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Introduction 
 
Quorum – sensing (QS) is a cell-to-cell 
communication in bacteria, which leads to 
gene expression within a bacterial 
community. Using QS, bacteria regulate 
those genes involved in invasion and spread 
of the pathogens. It can occur in a group of a 
same bacterial species as well as, between 
different species. The possible role of 
understanding of QS and its inhibition in the 
treatment of infective disorders is promising. 

 
 
 
 
 
 
 
 
 

The present day therapy against infectious 
disease is mostly dependent on antibiotic 
treatment. Antibiotic therapy elicits strong 
selective pressure on bacteria and thereby, 
development of drug resistance mechanism 
in them. Blocking cell-to-cell 
communication by QS may act as an 
important tool to disturb their group action. 
QS depend on secretion of small signaling 
molecules by bacteria. Sometimes it directly 
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Quorum – sensing (QS) enables bacteria to establish cell- to – cell 
communication. Few among many QS molecules in bacteria are peptide and 
acylated homoserine lactones. QS regulate genes that code for invasion, 
spread and other virulence factors. It also takes part in biofilm formation. 
QS mediate via small signaling molecules known as auto inducers. Quorum 
– quenching inhibits QS. Several chemical compounds and enzymes mediate 
inhibition of QS, such as, lactonases, acylases and oxydoreductases. Other 
than these, there are some non-enzymatic methods for quorum quenching. 
Blocking of QS by QS inhibition (QSI) may play an important role to 
disrupt biofilm formation in a device - associated infection and chronic drug   
resistant infection. More researches are required in this area related with QS 
and QSI. 
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causes synchronized production of 
proteases, toxins and other substances for 
their own defense mechanism. It may cause 
biofilm formation and bacterial drug 
resistance. Bacteria can act more powerfully 
in a community than the individual bacterial 
cell. Inhibition of QS does not suppress 
growth of bacterial cell and thereby, will not 
exert a selective pressure on them to develop 
antibiotic resistance. QS inhibition (QSI) or 
Quorum – quenching is a process, which 
inhibits QS by disrupting signaling and 
degrading signaling molecule (Miller et al., 
2001; Lerat et al., 2004; Chan et al., 2011). 
 
Mechanisms of Quorum -Sensing and 
Quorum-Quenching   
 
QS in bacteria were first time observed in a 
bioluminescent microorganism, Aliivibrio 
fischeri (Nealson et al., 1979). In QS system 
secretions of small pheromone like signaling 
molecules play a major role. These 
molecules are known as auto inducers (AIs). 
First time in the year 2001, three – 
dimensional structure of protein molecule 
responsible for QS was reported (Lewis et 
al., 2001). Broadly, auto inducers can be 
classified into following types: (LaSarre et 
al., 2013). 
 
Acylated homoserine lactones (AHLs or AI 
1) – mostly found in Gram – negative 
bacteria (GNB). 
 
Peptides – used by Gram- positive bacteria 
(GPB). Quorumpep is a database of QS 
peptides. 
 
Auto inducer 2- used by both GNB and 
GPB. 
 
Others – few among many examples of 
these are Pseudomonas quinolone signal 
(PQS), diffusible signal factor (DSF) and 
auto inducer – 3 (Wynendaele et al., 2012). 

In QS system, microorganisms produce AIs 
and pheromones. Bacterial receptors bind 
with AIs. This binding activates 
transcription of some specific genes. These 
genes code for inducer synthesis also. A 
bacterial cell must receive signal by inducers 
by some other cells (not by its own). This 
causes activation of certain gene 
transcription. The concentration of inducer 
is directly proportional to the growth or 
density of bacterial population. One of the 
common examples is bioluminescent 
luciferase gene produced by Vibrio fischeri. 
Transcription of luciferase is induced 
leading to bioluminescence. It has been 
observed that when luciferase gene 
presented by a single cell, bioluminescence 
will not be visible. For this observable 
phenomenon, coordinated behavior of 
bacterial cells in a community is required. 
On the other hand, very large number of 
bacterial cells can limit the production of 
luciferase and by doing so; can avoid 
expenditure of energy on the production of 
useless product (David et al., 2005). Serratia 
liquifaciens (S. liquifaciens) MGI strain 
possesses N – acylhomoserine lactone which 
regulate QS system. This regulated QS 
system in turn, controls colonization of 
organism by swarming. There are two QS 
regulated genes found in S. liquifaciens MGI 
strain, such as, bsmA and bsmB. These genes 
encode for biofilm formation. Bacterial QS 
regulate bioluminescence, competence, 
antibiotic production and secretion of 
virulence factor. Firstly, there is production 
of signaling molecules, such as, AIs by 
bacterial community. These AIs are detected 
by receptors present in cytoplasm or on cell 
membrane. Detection of AIs causes 
activation of genes responsible for behavior 
of bacteria as a community. These also 
cause further activation of AIs production 
(Labbale et al., 2004). 
 
