Inhibition of biofilms by lactic acid bacteria

Inhibition of biofilms by the use of strains of lactic acid bacteria

Abstract

Bacterial biofilms are ubiquitous life forms that influence health and industry. Bacteria in a
biofilm are more resistant to different antimicrobial treatments. They can also survive harsh
conditions and resist the host’s immune system. As a result, understanding the biological
processes within these microbial communities is an ongoing challenge that has enabled
researchers to design strategies for inhibiting biofilms using more effective methods. The
objective of this review was to highlight the importance of lactic acid bacteria isolated from
raw goat milk (four strains of Leuconostoc mesenteroides (W9, W10, LN31, and LY36) and
four strains of Entercoccus sp. (LY22, EB12 , EB13 and EB14) and to assess their impact on
the formation of the bacterial biofilm of six strains of pathogenic and /or spoilage bacteria.

This is done using quantitative measurement technology using a crystal violet capable of
coloring biological membranes and measuring the absorption intensity at 490 nm after 5 hours
and 24 hours of incubation.

The results showed that the strains tested presented good characteristics of their anti-biofilm
activity in varying proportions depending on the incubation period and the strains studied,
which indicates the production of different molecules specific to each strain for a sufficient

duration.
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Introduction

Biofilms are defined as microbial communities composed of structures embedded in a
polymeric matrix produced by the bacteria themselves, and adhered to an inert or biotic surface
(Angelaetal., 2020). It is the main mode of life of microorganisms in nature with eighty percent
of the terrestrial microbial biomass in the state of biofilm. These so-called sessile populations
frequently express different phenotypes from their non-adherent counterparts, with a particular
ability to colonize new surfaces and a high tolerance to exogenous stress (Macfarlane et Dillon
2007). Biofilms are ubiquitous, they are present in most ecological niches and colonize very
diverse, biotic surfaces, such as metals, soils, plants or even mucous membranes. Many human
activities are thus affected by biofilms, whether in the industrial, environmental, agri-food or
health sectors (William et Bloebaum, 2010). Some bacterial biofilms, such as the intestinal

microbiota, also play protective and functional roles. Interactions between intestinal commensal
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bacteria and beneficial bacteria are directly involved in host homeostasis (Leoni et Landini,
2014)

Biofilm refers to microorganisms living in complex three-dimensional structures composed of
cells, polysaccharides, and other components such as proteins, extracellular DNA, and lipids
(Azevedo et al., 2021). Biofilm confers adaptive resistance and physical protection to
microorganisms and plays a vital role in pathogenicity and drug resistance (Flemming et
Wingender, 2010; Ciofu et Tolker-Nielsen, 2019). It is reported that 80% of chronic infections
are related to biofilms (Jamal et al., 2018; Redelinghuys et al., 2020).

The formation and development of biofilms is a complicated procedure involving different
stages which can be the target of natural anti-biofilm agents for the prevention of biofilm some
of the well-studied stages of biofilm development include: attachment of bacterial cells to a
suitable biotic/abiotic surface, development of biofilm structure, maturation of biofilm, and
dispersion (Boles et Horswill , 2008). The first two stages are highly critical in the development
of biofilms and targeting one or both of these stages seems to be the ideal strategy for inhibition
of biofilm formation. The attachment stage involves cytoskeletal elements (predominantly
flagella, fimbriae) and lipopolysaccharides as key players. Surface signaling/communication of
a group of bacteria, also termed as Quorum Sensing is a key player in the formation of biofilm.
The natural anti-biofilm agents either act solely or synergistically by diverse mechanisms
(Rojita et al., 2020; Amana et al., 2021).

The use of lactic acid bacteria as an alternative strategy for controlling biofilm formation has
recently emerged in connection with the difficulties of eradicating biofilms by conventional
therapeutic strategies and the renewed interest in so-called probiotic lactic acid bacteria. the
mechanisms involved are of several orders: competition phenomena, co-aggregation capacities,
production of “anti-biofilm” molecules, or transcriptional modifications altering initial bacterial
adhesion and/or favoring the dispersion of biofilm (Vuotto et al., 2014a) Intra- and interspecific
interactions and competition between microorganisms within the biofilm are governed by
ecological and evolutionary parameters (Rendueles et Ghigo, 2015) Bacterial interferences are
present at different levels of biofilm development, they can affect primary adhesion and/or
maturation via exclusion/competition phenomena, modify the composition of the matrix or
improve dispersion. Antibacterial activities govern bacteria interactions "surfaces and bacteria
interactions™ and they are shared between commensal, pathogenic, and probiotic bacteria
(Vuotto et al., 2014b). According to (Hill et al., 2014), probiotics have gained increasing
medical attention due to their antagonistic effects against many pathogens. They are endowed
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with anti-biofilm properties, of which they show promise in the treatment of infections of the
mouth, wounds, and vagina in clinical trials and in in vitro studies (Vuotto et al., 2014b). Pour
certains probiotiques, cette activité bénéfique est renforcée lorsqu'elle est cultivée sous forme
de biofilm (Rieu et al., 2014). Pathogens also exhibit anti-biofilm properties when they compete

with other bacteria to reach new ecological niches [(Hill et al., 2014).

For example, (Kang et al., 2006) reported that dextran production of lactic acid bacteria strains

isolated from healthy oral cavities inhibits oral biofilm formation.

While the genus Leuconostoc is a heterofermentative type of lactic acid bacteria which are
commonly used as starter bacteria in some dairy fermentation processes. Some strains of
Leuconostoc spp. such as Leuconostoc mesenteroides are used as lactic ferments for the
manufacture of cheese and butter. Additionally, several strains of Leuconostoc spp. including
Leuconostoc mesenteroides and Leuconostoc gelidum produce bacteriocins. Several strains of
Leuconostoc spp. are known to possess the ability to produce extracellular polysaccharides,

such as dextran, when cultured in the presence of sucrose (Ates, 2015).

