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 ABSTRACT  
Tuberculosis (TB) is the leading cause of death in the world from a bacterial 

infectious disease. According to the WHO report, Mycobacterium tuberculosis is 
responsible for infecting 8-10 million people globally and three million deaths every 
year.  Mycobacterium is a genus of Actinobacteria, known to cause serious diseases 
in mammals, including tuberculosis (Mycobacterium tuberculosis) 
and leprosy (Mycobacterium leprae). Antitubercular drugs like rifampicin, isoniazed, 
ethionamide, aminosalicylic acid cycloserine etc.  have high toxicity and produces 
high resistant, so the drugs with less toxicity, potential activity and safer therapeutic 
profiles is an urgent need. Since the pyrazolo[3,4-d]pyrimidines has various 
pharmacological activities such as CNS depressant, anti coagulation, neuroleptic and 
tuberculostatic etc., so these compounds have been taken for the study of their 
antitubercular activities through various computational techniques. In this article, 
Molecular docking of some pyrazolo[3,4-d]pyrimidine derivatives have been carried out 
with the mycobacterial β-oxidation trifunctional enzyme [PDB ID: 4B3I] using 
AUTODOCK 4.2. The docking results indicate that compounds 2, 4 and 6 shows good 
binding capabilities with mycobacterial β-oxidation trifunctional enzyme [PDB ID: 
4B3I]. We have also performed ADME calculation of these molecules, to ensure 
success at clinical trial level, which indicate that all these compounds possess drug 
like properties. These results, demonstrated that pyrazolo[3,4-d]pyrimidine derivatives 
may be used as an excellent inhibitor against the M. Tuberculosis. 
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 INTRODUCTION 
Tuberculosis, MTB, or TB (short 

for tubercle bacillus) is a common, and in 
many cases lethal, infectious disease caused 
by various strains of mycobacteria, 
usually Mycobacterium tuberculosis [1]. 
Tuberculosis typically attacks the lungs, but 
can also affect other parts of the body. One 
third of the world's population is thought to 
have been infected with M. tuberculosis 
[3] with new infections occurring at a rate of 
about one per second [3]. In 2007, there were 
an estimated 13.7 million chronic active cases 
globally,[4] while in 2010, there were an 
estimated 8.8 million new cases and 
1.5 million associated deaths, mostly 
occurring in developing countries [5]. The 
absolute number of tuberculosis cases has 
been decreasing since 2006, and new cases 
have decreased since 2002 [5]. The 
distribution of tuberculosis is not uniform 
across the globe; about 80% of the population 
in many Asian and African countries test 
positive in tuberculin tests, while only 5–10% 
of the United States population tests positive 
[1]. More people in the developing world 
contract tuberculosis because of compromised 
immunity, largely due to high rates 
of HIV infection and the corresponding 
development of AIDS [6]. The first- line anti-
tubercular drugs such as isoniazed, riframycin, 
and ethionamide and due to the toxicity of 
second line drugs, such as ethionamide, 
aminosalicylic acid, cycloserine, amikacin, 
kanamycin, and capreomycin, the discovery of 
new anti-tubercular agents with potential 
activity, less toxicity, broader spectrum, and 
safer therapeutic profiles, is an urgent need 
[7,8]. The pyrazole and pyrimidine derivatives 
have been carried out due to their diverse 
biological and therapeutic nature. 
Pyrazolopyrimidine and related fused 
hetrocycles are of interest as potential 
bioactive molecules. They are known to 
exhibit pharmacological activities such as 
CNSM depressant [9,10], neuroleptic[11], 
tuberculostatic [12], anticoagulation [13], anti- 
amoebic [14] etc. Pyrazolo[3,4-d]pyrimidine 
were identified as a general class of adenosine 
receptors [15]. Thus due to this diverse 
biological properties, we have carried out the 
molecular docking of some pyrazolo[3,4-

d]pyrimidine derivatives with mycobacterial 
β-oxidation trifunctional enzyme [PDB ID: 
4B3I] using AUTODOCK 4.2, and also  to 
ensure success at clinical trial level, we have 
done the ADME calculation using QIKPROP, 
which will be prove the bioavailability and 
drug like property of the molecule.  
 METHODOLOGY 
In this work we have carried out the molecular 
docking study of eight compounds of 
pyrazolo[3,4-d] pyrimidine derivatives with 
the mycobacterial β-oxidation trifunctional 
enzyme  [PDB ID: 4B3I] using 
AUTODOCK4.2. The crystallographic 
structure of mycobacterial β-oxidation 
trifunctional enzyme [PDB ID: 4B3I] were 
retrieved from protein data bank 
(http://www.rcsb.org).  

