial microorganisms has 

prompted one-sided negative insights related with tainting and pathogenicity [6]. Water, food and agrarian enterprises, practical 

agribusiness, and the development of recombinant proteins and synthetics are instances of biotechnology research handles that 

advantage from the interesting properties of bacterial biofilms. Moreover, the chance of joining different strains in multispecies 

biofilms grows their biotechnological applications, differentiating the assortment of items that would be difficult to acquire 

with single strain societies. Bacterial biofilms can be immobilized in bioreactors utilizing various methodologies like 

adsorption, capture, or covalent bond. Adsorption in view of cell fixing is the most normally involved strategy in biofilm 

reactors (fluidized bed reactors, persistent mixed tank reactors, transport reactors, and stuffed bed reactors), and it is likely the 

most regular technique since it use the inborn capacity of bacterial cells to stick to some random help [7]. Immobilization of 

cells on alginate dabs is additionally fascinating for modern bioprocesses and has been effectively utilized in the protection of 

cell suitability, the debasement and biotransformation of toxins, and the creation of chemicals, probiotics and other significant 

items. The water business was quick to execute biofilm reactors, including the utilization of biofilters or moving bed biofilm 

reactors for wastewater treatment. As of late, the turn of events and utilization of biofilm-based frameworks has expanded to 

deliver an assortment of significant synthetic substances, albeit many advances should be totally perceived to enhance the 

creation and arrive at the best return. 

 

Extracellular matrix parts in bacterial biofilms 

Biofilms are artificially perplexing and different, which might characterize their broad effect in the climate. Consequently, the 

information on the individual underlying parts of this bacterial megastructures are fundamental to potentiate the previously 

mentioned advantages of biofilms and to find extraordinary biotechnological utilizes for every part. 

 

Exopolysaccharides (EPSs) 

The extracellular grid of bacterial biofilms is regularly made out of proteins, exopolysaccharides, nucleic acids, lipids and other 

minor biomolecules like optional metabolites. EPSs are likely the most bountiful part of the ECM and are viewed as significant 

components connected with the destructiveness of bacterial microbes or for bacterial insurance. The arrangement of biofilms 

is the aftereffect of a profoundly organized formative program; subsequently, unique underlying and administrative components 

are spatially and transiently communicated. Studies with assorted bacterial species have shown the significance of EPS in 

various phases of biofilm advancement, from the underlying cell grip to surfaces to the development of intricate constructions 

and the last scattering of the biofilm. Hence, it isn't business as usual that EPSs are significant supporters of the engineering of 
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biofilms made out of to a great extent different bacterial species, as found in E. coli, S. mutans, Vibrio, B. subtilis and 

Pseudomonas, among others. Notwithstanding this notable primary capacity, the physicochemical properties of EPSs give 

biofilms an extremely powerful invulnerable obstruction that forestalls or postpones the entry of antimicrobials into the biofilm, 

which gives plentiful opportunity to start the declaration of opposition qualities by individual cells.  

In ongoing many years, the physicochemical attributes and fluctuation in the construction of EPSs stand out enough to be 

noticed for their modern and clinical applications. Modern utilization of EPSs can be found in a wide range of regions like the 

food business, agribusiness, and beauty care products. Instances of the most important EPSs regularly thought to be in the food 

business are chitosan, thickener, kefiran and inulin. These polymers are utilized as consistency expanding specialists, gelling 

specialists, stabilizers in multiphase arrangements, furthermore to their utilization as oils, flocculants, or flavor enhancers 

adding to build food quality. Gelrite and thickener are utilized in farming as splashes and pesticides, in the biodegradation of 

fuel and in the transportation of gel-typified microscopic organisms for bioaugmentation of debased springs. Likewise, EPSs 

are additionally intriguing in the rural field given that they can potentiate useful impacts, for example, the expansion in root 

water maintenance, the improvement of salt resilience or the evasion of the poisonousness incited by flocculants got from 

aluminum, polyacrylamide subordinates and polyethyleneimine utilized in water treatment plants. In the makeup business, 

EPSs, for example, thickener, pullulan and kelcogels are likewise utilized as rheological stabilizers and scent transporters. 

Not withstanding the previously mentioned fields, EPSs are additionally taken advantage of for clinical and drug applications. 

The physiochemical properties of EPSs as xanthan, pullulan, dextran, alginate, cellulose and gellan, notwithstanding synthetic 

changes like acetylation or oxidation, have added to broaden their utility. For example, alginate is utilized in the arrangement 

of nanoparticles for controlled medication delivery and it is likewise utilized as adjuvant for antibodies; pullulan, dextran, or 

bacterial cellulose are utilized for the advancement of new micelle frameworks that can further develop drug dissolvability and 

strength; and bacterial cellulose is additionally applied in the field of twisted recuperating because of its porousness. 

