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ABSTRACT: 

Multi-drug resistant Mycobacterium tuberculosis is one of the major obstacles for the treatment of tuberculosis. 
There is an urgent need for identification of novel drug targets which are known to establish infection in the host 
cells. In the present study, pantothenate synthetase (PS), an essential metabolic enzyme in the pantothenate 
biosynthetic pathway is used as target. Fourteen inhibitory molecules were computationally analyzed using Glide 
module and found that sulfamoyl adenylate inhibitors possessed better binding affinities against the PS enzyme. 
Further, structure optimization and in vitro validation of these inhibitors will prove its efficacy as a better candidate 
in the drug designing pipeline.  
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[I] INTRODUCTION  
Mycobacterium tuberculosis, the devastating 
pathogen of tuberculosis continues to be a major 
threat to human health causing high morbidity 
and mortality throughout the world. More than 
50,000 BCG vaccinated people every week and 
approximately one-third of the world population 
is asymptomatically infected [1]. The current 
situation is even worsened by the prevalence of 
multi drug resistant (MDR) M.tuberculosis, HIV 
co-infection and lack of patient compliance with 
the chemotherapy and inconsistent efficacy of 
BCG vaccine [2].  
According to the WHO multidrug and 
extensively drug-resistant tuberculosis 2010 
global report on surveillance and response, it is 
estimated that among 4,40,000 MDR-TB 
worldwide cases reported in 2008, 75% of the 
infected people were died and almost 50% of 
MDR-TB cases worldwide are estimated to 
occur in China and India [3]. Tuberculosis 
Research Centre (TRC), Chennai has published 
data on the prevalence of ‘new’ TB cases which 

showed that the gradual raise in the prevalence 
of resistance for the drugs: Isoniazid- 3 to 17 %, 
Streptomycin- 3 to 13% [4]. The lengthy 
chemotherapy (6 to 9 months) essentially paves 
way for the multi drug resistance by the 
bacterium apart from the drug’s significant 
toxicity [5]. There is an urgent need to identify 
more potent and selective antituberculosis drugs 
that inhibit essential biosynthetic pathways 
besides the conventional drugs targets for which 
the bacterium have already conferred resistance.  
Coenzyme A (CoA) is an essential cofactor in 
numerous energy-yielding reactions, a regulator 
of key metabolic enzymes and the source of 49 
phosphopantetheine, an essential prosthetic 
group of acyl carrier proteins (ACP) [6]. 
Pantothenate synthetase (PS), a key precursor 
for the synthesis of CoA and ACP [7] encoded 
by panC gene, catalyzes the adenosine 
triphosphate (ATP) and Mg2+ dependent 
condensation reaction in two steps (Figure 1): 
formation of pantoyl adenylate followed by the 
nucleophilic attack by β-alanine on the activated 
carbonyl giving rise to pantothenate [8].  
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PS belongs to the HIGH superfamily of 
nucleotidyltransferases and it is related to class I 
aminoacyl-tRNA synthetases [9]. It exists as a 
homodimer and each subunit has two domains, 
an N-terminal Rossman fold which contains the 
active site cavity and has a binding site for ATP. 
The C-terminal domain acts as a hinged lid for 
this cavity and has a binding site for pantoate 
[10,11]. 
The genome-sequencing project of 
M.tuberculosis revealed a number of possible 
drug targets. In the present study, PS has been 
considered as a target against tuberculosis 
infection due to the following three reasons. 
First, pantothenate is only produced by 
prokaryotes, fungi and plants. Human does not 
possess the genes required for the pantothenate 
biosynthesis and it can be acquired directly from 
the dietary sources [12]. Hence, there is a high 
possibility of selective activity of drug 
molecules. Second, both CoA and ACP are 
essential in fatty acid synthesis that plays a key 
role in persistent growth and pathogenicity of 
M.tuberculosis. PS  is an appropriate target for 
developing new drug molecules against 
tuberculosis infection [13]. Finally, in MTB 
vaccine studies of panC auxotrophs conducted 
by Jacob and coauthors revealed that the de novo 
biosynthesis of pantothenate is highly attenuated 
both in immunocompromised mice and in 
immunocompetent mice [14]. This is an 
indication that a functional pantothenate 
biosynthetic pathway is required for MTB 
virulence in host cells. Molecular docking 
studies were performed on M.tuberculosis PS 
enzyme (PDB: 3COW) co-crystallized with 5'-
O-{[(2R)-2-hydroxy-3, 3-dimethylbutanoyl] 
sulfamoyl} adenosine, a sulfamoyl adenylate 
inhibitor [15]. Computationally designed 
sulfamoyl adenylate inhibitors along with known 
inhibitory ligands from literature were used for 
docking. 
 
