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Abstract

Quorum sensing (QS) is one of the density-dependent genetic expression mechanisms. It plays an important role in the
function of both beneficial and harmful characteristics of the bacteria, such as symbiosis, antibiotic and pigment
production, motility, biofilm formation, virulence, etc. Among this, antibiotic resistance in bacteria is the major threat
which controlled by the QS machinery. In the medical field, antibiotic resistance makes it more threatening to treat deadly
infections, leading to the unworthiness of last-line antibiotics or combined therapies. so, there is a search for alternative
medicine to treat the MDR pathogens. Attenuating the signaling mechanism of the pathogens with naturally available
bioactive compounds is the best strategy to treat antibiotic-resistant pathogens. The present chapter mainly emphasizes
the recent advances in bacterial communication and explains the mechanism of quorum sensing and QS quorum quenching
(QQ) in bacteria, and also the mechanisms that control the virulence progression of pathogens.
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Introduction

Quorum sensing (QS) can be defined as a density dependent genetic expression mechanism. It is the
communication exerted by the bacteria when its density of population increased. QS mechanism controls
both the harmful and beneficial physiological functions of bacteria such as Symbiosis, motility, antibiotic
production, Virulence, formation of biofilm, spore production, resistance etc. Signaling molecules which are
exerted by the bacteria are known as auto inducers. Both gram positive and gram-negative bacteria use auto
inducers such as processed oligopeptides and acylated homoserine lactones respectively (Bhardwaj et al.,
2013, Miller and Bassler, 2001). The survival of the bacteria is determined by the cell to cell signaling
communication. QS molecules can regulate the human transcriptional process and protect the pathogen
from the human defence barrier. So, targeting the inhibition of QS signaling is the best way to control the
pathogens (Asad, S., & Opal, 2008). These present chapter explains about the QS system and the quorum
quenchers of bacteria to inhibit or control the deadly infections. Quorum Sensing System in Bacteria QS
(Quorum sensing) is the bacterial communication or the molecular mechanism which leads with the help
of small molecules known as auto inducers. These molecules are produced when the bacterial density
increased. There are different types of Qs in bacteria has been listed based on the type of auto inducers used
by the bacteria they are,

1. AHL (Acyl homoserine lactones) mediated QS
2. Oligopeptide based QS
3. Al 2 based QS (Brakeman and Coenye, 2015).
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Some bacteria produce response to the other bacterial signals instead the production of auto inducers in
this way they have been used the common signaling molecules (Sun et al., 2004; Bouyahya et al., 2017).
Bacteria produce small signaling molecules like the hormones which regulates or controls its functions. It
is activated when the population of bacteria increases and transmit signals to the entire community to
produce modified proteins (Diggle et al., 2007, Uroz et al., 2009). The first Qs molecule was detected in the
Vibrio fischeri, a bioluminescent marine bacterium. It has two component system of QS such as lux I and lux
R proteins. Expression of the QS genes are initiated by the autoinducer of lux I and it activates the lux R to
form the complex for binding on the promotor region (Stevens et al., 1994; Egland and Greenberg 2001).
Auto induction of the signaling molecules in the surrounding environment when the population of bacteria
increases are the key factor of QS system. Gram positive bacteria possess the AIPs as QS molecules which
are extracellular and induces the classical signal pathway for the activation of target genes (Novick et al.,
1995). QS molecule in gram negative bacteria are the N acyl homoserine lactones (HSLs) which are diffused
through membrane and attached on the intracellular activator protein there by initiate the transcription
process (Fuqua et al,, 2001). QS system in P. aeruginosa have AHLs which are synthesized and recognized
by the proteins such as, LuX I, Lux R, Las R and Rh1R (Fuqua et al., 1994; Parsek et al., 1999). Figure 1.
Showed that the mechanism of QS system in bacteria. Acinetobacter comprises the two-component system
of Qs molecules lux I / lux R as in the gram-negative bacteria. It has two proteins receptor and sensor
proteins for the induction of signaling mechanism (Subhadra etal., 2016). AHLs (acyl homoserine lactones)
are the best-known signaling molecules produced by the gram-negative bacteria. Most of the gram-negative
bacteria are generated more than one AHLs and are differed by its carbon chain. Shorter AHLs exhibit better
diffusion than longer chains and require a transport system (Holden et al., 2000; Irie and Parsek 2008).
Both gram-positive and gram-negative bacteria have a gqs system with Al 2. It is regulated by the LuxS gene,
which produces the chemical 4,5-dihydroxy-2,3-pentanedione (DPD) (Winzer et al., 2003). Gram-positive
bacteria use autoinducing peptides (AIP) as signaling molecules. And its structure contains 5 to 17 amino
acids (Sturme et al.,, 2002). QS mediated pathogenicity was identified in the respiratory pseudomonas
isolates causing ventilator associated pneumonia. According to their study increased concentration of
elastase enzyme was revealed due to the regulation of gs genes of the Pseudomonas isolates (Le berre et al.,
2008).

