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Abstract: The present ecological niche is polluted with xenobiotics, which are harder to eliminate from
the environment. This current study aims to understand the nature of bacteria which can digest and
assimilate these toxic chemicals through computational analysis with bacterial enzyme system; the
overall docking predicted the comparative binding efficiency of Quinalphos and 2-Hydroxyquinoxline
with Organophosphate hydrolase and Oxygenases (mono-and di-). The dioxygenase shows
predominant fitting with 2HQ based on comparative global energies around -7.1 kcal/mol through
GLU-267, HIS-214, TYR-257 SER-251 amino acid through hydrogen bonding of active site. The
obtained results showed the binding affinity of the selected ligands enhances the metabolism in the
physiological state.
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1. Introduction

Nowadays, greater than thousands of pesticides or agrochemicals have been applied in
agriculture at the different growth phases viz start of germination to the fruiting stages of
vegetable or fruits or food grain crops. Pesticides applied in agriculture have a different role,
such as meeting the requirements of nutrients in soils, stopping the growth of phytopathogens,
and managing plant diseases [1]. Around 4.6 metric tons of pesticides are annually released
into the environment globally, while only 1% of the pesticides are effective and 99% of the
pesticides are contaminating the soil, water bodies, and atmospheric ecosystems and finally
absorbed by almost every non-target organism [2]. Among the pesticides, the
organophosphorus (OPPs) class is the second major group of pesticides widely employed in
agricultural practice for more than 40 years. The toxic effect of OPPs is achieved by inhibiting
acetylcholinesterase, an enzyme necessary for normal nerve impulse transmission [3].

Most of the OPPs have a similar general structure containing three phospho-ester
linkages, and hydrolysis of one of the phospho-ester bonds dramatically reduces the toxicity of
the pesticides by eliminating their acetylcholinesterase-inactivating properties [4]. Important
organophosphate pesticides are quinalphos, malathion, methyl parathion, diazinon, endosulfan,
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dimethoate, chlorpyrifos, profenofos, and monocrotophos. But the uninterrupted use of these
chemical pesticides in agricultural land adversely affected the natural properties, including
texture, the productivity of both plant and soil, native soil microflora, and the encompassing
environments [5]. After applying pesticides on vegetables, fruits, and crops, a certain
percentage of these pesticides get accumulated in different parts of crops and fruits as chemical
residues. The ingestion of these pesticide residues shows carcinogenic, mutagenic, genotoxic,
and cytotoxic effects and various health-related issues in human beings [1]. The presence of
pesticides in ecosystems, especially at higher concentrations due to accidental spills, pesticide
container disposals, and discharge of effluents from pesticide manufacturing units, poses
concern about natural resources' sustainability - soil, water, and atmosphere to support life
processes and health. Different methods evolved during the last two decades - physical,
chemical, and biological, to reduce pesticides and agrochemicals in sites in environments with
high doses [6]. Among these methods, microbial bioremediation would be a promising
approach to the degradation of pesticides and agrochemicals in the soil environment and
involves using pesticide-degrading microbes isolated from different locations [7]. Bacterial
species isolated from different samples include Bacillus [8], Bacillus thuringiensis [9],
Ochrobactrum sp. [10], Pseudomonas [11], Pseudomonas spp. [8], Pseudomonas sp.,
Pseudomonas aeruginosa Q10, Serratia sp. [12] involved in the degradation of Quinaphos
while bacterial isolates Ochrobactrum sp. HQ1 [13] and Bacillus sp. [14] carried out the
degradation of 2-hydroxyquinoxaline (2HQ). Microbial degradation of the organophosphate
class of pesticides proceeds either by active metabolism or co-metabolism [15]. Metabolism of
organophosphate pesticides is initiated mainly with hydrolysis by the action of
Organophosphate hydrolase (OPH) and then followed by mono and dioxygenases in bacteria
to mammals [16, 17]. Parathion hydrolases (OPH) isolated from Flavobacterium sp.,
Organophosphorous acid anhydrolase in Alteromonas sp., exhibited homology with
Phosphotriesterase protein in Escherichia coli [18, 19]. The bacterial enzyme -
Organophosphorus hydrolase (OPH) has also been shown to degrade a wide range of different
organophosphorus pesticides [20-30]. A gene (OPD) encoding the enzyme-OPH in the
degradation of organophosphates is present in different bacteria with degradation traits isolated
from geographically different regions. Based on the recent literature, oxygenases are the
enzymes that catalyze the insertion of one or two oxygen atoms into metabolites formed from
OPPs. There are two classes of oxygenases that have been identified based on the mode of
reaction with the substrate, viz monooxygenases, and dioxygenases. Monooxygenases
incorporate oxygen molecules into the substrate, whereas dioxygenases add both oxygen atoms
of an oxygen molecule [31]. Mono and dioxygenase enzymes add molecular dioxygen into the
aromatic ring by using co-factor NADH, NADPH during degradation. These enzymes play a
significant role in the bacterial catabolism of xenobiotic compounds, incorporating one and
two hydroxyl groups into the aromatic ring to increase the reactivity of these compounds,
making them susceptible to enzymatic ring fission reactions [32].

