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ABSTRACT

Coronary Artery Disease (CAD), a major cause of death worldwide, arises due to the interference in blood supply
by the deposition of foam cell (fat laden macrophages) in the form of waxy plaque. Chlamydia pneumoniae is the
microorganism associated with the respiratory infection and also its role in enhanced inflammation during
atherosclerosis has been revealed significantly. Heat Shock Protein 60 (HSP 60) produced by this microorganismis
contributing to the inflammation by increasing the expression of inflammatory mediators. Computational study may
provide us the insight into the functional significance of this protein in CAD. So, homology based 3D model of
chlamydial heat shock protein 60 (cHSP 60) was constructed via Modeller (version 9.12) followed by validation
through PROCHECK, Verify 3D, WHAT-IF, ERRAT and PROVE for reliability. Interacting partners of cHSP 60
was identified using STRING server for elucidating possible role of this protein along with interacting partners in
plaque formation. Molecular level analysis of the residues involved in the active enzymatic role was identified to
study the non-canonical protein-protein interactions. Identification of the B and T cell epitopes provided the base to
study the possible immune-modulatory effect of cHSP60. This structure can be utilized for the future drug designing
in order to minimize the effect of inflammation.

Keyword: Coronary Artery Disease, foam cells, plaguéldlamydia pneumoniae, chlamydial Heat Shock Protein
60.

INTRODUCTION

Coronary Artery Disease (CAD) occurs by the deparsiof fat as plague under the endothelium layeartery.
The plaque hardens and narrows the arteries, mgluzkygenated blood supply to heart muscle leading
Atherosclerosis [1]Chlamydia pneumoniae is the pathogen reported to be an active partitiphCAD progression
and is found to be present in the respiratory tohd¢tumans that enters into the blood circulationiry the chronic
respiratory infection. Various epidemiological béistudies indicated that the active roleCbfamydia pneumoniae
in CAD progression is due to its viable presenceaed in atherosclerotic plaque. The mannose hgntictins
(MBL) in the blood binds the sugar residues on sheface of the invading micro-organisms and atdiwahe
complement system to achieve the innate immunite ifdividuals with the variant allele of thabl2 gene tend to
have the decreased MBL level leading it to the olranfection by invading bacteriaChlamydia pneumoniae
infection has been strongly correlated with thislil factors that tends to increase the host'minfnation response
spontaneously [2]. Two factors such as chlamydiaatH Shock Protein 60 (cHSP 60) and chlamydial
lipopolysachharide (LPS) are responsible for pertitg the inflamed condition. cHSP60 is the maistigator
among the specified chlamydial factors for inflantima during CAD [3]. Inflammation starts when theam cells
interact with the T cell that releases tissue fiecend metalloproteinase. These tissue factors leathe plaque
rupture. After entering into the blood circulatiartiSP60 activates the platelets and clotting factorform fibrin
net like structures and ultimately leads to theomfibus formation [4]. cHSP 60 is capable of activgtihe
inflammatory responses by activating the T cellacraphages and mast cells that secrets cytokiresasilL-8,
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ERK, TLR-4, TNF and Interferop-[5, 4]. These processes ultimately give rise ® e¢hdothelial dysfunction and
proliferation of vascular smooth muscle cells [2].

Available treatment strategies involving the adsti@Etion of antibiotics that targe@pneumoniae have been failed
to prevent coronary diseases indicating that thasebeen some other factors along with cHSP 6@iprtiat may
be playing a role in the pathogenesis of Atheraesle [4]. To unlock the factors responsible fothpgenesis of
Atherosclerosis, we oriented our studies on contjmutal structure prediction and functional annatatof cHSP 60
along with its interacting partners. The study baen further coupled with the identification ofdigl binding sites
and antigenic determinants in order to predicstitacture related to functional relevance in huménsay lead us
to use cHSP 60 as the centre of drug target studiggh the help of predicted model we can revealfhptides that
act as an antigen and can induce the activationflammatory processes. Active sites and ligandlinig sites may
help in understanding the functions, regulationd &riure drug designing against this protein. B&hment of
interacting partners may help in better understamnddf these partners that played their role invatitig
inflammation.

MATERIALS AND METHODS

Template identification and sequence analysis of <3P 60 protein

cHSP 60 sequence (Uniprot ID: W3RREOQ) was acquieti NCBI (www.ncbi.nlm.nih.goy. Sequence, templates
having similarity with cHSP60 sequence, was obthibg utilizing BLAST-P [6]. Five reference templatbave
been used for the present study. 3D modelling frlo@se templates was carried out by considering omgapped
regions of identified templates.