 

Proteins 

Not withstanding the EPS, proteins are additionally significant parts of the ECM with extremely fascinating jobs and imminent 

biotechnological applications. Proteins in biofilms can be arranged generally into two primary gatherings in view of usefulness: 

adhesins and practical amyloids. Adhesins are proteins that can be found in gram-negative and gram-positive species. These 

proteins are cell-surface uncovered proteins that elevate cell-to-cell contacts inside a biofilm or bond of bacterial cells to biotic 

or abiotic surfaces. Instances of adhesins are the biofilm-related proteins Bap and SasG and fibronectin restricting proteins 

EnBPA and EnBPB of S. aureus; adhesin p1 of Streptococcus mutans, and individuals from the antigen-43 group of 

autotransporter adhesins in E. coli, like TibA, and the autotransporter AIDA-I, are associated with the adherence of E. coli to 

human cells. The attachment proteins LapA and LapF and the as of late found MapA in Pseudomonas strains have additionally 

been depicted as key components in the colonization of surfaces, seed bond and biofilm advancement and development. The 

other principle gathering of proteinaceous parts of biofilms is useful amyloids. These proteins, incorporated as monomers, 

progress opportune into totals to at last deliver insoluble filaments with a typical quaternary construction portrayed by a cross-

β design, in which hydrogen-reinforced β-strands run oppositely to the pivot of the fibril [102]. Amyloids were at first related 

to assorted human issues (Alzheimer, Parkinson and Huntington, among others) [103], nonetheless, amyloid filaments were 

subsequently found in microorganisms related with the ECM of both gram-positive and gram-negative bacterial species. 

Elements of amyloids in microorganisms remember the inclusion for attachment and biofilm arrangement, spore covering and 

security, or in the spread of harmfulness variables and avoidance of the host invulnerable framework, among others. Instances 

of these proteins are the curli amyloid strands of E. coli and Salmonella spp.  the Fap amyloid fibrils found in Pseudomonas 



www.tsijournals.com | January-2022 

4 

 

spp. Biofilms, TasA of B. subtilis and B. cereus and the harpins found in gram-negative pathogenic strains of Erwinia 

amylovora and P. syringae, among others. Alongside the curli filaments of E. coli, one of the most incredible described useful 

amyloids is TasA delivered by B. subtilis. TasA is encoded by the tapA-sipW-tasA operon and necessities the movement of 

TapA and SipW for right fiber get together in vivo. Indeed, SipW is a bifunctional signal peptidase responsible for handling 

and moving TasA and TapA to the outside of the phone, and also, SipW appears to go about as an administrative component 

in the outflow of the tapA and eps operons. Moreover, TapA is expected for biofilm arrangement and polymerization of TasA 

filaments in vivo. Notwithstanding, as exemplified in different amyloids, TasA has the natural capacity to shape amyloid strands 

in vitro without even a trace of TapA, which likewise protects the underlying characteristics of amyloid proteins yet neglects 

to frame primarily characterized filaments. 

 

Future points of view and ends 

The ECM is a mind boggling structure that is artificially and practically different. Unthinking investigations are giving 

expanded information on the synthetic construction and biophysical quirks of the particles that create this design. Extra 

examinations on the elements characterizing the phases of biofilm improvement are important to produce a strong assortment 

of information that will empower further control or even explicit plan of polymers for current or new biotechnological 

applications. The utilization of the bacterial biofilms or the various parts of the extracellular network in modern and horticultural 

cycles is emerging as an extremely encouraging methodology, both from monetary and ecologic reason behind sees, lessening 

creation costs while expanding usefulness, battling against toxins and filling in as a natural apparatus against agrarian diseases. 

Significant moves depend on the capacity to scale the creation of such biotechnological items at modern level and in this 

manner, their business applications because of the significant expense of the modern cycles and the low yield that is right now 

acquired from their creation. Studies on the fine hereditary guideline of the development of ECM parts, the segregation of new 

maker strains and the use of the most satisfactory substrates should choose the more reasonable regular microorganisms, 

particularly when hereditary control isn't allowed or reasonable. The vague collaboration of specific ECM with themselves or 

medium parts force constraints to additional downstream cycles. In this way, explicit examinations on the physicochemical 

singularities of every ECM part involve interest to characterize the most ideal ways to further develop extraction and purging 

techniques and how to continue in the bioreactor, working on yield as well as the quality and utility of the bioproduct. 
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