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ABSTRACT:
Quorum sensing (QS) is a technique of cell-to-cell 
communication used by bacterial pathogens to 
control virulence, biofilm production, and antibiot-
ic tolerance and thus contributes to long-standing 
and intractable infections. Studies on QS pathways 
are important in development of new therapeutic 
interventions against the backdrop of growing anti-
microbial resistance. This review recounts the mo-
lecular QS phenomenon in the Gram- positive and 
Gram- negative bacteria and dwells upon the het-
erogeneity of autoinducers, receptors, chassis and 
regulatory networks. There is a critical examination 
of the pathogenic importance of QS, particularly in 
the propagation of biofilm-associated infections and 
multidrug-resistant infections. Potential solutions in 
the form of strategies to interfere with bacterial com-
munication, or quorum quench (QQ) are described to 
include enzymatic degradation of the signals, inhibi-
tors of signal biosynthesis, utilisation of signal recep-

tor antagonists and natural product quorum sensing 
Inhibitors (QSIs).
The promising emerging directions of therapy are 
hyper-specific anti-virulence strategies, the develop-
ment of nanotechnology, and the combination with 
traditional antibiotics. The study also involves future 
directions of CRISPR-based editing of QS genes, mul-
ti-omics tools to discover pathways, and non-medical 
applications of CRISPR as biotechnology and agricul-
ture. Relating knowledge of mechanism and ther-
apeutic research, with the help of this review one 
could see the possibility of destroying the networks 
involved in bacterial communication as a new meth-
od of treating infectious diseases and reducing anti-
biotic resistance.
Keywords: Quorum Sensing, Quorum Quenching, 
CRISPR, Autoinducers, AHL, AIP, LuxR

INTRODUCTION
Pathogenesis of bacteria: 
Bear in mind that the pathogenicity, or capacity of 
a microbe to produce disease, is a balance between 
four large factors: the predisposition of the host, i.e., 
its stored immune system; the character of the visitor 
that enters in, or becomes congested within us; the 
genetic map that the pathogen brings with it; and the 
particular program that it executes while infecting. It 
starts with a molecular movement from the host to 
the microbe. From genetic and molecular data, we 
can determine which traits are linked with virulence 
or defence mechanisms that enable a germ to per-
sist. Even with this understanding, the exact process-
es by which bacteria become established in the host 
are not always very well understood; some of these 
processes may be unique to a particular bacterial ge-
nus that infects humans, others may be more general 
across the microbial world [1].
Microbes are all around and they are unavoidable, 
some of them can cause illness, others are protective 
or beneficial to the human body, with the most com-
mon bacterial infections being spread by direct con-
tact, contaminated water, air, food or by living vec-
tors like insects and animals. For instance, when the 
causative bacteria from the hospitals go outside and 
get transmitted around, it can result in higher mor-
bidity and mortality among the weakened bodies [2].
Quorum Sensing Concept and Discovery:
Quorum sensing (QS) refers to the cell-to-cell com-
munication; typically employed by bacterial patho-
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gens in order to coordinate the expression of a range 
of common traits including the production of multi-
ple virulence factors, biofilm, and swarming motility, 
when the population densities of individuals attain a 
population level [3].
Bacteria are one of the simplest types of unicellular 
organisms, each being able to grow, divide, and react 
with its environment on its own. However, even be-
ing unicellular, bacteria can organize themselves and 
even share work with other cells. A complex process 
called quorum sensing (QS) is responsible in the at-
tainment of such intercellular coordination. The re-
sult of this collaboration in organization can be seen 
when bacteria achieve a high density and create a 
thin gel-like material known as a biofilm.
In QS, intracellular signal transducers react to exter-
nal stimuli; the extracellular signal may be diffusible 
components, which act directly on transcriptional 
regulators or via sensor kinases. The signaling mol-
ecules are produced by bacterial cells into the sur-
rounding, and once their concentration reaches a 
certain level they bind to a specific receptor in the 
membrane, which causes a change in gene expres-
sion. The traditional activation of activity of genes in 
quorum-sensing (QS) leads to the increased synthe-
ses of proteins partially contributing in the production 
of signalling-molecules (see Fig. 1). This enhanced ex-
pression of protein sets up a positive feedback loop 

