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Abstract

In these continuing efforts towards the development of disease modifying treatment for microbial diseases, we
are targeting acetyl coenzyme-A carboxylase (ACCase) and it is essential for pathogen survival. In present study we
reported the docking studies of substituted benzimidazole derivatives with acetyl coenzyme-A carboxylase inhibitor.
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Introduction

Benzimidazole [1] is a heterocyclic aromatic organic compound.
This bicyclic compound consists of the fusion of benzene and
imidazole. Benzimidazole derivatives play important role in medical
field. Benzimidazole derivatives have found the appreciation in
diverse therapeutic areas including antimicrobial activity [2,3], the
activity against several viruses such as HIV [4,5], antiallergic [6,7],
antioxidant [8], antihistaminic [9], antitubercular [10], anti-diabetic
[11], antitumor [12] activity.

Many researchers have concentrated on the development of
small molecules of ACCase inhibitor as antimicrobial activity. Several
bacteria such as gram positive, gram negative bacteria are responsible
for the microbial diseases [13]. ACCase catalyzes the first step of fatty
acid biosynthesis. This reaction involves three functional components
all related to a carboxybiotinyl intermediate. A biotinyl domain is
covalently attached biotin prosthetic group between the active sites
of a biotin carboxylase and a carboxyl transferase. In Escherichia coli,
the three components reside in separate subunits; a biotinyl domain is
the functional portion of one of these, biotin carboxyl carrier protein
(BCCP) [14,15].

All biotin-dependent enzymes [16] share a common feature:
a biotinyl domain that transfers an activated carboxyl group to a
transcarboxylase center. ACCase is a multicomponent biotin enzyme
present in all animals, plants and bacteria. It catalyzes one of the
regulated steps (the first committed step) in the biosynthesis of long-
chain fatty acids, namely the biotin-dependent carboxylation of acetyl-
CoA to form malonyl-CoA [17,18]. Activation by an acyl derivative
of coenzyme A is observed for pyruvate carboxylases isolated from a
wide range of organisms [19,20]. The enzyme is widespread in higher
plants [21], algae and many kinds of bacteria, and plays an anaplerotic
role by replenishing C4-dicarboxylic acid to the tricarboxylic acid cycle
[22-24]. In C4 plants such as maize and sugarcane and in crassulacean
acid metabolism (CAM) plants such as pineapple and cactus,
phosphoenolpyruvate carboxylase (PEPC) is a key enzyme in the
xation of atmospheric CO,. PEPC from Escherichia coli is an allosteric
enzyme which is activated by ACCase or fructose 1, 6-bisphosphate
and inhibited by L-aspartate. Although the crystal structure of E. coli
PEPC complexed with L-aspartate [25] was determined in 1999, the
reaction mechanism for PEPC has not been determined, because both
substrate analogue and divalent metal ion were not complexed with the

enzyme within the crystal [21]. Docking studies of the title compounds
were performed on biopredicta>>VLife MDS 4.0 using grid-based
docking method to ascertain antimicrobial activity. Therefore, ACCase
inhibitor is selected as a biological target for carrying out the docking
study of title compounds. The crystal structure of ACCase was obtained
from protein data bank, opened in MDS sheet, saved by removing
water molecule and used further for docking purpose.

Materials and Methods
Experimental method

Data preparation: The acetyl coenzyme-A carboxylase inhibitor
(3JZI) with substituted benzimidazole were collected from the reported
literature. The biological activity data was collected from literature
[15]. The database of molecular docking study consisted of 3JZI with
24 ligand molecules.

Model building: The current study was performed using the
following programs: VLife MDS 4.0 which GA batch docking. The
structures of substituted benzimidazole were drowning in Vlife Engine
>>tools>>draw 2D molecule and molecule was saved in Dot Mol
format [26].

