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ABSTRACT

Objectives: The biodegradation pathway of substituted imidazole ring compounds has been reported to have close analogy to the histidine
degradation pathway. This prompted the present study to be carried out on 12 selected imidazole and its derivatives which are 1-imidazole, 1,
2-dimethylimidazole, 1-ethyl imidazole, 2-ethyl-4-methylimidazole, 2-isopropylimidazole, 2-Isopropyl-4-nitro-1H-imidazole, 1-methylimidazole,
2-methyl-5-nitroimidazole, 2-methyl-1-vinylimidazole, 1-nitro imidazole, 1-phenyl imidazole, and 1-vinylimidazole.

Methods: The imidazole and its derivatives were evaluated on the docking behavior of urocanase and formiminoglutamase using PatchDock. In
addition, molecular physicochemical, drug-likeness, absorption, distribution, metabolism, and excretion analyses (ADME) were done.

Results: The molecular physicochemical analysis revealed that all the tested ligands showed nil violation and complied well with the Lipinski’s rule
of five. ADME analysis showed that 1-phenylimidazole alone predicated to have cytochrome P450 1A2 inhibition effect. Docking studies revealed that
1-nitroimidazole showed the least atomic contact energy with both targeted enzymes (urocanase and FlGase).

Conclusion: Inhibition of both enzymes (urocanase and FlGase) might show poor biodegradability nature. Thus, we can predict biodegradability

nature of imidazloe and its derivatives by modulating two histidine degradation enzymes activities.
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INTRODUCTION

Imidazole is one of unique five member heterocyclic, aromatic compound
with three carbons and two nitrogen atoms in 1 and 3 positions.
Imidazole ring is commonly present in the natural occurring compounds,
especially in many alkaloids and histidine (amino acid). Imidazole and
its derivatives have been reported to show various biological activities
such as analgesic, antiaging, antibacterial, anticancer, anticoagulant,
antidiabetic, antidepressant, antifungal, anti-inflammatory,
antileishmanial, antimalarial, antitubercular, and antiviral. Apart from
their pharmaceutical applications, imidazole and its derivatives too have
other industrial applications such as prevention of copper corrosion,
fire retardant, photography, and in electronics sectors. Imidazole and
its derivatives have exhibited wide range of medicinal properties, which
urged the medicinal/organic chemists to synthesis several numbers of
novel chemotherapeutic agents [1-3]. Iron, copper, and zinc imidazole
derivatives have been reported to show corrosion inhibition [4].

The biodegradation pathway of substituted imidazole ring compounds
has been reported to have close analogy to the histidine degradation
pathway [5]. MetaCyc database (http://metacyc.org) has highlighted
three important histidine catabolism/degradation pathways.
Urocanase and formiminoglutamase (FlGase) are two key enzymes
plays an important role in the histidine degradation pathway.
Urocanase has been reported to present in few bacteria, in the liver
of several vertebrates/mammals and in plant, especially in Trifolium
repens (white clover). Interestingly, urocanase deficiency in the
liver causes mental retardation. Urocanase catalyzes the urocanate
to 4-imidazolone-5-propionate (one of important intermediate
compound of histidine degradation pathway). Similarly, FIGase is
another enzyme belongs to arginase/ureohydrolase superfamily,

which catalyzes the last step in histidine degradation pathway I
through by hydrolysis the imino group of N-formimino-L-glutamate
to form formamide and L-glutamate [6-9]. This prompted the present
study to be carried out on 12 selected imidazole and its derivatives
which are 1-imidazole, 1, 2-dimethylimidazole, 1-ethyl imidazole,
2-ethyl-4-methylimidazole,  2-isopropylimidazole,  2-isopropyl-4-
nitro-1H-imidazole, 1-methylimidazole, 2-methyl-5-nitroimidazole,
2-methyl-1-vinylimidazole, 1-nitro imidazole, 1-phenyl imidazole, and
1-vinylimidazole. These imidazole and their derivatives were evaluated
on the docking behavior of urocanase and FlGase using PatchDock
whereby the results have given useful information to predict the
biodegradable potential of imidazole and its derivatives. In addition,
molecular physicochemical, drug-likeness, absorption, distribution,
metabolism, and excretion analyses (ADME) were done.