[II] MATERIALS AND METHOD 

2.1 Ligand data  
Fourteen inhibitory molecules were selected for 
our study having known PS inhibitory activity 
(Figure 2). Molecules such as 2-
Dichloroacetoxy-3,3-dimethylbutanoic acid, 3,3-
Dimethyl-2-oxobutyric acid, 3,3-Dim ethyl-2-
hydroxybutanoic acid, 4-Methoxy-2-(2-
methoxyethoxymethoxy)-butyric acid and 4-
Methoxy-2-(2-methoxyethoxymethoxy)-3,3-
dimethylbutyric acid  were drawn with 
MavinSketch using the Marvin’s conventional 
IUPAC import facility and subsequently 
optimized to 3-D using ‘Clean 3D’ utility [16]. 
We retrieved inhibitors from PubChem [17] and 
chEBI [18] database. These include Nafronyl 
oxalate (CID: 312915), 5-tert-butyl-N-[1-[(4-
iodophenyl) methyl] pyrazol -4-yl]-4,5,6,7-
tetrahydro-1,2-benzoxazole-3-carboxamide 
(CID: 16740889), 5'-O-(N-ethyl-sulfamoyl) 
adenosine (CID: 448466), '5'-O-(N-(L-prolyl )-
sulfamoyl) adenosine (CID: 447378), 5'-O-(N-
(L-cysteinyl)-sulfamoyl)adenosine (CID: 
5287527), 5'-O-(N-(L-threonyl)-sulfamoyl) 
adenosine (CID: 445439), '5'-O-(N-(L-alanyl)-
sulfamoyl)adenosine (CID: 196672), 5'-O-(N-
(L-seryl)-sulfamoyl)adenosine (CID :445736) 
and 5'-O-(N-(benzoyl) sulfamoyl) adenosine 
(CHEBI: 435567). These molecules were 
optimized using ChemSketch’s ‘3D 
Optimization’ utility [19]. 
 
2.2 Ligand Preparation  
The selected ligands were structurally optimized 
by using LigPrep 2.3 module of Schrodinger 9.0 
suite [20] which utilizes Optimized Potentials 
for Liquid Simulations-2005 (OPLS-2005) force 
field for ligand geometry optimization. 
Tautomers were generated for the ligand 
datasets and then, neutralized. It generated the 
corresponding low energy 3D conformers 
among 32 stereoisomers per  ligand.  
 
2.3 Protein Preparation 
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The three-dimensional crystal structure of the 
protein M. tuberculosis PS in complex with 
sulfamoyl adenylate inhibitor (PDB: 3COW) 
was retrieved from Protein Data Bank [21]. The 
protein structure was analyzed using 
Ramachandran Plot [22] available at Structural 
Analysis and Verification Server (SAVS) [23]. 
The protein preparation wizard of Schrodinger 
suite was used to prepare protein. The protein 
was preprocessed by deleting the substrate 
cofactor as well as crystallographically observed 
water molecules (water without H bonds). The H 
bonds were added to the protein, atomic charges 
were assigned, protanation states were generated 
and then minimized using the OPLS 2005 force 
field until the average root mean square 
deviation for non-hydrogen atoms reaches 0.30 
˚A. 

2.4 Receptor Grid Generation and ligand 
docking 
Ligand dataset under study were docked into the 
active site of the receptor PS using Glide (Grid-
Based Ligand Docking With Energetics) module 
from Schrodinger suite. The active site of the 
receptor (His44, His47, Asn69, Gln72, Lys160, 
and Gln164) was defined for constructing the 
grid. The scaling factor of 1.0 was set for van 
der Waals radii of receptor atoms with the 
partial atomic charge in order to soften the 
nonpolar parts of the receptor. This approach 
softens the active site region of the receptor 
making it flexible [24]. Glide Extra Precision 
(XP) was selected in order to get a good 
correlation between good poses and good scores. 

Glide algorithm has a series of hierarchical 
filters. Exhaustive searches were made for all 
the core conformations of the ligand followed by 
the removal of orientations having steric clashes. 
In the greedy based scoring phase, all the 
possible interactions of the ligand with the 
receptor were reported. The top greedy scoring 
poses were re-scored in the refinement 
procedure in which the whole ligand is allowed 
to move in the Cartesian directions by +/- 1 ˚A. 
This procedure resulted in a small number of 
best refined poses (typically 100-400) which 
were subsequently minimized using the OPLS 
force field. Finally, the 5-10 lowest-energy 
poses obtained were subjected to Monte Carlo 
simulations and the accepted minimized poses 
were then rescored using the GlideScore 
function and the top hits were reported. 
 
GScore = 0.065 * van der Waal energy + 0.130 
* Coulomb energy + Lipophilic term + 
Hydrogen-bonding term + Metal-binding term + 
Buried polar groups penalty + Freezing rotatable 
bonds penalty  + Active site polar interactions. 
 
[III] RESULTS AND DISCUSSION     
The docking simulation technique was 
performed using Glide module (Schrodinger 
suite). Among the 14 inhibitors, the best docked 
ligands were selected based on the Glide XP 
score and lowest energy conformation (Table 1). 
 
