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ABSTARCT

Enterococcus faecalis is an important pathogen that is associated with a range of infections. Beta-lactam antibiotics
are a broad class of antibiotics that are used for treatment of E. faecalis infections, but it has intrinsic and acquired
resistance to some of them. Penicillin binding protein (PBP) 5 is one of the members of PBPs family that plays as
inhibitors of beta-lactam antibiotics. In this study, we used an in silico strategy and focused on PBP5 in E. faecalis
and explained its characterization with the help of bioinformatics tools. The results of primary structure prediction
showed that PBP5 is a stable protein and belong to hydrolase protein family. The secondary structure was predicted
that random coil is predominantly present followed by extended strand and alpha helix. The three-dimensional
structure was modeled using Swiss model workspace and the structure was validated that gives valuable
understanding for the improvement of helpful rational strategies for experiments. Ramachandran plot analysis
showed that 98% and > 99.8% of all residues of PBP5 were found in favored and allowed regions, respectively.
Computer simulation studies, including molecular modeling, having knowledge of PBP5 structure and combination
of thisinformation may affect the development of new ways of inhibiting PBP5 to can be designed improved drugs.
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INTRODUCTION

Enterococcus faecalisis a frequent cause of a wide diversity of infectidnshumans such as hospital and
community-acquired infections, urinary tract infeat (UTI), bacteremia, endocarditis, abdomen, bjliZract,
endodontic infection, wound infections, intraabdoatiand pelvic infections and indwelling foreignvites (like
intravascular catheters) [1, 2, 3]. Also, it haslated from a range of oral conditions includiragicus lesions,
chronic periodontitis, and has been associated patistent apical periodontitis [4. faecalis is one of the most
important bacteria that have been frequently fomrmot canal-treated teeth in prevalence valuegirg from 30%
to 90% of the cases [5]. Enterococci contain pé#imddinding proteins (PBPs) and tolerate or redista-lactam
antibiotics [6].

The main mechanism of resistance to beta-lactaibiatits is due to a change in PBPs. There areeexies to state
that the emergence of altered PBPs caused by gemathanges [7]. Recombination exchanges and rootati
PBP-coding genes are involved in creating of lofinaf PBP to beta-lactams [8].

Enterococci have both an intrinsic and acquiredstasce to antibiotics. They are intrinsically stant to
cephalosporins, penicillinase-resistant penicillipgnicillinase-susceptible penicillin, nalidixicid, macrolides,
aztreonam, clindamycin and aminoglycosides [9].yTdlso have acquired resistance, which comprisg@stamce to
penicillin by beta-lactamases, tetracyclines, rigam fluoroquinolones, chloramphenicol, aminoglyides and
vancomycin [9, 10].
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Penicillin resistance can be related to glycopeptidsistance and high-level resistance to gentandcie to
overproduction of PBP5 or synthesis of beta-lactgbi§. However new antibiotics can be proposed with
awareness of the general structure of PBP5 to ptdtie emergence of multidrug resistance. New Bomatics
analysis tools are one of the most accurate metfardthis goal. We used bioinformatics tools instlstudy to
identify and characterize PBP5 as an inhibitoraaaj beta-lactam antibiotics b faecalis.

MATERIALSAND METHODS

Molecular modeling and sequence alignment of Penicillin binding protein-5

PBP5 sequence of E. faecalis (Accession No. CAA55190.1) was obtained from NCBI
(http://www.ncbi.nim.nih.gov). Protein-BLAST algthim was performed in Protein Data Bank (PDB) foe th
sequence homology search to identify proteins séifjuences similar to that of PBP5. PBP5 sequeneesaligned

in CLUSTAL W (http://www.genome.jp/tools/clustalw).

Molecular description and functional characterization of Penicillin binding protein-5
Overall quality about sequence of PBP5 was cairiezlit at a glance using UniProt (http://expasy)@gd Expasy
ProtParam server (http://www.expasy.org/cgi-bintpraram).

Prediction of protein backbone of Penicillin binding protein-5

Homology modeling of PBP5 sequence Ef faecalis was used as template to generate a comparatiee-thr
dimensional model of PBP5 by SWISS-MODEL servetpiiiwww.swissmodel.expasy.org). Garnier- Osgutkerp
Robson (GOR) IV was used to predict alpha helibeta sheets, and random coil secondary structactthe three-
dimensional structure of PBP5 was obtained from:tttww.ncbi.nim.nih.gov/Structure/VAST.