METHODS

Ligand preparation

Chemical structures of the ligands, namely, (a) 1-imidazole (CID 795); (b)
1, 2-dimethylimidazole (CID 15617); (c) 1-ethyl imidazole (CID 81540);
(d) 2-ethyl-4-methylimidazole (CID 70262); (e) 2-isopropylimidazole
(CID 123457); (f) 2-isopropyl-4-nitro-1H-imidazole (CID 83389);
(g) 1-methylimidazole (CID 1390); (h) 2-methyl-5-nitroimidazole
(CID 12760); (i) 2-methyl-1-vinylimidazole (CID 76109); (j) 1-nitro
imidazole (CID 18208); (k) 1-phenylimidazole (CID 81595); and (1)
1-vinylimidazole (CID 66171) were retrieved from PubMed (www.
pubmed.com). The ligands were drawn in ChemBioDraw Ultra 12.0
(www.cambridgesoft.com) and then molecular mechanics (MM2)
minimization of ligands were carried out using ChemBio3D Ultra 12.0.
Thus, these energy minimized ligands (structures) were employed for
PatchDock.
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Target protein identification and preparation

The three dimensional structure of the Pseudomonas putida urocanase
(program database [PDB] ID: 1TUWL with resolution of 1.76 A) and
Vibrio cholera FlGase (PDB ID: 1XFK with resolution of 1.8 A) were
obtained from the research collaborator for structural bioinformatics
protein data bank (anonymous, www.rcsb.org). A chain of both proteins
were pre-processed separately by deleting other chains, ligand, as well
as the crystallographically observed water molecules (water without
hydrogen bonds). Both proteins were prepared using UCSF Chimera
software (www.cgi.ucsf.edu/chimera) and resultant proteins were
employed for PatchDock.

Molecular descriptors calculation

Molinspiration online database was used for all selected ligands to
calculate thirteen descriptors (www.molinspiration.com) which are log
P, polar surface area, molecular weight, number of atoms, number of
O or N, number of OH or NH, number of rotatable bond, drug-likeness
including G protein coupled receptors ligand, ion channel modulator,
kinase inhibitor, nuclear receptor ligand, and number of violations to
Lipinski’s rule [10].

ADME analysis

ADME analysis was performed using SwissADME (www.swissadme.
ch) online tool and ADME analysis was carried using standard default
protocol [11].

Docking studies

Docking studies were carried out using the PatchDock online server
(http://bioinfo3d.cs.tau.ac.il/PatchDock). PatchDock adopts geometry-
based molecular docking algorithm method and used to recognize the
binding scores, binding residues, and atomic contact energy (ACE)
of given ligands [12]. The docking results were obtained through the
user email address. We also use to get uniform resource locator which
provides the top 20 solutions in a table form through email. From these,
top one solution (the docked protein-ligand complex) was selected and
downloaded in PDB file format. Further, the binding site analyses were
carried using PyMOL software (www.pymol.org).

RESULTS AND DISCUSSION

In general, biodegradation means the process in which environmental
fate of a chemical can be assessed, in other words; it is the ability of
any potent microorganisms to transform/use the harmful/hazards
chemicals that enters the environment into non-hazards/less hazards
one. However, determining the biodegradation nature of compounds
under in vitro condition is tedious and time-consuming one [5]. Thus, to
overcome problem, molecular docking approaches has been explored
in recent years. For instance, molecular modeling of laccase was carried
out to study the biodegradation nature of herbicide diuron [13].

The biodegradation pathway of substituted imidazole ring compounds
has been reported to have close analogy to the histidine degradation
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pathway and cyanoimidazole. phenylimidazole and nitro-substitutes
imidazoles have been reported to have poor biodegradability nature [5].
The histidine degradation has been reported in several microorganisms
including Bacillus subtilis, Enterobacter aerogenes, Pseudomonas
aeruginosa, and Pseudomonas fluorescens [14]. Thus, in the present
study, imidazole and their derivatives were evaluated on the docking
behavior of P. putida urocanase and V. cholera FlGase using PatchDock.

It is better to know the molecular physicochemical and drug-likeness
properties of imidazole and its derivatives, before performing
PatchDock. Thus, in the present study all ligands showed nil violation
and complied well with the Lipinski’s rule of five as shown in Table 1.

In the present study, 1-phenylimidazole exhibited active score (>0)
toward ion channel modulator descriptor and interesting none of
ligands showing inactive score (<-5.0) toward drug-likeness properties,
as shown in the Table 2.

Table 3 shows the ADME profile, where all the twelve ligands are
predicated to have good gastrointestinal (GI) absorption effect, and
1-phenylimidazole alone predicated to have cytochrome P450 1A2
inhibition effect.