Hence, the demand for the research on the use of probiotics bacteria is growing for
environment-friendly approach. Moreover, probiotic bacteria produce important enzymes and
nutrients which are used for improving the growth of host organisms as well as fighting against
pathogens (Nayak et Mukherjee, 2011; Herndndez-Gonzalez et al., 2021; Benitez-Chao et al.,
2021). Hence, the probiotics strains are used to treat disease, and reduce pathogenic microbial
population environment. Probiotics are well-defined as microbes which are live when directed
in tolerable volumes that deliberate a healthiness advantage to the host. Moreover, it visualizes
that the probiotic bacteria have the capability to produce acids, enzymes, inhibitory compounds

and other bio-molecules (Moni et al., 2020).

The occurrence of many biofilm-based human infections and their multiple antimicrobial
resistance is a major concern in medicine and human health. The elevated rate of resistance to
antibiotics in biofilm leads to the discovery and characterization of novel natural anti-biofilm
agents. The structure and function of natural anti-biofilm agents from various sources have been
exploited to develop numerous advanced therapeutic strategies showing increased activity,
stability, and reliability. Here, we continue to analyze the efficacy of specially targeted lactic
acid bacteria against pathogenic biofilms without disturbing the natural microflora. From this

point of view, the study was aimed at testing the anti-biofilm efficiency of the insulated
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probiotic isolates from raw goat milk vis-a-vis pathogenic and/or alteration bacteria in various

in vitro conditions.

2. Materials and methods

2.1. The origin of the strains used

This article studies the antibiofilm potential of 4 strains of Leuconostoc mesenteroides (LN31,
LY36, W9 and W10) and 4 strains of Enterococcus spp. (EB12, EB13, EB14 and LY22) were
isolated from raw milk samples from goats collected in the northwestern region of Algeria in
the Saida town then they were identified phenotypically and by the MALDI-TOF technique and
after having proven their antagonistic capacities against pathogenic bacteria and/or alterations

which are reused by this study in the sessile state: biofilm.

The pathogenic and/or spoilage bacteria used are Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922, Salmonella montevideo ATCC 3581, Pseudomonas aerogenosa
ATCC 27853 (from the biology laboratory of the University of Saida) and Listeria ivanovii
ATCC 19119, Listeria innocua ATCC 33090 (from the applied microbiology laboratory
(LMA) of the University of Oran ES —Senia).

2.2. Methods

The evaluation of the biofilm formation of six pathogenic bacteria and/or alterations (Listeria
inocoua ATCC 33090, Listeria ivanovii ATCC 19119, Pseudomonas aeruginosa ATCC 27853
and Staphylococcus aureus ATCC 25923) was evaluated in the presence of four strains of
Leuconostoc mesenteroides (W 9, W10, LN 31 and LY 36) and four strains of Entercoccus sp.
(LY22, EB12, EB13 and EB14) on a microplate to test several strains at the same time with a
very simple protocol, this test is based on the technique of quantification by the use of crystal
violet which has the ability to color the biofilm (Zimmer et al., 2014). This absorbed color is
directly correlated to the density of the biofilm formed, and its solubilization allows its
quantification (Musk et al., 2005; Ebert et al., 2021). To evaluate this activity, we followed the
method of (Bulgasem et al., 201)5 with a few modifications (Figurel):

A bacterial suspension of the selected strains was prepared by centrifugation at 4000 rpm for
15 min from an 18-hour culture, of which the 1st row of the plate was considered as a control
(BHI medium only), the 2" row contained 50ul of untreated bacteria (107 CFU/ml) plus 50ul
of BHI in each well. Then, a volume of 50 pul of BHI plus 50 pl of the producing strain was
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inoculated into each well, supplemented with 50 pl of lactic supernatant. Then, the plates were

incubated for 5 and 24 hours at 37°C.

After incubation the plates were washed 3 times with sterile PBS, this buffer is aspirated with
a piece of sterile absorbent paper in an inverted position. Then the cells are fixed with absolute
ethanol for 15 min. Ethanol is aspirated and the microplates were stained by adding crystal
violet (0.1% wi/v) to each well and incubated for 20 min. After staining, a 2" rinse (three times
with PBS) is performed to remove excess crystal violet. Finally, the wells were filled with 33%
acetic acid. Finally, the absorbance of each well was measured at 630 nm using a microplate

reader, whose biofilm inhibition percentages were calculated according to equation (1):

IAntibiofilm (%) = (1-(AM/AC))x100 ......(1)

AM: Absorbance of the well containing lactic supernatant + target strain

AC: Absorbance of the well containing only the target strain.

Incubation growth washing staining quantification

Biofilm -

(c)

(d)

Figure 1. Formation of biofilm in microplates (Bellifa, 2014).

a) Stages of biofilm formation in microplate wells

b) Crystal violet staining of 96 wells of the Elisa microplate.
c) Side view.

d) View from above.
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3. Results and Discussion

Biofilms are recognized by the public health community as an important source of pathogens
(Rendueles et Ghigo,2015; Wingender et Flemming , 2011). They are implicated in specific
infectious diseases such as osteomyelitis, otitis media, peridontitis and dental caries (Angela et
al., 2020) and in chronic diseases such as lung infections in patients with cystic fibrosis. They
are also implicated in nosocomial infections due to opportunistic pathogens, in particular the

urinary tract, the lower respiratory tract, etc.

Pathogens have several mechanisms of resistance to external control factors, including drug
target alteration, changes in cell permeability, genetic mutations, and acquisition of mobile

genetic elements (Beatson et Walker,2014; Santajit et Indrawattana, 2016).

Including that Foodborne pathogens can attach to plastic surfaces and form a biofilm, making
the use of plastic cutting boards and cooking raw foods extremely prone to cross-contamination
(Roy et al.,2022; Zara et al., 2020; Lee et al.,2020). Additionally, compared to glass and SS
surfaces, which are hydrophilic materials, plastic is more likely to allow Salmonella germs to
stick to them (Roy et al.,2022, Kim et al., 2022).

Furthermore, these pathogens exhibit an adaptive mechanism in the form of biofilm
development, which is a collection of microbial populations covered by self-produced
polymeric substances (De la Fuente-Nufiez et al., 2013). The biofilms serve as a physical barrier
against antimicrobial agents (Mah et O’Toole, 2001). Biofilms also cause the formation of a
small population of persister cells, which are the primary source of persistent and recurring
infection (Khan et al., 2020).

