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Introduction 
Mycobacterium tuberculosis (Mtb), the causative agent of 
tuberculosis (TB) is one of the major health threats 
especially in Asia and Africa. In 2012, an estimated 8.6 
million people developed TB and 1.3 million died 
from the disease (Anonymous, 2013). Moreover, the 
vicious interactions between the human 
immunodeficiency virus (HIV) with TB and 
emergence of new multi-drug resistant tuberculosis 
(MDR-TB) have created serious challenges in the 
control of TB. The current TB control measures 
include over 20 existing drugs of which isoniazid, 
ethambutol, pyrazinamide and rifampin are used as 
front-line drugs (Raman et al., 2008). But these front 
line drugs also have several shortcomings like high 
levels of adverse effects and drug inactivation by the 
emerging drug-resistant strains (Nunn et al., 2005). 
Thus, new drugs are necessary to inhibit the pathogen 
by targeting its metabolic pathways which are essential 
for the pathogen to survive. 
 
One of the current effective targets for anti TB drugs 
is the cell wall biosynthesis. The inhA gene is involved 
in the production of very-long-chain fatty acids known 
as mycolic acids, which are one of the major 
components of the Mycobacterium cell wall formation 
(Banerjee et al., 1994). InhA (Rv1484) encodes an 
NADH-dependent 2-trans-enoyl-ACP reductase which 
catalyzes the elongation of FAS-II leading to the 
reduction of 2-trans-enoyl chains (_C12) to obtain the 
saturated chains (Dessen et al., 1995; Quemard et al., 
1995). The gene inhA has 25% sequence identity to a 
gene encoding a human protein (pecR) and 31% to a 
mouse protein (Decr1) making it a “host-safe” target  

 
(Hasan et al., 2006). Drugs like isoniazid and broad 
spectrum antibacterial Triclosan inhibits the 
biosynthesis of mycolic acids (Schroeder et al., 2002). 
However clinical strains have been isolated which are 
resistant to isoniazid (Vilchèze et al., 2006). 
 
The screening of natural products provides greater 
structural diversity than standard synthetic chemistry 
and offers significant opportunities for finding novel 
low molecular weight lead compounds. Moreover, it is 
a known fact that natural products are the basis of 
formulations of new synthetic compounds. In 
traditional medicine, tea (Camellia sinensis), neem 
(Azadirachta indica) and Ginkgo biloba (Ginkgo biloba) 
have been used for treatment of various infections. It 
has been reported that they exhibit anti bacterial, 
antifungal, anti pesticidal and even anti cancerous 
properties (Wang and Ng, 2000; Sharma, 2006; 
Gbotolorun et al., 2008; Schumacher et al., 2011). 
Recently tea flavonoids have been accounted as anti-
tuberculosis agents (Lin et al., 2002; Lim et al., 2001). 
As per our knowledge the above mentioned natural 
products have not yet been screened against the Mtb 
InhA target. Considering the importance of InhA in 
Mtb survival and constantly evolving MDR-TB strains, 
we have attempted to screen natural compounds as 
Mtb InhA inhibitors using structure based computer 
aided drug designing (CADD) method. This study 
would aid the translational studies and further help in 
developing novel drugs against Mtb.  
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Materials and Methods 
Preparation of InhA structure 
The 3D structure of InhA complexed with 2-(2,4-
dichlorophenoxy)-5-(pyridine-2-ylmethyl) phenol 
and Nicotinamide adenine dinucleotide was 
obtained from the Protein Data Bank [PDB: 
3FNE]. InhA consists of four chains namely A with 
268 amino acids, B, C and D with 254 amino acids 
each while the active site residues are located at the 
chain A. The sequences of the individual chains 
were aligned using ClustalX. It was found that all 
the chains had hundred percent similarities and 
hence only one chain i.e. chain A was selected for 
the study as it contains the residues of the active 
site. For the structure-based molecular docking 
processes the InhA_A structure was prepared by 
removing all ligands along with the solvents, bound 
cofactors and by adding polar hydrogen. This was 
done using the extensible molecular modeling 
software UCSF Chimera (Pettersen et al., 2004) and 
energy was minimized using VegaZZ (Pedretti et al., 
2004) software. Ten best ligand binding sites were 
predicted for the molecular docking using the 
online software Q-SiteFinder (Laurie and Jackson, 
2005). 
 

