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Abstract

Quorum sensing is a special way of bacteria by which they can regulate their own gene expression as

per the population density of the bacteria. It is basically a type of cell-to-cell communication pathway
used by the microbes. The signal molecule which helps in this mechanism are called auto inducer (Al).

As the mechanism depends by changes in the cell density, so when the cell density reaches to the
threshold cell density then the inducer molecule becomes activate to the corresponding gene regulation
like biofilm formation, gene transfer, virulence, and competence formation etc. Vibrio fischeri is the
marine bacteria in which the mechanism first discovered. In general, both types of bacteria like gram

positive and gram negative show the quorum sensing, but they use different auto inducer like in case of
gram-positive bacteria they use oligo peptides and to the opposite gram-negative bacteria they use
acylated homoserine lactones as auto inducer in this case. This process depends upon the number of
bacteria present in the environment. If the bacteria present individually in the environment, the process
will be less beneficial as compared to the bacteria present in cluster form. Apart from this, now-a-days,

Quorum sensing is considered as a unique source of novel target for antimicrobial therapy to the drug
resistance mechanism as it may be multi or all drug resistance infection. Here the gram-negative
bacteria are called Pseudomonus aeruginosa, a best example for studying the effect of virulence in

quorum sensing.
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INTRODUCTION

Quorum sensing (QS) is basically a communication process among bacterial cells that involve the
detection, production, and response to the extracellular signaling molecules which are known as auto
inducers (Als). Als start accumulating in the environment with the increase in the bacterial population
density, and the bacteria surveys this information to track alterations in their cell numbers and
collectively alter their gene expression accordingly [1, 2]. QS controls genes that direct activities which
are beneficial when performed by colonies of bacteria acting in harmony, i.e., in a synchronous way.
Processes controlled by QS include sporulation, bioluminescence, competence, biofilm formation,
antibody production, and virulence factor secretion [3—5].

Regardless of the contrastin molecular
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one, Als are detected by using receptors that exist in the cytoplasm or in the membrane. Lastly, in
addition to the activating gene expression which is necessary for cooperative behaviors, the detection
of Als on the other hand results in the activation of Al production [9-18]. In this way, the feed-forward
auto-induction loop seemingly promotes concurrency or synchrony in their population. Flow diagram
of Quorum Sensing in bacteria has been depicted in Figure 1.
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Figure 1. Overview of quorum sensing in bacteria.

QUORUM SENSING IN GRAM POSITIVE BACTERIA

There are mainly two pathways are seen for quorum sensing in gram-positive bacteria. In first case
the auto-inducing peptides (AIP) are synthesized from ribosome as pro peptides and then modified post
translation occurs. The AIPs are secreted from the presenting ABC transporter and then it undergoes to
cleavage through the protease secreted so that it will be getting matured into the AIPs. When the
concentration of the AIPs is reaching to a maximum point then the cell surface receptor kinase
recognises the AIPs at the same time kinase activates through phosphorylation on the present conserved
his residue. Then a downstream intracellular regulatory receptor is activated by kinase and transfers to
the phosphoryl group to an Asp residue. After getting activation of the intracellular regulatory receptor
goes for transcription of the specific genes. This above-mentioned pathway contains two key elements,
one is His kinase, present in the membrane and another one is intracellular regulatory receptor, this
pathway is known as two component pathways [7]. Lactococcus lactis and Streptococcus pneumoniae
are the two organisms where the above-mentioned pathways were observed first [8]. Figure 2 depicts
the mechanism of QS in gram positive bacteria.