Pesticide pollution has become a global problem. Degradation capacity of microbial
cultures will be put to application in bioremediation to mitigate pesticide pollution in a better
way if the mechanism of interaction of OPPs and their metabolites with enzyme proteins in
microbial cultures is understood to a greater extent. To find an economical, effective and safe
way to degrade residues of pesticides in the environment, many researchers tested the microbes
for their bioremediation [11-13]. In the present study, we described the practicable binding
mechanism of pesticides - Quinalphos and 2-Hydroxyqunaoinline with microbial enzymes
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such as Organophosphate hydrolase, Oxygenases (mono-and di-) using the In-silico
approaches.

2. Materials and Methods

For this study, the protein models - Phosphotriesterase (Organophosphate hydrolase),
Dioxygenase, and Monoxygenase were retrieved from rcsh.org. The PDB IDs for the selected
proteins are 1BF6 (Phosphotriesterase homology protein from Escherichia coli for
Phosphotriesterase), 1F1R (Crystal structure of homoprotocatechuate 2,3-dioxygenase from
Arthrobacter globiformis (native, non-cryo) for Dioxygenase) and 6G71 (Structure of
CYP1232A24 from Arthrobacter sp. for Monoxygenase). Quinalphos and 2-
hydroxyquinoxline were selected as ligands and drawn for 3D models using ChemDraw™
(PerkinElmer) [33].

Raw data of each PDB IDs were read, and protein preparation was done for energy
normalization to remove the bind ligands and water molecules using Discovery studio client
[34]. These normalized proteins and ligands. PDB files are listed in the Auto dock standalone
docking software [35,36], all the values kept in default as coordinates designated through
Discovery studio client and Auto dock tools (Clustering RMSD value of 4.0). Later the PDB
files for normalized proteins and ligands are submitted to the server through rigid docking.
After docking in the Auto dock, results appeared in the top 10 ranks based on the lowest energy
available for the ligand binding. Each PDB file was selected and analyzed using PyMol™
software (Schrodinger) [37] and Discovery studio client. In PyMol™ software, amino acid
residues were selected according to the binding efficiency towards the ligands.

3. Results and Discussion

The hydrolysis activity function of organophosphatase hydrolase (OPH) [36] and
oxygen atom incorporating activity function of oxygenases [31] are well-established.
Structures generated after docking through Auto dock software, the .pdb files were refined and
selected based on the relative ranking (Docking score through least global energies) concerning
the lowest binding energy (Global energy, i.e., AG) for the ligand. In Figure 1a, OPH docking
results reveal the binding affinity of 2-hydroxyquinoxaline (2HQ) with TYR-84 (TYR-84 HIS-
186 and ASP-243 involved in nonbonding interactions) while the same enzyme binds
Quinalphos (QP) as shown in the Figure 1b through LY S-213 higher affinity thought hydrogen
bonding (TYR-216, LYS-213, ARG-246, ASP-243 and HIS-249 involved in nonbonding
interactions). Our results were supported by the observations reported in Efremenko, and
Sergeeva 2001 [38 were mentions that OPH used amino acid residues - HIS, TYR, SER, PHE,
and LEU, in particular, LYS along with imide group with co-factor Zn ions for binding of
substrate analogs.

In addition to OPH, experiments were also carried out to dock 2HQ and QP with other
enzymes which are important in degradation, such as Oxygenases - Monooxygenase (MO) and
Dioxygenase (DO). The monooxygenase (6G71 PBD ID) results in Figure 2a interact with
ligand 2HQ with active site amino acids ASP-243 and ARG-242 are in hydrogen bonding
(ASP-243, ARG-242, PHE-386, and GLY-382 involved in nonbonding interactions). Whereas
in Figure 2b, binding of QP to Monoxygenase involved amino acid residues - GLN-164 and
ARG-242 through hydrogen bonding (PHE-386, GLN-164, ARG-242, and MET-133 involved
in nonbonding interactions).
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(a)
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Figure 1. Phosphotriesterase (PDB ID 1BF6) with 2-hydroxyquinoxline and Quinalphos (a) surface and structure
shows that proximal fitting was zoomed for amino acids with 2-hydroxyquinoxline and mentioned the perspective
with 3D and 2D viewing for bonding structures (b) surface and structure shows that proximal fitting was zoomed
for amino acids with Quinalphos and mentioned the perspective with 3D and 2D viewing for bonding structures.
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(a)
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Figure 2. Monoxygenase (PDB ID 6G71) with 2-hydroxyquinoxline and Quinalphos (a) surface and structure
shows that proximal fitting was zoomed for amino acids with 2-hydroxyquinoxline and mentioned the perspective
with 3D and 2D viewing for bonding structures (b) surface and structure shows that proximal fitting was zoomed
for amino acids with Quinalphos and mentioned the perspective with 3D and 2D viewing for bonding structures.
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Figure 3. Dioxygenase (PDB ID 1F1R) with 2-hydroxyquinoxline and Quinalphos (a) surface and structure shows
that proximal fitting was zoomed for amino acids with 2-hydroxyquinoxline and mentioned the perspective with
3D and 2D viewing for bonding structures (b) surface and structure shows that proximal fitting was zoomed for
amino acids with Quinalphos and mentioned the perspective with 3D and 2D viewing for bonding structures.
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Table 1. Molecular docking results for interacting amino acids in individual receptors for respective ligands
representing the score with global affinity models as standardized in Auto dock.