3D model construction and quality analysis studies

High quality multiple templates are the primaryredjent for the protein model construction. 3D mafeeHSP 60
was constructed through Modeller (Version 9.12nhgsieference templates to conduct homology modgllij.
Loop modelling was carried out through Modloop sern order to remove bumps and steric clashes gmon-
bonded interactions. Predicted model was refinednbymizing the energy through Swiss PDB viewer DBY).
The PDB of this protein was visualized by PyMOLsien 1.1 fittp://pymol.sourceforge.nétf8]. Stereo chemical
quality of constructed model was analyzed via pogPROCHECK [9]. 3D profiling of the residues oistprotein
was carried out by VERIFY3D [10]. ERRAT evaluatée bverall quality factor [11]. Statistical sigw#ince of the
predicted model was analysed through the SAVS [12].

Active site prediction

Identification of active sites can provide the \aile information about the residues involved in gibghemical

properties of protein that are needed for its fiamctComputed Atlas of Surface Topography of pr{EgASTp)

server fttp://sts-fw.bioengr.uic.edu/castphas utilized for the prediction of active sitestbe protein structure
[13].

Ligand binding site identification

An automated server 3DLigandSitbttp://www.sbg.bio.ic.ac.uk/3dligandsitewas utilized for the prediction of
ligand binding sites. A structural library has beearched to identify the homologous structureb titund ligands
by employing 3D structure of the cHSP 60. The aameat structures were superimposed onto the preldRie

structure of cHSP 60 [14] for the prediction ofdigl binding sites.

Interaction based studies

STRING database (http://string-db.org/) has bedized to find out the interacting partners of cH6@. The full

description of a protein's function requires knalge of all partner proteins with which it speciflganteracts and
STRING facilitates the analysis of biological preses at system level [15, 16]. It provides graphigaresentation
of both physical and functional protein-proteineirstictions network that gives a high-level view ahdtional

association with cHSP60 [17].

RESULTS AND DISCUSSION
Five templates (110K, 4KI8, 2YEY, 2EU1, 1J47) wereedicted through BLASTp program for homology based

structure prediction. All non hydrogen main-chaindaside-chain atoms are included to the generdieee t
dimensional model of cHSP 60 (Figure 1).
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Figure 1: 3D model of cHSP 60

This model satisfies the stereochemistry and iglatdd through Ramachandran plot. This analysikcates that
87.4% amino acid corresponds to the most favouegibns and 12.2% amino acid corresponds to theveto
regions, while the amino acid in the disallowedioagis 0.0%.Analysis with VERIFY 3D shows that 44.87%
residues has good environmental profile of protkia to the average 3D-1D score greater than 0.2ralh\quality
factor predicted through ERRAT 2 was 94.444% thaigdating the quality of predicted structure arritliability
for prediction of ligand binding sites and evetifuan drug designing. This model directly correlatwith the
results of SOPMA that indicates 55.34% Alpha-Hell2.21% extended sheets, 9.16% Beta-turns and %3.28
random coil. Quality estimation of predicted models carried out by comparing it with high resolati@ference
structures, obtained from X-Ray crystallographialgsis on the basis of Z-score. The Z-score “O’idates good
model and the Z-score of our predicted model haanlralculated to be 6.789, which indicates thatnoadel is
statistically significant model. Total 21 activdes were elucidated in the structure with idealapaaters. Five
pockets were selected on the basis of pocket votorfiad out its residues around probe radius éﬁ](.'l’able 1).

Table 1: Colours represents the active sites of cHP60 and their physical parameters

Active site Area (&) Volume (A%
2493 4315
149.7 152.9
99 91.4
148.7 129.3
143.7 84.8

Chain 0

1- SEQEKLSNY NA KLIFSGI DKLFQIVKG

S1F @K ERG F

51- BASQTELSNSY ENLGVDFAKA

IAS L Qe E K
VVGIHEG

201- DRWSSHEMIRA HPLILITDRK | SMIHSLLP

101- B KGISHK IgBF S S L HiN

I ADHI@YNAJZS TKERENEK

GYATYFV
N FIMED IDP

251-

Figure 2: Active sites of cHSP 60 are representedith different colours in predicted model
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The area of the largest active site has been foiek 24942 and volume has been estimated to be 431%he
amino acid residues comprising this surface poekete represented by green colour (Figure 2). Théaca
antigenic peptide analysis of cHSP 60 indicatesab8genic determinants (Table 2). Besides the anitg
properties, the result also interprets the possdsiof these peptides to involve in protein-photateractions.

Table 2: Possible antigenic peptides observed in &P 60

S.No | Start position | End position Peptide Peptide length
1. 17 30 FSGIDKLFQIVKGS 14
2. 33 41 PKQSLSPTS 9
3. 48 54 FYAISQT 7
4. 62 70 NLGVDFAKA 9
5. 85 103 TGLILLHAILQESYAALEK 19
6. 107 119 THKLIASLKLQGE 13
7. 122 130 QEALQQQSW 9
8. 133 149 KDALKVRNIIFSSLHMP 17
9. 152 170 ADHFYNAFSVVGPEGLISI 19
10. 181 202 MDVFQGFKIPAGYASTYFVSDT 22
11. 206 218 LTRIAHPLILITD 13
12. 222 234 SMIHSLLPLLQEI 13
13. 238 248 NQHLIIFCEDI 11

The cHSP 60 has 67.99% hydrophilic amino acids, 3g#ophobic amino acids and .01% others. Totag&nd
binding sites has been identified using 3DLigang Eltable 3).