Preparation of ligands 
The IUPAC name and the canonical SMILES of 83 
tea polyphenols, 33 neem polyphenols and 38 
Gingko biloba compounds were retrieved from 
PubChem compound 
(http://www.ncbi.nlm.nih.gov/pccompound). The 
2D structures and molecular weights were generated 
using the software ChemDraw Ultra 8.0 (Cambridge 
Soft Corporation, MA 02140 U.S.A). 3D structures 
were subsequently obtained from Online Corina 
(Sadowski et al., 1994) with the help of SMILES. 
Drug likeness property was also checked by using 
online software Molsoft 
(http://molsoft.com/mprop/). The torsion angles 
of the ligands were modified by using TORSDOF 
utility of AutoDock tools and the pdbqt [a special 
file format generated by AutoDock tools] files of 
the ligands were generated. 

 
Molecular Docking 
AutoDock Vina was used for the Molecular docking 
(Trott and Olson, 2010), due to its high speed and 
accuracy as compared to its predecessor, AutoDock 
4 (Morris et al., 2008). In order to prepare the input 
pdbqt file for InhA protein and also to set the 
center and the size of the grid box AutoDock Tools 
was utilized. The grid box cavity was set as 30 x 30 
x 30 and centre was set at x = 31.066, y = 0.295, z 
= 19.543 for the protein’s active site. The scoring 
function of AutoDock Vina is used to calculate the 
predicted binding affinity (kcal/mol). This scoring 
function is divided into two parts: i) a 
conformation-dependent part which is the sum of 
intermolecular and intramolecular contributions, 
including hydrogen bonding, hydrophobic, and 
steric interactions ii) a conformation - independent 
part depending on the number of rotatable bonds 
between heavy atoms in the ligand. The scoring 
function AutoDock Vina gives a different weight to 
each of the interactions and number of rotatable 
bonds (Kakati et al., 2012; Trott and Olson, 2010). 
The docking was validated by redocking the InhA 
active ligands into their binding sites. 
 

Results and Discussion 
A structure based approach was taken in this study 
to find the potential inhibitors against the InhA 
protein of the Mtb from plant compounds. The 
coordinates of the grid box in molecular docking 
play a very important role in ensuring that the 
ligands bind in the correct conformation to the 
binding pocket. To validate this study, the co-
crystallized ligands were again docked into their 
binding sites respectively with InhA_A chain of Mtb 
InhA protein using Autodock tools. The binding 
conformations were similar to the co-crystallized 
binding modes of the ligands with binding affinities 
as given in table 1. The compounds from three 
different plants viz tea, neem, Gingko biloba were 
screened with the same coordinates of the grid box. 

 
Table 1: Docking result of InhA with that of some known inhibitors of the protein 

S.No. Known inhibitor 
Affinity 

(kcal/mol) 

1 (3S)_1_cyclohexyl_5_oxo_N_phenylpyrrolidine_ 3_carboxamide -6.4 
2 (3S)_1_cyclohexyl_N_(3_5_dichlorophenyl)_ 5_oxopyrrolidine_3_carboxamide -6.5 
3 (3S)_N_(3_bromophenyl)_1_cyclohexyl_5_oxopyrrolidine_ 3_carboxamide -5.5 

4 
(3S)_N_(3_chloro_2_methylphenyl)_1_cyclohexyl_ 
5_oxopyrrolidine_3_carboxamide 

