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Abstract

The complete genome sequence of the best-characterized strain of
Mycobacterium tuberculosis H37Rv has been determined and analyzed in
order to improve our understanding of the biology of this slow-growing
pathogen and to help the conception of new prophylactic and therapeutic
interventions. The Mycobacterium tuberculosis strains H37Rv and H37Ra are
the most commonly used controls for Mycobacterium tuberculosis
identification in the clinical and research laboratory setting. PPIASES
accelerate the folding of proteins. The process by which a protein folds into
the structure is called protein folding. In order to carry out their function, they
must take on a particular shape, also known as a "fold". Proteins what are
synthesized have to fold correctly so that they would acquire functional
conformation. Despite of its importance 3D structure of this protein is not
reported yet.

Homology modeling, also known as comparative modeling of protein
refers to constructing an atomic-resolution model of the "farget" protein from
its amino acid sequence and an experimental three-dimensional structure of a
related homologous protein (the "template"). For the modeling, template
protein was obtained by Geno3D server, template protein pdbl1W74| chain A
having identity 100%, E value 2e-103 and alignment score 370. By comparing
the template protein a rough model was constructed for the target protein using
Modeller9v7, a program for comparative modeling. The structure of iron-
regulated peptidyl- prolyl cis-trans isomerase A of Mycobacterium
tuberculosis strain H37Rv was found to resemble the X-ray structure of
Peptidyl — Prolyl cis-trans isomerase A, PPIA, RV0009, from Mycobacterium
tuberculosis. From Ramachandran plot analysis it was found that the portion
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of residues falling into the most favored regions was 89.7%. Structure
validation by Verify3D gives 93.99% of the residues. The predicted 3-D
model may be further characterized and analyzed using other techniques.

Keywords: iron-regulated peptidyl-prolyl cis-trans isomerase A, Homology
Modeling, Mycobacterium tuberculosis, H37Rv.

Introduction

Countless millions of people have died from tuberculosis, a chronic infectious disease
caused by the tubercle bacillus [1][3]. The complete genome sequence of the best
characterized strain of Mycobacterium tuberculosis H37Rv has been determined and
analyzed in order to improve our understanding of the biology of this slow growing
pathogen and to help the conception of new prophylactic and therapeutic interventions
[1]. The Mycobacterium tuberculosis strains H37Rv and H37Ra are the most
commonly used controls for Mycobacterium tuberculosis identification in the clinical
and research laboratory setting. Iron-regulated peptidyl-prolyl cis-trans isomerase A
PPIASES accerelate the folding of proteins [CATALYTIC ACTIVITY: Cis-Trans
Isomerization of Proline Imidic Peptice Bonds In Oligopeptides] [1].

Homology modeling relies on the identification of one or more known protein
structures likely to resemble the structure of the query sequence and on the production
of an alignment that maps residues in the query sequence to residues in the template
sequence [2]. Modeller9v7 is a computer program that models three-dimensional
structures of proteins and their assemblies by satisfaction of spatial restraints [15].
Modeller9v7 is most frequently used for homology or comparative protein structure
modeling: The user provides an alignment of a sequence to be modeled with known
related structures and Modeller9v7 will automatically calculate a model with all non-
hydrogen atoms [15].

Since there was no structure reported of iron-regulated peptidyl-prolyl cis-trans
isomerase A of Mycobacterium tuberculosis strains H37Rv, the main aim of this
study is to predict three dimensional structure of this important protein and inspects
its various aspects using different techniques.

Material and Method

Retrieval of Target Sequence

The amino acid sequence of the iron-regulated peptidyl- prolyl cis-trans isomerase A,
was obtained from the sequence database of NCBI (Accession No: NP_214523.1 and
GenelD: 15607151) [12]. It was ascertained that the three dimensional structure of the
protein was not available in Protein Data Bank. Hence the present exercise of
developing the 3D model of the protein of Mycobacterium tuberculosis strains H37Rv
was undertaken. The protein consists of 182 amino acids.

Secondary Structure Prediction
The amino acid sequence of the iron-regulated peptidyl- prolyl cis-trans isomerase A,
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was subject to predict the secondary structure by GOR-IV (secondary structure
prediction method) [7].
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Figure 1: Predicted secondary structure of iron-regulated peptidyl-prolyl cis-trans
isomerase A protein of Mycobacterium tuberculosis strains H37Rv

Template Searching

An attempt was made to find a suitable template protein for the modeling of the target
protein. The template protein was searched through Geno3D server [5], (an online
tool for searching similar sequences, based on sequence and structure-wise similarity).
From the homology searching X-ray structure of peptidyl-prolyl cis-trans isomerase A
from the Mycobacterium tuberculosis H37Rv [1W74: A] Chain A was selected as
template protein.

