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Abstract: 

Streptococcus pneumoniae are the most common cause of pneumonia and meningitis in infants and adults. 

Peptidoglycan layer is an essential component of cell wall composed of alternating units of N-acetylglicosamine 

(GlcNAc) and N-acetylmuramic acid (MurNAc). UDP-N-acetylglucosamine enolpyruvyl transferase (MurA) is a key 

enzyme involved in peptidoglycan synthesis. The Biosynthesis of peptidoglycan in cytoplasm is catalysed by MurA 

which transfer enolpyrul group from phosphophenol pyruvate (PEP) to UDP Nacetylglucosamine to form UDP -N-

acetylenolpyruvate. Present study was aimed to develop novel antimicrobial agents against MurA enzyme through 

insilico analysis approach. The three dimensional structure of MurA enzyme was modelled computationally by using 

Modeller9v10. Later this enzyme model subjected to molecular dynamics simulations using NAMD 2.5 software with 

CHARMM27 force field tip 3p model of water. Initially energy minimization carried 5000 runs for 10 ps time and 

subsequent minimized model was simulated with 1,00,000 runs for 2 ns time period. The final resolved model 

reliability was assessed by prochek using Ramchandran plot calculations, verify 3D and WHATCHECK programs. 

From Zinc database 5000 similar structure compounds with fosfomycin were virtually screened against MurA by 

Autodock vina in PyRx virtual screening tool. The docking results reveal that the compounds Zinc50247, 

Zinc3020559, Zinc1884559, Zinc3154681, Zinc19286884, Zinc58219 and Zinc3978065 have -10.3, -10.1, -9.8, -9.8, 

- 9.2, -9.1 and -9.0 k.cal/mol binding affinity respectively, with MurA enzyme. We found that, the Amino acids 

Asp306, Tyr329, Gly115, Arg121, Arg322, Ser125, Leu91 and Phe125 present in the enzyme binding pocket are 

showing molecular interactions with ligands. MurA being a potential drug target in treating Streptococcus 

pneumonia infections, in this study we found that Zinc50247 effectively inhibits the MurA enzyme and can act as 

potential therapeutic agent. 

Keywords: Streptococcus pneumonia, MurA enzyme, Molecular modeling, Molecular dynamics and Zinc. 

Introduction: 

Streptococcus pneumoniais a gram-positive bacterium that causes pneumonia, septicemia and meningitis in 
children’s and adults. It has several unique metabolic pathways tosurvive inside host and escaping threads. 
Peptidoglycan is an essential component of cell wall, conferring mechanical resistance to the high internal osmotic 
pressure and maintains define cell shape (Roger et.al., 1980). Peptidoglycan consists of linear glycan chains inter-
linked by short peptides. The glycan chains are composed of alternating units of N-acetylglicosamine (GlcNAc)  and  
N-acetylmuramic acid  (MurNAc)  residue linked by  β1-4  glycosidic bonds (Vollmer et.al., 2008). Cross- linkage 
of the glycan chains generally occursbetween the carboxyl group of D-Alanine at position 4 and E-amino group of 
Lysine at position 3.  This cross-linking joins the glycan chains into a macromolecular network of high tensile 
strength and rigidity. The Biosynthesis of peptidoglycan in cytoplasm (Bouhsset.al.,2008; Sauvageet.al.,2008)is 
catalysed by enzyme UDP-N-acetylglucosamineenolpyruvyl transferase (MurA) which transfersenolpyrul group 
from phosphophenol pyruvate (PEP) to UDP-N-acetylglucosamine to form UDP -N-acetylenolpyruvate. This is a 
precursor to the UDP-N-acetylmuramic acid, an essential building block for the bacterial cell wall. Skarzynskiet.al., 
(1996) explained the complex crystal structure of Escherichia coli with N-acetylglicosamine and 
fosfomycin.However,Eschenburg and Schonbrunet.al.,(2000) revealed unligandedEnterobacter 

clocaeMurAstructure. MurA has two globular domains, connected by double stranded linker. According to E.coli-
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MurA numbering, the first domain containing the catalytic site, Cys-115 comprises residues 22-229, and the second 
domain comprises residues from 1-21 and 230-419. The main chain fold of each domain is very similar, with three 
parallel internal helices surrounded by three helices and three four –stranded β-sheets. MurA synthesis is the only 
cytoplasmic phase inhibited by clinically used antibacterial agents. Fosfomycin, a naturally occurring broad 
spectrum antibiotic, is the best known inhibitor of MurA formation (Christensen et.al., 1969; Hendlin et.al., 1969). 
Fosfomycin has been the drug of choice for the treatment of pediatric gastrointestinal infections resulting from 
shiga-like toxin-producing Escherichia coli (STEC) in Japan.The early administration of this antibiotic is critical for 
the effective treatment of STEC infections (Horliet.al., 1999). Fosfomycin is awell-known agent as first line 
treatment formicrobial infections of the urinary tracts (Nicolle et.al.,2002).  

