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Abstract: Anthrax toxin protein protective antigen, edema factor and lethal factor are 

secreted by Bacillus anthracis bacteria causes several adverse effects on human as well as 

on ruminant animals and considered as serious biological weapons. Lethal toxin protein 

(combination of lethal factor and protective antigen) is highly lethal to the host and 

responsible for the disruption of signalling pathways, cell destruction, and circulatory 

shock. 1YQY is one of the crystal structures of lethal toxin protein. It has two domains - 

Anthrax_M_tox & ATLF where the hydroxymate as well as Zn cofactor are attached. Known 

inhibitor of the protein 1YQY was identified and downloaded from pubchem. Interaction of 

the inhibitors with the protein was examined through in silico docking approach with 

AutoDock 3.0.5 and Hex. Some of the inhibitors apparently interact with several-conserved 

residue in the cofactor-binding site. The docking work suggests virtual derivatives of the 

predicted inhibitor that can improve hydrogen bond interaction between inhibitor and 

protein. From structural and docking analyses, it is hypothesized that 1YQY protein 

interacts with azelastine molecule shows the lowest docking energy in AutoDock software. 
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Introduction 
Infectious disease anthrax caused by Gram positive, anaerobic bacterium Bacillus anthracis. 
Anthrax toxin protein secreted by Bacillus anthracis bacteria made up of three different 
monomeric proteins: edema factor (EF), lethal factor (LF) and protective antigen (PA) [1]. 
Among three proteins EF is larger in size (89 kDa) while other two PA and LF are 
comparatively small in size (85 kDa and 83 kDa respectively) [2, 3]. Lethal and Edema toxin 
protein organized in two different domains A and B. PA which is domain B, act as a receptor, 
domain A either EF or LF. Combination of PA and LF (Zn metalloprotease) [4] forms the 
lethal toxin (LT) protein, PA and EF combination produce edema toxin responsible for edema 
[5-7] individually neither LF nor EF are toxic alone. Protective antigen forms a heptameric 
structure at the surface of host cell by cleavage of N-terminal domain by furin like protease 
[8, 9]. After translocation of PA, metalloprotease [10] LF cleaves members of mitogen 
activated protein kinase (MAPK) family MEK1, MEK2, MKK3, MKK4, MKK6 and MKK7 
but not MEK5 [11] this process interrupt the normal function of host cell [12]. MAPK family 
categorized into ERK, p38, JNK/SAPK and ERK5 [13-18] sub category, activation of these 
protein responsible for different types of responses in cell like gene expression, apoptosis and 
cell proliferation. In contrast, high level lethal toxin protein causes lysis of macrophages and 
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reduce the immune response and also disrupt the vascular barriers [19, 20]. Crystal structure 
of LF enzyme consists of four domains: domain I is the N terminal binded with PA; domain 
II, III, IV closely associated with each other and also hold the N terminal tail of MAPKK2 
[21]. Protein data bank accession 1YQY plays an important role in catalytic activity.  
Due to lack of bioavaibility and selectivity, it is necessary to develop a lead molecule against 
LF. In humans mostly skin, lungs and gastrointestinal tract are often in which inhalation of 
anthrax is most lethal [22]. 
 

Materials and methods 
Crystal structure and its protein sequence of 1YQY lethal toxin protein were downloaded 
from Protein Data Bank. It was visualized in open-source software PyMOL 1.1 (Fig. 1) and 
hydrogen moieties were added. In silico lethal protein 1YQY protein interaction studied with 
different methodology are discussed below. 
 

Template selection and validation 
Retrieval of protein sequence of lethal toxin protein of Bacillus anthracis bacteria is done 
through protein data bank. Nine crystal structure of lethal toxin proteins complexed with 
different ligands are available in Protein Data Bank (http://www.rcsb.org/pdb/home) [23] 
PDB ID of these protein strains are 1J7N, 1JKY, 1PWP, 1PWQ, 1PWU, 1PWV, 1PWW, 
1YQY and 1ZXV. Lethal toxin protein 1YQY associated with two different domains, domain 
II and domain IV (residues 297-809) attached with two ligand molecule (2r) 2 {[(4 Fluoro 3 
Methylphenyl)sulfonyl]amino} N Hydroxy 2 Tetrahydro 2h Pyran 4 Y lacetamide and zinc 
molecule. PFAM is used for the study of functional domain of 1YQY lethal toxin protein. 
Physiochemical properties of protein are studied by protparam [24]. Downloaded protein 
sequence was validated by SAVES server (Procheck, What_check, Verify_3D, Errat,  
Prove) [25]. 
 