forming the basis to the ubiquitous description of QS 
components as being autoinducers [4].
The QS process was initially explained in the biolu-
minescent marine bacterium; Vibrio fischeri. Here, a 
luxI / luxR type QS system operates: luxI encodes for 
an enzyme, the autoinducer synthase, to synthesize 
autoinducer, whereas luxR encodes for a receptor 
protein LuxR. During low density of microbial cells, 
n-acyl homoserine lactone (AHL) is produced in re-
sponse to luxI gene expression. This AI (autoinducer) 
spreads in the medium and thus its concentration 
gets raised. When the threshold concentrations of AI 
are achieved, they interact to bind LuxR to produce a 
cytoplasmic AI-R complex which is a transcriptional 
activator which can bind DNA. This complex induces 
transcription of lux operon (luxCDABEG) expression 
and leads to an increase of the level of transcription 
of messenger-RNA encoding bioluminescence in the 
cell. At the threshold level, AI molecules regulate 
their own virulence factors and other virulence fac-
tors resulting in QS phenomenon [6].
It is also estimated that a large proportion (70 to 80 
%) of all microbial infections are biofilm-based, and 
these complexes remain central to pathogenesis. The 
exogenous stressors are withstood through the bio-
films, which serve as a barrier to receiving antibiotics 
and antiseptics [7].
Gram positive bacteria utilize the oligopeptides to ex-
press genes through the auto-inducer mechanisms. 
After release by the cell, these molecules are received 
by the membrane receptors of the same bacteria, a 
cascade of signal transduction then occurs and leads 
specifically to the activation of transcription of a cer-
tain gene. On the other hand, the Gram-negative bac-
teria regulate gene expressions density-dependently. 
They also release other self-activating molecule by a 
stimulation of Lux operon that also controls produc-
tion of the major enzymes found in quorum sensing 
signals. These difference in controlling the gene ac-
tion occur owing to both the number density and the 
physiological condition of the bacteria [8].
2. Mechanisms of QS
2.1 Autoinducers-Signal Molecules
QS allows the communication of bacterial cells by 
identifying autoinducers and secreting them. Autoin-
ducers (AIs) are small signaling molecules which are 
generated at basal levels in the stationary phase of 
bacterial growth. These molecules serve as a popula-
tion density marker and after a specific growth level 

Figure 1 QS General mechanism in bacteria [5]
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is attained, they control the expression of the corre-
sponding genes. The signal molecules employed by a 
Gram-positive bacterium will be peptide derivatives 
in contrast to fatty acid derivatives by a Gram-nega-
tive bacterium. Most of the bacteria are capable of 
using both the types of AIs to control the expression 
of target gene [5].
Bacterial sporulation, biofilm formation, pathogenic-
ity production, and interaction connections that in-
volve interspecific competition, cooperation, and 
paternity recognition are all regulated by quorum 
sensing (QS) [9].
Acyl Homoserine Lactone-AHL 
(Gram negative bacteria)
Quorum sensing (QS) signaling molecules, which 
are referred to as autoinducers vary across different 
bacteria species. Acyl-homoserine lactones (AHLs) 
are the most prevalent autoinducer secreted by 
gram-negative bacteria, while oligopeptides referred 
to as autoinducing peptides (AIPs) are most com-
monly secreted by gram-positive bacteria [10].
Acyl Homoserine Lactones (AHL) molecule is com-
posed of a homoserine-lactone strand and fatty acid 
acyl chain (C4 to C18) (Fig.2). The AHL molecules may 
differ in 3- hydroxy, 3-oxo, methyl or varying levels of 
unsaturation based on the organisms. The LuxI-type 
AHL synthases are the first component in AHL signal 
which synthesizes the AHL molecules. In the event 
of AHL molecules synthesis, the molecules can be 
passively and actively transported in and out of the 
cells. The second mode of action of AHL signalling is 
through LuxR-type receptor proteins, which recog-
nize AHL signal molecules and in turn, trigger the 
expression or repression of target genes in a QS-de-
pendent manner. The expression of genes mediated 
by QS is therefore controlled by LuxR-like DNA-bind-
ing transcription factors [11].
A group of autoinducers known as acyl homoserine 
lactones (AHLs) is formed by around fifty Gram-nega-
tive bacteria, many of which are pathogens of clinical 
interest. Their synthesis combines three structural 
motifs: a homoserine lactone ring formed by S-aden-
osylmethionine, a central amide group and a varia-
tion of the chain with different length and level of ox-
ygenation dependent on the bacteria species. Within 
some strains, the chain ends with a 3-oxo group; in 
other strains, such as V. fischeri and P. aeruginosa, 
it ends in a 3R-hydroxyl functional group. Aliphatic 
chains with 4-18 carbon atoms have essential hydro-

phobic characteristics that allow penetration of the 
various cell membranes and subsequent binding with 
the hydrophobic pocket of proteins as receptors. 
Lactone, amide, and 3-oxygens functionalities, in par-
ticular, promote formation of robust hydrogen bond-
ing networks of the receptor active site. In spite of 
the richness of AHL structure which differs between 
different species of bacteria, some analogues are 
shared between many organisms, such as between 
Vibrio fischeri and Erwinia carotovora, serving as a 
means of communication between bacteria which 
cross species boundaries, i.e. overcoming the classi-
cal species barrier [13].
Autoinducing peptides-AIP (Gram positive bacteria)
The Autoinducer Peptides (AIPs) are the primary 
communication mechanism of Gram-positive bac-
teria, which are small peptides that are frequently 
exposed to chemical changes. Histidine kinases are 
two-component membrane-bound receptors that 
detect these peptides [10].
Autoinducing Peptides, or AIPs, are referred to as 
AIP-I-II-III-IV (Fig.3).  They are all more hydrophobic 
in their N-terminal-to-C-terminal order in their pep-
tide architecture, but peptides might differ in their 
amino acid sequence.  The hydrophobic side chains 
of the amino acids at the C-terminal locations of the 
sequence are present in the AIPs.  AIP linear peptide 
analogs or the hydrolysis of the thioester moiety de-
activate its activities.  It was discovered that an es-
ter moiety in the form of a thioester macrocyclic ring 
might prevent the deactivation of signaling.  AIP loses 
its signaling when N-terminal exocyclic structures are 
eliminated [14,15].
There are two main QS systems in Gram-positive 
bacteria (Fig. 4).  After being ribosomally generated 

