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Aminoacyl-tRNA synthetases (aaRSs) play vital roles in protein biosynthesis of living organisms and are interesting anti-
bacterial drug targets. In order to find out new inhibitor candidate molecules as antibacterial agent, the binding modes 
of the candidate molecules were investigated at the active sites of aaRSs by molecular docking study. The docking simu-
lations were performed with 48 compounds from four different scaffolds into the eight different aaRSs. The results show 
that scaffolds 3 and 4 compounds have consistently better binding capabilities, specifically for HisRS (E. coli) and IleRS 
(S. aureus). The binding modes of the best compounds with the proteins were well compatible with those of two ligands 
in crystal structures. Therefore, we expect that the final compounds we present may have reasonable aaRS inhibitory ac-
tivity.

Key Words: aaRS (aminoacyl-tRNA synthetase), HisRS, IleRS, Antibacterial drug target, Molecular dock-
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Introduction

Aminoacyl-tRNA synthetases (aaRSs) play vital roles in pro-
tein biosynthesis of all living organisms. When bacterial aaRSs 
are inhibited by antibacterial drugs, protein biosynthesis would 
be stopped with attenuation of bacterial growth.1 Currently, the 
aaRSs are interesting antibacterial drug targets, as remarkable 
increase in the prevalence of antibiotic resistance among bac-
teria. The aaRSs catalyze the attachment of specific amino acids 
to their cognate tRNAs, which is the initial reaction in protein 
biosynthesis.2 The aminoacylation reaction of tRNA proceeds in 
two steps: first, aaRSs activate their substrate amino acids by 
forming aminoacyl-adenylate. Second, the aminoacyl moiety 
from the adenylate is transferred to the 3’-terminal adenosine of 
tRNA.3 

AA + ATP + tRNA → AA-tRNA + AMP + PPi

Despite their conserved mechanisms, aaRSs are divided into 
two unrelated classes (I and II) each with ten enzymes. The res-
pective classes have different sequence motifs and distinct ac-
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tive site topologies.4,6 The active site of 10 Class I aaRSs is in the 
ATP-binding Rossman fold, whereas the site is constructed 
around an antiparallel β-sheet in class II aaRS enzymes.7 The ac-
curacy of protein biosynthesis is determined by the correct re-
cognition of specific amino acids and tRNAs by aaRS enzymes.8 
To maintain high translational accuracy, these aaRS enzymes 
catalyze editing reactions by hydrolysing the incorrect products. 

The editing reaction has been a great interest for study and 
these critically important proteins can be a strong contender for 
drug target for the antimicrobial agent development.9-14 In order 
to assess the binding affinity of inhibitor candidate molecules 
with aaRSs, molecular docking study was introduced. Four dif-
ferent scaffolds (scaffold 1-4) were generated by critical analys-
es of several crystal structures of aaRS amino-acylation binding 
pockets with substrates/ligands. Preliminary virtual library was 
generated comprising of 48 compounds as a sample to analyze 
the binding mode of the new hypothetical compounds. These 
compounds were developed based on the structural backbone 
of commercial antibiotic, mupirocin and the isoleucyl-adenylate 
reaction intermediate with isoleucyl moiety in the tail part.15,16 
To investigate binding mode of aaRS with the developed deri-
vatives, molecular docking simulations of four different scaf-
folds were carried out within the aminoacylation sites of eight 
different aaRSs (seven from E. coli and one from S. aureus).

Methods

Preparation for protein and ligand structures. The three-di-
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Table 1. Structural and basic information for the eight AARS proteins

Target Organism Class PDB ID

IleRS S. aureus Class I 1QU3
MetRS E. coli Class I 1PFY
GlnRS E. coli Class I 1EUQ
TyrRS E. coli Class I 1VBM
HisRS E. coli Class II 1KMM
ThrRS E. coli Class II 1EVL
AspRS E. coli Class II 1C0A
LysRS E. coli Class II 1EIT

Table 3. Chemical structures for scaffold 2
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Compound R1 R2 X