Sequence Alignment

Amino acid sequence alignment of target and template proteins was derived using the
Swiss-PdbViewer package [6]. Default parameters were applied and the aligned
sequences were inspected and adjusted manually to minimize the number of gaps and
insertions.

Rough Model
Rough 3-D models (20 models) were constructed from the sequence alignment
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between iron-regulated peptidyl-prolyl cis-trans isomerase A protein and the template
proteins using MODELLER 9v7 [15].

Figure 2: Predicted Model of iron-regulated peptidyl-prolyl cis-trans isomerase A
protein of Mycobacterium tuberculosis strains H37Rv

Evaluation of Refined Model

In the last step of HM the refined structure of the model was subjected to a series of
tests for testing its internal consistency and reliability [2][4][10]. Backbone
conformation was evaluated by the inspection of the Psi/Phi Ramachandran plot
obtained from PROCHECK [9] analysis. The Swiss-PdbViewer energy minimization
test was applied to check for energy criteria in comparison with the potential of mean
force derived from a large set of known protein structures.

Result and Discussions

In general, 30% sequence homology is required for generating useful models. In our
study, based on the results obtained from Geno3D server, the X-ray structure of the
Chain A, pdblIW74lA, that is a high resolution structure of iron regulated peptidyl-
prolyl cis-trans isomerase A from the Mycobacterium tuberculosis H37Rv was
selected as template. By using BLAST, for template protein 11W74:Al E-value 2e-
103, identity 100% and alignment score 370 was obtained. Modeller9v7 was used for
building the model and global energy minimization. With the help of Modeller9v7
software 20 models were generated, stereochemical parameters of the proteins like
main and side chains data of iron-regulated peptidyl-prolyl cis-trans isomerase A, was
considered for determining the quality of the model which were generated by using
PROCHECK 3.0 [9]. The main chain parameters like Ramachandran plot quality;
peptide bond planarity, C-alpha Chirality, over-all G factor and the bad contacts per
131 residues are found to be within the limits for the model. The side chain
parameters are in better range and within the limits for iron regulated peptidyl-prolyl
cis-trans isomerase a from the Mycobacterium tuberculosis H37Rv. After comparing
all parameters best model was obtained. Best model was analyzed by different protein
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analysis programs including RAMPAGE Software for the evaluation of the
Ramachandran plot quality, and WHATIF for the calculation of packing quality.
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Figure 3: The Ramachandran plot for iron-regulated peptidyl-prolyl cis-trans
isomerase A, using PROCHECK software

The Ramachandran plot for iron-regulated peptidyl- prolyl cis-trans isomerase A,
using PROCHECK software revealed that among the 182 residues, 131 (89.7%) were
in favoured region, 15 (10.3%) were in allowed region, 0 (0.0%) were in generously
allowed regions and 0 (0.0%) were in disallowed region proving that the predicted
model is acceptable (Fig. 3). Ramachandran plot for general, glycine, pre-proline and
proline was also done and it showed the glycine, pre-pro and proline of iron-regulated
peptidyl-prolyl cis-trans isomerase A falling under allowed regions. Packing quality
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for this model was found in normal range with the help of WHATIF server. From the
tools VERIFY_3D & ERRAT which is available at Structural Analysis and
Verification Server (SAVES) it was shown that 89.7% of the residues had an
averaged 3D-1D score > 0.2 and Overall quality factor 87.861.

The overall results provided the evidences that the predicted 3-Dimensional
structure of for iron-regulated peptidyl- prolyl cis-trans isomerase A is acceptable and
of good quality. This structure (Fig 4: see PMDB ID - PMO0077224 for the
corresponding coordinates in pdb format). With the development of techniques in
molecular biology that allow rapid identification, isolation, and sequencing of genes,
we are now able to infer the sequences of many proteins. However, it is still a time-
consuming task to obtain the three-dimensional structures of these proteins. A major
goal of structural biology is to predict the three-dimensional structure from the
sequence, a pursuit that has not yet been realized. Thus, alternative strategies are
being applied to develop models of protein structure when the constraints from X-ray
diffraction or NMR are not yet available. Insights into the three-dimensional (3D)
structure of a protein are of great assistance when planning experiments aimed at the
understanding of protein function and during the drug design process. This model is
successfully submitted in Protein Model Database (PMDB) [16] the PMDB ID of the
structure is — PM0077224.
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Figure 4: Predicted Structure of iron-regulated peptidyl-prolyl cis-trans isomerase A
protein of Mycobacterium tuberculosis strains H37Rv Submitted to Protein Model
DataBase.
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