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ABSTRACT

Quorum sensing is the regulation of gene expression in response to fluctuations in cell-population density. Quorum
sensing bacteria produce and release chemical signal molecules called auto-inducers that increase in concentration
as a function of cell density. The detection of a minimal threshold stimulatory concentration of an auto-inducer leads
to an alteration in gene expression. Gram-positive and Gram-negative bacteria use quorum sensing communication
circuits to regulate a diverse array of physiological activities. These processes include symbiosis, virulence,
competence, conjugation, antibiotic production, motility, sporulation, and biofilm formation .It is well supported by
the finding that the pathogenic and non -pathogenic organisms the proteins are stable in these organisms, which
could be inferred by the instability index. Moreover, the conversation was found since it is stable. This work
represents a series of interrelated modules designed to introduce you to modern biological techniques in the area of
bioinformatics.
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INTRODUCTION

Quorum sensing is the ability of bacteria to comivate and coordinate behavior through signalingecues. The
reason for these systems seems to have evolvedcisotdinate behavior or actions between indivicaedterial
cells depending on there number e. g. opporturiisitteria can grow within a host without harminguittil they
reach a certain concentration. When their numberssafficient to overcome the host's immune systtray can
change their behavior and cause disease.

Bacteria which use quorum sensing produce and teesignaling compounds called auto-inducers. Tihesteria
also have a receptor which can specifically deteetinducer. When the inducer binds to it's receptaactivates
transcription of certain genes, including those ifatucer synthesis. When only a few other bactefithe same
kind are in the vicinity, diffusion reduces the centration of the inducer on the surrounding medism the
bacteria produce little inducer. With high concatitms of bacteria, the concentration of the indysasses a
threshold, so more inducer is synthesized. Thisnfer positive feedback loop and the receptor becdiués

activated.

Two chemically different auto-inducers are involviedregulation, auto-inducer-1 and auto-inducere2tBGram
positive and Gram negative bacteria use quorunirsgts regulate a diverse array of physiologicdivéiges. These
processes include symbiosis, virulence, competecaejugation, antibiotic production, motility anghage and
biofilm formation(Miller M.B, Bassler BL, Quorum sensing in Bacteria. Ann Rev Microbiol ,2001 55: 165-199).

To form biofilm bacteria need to start a complichtgenetic program to switch from a free- living nitonic
lifestyle to a sessile existence. This stats witedmination of their cell density by means of quorsensing. From
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the structure of quorum sensing auto-inducers, raéderivatives have been developed which prevéoiilin
formation in many Gram-positive bacteria, includifigphylococcus aureus, a particular problem in Hospitals.
Some of these compounds are already in clinicalissu/Abraham WR, Controlling biofilm of Gram pasé
pathogenic bacteria. Curr Med Chem.2006 13: 1509-24

Microorganisms communicate and cooperate to per@mide range of multicellular behaviors such agient
acquisition, biofilm formation through quorum sewmsi These complex multicellular complex behaviors a
interesting from the perspective of social evolwtiyhy do microorganisms engage in these behavieenghat
cooperative individuals can be exploited by selfibbaters who gain the benefit of cooperation wittsaying there
share of the cost? A new paper just published descian overview of the different mechanisms througdnich
cooperative behaviors can be stabilized, the nprablems that microorganisms pose and the newthitssitpat can
be gained from applying evolutionary theory to mamganisms ( West SA, et al. Social evolution tlefar
microorganisms. Nat Rev Microbiol. 2006 4: 597-607)

Saphylococcus aureus are Gram-positive bacteria and cause diverse sedizeases in human and animals through
the reproduction of toxins. The production of texiis regulated by quorum sensing mechanisms, wreteins
such as RNA Il activating proteins (RAP) are s&aleby the bacteria and induce virulence.