-7.4 

5 2_(2_4_dichlorophenoxy)_5_(2_phenylethyl)phenol -6.5 
6 2_(2_4_dichlorophenoxy)_5_(pyridin_2_ylmethyl)phenol -6.4 
7 5_(cyclohexa_1_5_dien_1_ylmethyl)_2_(2_4_ dichlorophenoxy)phenol -5.6 
8 5_benzyl_2_(2_4_dichlorophenoxy)phenol -6.0 
9 5_octyl_2_phenoxyphenol -4.6 
10 5_pentyl_2_phenoxyphenol -5.3 
11 5_pentyl_2_phenoxyphenol -3.0 
12 Ethionamid -5.0 
13 Isoniazid -5.5 
14 N_(4_methylbenzoyl)_4_benzylpiperidine -7.0 
15 N_(5_chloro_2_methylphenyl)_1_cyclohexyl_5_oxopyrrolidine_3_carboxamide -6.7 
16 Triclosan -6.4 
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Table 2: Tea polyphenols docked with target protein InhA 
Common names 
of compounds 

IUPAC name 
Binding affinity 

(kcal/mol) 

epicatechin_gallate 
 [(2R,3R)-2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3,4-
dihydro-2H-chromen-3-yl] 3,4,5-trihydroxybenzoate 

-9.4 

Phloridzin 

1-[2,4-dihydroxy-6-[(2S,3R,4S,5S,6R)-3,4, 
5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxyphenyl]-3-
(4-hydroxyphenyl) 
propan-1-one 

-8.7 

Epigallocatechin_g
allate 

(2R,3R)-2-(3,4,5-trihydroxyphenyl)-3,4-dihydro-2H-
chromene-3,5,7-triol 

-8.4 

Quercetin 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one -8.3 
Apigenin 5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one -8.3 

N/A 3_phenylpyridine -8.2 

p_Rosolic_acid 
4-[bis(4-hydroxyphenyl)methylidene]cyclohexa-2,5-dien-
1-one 

-8.1 

Purpurogallin  2,3,4,5-tetrahydroxybenzo[7]annulen-6-one -7.8 

Catechin 
(2R,3S)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-
chromene-3,5,7-triol 

-7.8 

- 3_propylquinoline -7.8 

- 
(E)_4_11_11_trimethyl_8_methylenebicyclo[7_2_0]unde
c_4_ene 

-7.7 

Resvertrol 5-[(E)-2-(4-hydroxyphenyl)ethenyl]benzene-1,3-diol -7.6 
Morin 2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one -7.3 

- 2_4_dimethylquinoline -7.3 
Ellagic acid  N/A -7.2 
Genistein 5,7-dihydroxy-3-(4-hydroxyphenyl)chromen-4-one -7.1 

- 2_methylquinoline -6.9 

Epicatechin 
(2R,3R)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-
chromene-3,5,7-triol 

-6.8 

myrecetin 
3,5,7-trihydroxy-2-(3,4,5-trihydroxyphenyl)chromen-4-
one 

-6.6 

- 2_isopropyl_5_methylphenol -6.6 
Emodin 1,3,8-trihydroxy-6-methylanthracene-9,10-dione -6.5 

- 3_3a_dihydroisobenzofuran_1(7aH)_one -6.5 
- 1H_indole -6.5 
- 1_methyl_4_(prop_1_en_2_yl)cyclohex_1_ene -6.5 

Esculetin 6,7-dihydroxychromen-2-one -6.4 
Chrysin 5,7-dihydroxy-2-phenylchromen-4-one -6.4 

- 3_7_7_trimethylbicyclo[4_1_0]hept_3_ene -6.3 
- 2_methylbenzaldehyde -6.2 

Piceatannol 5-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]benzene-1,3-diol -6.1 

Phloretin 
3-(4-hydroxyphenyl)-1-(2,4,6-trihydroxyphenyl)propan-1-
one 

-6.1 

Nordihydroguaiar-
etic acid 

4-[4-(3,4-dihydroxyphenyl)-2,3-dimethylbutyl]benzene- 
1,2-diol 

-6.1 

Baicalein 5,6,7-trihydroxy-2-phenylchromen-4-one -6.1 
N/a 6_methylquinoline -6.1 