 
 
 

 
S.No 

 
Compounds 

Glide Score 
(XP) 

Glide energy 
(Kcal/mol) 

No. of Hydrogen 
bonding 
interaction 

1 5'-O-(N-(benzoyl)-sulfamoyl) adenosine -13.014601 -71.746669 6 
2 5'-O-(N-ethyl-sulfamoyl) adenosine  -11.836490 -61.880714 7 
3 5'-O-(N-(L-threonyl)-sulfamoyl)adenosine  -12.841820 -74.348033 8 
4 5'-O-(N-(L-alanyl)-sulfamoyl) adenosine  -10.986948 -69.051587 9 
5 5’-O-(N-(L-prolyl)-sulfamoyl)adenosine  -10.471865 -69.520358 8 
6 5'-O-(N-(L-seryl)-sulfamoyl) adenosine -10.260641 -77.281758 9 
7 5'-O-(N-(L-cysteinyl)-sulfamoyl) adenosine -8.516113 -55.744905 5 
8 Nafronyl oxalate -5.100456 -50.256321 3 
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9 2-Dichloroacetoxy-3,3-dimethylbutanoic acid -4.524344 -31.070634 5 
10 4-Methoxy-2-(2-methoxyethoxymethoxy)-butyric 

acid 
-4.254619 -40.923856 6 

11 3,3-Dimethyl-2-hydroxybutanoic acid -4.191592 -16.890297 3 
12 3,3-Dimethyl-2-oxobutyric acid -3.484898 -23.141242 4 
13 5-tert-butyl-N-[1-[(4-iodophenyl)methyl]pyrazol-4-

yl]-4,5,6,7-tetrahydro-1,2-benzoxazole-3-
carboxamide 

-2.210437 -36.562226 3 

14 4-Methoxy-2-(2-methoxyethoxymethoxy)-3,3-
dimethylbutyric acid 

-1.628206 -34.886296 
 

6 

 
Table: 1. Docking results of pantothenate synthetase with inhibitors 
 

 
 
Fig: 1. The role of Pantothenate synthetase in Pantothenate biosynthetic pathway. Step 1 – ATP dependent 
formation of pantoyl adenylate intermediate. Step 2 - Nucleophilic attack by β-alanine on the activated carbonyl to 
yield pantothenate.                    
             
Interestingly, we found that the first seven best 
ranked ligands molecules were sulfamoyl 
adenylate inhibitors for which the XP score 
ranges from -13.014601 to -8. 516113 with the 
Gibbs energy profile in the range of -71. 746669 
to -55.744905 kcal/mol. Significant hydrogen 

bonding of sulfamoyl adenylate inhibitors with 
the active site of the receptor was also analyzed 
(Figure 3). 
Aminoacyl adenylate analogues function as 
potent inhibitors of the aminoacyl-tRNA 
synthetase enzymes. More recently, t-RNA  

 
 

Fig: 2. Structure of sulfamoyl adenylate inhibitors 
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synthetases have emerged as a potential platform 
for the development of new antibiotics that 
specifically target these enzymes as a way to 
inhibit bacterial growth. We showed that the 
molecules having adenosine and –oyl (acyl) 
groups have a better binding affinity towards PS 
active site. It is primarily due to the high ligand 
surface which facilitates dispersed hydrogen 
bonding with the interacting residues of PS 
active site cavity compared to other inhibitory 
molecules under study. We expect that a potent 
sulfamoyl adenylate inhibitor having a less 
toxicity will be the best candidate for the 
structure based drug designing in future.   
 
 
 

[IV]CONCLUSION    
Multi-drug resistant M.tuberculosis has been 
reported in a number of studies from different 
parts of India. The bacterium confers resistance 
against the antibiotics prescribed in the current 
chemotherapy and it is no longer efficient to 
cure. It is also known that in the current 
regimen, the first-line and second-line drugs 
given have long term toxicity. Hence, it makes 
sense to select new targets apart from the 
existing targets. Coenzyme A biosynthesis is one 
of the essential biochemical pathways of 
bacterium for infection in host cells. Enzymes in 
these metabolic pathways that are not inhibited 
by current TB drugs could be considered as 
good targets for designing drugs. PS is one of 
the essential enzymes  

   
                                 (A)                                             (B)                                           (C) 

   
                                  (D)                                            (E)                                            (F) 



IN SILICO DEVELOPMENT OF INHIBITORS AGAINST PANTOTHENATE SYNTHETASE OF MYCOBACTERIUM TUBERCULOSIS 
 

S. Prasanth Kumar, et al.  147 
 

 
(G) 
 
Fig: 3. Docked conformation of computationally designed sulfamoyl adenylate inhibitors. (A) 5'-O-(N-ethyl-
sulfamoyl)adenosine, (B) 5'-O-(N-alanyl- sulfamoyl) adenosine, (C) 5'-O-(N-seryl- sulfamoyl) adenosine, (D) 5'-O-
(N-cysteinyl-sulfamoyl)adenosine, (E) 5'-O-(N-threonyl- sulfamoyl) adenosine, (F) 5'-O-(N-prolyl-sulfamoyl) 
adenosine and (G) 5'-O-(N-benzoyl- sulfamoyl) adenosine 
 
used as target for drug designing in order to halt 
the bacteria’s metabolism. In the present study, 
we identified that sulfamoyl adenylate inhibitors 
will be the best molecule for inhibition of PS. 
There is an urgent need for new antituberculosis 
drugs which should shorten the duration of 
current chemotherapy as well as triumph over 
the drug-resistant isolates of this deadliest 
organism. 
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