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ABSTRACT

The chemical signal molecules called autoinduceespaoduced and released by the quorum sensingrizatd
levels dominating the increasing cell-populationsity. The attainment of minimal threshold stimatgtconcentration of
an autoinducer leads to an alteration in gene ssfwe. Both Gram-positive and Gram-negative baxtare capable of
using quorum sensing communication circuits forutating a diverse array of physiological activiti@hese activities
include symbiosis, competence, virulence, conjagatantibiotic production, sporulation, motility cgabiofilm formation.
The Gram-negative bacteria use acylated homoskttenes as autoinducers, while Gram-positive biactese processed

oligo-peptides to communicate.

In the field of quorum sensing revealed, cell td cemmunication via autoinducers both within anetvieen
bacterial species. The establishment of enormotasidahis field suggests autoinducers acquiringctfft responses from
host organisms. Despite the difference in chensiaials, signal relay mechanisms and the targetgyeontrolled by the
bacterial quorum sensing systems, the ability tmmaonicate with one another allows bacteria to cioete the gene
expression as well as the behaviour of the entirencunity. This process presumably confers uporbeteria some of
the qualities of higher organisms. The evolutiomgabrum sensing systems in bacteria thus could baea one of the

early steps in the development of multicellularity.
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INTRODUCTION

Cellular signaling and communication are vital floe appropriate development and growth of everticallular
living organism. Because of the universal significa of cell communication it is quite evident thaany of its
fundamental aspects have been evolutionarily pvedelbbetween animals, plants and unicellular eukasydespite of the
fact that more than 1 billion years ago these kimgsl diverged (Fletchet al., 2007).

However, once it was thought that the ability tombnate cellular behavior is restricted to euk#iyorganisms
and there is only indirect bacterial perception ngfighboring bacteria. But now due to the researchedin the
past 2 decades has revealed that bacteria alssakisticated communication systems in order towdioate a variety of
biological activities which include growth in bitbfi communities and virulence factors production l@liand Bassler,
2001).
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Cell communication is population-density dependeitacteria and in some other eukaryotic microoisjas and
comprise production of and response to autoinducehéch are small pheromone-like biochemical molesul
Microbes can express particular behaviors by iefkriar signaling which results in differential genegulation and this
happens during growth in social communities onlyisTprocess has been termed quorum sensing tatréile need for a

sufficient population of microbes to activate tlystem (Fuquat al., 1994).

In the past 30 years quorum sensing, which is tbegss of communication between bacterial cellenis of the
very significant discoveries in microbiology (Tuskiy et al., 2007). Signaling molecules involved in bactegqabrum
sensing are divided into two groups. One groupuites$ the fatty acid derivatives exploited by Graggative bacteria and
the second group peptide derivatives are typiasslyd by Gram-positive bacteria. Quorum sensingpiguitous in many
known species of bacteria. Gram-negative bactehiiware pathogenic in human and plants includimg genera
Pseudomonas, Brucella, Erwinia, Ralstonia, Vibrio, Agrobacterium, Enterobacter, Serratia, Yersinia, Bukholderia and
Vibrio. These genera utilize the mechanism of quorum-sgnsi order to regulate synthesis of virulence dext
(Williams, 2007). Bacteria included in genegaterococcus, Bacillus, Streptococcus, Sreptomyces and Staphylococcus
make use of this mechanism for the production dindgorobial peptides or exotoxin, formation of hlofs and

development of genetic competence (Podbielski ameikkmeyer, 2004).

Quorum sensing is used by thhizobiumgenus for nitrogen fixation. The symbiosome development a
nodulation that is essential for nitrogen fixatiaregulated by complex quorum-sensing systems a@setlsymbiotic
bacteria (Hoanggt al., 2004). In extremophiles quorum sensing has bésn described such as in the haloalkaliphilic
archeon Natronococcus occultus and inHalomonas bacterial genus (Liamaes al., 2005), inAcidithiobacillus ferrooxidans
(Rivaset al., 2007) and in the hyperthermophilic bacteritinermotoga maritima (Johnsoret al., 2005).