QS system of Pseudomonas aeruginosa categorized into two well organized and regulates the synthesis of
certain virulence factors and secondary metabolites namely LAS and RHL (Latifi et al, 1996). N-(3-
oxododecanoyl)-L-homoserine lactone and N-Butanol-Lhomoserine lactone (BHL) are the two signaling
molecules synthesized by the Pseudomonas aeruginosa which are involved in the production of virulence
factors and biofilm (Jimenez et al, 2012). The quantification and characterization of Pseudomonas
aeruginosa QS molecules demonstrated that the quantity of gs molecules controlled antibiotic resistance
and virulence factor synthesis (Laksmana Gowda et al., 2013). QS mediated virulence and pathogenicity of
the Pseudomonas aeruginosa are inhibited by the synthetic compound pyridoxal lacto hydrazone were
studied. Docking analysis revealed that the sub-MIC concentration of the compound has the potential to
inhibit the pathogenicity (Heidari et al., 2017).

QS in MDR (Multi Drug Resistance) and Biofilm Formation:

Antibiotic resistance exerted by the pathogenic bacteria plays a crucial role in the medical industry.
Therefore, treatment for the pathogens with last line of antibiotics is not effective. Accordingly, bacterial
pathogenesis and antibiotic resistance are controlled by the QS system. Targeting QS signaling is efficient
way to control the pathogens. This will pave the way to identify new natural compounds or the synthetic
analogues as QS inhibitors and the novel drug to treat the multidrug resistant pathogens (Haque et al,,
2018). biofilm and has not respond the last line of antibiotics. Thus, the biofilm formation plays an
important role in the bacterial resistance. Indeed, the intercommunication mechanism (QS) between the
bacteria governs the formation of biofilm when the density of the population increases (Conrady et al.,
2008; Abisado et al,, 2021). Pseudomonas aeruginosa is the multi drug resistant (MDR) gram negative
bacteria which cause deadly infections in the immune compromised patients. Communication between the
bacteria named as quorum sensing exerts certain virulent actions such as antibiotic resistance and biofilm
production. Thus, new treatment strategies should be implemented for the MDR pathogens.
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Accordingly, Quorum sensing inhibitors (QSI) or the quorum quenching (QQ) is the novel antimicrobial
strategy for the bacterial infections. (Hemmati et al, 2020). The chloroform extract of Andrographis
paniculata an herbal plant which was recognized to have an anti QS property against the P aeruginosa
(Banerji et al,, 2017).

[ Increased bacterial population ]

Synthesis of quorum signaling

molecules (AHL or AIP)

Expression of genes (Antibiotic
resistance, Biofilm formation,
Pathogenicity , Motility etc.)