AUTODOCK docking 
The AUTODOCK4.2 program starts 

with a ligand molecule in an arbitrary 
conformation, orientation and position and 
finds favorable docking in a protein-binding 
site using both simulating annealing and 
genetic algorithms [16]. The program ADT 
(Autodock tools), which has been released as 
an extension suite to the Python Molecular 
Viewer, was used to prepare the protein and 
the ligands. For the preparation of 
macromolecule, polar hydrogens were added 
in the crystal structure of mycobacterial β-
oxidation trifunctional enzyme [PDB ID: 
4B3I], and then Kollman United Atom 
charges and atomic solvation parameters were 
assigned. The grid maps of docking studies 
were computed using the AutoGrid4 included 
in the Autodock4.2 distribution. Grid center 
that was centered on the active site COA 
(Coenzyme A) was obtained using the 
AutoGrid4 algorithm [17], and 70×70×70 
points with grid spacing of 0.625 Å and 
distance-dependent dielectric constant were 
calculated. The affinity and electrostatic 
potential grid were calculated for each type of 
atoms in the ligands. The GA–LS method was 
adopted to perform the molecular docking. 
The parameters for Genetic Algorithm (GA) 
were defined as follows: a maximum number 
of 250,000 energy evaluations; a maximum 
number of generations of 27,000; mutation 
and crossover rates of 0.02 and 0.8, 
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respectively. Pseudo- Solis &Wets parameters 
were used for local search (LS), and 300 
iterations of Solis &Wets local search were 
imposed. The number of docking runs was set 
to 100. After docking, all the structures 
generated were assigned to clusters based on a 
tolerance of 1 Å all-atom RMSD from the 
lowest-energy structure. Hydrogen bonding 
and hydrophobic interactions between docked 
potent agents and macromolecule were 
analyzed using ADT [16]. The best docking 
result can be considered to be the 
conformation with the lowest (docked) energy 
and lowest RMSD. 

ADME Prediction 
The accurate prediction of absorption, 

distribution, metabolism and excretion 
(ADME properties) is often difficult owing to 
the complexity of underlying physiological 
mechanisms. However, these properties have 
been studied by the ADME scoring using the 
QikProp3.5 module [18] of Maestro. QikProp, 
settings determine which molecules are 
flagged as being dissimilar to other 95% of the 
known drugs. The compounds were 
neutralized before being used by QikProp and 
the program was processed in normal mode. 
The neutralizing step is essential, as QikProp 
is unable to neutralize a structure, and no 
properties will be generated in the normal 
mode. The program was processed in normal 
mode and predicted 44 properties for all the 
molecules, consisting of principal descriptors 
and physiochemical properties with a detailed 
analysis of the log P (octanol ⁄ water), QP%, 
and log HERG, etc. It also evaluates the 
acceptability of the analogs based on 
Lipinski's rule of 5 [19, 20], which is essential 
for rational drug design. Lipinski's rule of 5 is 
a rule of thumb to evaluate drug likeness or to 
determine whether a chemical compound with 
a certain pharmacological or biological 
activity has properties that would make it a 
likely orally active drug in humans. The rule 
describes molecular properties important for a 
drug's pharmacokinetics in the human body, 
including its ADME. However, the rule does 
not predict whether a compound is 
pharmacologically active [21]. 

 
 