Considering biofilms as a community of microorganisms, attached to a biotic or abiotic surface,
which undergoes profound changes during the transition between the planktonic state and the
biofilm state. They can involve a single type of microbial species or a complex set of different
species. The principle of this test is based on measuring the absorbance of the color correlated
with the density of the biofilm formed. The classification of biofilm formation according to the
criteria of (Stepanovic et al., 2007) is based on the optical density (OD) values obtained for the
strains (Table 1).
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Table 1. Classification of biofilm formation according to (Stepanovic et al., 2007).

Average of OD values Formation de biofilm
BOD <TOD Absence

TOD <BOD <2TOD Low

2TOD < BOD <4TOD Moderate

BOD >4DOT Strong

TOD: the average OD of the controls (BHI without bacterial inoculation);
BOD: the average OD of BHI inoculated with pathogenic bacteria without treatment).

The measurement of absorbance (A) at 490 nm gave us the following values (Table 2).

Table 2. Quantification of indicator bacteria biofilms

Absorbance (Ac) at 490 nm
After 5 hours of incubation | After 24 hours of incubation
Average OD | Characteristic | Average OD | Characteristic
read of biofilm read of biofilm
Salmonella menteridea 0.090+0.003 | Low 0.142+0.003 | Moderate
Eeschrechia coli 0.106+0.008 | Low 0.140+0.004 | Moderate
Pseudomenas aerogenosa 0.070+0.001 | Low 0.114+0.003 | Low
Staphylococcus aureus 0.080+0.001 | Low 0.090+0.006 | Low
Listeria innocua 0.122+0.002 | Low 0.167+0.003 | Moderate
Listeria ivanovii 0.100+0.002 | Low 0.125+0.004 | Low
Control (BHI without | 0,064+0.001 0.066+0.002
bacterial inoculation)

Our study shows that the formation of biofilms by the selected pathogenic strains is greater after
24 hours of incubation than after 5 hours (Figures 2 and 3). This is explained according to
(Abedi et al., 2013), by several factors responsible for the resistance associated with the biofilm,
in particular the density and the physiological state of the cells, but also the physical structure
of the biofilm. However, the aspect of biofilm formed during the two incubation periods is
between weak and moderate. This can be explained according to (Abedon, 2015) by the
chemical composition of the culture medium, the nature of the adhesion surface (the
hydrophobic surfaces are favorable to bacterial adhesion™), the topography of the surface
(amplitude of the roughness "nano- and micro-topography), organization of the roughness
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(isotropic / anisotropic), porosity (micro- and macro porosity), chemistry and composition of

the surface and surface charge (ionic tension).

To provide more information, we explain the formation of biofilms by all tested bacteria after
5 hours of incubation with low ratios to by the relative importance of the five cellular
characteristics in the formation of the biofilm which are: exopolysaccharide, flagella, N-acyl-
homoserine lactones (AHL) of quorum sensing (QS) signaling molecules, extracellular protein,

swarming motility (Li et al., 2009).

while the bacteria move in the liquid medium thanks to the force of the flow, the gravitation
and/or the movements of their flagella. When bacteria are in the vicinity of a surface, physico-
chemical attractive forces intervene and lead to a reversible interaction with the surface.
Secondly, as the cells divide, the number of bacteria associated with the surface increases and
adhesion becomes irreversible (O’Toole, 2011) This transition towards irreversible adhesion
corresponds to the synthesis of structures on the surface of the bacterium, which is accompanied
by a profound modification of the gene expression profile. Biofilms are ubiquitous in nature,
having the ability to adhere to virtually any surface, and are difficult to eradicate (Ren et al.,
2004).

After 24 hours of incubation, the biofilm goes through the third stage which is characterized by
the formation of microcolonies composed of both the initial bacteria which divide and bacteria
which attach themselves to the biofilm in formation. Finally, the maturation stage corresponds
to the development of microcolonies and the structuring of the biofilm: the microcolonies
develop into pillars of variable thickness within which the cells are embedded in the
extracellular matrix. The spaces between the microcolonies become the channels of the biofilm
inside which the nutritive fluids can circulate. Some bacteria can detach from the mature biofilm
and enter the dissemination phase. This last step allows the colonization of new surfaces (Roux
et Ghigo, 2006)

the quantitative variation in the formation of biofilm after 24 hours of incubation is interpreted
by the relative importance of the flagella on the capacity of formation of biofilm was great. It
was found that the formation of biofilm is linked to the presence of a flagellum in several
bacterial species, such that our results showed that the amount of biofilm formed by the five
bacterial strains tested after 24 hours of incubation was, in order from greatest to least: Listeria

innocua > Salmonella montevideo > Eeschrechia coli > Listeria ivanovii > Pseudomenas
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aerogenosa; our results are similar to those of (Gav'in et al., 2002), indicating that the

participation of flagella in biofilm formation is a universal phenomenon (Li et al., 2009).

Without neglecting the role of extracellular polysaccharides which are a major component of
bacterial biofilms, bacterial swarming is a flagella-driven movement in the presence of
extracellular slime (a mixture of carbohydrates, proteins, peptides, surfactants, etc.) by which
bacteria can spread as a biofilm over a surface (Somma et al., 2020) It can also be hypothesized
that the movement of swarms, such as extracellular proteins, is an indirect factor affecting
biofilm formation. For microorganisms themselves, the formation and development of biofilms

is multifactorial and complex (Van Houdt et Michiels, 2005).

We attribute the formation of biofilm by Staphylococcus aureus although it is a bacterium
without a flagellum which are essential components of this step, to the nature of the (BHI)
extracellular milieu. So, confirmed by the studies of (Rohde et al., 2010), that BHI Broth was
significantly more effective in biofilm formation. Proteins especially rich in leucine, proline,
serine, and aspartate are abundant in BHI broth since these amino acids may be essential for the
production of adhesins such as fibronectin-binding protein and clumping factors which are
necessary for adherence. The presence of lipids such as choline and sphingosine in BHI may
have added advantage in biofilm formation and provide resistance from desiccation. Further, it
is a source of sugars such as inositol/myoinositol which cannot be fermented by Staphylococcus
aureus leading to resistance in pH fall, which, in turn, may be needed for robust biofilm
architecture (Ashish et al., 2017).