Figure 2 AHL structure [12]
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as pro-peptides of the first pathway, AIPs undergo 
post-translational modification.  In order to evolve 
into AIPs, they undergo multiple cleavages by secret-
ed proteases after being released by specific ABC 
transporters.  Certain cell surface receptor kinases 
phosphorylate a conserved His residue when they 
detect AIPs at a threshold concentration.  By trans-
ferring the phosphoryl group to an Asp residue, the 

active kinase then activates an intracellular regulator 
receptor downstream.  Lastly, the secretion mecha-
nism of AIP and the elections of certain target genes 
are controlled by the activated intracellular regulato-
ry receptor. Because it contains two essential compo-
nents—the intracellular regulating receptor and the 
His kinase at the membrane—this system is frequent-
ly referred to as a two-component pathway [16].

Figure 3 AIP-I, II, III, IV Structure found in Staphylococcus aureus [5].

Figure 4 Two-component signal transduction and Gram-positive QS peptide signals, a general model. A re-
sponse regulator protein regulates the transcription of downstream target genes, while the membrane-bound 
sensor kinase protein auto-phosphorylates to start the signal transduction [17].
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Universal Signal AI-2
It has been reported that QS mechanisms are simi-
lar in Gram-positive and Gram-negative bacteria, but 
the specific autoinducers involved in these mecha-
nisms can differ among different organisms. Saying 
so, there exists a group of QS systems, most no-
ticeably DPD (dihydroxy pentanedione)/AI-2 which 
occurs in both Gram-positives and Gram negatives. 
The most versatile signaling mechanism employed 
by both Gram-positive and Gram-negative bacte-
ria, DPD/AI-2, has been observed in over 50 percent 
of the QS-competent bacteria whose genome has 
been sequenced [18]. In contrast to AI (autoinduc-
er)-1, AI-2, (quorum sensing) system occurs in both 
Gram-positive and Gram-negative bacteria and is 
believed to mediate cross-species communication 
[19]. In addition, autoinducer-2 (AI-2), also called 
furanosyl borate diester or tetrahydroxy-furan, is the 
common language system of both Gram-positive and 
Gram-negative species [9].
2.2 Receptors of QS 
Signal transduction in the quorum sensing (QS) sys-
tem relies heavily on receptors. Allosteric regulation 
takes place to control gene transcription when these 
receptors pick up an autoinducer. Therefore, one of 
the primary strategies for re-engineering bacterial 
behaviour is to block the activity of a receptor [20].
Bacterial group activities and population-level func-
tions are systematized by QS (quorum-sensing) re-
ceptors and the signaling molecules that accompa-
ny them, which either directly or indirectly regulate 
gene expression [21].

LuxR:
With an N-terminal ligand binding domain and a 
C-terminal helix turn helix domain, LuxR type pro-
teins are two domain proteins that bind DNA, typi-
cally as a homodimer via a recognition motif. It has 
been shown that repression is brought on by steric 
hindrance but that class I or II pathway proteins can 
induce transcriptional activation depending on pro-
tein. 
The folding and ligand-binding characteristics of 
LuxR-type proteins are used to categorize them. AHL 
is necessary for Class I proteins to fold and bind them 
permanently. AHL can bind to the class II proteins, 
such as V. fischeri LuxR to organize, but the binding is 
reversible. Class III proteins that are independent of 
AHL to assemble into functional homodimers, such 
as Erwinia ExpR (the ortholog of SdiA) bind AHL re-
versibly. Escherichia coli's SdiA proteins may need an 
endogenous ligand, 1-octanoyl-rac-glycerol, in order 
to be purified without the use of AHL, suggesting that 
they are class III [22].
1. LuxR-type (typical)
Gram-negative bacteria use the LuxI/R type QS pro-
tein receptor system to mediate the QS process. 
Auto-inducers N-acyl-l-homoserine lactones (AHLs), 
especially those induced with LuxI type proteins, are 
the key auto-inducers by Gram-negative bacteria. 
LuxR, the AHL response regulator, and LuxI, the AHL 
synthase of N-acyl-l-homoserine lactone transcrip-
tionally activate target QS genes [23]. 
In response to the presence of particular chemical 
secretions, most notably AHL generated by the LuxI 

Table 1 Quorum Sensing Receptor Types [20].