QS systems of GPB and GNB bacteria are 



Int.J.Curr.Microbiol.App.Sci (2016) 5(2): 540-546 

542 
 

different. In case of GPB, auto-inducing 
peptides (AIPs) act as signaling molecules. 
AIP is produced in the cell, processed 
further and then secreted from the cells. 
Extracellular AIPs in high concentration 
bind with Histidine kinase receptors. This 
binding activates kinase activity of receptor; 
auto phosphorylates it and passes phosphate 
to cytoplasmic response regulator. Finally, 
phosphorylated response regulator 
stimulates transcription of genes involved 
with QS system. 
 
GNB generally use AHLs or other 
molecules for QS. The production of AHLs 
depends on S – adenosylmethionine (SAM). 
This SAM is used as substrate. GNB 
produce AIs, which are freely diffused 
through cell membrane. AIs bind with 
cytoplasmic receptor at optimum 
concentration. This binding causes 
regulation of expression of genes involved 
in QS (Rutherford et al., 2012). 
 
In some cases, AIs produced by GNB are 
detected by Histidine kinase receptors. In 
that cases, gene regulation involved in QS 
system follow the same mechanism as in 
GPB involved in QS (Rutherford et al., 
2012). The signaling activities of 
Pseudomonas aeruginosa (P.aeruginosa) 
are perhaps most studied among all 
microorganisms. There are several reports 
on cell- to – cell signaling process of 
bacteria. The signaling molecules described 
in these studies are AHL, 4 – quinolones, the 
global activator of antibiotic and cyanide 
synthesis (GAC), cyclic AMP (C AMP), 
cyclic di – GMP (C – di – GMP), guanosine 
pentaphosphate (ppp Gpp) and alarmones 
guanosine tetra phosphate (ppGpp). There 
are very few reports on less studied 
signaling molecules, such as, pyoverdin, 
pyocyanin, diketopiperazines and fatty acid 
like factors (Jimenez et al., 2012). 
 

A two – component response systems 
(TCRSs) is one of the major requirements 
for bacterial or fungal virulence. This is 
defined as the ability to express a set of 
genes in response to a signal specific for a 
particular environment. TCRSs are a very 
important component of QS system in GPB. 
This depends on bacterial density and is 
named as accessory gene regulator (agr). 
The agr system also regulates biofilm 
formation (Mayville et al., 1999; Otto et al., 
2004). Several TCRSs are responsible for 
stimulating gene expression and microbial 
resistance to antibiotics (Arthur et al., 1992; 
Evers et al., 1996).  
 
Inactivation of QS (Quorum – quenching)   
 
The process inhibits QS by disrupting cell-
to-cell communication. Disrupting signal 
and degrading signaling molecules achieve 
this. There are several molecules, which can 
cause inactivation of QS.   Quorum – 
quenching enzymes was first time identified 
in Bacillus species (Dong et al., 2000). 
Three known quorum – quenching enzymes, 
such as, lactonases, acylases and 
oxydoreductases can degrade AHL signals 
(Jimenez et al., 2012; Kim et al., 2005). 