Bacterial community utilizes the system of intexdpe quorum sensing in order to determine that hwmy of
other and their own species are present in an &aarum sensing molecules are secreted by the rimethich are
increased in proportion to cell number. When thaséecules hit a certain concentration, they activhe transcription of
some specific genes for example virulence fact@sscription. It has been revealed that bactertaonty interact with
members of their own species via quorum sensingalsat gather information about other species apcetfs a kind of
some universal molecule which permits them to do Tas universal molecule is named as autoinducer Al-2
(Day and Maurelli, 2001).

Mechanisms of Quorum Sensing

The mechanism of quorum sensing is divided inttepss (1) small biochemical signaling moleculesdpiciion
by the bacterial (2) signal molecules release m shrrounding environment, either passively orvetti (3) specific
receptors recognize these signaling molecules vdomeentration of these molecules exceeds a cetie@shold, thus
leading to (4) gene regulation changes (Sifri, 2008

Quorum-Sensing Signals

Quorum sensing signaling systems are broadly ¢ledsinto four main groups. Gram-negative bacteriéizes
two of these systems which involve autoinducer-EXAand autoinducer-3 (Al-3), while on the othemnh the third type

of signaling system is used by Gram-positive deN®lving the autoinducing polypeptide (AIP) systehimese cell to cell
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signaling are principally involved in intra spec@smmunication (Smitlet al., 2004). However the fourth system is found
in both Gram negative and Gram-positive bacteriaguautoinducer-2 (Al-2). Quorum sensing which ilves Al-2 is

used mainly for interspecies communication (Schasda., 2001).
Autoinducer-1 or Al-1

Investigating the phenomenon of bioluminescenbe, ltuxIR system was discovered for the first tinme i
Vibrio fisheri and presently the Luxl/LuxR system is consideredbé the model system and is the base of other

guorum-sensing systems (Nealsbal., 1970).

It is composed of Luxl which manufactures an N-Akiiown as Al-1 and LuxR which is a transcriptiontéac
accountable for scheming gene expression in thepaaynof the autoinducer. Autoinducers are syntleeiskzy Luxl and
its homologues by transfer of a fatty acid chairS8#M from an acylated acyl carrier protein (ACP)igthresults in the
release of methyl thioadenosine and AHL (Schaetfal., 1996).

Luxl homologues synthesize AHL composed of divdesty acid moieties which recognize specific ACP<Hmy
enzyme synthases and result in intrageneric amdsjpecies signaling. After synthesis, Al-1 is retghinto the adjacent
environment by diffusion across the bacterial ogimbrane. Environmental concentration of Al-1 rigdéth the increase
in population. When there is high population densil-1 diffuses back into the cell because itsaloconcentration is
very high. Within the cell it binds to Lux resulginn the activation of the transcription of the GRABEGH operon
located within the promoter region (Devieteal., 1989). Luciferase is the product of this opetfwat catalyzes a chemical
reaction resulting in luminescence. Most of the iBreegative bacteria have homologous Luxl/LuxR systdaving the
ability to produce specific AHLs. These signalingpgesses govern the expression of the virulenceradh many
opportunistic pathogens lik8erratia marcescens and Pseudomonas aeruginosa. P. aeruginosa have two systems which
are homologous to Luxl/Lux. These systems not aolytrol extracellular enzymes production and biofilmmation but
also transcription of another quorum-sensing syst@&mRhlI/RhIR thus adding further in the level obntrol by
AHL signaling mechanism (De-Kievit and Iglewski,@).

Earlier it was thought that bacteria utilizes quorgensing systems to regulate density of their |abion,
however, studies oBalmonella Typhimurium and E. coli showed that this does not happen all the time. &xample,
E. coli andS. Typhimurium do not possess a Luxl homologue so they are rdettalproduce any Al- 1. However, they are
capable of encoding a LUxR homologue called SdiActvlvhen over expressed have a negative effedhasetgenes that
are involved in cellular attachment in enterohefmagicE. coli (EHEC) (Kanamart al., 2000), while SdiA positively
regulates numerous genes situated on the virulastid ofS. Typhimurium for example rck which is a protein concerned
with the evasion of the immune response of hosti{@tet al., 1998). Although the exact role of SdiA in pathogsis is
unclear, this protein allows EHEC arfil Typhimurium to alter gene expression in response to the preseific
Al-1 produced by other bacteria (Michathl., 2001).