Receptor Type Signal Molecule Communication Type Example 
Receptors Representative Bacteria

LuxR-type 
(typical)

Acyl-homoserine 
lactones (AHLs) Intraspecies LuxR Vibrio fischeri

LuxR-solo type AHLs or alternative 
signals Intraspecies/Interspecies SdiA Escherichia coli

Two-com-
ponent 
(Gram-nega-
tive)

HAI-1 Intraspecies LuxN Vibrio harveyi

Two-com-
ponent 
(Gram-positive)

Autoinducing pep-
tides (AIPs) Intraspecies ArgC Staphylococcus aureus

RRNPP family 
(Gram-positive) AIPs Intraspecies

Rap, Rgg, 
NprR, PrgX, 
PlcR

Bacillus subtilis, Strepto-
coccus thermophilus, etc.

AI-2 receptor Autoinducer-2 (AI-
2) Interspecies LuxP, LsrB Vibrio harveyi, Salmonella 

typhimurium
AI-3 receptor AI-3, epinephrine, 

norepinephrine Interspecies QseC Enterohemorrhagic Esche-
richia coli
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(AHL Synthase) type protein, a class of common 
Gram-negative bacteria use LuxR-type quorum-sens-
ing (QS) receptors to coordinate gene transcription 
(Fig.5). The associative mechanism of the most 
well-studied LuxR-type receptors allows dimerization 
and DNA binding to occur only when the ligand is 
bound. 
On the other hand, a second, less studied family of 
proteins known as dissociatives bind to DNA when no 
ligand is present and unbind when a ligand is present. 
When compared to associative LuxR-type controllers, 
dissociative LuxR-type proteins are typically more op-
erationally stable in vitro [24].
2. LuxR-solo type
The incomplete LuxR system of proteins without a 
corresponding synthase, commonly known as or-
phans or LuxR solos, is becoming more and more 
well-known in the field of QS. These single regula-
tors may be distinguished by the type of origin of 
the ligand-endogenous or exogenous, AHL or non-
AHL or neither. SdiA is part of the LuxR-type protein 
family which has its origin in the response regula-
tor that controls bioluminescence in Vibrio fischeri 
[22]. There are two types of quorum sensing signals 
produced by other bacterial species and which are 
detected by SdiA: Exogenous Acyl-homoserine lac-
tones (AHLs) and autoinducer-2 (AI-2) [25].
SdiA was initially identified as a transcriptional regu-

lator of the ftsQAZ operon, which codes for proteins 
essential for cellular division. This operon's induc-
er-dependent activation speeds up cell septation 
while also inhibiting the actions of numerous en-
dogenous cell-division blocking factors. It was also 
demonstrated that AHL exposure appears to increase 
the regulatory action of SdiA on the ftsQAZ operon 
and that the AHL mediated quorum sensing may play 
a role in regulation of this particular operon [26].
3. Two-component (Gram-negative)
The primary autoinducer in V. harveyi is the HAI-1 
molecule, which is an AHL type [27]. The three mem-
brane-bound two-component QS receptors in V. har-
veyi, include LuxN, LuxPQ, and CqsS. These receptors 
recognize and bind related signaling molecules HAI-1, 
autoinducer-2 (AI-2) and CAI-1. These molecules are 
the by-products of the LuxM, LuxS, and CqsA synthas-
es, respectively [20].
4. Two-component (Gram-positive)
The formation of S. aureus biofilms has been linked 
to a number of regulators. These are led by the ac-
cessory gene regulator (agr), a hybrid staphylococcal 
quorum-sensing system that trans-up-regulates the 
extracellular cysteine proteases SspB and ScpA to 
regulate filamentous growth. The impact of agr-me-
diated biofilm formation on the expression of several 
virulence factors suggests that it plays a crucial role 
in staphylococcal pathogenesis. By attaching itself to 

Figure 5 Mechanism of AHL through LuxR receptor [23].
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the AgrC transmembrane protein and phosphorylat-
ing it, the acrocyclic peptide AIP, which contains sev-
en to nine amino acids, controls the Agra [28].
5. RRNPP family (Gram-positive)
The RRNPP protein family (Rgg, Rap, NprR, PlcR and 
PrgX), which are covalently bound to intracellular sig-
naling peptides associated with QS in gram-positive 
bacteria, includes intracellular receptors associated 
with intracellular signaling peptides [21]. The perfect 
examples of RRNPP the signal transducers are PrgX 
regulator in Enterococcus faecalis, the NprR regula-
tors of Bacillus cereus group, the PlcR proteins of B. 
cereus group, the Rap phosphatases of Bacillus subti-
lis and the Rgg proteins of the Streptococcus species. 
All the most critical cellular functions are regulated in 
the family of RRNPP which are sporulation, compe-
tence, virulence, biofilm development, necrotrophic 
life style, conjugative plasmid transmissions, and an-
tibiotics indifferences [29].
6. AI-2 receptor
The receptors LuxP AI-2 were first found in Vibrio 
species and LsrB are widespread throughout enter-
ic bacteria and microorganisms of the Rhizobiaceae, 
Bacillaceae, and Clostridiaceae families [30].
The LuxS enzyme is widely expressed in several bac-
teria and participates in the production of the AI-2 
signal. As a result, AI-2 is produced as an interspe-
cies communication signal rather than being specific 
to a single bacterial strain.  Three validated receptors 
of AI-2 are LuxP protein in the Vibrio species, LsrB 
protein of Salmonella Typhimurium and Escherichia 
coli and the RbsB protein of Aggregatibacter actino-
mycetemcomitans. As a receptor, LsrB positively pro-
motes internalization of AI-2 but LuxP participates in 
cascades of signal transduction and thus determines 
downstream gene expression. Following internaliza-
tion, AI-2 becomes phosphorylated. This phospho-
rylated AI-2 then binds to the LsrR protein, which in 
turn causes the Lsr system to be expressed and ac-
celerates the conversion of AI-2 to its final form [31].
7. AI-3 receptor
Like hormones, AI-3 can be considered as an extracel-
lular signal transduced via the binary system QseBC, 
a histidine kinasephosphatase (QseC) and response 
regulator pair (QseB). In a small number of Gram-neg-
ative species, including the enteropathogenic E. coli, 
the periplasmic QseC domain is retained, and AI-3 
resembles the eukaryotic hormones in its effects 
since QseC is a bacterial adrenergic receptor to the 

