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Abstract | Original Research Article

Pesticide exposure can occur by several routes in the same individual due to multiple uses, and there is likely to be
additive toxicity in human. Cypermethrin a synthetic pyrethroid can produce a variety of acute health conditions and also
carries several ecological risks. Hemoglobin is the protein that transports oxygen in the blood. Any change in
heamoglobin may direct or indirect effect the human body. In this work, we report computational prediction of binding
of cypermethrin pesticides on human oxyhaemoglobin [using Molegro Virtual Docker (MVD)] and evaluating the
computational prediction on binding of human oxyhaemoglobin with cypermethrin pesticide and evaluate the Mole
Dock Score, RMSD, affinity, interacting residues of receptor human oxyhaemoglobin, number of H-bond interaction,
docking score and intracting interaction of residues. The energy bound conformation with lower value of selected ligand
shows hydrogen bonding and electrostatic interactions. The binding affinity of cypermethrin pesticides is found to be
-35.7414 KJ/mol, and bind with two hydrogen bonds with tyrosine 35 and serine 133. Frequent alterations in the
expression of amino acid due to pesticide interaction with oxyhemoglobin may lead to produce carcinogenic cells in
human beings.
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living animal reflects tissue metabolism, it become
INTRODUCTION necessary to carry out hematological examination to
evaluate the normal and abnormal physiological states of
the body. Computational methods provide aids for not
only designing and interpretation of hypothesis driven
experiments in the field of drug discovery research but
may also be used to compare in vitro results for rapid
generation of new hypotheses. Even today our
understanding of the relationship between pesticides and
human health is limited due to numerous methodological
problems faced in laboratory studies. Computational
methods can turn out very useful for comparing vitro
results for new hypotheses (Saxena 2013).

Pesticides are designed to kill but their mode of
action is not specific to one species, they often kill or
harm organisms other than pests, including humans
(Yousef et al., 2003). The application of pesticides is
often not very precise, and unintended exposures occur
to other organisms in the general area where pesticides
are applied. They can cause acute as well as chronic
adverse  health  problems and environmental
contamination worldwide (Dich et al. 1997, Soares et al.,
2003; Remor et al., 2009). Pyrethroids were developed
as a synthetic version of the naturally occurring pesticide
pyrethrin, which is found in chrysanthemums.

Cypermethrin is a synthetic pyrethroid; a broad
spectrum, non-cumulative insecticide and a fast-acting MATEshlrﬁelaismgltligal}ﬂngyigga?lize d structure

neurotoxin with good contact and stomach action. It has .
g of human oxyhaemoglobin (PDB:1HHO,

of moderately high toxicity to non-target animals . .
(Bradberry et al. 2005). Cypermethrin is primarily 2.1 A resolution ) was downloaded from the Protgln Data
: . Bank (Shaanan, 1983). The downloaded protein have
absorbed from the gastrointestinal tract than after move .
into circulatory system. All living systems depend on two chain HEMOGLOBIN A (OXY) (ALPHA CHAIN)
with 141 residues and HEMOGLOBIN A (OXY)

iron to transport (haemoglobin), store (myoglobin) and i . - .
utilize (cytochromes, cytochrome oxide) oxygen for (BETA CHAIN) with 146 reS'dueS (F'g'l.)' The protein
was taken as receptor protein and most suitable site was

respiration. Iron is an essential component in the active . ; . h . o .
P P predicted by using q site finder ligand binding site

sites of the enzyme that protects against oxidation S i .
(Anastassopoulou et al. 2000). The blood composition of prediction (http://www.modelling.leeds.ac.uk). On  the
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basis of priority of site, oxyhaemoglobin has been
selected for docking with ligand cypermethrin a
synthetic pyrthroid. The selected ligand was downloaded
from Pub Chem Compound Fig-2
(http://ww.ncbi.nlm.nih.gov).

