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ABSTRACT
Objective: To evaluate the efficacy of Cobra venom neutralizing activity and demonstrate the mode of molecular mechanism of drug activity of
chemical molecules present in Vitex negundo L., Curcuma longa L., and Acorus calamus L. through docking method.
Methods: Fourteen Cobra venom proteins such as Phospholipase A2, Long neurotoxin 1, Long neurotoxin 2, Long neurotoxin 3, Long neurotoxin 4,
Long neurotoxin 5, Acetylcholinesterase, L-aminoacid oxidase, Cobramin A, Cobramin B, Cytotoxin 3, Cobrotoxin, Serine protease and Proteolase
were used as receptor molecules and total 125 phytochemicals, (V. negundo - 35, C. longa – 47 and A. calamus – 43) having molecular weight
700g/mol were used as ligands. The structures of the receptor molecules were retrieved from PDB and SWISSMODEL repository and those
structures which were not available in databases were created through SWISSMODEL. Similarly, structures of the ligands were retrieved from open
access chemical databases and those structures which were not available in databases were drawn using ChemSketch and three dimensional (3D)
structures were created using CORINA. The active residues of the receptor molecules were detected using Pocket-Finder and Q-Site Finder. Docking
was carried out using Autocock 4.2.
Results: Analysis of the docked results based on free energy of binding revealed that A. calamus contained potential lead molecules for neutralizing
all Cobra venom proteins. While in C. longa and in V. negundo contained molecules with inhibitory activity on all venom proteins except long
neurotoxins.
Conclusion: The overall results substantiate the traditional use of these plants as antidote to cobra venom. Further study in biological system will
contribute novel anti-cobra venom drugs.
Keywords: Docking, Vitex, Acorus, Curcuma, Cobra, Venom, Neurotoxins, AutoDock, Phytochemical, Drug.

INTRODUCTION
Snake envenomation is a serious health concern throughout the
world especially in tropical and sub tropical regions. It does not
have the epidemic potential of infectious and vector borne
parasitic diseases but yearly mortality and morbidity caused by
snake bite is six times greater than that attributed to several
WHO’s recognized neglected tropical diseases including Dengue
haemorrhagic fever, Cholera, Leishmaniasis, Schistosomiasis,
Japanese encephalitis and Chagas disease [1,2]. Therefore, WHO
has included it along with other neglected tropical diseases in
April, 2009. It is mostly affecting the people engaged in
agriculture related activities especially in rural areas and they
solely depend on traditional treatment system without recording
the death or morbidity rate anywhere else. Therefore, the true
magnitude of the public health threat posed by snake bites in all
over the world is unknown which makes it hard for public health
officials to optimize the prevention and treatment of snake bites.
Various estimates indicated that yearly 5.4-5.5 million people
are bitten by snakes resulting ~400,000 amputations and
between 20,000 and 125,000 deaths [3,4]. India has the highest
number of deaths due to snake bites in the world, about 45,900
deaths per annum [5].
Antivenom immunotherapy is the only specific treatment against
snake venom in modern medicine since its discovery in 1894 by
Calmette. The major disadvantages of antivenom therapy are (1)
Side effects to human body such as anaphylactic shock, pyrogen
reaction and serum sickness. Most of these symptoms may be
due to the action of high concentrations of non immunoglobulin
protein present in commercially available hyper immune
antivenom, (2) Failure to neutralize the low molecular weight,
less immunogenic toxic components of the venom will cause
local haemorrhage, necrosis and tissue damage in snake bite
victims. (3) Due to geographical variation in venom composition
of snakes, antivenom raised against the venom of a snake from a
particular geographical origin may not be able to neutralize or
prevent local effect of envenomation by snakes from other