eukaryotic host hormones noradrenaline and epi-
nephrine. The other consequence of this structural 
resemblance is that adrenergic receptor antagonists 
block AI-3.  Furthermore, epinephrine/norepineph-
rine possesses the ability to activate the QseC/QseB 
cascade and become a QS signal that is then trans-
ferred to the quorum of the gut microbiota.
The human hormones noradrenaline and epineph-
rine are used by enterohemorrhagic E. coli O157:H7 
(EHEC) to activate virulence genes that may be linked 
to the stress hormone cascade and irritable bowel 
syndrome brought on by extended stress [32].
Using histidine sensor kinase QseC, the bacteria can 
detect and respond to hormone-like host-produced 
factors like autoinducer-3 (AI-3), epinephrine (Epi), 
and norepinephrine (NE).  The QseBC two-compo-
nent system (TCS) is formed when the transmem-
brane C-terminus of QseC binds to the cytoplasmic 
membrane. However, it then undergoes autophos-
phorylation and the phosphate is transferred to an 
intracellular component known as QseB. After acti-
vation, QseB normally binds the specific sequence of 
DNA on the bacterial cells regulating the growth and 
motility, biofilm formation, and expression of viru-
lence genes in bacteria. It acts as a virulence global 
regulator in enterohemorrhagic Escherichia coli, and 
the quorum sensing (QS) system QseBC was demon-
strated to promote intracellular colonization and sys-
temic infection [33].

3. Quorum sensing role in pathogenicity
3.1 Expression of Virulence Factor
Pathogenesis is a multilayered, interdependent pro-
cess that involves multiple components interacting 
with one another as a pathogenic disease infects 
a host.  Most strains follow a common path, even 
though the specific biology of infection can vary from 
organism to organism.  The initial step that traps the 
virus by attaching itself to the host's microbiota and 
causing dysbiosis is adhesion.  In order to alter the 
native cells' metabolism and evade immune respons-
es, the invader releases a pattern of molecules, pro-
teins, enzymes, and siderophores into the host cells 
after anchoring [34].
3.2 Formation of Biofilm
Biofilms are populations of microbial cells that are 
primarily adhered to a substrate and physically ad-
herent to one another by a matrix of polymers, many 
of which are released by the microorganisms. In ad-
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dition to creating additional channels and microcol-
onies, the matrix provides the cells immersed inside 
it with physical protection as well as a microenviron-
mental gradient of oxygen and nourishment. These 
gradients are thought to produce phenotypic and 
genotypic plasticity and heterogeneity in populations 
linked to biofilms. Therefore, the created microenvi-
ronments encourage interactions between microor-
ganisms since they are being driven inwards in the 
matrix and diffusion is being reduced [35].
The most advantageous of the many survival bene-
fits that microorganisms receive from their biofilm 
style of life is the spread of antibiotic resistance.  It 
may surprise you to learn that bacteria in biofilms 
are far more resistant to drugs than their free-living 
planktonic counterparts.  The microorganisms in bi-
ofilms prefer to live a sessile lifestyle and constantly 
adapt to environmental changes.  When conditions 
that support rapid development become available, 
these cells can alter their composition and return to 
a planktonic lifestyle [36].
The infamous biofilm-forming bacteria Pseudomonas 
aeruginosa successfully adheres to a variety of sur-
faces, resulting in persistent infections that are chal-
lenging to treat.  The disease's opportunistic human 
pathogen, P. aeruginosa, causes severe and poten-
tially fatal symptoms and quickly infects people with 
cystic fibrosis, resulting in significant morbidity and 
fatality rates.  Because of its capacity to build bio-
films, P. aeruginosa possesses the trait of being re-
sistant to several medications.