Autoinducer-2 or Al-2

Most of the Gram-negative and Gram-positive baaterse systems of quorum sensing that recognize an
extracellular signal called as Al-2. It is syntlzesl from a SAM metabolism by- product. Al-2 synikefsom protein

LuxS, a synthase encoded by luxS gened/.iharveyi is good example. A series of steps are involvedyinthesis of
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Al-2 from SAM by LuxS including conversion of ribelsomocysteine into 4,5-dihydroxy-2,3- pentanedi¢b@®D)
i.e a compound which cyclizes into numerous fur@soim water presence and homocysteine (Schaaidar, 2001).
Two separate Al-2-binding proteins cocrystalizel&termine the structure of the Al-2 signals. Thestude a BAI-2 and
R-THMF (Miller et al., 2004).

Bacterium releases Al-2 which accumulates in tHeulee environment and can be detected by two chifie
mechanismsV. harveyi detects the form BAI-2. The presence of periplasAii2 is detected by binding of the signaling
molecule with LuxP which is a specific autoindudginding protein. A phosphotransfer cascade is atéti when
Al-2/LuxP complex interacts with LuxQ, a sensor dse, thus resulting in luciferase production anaihgscence.
The cascade of LuxP/LuxQ has been recognizeWilinio spp only. Al-2 is managed by a separate mechamsB
Typhimurium and E. coli. In contrast to LuxP/LuxQ system, Al-2 is transpdrtmto the cytoplasm through Lsr
(LuxS regulated) system of cell that initiates #utar response. LsrB, a periplasmic protein, redpgs the signal and
binds to the R-THMF which is a form of Al-2.

After binding, the Lsr ABC transporter that consisf LsrC and LsrA transports Al-2 into the cellevé it is
phosphorylated by LsrK. Al-2 in its phosphorylafedm interacts with the LsrR that is a transcriptbrepressor, in order
to alleviate repression of the operon Isr which mayregulate other operons (Tagaal., 2001). In Gram-negative and
Gram-positive bacteria a wide range of LuxS/Al-Zteyns have been found which has proposed the hidathe
Al-2 system is utilized for cross-species signaliprpcess by organisms that live in mixed-speciemmoanities like
biofilms (Xavier and Bassler, 2003).

Autoinducer-3 or Al-3

Al-3 was firstly described as a compound employgdthe QseC system and is found in spent media which
activates genes expression that are concerned ECE&itachment to eukaryotic cells and subsequemtarggement of
actin (Sperandiet al., 2003).

But still the synthesis and structure of this slgya molecule is not well known. LuxS was supposedoe
involved in the Al-3 production because of the fi@t its synthesis was impaired in mutants of [udBwever, further
studies revealed that impairment of Al-3 productiorLuxS mutants was because of oxaloacetate usex raetionine
precursor instead of SAM. The use of L-aspartatéhen growth medium decreased the demand of oxatmacéhus
restored Al-3 production but had zero effect ordpidion of Al-2 (Walterst al., 2006).

This study also revealed that a number of bactedading nonpathogeniEnterobacter cloacae andE.coli and
also pathogenic bacteria likelebsiella, Shigella and Salmonella species can produce Al-3. Thus it is suggested that
Al-3 might correspond to another cross-speciesasigithile the Al-3 has not been detected in Grarsitp@ bacteria till
date. Al-3 is detected by using a 2-component systdich comprises response regulator QseB and sé&imsse QseC.
QseC autophosphorylate in the presence of perijpda8iv3 and then phosphate is transferred to Qde itesults in the
upregulation of master flagellar regulator gene flhiitich are those genes responsible for biosyntlegdiagella and its
motility (Clarkeet al., 2006).

Al-3 presence is also related to the formation HEE's effacing and attaching lesions. This is acglished by

5 different loci’'s up regulation in enterocyte effanent (LEE) operons that are present within therobsome of EHEC
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(Sperandioet al., 2003). However, the cascade accountable forlaggn of these genes is still not clear completely
but most likely it involves QseA which is a regalabf LysR family and is influenced due to celldell signaling process.

