
 

International Journal of Research Studies on Environment, Earth, and Allied Sciences (IJRSEAS) 
| Volume-3 Issue-2 | April-2026 | ISSN: 3066-0637 | Website: https://eesrd.us 

 

335 

 

Manuscript ID:  

IJRSEAS-2026-030258 

 

 
 

Quick Response Code: 

 
Website:  https://eesrd.us 

 

 
Creative Commons 

(CC BY-NC-SA 4.0) 

 

 

DOI: 10.5281/zenodo.21472753  
  

DOI Link:  
https://doi.org/10.5281/zenodo.21472753 

 

 

Volume: 3 

 

Issue: 2 
 

Pp.  335-340 

 

Month: April 

 

Year: 2026 

 

E-ISSN: 3066-0637 

 

 

Submitted: 16 Mar. 2026 

    

Revised:  27 Mar. 2026 

 

Accepted: 17 Apr. 2026 

   

Published: 30 Apr. 2026 

 

 

 

Address for correspondence:  

Dr. K. Vidya Prabhakar 

Assistant Professor, Dept. of 

Biotechnology, Vikrama Simhapuri 

University Nellore, AP, India 

Email: prathimagolla@gmail.com 
 

 

 

 

How to cite this article:  

G. Prathima & K. Vidya Prabhakar. 

(2026). Assistant Professor, Dept. of 

Biotechnology, Vikrama Simhapuri 

University Nellore, AP, India. 

International Journal of Research 

Studies on Environment, Earth, and 

Allied Sciences, 3(2), 335–340. 

https://doi.org/10.5281/zenodo.2147

2753 

The Quorum-Sensing System and Its Signalling Role 
in Bacteria 

Dr. G. Prathima1, Dr. K. Vidya Prabhakar2 
1Department of Biotechnology, Vikrama Simhapuri University, Nellore, AP, India 

2Assistant Professor, Dept. of Biotechnology, Vikrama Simhapuri University Nellore, AP, India 

 

Abstract 
Robert Hooke and Anton van Leeuwenhoek discovered microscopic organisms 

between 1665 and 1683. It took more than 150 years after this discovery to develop microscopy, 
which became the foundation for understanding microbes. During the period 1950-2000, 
extraordinary changes in microbiology occurred, including the discovery of the DNA structure 
by Watson and Crick in 1953. Thus, with advances in microscopy and related fields such as 
microbial metabolism, scientists were able to study microorganisms and apply them to 
industrial purposes. The importance of microbes in human life is vast. They can be friends and 
foes at times. Many microbial products contribute to human nutrition and to some diseases. 
Others help improve the standard of living. As a result, microbes and microbiology play an 
important role in advancing human health and welfare. Among them, bacteria are more closely 
related to human life than the broader microbial community. We are supported by natural flora 
from birth, and it grows and helps build immunity during growth. Similarly, many bacteria 
are beneficial to humans' daily lives by serving as probiotics and assisting in the fermentation 
of many food products. 
Keywords: Quorum sensing; Bacterial communication; Autoinducers; Biofilm formation; 
Gram-positive bacteria; Gram-negative bacteria; LuxI/LuxR system; Cell-density signalling; 
Bacterial virulence; Gene regulation. 

Introduction 
Bacteria were once regarded as solitary microorganisms that responded 

independently to environmental stimuli. However, advances in microbiology and 
molecular biology have demonstrated that bacterial cells possess sophisticated 
communication systems that enable coordinated group behaviour. This phenomenon, 
known as quorum sensing (QS), allows bacteria to detect their population density 
through the production, release, and detection of small signalling molecules called 
autoinducers. When these signalling molecules accumulate beyond a threshold 
concentration, they activate specific regulatory pathways that alter gene expression 
and synchronize the behaviour of the bacterial community. 