Elements of P. aeruginosa that controls the biofilm
The extracellular polymeric substance (EPS), which 
contains proteins, polysaccharides, eDNA, and lipids, 
makes up the biofilm matrix.  In addition to acting as 
a selective sieve that allows a small number of nutri-
ents to enter and prevents antimicrobial probes from 
penetrating the matrix, the EPS helps the bacteria 
adhere to the surfaces.  When the concentration of 
autoinducers in the host system exceeds a threshold, 
P. aeruginosa produces extracellular polymeric sub-
stances (EPS) [37].
3.3 Resistance to Antibiotics
Even though Antonie Van Leuwenhoek examined bi-
ofilms with a crude microscope as early as 1674, Bill 
Costerton didn't come up with the word "biofilm" 
until 1978. The relationship between antimicrobial 
resistance and biofilm production varies depending 
on the kind of bacteria. The growth of biofilm and 
strains that produce beta-lactamases was responsi-
ble for the expansion and dissemination of biofilm 
and multidrug-resistant Gram-negative bacilli [38].

4. Therapeutic Approach of Quorum Quenching
Alternative methods of combating such an infection 
are required due to the misuse and overuse of an-
tibiotics in medicine, the development of antimicro-
bial resistance, the failure of antibiotics to control 
microbial infections, and the detrimental effects on 
the environment's sustainability requirements.  One 
such option is quorum quenching (QQ), which is the 
mechanistic suppression, retardation, or interruption 

Figure 6 Quorum Sensing role in pathogenicity
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of bacterial social behavior or communication [39].
The term quorum quenching (QQ) was coined in 
2000 when the pathogenicity of the plant pathogen 
Erwinia carotovora was demonstrated to be highly 
attenuated by an enzyme AiiA lactonase in the strain 
Bacillus sp. 240B1. Quorum quenching disrupts bac-
terial communication by stopping the process of syn-
thesizing signaling molecules, by blocking or crafting 
signaling molecules or by blocking receptors, one of 
the three critical elements that make up the QS sys-
tem [40].

4.1 Strategies of Quorum Quenching
The three types of AHL (G-Negative Bacteria)-inac-
tivating enzymes—known as lactonases, amidases, 
and oxidoreductases—can be categorized according 
to their mechanistic characteristics.  In a reversible 
mechanism, lactonases in the AHL family hydrolyse 
the homoserine lactone ring to produce acyl homo-
serine.  AHL acylases hydrolyse the AHL on the amide 
bonds, resulting in an irreversible reaction that pro-
duces fatty acid chains and homoserine lactone. 
AHL oxidoreductases, which can either oxidize or 
decrease the AHLs, have hardly ever been examined 
(refer to Fig. 7) [41].
Degradation of Signal Molecule 
The three types of AHL-inactivating enzymes—known 
as lactonases, amidases, and oxidoreductases—can 
be categorized according to their mechanistic char-

acteristics.  In a reversible mechanism, lactonases in 
the AHL family hydrolyze the homoserine lactone ring 
to produce acyl homoserine.  AHL acylases hydrolyze 
the AHL on the amide bonds, resulting in an irrevers-
ible reaction that produces fatty acid chains and ho-
moserine lactone. AHL oxidoreductases, which have 
the ability to either oxidize or decrease the AHLs, 
have hardly ever been examined [42].
Biosynthesis of Signal Inhibitor 
In addition, the acyl carrier protein (ACP), the acyl 
component of the AHL signal, and S-adenosylmethio-
nine (SAM), the amino donor of the synthesis of 
the homoserine lactone ring moiety, might be used 
to prevent the formation of AHL.  It was discovered 
that the other SAM analogues, such as sinefungin, 
S-adenosylhomocysteine, and S-adenosylcysteine, 
were also efficient AHL synthesis inhibitors [43].
Other inhibitors that are utilized to prevent the syn-
thesis of AHL have been found. For example, tri-
closan prevents the synthesis of AHL by preventing 
the enoyl-ACP reductase from producing the precur-
sor [44].
Signal Receptor Antagonist
The formed receptor-AI complex controls the tran-
scription of genes that control virulence, biofilm for-
mation, conjugation, and sporulation in addition to 
bioluminescence and competence once the autoin-
ducers have ultimately attached to their respective 
receptors.  Furthermore, QS facilitates communica-

Figure 7 AHL inhibition strategies [5].
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tion between bacteria of various species, and while 
some species lack the ability to synthesize their own 
AIs, they do have receptors for other species' AIs.  It's 
interesting to note that bacterial infections' patho-
genicity is much decreased by disrupting their QS sys-
tems and blocking the appropriate QS receptors [45].
By either competing with the bacteria at the receptor 
level or deactivating the receptor in the QS signaling, 
one can decrease the virulence and infection caused 
by the bacteria.  Flavonoids and furanones have been 
identified as the two classes of QS inhibitors that 
bind to the receptors of different pathogenic bacte-
ria.  Furanones, whose halogenated derivatives are 
generated by the marine alga Delisea pulchra, were 
the first identified QS inhibitors [46].
The most prevalent AI receptor protein found in 
Gram-negative bacteria is LuxR-AHL.  The addition 
of an active methylene group to the AHL also re-
duces the receptor's protein-signal binding by 50%, 
making the AHL alterations a very powerful tool for 
controlling processes with QS signals.  Gram-positive 
bacteria control two systems of the QS: an active 
transcriptional regulator and a membrane-bound 
histidine kinase receptor.  Currently, it is possible 
to block these receptors in Gram-positive bacteria 
against their pathogenicity by utilizing certain AIP 
antagonists to inhibit the receptors.  Specifically, the 
four variant thiolactone peptides (AIP I-IV) of S. au-
reus, which employs the AIP-mediated QS system agr, 
have an impact on its bacterial activity [5].
Plant derived or Natural inhibitors of QS
Some of the secondary metabolites formed by me-
dicinal plants target the QS system: phenols and phe-
nolic acids, polyacetylenes, flavonoids, terpenoids, 
tannins, saponins,  quinones, coumarins, alkaloids 
[47].
5. Applications and Advances in Anti-QS Therapy
The goal of anti-QS tactics is to interfere with the QS 
signaling pathways that allow bacteria to interact and 
coordinate their actions [48].  
Anti-virulence drugs development 
On the one hand, a new method of therapy known 
as precision antimicrobials was developed in order 
to overcome the increasing antibiotic resistance rate 
amongst microorganisms. Because precision antimi-
crobial drugs tend to target the pathogen-specific vir-
ulence determinants without affecting the resident 
microbiome, they are expected to establish restrict-
ed selective forces that significantly lower the risk of 