 

Fig-1: Biosynthesis of Peptidoglycan (Wikipedia) 

 
Fig-2: Mur pathwary (Wikipedia) 
.  

Inhibition of MurA enzyme by fosfomycin is competitive, the antibiotic acting on an analogue of PEP and forming 
covalent bond with Cys115 residue, as a resultMurA enzyme gets inactivated (Marqurdtet.al.,1994). Mutations at 
the active site of MurA enzyme exhibits resistance to fosfomycin while Cys residue replaced by Asp in 
Mycobacterium tuberculosis (Desmetet.al.,1999) and Chlamyadia trachomatis (McCoy et.al.,2003). In 
Streptococcuspneumonia, MurA is a key enzyme involved in peptidoglycan biosynthesis. Hence,it has been 
considered as a molecular drug target for developing novel potential antimicrobial agents.  
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Owing to the absence of three dimensional structures of Streptococcus pneumoniaMurA enzyme in protein data 
bank (PDB) along with non-availability of homologues in humans. The present studyaimed to develop the three-
dimensional structure forMurA by homology modeling followed by Molecular Dynamics Simulations. In addition to 
this,identification of fosfomycin analogous from Zinc database followed by Molecular interaction studies with 
MurAwere doneusing structure based virtual screening approach. 

Materials and Methods: 

3D Structure Preduction of MurA protein: 

 

Protein sequence of UDP N-acetylglucosamineenolpyruvyltranferase (MurA)of Streptococcus pneumoniae serotype 

4 (strain ATCC BAA-334 / TIGR4)was retrieved in FASTA format from Uniprot database. Physicochemical 
properties such asAliphatic index, Grand Average of Hydropathy (GRAVY), Theoretical PI value of UDP N-
acetylglucosamineenolpyruvyltranferase (MurA) were calculated using PROTPARAM. 

Sequence analysis: 

Protein sequence of UDP N-acetylglucosamineenolpyruvyltranferase (MurA) was chosen as query sequence to 
search against Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST).Multiple sequence 
alignment was performed for similar sequences using ClustalX Software(Thompson et.al.,1997).Percentage of 
identity and similarity of the query with related protein sequence were analyzed using GENEDOC Software 
(Nicholas et.al.,1997).The phylogenetic tree was constructed using TREEVIEW Software. 
Secondary structure prediction: 

Secondary structure elements such as alpha helix, extended sheets, beta turns and random coils were predicted by 
using different servers SOPMA (Deleageet.al.,1995), GOR4 (Garnieret.al.,1996), Chou &Fasman(Chou and Gerald 
D.Fasmanet.al.,1974).The binding pocket sites for UDP N-acetylglucosamineenolpyruvyltranferase (MurA) were 
identifiedusing CastP (Computed Atlas of Surface Topography) a program for identifying and characterizing protein 
active sites, binding sites and functional residues located on protein surfaces and voids buried in the interior of 
protein by measuring concave surface regions on three-dimensional structure of protein. It can measure the area and 
volume of pocket (Dundal et.al.,2006).  
 

 3D Structure Prediction by Homology Modelling: 