Quorum sensing plays a pivotal role in regulating numerous physiological 
processes, including biofilm formation, bioluminescence, virulence factor production, 
sporulation, antibiotic production, motility, competence, and symbiotic interactions. 
By coordinating these activities, bacterial populations can adapt efficiently to 
changing environmental conditions, enhance survival, and optimize resource 
utilization. The discovery of quorum sensing in Vibrio fischeri provided the first 
evidence that bacteria communicate through chemical signals to regulate collective 
behaviour, fundamentally changing our understanding of microbial biology. 

Different bacterial groups employ distinct quorum-sensing mechanisms. 
Gram-negative bacteria primarily utilize N-acyl homoserine lactones (AHLs) 
mediated by the LuxI/LuxR regulatory system, whereas Gram-positive bacteria 
predominantly rely on secreted oligopeptides and two-component signal transduction 
systems. In addition, universal signalling molecules such as autoinducer-2 (AI-2) 
facilitate interspecies communication, highlighting the complexity of microbial 
interactions within diverse communities. 

The growing understanding of quorum sensing has significant implications 
in medicine, agriculture, biotechnology, and environmental science. Since QS 
regulates pathogenicity and biofilm formation in many clinically important bacteria, 
disrupting these signalling pathways—known as quorum quenching—has emerged as 
a promising strategy to combat antimicrobial resistance without exerting the selective 
pressure associated with conventional antibiotics. 

This review summarizes the evolution, molecular mechanisms, signalling 
pathways, and biological significance of quorum sensing in Gram-positive and Gram-
negative bacteria. It also highlights the role of quorum sensing in bacterial 
physiology, host-pathogen interactions, and its potential applications in developing 
innovative therapeutic and biotechnological approaches. 
 
 

https://eesrd.us/
https://eesrd.us/
https://doi.org/10.5281/zenodo.21472753
mailto:prathimagolla@gmail.com
https://doi.org/10.5281/zenodo.21472753
https://doi.org/10.5281/zenodo.21472753
https://eesrd.us
https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode.en


International Journal of Research Studies on Environment, Earth, and Allied Sciences (IJRSEAS) 

| Volume-3 Issue-2 | April-2026 | ISSN: 3066-0637 | Website: https://eesrd.us  
336 

 

Quorum Sensing 
This technique allows bacteria to coordinate their actions and communicate with each other. These 

processes usually entail the control of particular genes in response to population density. Certain signal molecules 
are produced and released in order to coordinate gene expression. Signal molecules known as autoinducers are 
emitted and picked up by particular receptors. The quantity of autoinducers generated in the cell diffuses into the 
surrounding environment when population density is low. The production of autoinducers increases with the size of 
the bacterial population. The protein that functions as a transcriptional regulator is greatly activated by the 
generated autoinducers. The transcription of QS-regulated genes is either increased or decreased when the 
regulators bind to the target DNA sequence altering the transcription of genes that are controlled by QS. altering 
the transcription of genes that are controlled by QS. The bacterial population consequently displays phenotypic 
expression. (Podbielski et al., 2004; Henke et al., 2004; Gonzalez et al., 2006). 

Quorum Sensing Evolution 
It was originally believed that bacteria were simple, unicellular organisms whose only function was to 

proliferate. Most people believed that they solely reacted to outside stimuli. This idea was altered by a quick study 
in later years, which showed that these organisms may behave like multicellular organisms (Witzany et al., 2008). In 
the 1960s and 1970s, several biochemical and genetic investigations revealed indications of "organized social 
behaviour" in bacteria. In order to coordinate particular bacterial behaviours within the population, this kind of 
organized social behaviour makes use of complex communication systems. At first, it was believed to be an 
uncommon occurrence. Numerous bacteria can sense and react to light, according to recent studies. The 
phenomenon of bacterial individuality depends on cell density. Quorum sensing is the term for the phenomenon, 
which suggests that. The term "quorum sensing" suggests that it will sense. Quorum sensing in the bright marine 
bacterium Vibrio fischeri was initially reported by Nelson and Hastings in 1970.  