Energy minimization 
Lethal toxin protein 1YQY of bacillus strain downloaded from protein data bank and further 
refined by molecular dynamic programme YASARA (Yet Another Scientific Artificial 
Reality Application, http://www.yasara.com) [26]. YASARA is based on NOVA (Nucleotide 
Optimization in VAcuo) which looks like common molecular force field. Monte Carlo 
simulation has been used for the optimization of NOVA force field. In this study the initial 
and final energy of 1YQY protein is calculated. 
 

Ligand binding site prediction 
Identification of ligand binding sites has own importance in in silico drug designing. Q-Site 
finder is used for the detection of different ligand binding sites in lethal toxin protein of 
Bacillus anthracis uses non- bonded interaction energy and van der Waals probe to locate the 
favourable binding sites. Nonbonded interaction energy of a probe is calculated by liggrid 
programme. Complete protein sequence is enclosed in 3D grid and the grid resolution of 
interaction of protein and methyl probe is 0.9 Å. Most favourable binding sites are decided on 
the basis of total interaction energy. In comparison of Pocket-Finder, Q-Site finder used 5.0 Å 
value for the site volume estimation and protein residue identification [27]. Nissink et al. [28] 
tested the Q-Site algorithm and found the success rate was 90% in top three predicted sites.  
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Virtual screening 
Fourteen different potent inhibitors of 1YQY lethal factor protein molecules are downloaded 
from PubChem database of NCBI (http://pubchem.ncbi.nlm.nih.gov/). Downloaded .sdf 
structure of ligand molecules are further converted into .pdb with PyMOL software [29] 
shown in Table 1, and performed the docking study with two different software  
AutoDock 3.0.5 [30] and Hex 6.1 [31]. 
 

Protein-ligand interaction study 
Molecular in silico docking study of 1YQY lethal toxin protein and 15 corresponding ligand 
molecule have done with two different software AutoDock 3.0.5 and Hex. AutoDock is 
graphical user interface program maintained by The Scripps Research Institute and Olson 
Laboratory used to dock with selected inhibitors listed in Table 1. AutoDock requires the 
protein and ligand molecule in PDB format or in .mol2. During file preparation nonpolar 
hydrogen atoms were removed from the 1YQY protein molecule and partial charges were 
added. Protein file are further converted in PDBQS format with partial charges and salvation 
parameters, similarly ligand molecule transformed into PDBQ file and torsion angles are 
defined. The default setting of three thumbwheel widgets 40×40×40 were used to center the 
protein molecule for the interaction with ligand in x, y and z directions. Lamarckian genetic 
algorithm (LGA) [32] used by AutoDock to perform the docking. Docking conformation is 
based on the lowest energy. Hex version 6.1 [31] software is used for the docking study. 
Default parameter like grid dimension (0.6), receptor range (180), ligand range (180), twist 
range (360) distance range (40), scan step (0.8) is used for the interaction study, assuming 
ligand is rigid. Docking study of Hex is based on spherical polar Fourier (SPF) algorithm and 
in this study shape only approach is used. Lethal toxin protein 1YQY downloaded from 
protein data bank and energy of the structure is minimised by YASARA software.  
 

Results 

Template selection and validation 
Protein sequences of lethal toxin protein 1YQY (Fig. 1A) downloaded from protein data 
bank. Middle domain and terminal domain of 1YQY protein having residues 264-550 and 
551-775 respectively studied with PFAM. According to the physiochemical study  
(Prot-Param) 1YQY chain A of lethal toxin protein having 523 amino acid, leucine amino 
acid is having maximum number of residues 55 (10.8%) of total composition. Total number 
of negatively charged residues (Asp + Glu): 80 and positively charged residues (Arg + Lys): 
74. The estimated half-life of lethal toxin protein is >20 hours (yeast, in vivo), >10 hours 
(Escherichia coli, in vivo) predicted from prot-param. SAVES server used for the validation 
of crystal structure of A chain of 1YQY protein (Fig. 1B). Stereochemical quality was 
checked by procheck programme and ramachandran plot was computed which show 88.1% 
residues in most favored regions, 54% in additional allowed region while one residue (0.2%) 
in disallowed region (Fig. 1C). ERRAT programme is used for the analysis of non bonded 
interaction study between different atoms types and overall quality factor of the model is 
95.257 (Fig. 1D).  
 