RESULTS AND DISCUSSION 
Molecular Docking 

The conformation search and docking 
studies using AUTODOCK 4.2 suggest that 
electronic interaction plays an important role 
in ligand channel interaction. The results are 
represented in table 1. This table indicates 
that, compound 6 has highest binding energy 
(-8.14 kcal/mol), and compound 1, 2 and 5 
have comparable energy (~ -8 kcal/mol) to 
compound 6, some compounds like 3, 4, 7 and 
8  has also good binding energy (~ -7.8 
kcal/mol). Since the drug which showed the 
least binding energy was found to have 
minimum inhibitory concentration i.e. drug 
was not showing better efficacy while the drug 
complexed with enzyme with higher binding 
energy was showing lower MIC and 
considered to better drug. The inhibition 
constant value of the best poses shows that, 
the compound 6 has lowest value (1.08 µM) 
while compounds 2 and 4 have comparable 
value 1.3 µM and 1.74 µM to compound 6 and 
remaining compounds 1, 3, 5, 7 and 8 have 
also good value of inhibition constant. This 
table also shows that the internal energy of 
some compounds like 6, 2, and 4 have very 
small value in comparison to remaining 
compounds. The hydrogen bonding interaction 
between the ligands and mycobacterial β-
oxidation trifunctional enzyme are represented 
in table 2. From this table, it is observed that 
the compounds 1, 2, 6 and 8 interacts by two 
hydrogen bonds through residues GLN 172; 
THR 143, GLN 172; GLY 543, PRO 545; 
ALA 66, GLN 308 having bond length 2.063 
Å, 2.035Å, 2.241Å, 2.129Å respectively. Also 
compound 3, 4, and 7 interacts with protein by 
one hydrogen bond with residues PRO 545, 
GLN 308, PRO 545 having bond length 
2.226Å, 2.115Å and 2.107Å respectively but 
compound 5 showing no any interaction with 
the protein. Acoording to reported MIC and 
inhibition value [22], compounds 6, 2 and 4 
have highest inhibition value like 96%, 93%, 
and 91% and remaining compounds 1, 3, 5, 7 
and 8 have lower inhibition value of 75%, 
68%, 74%, 54%, and 63% respectively. These 
results obtained from molecular docking 
showed that compounds 6, 2 and 1 showing 
good binding capabilities with mycobacterial 
β-oxidation trifunctional enzyme and rest 
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compounds are also showing favorable 
binding.  

ADME Prediction 
The Lipinski rule states, those most 

“drug-like” molecules have logP ≤ 5, 
molecular weight ≤ 500, number of hydrogen 
bond acceptors ≤ 10, and number of hydrogen 
bond donors ≤ 5. Molecules violating more 
than one or two of these rules may have 
problems with bioavailability. This rule is 
called the “rule of 5”, because the border 
values are 5, 500, 2*5, and 5. Drug likeliness 
and bioavailability of the ligand is inspected 
using the QIKPROP3.5 module. The 
calculated molecular properties of 
pyrazolo[3,4-d]pyrimidine molecules are 
shown in the table 3. It was found that all 
ligands satisfied the ‘rule of 5’, indicating that 
these molecules can be used as a potent 
drugs/inhibitors. These values are within the 
range of 95% drugs. 

CONCLUSIONS 
The molecular docking studies of eight 

pyrazolo[3,4-d] pyrimidine compounds with 
mycobacterial β-oxidation trifunctional 
enzyme  [PDB ID: 4B3I], have been 
performed using AUTODOCK 4.2. It proves 
that the compound 6, 2 and 1 have good 
binding capabilities with mycobacterial β-
oxidation trifunctional enzyme. The ADME 
result indicates that all these molecules have 
drug like properties. The reported value of 
MIC and percentage inhibition value indicate 
that compound 6, 2 and 4 have maximum 
inhibition value and rest compound have 
moderate value against the M. tubesrculosis. 
The reported experimental results (MIC and 
percentage inhbition) and theoretical 
calculations showed that compounds 6, 2 and 
1 can be used as an excellent inhibitor and the 
rest compounds may be used as good inhibitor 
against M. tuberculosis. Finally we concluded 
that pyrazolo[3,4-d] pyrimidine derivatives 
may be developed as the new drugs against M. 
Tuberculosis.  
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Fig 1: Chemical Structure of ligands 
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Fig 2: Hydrogen bonding interactions in the best docking poses as obtained through 
AUTODOCK (H-bonds are shown by dotted lines) 

 



IN-SILICO DOCKING STUDIES OF SOME PYRAZOLO [3,4-D] PYRIMIDINE DERIVATIVES: A NOVEL INHIBITOR OF 
MYCOBACTERIUM TUBERCULOSIS - Bindesh Kumar Shukla and Umesh Yadava  2014 Vol. 2 (5) Page 55 

Table 1: Inhibition coefficient (kl) and different energy values of the ligands as obtained 
through the docking with 4B3I using AUTODOCK 4.2 

Molecules Rank Inhibition 
constant 
(µM) 

Binding 
Energy 
(Kcal/mol) 

Intermolecular 
energy 
(Kcal/mol)  

Internal 
Energy 
(Kcal/mol)  

Torsional  
energy 
(Kcal/mol)  