Bacillus subtilisare Gram- positive bacteria and the auto-indugem@uction protein LuxS, is involved in an novel
guorum sensing system and is thought to catalyzedégradation of S ribosyl homocysteine to homaiystand
the auto -inducer molecule 4,5 dihydroxy-2,3 -pdittae. The crystal structure Bhcillus subtilis Lux S has been
determined at 1.2 A resolution, together with tlealby complexes of Lux S with S- ribosyl homocysteiand
homocysteine to 2.2 and 2.3 A resolution respelgtive

In E.coli, the locus of enterocyte effacement (LEE) is astusomal pathogenicity island that encodes theep®t
involved in the formation of the attaching and eiffg lesions by the enterohemorrhagicoli (EHEC) and
enteropahtogenide.coli(EPEC). The LEE comprises of 41 open reading framaganized in five major
operons,LEE1,LEE2,LEE3,Tir(LEE5), and LEE4 whicltede a type Il secretion system, the intimin adheabe
translocated intimin receptor (Tir) and the othiéeaor proteins. The first gene of LEE1 encodeslikr regulator,,
which activates all the other genes were activatediuorum sensing through Ler ( V. Sperandio, Jdlligs, W.
Nguyen, S.Shin, and J. B. Kaper, Proc. Natl. Ac&a.USA 96:15196-15201, 1999). In this study weorgghat a
putative regulator in th&.coli genome is itself activated by quorum sensing .Tégulator is encoded by open
reading frame b3243; belongs to the Lys R familyrerfulators; is present in EHEC,EPEC dndoli K-12; and
shares homology with Aph B and Pttx R regulator¥ibfio cholerae and Pseudomonas aeruginosa, respectively .
We confirmed the activation of b3243 by quorum g&nby using transcriptional fusions and renamesl rigulator
qguorum sensing.coli regulator (QseA). We observed that QseA activatashcriptional of ler and therefore, of
the other LEE genes.An EHEC gseA mutant had aistrikeduction of type Ill secretion activity, whickas
complemented when gseA was provided in trans .8imésults were also observed with a gseA mutaREC.
The QseA regulator is part of the regulatory cascidt regulates EHEC and EPEC virulence genesubyum
sensing.

In Yersinia pestis the acyl - homoserine lactone molecular specied @H

Produced by th#ersinis pestis AHL synthase Yspl were identified by biochemicatigphysical/chemical techniques.
Bio assays of extracts from culture supernatantthefrecombinant Yspl and wild typéersinia pestis showed
similar profiles of AHLs. Here its is not yet knovimow quorum sensing may be involved in the orgalsidifestyle

but the hierarchia regulation within the quorum sieg system of Pseudomonas aeruginosa and Yersinia
pseudotuberculosis suggests that similar structure may exist withia {sp and ype quorum sensing systems of
Y.pestis.

Identification of the principal AHLs employed byetlysp quorum sensing system may be valuable irffoet to
characterize gene regulation and virulenc¥ pestis.

The aim is to Analyze proteins involved in quoruensing bacteria pertaining to evolutionary relagtip and
structural and functional relationship. This workyrgive new insight to analyze bacterial commuincat

Bioinformatics is the application of computer teclogy to the management of biological informatidhe need for

Bioinformatics has arisen from the recent explosibpublicly available genomic information, suchthat resulting
from the Human Genome Project.
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EXPERIMENTAL SECTION

Implication of Tools
To show the ways in which the NCBI online databelsessifies and organizes information on DNA seqgaesnc
evolutionary relationships and scientific publicat.

To identify unknown nucleotide sequences from aedh endosymbiont by using the NCB search tool BLAS

To identify 2 unknown nucleotide sequences of nb@borigin by using the NCBI search tool BLAST. ¢na
protein has been determined through protemics tgabg, Bioinformatics can be used to predict certgpes of
topology. Topology is the sequence of secondamycgire elements within proteins.The most basic rséaxy
structure elements within proteins are the alphi,hte beta sheet and the random coil. Howeveanesalgorithms

will predict topological features that are closedyated toin vivo localization, such as signal sequences and trans
membrane helices.

ProtParam is a tool which allows the computation of varigas/sical and chemical parameters for a given pmotei
stored in Swiss-Prot or TrEMBL or for a user entesequence. The computed parameters include thecuolat
weight, theoretical pl, amino acid composition, ko composition, extinction coefficient, estimatbdlf life,
instability index, and grand average of hydropatiiGRAVY).

