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ABSTRACT

In the Drug discovery process, identification of the target protein is an important step. In this study, potential target
identification was done on the Streptococcus pyogenesM1GAS which is a human pathogenic organism. The availability of
complete genome of S.pyogenes provides a wide opportunity to screen the drug targets. Even if the genome of an
organism is completely sequenced, some of the protein sequences are not annotated completely. The proper and
complete annotation of proteins is required to understand the pathogenicity and resistance function. The genome of
S.pyogenes consists of 1801 genes representing 1693 proteins and many were described as hypothetical proteins. In the
present work, the structural and functional annotation was predicted for Streptococcus pyogenes M1 GAS hypothetical
protein SPy _ 0012 by using various bioinformatics tools. Analysis for homology and sub cellular localization was done by
Blast p and PSORTD tool which showed that this protein is organism specific and not having any homology with the
Homo sapiens and it may be localized in the cytoplasmic region . Then, the pathway analysis with KASS tool from KEGG
server reveals that it is involved in the betalactam resistance activity. Finally, the primary, secondary structures were
analyzed and tertiary structure was predicted by the different tools available in the Expasy server. Validation was done
for the predicted 3D structure and it was submitted in the Protein Modeling Data Base and received PMDB ID of
PM0080771. Further, putative binding region for the modeled protein was also identified using COACH server. Based on
the nature of amino acids present in the ligand binding site, an effective beta lactamase inhibitor could be developed in
future to enhance the spectrum of beta lactam antibiotics against S.pyogenes.
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INTRODUCTION

Streptococcus pyogenes also known as Group A Streptococcus (GAS) is a gram positive, facultative,
anaerobic microorganism. It has been identified as a leading human pathogenic organism of worldwide
morbidity and mortality [1, 2, 3 & 4]. It is associated with a wide variety of disease such as pharyngitis [5],
impetigo in children[2], necrotizing fasciitis [6], cellulitis, pneumonia [8] and acute rheumatoid fever [9,
10]etc., Disease caused by S.pyogenes are commonly treated with basic antibiotics like penicillin. But
treating antibiotic resistance group of pyogenes is still a challenging task in the medical field. Identifying
newer targets involved in the resistance property may help to design some novel drug compounds [11].
With the advancement of whole genome sequencing processes, a total of 302 strains of S.pyogenes were
completely sequenced and all these are available in the NCBI database (URL: www.ncbi.nlm.nih.gov).
Among these, GAS SF370[12] is available from the year 2001, and is considered to be a significant
strain[13]. At present, it is noted that nearly 10% of protein sequences are not annotated and are denoted
as Hypothetical proteins. For the structural and functional characteristics of these proteins, there is no
experimental evidence available so far. Prediction of tertiary structure and function for these hypothetical
proteins by laboratory based method is a time consuming and expensive method. Use of bioinformatics
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tools and software provides important structural and functional annotations to this hypothetical protein.
Many research works were carried out to identify novel drug target in S.pyogenes and in various
microorganisms [11, 14 & 15]. Based on the success of these works, the study of the S.pyogenes M1GAS
hypothetical protein in SF 370 strain was selected. The study was designed to explore its sequence
similarity with Homo sapiens proteome databases, essentiality of this protein in the organism, prediction
of possible location in the organism, domain, family and functional identification , the structural analysis
namely primary, secondary and tertiary structures by using various bioinformatics tools. Finally, possible
active sites were also predicted to aid in the development of novel drug molecule to treat pathogenic
S.pyogenes effectively.

MATERIALS AND METHODS

Sequence retrieval

The whole genome of Streptococcus pyogenes M1 GAS consists of 1801genes and 1693proteins. Among
these149 were identified as hypothetical protein in which the function and structural annotations are not
available. From these hypothetical proteins, the protein sequence of SPy _ 0012 was selected. The amino
acid sequence was retrieved from NCBI database (www. ncbi.nlm.nih.gov) with accession number of
NP_268432.1.

Similarity analysis of hypothetical protein SPy _ 0012against H. sapiens proteome

Proteins present in the microorganism which are not having any homology to human proteome may
serve as an effective drug target. To identify the uniqueness, Blast P analysis was carried out with the
retrieved Streptococcus pyogenes hypothetical protein SPy _ 0012 against H.sapiens proteome. The
parameters like threshold for expectation value of 0.005, and minimum bit score value of 100 were used
for filtering the hits.

Sequential Analysis of hypothetical protein SPy _0012

Prediction of sub cellular localization may be of help in genome annotation and the understanding
functional characteristics[16]. In this study, the PSORTbsub cellular localization prediction tool
(http://www.psort.org/psortb/) was used. Using the Database of Essential Genes [17](DEG)
(http://tubic.tju.edu.cn/deg/), the S. pyogenes hypothetical protein was scanned against 46 bacterial
proteomes by bacterial Blast P. Cutoff of 10 -9-05and a minimum bit score of 100 were used as parameters.
Further, the conserved domain and family annotation was done with NCBI Conserved Domains Database
(NCBI-CDD) [18], and Proteins Families Database (Pfam)[19]. Finally the possible involvement of this
hypothetical protein in metabolic pathways was identified by using KEGG automatic annotation server
(KAAS) [20].

Structure analysis of hypothetical protein SPy _0012

The primary and secondary structure analysis was performed by using Protparam [21] and Sopma tools
[22] from Expasy server (http://www.expasy.org/). The tertiary structure for hypothetical protein SPy _
0012 waspredicted by homology modeling using Protein structure prediction (ps)2 - v2Zweb server [23].
(http://ps2.life.nctu.edu.tw/). This predicted protein structure was aligned with the template structure
using Flexible Structure Alignment by Chaining Aligned fragment pairs allowing twists (FATCAT tool)
available through the URL: http://fatcat.burnham.org/[24].