As we add that the quantitative variation of biofilms of indicator bacteria formed either after 5
hours or after 24 hours of incubation by quorum sensing (QS) which is a mode of
communication and perception used by bacteria. It is based on the production of small
molecules, auto inductors (Al), which can diffuse through the membrane or be transported
outside the cell (Bassler et Losick, 2006) Als, whose concentration is proportional to the
number of bacteria, serve as a molecular indicator of bacterial density. From a certain
concentration of these molecules, a cellular response is triggered by the activation and
repression of effective genes only when the cell density is high, to set up specific phenotypes,
such as the formation of biofilm, virulence, the production of exopolysaccharides, exoproteases
and siderophores. Many QS-induced factors are secreted into the cell environment. They have
a global interest in the bacterial community to provide nutrients to the population or for the

transition from the planktonic mode of life (that is to say in suspension) to a sessile mode, called
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biofilm, more frequently encountered in the natural environment (Filloux et Vallet, 2003). The
QS would not only serve to count the bacterial population, but also to perceive the diffusion of
the factors secreted in the medium, to optimize the efficiency of their production (West et al.,
2012). To better integrate this different information, bacteria have developed QS systems
involving several Als, of different stabilities and solubilities, perceived by specific receptors

that are interconnected (Cornforth et al., 2014).
A. Antibiofilm activity after 5 hours of incubation

Foodborne pathogenic bacteria, among other microorganisms as well, can easily attach to
various surfaces encountered within food processing and create biofilms on them, resisting this
way the antimicrobial action of common sanitizing agents and other harsh environmental
conditions, such as desiccation and nutrients deprivation (Bridier et al., 2015). As thus, new
efficient antibiofilm approaches are needed to combat these detrimental biofilms, ensuring the
safety of our food supply. In the past years, the bioprotective action of LAB and some of their
purified metabolites, such as bacteriocins, exopolysaccharides (EPS), and biosurfactants,
contained in their cell-free culture supernatants (CFSs), are included among those approaches
that have been successfully tested (Cornforth et al., 2018; Castellano et al., 2017; Riaz et al.,
2020). Recently, food-based probiotics have assumed great significance for their nutritional and
therapeutic potential (Ministero, 2013) Probiotics are defined by the World Health Organization
(WHO) as “live microorganisms which, when administered in adequate amounts, confer a
health benefit on the host” (Backhed et al., 2012). During the past few decades, lactic acid
bacteria (LAB), a popular member of probiotics, have been extensively used in humans and
animals for various purposes to enhance nutrient utilization, to modulate both the innate and
the adaptive immune systems, and to inhibit the growth of numerous pathogenic

microorganisms (Bernaola et al., 2013; Goldenberg et al., 2013).

with the aim of using beneficial bacteria to combat the formation of undesirable biofilms
represents an innovative therapeutic strategy and to test the prevention of the formation or
disruption of undesirable biofilms and the effect on bacterial cells in a sessile state, we have
selected the most efficient strains in planktonic bacterial inhibition to see their effects on the
biofilm form, the results of this test showing that the maximum inhibitions of the biofilms after
5 hours were for the WO strain of Leuconostoc sp. against Salmonella montevideo and Listeria
innocua (with 36.65+£0.9% and 46+0.21%; respectively). While the two LY?22 strains of
Enterococcus sp. and Leuconostoc sp. strain W9. inhibited Escherichia coli biofilm by similar
percentages equal to (39.12+0.09%). However, Leuconostoc sp. prevented the formation of
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Pseudomonas aeruginosa, Staphylococcus aureus and Listeria ivanovii biofilms with
respective ratios of (39.75+£0.2%, 44.5+0.24% and 54.50+0.15%); (Fig. 2) Similar studies
provided by (Mingkun et al., 2022) showed that biofilm formation of S. mutans was
significantly reduced when co-cultured with Leuconostoc mesenteroides. isolated from

fermented foods.
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Figure 2. Anti-biofilm formation activity after 5 hours of incubation at 37°C.
a) Using strains W9, W10, LN31 and LY 36 of Leuconostoc sp.
b) By using strains LY22, EB12, EB13 and EB14 of Enterococcus sp.

B. Antibiofilm activity after 24 hours of incubation

(Fig. 3) presents the inhibition of biofilms after 24 hours of incubation, by the same inhibitor
strains used against biofilms after 5 hours, whose maximum inhibitions were for the W9 strain
against the adhesion of (Salmonella montevideo, Staphylococcus aureus and Listeria innocua)
by percentages equal to (18.54+0.9%, 27.07+0.7% and 35+0.21%). However, strain W10
inhibited the formation of Listeria ivanovii biofilm by a percentage of 30.02+0.09%. While the
two EB13 strains of Enterococcus sp. and Leuconostoc sp. strain LN31. prevented the formation
of Escherichia coli biofilm by similar percentages equal to (19.88+0.09%). Simultaneously,
analysis in our study showed weak aggregation of Escherichia coli cells in the biofilm after
treatment with Leuconostoc sp. strain LN31. This suggests the active role of certain metabolites
such as enzymes or dispersal signal molecules that may have contributed to biofilm inhibition
(Hemila , 1996; Hemila and Chalker 2013) plus the role of peptides released by these bacteria
that induce curvature in the lipid bilayer and pore generated by both peptides and phospholipid
headgroups that make up the cells of biofilm-forming bacteria (Jia et al.,2021). While the LY 36
strain of Leuconostoc sp. inhibited Pseudomonas aeruginosa biofilm with a percentage of
(15.69£0.2%). Indeed, there is no specific mechanism by which Lactic acid bacteria prevents

the biofilm formation; however, several studies have proposed that probiotics can influence the

11



Inhibition of biofilms by lactic acid bacteria

expression of genes involved in quorum sensing, cell adhesion, virulence factors, and the
formation of biofilms .Lactic acid bacteria also secretes a variety of extracellular inhibitory
substance, which includes extracellular substance, exopolysaccharides (Maidens et al., 2013),
biosurfactants (US Department of Health & Human Services, 2013), bacteriocins (Parrino , et
al., 2019), different enzymes(Petrof et al., 2013), and anti-quorum compounds Specifically,
several studies have reported that bacteriocin may decrease the formation of biofilms due to

growth inhibition (Parrino , et al., 2019).
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Fig. 3: Anti-biofilm formation activity after 24 hours of incubation at 37°C.
a) Using strains W9, W10, LN31 and LY36 of Leuconostoc sp.
b) By using strains LY22, EB12, EB13 and EB14 of Enterococcus sp.

