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Abstract: Tuberculosis is one of the most serious health problems, as globally; around
2 billion or one third of the world’s total population has been infected with Mycobacterium
tuberculosis. Mycobacterium tuberculosis is a unique among bacterial pathogens in that it
displays a wide array of complex lipids and lipoglycans on its cell surface. One such
glycolipid, sulfolipid-1 (SL-1), is the most sulfatide, consists of a trehalose core, four fatty
acyl groups, and a sulfate ester. Several proteins involved in SL-1 biosynthesis have been
identified, the enzymes that acylate the T2S core to form SLI278 and SL-1, and the
biosynthetic order of these acylation reactions, are unknown. Here we studied the in silico
identification of PapA2 and PapAl, proteins responsible for the sequential acylation of T2S
to form SL1278 and are essential for SL-1 biosynthesis, by applying different bioinformatics
tools. Benchmark, of 3 different homology modeling programs Modeller, Swiss-Model (Deep
View), and ESyPred3D, has been performed used to transform the alignment to a 3D model.
The 3D structures of targeted proteins were evaluated by evaluation tools, ANOLEA and
Verify3D. It is concluded that in SL-1 biosynthesis pathway, PapAl and PapA2 proteins
could be used as drug target, drug lead design and to find out the other proteins involved in
this pathway that not yet have been identified and may be used to the cure of tuberculosis
infection.

Keywords: PapAl and PapA2, Mycobacterium Tuberculosis, Comparative modeling,
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Introduction

Tuberculosis is a major global cause of death and infectious disease and around 2 billion
people or one third of the world’s total population, are believed to be infected with tubercle
bacilli (TB) [37].Today the principle cause of human tuberculosis is Mycobacterium
tuberculosis [14]. Mycobacterium tuberculosis is a gram-positive bacterium with the
G+C rich genome. The thick Mycobacterium tuberculosis cell wall consists of numerous
glycolipids that are essential for many of the characteristics that distinguish Mycobacterial
pathogenesis [5, 28].

Genes involved in the synthesis and export of surface-exposed lipid virulence factors such as

Phthiocerol Dimycocerosate (PDIM) and Sulfolipid-1 (SL-1) are required for bacterial growth
and virulence in mice [8, 9]. Surface-exposed lipids provide protection against host induced

155



@ Int.J. BIOAuTOMATION, 2012, 16(3), 155-164

damage [26, 27]. A family of cell surface sulfated lipids was identified in Mycobacterium
tuberculosis extracts and correlated to strain virulence [10, 23]. Sulfolipid-1 (SL-1) is the
most abundant sulfatide, consists of a trehalose core, four fatty acyl groups, and a sulfate
ester [12].The exact function of SL-1 is still unknown but its absence in humans presents it as
a potential target for anti-tubercular drug development [20].

The biosynthetic machinery of SL-1 involves seven important enzymes of which two are still
unknown. These include Sulfotransferase (StfO) that catalyses sulfation of trehalose to
trehalose-2-sulfate (T2S), an acyltransferse, Polyketide synthase Associated Proteins A2
(PapA2) that adds straight chain palmitate or stearate to the 2-position of T2S yielding
monoacyl SL659, another acyltransferse, Polyketide synthase Associated Proteins Al
(PapAl) that catalyses the transfer of the first phthioceranoyl or hydroxyphioceranoyl group
to the 3-position of SL659 to create a diacyl SLL1278, Polyketide synthase (Pks2) that transfers
phthioceranoyl or hydroxyphioceranoyl group and the Large Membrane Protein (MmpL8)
that transports SL1278 from the interior of the cell to exterior. There are two unidentified
extracellular acyltransferases that catalyze the addition of the final two acyl units in
SL-1 structure [30].