. Binding Affinity Interacted Interacted amino acids
Enzyme PDBID Ligands (Kcal/mol) amino acids with hydrogens bonds

Organophosphatase HIS-186
hydrolase 2HQ -5.2 ASP-243 TYR-84
TYR-84

TYR-216
1BF6 LYS-213
QP -6.4 ARG-246 LYS-213
ASP-243
HIS-249

ASP-243
ASP-243

Monooxygenase ARG-242
2HQ -5.6 PHE-386 ARG-242

GLY-382

6G71

PHE-386
GLN-164 GLN-164
ARG-242 ARG-242
MET-133

QP 5.7

SER-251
HIS-248 GLU-267
Dioxygenase VAL-250 HIS-214
Y9 2HQ 71 TRP-192
TYR-257
GLU-267 SER.oo1
HIS-214

TYR-257

HIS-248

TRP-192
VAL-250
ILE-181

QP -6.1 ALA-190 ARG-292
ARG-292
ARG-293
TYR-305
TRP-304

1F1R

In continuation, the docking results for Dioxygenase indicate higher efficiency as
shown in Figure 3a in binding 2HQ through the participation of the amino acid residues GLU-
267, HIS-214, SER-251, and TYR-257 with hydrogen bond (SER-251, HIS-248, VAL-250,
TRP-192, GLU-267, HIS-214 and TYR-257 involved in nonbonding interactions) while
binding of QP to DO romped the amino acid residues ARG-292 with hydrogen bond (HIS-248,
TRP-192, VAL-250, ILE-181, ALA-190, ARG-292, ARG-293, TYR-305 and TRP-304
involved in nonbonding interactions) shown in Figure 3b. The consolidated energies for affinity
and the interacted amino acids are tabulated under Table 1.

In the overall procedure, the fitting model for ligands - 2HQ and QP with the selected
enzymes are presented in Table 1. DO exhibits more binding efficiency towards ligands for
2HQ about -7.1 kcal/mol, while OPH shows a higher affinity towards QP about -6.4 kcal/mol.
Our results were in agreement with the results of p-nitrophenol interaction with Monoxygenase
[39, 40]. According to this study, PNP- monooxygenase docked p-nitrophenol in the presence
or absence of coenzymes, FAD, and NADH and provided a good correlation with the
established experimental evidence. Oxygenases, in particular MO, in the present study
exhibited similar results of weaker binding efficacies with the QP and 2 HQ ligands in the
absence of coenzymes, and this was comparable to the binding efficiency of 2-amino-5-
chlorophenol with 2-Amino-5-chlorophenol 1, 6-dioxygenase from Comamonas sp, [41-42]
relevant to our fitting docking model for DO.

Based on the docking refinement studies of OPH, MO, and DO enzymes fitting models,
QP and 2HQ were bonded to assigned enzyme active pockets, and amino acid residues in

https://biointerfaceresearch.com/ 614


https://doi.org/10.33263/BRIAC121.608617
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.608617

enzyme proteins may facilitate degradation in native bacteria secretary environment. The
evidence of mechanism can be studied through prospectus wet lab analysis, where these
findings may reflect the bacterial enzymatic environment in-vivo conditions.

4. Conclusions

The computational docking study indicated the method of predicted degradation
processes for the QP and 2HQ under the OPH, MO, and DO enzymes' influence. The proximal
fitting of the QP and 2HQ in the above enzymes shows the mere activity, where the amino acid
residues at active sites are compactly bonding with less than 4A, representing the reaction
vicinity for the enzymes. Thus, the present research will be useful for assigning the possible
interaction mechanism for degradation of the pesticides and Agri products toxic to the
environment and its biome.
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