Inhibition of the formation of biofilms of pathogenic bacteria by our strains of LAB: Different
strategies are envisaged to prevent or inhibit the development of the biofilm. For example, by
limiting the adhesion stage, the transition from the planktonic form to the biofilm form, the
maturation stage or intercellular exchanges. But also, by reactivating dormant cells or by
promoting the dispersion of bacterial cells in the biofilm (Brackman et Coenye, 2015).
According to our results, it is justified that the percentages of inhibition of the formation of
bacterial biofilm are more significant after 5H of incubation than after 24H, by what the cells
of the young biofilms (of 5H) are still under discussion the reversible phase of adhesion, during
this phase the bacteria are easily suppressed by the application of minimum forces (Watnick et
Kolter, 2000) and even by simple washing(Strevett et Chen, 2003) and do not develop thick
biofilms (Valeriano et Oliveira, 2012) While the variation in the inhibition of the formation of
biofilms is influenced by several criteria among the, it is cited that Listeria innocua, is a

ubiquitous bacterium, it can develop in any type of environment such as within the food industry
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and able to form biofilms on abiotic surfaces. The work of (Musk et al., 2005) has shown that

this bacterium is capable of forming biofilms with a high cell density.

The differentiation of the sensitivity of the bacterial biofilms formed can be linked to several
mechanisms such as adhesion, the synthesis of inhibitory molecules by our strains tested,
nutritional competition and the difficulty in establishing and developing on the surface in
community with other bacteria. While Staphylococcus aureus has mechanisms that allow it to
naturally resist many antibacterial agents, colonize inert surfaces and form protective biofilms
(Essoh, 2014). For example, the opportunistic pathogen bacterium Pseudomonas aeruginosa
produces and perceives four distinct Als, each of which is perceived by a specific regulator
(Lee et Zhang, 2015) This functioning allows bacteria to have a combinatorial mode of
communication to set up a precise response to the signals they perceive and thus adapt the

lifestyle most conducive to their survival (Cornforth et al., 2014).

The reduction in the adhesion of the indicator strains in the presence of supernatant of the strains
of lactic acid bacteria could be due to secreted metabolites that reduce the hydrophobicity of
the bacteria (Ljungh et Wadstrom , 2006)

It is still known that the expression of many of these traits by pathogenic bacteria is adjusted
by quorum sensing (QS) mechanisms, through which bacteria coordinate their behavior by
sensing not only their own population density but also those of their surroundings (Giaouris et
al., 2015) Interestingly, lactic acid bacteria species have been shown to secrete metabolites with
anti-QS activity ( Kiymaci et al., 2018).

Undoubtedly, the application of lactic acid bacteria and/or their purified (or semi purified)
metabolites against foodborne pathogenic biofilms is considered an environmentally friendly
approach (limiting the use of synthetic chemicals), while the use of such metabolites at
subinhibitory concentrations for planktonic growth of the target bacteria (mainly through
interference with cell-to-cell interactions) is believed to exert less selective pressure to the latter
and therefore limit the likelihood for resistance development. This last is quite important
considering the great resistance numerous pathogens are currently displaying against some of

the most common antibiotics and/or other sanitizers (Hutchings et Truman 2019).
Conclusion
The attachment and bacterial biofilm formation abilities depend on many factors, such as

inherent biological characteristics and environmental factors. Therefore, finding methods to
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remove bacterial biofilms is a significant challenge. In this context, lactic acid bacteria isolates
were suitable inhibitors of pathogenic biofilms. Therefore, future studies should focus on
exploring optimal parameters for the use of these isolates for the prevention of biofilm

formation or early elimination.
References

Abedi D, Feizizadeh S, Akbari V, Jafarian-Dehkordi A, (2013) In vitro anti-bacterial and anti-
adherence effects of Lactobacillus delbrueckii subsp bulgaricus on Escherichia coli. Res.
Pharm. Sci. 8: 260-268.

Abedon ST, (2015) Ecology of anti-biofilm agents ii: bacteriophage exploitation and biocontrol
of Biofilm Bacteria. Pharm. Basel Switz. 8: 559-5809.

Amana M, Aneeghaa N, Bristia K, Deekshaa J, Noor Afzaa V, Sindhujaa Rajesh P. (2021)
Lactic acid bacteria inhibits quorum sensing and biofilm formation of Pseudomonas
aeruginosa strain JUPGO1 isolated from rancid butter. Biocatalysis and Agricultural
Biotechnology 36 :(2021) 102115. https://doi.org/10.1016/j.bcab.2021.102115.

Angela DS, Antonio M, Carolina C, Arianna C, Angela D, (2020) Antimicrobial and
Antibiofilm Peptides. Biomolecules, 10: 652; doi:10.3390/biom10040652.

Ashish KS, Pradyot P, Arvind A, Gyan PS, Arghya D, Rakesh K S, (2017) Standardization and
Classification of In vitro Biofilm Formation by Clinical Isolates of Staphylococcus

aureus. Journal of Global Infectious Diseases; 9: 3.

Ates O, (2015) Systems Biology of Microbial Exopolysaccharides Production. Frontiers in
Bioengineering and Biotechnology, 3. doi:10.3389/fbioe.2015.00200.

Azevedo NF, Allkja J, Goeres DM, (2021) Biofilms vs. cities and humans vs. aliens - a tale of
reproducibility in biofilms. Trends Microbiol. 29:1062-1071.