It is also involved in the frank upregulation of EBjenes (Speranda al., 2002).
Autoinducing Peptides

Autoinducing peptides responsible for cell to cglinaling are present absolutely in Gram positiaetéria.
Prototypic Agr system is the base of these siggafirocesses which was describedSinaureus for the first time.
The Gram-positive bacteria utilize a polypeptidgnal in place of a smaller molecule. These polyidegtwork as an
autoinducer for organism that synthesizes and peslit while inhibits other organisms. This polypée signal is known
as AIP and determined by the gene agrD. After#edation, N-terminal signal sequence targetsAtind propeptide to

the membrane.

After reaching the membrane, C-terminus of the pptipe is cleaved by AgrB that is a membrane-bound
endopeptidase. Signal peptidase i.e. SpsB remteepropeptide’s N-terminus which also includes shgmal sequence.
Lastly, a thiolactone ring having a free N-termiteil is formed when the C-terminus of processelypgeptide is linked
covalently to a centrally located cysteine. Boththese structures are essential for appropriatenpesance of the AIP in
many cases. Signal receptor i.e AgrC recognizes When it is released in the environment. AgrC csingif a
transmembrane N-terminal domain in order to recgspecific AIPs and also a C-terminal histidineakandomain that

phosphorylates a response regulator called Agrtherpresence of the correct AIP.

Phosphorylated AgrA initiates transcription of stie genes after binding to direct repeats thatomesent in the
promoter regions. One feature that is specifich AIP/Agr system is the reality that an AIP whishproduced by one
strain of Staphylococcus will interfere with Agr system of another straifhis double role as an inhibitor and activator is
associated to the AIP and AgrC interaction. Thdicyatructure of AIP is necessary in order to iat#rwith AgrC, while it
is the N-terminal tail that is accountable for eation of AgrC. In fact removal of this tail ressllin the formation of a
universal inhibitor which binds to AgrC but is ratile to activate the Agr system (Lyeral., 2000).

In many Gram-positive bacteria Agr system has aasst to pathogenesis. AlP-directed regulation erfgg by
AgrA results in the making and release of many nexby S. aureus, such as beta-hemolysins, alpha-hemolysins,
delta-hemolysins, serine proteases and toxic shgeirome toxin 1 (Parker and Sperandio, 2009). BeroGram-positive
Enterococcus faecalis that take advantage from the use of AIP signasiegn This organism uses a 2-component system
homologous to the Agr system 8faphylococcus to sense the presence of AIP. When AIP is detetiedcell produces
and releases 2 extracellular proteases, gelataras&prE (Qiret al., 2000).

CONCLUSIONS

The quorum sensing systems studies reveal thagimdtave used several languages for communicatitign
and between species. Interspecies and intraspeeiéso cell communication allows bacteria to mamadjfferent
biological activities in order to act like multitglar organisms. Quorum sensing governs a variepracesses that reflect
the definite needs of some communities living istidictive niches. Susceptible hosts and rival bacteave developed
some natural strategies in order to hinder quoremsisg bacteria either by destruction of the chahsignal molecules or

by production of autoinducer antagonists which ideédone fide signal molecule reorganization. In saee way,
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bacteria and probably other eukaryotic hosts haxeldped strategy that supplement the quorum sgmdiitities of the
beneficial bacteria. These natural phenomena thatave disrupt quorum sensing are now used as ntbeipies in the
designing of analogous synthetic strategies resplen®r manipulating bacterial quorum sensing. é&sh in the field of
biotechnology is now intended to develop molecwgh are related to autoinducers structurally. SEhmolecules have
significant use as antimicrobial drugs intendethase bacteria which are used in quorum sensingdisirolling virulence.
Moreover, biotechnological approaches meant tizatihdvantageous quorum sensing processes caredénusnproving
production of industrial natural products like aidtics. Either with practical application or witloit, ongoing study of
guorum sensing systems in bacteria assures to mgve insights in the mechanisms involved in the etwoh of

multicellular organisms, inter and intraspecies mamication and inter and intracellular signal trarssion.
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