acquired resistance.  More significantly, these antivir-
ulence medicines target pathogen-specific virulence 
factors, ensuring that their activity is selective against 
only the disease-causing strain, rather than merely 
killing pathogens on a broad spectrum [49].
Nanoparticles targeting QS
In terms of therapeutic approaches, nanotechnolo-
gy has been receiving a lot of interest.  It was also 
demonstrated that nanomolecules, nanocomposites, 
and generally nano-and microcomposites, including 
composites based on Ag or ZnO, could successfully 
quench the quorum because they inhibited the mi-
crocolony, which decreased the creation of biofilms 
and changed their structure [47]. 
When it comes to bacterial biofilm development, 
metal and metallic nanoparticles like silver, seleni-
um (SeNPs), tellurium (TeNPs), and gold (GNPs) have 
shown remarkable promise in the counteracting of 
bacterial resistance through nanotechnology.  Pro-
jections reveal that nanotechnology could play a 
significant role in combating bacterial infections and 
managing them, specifically in fighting multidrug- re-
sistant bacteria and bacterial biofilms [50].
Synergistic use with antibiotics
The QSIs do not kill or eliminate the bacteria; in-
stead, they stop a biofilm from growing.  Therefore, 
it is necessary to look for a synergistic interaction 
between QSIs and antibiotics [51]. Antibiotic resist-
ance may be decreased by a combination therapy 
that uses synergistic medicines with distinct targets 
and mechanisms of action.  Drugs like trimethoprim/
sulfamethoxazole (Bactrim), tazobactam/piperacillin 
(Zosyn), and amoxicillin/clavulanate (Augmentin) are 
examples of combinations that have already received 
approval [52].
6. Challenges and Limitations in QS inhibitors
The organisms need to have a built-in defense system 
against an attack that could endanger their existence.  
A continuous state of AHL signals, albeit at a slower 
rate, can even be seen at low cell densities because 
quorum-sensing inhibitors (QSIs) are designed to es-
sentially only engage QS without stimulating bacte-
rial growth. Therefore, bacteria may be released to 
express their virulence once the concentration of QSI 
falls below the threshold.  For bacteria to continue 
to be resistant to QSIs, they do not even need to un-
dergo any genetic change.  By keeping its QS under 
control until the concentrations of QSI exceed those 
of signal molecules, bacteria can evade QSI.  It is stat-
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ed that the goal going forward should be to build QSI 
with a lower chance of resistance.  Every living thing 
will eventually develop defense systems because sur-
vival is their primary goal [53].
In the past few years there are a number of factors 
that have contributed towards the complex issue of 
multiple drug resistance (MDR). With periodic expo-
sure to a particular antibiotic, multidrug and wide-
spread drug resistance have occurred [5].
Bacteria have also evolved various forms of antibi-
otic resistance. First, chemical modification inhibits 
antibiotic effect by the secretion of enzymes which 
alter the chemical structure of the antibiotic either 
by disabling the drug molecule or by derivatizing its 
chemical functional groups, thus preventing the an-
tibiotic to react with its target. Second, drug efflux 
pumps are an important mechanism for developing 
microbial resistance against antibiotics, wherein bac-
teria develop efflux pump proteins in the cell mem-
brane, thus actively pumping out the antibiotic from 
the cell before it can reach the concentration needed 
for its effect. Third, bacteria can develop resistance 
by altering drug-target genes, either by shielding the 
target site against the binding action of an antibiotic, 
or by changing the target site itself to allow it to be 
less specific to the antibiotic molecule [54].
7. Future Prospects
Approaches based on CRISPER
The bacteria acquired the CRISPR-Cas system (Clus-
tered Regularly Interspaced Short Palindromic Re-
peats (CRISPR)-associated proteins) as a natural 
evolutionary immunity to bacteria viruses (bacte-
riophages). It was firstfound in E. coli in the 1980s, 
but its ability to actually form an adaptive immune 
system in bacteria, which is thought to be an analog 
of the mammalian system, was not realized until the 
2000s.  The invention of the CRISPR-Cas9 technique 
of gene editing in 2012 has turned the world of bio-
technology upside down, enabling the editing of the 
genome. Scientists have recently concentrated on 
employing CRISPR-Cas, a novel antimicrobial inter-
vention, to fight harmful bacteria and infections, es-
pecially those that are resistant to many drugs [55].
The CRISPR system is the most cutting-edge tech-
nology that promises to address the present issues 
with genome editing. It so happens that the CRISPR 
system is a natural immune response that protects 
against bacterial phage invasion.  These main Cas 
protein and other nomenclature attributes have pro-