 
  The protein sequence UDP N-acetylglucosamineenolpyruvyltranferase (MurA)  enzyme of 
Streptococcus pneumoniaeserotype 4 (strain ATCC BAA-334 / TIGR4) was obtained from uniport 
database.Template structure was selected on the basis of sequences identity with high score and less E-value,highest 
resolution and R-factor by performing the search against PDB(Protein Data Bank). The co-ordinates for the query 
structure were assigned from template structure by using pairwise sequence alignment using clustalX( 
Thompsonet.al., 1997). The 3D Model of MurA enzyme was built by using Modeller 9v10 (Sali and Blundell,1993) 
against PDB.The least modeller objective (low DOPE Score) obtained was analysed through Ramachandran plot 
calculation to check the stereo chemical quality of protein structure using Procheck (Laskoswkiet.al.,1993), 
environment profile using verify 3D(Eisenberg et.al,.1997) and ERRAT (Colovoset.al.,1993). The residue packing 
and atomic contact was analysed using What if (Vriendet.al.,1990),Z Score of Ramachandran plot analysed using 
WhatCheck (Hooftet.al.,1996). Inorder to obtain stable conformation model, energy minimization was carried out 
with gromos96 force field and superimposition of model with template was performed by using SPDBV (Guex and 
Peitsch,1997). 
Active site prediction:CastP server (Dundas j.,2006)was adopted to analyze the active sites of constructed 
model.This model was used for the docking analysis with selected analogue compounds. 
Molecular Dynamics: 

 

The molecular simulations for protein were carried out using NAMD-2.7 program in HP workstation Z230. The 
system was examined in the ensemble, while the dimension of the cell in the three direction of space fluctuates 
independently. The equation of the motion was integrated using multiple time steps algorithms (Izaguirreet.al.,1999; 
Jesnset.al.,2001). The short and long ranges forces were calculated every two and four time steps respectively, with 
the steps of 2.0fs. Short range interactions were smoothly truncated with an 11Ao cut-off and switching function 
starting at 8A0. Long range electrostatic forces were taken in account using a fast implementation of the particle 
mesh ewaldapproach (Darden et.al., 1993; Essamann., 1995). The langevin piston was employed to maintain the 
pressure of the cell at 1 atm and lamgeveindynamics were used to control the temperature at 300k. Chemical bonds 
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between hydrogen and heavy atoms were strained to their equilibrium value by means of the SHAKE/RATTLE 
algorithm (Rykaertet.al.,1997; Anderson et.al.,).  
Ligand Preparation:  

   

From ZINC Database(zinc.docking.org) 5000 fosfomycinanalogues were obtained. These analogues 
added with hydrogens and energy minimized with Uffforce field using Conjugate-gradient algorithm by Autodock 
and PyRx(Wolf.,2009). All ligand molecules were converted into Pdbqt format as requiredbyAutodockVina. Clog-
P, solubility, molecular weight, Toxicity Risk Assessment, Overall Drug-score of compounds were predicted using 
Osiris property explorer. 

 
Molecular docking studies: 

 
 Autodockvina  andPyRxwere used to carry out docking studies with selected antibiotic analogous and 
pubchem drug molecules were docked to constructed model (Wolf., 2009). PyRx is Virtual screening software for 
computational Drug Discovery that can be used to screen libraries of compounds against potential drug targets. 
Lamarkian Genetic Algorithm (Solis etal.,1981) was used with the parameters; number of individual population is 
150,Maximum number of energy evaluation is 25000,Top individuals to survive to next generation is 1,Gene 
mutation rate 0.02, Crossover rate is 0.8, Cauchy beta is 1.0 and GA window size is 10.0.The grid was set to whole 
protein due to the multi binding pocket at  X=14.6042, Y=41.4964, Z=26.3463  and dimensions (A0)  at X=62.8291, 
Y=5805914, Z=66.6758 . The best docked conformation ligand molecules were identified on the basis of highest 
binding energy.Interactions between ligand and protein molecules were analyzed using PyMol.  
Results and Discussion: 

Protein sequence of MurA (Acc No:Q97QW6) of Streptococcus pneumoniaserotype 4 strain ATCC BAA-
334was retrieved in the FASTA format from SWISS PROT Database.MurA contains 419 residues with the 
molecular weight of 45024.8, aliphatic index 109.21, Grand average of hydropathy (GRAVY) 0.108 and Extinction 
coefficient, Theoretical PI value, instability index of UDP N- acetyl glucosamine 1-carboxy vinyl transferase 
(MurA) were found to be 19495, 5.24 and 29.39 respectively as shown in Table1. 