The 2D structures of the compounds were built and then converted
into the 3D with the help of VLife MDS 4.0 software. The 3D structures
were then energetically minimized up to the rms gradient of 0.01 using
Merck Molecular Force Field (MMFF). By using cavity determination
option of software, cavities of enzyme were determined. The cavities
in the receptor were mapped to assign an appropriate active site, the
basic feature used to map the cavities was the surface mapping of the
receptor and identifying the geometric voids as well as scaling the
void for its hydrophobic characteristics. Hence, all the cavities that
are present in receptor are identified and ranked based on their size
and hydrophobic surface area. Cavity no. 1 is selected for docking.
The active site for docking was defined as all atoms within 5 A’ radius.
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Using biopredicta>>tool>>docking>> batch grid docking. Batch
docking shows browsing of receptor, ligand (molecule), and the result
generated was saved in output file. Molecules saved in output file as a
docked ligand format with proper conformation and further used to
check binding interactions. Result generated was saved as log file in
output folder.

For checking binding interaction, first receptor structure was
opened in MDS followed by compound which was saved as ligand dock
file. From tool option clicked on merge molecule so that compound and

Figure 2b: Hydrogen bonding and hydrophilic Interaction of 5E ligand molecule.

Figure 1a: Active amino acid residue of 3JZI involved in docking with
substituted benzimidazole ligands.

Figure 2c: Hydrogen bonding and hydrophilic interaction of 7A ligand molecule.

Figure 2d: Hydrogen bonding and hydrophilic interaction of 9d ligand molecule.

Figure 2e: Hydrogen bonding and hydrophilic interaction of 12B ligand
Figure 2a: Hydrogen bonding and hydrophilic Interaction of 5B ligand molecule. molecule.
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Figure 3b: Ligand molecule 23A docked in cavity no.1 with assorted
Figure 2f: Hydrogen bonding and hydrophilic interaction of 15A ligand molecule. representation of PDB (3JZI).

Figure 2g: Hydrogen bonding and hydrophilic interaction of 21A ligand

molecule. Figure 3c: Ligand molecule 12B docked in cavity no.1 with assorted
representation of PDB (3JZI).

Figure 2h: Hydrogen bonding and hydrophilic interaction of 23A ligand
molecule.

Figure 3d: Ligand molecule 15A docked in cavity no. 1 with assorted
representation of PDB (3JZI).

receptor is merged together. From biopredicta tool edited this complex
and selected ligand and receptor structure to check their interactions.

Result and Discussion

Focused compound screening libraries are commonly used to
improve the efficiency and productivity of early drug discovery efforts.
Traditionally each compound in a focused library is selected based
upon structural and physical properties that will increase its probability
of having activity for one specific target. In this study we have extended
this approach in order to identify potential multi-ligands as inhibitors.
Following are the active residues involved in docking (Figures 1-3)
(Table 1).

Figure 3a: Ligand molecule 5B docked in cavity no.1 of PDB (3JZI).
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Figure 3e: Ligand molecule 7a docked in cavity no.1 of PDB (3JZI).

Figure 3f: Ligand molecule 9D docked in cavity no.1 of PDB (3JZI).

Figure 3g: Ligand molecule 21A docked in cavity no.1 with assorted
representation of PDB (3JZl). The figures 2a-2h shows the Hydrogen
bond interaction in green color and the hydrophobic interaction blue color.
The figures 3a-3g shows the ligand molecule docked in cavity no.1 with the
receptor. The logP value (Table 1) of ligands 9E, 12A, 15A shows the very
less as compared with other ligands, because 9E, 12A and 15A contains two
carbonyl group substitution. Although, the substituted elucidated, molecular
docking experiments indicates that ligand binds at active site residue only
predicted by Biopredicta >>VLifeMDS 4.0 as shown in figure 1a.

Conclusion

To our knowledge, this is first report correlating the antimicrobial
activity with acetyl coenzyme A carboxylase inhibitors protein and
describing the binding site of protein. From protein ligand interaction
as structure base drug design we reported that ARG292A, TYRS82A,
GLY83A, GLY165A, GLY166A, HIS236A, GLN 237A, LYS238A,
VAL295A are involved in molecular docking. In conclusion, we
have also reported a novel series of benzimidazole scaffold as 9B, 9D,
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