Percentage 
Inhibition 
value 

1 2_1 1.16 -8.1  -8.99 -0.85 0.89 75 
 2_2 1.22 -8.07 -8.96 -0.82 0.89  
 2_3 3.29 -7.48 -8.37 -0.77 0.89  
 3_1 1.54 -7.93 -8.82 -0.73 0.89  
2 1_1 1.3 -8.03 -9.22 -1.4 1.19 93 
 2_1 1.87 -7.82 -9.01 -1.4 1.19  
 2_2 1.9 -7.8 -9.0 -1.41 1.19  
 2_3 3.03 -7.53 -8.72 -1.44 1.19  
3 1_1 2.32 -7.69 -8.88 -0.74 1.19 68 
 2_1 3.06 -7.52 -8.72 -0.89 1.19  
 3_1 3.82 -7.39 -8.59 -0.82 1.19  
 4_1 3.86 -7.38 -8.58 -0.91 1.19  
4 2_1 1.74 -7.86 -8.75 -0.64 0.89 91 
 3_1 1.86 -7.82 -8.71 -0.79 0.89  
 4_1 2.02 -7.77 -8.66 -0.91 0.89  
 5_1 2.48 -7.65 -8.54 -0.94 0.89  
5 1_2 2.93 -7.55 -8.44 -1.05 0.89 74 
 2_1 1.04 -8.11 -9.06 -0.72 0.89  
 3_1 1.37 -8.0 -8.89 -0.83 0.89  
 4_1 2.57 -7.63 -8.52 -0.85 0.89  
6 1_1 1.08 -8.14 -9.33 -1.48 1.19 96 
 1_2 1.45 -7.97 -9.16 -1.61 1.19  
 1_3 1.51 -7.94 -9.13 -1.62 1.19  
 1_4 2.22 -7.71 -8.91 -1.64 1.19  
7 1_1 1.18 -8.09 -9.28 -0.88 1.19 54 
 1_2 2.97 -7.54 -8.73 -1.11 1.19  
 2_1 1.26 -8.05 -9.24 -0.9 1.19  
 3_1 2.35 -7.68 -8.87 -0.8 1.19  
8 2_1 1.5 -7.94 -9.14 -0.87 1.19 63 
 2_2 3.23 -7.49 -8.68 -0.71 1.19  
 2_3 5.04 -7.23 -8.42 -0.91 1.19  
 3_1 2.45 -7.65 -8.85 -0.8 1.19  

 Table 2: Hydrogen bonding interactions in the best docking poses as obtained through 
AUTODOCK 4.2 

   

Molecules  Rank Binding 
Energy 

Hydrogen bond 
D-H…A 

Bond 
Length (Å) 

Angle 
(·) 

1 5_1 -7.38 LIG S-H….O GLN 172 2.063 155.181 
   LIG N-H…O GLN 172  2.206 130.853 
2 1_1 -8.03 LIG N-H…O THR 143 2.035 112.787 
   LIG S-H…O GLN 172 1.909 133.077 
3  1_1 -7.69 LIG S-H…O PRO 545 2.226 132.582 
4 1_1 -8.27 LIG N-H…O GLN 308 2.115 116.675 
5 1_1 -8.41 NIL NIL NIL 
6 1_1 -8.14 LIG N-H…O GLY 543 2.241 137.89 
   LIG S-H….O PRO 545 2.198 127.848 
7 1_1 -8.09 LIG S-H…O PRO 545 2.107 128.937 
8 1_1 -8.25 LIG S-H…O ALA66 2.129 108.845 
   LIGN-H…O GLN 308 2.108 141.888 
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Table 3: Some molecular properties of ligands: pyrazolo[3,4-d]pyrimidines 

Molecules M.W. N ON n OHNH n Rotb PSA Volume Abs N Viol. 

1 443.583 3.000 2.800 1 50.936 1299.648 100 1 

2 461.599 3.750 3.800 2 67.133 1326.656 100 1 

3 461.599 3.750 3.800 2 71.288 1334.157 100 1 

4 480.044 3.000 2.800 1 48.115 1344.686 100 1 

5 480.044 3.000 2.800 1 49.096 1356.427 100 1 

6 490.597 4.000 2.800 2 88.473 1370.867 100 1 

7 490.597 4.000 2.800 2 93.712 1384.681 95.687 1 

8 475.625 3.750  2.800 2 57.165 1388.318 100 1 

Range of 

95% drugs 

130 to 

725 

2.0 to 

20 

0.0 to 6.0 0.0 to 

15.0 

7.0 to 

200.0 

500 to 2000 >25% 0-4 

[MW Molecular weight; nON Number of hydrogen-bond acceptors (O and N atoms); nOHNH Number of hydrogen-
bond donors (OH and NH groups); nRotb Number of rotatable bonds; PSA Polar surface area; Volume Molecular 

volume; Abs. % Human oral absorption in GI (+−20%); nViol Number of rule of 5 violations] 
 

 

 

 

 

 

 

 

 

 