 
Fasta format of MurA: 
 
>sp|Q97QW6|MURA2_STRPN UDP-N-acetylglucosamine 1-carboxyvinyltransferase 2 OS= Streptococcus 
pneumoniae serotype 4 (strain ATCC BAA-334 / TIGR4) OX=170187 GN=murA2 PE=3 SV=1 
MRKIVINGGLPLQGEITISGAKNSVVALIPAIILADDVVTLDCVPDISDVASLVEIMELMGATVKRYDDVLEI
DPRGVQNIPMPYGKINSLRASYYFYGSLLGRFGEATVGLPGGCDLGPRPIDLHLKAFEAMGATASYEGDN
MKLSAKDTGLHGASIYMDTVSVGATINTMIAAVKANGRTIIENAAREPEIIDVATLLNNMGAHIRGAGTNIII
IDGVERLHGTRHQVIPDRIEAGTYISLAAAVGKGIRINNVLYEHLEGFIAKLEEMGVRMTVSEDSIFVEEQSN
LKAINIKTAPYPGFATDLQQPLTPLLLRANGRGTIVDTIYEKRVNHVFELAKMDADISTTNGHILYTGGRDL
RGASVKATDLRAGAALVIAGLMAEGKTEITNIEFILRGYSDIIEKLRNLGADIRLVED 
 
Figure 1: Pairwise alignment 

 

http://zinc.docking.org/
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Table 3:  sequence similarity of report file by using phylogenetic analysis 

S.no Accession number Organism Name Sequence similarity 

1 Q97QW6 Streptococcus pneumoniae -- 
2 Q3IG20 Pseudoalteromonas haloplanktis 30% 
3 P84059 Staphylococcus aureus 9% 
4 Q1MLP8 Rhizobium leguminosarum 13% 
5 Q1RHT9 Rickettsia bellii 10% 
6 C6UF19 Escherichia coli 10% 
7 B8DBI4 Listeria monocytogenes 8% 
8 D3NWQ4 Azospirillum sp. 11% 
9 A0PXE3 Clostridium novyi 10% 
10 F5ZX21 Salmonella typhimurium 10% 
 

Figure2: Phylogenetic analysis 
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Secondary Structural elements such as Alpha helix, extendedstrand, Beta turns and Random coils of 

MurAwere indentified using varioustools as shown in Table2. These Secondary Structural analysis has shown 
41.29% alpha helix with 173 residues by SOPMA, 40.10% with 168 residues by GOR4 and 69.9% with 293 by 
Chou &Fasman. Extended strand displayed 18.14% with 76 residues by SOPMA, 15.75% with 66 residues by 
GOR4 and 38.2% with 160 residues by Chou &Fasman respectively.Beta turn were predicted to be 9.3% with 138 
residues by Chou &Fasman, but SOPMA and GOR4 failed to predict beta turn. Random coils were found to be 
32.94% with 138 residues by SOPMA and 44.15% with 185 residues. Chou &Fasman failed to provide random 
coils. 
MurA structure of Streptococcus Pneumonia: 

   

Crystal structure of MurA of Streptococcus pneumonia has not been resolved yet. MurA plays key role in 
peptidoglycan synthesis and acts as broad spectrum drug target. In order to construct the MurA model, BlastP 
analysis has shown 10 similar protein structureswhich were obtained with the highest identity.3R38 was selected an 
reference structure to model the MurA using Modeller9v10 Co-ordinates from the reference structure to structurally 
conserved regions, structurally variable regions, N-termini and C-termini were assigned to the target sequence based 
on the satisfaction of spatial restraints. All side chains of the model protein were set by rotamers.100 models were 
generated and one with least DOPE score was selected for further refinement. The least DOPE score objective was 
furthered relined using Molecular dynamics approach and graph drawn by taking time in ps (picoseconds) on X-axis 
and RMSD(A0) on Y-axis (Figure 3D).  

The final refined model was further validated using standard validation tools. Ramachandran plot 
calculations, carried out using Procheck program revealed that 92.5% with 333 residues were plotted in with the 
most favoured region, 0.1% with 4 residues with in the Generously allowed region and 0.3% with 1 residue was 
aligned in with the disallowed region respectively (Figure 4A). The overall quality factor of 91.8% was observed by 
using of ERRAT environment profile (Figure 4B). Verify 3D showed that 411 residues of all the residues had an 
average 3D-1D score greater than 2 indicating that model was highly reliable (Figure 4C). The constructed MurA 
model was superimposed using SPDBV and RMSD calculated was 2.5220 which indicate the reliability of good 
model (Figure 3B). Active site of the model was predicted using Cast P server (Figure 3E). 