QUORUM SENSING IN GRAM NEGATIVE BACTERIA

As the gram-positive bacteria and the gram-negative bacteria both perform the quorum sensing
mechanism, specifically mentioned Pseudomonus aeruginosa a common example of gram-negative
bacteria which shows this mechanism effectively. It is found in soil and water. The main reason to use
these specific bacteria as a part of experiment is that it produces one kind of virulence factor which
mainly contains exoproteases, lipases, exotoxins and siderophores. Many of the mentioned factors
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regulate the quorum sensing in the mentioned bacteria. But the interesting thing is that the bacteria does
not secret the factor always. It secrets it when the critical amount of population present there. In the
genetic studies on P. aeruginosa say that there are two factors present which also regulate this system,
one is LasR-I and RhIR-I where they have linked R and I genes. They are a part of quorum sensing
system. Among the two factors the LasR is a transcription regulator, and it responds to the Lasl-
generated signal. On the other side Rhlr also a transcription regulator and it responds to the RhLI-
generated signal. Depending on the density of population Lasl secrets different factors. Like when there
is a low density it secrets 30C12-HSL, at the same time if there is a high density of population it secrets
30C12-HSL in such a critical concentration so that it can be able to interacts with LasR [9]. Figure 3
depicts the mechanism of QS in gram-negative bacteria and Figure 4 depicts Quorum sensing circuit in
P, aeruginosa.
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Figure 2. QS in gram positive bacteria [14].
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Figure 3. QS in gram-negative bacteria [16].
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QUORUM SENSING IN VIBRIO SPECIES

Now-a-days, to study the mechanism of quorum sensing few specific species of the bacteria are
cultivated in-vitro condition to observe the regulation and other properties of quorum sensing. So, Vibrio
sp are one of them. The genus vibrio, mostly found in the marine. They are rod shaped in nature and all
are gram-negative bacteria. It causes epizootic bacterial disease in marine organisms [20]. Mostly,
Vibrio sp is “Vibrio harveyi”, Vibrio fischeri. It is mostly used in in-vitro condition. The vibrio and
luminescent are very much important for aquaculture and can affect all most all types of animals. They
have a high frequency of ability to antibiotic resistance [21]. Acyl-homoserine lactone (AHL) are the
main component for the occurrence of bioluminescence in Vibrio sp. The most interesting thing is that
the Vibrio sp causes infectious disease in marine animals. For example, luminescent vibriosis in lobsters
and shrimp is caused by Vibrio harveyi, Vibrio crassostreae causes infection in oysters. Apart from that
many sp named V. anguillarum and V. alginolyticus infect several marine animals [22]. The genus
contains membrane bound autoinducer receptor. That helps to find them. Apart from that Lux-R
homologs acts as master regulator. Depending on the density of the environment the autoinducer secrets
in nature and bind to the receptor along with it the phosphor-transfer protein Lux-U does the
phosphorylate from kinase [23]. Then the regulator Lux-O gets response by transferring phosphate from
Lux-U and activates the transcription of SRNAs [23]. Lux-R and AphA are the two master transcription
factors, from whereby the translation processes the desired protein structure is produce [24].
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Figure 4. Quorum sensing circuit in P aeruginosa [12].

MOLECULAR INTERACTION BEHIND QUORUM SENSING

The molecular interaction behind the quorum sensing was first discovered by the mid of 1980 on V.
fischeri. At the same time Greenberg et al. also showed the regulation of the sensing on marine species.
But it is not all, still some regulations of the bacterial species are under observation. The marine bacteria
are basically esoteric light emitting marine bacterial species. But during 1990s this proposal was
changed. After this many individual research groups tried to find out the regulatory systems in gram-
negative bacteria involved that is homologous to Lux-RI system of V fischeri. The above mentioned sy
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stems basically used proteins that shared sequence similarly to Lux-RI and signaling molecules that are
into the same division of chemicals as OHHL. Though there are 20 Lux-R and LuxI homologues from
different microorganisms. These proteins are effectively involved in quorum sensing regulation of
assorted physiological functions [10]. Molecular level of interaction in Quorum sensing is depicted in
Figure 5.
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Figure 5. Molecular level of interaction in quorum sensing [15].
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NOVEL QUORUM SENSING MOLECULES

Now, molecules belong to two different families of quorum sensing. The molecules are identified and
isolated from spent culture of P. aeruginosa. The first group molecules known as diketopiperazines.
This molecule is synthesized from various microorganism like P. [uorescens, P. Alcaligenes, Citrobacter
freundii, P. aeruginosa and Enterobacter agglomerans. Interestingly as the DKPs are a novel quorum
sensing molecule but sometimes it also acts as an inhibitor for quorum sensing and sometimes also
activate the quorum sensing. It’s like that DKP interacts with Lux-R homologues to exert the positive
and negative effects. However, the concentration also plays a significant role to express or inhibit
quorum sensing like mechanism. The protein called Lux-S, produced by autoinducer-2 involved in
quorum sensing system. It is expected that to catalyse the dissociation of S-ribosylhmocystein to
homocysteine and the autoinducer molecule 4,5-dihydroxy-2,3-pentadione. The crystal structure of
Bacillus subtilis was clearly visualized at 1.2A resolution. Both in a binary complex of Lux-S with s-
ribosyl-homocysteine and homocysteine at 2.2 to 2.3 A. From this above-mentioned structure, it can be
clearly defined that Lux-S shows a homodimer with a novel fold based on an eight stranded J barrel
flanked by six a-helices [11].