- 4_8_dimethyl_quinoline -6.1 
- 2_phenylethanol -6 
- 5_ethyl_2_methylpyridine -5.9 
- 2_5_dimethylpyridine -5.9 
- (S_E)_3_7_11_trimethyldodeca_1_6_10_trien_3_ol -5.9 
- 2_6_6_trimethylcyclohex_2_ene_1_4_dione -5.7 
- 4_methoxybenzaldehyde -5.6 
- 3_ethyl_2_5_dimethylpyrazine -5.6 

n_propylgallate propyl 3,4,5-trihydroxybenzoate -5.5 
- 2_phenylpyridine -5.5 
- 2_ethylpyridine -5.5 
- 2_ethyl_3_5_dimethylpyrazine -5.5 
- 2_(4_methylcyclohex_3_enyl)propan_2_ol -5.4 

Phloroglucinol benzene-1,3,5-triol -5.3 
N/a 6_amino_5_methylpyrimidin_2(1H)_one -5.3 

- 4_vinylpyridine -5.3 
- 1_(pyridin_2_yl)ethanone -5.3 
- 4_methylpyridine -5.1 
- 2_6_dimethylquinoline -5.1 
- 3_methylpyridine -5 
- 2_methylpyridine -5 
- 2_ethylhexan_1_ol -4.9 
- 1_(furan_2_yl)ethanone -4.9 
- 3_methoxypyridine -4.8 
- 1_(1H_pyrrol_2_yl)ethanone -4.8 
- 2_methylbenzo[d] thiazole -4.7 
- 2_6_6_trimethylcyclohex_2_enone -4.7 
- (E)_4_methyl_2_phenylpent_2_enal -4.7 
- 4_butylquinoline -4.6 
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- 2_ethyl_6_methylpyridine -4.6 
- 2_ethyl_6_methylpyrazine -4.6 
- 2_5_dimethylthiazole -4.5 
- 4_methyl_2_phenyl_pent_2_en_1_al -4.4 
- 2_ethyl_5_methylpyrazine -4.3 
- 3_butylpyridine -4.2 
- (S_E)_3_7_dimethylocta_1_5_7_trien_3_ol -4.2 
- 4_ethyl_2_methoxyphenol -4.1 
- 2_6_10_14_tetramethylpentadecane -4.1 
- 5_isopropylheptan_2_one -4 
- 2_4_dimethylthiazole -4 
- (S_E)_2_6_dimethylocta_3_7_diene_2_6_diol -3.9 
- 4_ethyl_2_5_dimethylthiazole -3.8 
- 2_5_dimethylpyrazine -3.8 
- 2_4_5_trimethylthiazole -3.8 
- 5_methylthiazole -3.7 
- 2_6_dimethylpyrazine -3.7 
- 6_10_dimethylundecan_2_one -3.5 
- 2_phenylacetaldehyde -3.5 

 
Table 3: Neem compounds docked with the InhA protein 

Common names of 
compounds 

IUPAC name 
Binding affinity 

(kcal/mol) 

Azadirone 

[(5R,7R,9R,10R,13S,17R)-17-(furan-3-yl)-4,4,8,10,13-
pentamethyl-3-oxo-5, 
6,7,9,11,12,16,17-octahydrocyclopenta[a]phenanthren-7-yl] 
acetate 

-8.4 

Nimocinolide - -8 
Kulactone - -7.9 

Dianabol 
(8R,9S,10R,13S,14S,17S)-17-hydroxy-10,13,17-trimethyl-
7,8,9,11,12,14,15, 
16-octahydro-6H-cyclopenta[a]phenanthren-3-one 

-7.8 

Gedunin - -7.6 
Nimbin - -7.4 

Emetine 

 (2S,3R,11bS)-2-[[(1R)-6,7-dimethoxy-1,2,3, 
4-tetrahydroisoquinolin-1-yl]methyl]-3-ethyl-9,10-
dimethoxy-2,3,4,6,7, 
11b-hexahydro-1H-benzo[a]quinolizine 
 

-7.4 

Quinine 
5R)-5-ethenyl-1-azabicyclo[2.2.2]octan-2-yl]-(6-
methoxyquinolin-4-yl) 
methanol 

-7.3 

Melianotriol 

(1S)-1-[(2R,4S,5R)-5-hydroxy-4-[(3S,9R,10R,13S,14S,17R)-
3-hydroxy-4,4,10,13,14-pentamethyl-
2,3,5,6,9,11,12,15,16,17-decahydro-1H-
cyclopenta[a]phenanthren-17-yl]oxolan-2-yl]-2-
methylpropane-1,2-diol 
 