Energy minimization 
Obtained model of lethal toxin protein of Bacillus anthracis strain refined by YASARA 
which is based on NOVA force field. Initial energy and Zscore of the 1YQY protein was 
143144188.4 kJ/mol, 2.11 respectively while the end energy of the model is  
-322902.5 kJ/mol, and Zscore is 0.49 shown in Fig. 2.  
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Table 1. List of inhibitors against anthrax lethal factor protein 
S.No Inhibitor  

name 
Chemical  
formula 

Chemical structure Molecular 
weight 
(g/mol) 

IUPAC Name 

1. Azelastine C22H24ClN3O 

 

381.89846 4-[(4- 
chlorophenyl)m
et 
hyl]-2-(1- 
methylazepan-4- 
yl)phthalazin-1- 
one 

2. Ketotifen 
 

C19H19NOS 

 

309.42526  10-(1-
methylpiperidin-
4-ylidene)-5H-
benzo[1,2]cyclo
hepta[3,4-
b]thiophen-4-
one 

3 Hydroxyurea CH4N2O2 

 

76.05466 hydroxyurea 

4 Methionamine C7H13NO3S 

 

191.24802 2-acetamido-4-
methylsulfanyl-
butanoic acid 

5 AC1NRAY5 C27H41N5O14 

 

659.63954 5-(azidomethyl)-
N,N'-bis[3-
[(2S,3S,4S,5S,6
R)-3,4,5-
trihydroxy-6-
(hydroxymethyl)
oxan-2-
yl]oxypropyl]be
nzene-1,3-
dicarboxamide 

6 2'-Morpholino-
ddU 

C13H19N3O5 

 

297.30706 1-[(2R,3R,5S)-
5-
(hydroxymethyl)
-3-morpholin-4-
yl-oxolan-2-
yl]pyrimidine-
2,4-dione 
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7 4-Chlorophenyl 
sulfoxide 

C12H8Cl2OS 

 

271.16232 1-chloro-4-(4-
chlorophenyl)sul
finylbenzene 

8 Neprilysin C18H21NO 

 

267.36544 4-tert-butyl-N-
methyl-N-
phenylbenzamid
e 

9 PD 98,059 C16H13NO3 

 

267.27932 2-(2-amino-3-
methoxy-
phenyl)chromen
-4-one 

10 K00211 C18H20N6S2 

 

384.5216 2,3-bis[amino-
(2-aminophenyl) 
sulfanyl-methyl] 
butanedinitrile 

11 NSC12155 C21H21ClN6O 

 

408.88404 [6-[(4-amino-2-
methyl-quinolin-
6-
yl)carbamoylam
ino]-2-methyl-
quinolin-4-
yl]azanium 
chloride 

12 NSC623899 C19H29N3O4 363.45126 (4Z)-N,1-
dicycloheptyl-4-
hydroxyimino-
2,5-dioxo-
pyrrolidine-3-
carboxamide 

13 2-
Thioacetylcyclo
hexen-1-ol 

C8H12OS 

 

156.24528 1-(2-hydroxy-1-
cyclohex-2-
enyl)ethanethion
e 

14 CID 11217604 C10H15NO2  

 

181.2316 (4R,6S)-4-
hydroxy-6-
[(1E,3E)-penta-
1,3-dienyl] 
piperidin-2-one 

15 beta-
CYCLODEX-
TRIN 

C42H70O35 

 

1134.9842 - 
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Fig. 1 (A) Fasta format sequence of 1YQY protein downloaded from protein data bank;  
(B) 1YQY A lethal toxin of protein associated with hydroxymate (2r) 2 {[(4 Fluoro 3 
Methylphenyl)sulfonyl]amino} N Hydroxy 2 Tetrahydro 2h Pyran 4 Ylacetamide and  
LF-active site; (C) Ramachandran plot of A chain of 1YQY protein, 88.1% amino acid 

residues are in favored region; (D) Statistical validation of crystal structure of the 1YQY 
protein using ERRAT programme. 

 

 
Fig. 2 Energy minimization of 1YQY protein  

by YASARA software based on NOVA force field 
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Ligand binding site of protein 
Ten potential ligand binding sites in 1YQY protein have been found by using Q-Site finder 
programme by clustering favourable regions for van der Waals is probes i.e. (-CH3) on the 
protein surface shown in Fig. 3. Graph shows (Fig. 4) that the first ligand binding site is high 
in volume i.e. 776 Å and decreases respectively in up to nine other sites. Similarly  
179 residues involved in the formation of binding sites while other top two sites are having 
less residues. 47 number of residue reported in site 9 which is very less in all ten predicted 
sites. Over all protein volume of 1YQY protein is 50515 cubic Å. 
 

 
Fig. 3 Q-Site finder program showing the ligand binding site prediction  

of 1YQY lethal toxin protein. The protein is shown in cartoon model  
in grey colour with ten different colour-coded binding sites. 