SWISS MODEL is a fully automated protein structure homologydeling server, accessible via the EXPASy web
server or from the program Deep view (swiss Pdw¥ig. The purpose of this server is to make protedueling
accessible to all Biochemists and Molecular Biodtgjworldwide.

Clustal W is a general purpose multiple sequence alignmegram for DNA or proteins . It produces biologigal
meaningful multiple sequence alignments of divetgesguences.It calculates the best match for thected
sequences and lines them up so that he idensfi@darities and differences can be seen. Evolatipmelationships
can be seen via viewing Cladograms or Phylograms.

RESULTSAND DISCUSSION

lustalW - Microsoft Internet. Explorer,

Bjobid=clustalw-20071126-09331772800l=yes ﬂ Be Google[lcv 0> O settings~

l [[__ShowesPhylogram Tree ] [_Hide Distances | [ ViewDNDFile |

(
bs:0.43244,
ec:0.48423)
:0.02121,

- sta:0.44750,
 yp:0.47020);

- Cladogram

bs: 043244
ec: 0.48423
sta: 0.44750
wp: 0.47020

Figurel
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Table1
Organism Protein Aminoacid | Percentage (%)
Saphylococcus aureus | RNAII Leucine 9.9
Bacillus subtilis Lux S Alanine 12.5
Escherichia coli Regulator A| Alanine 12.8
Yersinia pestis Yspl Leucine 12.5
Table2
Organism No of Aminoacid | Molecular Weight | Theoretical pl | Instability Index | Aliphatic Index | Gravity
Staphylococcus aureus 243 27921.8 6.67 36.38 83.87 -0.493
Bacillus subtilis 120 13487.4 9.48 39.08 87.17 -0.342
Escherichia coli 196 21799.1 5.69 38.12 92.24 -0.037
Yersinia pestis 216 25496.3 6.60 40.70 99.26 -0.238
Table 3. Clustal W results
Number of Sequences | 4
Sequence format Pearson
Sequence type aa
Clustal W version 1.83
Jal View -
Output File Clustal W-20071126-09331772.output
Alignment file Clustal W-20071126-09331772.aln
Guide tree file Clustal W-20071126-09331772.dnd
Your input file Clustal W-20071126-09331772.input
Table 4. Scores
Seg A Name Len(@a) | SeqB | Name | Len(aa) | Score
1 Bacillus subtilis 120 2 ec 196 8
1 Bacillus subtilis 120 3 sta 243 10
1 Bacillus subtilis 120 4 yp 288 7
2 Escherichia coli 196 3 sta 243 4
2 Escherichia coli 196 4 yp 288 2
3 Sphylococcus aureus 243 4 yp 288 8

Discussion: The Cladogram show@-igure 1) that there are both the pathogenic and non -patfiogprganisms.
Though they diverge in their taxonomy they do stemmne convergence. The pathogenic and the non-paitlwog
form a definite group. The organisms fall underinled pathogenic and non - pathogenic groups. Ttheratwo
show divergence and even though they are fromahree rigin.

It is well supported by the finding that the pataoig and non- pathogenic organisms the proteirstatde in these
organisms, which could be inferred by the instabilidex. Moreover, the conservation was foundeiibés stable.
The Highest percentage of Aminoacid was to b&scherichia coli. The least was found to be &waphylococcus
aureus. Bacillus subtilis and Yersinia pestis was found to have similar percentage of amino aeiguencesT@ble
1).

In Table 2, the organism tend to posses an aliphatic indegimgnfrom 83.78% -99.26%.The aliphatic index of a
protein is the relative volume occupied by thelaific side chains(Alanine, Valine, Isoleucine, aedcine). It may
be regarded as a positive factor for the incredishesmostability of globular proteins. Since thganism have a
high range of aliphatic index they are thermostablerefore, due to the presence of hydrocarbarnsfibssess the
necessary interaction in water which is the basiocfple of quorum sensing. Cystine is responsitae the
disulphide bridge formation. They might form a sutt for other proteins. The highest Molecular weigias found

to be inSaphylococcus aureus. The least molecular weight wBacillus subtilis but exhibited highest pl.