They found that until these bacteria attain a high population density, they are unable to glow.  
This finding led to the theory that Vibrio fischeri's bioluminescence was regulated by cell-to-cell communications 
known as autoinducers (Fuqua et al., 2001; Losick et al., 1997; Nealson et al., 1970). 

Quorum-Sensing Pathway 
                                              Bacterial Population 
                                                             
                                                Signal Molecules 

                                                             
                                                  Protein Activators 

                                                             
                                                      Target gene 

More signal molecules are released into the environment as the number of bacteria increases. As the 
number of bacteria increases, so does the amount of signalling molecules. They are recognized by the chemicals 
released by protein activators. Consequently, the target genes become active, controlling several bacterial 
behaviours, including motility, pathogenicity, biofilm formation, and more (Moghaddam et al., 2014). 

Quorum Sensing - The Architectural System 
As previously mentioned, quorum-sensing systems employ and release autoinducers, which are tiny 

signalling molecules. AHLs (Gram-negative bacteria), peptides (Gram-positive bacteria), and AI-2 (Gram-negative 
bacteria) are the three groups of quorum-sensing signal molecules that have been investigated the most. Other 
quorum-sensing systems include autoinducer-3 (AI-3), the diffusible signal factor (DSF), and Pseudomonas 
quinolone signal (PQS). The most prevalent signal molecules in Gram-negative bacteria are called AHLs, and they 
are made up of a variable acyl chain that can have four to eight carbon atoms connected to an invariant homoserine 
lactone ring (HSL). 

Autoinducers 
There are two primary parts to the bacterial quorum-sensing mechanism. 
1. Receptor proteins (LuxI/LuxR)  
2. Autoinducers  

Small compounds known as autoinducers have the ability to pass through cell membranes and into the 
surrounding environment (Aendekerk et al., 2002; Kaplan, 1985; Pearson et al., 2000). These autoinducers (AI) are 
categorized into two types: AI Type I and AI Type II, which are species-specific and nonspecific, respectively A 
wide range of chemically distinct substances is recognised as signalling molecules generated in response to 
environmental changes and controlling a wide range of genes. Acyl homoserine lactones are naturally occurring 
signal molecules used by most Gram-negative bacteria. Furthermore, the structures of the 2-alkyl-4-quinolones, -
butyrolactones, furanone, long-chain fatty acid derivatives, fatty acid methyl esters, peptides, and 4,5-dihydroxy2,3-
petadione (DPD) derivatives produced by Gram-negative bacteria are unknown (Winzer et al., 2002; Winzer et al., 
2003; Sperandio et al., 2003; Vendeville et al., 2005; Williams, 2007). Vibrio Sp. is a well-known example of 
bioluminescence based on quorum sensing. The pathogenicity and other characteristics of many other Gram-
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negative bacteria are similarly controlled by quorum sensing (Charu Gera et al., 2006). Oligopeptide autoinducers 
(AIP) are used by gram-positive bacteria. 

Quorum Sensing in Gram-negative bacteria  
Research indicates that LuxI and LuxR homologs create autoinducer homoserine lactones that are utilized 

by Gram-negative bacterial systems. A transcriptional regulator protein that identifies the cognate HSL and 
initiates the proper phenotype is encoded by the LuxR homolog. Such cell-to-cell activity has been seen in more 
than thirty Gram-negative bacterial species. There is a layer of intricacy in LuxI/LuxR systems, despite the fact 
that many bacteria use them for quorum sensing. Homoserine lactone (HSL) rings with acyl chains varying in 
length from C4 to C18 make up AHLs (Geisinger et al., 2009). These side chains occasionally exhibit unsaturated 
double bond modifications, particularly at the C3 position. 