Pks2 is known to be involved in SL-1 assembly [24], thus deletion of Pks2 results in the loss
of principle sulfolipid SL-1 in Mycobacterium tuberculosis. Of all the Pks genes linked to
PAPs, Pks2 is only one located next to two Pap genes (PapA3 and Pks3/4 are involved in the
biosynthesis of polyacylated trehalose, and the metabolite synthesized by PapA4 and Pks5 has
not yet been identified) [33].

The sequencing of the Mycobacterium tuberculosis genome revealed five open reading
frames, PapAl-PapAS, that were annotated as genes for polyketide synthase-associated
proteins (PAPs) because of their linkage to their genes encoding enzymes involved in
polyketide biosynthesis [7]. Most surface-exposed lipids are synthesized by specialized
polyketide synthesis that elongates straight chain fatty acids by the stepwise addition of short
acyl chains. Polyketide synthase-associated proteins, PapA2 and PapAl reside within the
same cluster of genes encoding Pks2, and MmpL8 in the Mycobacterium tuberculosis
genome [4, 25, 34]. PapAl is associated with Pks2, which encodes the enzyme that
synthesizes the phthioceranic acids of SL-1. However, PapA2 is distal from Pks2 in the
Mycobacterium tuberculosis genome and is not directly associated with another polyketide
synthase [18].

Phthiocerol Dimycocerosate (PDIM) is the product of two such systems [1, 34].
An acyltransferase that installs the lipid groups on the Mycobacterium tuberculosis virulence
factors phthiocerol Dimycocerosate (PDIM) was identified as the polyketide synthase
associated proteins PapAS5 [4, 25, 34]. This enzyme transfers a mycocerosyl group from the
acyl carrier protein domain of the polyketide synthase [17].

Materials and methods

The proteins sequences and information (Name & Origin, Protein attributes, General
annotation and Entry information) of PapAl and PapA2 were retrieved from the Uniprot
Knowledgebase (UniprotKB), in FASTA format. APSSP (Advanced Protein Secondary
Structure Prediction Server) that predicted the secondary structures of proteins PapAl and
PapA2 from their amino acid sequences, by using nearest neighbor and neural network
approach.
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All the target protein sequences retrieved from Uniprot were BLASTed against Protein Data
Bank Proteins (pdb) using the Protein-Protein BLAST (Psi-blast) program to find out the
templates that carried more similarities with target proteins. Using the input files
MODELLER 9v8 generated 3D model of target proteins.Work was done in the project mode
by using DeepView (SwissPDB Viewer, or SPDBV 4.0.1) software that assured a better
control of the homology modeling process and promoted a deeper understanding of various
features of the protein structure you were going to model.

Friend, a bioinformatics application designed for simultaneous analysis and visualization of
multiple structures and sequences of proteins and/or DNA/RNA. Energy calculations on
a protein chain, were performed by ANOLEA (Atomic Non-Local Environment Assessment)
and evaluated the "Non-Local Environment" (NLE) of each heavy atom in the molecule.
A plot obtained from the Verify3D structure Evaluation Server that represented the average
3D-1D profile score.

Results

APSSP gave output that showed amino acid, secondary structure state (H->helix; E->Strand;
C->Coil) and probability of correct prediction. In PapAl, 41.73% are H->helix, 15.49% are
E->Strand, and 42.78% are C->Coil, whereas in PapA2, 45.47% are H->helix, 13.12% are
E->Strand, and 41.40% are C->Coil.

Errors of the model are usually estimated either from the energy of the model or from the
resemblance of a given characteristic of the model to real structures [32]. Predicted models of
PapA1l and PapA2 proteins (Figs. 1-4) are evaluated by ANOLEA and Verify3D tools
(Table 1).