3D structure of MurA:  
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Fig -3: Modelled  3D structure of MurA Fig -4:Superimpose of template & MurA modelled. 

 
 

 
 

TABLE 1: 

Physicochemical properties of UDP-N-acetyl glucosamine 1-carboxyvinyl transferase (MURA) were predicted by 
PROTPARAM. 
 

s.no protein secondary structure values 

1 Aliphatic index 109.21 

2 Grand average of hydropathicity 0.108 
3 Theoretical PI 5.24 
4 Half-life  30 hours 
5 Molecular Weight 45024.8 
6 The Instability index 29.39 
7 Extinction Coefficients 19495 

 
TABLE 2: Secondary structure elements were predicted by different servers: 

 

Fig- 5: 3D refined Dynamics structure of MurA. Fig -6:RMSD Dynamics graph. 

S.no Protein 

Secondary 

Structure 

SOPMA GOR4 CHOU & FASMAN 

No. of 

Residues 

% of   

Residues 

No. of  

Residues 

% of   

Residues 

No. of  

Residues 

% of   

Residues 

1 Alpha helix 173 41.29 168 40.10 293 69.9 
2 Extended strand 76 18.14 66 15.75 160 38.2 
3 Beta turn - - - - 39 9.3 
4 Random coil 138 32.94 185 44.15 - - 
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 D. 

 

E. 
 

 

 

Structure Validation: 

Fig -7:Ramachandran Plot calculations were drawn using Procheck. 
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Fig -8:The over quality of MurA was observed using 

ERRAT environment profile. 

 

Fig -9:Verify 3D-1D graph. 

 

 

 

 

 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 07, Issue 11, 2020 
 

 

9432 

 

 
 
 

 

Fig -10:MurA was predicted Using Cast P Server Fig -11: Amino acids present in binding pocket 
 

C. 

 
 

 

Molecular docking studies: 

 Molecular docking studiesperformed with substrate (GluNAC) and fosfomycin to MurA model showed that 
Substrate GluNAC exhibits binding energy -4.5 kcal/mol and formed three hydrogen bonding interactions with 
Asp89,Leu91 and Ser94 respectively (Figure 4B). Fosfomycin is broad spectrum antibiotic which showed binding 
affinity -4.5 kcal/mol and displayed two hydrogen bonding interactions, one with NH atom of Phe264 another one 
with O atom of gly302 respectively (Figure 4A). 

GluNAC (Substrate) Fosfomycin(Reference drug) 
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C. Selected Zinc compounds. 

 
1. ZINC50247 2. ZINC3820559 

 

 

 
 

 

3. ZINC1884559 

 

4. ZINC3154681 

  

5. ZINC19286884 

 

6. ZINC58219 

 
 

7. ZINC3978065 

 

 

TABLE 4: Protein-ligand  interaction,binding energies, bond distance and bond angle ofReference Drug  
Fosfomycin and Substrate GluNac with  UDP-N-acetyl glucosamine 1- carboxyvinyl transferase (MURA)  Zinc 
Compounds. 

S.no  Compounds protein-ligand interactions  

Distance 

 Bond 

angle 

 binding    

energy protein ligand 

1 Fosfomycin Gly302 CA-C-O-------------------H9 
Phe264 CA-NH--------------------O4P 

2.2 
2.5 
 

132.7 
106.1 

-4.5 
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2 Substrate GluNac Leu 91 CA-C-O-------------------H9O 
Ser 94 OG-G-H-------------------O14C 
Asn 89 CA-C-O-------------------H20O 
 

2.4 
2.2 
2.2 
 

141.4 
132.7 
110.5 

-4.5 
 

 
TABLE 5: Protein-ligand  interaction,binding energies, bond distance and bond angle of best docked zinc 
compounds with (MURA)  UDP-N-acetyl glucosamine 1-carboxyvinyl transferase 
 

Figure 4: Docking results of  MurA against GluNAC, Fosfomycin,  and selected ZINC compounds. 

GluNAC Fosfomycin 

 
 

Docking poses with selected 7 zinc compounds. 