Urocanate (first metabolite in the histidine degradation pathway) is
converted into 4-imidazolone-5-propionate by the enzymatic action
of urocanase. Urocanase has been reported to present in bacteria,
vertebrates/mammals, and in plant [7]. The docking studies and
binding site analyses in Table 4, shows that 2-ethyl-4-methylimidazole
with the highest (ACE [-111.21 kcal/mol]) while 1-nitro imidazole
gave the least ACE (-26.84 kcal/mol) with that of P. putida urocanase.
The present finding was in good agreement with earlier report, where
2-ethyl-4-methylimidazole exhibited minimum degradation and
1-nitro imidazole shown maximum degradation [5]. These results
might suggest that 2-ethyl-4-methylimidazole strongly inhibits
urocanase and thus leads to minimum degradation, whereas in case of
1-nitro imidazole it is vice versa. In the present study, interaction with
Asp443 amino acid residue has been shown by four ligands, namely,
1-ethylimidazole, 2-methyl-5-nitroimidazole, 1-nitroimidazole, and
1-vinylimidazole. Previously Kessler and coworkers (2004) reported
that Asp443 amino acid residue involve in acid-base catalytic reaction,
whereas Tyr52 amino acid residue stabilize the positive charge of the
substrate [7].

Similarly, the docking studies and binding site analyses in Table 5, shows
that 2-ethylimidazole with the highest ACE (-32.74 kcal/mol) while
1-nitro imidazole gave the least ACE (+14.64 kcal/mol) with that of
V. cholera FlGase. The present finding was in good agreement with earlier
report, where 2-ethylimidazole exhibited minimum degradation and
1-nitro imidazole shown maximum degradation [5]. These results might
suggest that 2-ethyl-4-methylimidazole strongly inhibits FIGase activity
and thus leads to minimum degradation. In case of 1-nitro imidazole

Table 1: Molecular physicochemical descriptors analysis of imidazole and its derivatives using molinspiration online software tool

Ligand Log A? TPSAP Natoms® Mwd nONe nOH NHf Nviolations® Nrotb"
1-imidazole -0.07 28.68 5 68.08 2 1 0 0
1, 2-dimethylimidazole 0.08 17.83 7 96.13 2 0 0 0
1-ethyl imidazole 0.37 17.83 7 96.83 2 0 0 1
2-ethyl-4-methylimidazole 0.81 28.68 8 110.16 2 1 0 1
2-isopropylimidazole 1.07 28.68 8 110.16 2 1 0 1
2-Isopropyl-4-nitro-1H-imidazole 1.15 74.51 11 155.16 5 1 0 2
1-methylimidazole -0.01 17.83 6 82.11 2 0 0 0
2-methyl-5-nitroimidazole 0.10 74.51 9 127.10 5 1 0 1
2-methyl-1-vinylimidazole 0.39 17.83 8 108.14 2 0 0 1
1-nitro imidazole 0.01 74.51 8 113.08 5 1 0 1
1-phenyl imidazole 1.27 17.83 11 144.18 2 0 0 1
1-vinylimidazole 0.30 17.83 7 94.12 2 0 0 1

20ctanol-water partition coefficient, ®polar surface area, number of non hydrogen atoms, ‘molecular weight, ‘number of hydrogen bond acceptors (O and N atoms),
fnumber of hydrogen bond donors (OH and NH groups), énumber of rule of 5 violations, "number of rotatable bonds
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Table 2: Drug-likeness property analysis of imidazole and its derivatives using Molinspiration online software tool

Ligand GPCR* Ion channel Kinase Nuclear receptor Protease Enzyme
ligand modulator inhibitor ligand inhibitor inhibitor

1-imidazole -3.34 -3.30 -3.10 -3.99 -3.59 -2.93
1, 2-dimethylimidazole -3.42 -3.27 -3.34 -3.76 -3.64 -3.12
1-ethyl imidazole -3.50 -3.46 -3.09 -3.76 -3.65 -2.68
2-ethyl-4-methylimidazole -2.40 -2.55 -2.83 -3.68 -3.17 -2.35
2-isopropylimidazole -2.57 -2.22 -2.68 -3.58 -3.11 -2.40
2-isopropyl-4-nitro-1H-imidazole -0.97 -0.54 -1.09 -1.95 -1.80 -0.49
1-methylimidazole -3.44 -3.58 -2.95 -3.80 -3.58 -2.72
2-methyl-5-nitroimidazole -2.38 -1.85 -2.44 -3.55 -3.35 -1.77
2-methyl-1-vinylimidazole -2.97 -2.86 -2.62 -3.70 -3.54 -2.22
1-nitro imidazole -3.36 -2.83 -3.12 -3.83 -3.71 -2.53
1-phenyl imidazole -0.72 0.07 -0.58 -1.60 -1.04 -0.19
1-vinylimidazole -3.44 -3.48 -2.55 -3.77 -3.68 -2.19
*GPCR: G-protein coupled receptors