Fig.1: Quorum sensing mechanism in Bacteria AHL: Acyl homoserine lactone AIP: Autoinducing peptide
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Fig.2: Density-dependent QS molecule synthesis

A biofilm can be defined as a group of microorganisms live together on the surface and are usually more
resistant pathogens often secrete some of the virulent compounds to retain their stability. (Sharma et al,,
2016). The intestinal pathogen Escherichia coli is the strong producer of biofilm and it is formed by the
signaling communication mechanism known as quorum sensing (QS) (Sturbelle et al. 2015). Biofilm
producers are causing serious infections and are mainly mediated by the QS mechanism. While the
antimicrobials are treating such infections, emergence of antibiotic resistance are the major threat.
Therefore, finding of novel compounds especially bioactive compounds from the prokaryotes and
eukaryotes are alternative source to interrupt biofilm producers (Kalia, 2013). QS mediated biofilm
production of the pathogenic bacteria Pseudomonas aeruginosa can be reduced by the Garlic extract. In vitro
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and in vivo analysis were identified that the sulphur compound ajoene of garlic extract have anti-biofilm
efficiency and can be used as a primary QS inhibitor (Jacobsen et al., 2012).

Quorum Quenching

Due to the emergence of multi drug resistant pathogens in the medical field there is the need of alternative
strategies to treat the pathogens instead of antibiotics. Quorum sensing inhibition or the quorum quenching
is the novel way to treat the human, animal and plant pathogens effectively. There are several strategies to
suppress QS, including directly interrupting the signal or indirectly influencing the QS molecule receptor
(Brackman and Coenye, 2015). Quorum quenchers attenuate the bacterial virulence and control the
infection. QS system exerts intra species, inter species and microbe host interactions effectively. So,
targeting the QS inhibition is the novel strategy for treating the threatful pathogens (Pan and Ren, 2009).
QS signaling confers the pathogens to resist in the adverse condition by forming biofilm and induce the
antibiotic resistance among the community. So, suppression of Qs signaling mechanism are the novel
strategy to combat against the MDR pathogens (Subhadra et al., 2016). Recent studies have been involved
in the finding of effective anti QS bioactive molecule for the treatment of drug-resistant pathogens. Essential
oils from the medicinal plants are reported to have an anti QS potential (Bakkali et al., 2007). Improper use
of antibiotics can form the selective pressure among the bacterial pathogens leads to the development of
MDR strains. This has been overshadowed by the crucial treatment approach of reducing the virulence
activity by inhibiting QS signaling molecules. Sperandio and Raso (2010). Quorum quenching (QQ) is the
process of decreasing bacterial pathogenicity or biofilm formation. Quorum sensing molecules of the
Pseudomonas aeruginosa were degraded by the enzyme’s lactonases and acylases produced by red sea
sediment quorum quenching bacterial strains namely, Erythrobacter, Labrenzia and Bacterioplanes
(Rehman and Leiknes, 2018).