S..No  Compounds Protein-Ligand Interactions  Distance  Bond 

Angle 

 Binding 

Energy protein ligand 

1 ZINC50247 Asp306 CG-D1O-----------------H46N 
Asp306 CG-D2O-----------------H47N 
Tyr329 CZ-HO--------------------H45N 

2.6 
2.5 
2.1 

141.3 
130.3 
96.9 

-10.3 
 

2 ZINC3820559 Arg121 CA-N--------------------O29C 
Gly115 CO-----------------------H32N 

3.5 
2.7 

132.8 
142.0 

-10.1 

3 ZINC1884559 Arg322 CG-D1O-----------------O30C 
Asn23 CZ-NH2-------------------HN34N 

3.4 
2.7 

107.0 
131.9 

-9.8 

4 ZINC3154681 Ser 125 CB-GO--------------------O32C 3.4 108.1 -9.8 

Leu91 C-O-------------------------H37N 2.4 124.7 

5 ZINC19286884 Tyr329 CZ-HO--------------------H30N 
Tyr329 CZ-HO------------------HN32N 

2.3 
2.3 

115.1 
97.3 

-9.2 

6 ZINC58219 Asn23,Ala27,Asn89,Leu91,Arg92, 
Tyr95,Pro113,Gly114,Gly115,Lys116,Asp117,Pr
o120,Arg121,Pro122,Ile123,Ser164,Val165,Gly1
66,Glu190,Glu192,Arg234,Asp306,Tyr329       

  -9.1 

7 ZINC3978065 Phe125 C-O--------------------O24C 2.5 137.4 -9.0 
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1. ZINC50247 2. ZINC3820559 

 

 
 

 

3. ZINC1884559 

 

4. ZINC3154681 

 
 

 

5. ZINC19286884 6. ZINC58219 
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7. ZINC3978065 

 
 

In order to perform lead optimization, virtual screening studies were performed for 5000 compounds 
downloaded from ZINC Database. Seven best compounds such as ZINC50247, ZINC3820559, ZINC1884559, 
ZINC3154681, ZINC19286884, ZINC58219, and ZINC3978065 were obtained (Figure5) (Table5). Biological 
properties and Lipinski rule of best docked conformation compound were predicted using Osiris and Mol inspiration 
servers (Table7 and 8). 
  

ZINC 50247 displayed three hydrogen bonding interactions, two bonds with the O atom of Asp306, one 
with the O atom of Thr329 and showed best binding energy -10.3 k.cal/mol. Similarly, ZINC 3820559 showed 
binding energy -10.1 k.cal/mol and displayed two hydrogen bonding interactions such as one with CO atom of 
Gly115 and one with N atom of Arg121 respectively.ZINC1884559 showed binding energy -9.8 kcal/mol and 
confers two hydrogen bond interactions with Asn23 and Arg121 respectively. ZINC3154681 showed similar 
binding energy -9.8 k.cal/mol as above and displayed two hydrogen bonding interaction with Leu91 and Ser125 
respectively. ZINC19286884 showed binding energy -9.2 k.cal/mol and exhibits two hydrogen bonding interaction 
with the Tyr329 respectively. ZINC 58219 showed hydrophobic interaction and best binding energy -9.1 kcal/mol. 
ZINC 3978065 showed binding affinity -9.0 kcal/mol and displayed one hydrogen bonding interaction with Phe125 
respectively. 
 

TABLE 6: Lipinskirule of five for best docked zinc compounds. 

s.n

o 
Zinc Compound 

pH  

range 

xlog

P 

Apolar 

desolva

tion(kc

al/mol) 

Polar 

desolvati

on(kcal/

mol) 

H-

bond 

dono

rs 

H-

bond 

accep

tors 

Net 

char

ge 

tPS

A 

(Å²) 

Molecular 

weigh 

(g/mol) 

Rotata

ble 

bonds 

1 ZINC50247 pH 7 2.34 -2.04 -47.39 1 6 1 51 298.37 1 
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2 ZINC3820559 pH 7 3.42 11.1 -44.31 5 9 1 112 472.371 7 
3 ZINC1884559 pH 7 3.91 8.61 -21.76 1 5 0 72 316.316 4 
4 ZINC3154681 pH 7 4.61 3.11 -16.6 1 10 0 147 407.338 7 
5 ZINC19286884 pH 7 3.14 10.93 -54.17 2 7 1 64 446.575 7 
6 ZINC58219 pH 7 3.66 -2.07 -9.32 1 3 0 45 301.143 1 
7 ZINC3978065 pH 7 0.80 2.68 -15.17 3 6 0 104 404.503 2 

 

 

TABLE 7:Molecular properties and bioactivity of best docked compounds were predicted using molinspiration : 
Molecular properties: 

 

Table 8:Biological Properties Of Best Docked Zinc Compounds Were Predicted Using OSIRIS Server: 

S.n

o 

Compound Mutag-

enic 

Tumori

genic 

Irrita

nt 

Reprod

uction 

Effecti

ve 

Clog

p 

Solubilit

y 

Mol.