Table 3: ADME analysis of imidazole and its derivatives using Swiss ADME online tool
Ligand GI* BBB* P-gp© CYP1A2*  CYP2C19* CYP2C9*  CYP2D6* CYP3A4* Log Kp¢
1-imidazole High  No No No No No No No -6.67
1, 2-dimethylimidazole High No No No No No No No -6.60
1-ethyl imidazole High  Yes No No No No No No -6.25
2-ethyl-4-methylimidazole High  Yes No No No No No No -6.06
2-isopropylimidazole High  Yes No No No No No No -6.11
2-isopropyl-4-nitro-1H-imidazole =~ High  No No No No No No No -6.26
1 Methylimidazole High No No No No No No No -6.84
2-methyl-5-nitroimidazole High  No No No No No No No -6.88
2-methyl-1-vinylimidazole High Yes No No No No No No -6.25
1-nitro imidazole High  No No No No No No No -6.83
1-phenyl imidazole High  Yes No Yes No No No No -5.96
1-vinylimidazole High  Yes No No No No No No -6.50

°GI: Gastrointestinal absorption, *"BBB: Blood brain barrier permeant, “P-gp: P-glycoprotein substrate, *Inhibitor, *skin permeation (cm/s), CYP1: Cytochrome P450 1

Table 4: Binding site analyses of imidazole and its derivatives with that of urocanase using PatchDock

Ligand -ACE (-kcal/mol) Interaction of amino acid residue Bond distance (A)
1-imidazole 99.75 No interaction Nil
1, 2-dimethylimidazole 31.49 No interaction Nil
1-ethylimidazole 34.87 Asp443 3.50
2-ethyl-4-methylimidazole 111.21 Ser266 3.33
2-isopropylimidazole 45.48 Gly324 3.34
2-isopropyl-4-nitro-1H-imidazole 55.02 Thr265 3.34
Tyr323 3.25
Gly324 2.99
1 Methylimidazole 58.11 No interaction Nil
2-methyl-5-nitroimidazole 40.82 Asp443 3.06
2-methyl-1-vinylimidazole 43.91 Arg455 3.46
1-nitroimidazole 26.84 Tyr52 3.25and 3.35
Asp443 2.78
1-phenylimidazole 79.10 No interaction Nil
1-vinylimidazole 38.28 Asp443 3.04
Arg455 3.17
ACE: Atomic contact energy
positive ACE has been observed, which might be due to unfavorable CONCLUSION

interaction phenomenon as reported by castro and coworkers [15].
In the present study, interaction with Asp256 amino acid residue has
been shown by four ligands, namely, 1, 2-dimethylimidazole, 2-ethyl-4-
methylimidazole, 2-Isopropylimidazole, and 2-methyl-5-nitroimidazole.
Apart from the above, amino acid residues such as Asn59, Asp161,
Ser176, Asp254, and Glu300 have been shown to interact with ligands
(Imidazole and its derivatives). V. cholera FlGase does not contain bound
metal ions, whereas B. subtilis FIGase has a binuclear calcium cluster.
However, it is not clear that FlGases are calcium ion dependent enzymes
or whether they are metalloenzymes at all [16].

In the present study, all the tested ligands have shown to dock with
both targeted enzymes. However, 1-phenylimidazole does not interact
with any amino acid residues of both targeted enzymes (urocanase
and FIGase). Interestingly, among the twelve ligands, 1-nitroimidazole
showed the least ACE with both targeted enzymes. Inhibition of both
enzymes (urocanase and FlGase) might show poor biodegradability
nature. Thus, we can predict biodegradability nature of imidazloe
and its derivatives by modulating two histidine degradation enzymes
activities.
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Table 5: Binding site analyses of imidazole and its derivatives with that of FIGase using PatchDock

Ligand -ACE (-kcal/mol) Interaction of amino acid residue Bond distance (A)
1-imidazole 2.24 Ser176 2.88
1, 2-dimethylimidazole 3.46 Asp256 3.17
1-ethylimidazole 32.74 Serl76 3.04

Glu300 3.33
2-ethyl-4-methylimidazole 15.26 Asp256 2.80
2-isopropylimidazole 8.93 Asp256 3.45
2-isopropyl-4-nitro-1H-imidazole 29.80 Asn59 2.22
1 Methylimidazole 15.90 Ser267 3.15
2-methyl-5-nitroimidazole 27.63 Ser176 3.55

Asp256 3.13
2-methyl-1-vinylimidazole 1.18 Asn59 3.51

Asplé6l 3.16 and 3.30
1-nitroimidazole +14.64 Aspl61 3.13,3.21 and 3.46

Serl76 2.75,2.82

Asp254 and 3.24

3.26

1-phenylimidazole 30.28 No interaction Nil
1-vinylimidazole 1.25 No interaction Nil

ACE: Atomic contact energy, FIGase: Formiminoglutamase
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