ROLE OF QUORUM SENSING IN PATHOGENICITY AND ANTIMICROBIAL
RESISTANCE

Antibiotics are used to make a resistance against the bacteria. It may be specific or multi uses. To get
relief and survive from the antibiotic the bacteria follow a unique mechanism that is called the antibiotic
mechanism. In case of antibiotic resistance mechanism, the bacteria follow quorum sensing process.
The antibiotics are made to directly kill the bacteria or to stop the formation of protein membrane
present in the outer layer of the bacteria, So, the amounts of bacteria can easily be stopped. The common
example of antibiotic is Penicillin. Basically, it degrades the outer protein layer of bacteria. So, the
bacteria become die. But now-a-days, a factor, called ‘superbugs’ is used by the bacteria to resist
themselves against the antibiotic. So that the factor is becoming a problematic for human health. The
common example is Staphylococcus aureus has an ability to degrade the penicillin by producing B-
lactamase, which can easily inactivate the effect of Penicillin [13]. Figure 6 shows range of
pathogenicity in Staphylococcus aureus.
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Figure 6. Range of pathogenicity in Staphylococcus aureus [17].
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BIOFILM FORMATION AND WASTEWATER TREATMENT

Biofilm formation is a process where bacteria form a colony and make a layer to survive or adapt
themselves in different environmental in conditions. It helps to grow the tolerance and stress, and it also
makes the bacteria infectious for other species. This group behaviour of bacteria, which causes the
formation of biofilm reveals the ability of regulation of quorum sensing. Few molecules or series of
compounds that are involved in the biofilm formation are autoinducer-2(Al-2), indole, auto-inducing
peptide, diffusible signal factor, N-acyl-homoserine lactone and these are interspecific and intraspecific
signal molecule with regulatory function of formation of biofilm [25]. Besides being the infectious in
nature biofilm has an important role in wastewater treatment. A population of microbes in its various
forms like granules, flocs etc. are used in the wastewater treatment. Mostly gram-negative and gram-
positive both are used simultaneously. Basically, the biofilm reacts with the nitrogen, dissolved oxygen
and nitrate and other organic compound present in the water to maintain the BOD. Commonly known
quorum sensing signal i.e., AHL is produced from pseudomonas, Agrobacterium, significantly
contribute to the water treatment [26—28].

CONCLUSION

Quorum Sensing (QS) is a fundamental regulatory mechanism used by many bacteria to curb traits
collectively that allows bacteria to accomplish niches. For example, the QS enables symbionts to get
access to the nutrient-rich environments in hosts. By using Quorum Sensing bacterial populations
control biofilm formation, which then provides the members of the population superior access to the
nutrients and, therefore, enables them to out-compete the non-biofilm-producing neighbors. Eventually,
as discussed earlier in the above-mentioned examples, the bacterial populations that make their living
by leveraging eukaryotic hosts have integrated production of the virulence factors fundamental for a
pathogenic lifestyle, for their ability to encounter changes in cell population density.

It is very clear that QS gene regulatory function is the outcome of regulatory networks that has been
layered onto the basic autoinducer production and detection appliances. Because of the global genetic
programs controlled by QS, the reason by which these additional regulatory mechanisms likely assure
that the altered gene expression occurs only under the precisely defined circumstances is because of the
global genetic programs which are controlled by this Quorum Sensing mechanism. Next, it is very
interesting that QS plays a role in dictating the biofilm production process by which the members of the
biofilm communities are certainly benefitted although the mechanism and timing of production differ
for different species. Considering the similar conditions, the bacterial communication is likely more
robust when the cells are in close association provided by biofilms. Researches regarding this are very
promising in the upcoming future.
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