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Abstract:

These biofilms have great promise for industrial applications and play crucial roles in several natural and
artificial systems. The use of microbial biofilms in industrial settings is examined in this abstract, which
also places an emphasis on techniques to improve biofilm development and performance through surface
modification and quorum sensing manipulation.Due to their versatility, durability, and cooperative
behaviour, biofilms have attracted interest and are useful in a variety of industrial industries. They work
in the food business, bioenergy generation, agriculture industry and biosensor.The production and
performance of microbial biofilms need to be improved in order to fully realise their potential.
Techniques for surface modification provide a promising way to customise the characteristics of
biofilms.It is possible to modify the topography, hydrophobicity, and charge of the substrate to affect
how quickly biofilms form after initial microbial attachment.The method of cell-to-cell communication
known as quorum sensing (QS) directs the development and behaviour of biofilms. Controlling QS
pathways enables fine-grained regulation of biofilm growth.In conclusion, because of their cooperative
nature and adaptable functioning, microbial biofilms show enormous promise for industrial applications.
The importance of surface modification and quorum sensing modulation as tactics to improve biofilm
performance

Introduction

Biofilms are one of the most broadly distributed and successful forms of life on earth, driving
biogeochemical cycle processes of most elements in water, soil, sediment and subterranean habitats.
Biofilms are defined as “aggregates of microorganisms in which cells are frequently embedded in a self-
made matrix of extracellular polymeric substances (EPS) that are attached to each other and or a
surface.” [1] and biofilm growon environmental abiotic surfaces. [4.5]Extracellular polymeric
substances (EPS) in biofilms are essential for the development of physical and social connections, an
accelerated pace of gene exchange, and resistance to antibiotics.[3] Biofilm have proved their potential
in a variety of applications, including bioremediation, waste water treatment, biocorrosion control,
biocatalysts, biofilm-based sensors, bioenergy and food sector. [2.]Polysaccharides, proteins, and DNA
make up the majority of the extracellular matrix, which functions as a network to connect the biofilm
population.Additionally, EPS helps keep water and nutrients inside the biofilm community. [9-10].
Signalling molecules are used by the population of microbes in biofilms to communicate with one
another while also promoting adhesion, growth, and resistance to biocides andmicrobial
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communicationwith cells is mediated by signal molecules [11,12,13]The formation of a biofilm is a
complicated procedure which include Reversible attachment, irreversible attachment, microcolonies
formation, maturation and detachment of biofilm [14]The conditioning layer will formed during
reversible attachment which serve as foundation for the establishment of a biofilm.In irreversible
attachment, number of bacterial cells that are adsorbed reversibly on the surface and remain immobilized
in real time and become irreversibly adsorbed.[15]A biofilm typically contains more than form of micro
community and requires coordination between them. This coordination is necessary for substrate
exchange distribution of critical metabolic product and excretion of toxic chemicals. (16) The micro
colonies grow and merge to produce the initial layer of cells surrounding the surface. (17). The biofilm
uses cell signalling method known as quorum sensing at high cell density. QS is necessary for biofilm
maturation process because bacteria monitor cell density and regulate collective behaviour. Cells from
the biofilm disperse into the surrounding environment and return to a planktonic condition [18].A
number of elements are known to have a significant impact on the production of biofilms like Several
cell surface adhesins and cell aggregation promote biofilm formation.[19]Extracellular polymeric
substance (EPS) is essential for biofilm formation and development because they act as the glue that
binds the biofilm together and allow microbial adherence to surface [20-21]. Most bacterial produce
biofilms best at pH levels ranging from slightly acidic to neutral [22].A sufficient supply of nutrients
also promotes the synthesis of extracellular polymeric substances, such as polysaccharides and protein,
which help to maintain the structural integrity of the matrix [23].Surface characteristics such as
roughness, hydrophobicity, charge and composition all have a significant impact on biofilm formation.
On various substrates, these surface features can either encourage or prevent biofilm growth. [24].
Microbial interaction is crucial in biofilm communities, where diverse microorganisms cooperate,
compete and communicate within the extracellular matrix[27].Cooperation and synergy in microbial
interaction are essential in biofilm communities, allowing for the creation and maintenance of these
complex structures.[25-26].In biofilm. Close cell- cell contact produces a favourable environment for
host gene transfer. Host gene transfer is widely recognised to occur with increasing competence in
biofilm[28].

Strategies to improve the capacity and performance of biofilm formation

1. Surface modification
Surface modification has emerged as an essential strategy for reducing or increase biofilm
development. This modification comprises permanently changing the characteristics of surfaces
through chemical or physical techniques, hence altering interaction with environment and
influencing microbial adhesion[6].

a. Organosilanecoated surface modification.
Organosilanes are silanes or monomeric silicon-based compound with at least one silicon carbon
link.it has been discovered to improve the physical, chemical and mechanical properties of surfaces,
as well as to improve microbial adhesion.The addition of aminopropyltrietoxysilane to stainless steel
improved the positive charge and yeast cell adhesion.Organosilanes were used to test the adherence
of several industrial brewing yeast strains [6].

b. Chemical coating
Chemical coating is a versatile and frequently used approach for changing the properties of material
surfaces for a variety of applications, including biofilm growth and management.These coating can
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be customised to provide specific functions such as improved biofilm adhesion, antibacterial
characteristics or biofilm suppression.For example, Hydrophilic coating have been utilised to
improve the biofilm formation of certain beneficial microbes in wastewater treatment and
bioremediation processes by creating a favourable environment for microbial attachment and growth.
[29-30]

Plasma treated surface modification

Plasma alters the surface of metallic objects by atomic or molecular scale chemical or physical
reactions.For this procedure, argon, nitrogen, oxygen, carbon dioxide and ammonia are typically
employed as plasma gases.Through the use of plasma. Changes in physicochemical properties, such
as surface free energy, hydrocarbon content and functional hydroxyl group content, have been
examined. [6]

Quorum sensing manipulation

Targeted interference with the bacterial communication system is used in quorum sensing (QS)
modification to enhance biofilm formation and encourage more effective and robust biofilm growth
[34].