Fig- 1 Structure of Haemoglobin (PDB: 1HHO, 2.1 A
resolutions)

Fig-2: Structure of Cypermethrin
(http://www.ncbi.nlm.nih.gov)

Docking study was done with MVD it is
automated docking software with fast processing. It
shows MoleDockScore, hydrogen bond information
together with other thermodynamic values, which
suggest the formation of stable complex between ligand
and receptor molecule (Thomsen and Christensen 2006).

RESULT AND DISCUSSION

The results obtained using MVD shown in
terms of Mole Dock Score, RMSD, Affinity (the
estimated binding affinity in (kj/mol)), interacting
residues of receptor human oxyhaemoglobin, number of
H-bond interaction, docking score and interacting
interaction (the interaction energy between the pose and
the cofactor) Table 1.

Table -1 Comparative Docking Simulation Result of Cypermethrin Pesticide with Human Oxyhaemoglobin (PDB:
1HHO) using MVD

S.No | Mole Dock Scor | RMSD Affinity | Intracting | Docking Score
1. -146.857 2.2572 -38.8334 | -162.946 | -106.308
2. -142.632 0.414659 | -36.3776 | -151.259 | -111.019
3. -128.734 1.20664 | -37.3876 | -139.452 | -102.921
4. -123.793 7.18647 | -35.5267 | -131.386 | -92.1953
5. -125.637 8.15067 | -36.9612 | -145.691 | -96.1466

MVD and its visualizer were used for
interaction site analysis (Singh et al., 2012). The
interaction analysis for binding of cypermethrin with
human oxyhaemoglobin has been done to find out the
residues that are involved in binding. The cypermethrin
shows very high affinity to bind with B chain of human
oxyhaemoglobin and it interacts with Leu 105, Tyr 35,
Asn 108 similarly with A chain of human
oxyhaemoglobin and it interacts with Pro 95, Thr 134,
Phe98, Ser 133, Ala 130, Lys 99, Leul00, Ser102,
Asp126 and His 103 residues of human oxyhaemoglobin
(Table -2, Fig.- 3) .

All these residues involved in binding belong to
the cavity-1. The cypermethrin forms 2 hydrogen bonds
with Tyr 35and Ser 133.The binding of pesticide with
oxyhaemoglobin also supported by in vitro studies.
Saxena &Saxena 1997 reported a fall in hemoglobin
contents after cybil (synthetic pyrethroid) intoxication in
albino rats. Further, Shakoori et al. (1988), Saxena et al.
(2009), Shah et al. (2007) and Jayakumar et al. (2008)
also observed a significant reduction in heamoglobin
concentration after cypermethrin toxicity.
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Table -2: Human Oxyhaemoglobin (PDB: 1HHO) protein residues interact with Cypermethrin pesticide using MVD
(Highlighted residues are involved in H-bonding interaction with ligands

S.No. | ligand Interacting residues of receptor Human oxyhaemoglobin !\lo. o I-!-bond
interaction
1. Cypermethrin Leu 105, Tyr 35, Asn 108, Pro 95, Thr 134, Phe98, Ser 133, | 02
Ala 130, Lys 99, Leul00, Ser102, Asp126 and His 103

Fig-3: Docked conformation of hydrogen bonding view of
cypermethrin with interacting Human Oxyhaemoglobin
protein at the active site cavity

Docking study shows that amino acid residues
i.e Tyr 35 and Ser 133bind with cypermethrin. Tyrosine
is a non-essential amino acid with a polar side group.
Miki et al. (1989) and Svistunenko et al. 2002 reported
that a tyrosine residue was involved in free radical
formation after the reaction of heme proteins with
peroxides.Serine is also polar amino acid and important
for catalytic function of many enzymes (Serine,
2013).The most of the degenerative diseases that afflict
humanity have their origin in deleterious free radical
reactions. Frequent alterations in the expression of amino
acid due to pesticide interaction with oxyhemoglobin
may lead to produce atherosclerosis, cancer,
inflammatory joint disease, asthma, diabetes, senile
dementia and degenerative eye disease (Florence, 1995)
in human beings.
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