 

 
 

Fig. 4 Graph shows the relation between site volume (dark blue colour)  
and number of residues (orange colour) in predicted ligand binding sites of 1YQY protein.  

X-axis shows the number of sites while y-axis represents volume and number. 
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AutoDock result 
Ligand-protein interaction between anthrax lethal toxin protein 1YQY and anti anthrax 
compound has been reported in this research work. For this purpose, docking study has been 
carried out by AutoDock 3.0.5 and Hex. Different ligand binding sites in the 1YQY protein 
were detected. Out of fifteen ligand compounds, eleven shows the interaction with 1YQY 
protein. Azelastine shows the lowest energy i.e. -18.48 kcal/mol and one hydrogen bond 
formed with active site residue HIS686: NE2 shown in Fig. 5 which is followed by 
methionine (-18.24 kcal/mol), ketotifen (-17.16 kcal/mol) and PD 98,059 (-16.26 kcal/mol) 
respectively shown in Table 2. Azelastine also shows the lowest inter molecular energy level  
(-18.18 kcal/mol) in comparison to other interacted ligand molecule. In this study  
2-Thioacetylcyclohexen-1-ol shows the highest docking energy (-3.77 kcal/mol) followed by 
hydroxyurea (-4.0 kcal/mol). Azelastine is likely to be the best drug target molecule against 
anthrax. 

 
Fig. 5 Azelastine inhibitor - 1 hydrogen bond  

formed between active site residue (HIS686: NE2) 
 

Table 2. Distribution of AutoDock result 
Inhibitor Docked 

energy 

Free 

energy 

KI Inter 

molecular 

energy 

Internal 

energy 

Azelastine -18.48 -17.25 2.3e-013 -18.18 -0.3 
NSC623899 -6.76 -5.73 6.25e-005 -6.98 0.22 
2'-Morpholino-ddU -6.1 -5.17 0.000164 -6.1 0.0 
β-Cyclodextrin -15.67 -14.98 1.03e-011 -16.23 -0.03 
Ketotifen -17.16 -17.16 2.65e-013 -17.16 0.0 
NSC12155 -13.24 -11.83 2.13e-009 -13.39 0.15 
2-Thioacetylcyclohexen-1-ol -3.77 -3.88 0.0 -7.93 4.16 
K00211 -11.88 -9.91 5.45e-008 -11.78 -0.1 
Hydroxyurea -4.0 -3.68 0.0 -3.99 -0.1 
Methionamine -18.24 -13.0 2.985e-0.10 -17.98 -0.26 
PD 98,059 -16.26 -14.94 1.12e-011 -16.19 -0.07 
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Hex docking results 

Graphical representation shows the receptor ligand interaction results between 1YQY lethal 
toxin protein and fifteen different drug molecules library (Fig. 6). Stable structure of 1YQY 
protein is achieved by applying NOVA force field. Hex 6.1 version is used for the docking 
analysis. β-cyclodextrin shows the lowest Etotal in the Hex docking study (-350.9) shown in 
Fig. 7. AC1NRAY5 compound shows the second lowest Etotal value -282.4. Azelastine 
which shows the lowest energy in AutoDock study is having -229.6 Etotal. Hyroxyurea and 
2-Thioacetylcyclohexen-1-ol shows the highest Etotal values i.e. -86.13, -134.15 respectively. 
 

 
 

1. Azelastine  2. Methionamine 3. 2-Thioacetylcyclohexen-1-ol 

4. AC1NRAY5 5. CID_11217604 6. 4-Chlorophenyl sulfoxide 

7. Hydroxyurea 8. K00211 9. Ketotifin 

10. 2'-Morpholino-ddU 11. Neprilysin 12. PD 98,059 
13. NSC623899 14. NSC12155 15. β-cyclodextrin 

 
Fig. 6 Docking result of fifteen different ligand molecules in 1YQY protein.  

X-axis shows the number of compound while y-axis shows the Etotal score of Hex. 
 

 
Fig. 7 β-cyclodextrin, Etotal -350.9 
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Discussion 
Rational structure approaches are increasingly being used in pharmaceutical industry because 
of the potential decrease of cost and time of drug discovery. Over recent years, the 
computational or Mathematical modeling of biological system has become increasingly 
valuable and can provide useful information to understand their behaviors. Coupled with the 
increase in the number of techniques and software tools available to simulate and analyze 
them. As the methodology is concerned, the main limitation is the computation of free energy 
of binding a ligand to the enzyme or a receptor. And in this work Azelastine is found as the 
best inhibitor among these three, because it has low Docked Energy. 
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