Backhed F, Fraser CM, Ringel Y, Sanders ME, Sartor RB, Sherman PM, Versalovic
J, YoungV, _Finlay BB, (2012) Defining a healthy human gut microbiome: current

concepts, future directions, and clinical applications. Cell Host Microbe 12: 611-622.

Bassler BL, Losick, (2006) Bacterially speaking. Cell; 125 :237-246

14


https://pubmed.ncbi.nlm.nih.gov/?term=Fraser+CM&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Ringel+Y&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Sanders+ME&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Sartor+RB&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Sherman+PM&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Versalovic+J&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Young+V&cauthor_id=23159051
https://pubmed.ncbi.nlm.nih.gov/?term=Finlay+BB&cauthor_id=23159051

Inhibition of biofilms by lactic acid bacteria

Beatson SA, Walker MJ, (2014) Microbiology. Tracking antibiotic resistance. Science, 345:
1454-1455.

Bellifa S, (2014). Departement de biologie : Evaluation de la formation du biofilm des souches
de klebsiella neumoniae isolées de dispositifs médicaux au chu Tlemcen. [Thése de

Doctorat. Université Abou Bekr Belkaid, Tlemcen].

Benitez-Chao DF, LeoOn-Buitimea A, Lerma-Escalera JA, Morones-Ramirez JR, (2021).
Bacteriocins: An Overview of Antimicrobial, Toxicity, and Biosafety Assessment by in
vivo Models. Front. Microbiol. 12: 630695.

Bernaola Aponte, G, Bada Mancilla CA, Carreazo NY, Rojas Galarza RA, (2013) Probiotics
for treating persistent diarrhoea in children. Cochrane Database of Systematic doi:
10.1002/14651858.cd007401.pub3.

Boles BR, Horswill AR, (2008) Agr-mediated dispersal of Staphylococcus aureus biofilms.
PLoS Pathog. 4: €1000052. doi: 10.1371/journal.ppat.1000052.

Brackman G, Coenye T, (2015). Quorum sensing inhibitors as anti-biofilm agents. Curr.
Pharm. Des. 21: 5-11.

Bridier A, Sanchez-Vizuete P, Guilbaud M, Piard JC, Nai"tali M, Briandet R, (2015). Biofilm-
associated persistence of food-borne pathogens. Food Microbiology 45 (Pt B), 167e178.

Bulgasem BY, Hassan Z, Abdalsadig NKA, Yousoff WMW, Musa EMT, Lani MN, (2015).
Anti-adhesion activity of lactic acid bacteria supernatant against human pathogenic

candida species biofilm. J. H. sci., 9: 1-9.

Camargo AC, Todorov SD, Chihib NE, Drider D, Nero LA, (2018). Lactic acid bacteria (LAB)
and their bacteriocins as alternative biotechnological tools to control Listeria
monocytogenes biofilms in food processing facilities. Molecular Biotechnology 60 (9),
712e726.

Castellano P, Pe’rez Ibarreche, M, Blanco Massani M, Fontana C, Vignolo GM, (2017).
Strategies for pathogen biocontrol using lactic acid bacteria and their metabolites: a focus
on meat ecosystems and industrial environments. Microorganisms 5: E38. https://doi.org/
10.3390/microorganisms5030038.

15


https://doi.org/

Inhibition of biofilms by lactic acid bacteria

Ciofu O, Tolker-Nielsen T, (2019). Tolerance and Resistance of Pseudomonas aeruginosa
Biofilms to Antimicrobial Agents-How P. aeruginosa can escape antibiotics. Front.
Microbiol. 10:913. doi: 10.3389/fmicb.2019.00913.

Cornforth DM, Popat R, McNally L, et al. (2014) Combinatorial quorum sensing allows
bacteria to resolve their social and physical environment. Proc Natl Acad Sci USA; 111
:4280-4284.

De la Fuente-Nufiez C, Reffuveille F, Fernandez L, Hancock RE, (2013) Bacterial biofilm
development as a multicellular adaptation: Antibiotic resistance and new therapeutic
strategies. Curr. Opin. Microbiol. 16:580-589.

Di Somma A, Recupido F, Cirillo A, Romano A, Romanelli A, Caserta S, Guido S, Duilio A,
(2020) Properties of Temporin-L on Pseudomonas fluorescens in Static and In-Flow
Conditions. Int. J. Mol. Sci., 21: 8526.

Ebert C, Tuchscherr L, Unger N, Péllath C, Gladigau F, Popp J, Loffler B, Neugebauer U,
(2021). Correlation of crystal violet biofilm test results of Staphylococcus aureus clinical
isolates with Raman spectroscopic read-out. J Raman Spectrosc; 52:2660-2670.
https://doi.org/10.1002/jrs.6237.

Essoh CY, (2014) Etude épidémiologique de souches de Staphylococcus aureus responsables

d’infections et de leurs bactériophages pour une approche thérapeutique. Theése de

doctorat. Université PARIS-SUD XI. Paris, France.

Filloux A, Vallet I, (2003) Biofilm : mise en place et organisation d’une communauté

bactérienne. Med/Sci (Paris); 19 :77-83.

Flemming HC, Wingender J, (2010) The biofilm matrix. Nat Rev Microbiol.8(9):623-633.

Gav’'m R, Rabaan AA, Merino S, Tom"as JM, Gryllos I, Shaw JG, (2002) Lateral flagella of
Aeromonas species are essential for epithelial cell adherence and biofilm formation. Mol.
Microbiol. 43(2): 383-397.

Giaouris E, Heir E, Desvaux M, He braud M, Mgretrg T, Langsrud S, Doulgeraki A, Nychas
GJ, Ka_ca'niova” M, Czaczyk K, O" Imez H, Simo~es M, (2015) Intra- and interspecies
interactions within biofilms of important foodborne bacterial pathogens. Frontiers in
Microbiology 6: 841. doi.org/10.3389/fmich.2015.00841.