Quorum sensing induction

QS induction encourages bacterial cooperation and communication, which improves biofilm
development. Utilizing artificial autoinducer analogues, such as acyl homoserine lactones or auto
peptides, is one strategy. Even in the absence of the native bacteria, these analogues may activate
bacterial Quorum sensing systems and promotes the production of more biofilm [31].

Quorum sensing manipulation by using CRISPR- Cas 9system

CRISPER-Cas9 system, which is well known for its ability to alter genes, may also be used to
manipulate quorum sensing to improve biofilm development.Researchers can increase the
production of sensing molecules by using CRISPER-Cas to target and alter the genes involved in the
creation of autoinducers [32].

Quorum sensing manipulation through bioengineering

This technique focuses on manipulating bacteria to overexpress or downregulate essential quorum
sensing genes, ultimately resulting in improved biofilm formation n.Bacterial cells manufacture
additional signaling molecules and accelerate and widen the QS activation by upregulating the gene
that make the autoinducers [33].

Industrial application of biofilms

1.

Biofilm application in agriculture industry

Plant growth promoting: According to several studies, inoculating seeds or roots with various
microbial inoculants can increase plant growth and development and produce plant growth
regulators. Barley plants growing under salt stress grew better after being inoculated with the
rhizobacterium, which promotes the formation of biofilm in plants. Therefore, inaddition to its role
in promoting growth, it may be used to help barley plant resist salt stress.

Biofertilizer:beneficial microorganisms that are used to make biofertilizer include nitrogen-fixing
bacteria, phosphorus(P)solubilizers, cellulolytic microorganisms, algae, azolla and mycorrhizal
fungus. Biofilm biofertilizers can mobilise mineral from impassable forms, make atmospheric
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nitrogen available to plants, solubilize phosphorus through increased carbon, microbial biomass
carbon, control plant growth and suppress pathogens, under greenhouse and field conditions.

e Biocontrol: According to studies, the development of biofilm by Plant growth rhizobacteria is
crucial cycle of nutrients as well as for the biocontrol of pests and diseases, which boosts agricultural
output. For instance, Paenibacilluspolymyxa, a common soil bacterium, is thought to colonise plant
roots, build biofilm like structures, and sheield the plants from root diseases.[7,8]

Plant growth promoting

Importance
of biofilm in Biofertilizers
agriculture ___|

Industry Biocentroling

Nutrient mobilization

Fig 1: Importance of biofilms in agriculture industry
2. Biofilm application in energy production
The term “bioenergy” describes energy that comes from biological sources including microbes, biomass
and organic waste.Applying biofilm, which are intricate colonies of bacteria enmeshed in a self-
produced matrix of extracellular polymeric substances, is one viable strategy to improve bioenergy
production.
A promising future technology for variety of uses, including the production of sustainable power, is
emerging: microbial fuel cell. The main actors in bio electrochemical systems involving microorganisms
mediated electrocatalytic processes are electroactive biofilm produced by bacteria. The organisms
extracellular polysaccharides contribute to the development of biofilms and transmission of electrons. A
wide range of anaerobic and photosynthetic microorganisms have been used as electron donors and
acceptors in  microbial fuel cell. They include Chlorella wvulgaris, Phormidium sp.
Sacchromycescerevisiae.(35)

3. Biofilm application in food industry

Food items’ biochemical quality, flavors and textural qualities could all be improved by biofilm
formation, according to the food industry. Biofilm microbial interactions induced specific food
processing. Desirable biofilm develops during the manufacturing of classic stretched cheeses as result of
nonstarter lactic acid bacterial sticking to wooden vats or wooden planks. Due to the development of
advantageous biofilms that operate as a biocontrol against pathogenic bacteria as an improvement in
sensory quality. Cheese can ripen in wooden utensils (L. monocytogenes, Salmonella spp.). Production
of black olives is another food process that benefited from biofilm.

L pentosus and p. membranifaciens attach to the surface of black olives during submerged fermentation
to produce biofilm in the stomatal opening and on the olive epidermis.[7]

Conclusion
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In conclusion, exploiting microbial biofilms for industrial application such as agriculture, bioenergy,
food industry and biosensors provides several chances to revolutionise these industries with sustainable
and efficient solutions. Adoption of biofilm based agricultural practices can result in a more ecologically
friendly and economically feasible farming technique, providing food security for the world’s rising
population. Surface modification and quorum sensing modification methods that increase the capacity
and performance of biofilm development offer significant potential for a wide variety of applications.
These methods have the potential to improve the efficiency, functionality and specificity of biofilm-
based processes in a variety of sectors and environmental environments. We can pave the road for new
and sustainable solutions to real word difficulties by harnessing the power of biofilms and altering their
behavior. Adopting these tactics would surely help to develop biotechnology, healthcare, environmental
management and other fields, resulting in a more resilient and bio inspired future.
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