Quorum Quenchers

Quorum quenchers are the compounds which are active against the QS mechanism exerted by the
pathogens. Natural compounds have the ability to active against the QS mechanism of the nosocomial
pathogens mainly ESKAPE pathogens. The anti QS natural compounds are mainly terpenoids, phenolics,
acids and flavonoids (Ghosh et al., 2022; Bouyahya, 2022). Different compounds from the natural sources
are used as a quorum quencher and involved the distinct mechanisms such as stops the production and
action of signaling molecules and controls the transcription of QS genes (Chamkhi et al.,, 2020). Table-1
showed that the list of natural and synthetic quorum sensing inhibitors. Quorum sensing mediated bacterial
pathogenicity were controlled by antagonizing that with the inhibitor’s compounds. In this study, high
throughput virtual screening of the Al 2 molecule Lux P inhibited the virulence factors of V. harveyi.
According to Li et al. (2008), two compounds exhibited the highest binding efficiency and are suitable for
use as quorum sensing inhibitors. Four drugs (levamisole, erythromycin, propranolol, and chloroquine)
were tested for its anti QS potential against MDR pathogen Acinetobacter baumannii and Pseudomonas
aeruginosa. Minimal inhibitory concentration of the drugs was inhibited the virulence characterization of
the pathogens and also gs system of the pathogens supressed. This insisted the usage of this drugs
separately or combination therapy as QSIs against MDR pathogens (Seeleem et al., 2020). Synthetic
biomolecules can also use as a Quorum sensing inhibitor which supress the action of the regulator protein
of quorum sensing. Accordingly, Multiple virulence factor regulator (MvfR) of P. aeruginosa has been
controlled by the synthetic biomolecule 2'- aminoacetophenone (2 AA) effectively. Sodium ascorbate and
Glyceryl nitrate have the potential to inhibit the QS mediated signalling and the virulence factors in P.
aeruginosa (El-Mowafy et al,, 2014; Abbas et al.,, 2016). QS in Salmonella and Enterohaemorrhagic E. coli
has been controlled by the compound brominated furanones which competed the binding sites for the
bacterial QS protein (Almida et al.,, 2016). Anti Qs and Anti biofilm efficacy of Wheat bran was tested against
the Staphylococcus aureus pathogen and was proved by the in vivo and in vitro analysis (Gonzdlez, et al.,
2014). Secondary metabolites of the plant extracts are also reported to have the anti QS potential such as
Hordenine (Alkaloid), Baicalein (Flavonoid) were effectively inhibited the QS based gene expression and
the biofilm formation of P. aeruginosa (Zhou et al, 2018; Zeng et al, 2008). Four FDA approved
commercially available drugs like, erythromycin, chloroquine, levamisole, and propranolol were proved to
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have an anti QS potential and are the potential drugs for the treatment of Acinetobacter baumanni and P
aeruginosa (Saleem et al,, 2020).

S. No. Natural compounds Synthetic compounds

1. Curcumin Diaryheptanoids

2. Salicylic acid Aspirin

3. Philyrin Benzamide-Benzimidazole

4. Caffeine Meta-bromo-thiolactone

5. Clove oil Meloxicam and Piroxicam

6. Ocimum santum 3-nitro phenylacetanoyl HL

7. Eugenol Diastereomeric 2-methoxycyclopentyl
8. Hordenine N- (heptyl-sulfanyl acetyl)-L-HSL (HepS-AHL)
9. Zingerone N-arylglyoxamide Derivatives

10. Cinnamic acid N-decanoyl-L-homoserine benzyl ester

Table-1: List of Natural and Synthetic Quorum sensing Inhibitors

Different compounds from the ZINC database were analysed for the QSI ability. It was more efficient against
the QS molecule of Pseudomonas aeruginosa (Kalia et al., 2017). Serratia marcescens is the nosocomial
pathogen and is highly resistant to antibiotics. Interestingly, the QS system of S. marcescens was controlled
most of the virulent nature such as biofilm production, swimming and swarming motility and protease.
Glyceryl trinitrate was tested and proved that have the anti QS activity against S. marcescens (Abbas and
Elsherbini, 2018).

Conclusions

To study the bacterial communication mechanism will pave the way of understanding the mechanism in
multicellular organisms. Indeed, various deadly infections cannot have treated due to the antibiotic
resistance. Therefore, understanding the mechanism of antibiotic resistance in bacteria are crucial to
identify the novel strategy for the diagnosis. Accordingly, complete study of QS mechanism in bacteria will
be useful to formulate the new drug instead of antibiotics because most of the beneficial and harmful traits
of bacteria are controlled by the QS system. Further studies should be needed at the molecular level for
understanding the QS system effectively. Thus, it has been made useful for studying the QS of virulence to
prevent the deadly infections caused by the multidrug resistant pathogens. And it will also helpful to find a
new bioactive compounds as effective drugs instead of antibiotics. There is the plenty of potential bioactive
phytocompounds are enriched with ant biofilm and anti QS efficacy and it should be analyzed through the
modern molecular technologies to fight against the deadly pathogens.
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