Vibrio fischeri, a bioluminescent marine bacterium, was the first to discover the AHL-cognate regulatory 
circuit and its autoinducer. Euprymna scolopes is a bacterium that inhabits the light organ of the Hawaiian Bobtail 
Squid. The bacteria and the squid grow in tandem within the squid's light organ's nourishing interior, allowing the 
bacteria to reach high cell density and, via quorum sensing, activate the luciferase-encoding operon. To avoid 
predation, the squid host uses bacterial-induced light to illuminate itself (Ruby et al., 1996). In order to control 
bioluminescence by quorum sensing, LuxI and LuxR are required. N-3-(oxohexanoyl)-homoserine lactone synthase 
is autoinduced by LuxI, a quorum-sensing enzyme (Engebrecht et al., 1984; Schaefer et al., 1996). Quorum-sensing 
regulation of bioluminescence in V. fischeri requires LuxI and LuxR. N-3-(oxohexanoyl)-homoserine lactone 
synthase is the quorum-sensing autoinducer LuxI (Engebrecht et al., 1984; Schaefer et al., 1996). The acylation and 
lactonization processes between the S-adenosyl methionine (SAM) substrates and hexanoyl-ACP are catalysed by 
LuxI synthase (More et al., 1996). 3-oxoC6HSL readily enters and exits the cell after synthesis, and as cell 
population density rises, so does its concentration (Kaplan et al.,1985). LuxR is a transcriptional activator of the 
luciferase luxICDABE operon and a cytoplasmic receptor for 3-oxoC6HSL (Engebrecht et al., 1984). 

To control bioluminescence by quorum sensing, LuxI and LuxR are required. LuxI is an autoinducer of N-
3-(oxohexanoyl)-homoserine lactone synthase that senses quorum (Engebrecht et al., 1984; Schaefer et al., 1996). 
The quorum-sensing regulation of bioluminescence in V. fischeri requires LuxI and LuxR.  

The quorum-sensing autoinducer N-3-(oxohexanoyl)-homoserine lactone synthase enzyme is known as 
LuxI (Engebrecht et al.,1984; Schaefer et al.,1996). The acylation and lactonization processes between hexanoyl-
ACP and S-adenosyl methionine (SAM) substrates are catalysed by LuxI synthase (More et al., 1996). After 
synthesis, 3-oxoC6HSL readily enters and exits cells, and as cell population density rises, so does its concentration 
(Kaplan et al., 1985). 

LuxR is a transcriptional activator of the luciferase luxICDABE operon and a cytoplasmic receptor for 3-
oxoC6HSL (Engebrecht et al., 1984). Only when the 3-oxoC6HSL ligand is present can the LuxR protein remain 
stable; otherwise, it degrades quickly. LuxR binds the accumulated 3-oxoC6HSL, and the LuxR-AHL complex 
stimulates the production of the luxICDABE operon by identifying a concordant binding region upstream of it 
(Stevens et al., 1994). The fatty acid reductase complex, which starts and retrieves the luciferase aldehyde substrate, 
is encoded by the luxCDE genes, whereas the luciferase subunits are encoded by the luxAB genes. 

Positive feedback from autoinduction occurs when the quorum-sensing circuit activates, inducing the 
creation of the autoinducer and flooding the surrounding regions with the signal molecule. As the cell population 
transitions from low to high cell-density quorum-sensing mode, this "autoinduction" positive feedback loop is meant 
to sustain synchrony. For quorum-sensing-controlled gene expression in Gram-negative bacteria, the V. fischeri 
LuxI/LuxR regulatory system is considered the model. Numerous bacterial genomes have been found to have 
homologs of luxI and luxR. These additional LuxIR-type quorum-sensing systems regulate global, cell-density-
dependent gene expression (Case et al., 2008). These AHL quorum-sensing systems are frequently linked to positive 
feedback loops involving LuxR-type proteins that trigger luxI-type gene expression (Fuqua et al., 1994). Homologs 
of luxI and luxR have been found in many bacterial genomes, and other LuxIR-type quorum-sensing systems 
regulate global, cell-density-dependent gene expression (Case et al., 2008). 