Analysis of the PBP5 was done by RCSB PDB to cheleither the residues are falling in the most fadaegion
in the Ramachandran’s Plot or not.

The secondary structure of PBP5 was obtained udieg PSIPRED Protein Sequence Analysis Workbench
(http://bioinf.cs.ucl.ac.uk/psipred/). The secondastructure of 4CPK_A was derived from psipred eimot
(http://bioinf.cs.ucl.ac.uk/psipred/). Transmemtzraprotein topology with a hidden markov model (TMMIV
server (http://www.cbs.dtu.dk/servicess TMHMM-2.0)asv used for the prediction of transmembrane helines
PBPS5.

RESULTS

Primary structure prediction of PBP5 frol faecalis (UniprotKB-Swiss-Prot Accession No. Q47800) ha® 67
amino acids that its estimated structure weight ¥&744.20 dalton. It shows structural similaritighathe crystal
structure of chain A, crystal structure of Pbp2ailde clinical mutant N146k- E150k from Mrsa (PDB:ID
4CPK_A). The score for protein alignment betweePBBind 4CPK_A was 28.77, with a 37% identity. 4CRK _
was selected as a template on the basis of lowesluue (2e-98), highest resolution (2.72°A). Target template
information and alignment of them are shown in €abkand figure 1, respectively.

Table 1. Target and template protein properties

Template | Seguence Query E
Target Name Template Name PDB ID I dentity cover value
Penicillin Binding . -
Protein-5 chain A, crystal structure of Pbp2a double clinitaitant N146k- 4CPK_A 37% 78% 2698
. E150k from Mrsa
(E. faecalis)

Primary structure prediction showed that PBP5 hhgdsitively charged residues (Arg + Lys) and 8@atively

charged residues (Asp + Glu). The very high alijghaitdex was 80.91 and instability index (31.21dyides the
estimate of the stability of protein in a test tulie theoretical isoelectric point and extincticmefficient were 5.48
and 66240, respectively. Its grand average of lpattocity value was -0.438.

Secondry structure prediction of PBPIEfaecalis by using PSIPRED showed the location and spatiahgement
of each amino acid separately (Fig. 2). The extdnsteand (16.49%) and alpha helix (33.14%) were |¢aest
frequent, whereas the random coil was more freqaieb®.37%.
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Figure 1. Alignment of target and template proteins
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Figure 2. Secondary structure prediction of PBP5in E. faecalisby Psipred
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Graphical representation of location of PBPTirfaecalis showed that all parts of the protein are presatdide of
the cell (Fig. 3).
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Figure 3. Graphical representation of location of PBP5in E. faecalis

Studying sequence information with three- dimenaiatructures of proteins gives valuable understanéor the
improvement of helpful rational strategies for esments such as the structure based design offapadiibitors.
No experimental structural information is accessitolr the majority of protein sequences thus thigaiemethods
for proteins structure calculation intending toaasation this structure knowledge gap have acquinedh interest
in recent years. Because the three-dimensionaitateiof PBP5 oE. faecalis was not available in PDB, BLAST-p
similarity search was performed that obtained 4CRKnith complete query coverage that are showrgaré 4.

Figure 4. Modeled spatial configuration of PBP5 of E. faecalis

Modeled spatial configuration of PBP5 showed thabnsists of the following components: 2 cell aog protein
A-B, 11 cadmium ion (Molecular Formula: &dand Molecular Weight: 112.411 g/mol), 4 Chloride (Molecular
Formula: Cl and Molecular Weight: 35.453 g/mol), and 2 Mui@nacid (Molecular Formula: ¢§E;/,NO;

and Molecular Weight: 251.23378 g/mol).

Ramachandran plot analysis of the modeled protedwed that 96.4% (1219/1265) of all residues werend in
favored (98%) regions and among the 1265 resitiab8 residues found in allowed (> 99.8%) regiong.(b). All
(7) Ramachandran outliers (phi, psi) are preseint@éble 2.