-7.1 

Quercetin 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one -7.1 

Nimbiol  
6-hydroxy-1,1,4a,7-tetramethyl-3,4,10, 
10a-tetrahydro-2H-phenanthren-9-one 

-7 

Sugiol 
(4aS,10aS)-6-hydroxy-1,1,4a-trimethyl-7-propan-2-yl-
3,4,10, 
10a-tetrahydro-2H-phenanthren-9-one 

-6.9 

Velutin 
5-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-7-
methoxychromen-4-one 

-6.7 

Morphine 
(4R,4aR,7S,7aR,12bS)-3-methyl-2,4,4a,7,7a,13-hexahydro-
1H-4, 
12-methanobenzofuro[3,2-e]isoquinoline-7,9-diol 

-6.5 

Stearic acid Octadecanoic acid -6.4 
Copaene - -6.4 
Eucalyptol 2,2,4-trimethyl-3-oxabicyclo[2.2.2]octane -6.2 

Isocaryophyllene 
1R,4Z,9S)-4,11,11-trimethyl-8-
methylidenebicyclo[7.2.0]undec-4-ene 

-6.1 

Germacrene acid 
2-[(1R,3E,7E)-4,8-dimethylcyclodeca-3,7-dien-1-yl]prop-2-
enoate 
 

-6 

beta_ocimene (3E)-3,7-dimethylocta-1,3,6-triene -5.9 
Cumarin Chromen-2-one -5.5 
Dihydrochalcone 1,3-diphenylpropan-1-one -5.1 
Phenylephrine 3-[(1R)-1-hydroxy-2-(methylamino)ethyl]phenol -5 
1_hexanol hexan-1-ol -4.6 
nPentacosane - -3.8 
Oleic acid (Z)-octadec-9-enoic acid -3.4 

Dodecanol 
Dodecan-1-ol 
 

-3.4 
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Methyldithio_1_prop
ene 

1-(methyldisulfanyl)prop-1-ene -3.3 

11,14,17-
Eicosatrienoic acid 

(11Z,14Z,17Z)-icosa-11,14,17-trienoic acid -3.3 

Linoleic acid (9Z,12Z)-octadeca-9,12-dienoic acid -3.1 
Palmitic acid Hexadecanoic acid -3 

 
The database of plant compounds were initially 
subjected to the Lipinski’s rule of five for drug like 
compounds (Lipinski, 2000). Considering the 
condition of Lipinski’s rule of five for a drug 
candidate, compounds having molecular weight less 
than 500D were chosen for performing protein-
ligand docking. A total of 154 compounds (83 
compounds from tea, 33 compounds from neem 
and 38 compounds from Gingko biloba) were 
selected for the same. The binding affinity of the 
selected tea, neem and gingkobiloba compounds to 
the Mtb InhA protein is given in Table 3 - 5 
respectively. The best five molecules from each  
 

 
plant, based on their binding affinity to the 
receptor, were selected for the further study. The 
hydrogen bonding interaction between the receptor 
and the ligand was also analyzed using PyMol 
molecular viewer (http://www.pymol.org). 
However, among these best binding molecules, tea 
compounds viz. epicatchin_gallate and phloridzin 
showed 7 H-bond donors each and 
epigallocatechin_gallate showed 6 H-bond donors. 
Thus these molecules were not included further in 
the study. Similarly, two neem compounds viz. 
azadirone and kulactone had to be excluded from 
the study as the lipophilicity (logP) values were 
found to be higher than 5. 