13 Me Ala O
14 Me Leu O
15 Me Ile O
16 Me Val O
17 Phenyl Ala O
18 Phenyl Leu O
19 Phenyl Ile O
20 Phenyl Val O
21 Pyrimidine Ala O
22 Pyrimidine Leu O
23 Pyrimidine Ile O
24 Pyrimidine Val O

Scaffold 2 (compound 13-14) * is R/S taken

Table 2. Chemical structures for scaffold 1
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1 Me Ala O
2 Me Leu O
3 Me Ile O
4 Me Val O
5 Phenyl Ala O
6 Phenyl Leu O
7 Phenyl Ile O
8 Phenyl Val O
9 Pyrimidine Ala O
10 Pyrimidine Leu O
11 Pyrimidine Ile O
12 Pyrimidine Val O

Scaffold 1 (compound 1-12) * is R/S taken

mensional structures of the eight aaRSs, seven from E. coli and 
one from S. aureus, were obtained from Protein Data Bank 
(PDB): 1PFY for E. coli MetRS, 1C0A for E. coli AspRS, 1EVL 
for E. coli ThrRS, 1KMM for E. coli HisRS, 1EUQ for E. coli 
GlnRS, 1VBM for E. coli TyrRS, 1EIT for E. coli LysRS and 
1QU3 for S.aureus IleRS, respectively (Table 1).17-24 Virtual 
library of 48 compounds used for this study were developed 
based on four scaffolds (Table 2-5) and followed by database 
generation carried out using MDL ISIS/Base and ISIS/Draw.25 
All the 48 compounds are converted into 3D structures and per-
formed energy minimization in Inisght II software before pro-
ceeding to molecular docking simulations.

Molecular docking simulation. Bio-molecular interactions 
and binding modes were analyzed using GOLD program. The 
GOLD 3.0.1 (Genetic Optimisation for Ligand Docking) from 
Cambridge Crystallographic Data Centre, UK, employs a gene-
tic algorithm for docking of complete flexible ligands into par-
tially flexible protein binding sites.26 Active site radiuses were 
taken as 10.0 Å around center of the site within each aaRS pro-
tein. All four scaffold compounds were docked into active sites 
of each protein. The RMSD, annealing parameter values of van 
der Waals (VDW) and hydrogen bond interactions were con-
sidered within 1.5, 4.0, and 2.5 Å, respectively.27,28 The best 
docked conformations were selected based on the GoldScore 
ranking.

Analysis of docked conformations. The protein structure an-
alyses and manipulations were performed using InsightII pro-
gram.29 The GOLD results were analyzed by Silver 1.0 software 
which is a browser for visualizing protein-ligand docked con-
formation obtained. In order to understand interaction pattern 
(hydrophobic and hydrogen bonding interactions) between 
docked ligand and protein active site, Ligplot software was used 
as an essential tool.30

Results and Discussions

The main goal of this study was to design new inhibitors and 
thus to investigate the binding modes of the candidate molecules 
at the active site of aaRSs. Four different scaffolds for molecular 
docking simulation were designed. All of the compounds bear 
imidazolidin-2-one as a core heterocycle with substituent of 
amino acids at N1 position and urea or sulfonamide at C4 posi-
tion as novel peptide mimics (Table 2-5). In case of scaffold 1, 
comprising amino acids as substituent at N1 position along with 
acetic acid and urea at C4 position (Table 2). In scaffold 2, only 

one moiety was changed from urea to sulfonamide at C4 in scaf-
fold 1 (Table 3). Compounds in scaffold 3 include substituent of 
dipeptide at N1 and urea at C4 (Table 4). Scaffold 4 is same as 
scaffold 3 with an exception of urea moiety changed to sulfona-
mide at C4 position (Table 5). Alphatic side chain containing 
amino aicds like alanine, valine, leucine and isoleucines are in-
corporated at N1 position as a substitution. Forty eight com-