Table 2. All (7) Ramachandran outliers

Mol Chain Res Type
1 B 265 LYS
1 B 273 LYS
1 B 504 SER
1 B 267 LYS
1 B 506 LYS
1 A 28 LYS
1 B 274 ASP
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Figure5. Molprobity Ramachandran analysis
DISCUSSION

Like other bacteria involved in nosocomial infeao[12- 16],E. faecalis is also commonly considered by its
resistance. As reported before, the number of fitiles associated with antibiotic-resistant bacteiaontinuously
increasing E. faecalisis among the most antibiotic resistant bacteriavkm [9]. In trying to prevent further
antibiotic resistante. faecalis, drug susceptibility testing is forcefully recommded. New and more specific
antibiotics are being developed [17].

Penicillin is one of the antibiotics that have saaetivity againsEt. faecalis. PBPs are a set of proteins that are able
to bind to penicillin by their affinity. The low-fhity PBPs are involved in penicillin resistangesome of gram-
negative bacteria, such hsisseria gonorrhoeae and gram-positive bacteria, such as staphylocatienterococci
[18]. The PBPs are usually widely classified intghhmolecular-weight (HMW) and low-molecular-weigttMW)
categories. They are chemically similar to the rooler that form the peptidoglycan and can bind3dactam
antibiotics.

PBP5 is a contributing factor in intrinsic-lactamsistance of enterococci and it is completely difffom other
PBPs [19]. PBPS5 is a therapeutic targeE.ifiaecalis. So, it is important to be able to select an appabe antibiotic
that can bind to PBP5 and inhibits bacterial agtiviFor this purpose, we must know the overall cdtrce of this
protein.

To address the problem of resistance, it will beessary to change the protocols of use of antiriate.
Bioinformatics tools, homology modeling algorithnemdin silico analysis help in estimating the structural and
functional information of a protein molecule that useful for recommend the appropriate antibiof®yj. The
present study characterized the PBP5 by using wsigomputational tools.

Structure and domain diagrams of PBP5 showed tltatmprised 679 amino acid residues, and the tataiber of
negatively charged residues in it was approximatgjyal to the total number of positively chargedidees.
Moreover, it had very high aliphatic index, indiogtthat it was stable at a wide range of tempeeatuComparative
analysis of the predicted secondary structure oP¥Bhowed that the random coil was present predotin
followed by an extended strand and an alpha h&éMHMM is a membrane protein topology prediction hod
based on a hidden Markov model. It predicts tramsbmane helices and discriminate between soluble and
membrane proteins with high degree of accuracy.edeer, further studies have shown that PBP5 iseptesutside

of the cell.

Based on the findings of earlier studies [17, 119§ crystal structure of PBP5 reveals that thereevsérong inter-
residue hydrogen-bonding interactions around thigeasite, which comprising the signature motif&¥¥X, SXN,
and KTG) lay in the cleft between the largéelical cluster of domain | and the five-strandedi-parallelp-sheet
structure.

Now days, nanoparticles are considered a viabkrrative to antibiotics and seem to have a higlemntal for
controlling bacterial infections [21- 24]. The pisity of the emergence of resistance againstéhemoparticles is
rare due to their effects on different sites sushnm@mbrane, protein synthesis, inhibiting the ozpion [25].

305
www.scholar sresear chlibrary.com



Abbas Bahador et al Der Pharma Chemica, 2015, 7 (9):301-306

Nanoparticles can also be designed by use of campgirhulation. Studies have shown that nanosilsewidely
used for this purpose and have always been usedsagarious diseases. It acts agaistaecalis by alteration of
cell wall and cytoplasm [26]. NanoTiO2 is one of tianoparticles that gives self-cleaning to coatethces to it in
the presence of ulteraviolet (UV) light. In additjat is attracting much interest because of iteepbantibacterial
activity [27, 28].

CONCLUSION

The information on the characterization of the PBPE. faecalis obtained from these studies alone is not sufftcien
Nonetheless, computer simulation suggests thasilico studies, including molecular modeling and having
knowledge of PBPs structure is allowed us to disauswy ways of inhibiting PBPs to can be designepraved
drugs to combat infections I&y faecalis and related Gram-positive bacteria.
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