 
Table 4: Gingko biloba compounds docked with the InhA protein 

Common names of 
compounds 

IUPAC name 
Binding affinity 

(Kcal/Mol) 

Tricetin 
5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)chromen-4-
one 

-8.8 

Luteolin 2-(3,4-dihydroxyphenyl)-5,7-dihydroxychromen-4-one -8.6 
Kaempferol 3,5,7-trihydroxy-2-(4-hydroxyphenyl)chromen-4-one -8.5 

Quercetin 
2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-
one 

-8.2 

Catechin 
(2R,3S)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-
chromene-3,5,7-triol 

-8 

Ginkgolide A N/A -7.9 
Ginkgolide B N/A -7.5 
Ginkgolide C N/A -7.4 
Ginkgolide J N/A -7.2 
Ginkgolide M N/A -7.2 
Xanthurenic Acid 8-hydroxy-4-oxo-1H-quinoline-2-carboxylic acid -7.2 

Stigmasterol 

17-(5-ethyl-6-methylhept-3-en-2-yl)-10,13-dimethyl-
2,3,4,7,8,9,11,12,14, 
15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-
ol 
 

-6.9 

Bilobalide N/A -6.7 
Protocatechuic Acid 3,4-dihydroxybenzoic acid -6.5 

Amygdalin 

2-phenyl-2-[(2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
[[(2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-yl]oxymethyl]oxan-2-yl] 
oxyacetonitrile 

-6.1 

Isorhamnetin 
3,5,7-trihydroxy-2-(4-hydroxy-3-
methoxyphenyl)chromen-4-one 

-6 

Kynurenic Acid 4-oxo-1H-quinoline-2-carboxylic acid -5.9 

Sitosterol 
17-(5-ethyl-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-
10,13-dimethyl-1H-cyclopenta[a]phenanthren-3-ol 

-5.8 

Shikimic Acid 
(3R,4S,5R)-3,4,5-trihydroxycyclohexene-1-carboxylic 
acid 

-5.7 

4_Coumaric Acid (E)-3-(4-hydroxyphenyl)prop-2-enoic acid -5.6 
Hexanoic Acid hexanoic acid -5.2 

4_Methoxymethylpyridoxine 
5-(hydroxymethyl)-4-(methoxymethyl)-2-methylpyridin-
3-ol 

-4.9 

Vanillic Acid 4-hydroxy-3-methoxybenzoic acid -4.6 
Bilobol 5-[(Z)-pentadec-8-enyl]benzene-1,3-diol -4.6 

Vitamin C 
(2R)-2-[(1S)-1,2-dihydroxyethyl]-3,4-dihydroxy-2H-
furan-5-one 

-4.2 

Citramalate 2-hydroxy-2-methylbutanedioic acid -4.1 
Butyric Acid Butyric Acid -4.1 
Anacardic Acid 2-hydroxy-6-pentadecylbenzoic acid -3.9 
Cardanol 3-[(8Z,11Z)-pentadeca-8,11,14-trienyl]phenol -3.6 
Ginkgolic Acid 2-hydroxy-6-[(Z)-pentadec-8-enyl]benzoic acid -3.4 
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The drug likeness property was calculated for the 
remaining 10 best binding molecules using MolSoft 
program. The overall drug likeness is predicted by 
Drug likeness score using MolSoft’s fingerprints 
and Support Vector Machine (SVM) classifier 
(Lalitha and Sivakamasundari, 2010). Drug likeness 
is a balance of diverse molecular properties of the 
compounds and positive score indicates that the 
compound has a probability of becoming a 
successful drug. Among all the remaining 
compounds, tricetin, a ginkgobiloba compound and 
gedunin, a neem compound showed a negative drug 
likeness score. After following the Lipinski’s rule of 
five and checking the drug likeliness property, two 
tea polyphenols viz. quercetin and apigenin, two 
neem compound viz. dianabol and nimocinolide 
and four ginkgobiloba compounds viz. luteolin, 
kaempferol, quercetin and catechin fall within this 
barrier (Table 5).  
 
Table 5: Top compounds chosen as lead 
compounds 

Compound 
name 

Binding affinity 
(kcal/mol) 

Compound 
category 

Luteolin -8.6 Ginkgobiloba 
Kaempferol -8.5 Ginkgobiloba 
Quercetin -8.3 Tea 
Apigenin -8.3 Tea 
Quercetin -8.2 Ginkgobiloba 
Catechin -8 Ginkgobiloba 
Dianabol 7.8 Neem 

 
Further, the top 8 docking hits were analyzed in 
terms of their structures and ligand-receptor 
interactions. The interactions were found inside the 
binding cavity showing important interactions like 
hydrophobic interactions and hydrogen bonding. 
The tea polyphenol quercetin showed binding 
affinity of -8.3kcal/mol that formed two hydrogen 
bonds: one between O18 and H of Gly14 and 
another between O19 and H of Val65 (Fig. 1A). The 
tea polyphenol apigenin had a binding affinity of-
8.3kcal/mol and formed three hydrogen bonds: one 
between O20 and H of Val65 and the other two 
between O10, Ser94 and Gly14. 
 