16


https://doi.org/10.1002/jrs.6237
https://doi.org/10.3389/fmicb.2015.00841

Inhibition of biofilms by lactic acid bacteria

Goldenberg JZ, Ma SS, Saxton JD, Martzen MR, Vandvik PO, Thorlund K, Guyatt GH,
Johnston, B. C. (2013). Probiotics for the prevention of Clostridium difficile-associated
diarrhea in adults and children. Cochrane Database of Systematic. doi:
10.1002/14651858.cd006095.pub3.

Hemila H, (1996) Vitamin C and common cold incidence: a review of studies with subjects
under heavy physical stress. Int. J. Sports Med. 17, 379-383.

Hemila H, Chalker E (2013). Vitamin C for preventing and treating the common cold. Cochrane
Database of Systematic Reviews. doi: 10.1002/14651858.cd000980.pub4.

Hernandez-Gonzalez JC, Martinez-Tapia A, Lazcano-Hernandez G, Garcia-Pérez BE,
Castrejon-Jiménez NS, (2021). Bacteriocins from Lactic Acid Bacteria. A Powerful
Alternative as Antimicrobials, Probiotics, and Immunomodulators in Veterinary
Medicine.Animals 11: 979.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, Morelli L, Canani RB, Flint HJ,
(2014) Expert consensus document. The international Scientific Association for Probotics
and Prebiotics consensus statement on the scope and appropriate use of the term probiotic.
Nat Rev Gastroenterol Hepatol 11: 506-514.

Hutchings MI, Truman AW, (2019). Antibiotics: past, present and future. Current Opinion in
Microbiology 51, 72e80.

Jamal M, Ahmad W, Andleeb S, et al. (2018) Bacterial biofilm and associated infections. J Chin
Med Assoc.81 (1):7-11.

Jia F, Wang J, Zhang L, Zhou J, He Y, Lu Y, Liu K, Yan W, Wang K, (2021), Multiple action
mechanism and in vivo antimicrobial efficacy of antimicrobial peptide Jelleine-1. J. Pept.
Sci. 27: e3294.

Kang MSJ, Chung SM, Kim KH, Yang JS, (2006) Effect of Weissella cibaria isolates on the
formation of Streptococcus mutans biofilm. Caries Res. 40: 418-425.

Khan F, Pham DTN, Tabassum N, Oloketuyi SF, Kim YM, (2020) Treatment strategies
targeting persister cell formation in bacterial pathogens. Crit. Rev. Microbiol., 46: 665—
688.

Kim YK, Roy PK, Ashrafudoulla M, Nahar S, Toushik SH, Hossain MI, Mizan MFR, Park SH,
Ha SD, (2022) Antibiofilm effects of quercetin against Salmonella enterica biofilm

17



Inhibition of biofilms by lactic acid bacteria

formation and virulence, stress response, and quorum-sensing gene expression. Food
Control, 137: 108964.

Kiymaci, ME, Altanlar N, Gumustas M, Ozkan SA, Akin A, (2018) Quorum sensing signals
and related virulence inhibition of Pseudomonas aeruginosa by a potential probiotic
strain’s organic acid. Microbial Pathogenesis 121: 190e197.

Lee J, Zhang L, (2015) The hierarchy quorum sensing network in Pseudomonas aeruginosa.
Protein Cell. 6 :26-41.

Lee KH, Lee JY, Roy PK, Mizan MFR, Hossain MI, Park SH, Ha SD, (2020) Viability of
Salmonella Typhimurium biofilms on major food-contact surfaces and eggshell treated
during 35 days with and without water storage at room temperature. Poult. Sci. 99:4558—
4565.

Leoni L, Landini P, (2014) Microbiological methods for target-oriented screening of biofilm
inhibitors. Methods Mol. Biol. 1147: 175-186.

Li M-Y, Zhang Ji, Lup, Xu J-L Li S-P, (2009). Evaluation of Biological Characteristics of
Bacteria Contributing to Biofilm Formation. Pedosphere 19(5): 554-561, ISSN 1002-
0160/CN 32-1315/P.

Ljungh A, Wadstrom T, (2006) Lactic acid bacteria as probiotics. Curr. Issues Intest. Microbiol.
7: 73-89.

Macfarlane S, Dillon JF, (2007) Microbial biofilms in the human gastrointestinal tract. J. Appl.
Microbiol. 102 :1187-1196.

Mah TFC, O’Toole GA, (2001) Mechanisms of biofilm resistance to antimicrobial agents.
Trends Microbiol. 9:34-39.

Maidens C, Childs C, Przemska A, Dayel IB, Yaqgoob P, (2013) Modulation of vaccine response

by concomitant probiotic administration. Br. J. Clin. Pharmacol. 75: 663-670.

Mingkun G, Huong TN, Joo-Hyung C, Joo-Won S, Jinhua C, (2022) Characterization
of Leuconostoc mesenteroides MIM60376 as an oral probiotic and its antibiofilm
activity. Molecular Oral Microbiology. doi.org/10.1111/omi.12397.

18


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gu%2C+Mingkun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Nguyen%2C+Huong+Thi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cho%2C+Joo-Hyung
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Suh%2C+Joo-Won
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cheng%2C+Jinhua
https://doi.org/10.1111/omi.12397

Inhibition of biofilms by lactic acid bacteria

Ministero DS, (2013) Commissione unica per la nutrizione e la dietetica. Guidelines on
probiotics and prebiotics. Ministero della  Salute ,http://www.salute.gov.it/imgs/
C_17_pubblicazioni_1016_allegato.pdf.

Moni KM, Preonty M, Md. Fazlul H, Md. Ariful H, Ananda KS, (2020). Isolation of Probiotic
Bacteria from Macrobrachium rosenbergii and Their Antagonistic Efficacy against
Pathogenic Bacteria. 6(3): 30-40; Article no. AJFAR.56541. ISSN: 2582-3760.

Musk DG, Banko DA, Hergenrother PJ, (2005) Iron salts perturb biofilm formation and disrupt

existing biofilms of Pseudomonas eurogenosa.Chimistry & biology. 12 :789-796.