Other than that, certain AHL – degrading 
loci were found in Rhizobium species (strain 
NGR 234). Following genes of this species 
elicited quorum – quenching ability: dhlR, 
qsdR1, qsdR2 and hydR – hitR (Maria et al., 
2007; Bokhove et al., 2010; Lead better et 
al., 2000; Uroz et al., 2005). There are also 
non-enzymatic methods of QSI, such as, use 
of antibodies. Use of monoclonal antibodies 
(MAbs) against AHLs is one of the many 
examples. Another example is immunization 
of bovine serum albumin (BSA) conjugated 
30c12hsl in a mouse intranasally challenged 
with Pseudomonas aeruginosa. In that case, 
bacterial load remains the same (Kaufmann 
et al., 2008; Kaufmann et al., 2006; Miyairi 
et al., 2006., Parsek et al., 1999). One of less 
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studied method for QSI is QS signal 
biosynthesis. AHL signals are generated by 
acyl – HSL synthases. These synthases 
belong to the Lux 1 or Ains family. They are 
produced from the substrate SAM and acyl – 
ACP. The AHL production can be inhibited 
by suppression of biosynthesis of SAM, 
interference with production of acyl – ACPs 
and inactivation of synthase (Gilson et al., 
1995; Cugini et al., 2007). Several 
researches are also going on world – wide to 
inhibit cell – to – cell signaling in bacterial 
community by production of antibodies. 
These antibodies bind with signaling 
molecules and inhibit cell – to – cell 
communication. This shows promising 
result in case of GPB. Development of 
antibodies in case of GPB is favored 
because of presence of peptides involving in 
QS. Some workers in their research work 
used AHLs and AHL analogue conjugated 
to keyhole limpet hemocyanin (KLH) or 
bovine serum albumin (BSA). This caused 
production of AHL sequestering antibodies 
that protected experimental mice against 
P.aeruginosa infection (Kaufmann et al., 
2008; Kaufmann et al., 2006; Miyairi et al; 
2005). 
 
Scope of use of antimicrobial drugs for 
inhibition of QS is also being explored. One 
of the examples of these is farnesol. This 
farnesol can be effective to target 4 – 
quinolone – mediated signaling in 
P.aeruginosa (Cugini et al; 2007). 
 
Quorum – quenching is not bactericidal. 
Therefore, development of drug resistance is 
not found in this therapeutic method (Rasko 
et al; 2010). Bacterial viability is not 
affected by blockage of QS. So, combined 
therapy with QS inhibitors plus antibiotics 
may be recommended for treatment of 
persistent infection. Some QS inhibitors can 
increase sensitivity of certain antibiotics but 
this property has been rarely tested (Kiran, 
S.; 2011). 

There are also some bacteria that carry more 
than one QS system. So disruption of one 
QS system may not prevent expression of 
other virulence factors communicated by 
other QS systems (Dekimpe et al; 2009). 

There are 3 parallel QS systems identified in 
Vibrio cholerae among which 2 are 
responsible for colonization on host cell and 
production of virulence factors, such as, 
cholera toxin and toxin co – regulated pilus 
(Miller et al; 2002). 
 
Biofilms can be formed on abiotic medical 
devices, such as, catheters and surgical 
implants. Once formed, this biofilm is 
difficult to remove and cause persistent 
chronic infectious disease (Saye, D.E.; 
2007). several strategies are undertaken to 
inhibit biofilm formation and removal of 
already established one. In this regard, QS 
inhibitors are showing promising result. 
Inhibition of QS system requires 
interruption of gene expression involved in 
biofilm formation (Benghezal et al, 2007; 
Bose et al, 2011; Bose et al, 2015). Besides, 
this also requires inhibition of biosynthesis 
of the polysaccharide and proteinaceous 
component of biofilm and identification and 
manipulation of enzymes that can break 
down the biofilm mass (Song et al, 2013). 
At present; only few reports are available 
about QS in Acinetobacter baumannii, 
Klebsiella pneumoniae and Enterobacter 
species. There are some reports against 
quorum – quenching therapy leading to an 
increase in resistant mutant strain of bacteria 
(Song et al, 2013). There are some non – 
conventional therapies to overcome 
persistent infections, such as, use of AMPs, 
polyphenols, bacteriophages and nano 
antibiotics. These types of therapies kill 
microorganisms without inducing 
evolutionary stress, therefore, decreasing the 
chances of development of drug resistance 
(Ivanova et al, 2013). 
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In conclusion, Many works had been done to 
inhibit quorum molecule synthesis, 
accumulation and signaling against many 
pathogenic bacteria. GNB are the most 
significant pathogens causing health care 
associated infections.  
 
A lot of work had been done to study the QS 
and quorum quenching mechanisms of P. 
aeruginosa. But only few reports are 
available for some other bacteria. Further 
research is necessary to explore this grey 
zone or less studied area.  
 
Disadvantage of non – conventional 
therapies are high cost, insufficient 
pharmacokinetic data and less 
bioavailability.  
 
There is existence of many signaling 
molecules yet to be investigated fully. 
Therefore, understanding of the signaling 
network of bacteria is essential for finding 
newer inhibitory factors for such 
communication. Future researchers for 
prevention of drug resistance can utilize this 
knowledge without exerting selective 
pressure on bacteria. This can also inhibit 
biofilm formation by microorganisms. 
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