 
 

 
 

 
Figure 1: Docked poses: Binding mode of top 
ranked docked poses into InhA binding cavity with 
AutoDock/Vina. A. Quercetin, B. Nimocinolide, 
C. Luteolin 
 
Compound dianabol of neem polyphenol showed a 
binding affinity of -7.8kcal/mol and formed one 
hydrogen bond between O12 and O of Gly14. 
Whereas, nimocinolide having a binding affinity of -
8.0kcal/mol formed three hydrogen bonds: one 
between O23 and O of Ala154, secondly between 
O41 and H of Gln 214 and finally between H48 and 
O of Asp 150 (Fig. 1B). 
 
Meanwhile luteolin from ginkgobiloba had a 
binding affinity of -8.6kcal/mol which was the best 
of the selected top 8 candidates. This compound 
shared a hydrogen bond between O21 and H of 
Val65 as seen in Fig. 1C. The binding affinity of 
kaempferol was - 8.5 kcal/mol and bonded to the 
protein with two hydrogen bonds: one between O19 
and H of Val65 while the other between H30 and O 
of Gly96. Likewise, quercetin and catechin from 
ginkgobiloba showed a binding affinity of -
8.2kcal/mol and -8.0kcal/mol respectively. Both of 
them form only one hydrogen bond each with the 
target protein. Quercetin forms hydrogen bond 
between H31 and O of Ile194 while catechin forms 
three hydrogen bonds. One bond is between H29 
and side chain of Asp64 while the other two are 
between H35 and O, O21 and H of Gly96. The 
compound quercetin found both in tea as well as in 
Ginkgo biloba plants which had the highest drug 
likeness score of 0.93 showed promising binding 
affinities with Mtb InhA. This compound was also 
found to target enoyl-ACP reductases of P. 
falciparum (Brown et al., 2007). 
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It is worth mentioning here that residues Gly14, 
Ser20, Asp64, Val65, Ile95, Lys165 and Ile194 of 
the Mtb InhA which interacted with co-crystallised 
ligand and is within the NADH binding site of the 
activated complex as seen in Fig. 2. This clearly 
indicates that the selected ligands for the study from 
plant compounds essentially bound to the binding 
region of the Mtb InhA protein in the presence of 
triclosan, the substrate binding loop (residues 195–
210 in InhA) of InhA structures are disordered. 
Although the IC50 values improved InhA structure 
with 5-pentyl-2-phenoxyphenol and derivatives of 
8PP triclosan, they persist to be rapidly reversible 
inhibitors (Sullivan et al., 2006). Nevertheless, it was 
significant that all the top 8 selected candidates 
exhibited high favorable scores than the co-
crystallised ligand receptor complex. 
 

 
Figure 2: Docked conformation of InhA with top 
ranked ligands showing the interaction with the 
crucial residues in the active site cleft using 
AutoDock/Vina  
 

Conclusion  

Several potential inhibitory compounds of Mtb are 
identified in this study. These compounds bound to 
the NAD active binding site of InhA with higher 
affinities than the known co-crystallised ligands. 
Thus these could be a good natural alternative to 
the first line drugs like isoniazid and ethionamide in 
controlling MDR-TB. All of these compounds 
bound to the respective binding sites in the binding 
pocket. Therefore, these ginkgobiloba, tea and 
neem compounds can be purified and further used 
for developing efficient anti-TB drug. In vivo 
experiments with these compounds could be 
performed in mice to check its effects and 
interactions for developing an applied drug for TB. 
Our study suggests a basis for the design and 
development of natural novel drugs against TB. 
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