Binding site prediction

Ligand binding sites were predicted by using COACH server (http://zhanglab.ccmb. med.
umich.edu/COACH/) which uses two different methods namely TM - Site & S- Site. The identified
templates will be searched for binding sub specific structure and provides sequence profile comparison
[25].

RESULT AND DISCUSSION

If the host proteins are homologous to the drug targeted proteins of the organism, it will produce
unwanted therapeutic effects. If the protein present is unique to that organism and is not present in the
human being, it could serve as a good drug target [26] and this criterion was fulfilled by this hypothetical
protein. Blast P results indicated that this protein did not have any homology with the H. sapiens. Results
obtained from the sub cellular localization analysis show that this S.pyogenes M1 GAS hypothetical protein
SPy_0012 may be localized in cytoplasmic region. This kind of study of sub cellular localization provides
some basic knowledge in understanding the mechanism of the proteins involved in disease and may
helpin developing new drugs[27]. Further, analysis of predicting essentiality using DEG revealed that it is
a non essential protein. The domain analysis by Pfam& CDD databases revealed that this hypothetical
protein consists of Betalactamase enzyme family like domain and it is found to be 193 amino acids length
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which are in the region of 213 - 406. From the KASS server, it is noticed that this hypothetical protein
may be involved in the beta - lactam resistance pathway. The primary and secondary structural analysis
reveals that this hypothetical protein consists of 428 amino acids, mol. weight of 48848.87, Isoelectric
point of 8.14, instability index of 32.93, negative GRAVY index of -0.331. These values suggests that this
protein is positively charged, stable, hydrophilic and soluble protein. Presence of higher percentage of
leucine amino acid indicates that the regions may favors helices. The results of secondary structure
analysis support the view that the S.pyogenes hypothetical protein consists of 42.99%, 18.22%, 10.28%
and 28.5% of helices, strands, beta turns and coils respectively. The highest percentage contribution of
helices favors the protein to fold flexibly and may increase the protein interactions. The process of
tertiary structure prediction starts with template identification. Results from template searching process
show that the PDB ID: 1liysA produces maximum sequence similarity of 74.5%. Using this PDB structure
as a template structure, tertiary structure for S.pyogenes hypothetical protein SPy_0012 was modeled
(Figure 1). Then this modeled structure was energy minimized by using Gromos 96 force field using
SPDB Viewer [28]. The structure alignment of predicted Vs template structure results show that the two
structures are significantly similar with p - value of 0.00¢+%and have 226 equivalent positions with an
RMSD of 1.19 without twists which proves the reliability of the predicted 3D structure (Figure 2). Finally,
this model was validatedand deposited in the Protein Model Database (PMDB) and assigned the PMDB ID
as PM0080771 [29].

Figure 2: 3D Structure alignment of predicted structure(in grey color) and its template structure
PDB ID: 1iysA (in red color).
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Binding site prediction

Totally six different binding regions were identified for the modeled hypothetical protein Figure 3. The
obtained confidence score, cluster size, PDB hit, ligand name and consensus binding residues of the
binding sites are all given in Table 1.

Table 1- Results of binding pocket analysis
Pocket C-Score | Cluster PDB Hit Ligand Consensus binding residues
number Size name
1. 0.95 697 5a93A PCZ 40,41,44,75,76,109,111,176,192,193,194,195,196
2. 0.05 36 See8A MA4 193,200,225,227,228,229,232
3. 0.04 36 4mbhA MA4 186,189,204,206,214,216,227,228,231,232
4. 0.01 16 4de3A DN8 50,54,128,129,132
5. 0.01 9 4a5rB TBE 41,75,111,142,194,195,196,197
6. 0.01 5 4ddyA DN6 76,79,109,176,195

Figure 3: Prediction of Binding site

CONCLUSION

In this study, by using Bioinformatics approach, 3D structure for a hypothetical protein SPy_ 0012
ofStreptococcus pyogenes was modeled and possible functional annotations were also predicted. The
diseases caused by S.pyogenes were generally treated with beta lactam antibiotics. And the results from
functional annotation studies revealed that this hypothetical protein acts as betalactamase and it is
involved in the beta lactam resistance activity by producing hydrolytic degradation on the beta lactam
ring of antibiotic. In this work, 3D structure for this hypothetical protein was modeled by using 1iys -
chain A (Crystal structure of Class A beta Lactamase Toho -1) as template structure. Further, with
reference to PDB ID: 5a93 - Chain A (which explores the mechanism of inhibition of beta lactam antibiotic
namely Cefotoxim i.e. [(2R)-2-[(1R)-1-{[(2Z)-2-(2-amino-1, 3-thiazol- 4-yl)-2- (methoxyimino) acetyl]
amino}-2-oxoethyl]- 5-methylidene-5,6-dihydro-2H-1,3-thiazine- 4-carboxylic acid] by class A Beta
lactamase enzyme) [30] with high confidence score (0.95) a putative ligand binding region consists of
GIn40,Thr 41,Gly 44,Leu75,GIn76, Ile 109, Lys 111, Ser 176, Tyr 192, Asp 193, Lys 194,Ala195,Phe196was
also identified in the modeled hypothetical protein. Based on thenature of amino acids present in the
ligand binding site, an effective beta lactamase inhibitor could be developed in future to enhance the
spectrum of beta lactam antibiotics against S.pyogenes. Further, the same kind of methodology may also
be applied to understand the functional and structural aspects of other hypothetical proteins.
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