Table 3: Description of the predicted ligand bindig pocket in the cHSP60 model

Ligand cluster Residues Av dist ASA
1 Tyr31 0.00 0.22
Gly32 0.00 0.19

Asp81 0.05 0.47

Gly82 0.04 0.21

Thrg84 0.00 0.17

Thr85 0.00 0.25

Phel43 0.28 0.19

GIn237 0.17 0.22

Leu241 0.01 0.15

Asn259 0.04 0.76

Lys260 0.00 0.53

Leu261 0.00 0.74

GIn262 0.57 0.79

Isoelectric point of this protein has been foundbt 6.51.The protein has good water solubility property with
hydrophilic solvent accessible surface area be#y9.43 A2.

Total 10 proteins have been identified as the pisgartners of cHSP 60 by STRING database baseithedn

similar pattern of expression with the confidencebability being 0.4. Co-expression of cHSP 60 vdttaK, thrS

and pheT implicates the possible involvement inukgtipn of heat shock respons&TP regulated molecular
process, drug binding, RNA binding and magnesiumbimding (Figure 3).

CONCLUSION

Chlamydia pneumoniae is the suspect of inflammation in a lower respinattract infection and was first identified
using electron microscopy in coronary atheroscierptaques [19]. Chlamydia pneumoniae is a Gram-negative
obligate intracellular bacterium and has been foftaquently in lesions of the aorta, iliac, carpticthd coronary
arteries [20-22]. This pathogen generated inteiresscientific community due to its active contriom in
exacerbation of lesions reported in rabbit and seanimal models [3]. Several studies have showalle/ipresence
of C.pneumoniae in atherosclerotic plagues but not in adjacentmabitissues suggesting its main role in triggering
the inflammatory response [20, 21]. PresenceCgheumoniae in atherosclerotic lesions raises the doubt that
whether the organism plays a causal role or isaadent bystander [20, 23]. cHSP 60 is the prateareted by this
pathogen that belongs to 60kDa heat shock proteinily [24]. This protein is implicated to be respiote for
stimulating the immuno-pathogenic response in nidiegases [25]. cHSP 60 provokes the proliferatibhuman
vascular smooth muscle cells (SMC) via toll-likeeptor 4, as a result; it contributes to the Atkelerosis [26].
Evidence supporting a causal role of chlamydiatie@genesis comes from recent reports €haeumoniae and
chlamydial antigens can activate mononuclear phggecand vascular cells, including SMCs. A heabista

48
Available online at www.scholarsresearchlibrary.com



Sagarika Biswast al J. Comput. Methods Mal. Des., 2014, 4 (2):45-50

component ofC. pneumoniae induces macrophage foam cell formation [27] and #ffect is replicated by
chlamydial lipopolysaccharide (LPS). cHSP 60 is ighly expressed chlamydial protein that can activat
macrophages and vascular cells by mechanismsréhabawell characterized [21]. Detailed structamahotation of
cHSP 60 enables the in-silico studies of functiataracterization of associated surface propeatiesmolecular
level interactions including drug designing. Thentfication and prediction of ligand binding sitesplicated the
residues that will provide prerequisite for dockstgdies for virtual drug design. It gives insightio the residues
that serve biological purpose during the bindingafpatible ligands [28]. The residues (30, 31,38,46, 47, 48,
81, 82, 83, 84, 85, 258, 259, 260 and 261) formlidpnd binding pockets. This surface pocket bitalghe
unfolded peptide representing the GroEL (moleculzaperon) activity that is required for the corréatting of
many proteins in Chlamydia. This protein assemliés a homo-tetradecameric complex and exploits dbe
chaperone protein GroES and ATP hydrolysis to @aithe proper folding of a various cytosolic progeiResidues
(216, 228) present in the active site exhibit tlaghydroxybenzoate hydroxylase enzyme activity thaerts
oxygen into the substrates with the assistanckabile intermediate [29]. These intermediate perfoessential role
for the translocation of substrates into the sahatmelded active site during catalysis.

ftswW

=

pheT

p

omcB

@

Figure 3: Possible interacting partners of cHSP 60.

Thus the molecular characterisation of the cHSIR&§ provide a lead to the drug designing and Jiaeeening
studies to identify the possible ligands that rataulthe activity of cHSP 60. The result may leadausbtain the
clinical significance in treating inflamed condit®like CAD. This study can be further used in iffaation of the
cHSP 60 regulated signalling pathways behind thamon of immuno-modulatory response during gieque
formation.
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