vided the classification of CRISPRCas systems into 
two classes, six types, and 19 subtypes [56]. Since its 
discovery, the “CRISPR-Cas9” system—a form of ac-
quired immune system that shields several bacteria 
and archaea—has attracted a lot of attention [57].
By interfering with or removing the genes involved 
in autoinducer synthesis, detection, and downstream 
signaling, CCS has shown useful in controlling quo-
rum sensing circuits [58]. Bacterial defense against 
viral infections depends on three key elements of the 
CRSIPR-Cas system: “adaptation (spacer acquisition), 
crRNA synthesis (expression), and target interfer-
ence”.  The Cas protein, sometimes referred to as the 
nuclease protein, is produced by the Cas gene and 
cleaves and destroys the foreign viral DNA [59].
Discovery of QS pathway by OMICS technologies
Through omics science, the host-pathogen relation-
ship is consistently thoroughly and precisely studied, 
and the pathogen's unique proteins can be identified.  
Researchers are currently leveraging multi-omics da-
ta to update and reshape the microbial risk assess-
ment role model.
Transcriptomics methodology employed in recent 
biofilm studies also enables the full detection of a 
certain set of genes that participate in antimicrobial 
resistance and biofilm development.
Although alterations in the whole protein profile 
can be detected using proteomics, nothing is known 
about the biological changes at the transcriptome 
level.  The term "proteomics" describes the full ex-
pression of an organism's proteins under specific 
conditions.
Metabolomics is the detection, identification, and 
evaluation of a biological system's metabolome.  Me-
tabolite profiling can provide insights into the bio-
chemistry, pathophysiology, and physiology of cells.  
Metabolomics is a useful technique for tracking the 
end points since, in contrast to genes and proteins, 
metabolite profiling is directly linked to the defined 
phenotype [60].
Through the deciphering of the molecular complexity 
of microbial life and the application of cutting-edge 
future technologies to these advancements, mul-
ti-omics technologies will address significant issues 
like food security and antibiotic resistance (ABR) [61].
Bacteria can coordinate gene expression and related 
metabolism through intercellular signaling, which 
can result in metabolic diversity in the products of 
bacterial metabolism.  Metabolomics is the qualita-
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tive and quantitative analysis of all of the low-weight 
molecular mass metabolites of a given organism or a 
given cell in a state of normal physiology [62].
By comparing samples taken under settings with and 
without QS induction, the transcriptome sequencing 
technique is fairly effective at identifying the genes 
linked to QS.  Finding the QS-mediated expression 
profiles of various plant and human pathogens has 
been the most popular use of the technology [63].
Use of quorum sensing in the industry and agricul-
ture beyond medicine
Quorum-sensing signaling systems are intimately 
linked to the network between the host plant and 
the associated microbial population, which is cru-
cial for the holobiont's establishment.  The balance 
of healthy or disease-causing bacteria and their host 
plants, which impart immunity and growth charac-
teristics, is disrupted by interkingdom signaling.  Al-
though further research is need to completely under-
stand the precise chemical process by which bacterial 
AHL signals impact plant performance, it is said that 
they do.  Depending on the chemical structure of the 
QS signal, there is evidence that AHLs change the 
balance of phytohormones, mediate morphological 
changes of roots (elongation of the primary root, 
stimulation of root growth), increase salt tolerance, 
etc. [50].

CONCLUSION
Inhibition of quorum sensing (QS) is also a potent 
non-lethal approach to microbial antimicrobials be-
cause it interferes with communication networks 
regulating virulence and biofilm formation in micro-
organisms without killing microbes. Using QS-based 
medicines as a sustainable replacement of tradition-
al antibiotics is an attractive prospect and emphasiz-
es pathogenicity, biofilm formation and resistance 
mechanisms. The cutting-edge area in the potential 
application of this strategy pertains to the recent ad-
vances in the translational research efforts, including 
quorum quenching enzymes, natural, and synthetic 
enzyme inhibitors, nanotechnology-based drug and 
enzyme delivery vehicles, and combinatorial therapy 
using medications.
But multidisciplinary analysis connecting the do-
mains of microbiology, chemistry, bioinformatics, 
nanotechnology and clinical sciences is important to 
achieve the full potent of attainment of its benefits. 
Future directions such as new pathway discovery via 

omics and fine-tuning of QS genes via CRISPR edit-
ing can accelerate clinical use. The introduction of 
QS-specific strategies into the process of antimicro-
bial therapy may completely change the landscape of 
the control of infections, allowing to limit the devel-
opment of resistance and protecting the microbiome 
balance.
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