Nayak SK, Mukherjee SC, (2011). Screening of gastrointestinal bacteria of Indian major carps
for a candidate probiotic species for aquaculture practices. Aquaculture Research.
42:1034-1041.

O’Toole GA, (2011) Microtiter dish biofilm formation assay. J. Vis. Exp., 47, 2437.
Parrino B, et al. (2019). Synthetic small molecules as anti-biofilm agents in the struggle
against antibiotic resistance. Eur. J. Med. Chem. 161: 154-178.

Petrof EO, Claud EC, Gloor GB, Allen-Vercoe E, (2013). Microbial ecosystems therapeutics:
a new paradigm in medicine? Benef. Microbes 4, 53-65

Redelinghuys M J, Geldenhuys J, Jung H, Kock MM, (2020). Bacterial Vaginosis: Current
Diagnostic Avenues and Future Opportunities. Front. Cell. Infect. Microbiol. 10:354. doi:
10.3389/fcimb.2020.00354.

Ren D, Bedzyk LA, Thomassm, Ye RW, Wood TK, (2004) Gene expression in Escherichia
coli biofilms. Appl. Microbiol. Biotechnol., 64, 515-524.

Rendueles O, Ghigo JM, (2015) Mechanisms of Competition in Biofilm Communities.
Microbiol.Spectr.3: 183-186.

Rendueles O, Ghigo JM, (2015) Mechanisms of competition in biofilm communities.
Microbiol. Spectr. 3: 1-18.

Riaz Rajoka MS, WuY, Mehwish HM, Bansal M, Zhao L, (2020). Lactobacillus
exopolysaccharides: new perspectives on engineering strategies, physiochemical
functions, and immunomodulatory effects on host health. Trends Food Sci. Technol. 103:
36-48. https://doi.org/10.1016/J.TIFS.2020.06.003.

19



Inhibition of biofilms by lactic acid bacteria

Rieu A, Aodia N, Jego G, Chluba J, Yousfi N, Briandet R, Deschamps J, Gasquet B, Monedero
V, Garrido C, Guzzo J, (2014) The biofilm mode of life boosts the anti-inflammatory
properties of Lactobacillus. Cell Microbiol 16 :1836-1853.

Rohde H, Frankenberger S, Zahringer U, Mack D (2010) Structure, function and contribution
of polysaccharide intercellular adhesin (PIA) to Staphylococcus epidermidis biofilm
formation and pathogenesis of biomaterial -associated infections. Eur J Cell Biol; 89:103
-11.

Rojita M, Amrita P, Surajit DM, Muhammad S, Satpal SB, Junaid K, (2020) Natural Anti-
biofilm Agents: Strategies to Control Biofilm-Forming Pathogens, Frontiers in
Microbiology - 11: 566325. doi: 10.3389/fmich.2020.566325.

Roux A, Ghigo J-M, (2006) Les biofilms bactériens. Communication. Bull. Acad. Vét. France
— 2006 - Tome 159 - N°3 www.academie-veterinaire-defrance.org

Roy PK, Song MG, Park SY, (2022) Impact of Quercetin against Salmonella Typhimurium
biofilm formation on food-contact surfaces and molecular mechanism pattern. Foods, 11:
977.

Santajit S, Indrawattana N, (2016) Mechanisms of Antimicrobial Resistance in ESKAPE
Pathogens. Biomed Res. Int., 2475067.

Stepanovic S, Dragana V, Veronika H, Giovanni DB, Sodanka D, lvana I, Filip R, (2007)
Quantification of biofilm in microtiterplates: overview of testing conditions and practical
recommendations for assessment of biofilm production by Staphylococci. APMIS. J.
Compilation.115: 891-9.

Strevett K, Chen G, (2003) Microbial surface thermodynamics and applications. Res.
Microbiol. 154: 329-35.

US Department of Health & Human Services. (2013) Guidance for industry: enforcement
policy regarding investigational new drug requirements for use of fecal microbiota for
transplantation to treat Clostridium difficile infection not responsive to standard

therapies. US Food and Drug Administration.

Valeriano C, Oliveira T, (2012) The sanitizing action of essential oil-based solutions against
Salmonella enteric serotype Enteritidis S64 biofilm formation on AISI 304 stainless steel.
Food Cont.25: 673-7.

20


http://www.academie-veterinaire-defrance.org/

Inhibition of biofilms by lactic acid bacteria

Van Houdt R, Michiels CW, (2005) Role of bacterial cell surface structures in Escherichia coli
biofilm formation. Res. Microbiol. 156(3): 626-633.

Vuotto C, Longo F, Donelli G, (2014a) Probiotics to counteract bio-film associated infections:

promising and conflicting data. Int. J. Oral Sci. 6: 189-194.

Vutto C, Longo F, Donelli G, (2014b) Lactobacillus brevis CD2 inhibits Prevotella
melaninogenica biofilm. Int. J. Oral Sci. 20: 668-674.

Watnick P, Kolter R, (2000) Minireview: Biofilm, city of microbes. J. Bacteriol. 182: 2675-9

West SA, Winzer K, Gardner A, et al. (2012) Quorum sensing and the confusion about
diffusion. Trends Microbiol; 20 :586-594.

William DL, Bloebaum RD, (2010) Observing the biofilm matrix of Staphylococcus
epidermidis ATCC 35984 grown using the CDC biofilm reactor. Microsc. Micrianal.16:
143-152.

Wingender J, Flemming HC, (2011) Biofilms in drinking water and their role as reservoir for
pathogens. Int. J. Hyg. Environ. Health 214: 417- 423.

Zara G, Budroni M, Mannazzu |, Fancello F, Zara S, (2020) Yeast biofilm in food realms:

Occurrence and control. World J. Microbiol. Biotechnol, 36:134.

Zimmer KR, Blum-Silva CH, Souza ALK, Wulffschuch M, Reginatto FH, Pereira CMP,
Macedo AJ, Lencina CL, (2014). The antibiofilm effect of blueberry fruit cultivars against
Staphylococcus epidermidis and Pseudomonas aeruginosa. J. Med.Food 17: 324-331.
https://doi.org/10.1089/jmf.2013.0037.

21