608      Bull. Korean Chem. Soc. 2010, Vol. 31, No. 3  Nagakumar Bharatham et al.

Table 4. Chemical structures for scaffold 3
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25 Me Ala Ala O
26 Me Leu Leu O
27 Me Ile Ile O
28 Me Val Val O
29 Phenyl Ala Ala O
30 Phenyl Leu Leu O
31 Phenyl Ile Ile O
32 Phenyl Val Val O
33 Pyrimidine Ala Ala O
34 Pyrimidine Leu Leu O
35 Pyrimidine Ile Ile O
36 Pyrimidine Val Val O

Scaffold 3 (compound 25-36) * is R/S taken

Table 5. Chemical structures for scaffold 4

N

S

N
N

N

O

O

O

O

O

R1

O

R2

R3

H H

H

H

* *
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37 Me Ala Ala O
38 Me Leu Leu O
39 Me Ile Ile O
40 Me Val Val O
41 Phenyl Ala Ala O
42 Phenyl Leu Leu O
43 Phenyl Ile Ile O
44 Phenyl Val Val O
45 Pyrimidine Ala Ala O
46 Pyrimidine Leu Leu O
47 Pyrimidine Ile Ile O
48 Pyrimidine Val Val O

Scaffold 4 (compound 37-48) * is R/S taken
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Figure 1. Comparison of GoldScores for scaffolds 3 and 4 with S. aur-
eus IleRS and E. coli HisRS respectively. Compounds were renumber-
ed as 1-12 for scaffold 3 (25-36) and scaffold 4 (37-48) for representing
a comparison between them.

pounds based on four different scaffolds were used to perform 
molecular docking simulations into the active sites of eight 
different aaRSs. 

Comparison of interaction properties among four scaffolds. 
GOLD Molecular docking produces 10 probable binding con-
formations for each compound i.e., around 480 binding poses for 
each target (aaRS). All these conformations are evaluated care-

fully and selected based on two methods 1) binding pose simil-
arity and interaction mode in reference with crystal ligand pose 
2) Goldscore for the particular binding pose. This evaluation was 
carried out for all the eight protein targets. From all the eight tar-
gets, docking simulation results revealed that scaffolds 3 and 
4 compounds demonstrated better GoldScores compared to scaf-
folds 1 and 2 compounds. The compounds (1-24) from scaffolds 
1 and 2 were not able to cover full active site volume as these two 
scaffolds are having a single amino acid substitution at N1 
position. Due to this reason these compounds are unable to form 
proper interactions with active site residues. Therefore these two 
scaffolds may not be appropriate inhibitors for the eight aaRS 
proteins.

The scaffold 4 compounds delivered comparatively better 
or equal dock scores to scaffold 3 (Figure 1). Among 12 com-
pounds of scaffolds 3 and 4, compounds containing methyl 
group at R1 position showed less score as well as poor inter-
action for the eight aaRS proteins. Phenyl and pyrimidine group 
at R1 position enhanced the dock score. Except for alanine side 
chain, others (Val, Leu, Ile) at R2 and R3 positions showed 
better dock scores. Therefore phenyl/pyrimidine groups at R1 
position and bulky side chains at R2 and R3 positions are favor-
able for both scaffolds 3 and 4.

Based on the overall interactions of all conformations for all 
the scaffolds, scaffolds 3 and 4 are having good interactions with 
seven E. coli aaRS and one S. aureus IleRS. Among them com-
pounds with phenyl/pyrimidine at R1 position and bulky groups 
at R2 and R3 are having favorable interactions. These com-
pounds had consistently better binding properties, specifically 
for HisRS (E. coli) and IleRS (S. aureus).

Molecular docking results of HisRS (E. coli). Analyses of 
Histidyl-adenylate (His-AMS) interaction with HisRS crystal 
structure (PDB ID : 1KMM) were carried out to understand ori-
ginal binding mode between substrate and HisRS. The binding 
mode was formed by 13 hydrogen bonds and many hydrophobic 
interactions. Hydrogen bond interactions with R259 were ob-
served, which is an important conserved amino acid in all His-
RSs. Histidine ring was found to interact with Y264, E131, and 
T85, respectively (Figure 2). 