Fig. 1 Predicted model of PapA1 protein by Modeller program

157



Int.J. BIOAuTOMATION, 2012, 16(3), 155-164

Fig. 3 Predicted model of PapA1l protein by Swiss-Model
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Fig. 4 Predicted model of PapA2 protein by Swiss-Model

Table 1. Models evaluations of proteins by using ANOLEA & Verify3D

Protein Modeling Evaluation High energy Sy
Z-score profile
name program program AA (%)
score
ANOLEA 68.72% 7.13 -
Modeller
Verify3D - - 0.51
PapAl
ANOLEA 71.39% 9.09 -
Swiss-Model
Verify3D - - 0.73
ANOLEA 51.49% 5.00 -
Modeller
Verify3D - - 0.45
PapA2
ANOLEA 46.40% 4.25 -
Swiss-Model
Verify3D - - 0.78
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Discussion

In the present study, PapAl and PapA2 are used for comparative analysis that involved in
Sulfolipid (SL-1) biosynthesis pathway of Mycobacterium tuberculosis. The biosynthetic
machinery of SL-1 involves seven important enzymes of which two are still unknown.
MmpLS8, Stf0, PapAl and PapA?2 were found to be very unique and entirely absent in human
except Pks2 that showed significant alignment with human proteome. So that MmpLS8, Stf0,
PapAl, and PapA2 could be used as drug targets against Mycobacterium tuberculosis
infection.

‘3CIG’ template of PapAl and ‘2VSQ’ template of PapA2, with 19% and 26% identities are
selected. ‘3CIG’ a Toll-Like Receptor (TLR3) is a member of TLR family that recognizes
pathogen associated molecular signature and initiate inflammatory responses [11, 15, 16].
“2VSQ’ Nonribosomal Peptide Synthases (NRPS) are modular multidomain enzymes that
catalyze up to several dozen reactions in a highly coordinated manner to generate peptides of
remarkable structural and functional diversity, and the NRPS assembly line logic is analogous
of other megasynthases such as polyketide (PKS) and fatty acid synthases [35, 36].
It was very difficult to get maximum homology of these proteins with such a less number of
PDB structures available.

Benchmark, of 3 different homology modeling programs — Modeller, Swiss-Model, and
ESyPred3D, has been performed used to transform the alignment to a 3D model.
The difference between the programs is how the information contained in the alignment is
used to build a 3D model. One of the most frequently used modeling programs, Modeller
generated 3D models by satisfaction of spatial restraints use a set of restraints derived from
the alignment [30]. Swiss-Model assembled a model from a small number of rigid bodies
obtained from the core of the aligned regions [3, 13]. The final three-dimensional (3D)
structure was built using the modeling package Modeller [19]. 3D models of PapAl and
PapA2 were evaluated by evaluation tools, ANOLEA and Verify3D. Energy calculations are
performed by ANOLEA that gave the Z-scores, 7.13 and 9.09, of PapAl by Modeller and
Swiss-Model respectively, indicating, that model obtained from modeler is better than
Swiss-Model.

While the PapA2 models obtained by Modeller and Swiss-Model gave the 5.00 and 4.25
Z-scores. Plots obtained from the Verify3D structure Evaluation server that represented the
average 3D-1D profile score. The 3D-1D profile score for the compatibility of the sequence
with the model is the sum, over all residue positions, of the 3D-1D scores for the amino acid
sequence of the protein [21]. 3D-1D profile scores, of PapAl models are 0.51 and 0.73 and of
PapA2 models are 0.45 and 0.75 obtained by Modeller and Swiss-Model respectively.

Two genes annotated as polyketide synthase-associated proteins, PapA2 and PapAl reside
within the same cluster of genes encoding Pks2, and MmpL8 in the Mycobacterium
tuberculosis genome [4, 25, 34]. Genes involved in the synthesis and transport of these
polyketides is required for bacterial growth and virulence in mice [6]. Two polyketide
synthase associated acyltransferases are involved in the biosynthesis of the major sulfolipid-1
in Mycobacterium tuberculosis [2] and these could be used as drug targets and drug design
against Mycobacterium tuberculosis infection. In future, structural conformations of these
polyketide synthase-associated proteins, PapA1l and PapA?2 could be used to find out the other
proteins that not yet have been identified in this pathway.
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