Wt 

Drug 

Likene

ss 

Dru

g 

Scor

e 

1 ZINC 50247 + partial - -      
2 ZINC 3820559 - - - - 1.5 -5.07 433.0 4.87 0.61 
3 ZINC 1884559 partial - - - 4.16 -8.57 399.0 -4.6 0.16 
4 ZINC 3154681 partial - - - 1.78 -6.28 440.0 3.04 0.39 
5 ZINC 19286884 - - - - 2.69 -4.03 433.0 -6.66 0.35 
6 ZINC 58219 - - - partial 3.78 -4.56 440.0 6.96 0.48 
7 ZINC 3978065 - - - - 1.55 -2.04 257.0 4.55 0.93 

 

S.N

O 

COMPOUND       

ID 

MI 

LOGP 

 

TPSA 

 

n-

ATO

MS  

M.W 

 

nO

N 

 

nOHNH  

 

nVIOLATIO

NS 

 

NROTB 

 

VOLUME 

 

1 ZINC50247 2.637 104.016 42.0 554.654 8 5 1 6 503.989 

2 ZINC3820559 2.8 65.456 31.0 443.657 5 2 0 4 430.647 

3 ZINC1884559 4.97 85.839 30.0 399.498 6 3 0 3 369.48 

4 ZINC3154681 3.841 106.54 33.0 440.503 7 4 0 6 395.907 

5 ZINC19286884 3.079 64.75 29.0 433.768 6 1 0 5 325.612 

6 ZINC58219 3.454 64.003 35.0 490.566 5 2 0 8 443.804 

7 ZINC3978065 4.489 52.149 32.0 423.56 4 2 0 6 406.399 

8 Fosfomycin 0.762 70.055 8.0 138.059 4 2 0 1 105.377 

http://www.molinspiration.com/services/logp.html
http://www.molinspiration.com/services/logp.html
http://www.molinspiration.com/services/psa.html
http://www.molinspiration.com/services/volume.html
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Predict Bioactivity: 

s.no compound gpcr 

ligand 

 

ion channel 

modulator 

 

kinase 

inhibitor 

 

nuclear 

receptor 

ligand 

 

protease 

inhibitor 

 

enzyme 

inhibitor 

 

1 ZINC50247 0.07 -0.11 -0.05 -0.95 -0.04 0.21 
2 ZINC3820559 0.18 -0.26 -0.27 -0.02 0.27 0.42 
3 ZINC1884559 -0.33 -0.57 -0.30 -0.97 -0.51 -0.26 
4 ZINC3154681 -0.25 -0.40 -0.34 -0.29 -0.34 -0.20 
5 ZINC19286884 -0.27 -0.79 -0.24 -1.11 -0.59 -0.54 
6 ZINC58219 0.34 0.20 0.02 0.17 0.10 0.20 
7 ZINC3978065 0.11 0.02 -0.18 -0.14 -0.13 0.02 
8 Fosfomycin -2.60 -1.52 -2.51 -2.47 -1.84 -0.60 
 

 

Conclusion: 

 
After the analysis of the above data obtained through different sources, it was joined out seven novel 

fosfomycin structure similar compounds from Zinc data base depending on various parameters such as Lipinski rule 
of five, drug score, drug likeness and other adverse effects.  Zinc50247 showed high binding affinity with 
Autodockvina binding energy of -10.3 k.cal/mol and Zinc3820559, Zinc188459, Zinc3154681, Zinc19286884, 
Zinc58219 and Zinc3978065 have -10.1, -9.8, -9.8, -9.2, -9.1, and -9.0k.cal/mol binding energies with active site 
region of MurA enzyme. All the compounds are docked with binding pocket region, forming interactions with 
Asp306, Tyr329, Gly115, Arg121, Arg322, Ser125, Leu91 and Phe125 residues. Hence, the lead molecule identified 
in the present work with be helpful for designing and synthesis of new class of antimicrobial drugs. 
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