 

                                       

Fig. 1. Quorum-sensing circuit in Gram-negative bacteria 
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According to biochemical analyses of LuxR-type proteins, there are three types of these receptors. 
Class 1 receptors (LasR) are beautifully constructed and require AHL for folding. They have a strong bond with 
their ligands. AHLs are likewise necessary for the folding of SSClass 2 receptors (such as V. fischeri LuxR), but the 
mature proteins attach to their ligands reversibly.  Class 3 receptors, like EsaR, do not need AHLs to fold and have 
reversible ligand binding. Since protein translation is a somewhat lengthy process, the necessity for AHLs for 
protein folding in Class 1 and 2 LuxR-type receptors implies that these receptors are resistant to sudden changes in 
the ambient concentration of AHLs. Additionally, it is hypothesized that the primary factor influencing these 
receptors' resilience to disruption is the variation in ligand binding affinity (Schuster et al., 2006). 

Quorum Sensing in Gram-positive bacteria 
Secreted peptides are used as quorum-sensing autoinducers by gram-positive bacteria. Oligopeptide 

exporters mediate the release of peptide signals because they do not diffuse over the membrane. In contrast, "two-
component"-type membrane-bound sensor histidine kinases are used as receptors by Gram-positive bacteria, while 
LuxR-type proteins are frequently used by Gram-negative bacteria as autoinducer sensors. The activity of a 
response regulator, a regulatory protein that modulates signalling, is influenced by a phosphorylation cascade. For 
instance, octapeptides and a "two-component" AgrC/AgrA system are used by the invasive pathogen 
Staphylococcus aureus to control its virulence system. Quorum sensing is used by different bacterial species to 
control different phenotypes. Bacterial competence is developed by Bacillus subtilis and Streptococcus pneumoniae 
through quorum sensing.  

Enterococcus faecalis controls conjugation through quorum sensing, while Staphylococcus aureus controls 
pathogenicity. The ATP-binding cassette (ABC) transporter in Gram-positive bacteria uses two adaptor response 
proteins to produce the peptide autoinducer that serves as a quorum-sensing signal. Peptide autoinducers are 
recognized by gram-positive bacteria, and this two-component signalling is synchronized by the 
phosphorylation/dephosphorylation cascade. When cell density rises, peptide autoinducers build up. The genetic 
circuit's two-component sensor kinases pick up the secreted peptide signal. Consequently, a cognate response 
regulator protein is phosphorylated after the peptide ligand complex starts a phosphorylation cascade. The 
activation of the response regulator facilitates DNA binding, which leads to the transcription of target genes that 
sense quorum. 

 

                                         

Fig. 2. Quorum-sensing circuit in Gram-positive bacteria 

Conclusions 
QS is a crucial regulatory mechanism used by many bacteria to control collective characteristics that allow 

them to take advantage of particular conditions. For example, QS grants symbionts access to nutrient-rich 
environments in host bacterial communities. These communities use QS to control the formation of biofilms, which 
improves population members' access to resources and enables them to outcompete biofilm-producing neighbours. 
Three themes emerge when considering the cases described above. To develop QS gene regulation, regulatory 
networks have first been added to the basic autoinducer-generating and detection apparatuses. Given the worldwide 
genomic programs controlled by QS, these extra regulatory systems probably guarantee that changed gene 
expression occurs only under extremely precise circumstances. 

Alternatively, other regulatory systems may have appropriated QS to control additional products in 
response to certain environmental situations because QS regulates global gene expression patterns. Second, QS is 
associated with the formation of biofilms in these and other situations. QS has an impact on when this process takes 
place in each of these species, despite the fact that the mechanism and timing of production vary. Communication is 
clearly beneficial to members of biofilm communities, and bacterial communication is probably stronger when cells 
are in the close relationships that biofilms provide. Third, it seems that sRNA-mediated regulation is significant. 
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