The maximum instability index was found to beYersinia pestis which compared witt&aphylococcus aureus
which showed the minimum instabilitBacillus subtilis and Escherichia coli showed close difference in the index
of instability.

The Gravity was least ikscherichia coli and the greatest was Biaphylococcus aureus. Bacillus subtilius and
Yersinia pestis were in close proximity to each other.

Table 3 shows the Clustal W results which are a genergdqae global multiple sequence alignment program fo
DNA or proteins. It produces biologically meaninigfuultiple sequence alignments of divergent seqeendt
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calculates the best match for the selected seqsgmarel lines them up so that the identities, shitidgs and
differences can be seen. Evolutionary relationsbgrsbe seen via viewing Cladograms or Phylogra&msShown
in Figure 1 it shows the evolutionary relationshgiween each bacteria.

Table 4 shows the scores of the bacteria. The highest awasdfto be irtaphylococcus aureus in Sequence A and
in Sequence Bersenia pestis showed maximum value of 288.

The ratio sheets/helices despite their differer@a@ conservation of secondary structure elem@&hisse proteins
tend to follow under a rare group of quorum sengirggeins.

Quorum sensing is the process by which many bactmordinate their gene expression according toldbal
density of their population by producing signalmglecules.

It coordinates certain behavior or actions betwe&eteria, based on the local density of the badtpapulation. It
can occur within a single bacterial species as albetween diverse species, and can regulatet athdiferent
processes essentially serving as as simple comatioricnetwork.

Bacteria that use Quorum sensing produce and secetain signaling compounds (called auto induamrs
pheromones), eg: N-acyl homoserine lactones (AHgSE bacteria also have a receptor that can sadlifdetect
the AHL (inducer). When the inducer binds the reéocgpt activates transcription of certain genesluding those
for inducer synthesis.There is a low likelihoodadfacterium detecting its own secreted AHL.

In E.coli,Al-2 is produced and processed bu the Isr opePant of it encodes an ABC transporter which imports
Al-2 into cells during the early stationary(lateptiase of growth.Al-2 is then phosphorylated byltkeK kinase,
and the newly produced phospho-Ai-2 can eitherrbermalized or used to suppress LsrK, a represstreolsr
operon (thereby activating the operon).

Transcription of the Isr operon is also thoughb#®inhibited by dihydroxyacetone phosphate (DHARpugh its
competitive binding to LsrR.

Glyceraldehyde 3-phosphate has also been showmhibiti the Isr operon through cAMP- CAPK-mediated
inhibition. This explains why when grown with glsaE.coli, will lose the ability to internalize Al-2(becausktbe
catabolite repression).When grown normally Ai-2s@mce is transient.

Quorum sensing via the accessory gene regulata) @gtem has been assigned a central role in hbe t
pathogenesis ofaphylococci particularly Saphylococcus aureus. While the control of the virulence gene
expressionn vitro by agr has been relatively straightforward to dés¢ regulation of both the quorum sensing
response itself and virulence gemesivo is considerably more complex. The quorum resp@beghly dependent
upon the environment in which the organism is graamd is strongly influenced by additional regulatehat
respond to signals other than cell density.

There is increasing evidence that the agr phenofype influence the behavior to the chronic natufesame
biofilm-associated infections.

Quorum sensing is important as it provides somg kggh insights to the mechanisms of parasitismiaipdovides
a novel means to control infections of plants amdals.

As pheromones lie fully embedded within the prafBinactivate the pheromones, several amino acidues
critical to RNA polymerase activation, or gene cogy .make contact with the “butterfly” of TraR.Argone’s
Rong-guang Zhang and SBC and collaborators, Jud2)20

CONCLUSION

From the results obtained we can sum up that tthecers are nothing but proteins which in turn aréna acids
sequences which play a vital role in quorum sengirtgacteria, thereby helping in the behavior @& Hacteria and
also the pathogenicity. Therefore, by knowing teguences we can manipulate this communication w@rth
harmful bacteria or aid helpful bacteria.
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