geographical locations. (4) Scarcity of sufficient amount of
quality venom and lack of storage facility in rural areas. (5) Due
to the difficulty in identifying the snake species, instead of using
monovalent type, polyvalent type antivenom is commonly used,
which may be hazardous to the patient and likely to be less
effective. In fact, majority of the snake bite victims depend on
herbal medicines which have no side effects or fewer side
effects, cost effective and need not require sophisticated storage
system when compared to the antivenom therapy. There is also a
growing realization that diseases have multifactorial causation, a
combination of drugs acting at a number of targets
simultaneously is likely to be more effective than drugs acting at
one target. Snake venom is a complex mixture of bioactive
compounds, including enzymatic and non enzymatic proteins as
well as low molecular weight components including peptides,
lipids, nucleotides, carbohydrates and amines. Many of these
proteins are harmless and also medicinally important but a
percentage of them are toxins. Generally, 20 such toxic
molecules have been reported from snake venom, of these 12 of
them are common in almost all venomous snakes. Globally ~ 600
plant species are used as antidote to snake venom in various
traditional systems of treatment. In India ~ 350 plant species are
used by the traditional healers. However, its efficacy and mode
of molecular mechanism of action are seldom investigated.
Among the four species of venomous snakes commonly found in
India, the Indian Cobra (Naja naja L.) causes highest rate of
lethality. Identification of lead molecules with potential
interaction to specific targets is the first stage in drug discovery
process. This is conventionally achieved by wet lab high
throughput screening (HTS). Compared with traditional HTS,
virtual screening is a more direct and rational drug discovery
approach and has the advantage of low cost and effective
screening. In this backdrop, the present study was aimed to
demonstrate Cobra venom toxicity neutralizing activity and
identification of potential lead compounds through docking
method in three plants native to India viz., Vitex negundo L.,
Acorus calamus L. and Curcuma longa L.
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MATERIALS AND METHODS
Preparation of macromolecules - snake venom proteins
The fourteen toxic proteins present in the venom of Naja naja L.
(Indian Cobra), were selected as the receptor molecules. They are
Phospholipase A2, Long neurotoxin 1, Long neurotoxin 2, Long
neurotoxin 3, Long neurotoxin 4, Long neurotoxin 5,
Acetylcholinesterase, L-aminoacid oxidase, Cobramin A, Cobramin B,
Cytotoxin 3, Cobrotoxin, Serine protease and Proteolase. The three
dimensional (3D) structures of Phospholipase A2 (PDB ID 1A3D)
and Cobrotoxin (PDB ID 1COD) were procured from RCSB Protein
Data Bank. The 3D structures of nine proteins viz., Cobramin A
(Swissprot ID P01447), Cobramin B (Swissprot ID P01440),
Cytotoxin 3 (Swissprot ID P24780), Long neurotoxin 1 (Swissprot ID
P25668), Long neurotoxin 2 (Swissprot ID P25669), Long
neurotoxin 3 (Swissprot ID P25671), Long neurotoxin 4 (Swissprot
ID P25672), Long neurotoxin 5 (Swissprot ID P25673) and
Proteolase (Swissprot ID Q9PVK7) were retrieved from
SWISSMODEL repository.
Three Cobra venom proteins were modelled as per homology modelling
using SWISSMODEL workspace. The primary sequence of Serine
protease was retrieved from Swissprot (ID: P86545) and submitted the
sequences on online Basic Local Alignment Search Tool for protein
(BLASTp) on NCBI web site.
Based on E-value or similarity score of the alignment and 3D structure
availability the PDB ID 1BQY chain A was selected as template and
modeled the structure of serine protease using SWISSMODEL. The
primary sequence data of L-aminoacid oxidase and Acetylcholinesterase
of N. naja (Indian Cobra) were not available in protein databases.
However, the sequence of L-aminoacid oxidase in Naja naja atra
(Chinese Cobra) (Swissprot ID A8QL58) and Acetylcholinesterase in
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Naja naja oxiana (Central Asian Cobra) (Swissprot ID Q7LZG1), close
relatives of N. naja were available in Swissprot database. Hence
using these sequences, the templates such as 1EA5 for
Acetylcholinesterase and 1REO for L-aminoacid oxidase were
selected through BLASTp analysis and the 3D structures were
created in SWISSMODEL and used in place of N. naja L-aminoacid
oxidase and Acetylcholinesterase respectively. The structural
stability of the proteins was analyzed using GROMOS 96 and
backbone confirmation was tested by PDBsum (Ramachandran
Plot).
Selection of plant species and phytochemicals (Ligands)
Based on the literature survey, easy availability and wide usage as
snake antidote by the traditional healers especially throughout in
Kerala State of India, three plant species viz., Vitex negundo L., Acorus
calamus L. and Curcuma longa L. were selected. Information about
chemical structure of molecules present in these plants was
searched in various literature and open access databases.
Phytochemicals having molecular weight not greater than 700 g/mol
were selected for docking.
The chemical structure of compounds not available in open access
databases were created using the software application
ChemSketch and the 3D structures were generated in CORINA.
Accordingly, out of 69 phytochemicals reported in V. negundo 35
molecules were selected for docking. Of these, the structures of 34
molecules were retrieved from databases and the remaining one
molecule was created. Similarly, out of 43 phytochemicals selected
in A. calamus structures of 32 molecules were retrieved from
databases and structures of remaining 11 compounds were
created. Likewise, in C. longa, out of 47 molecules selected for
docking, structures of 43 molecules were retrieved from databases
and remaining four molecules were created.

Table 1: List of chemical molecules selected from Vitex negundo, Acorus calamus and Curcuma longa for docking with different Cobra
venom toxic proteins
V. negundo
Compound, Molecular Formula (Molecular Weight
[g/mol])
4-terpineol, C10H18O (154.25)
5,3′-dihydroxy-7,8,4′- trimethoxy flavanone, C18H18O7
(346.33)
5-hydroxyisophthalic acid, C8H6O5 (182.13)
Acetyl oleanolic acid, C32H50O4 (498.74)
Betulinic acid, C30H48O3 (456.7)
Caryophyllene oxide, C15H24O (220.35)
Casticin, C19H18O8 (374.34)
Globulol, C15H26O (222.37)
Isovitexin, C21H20O10 (432.39)
Lyoniresinol, C22H28O8 (420.18)
n-hentriacontane, C31H64 (436.85)
n-hentriacontanol, C31H64O (452.84)
n-nonacosane, C29H60 (408.8)
n-pentatriacontane, C35H72 (492.95)
n-tritriacontane, C33H68 (464.89)
Oleanolic acid, C30H48O3 (456.7)
p-hydroxybenzoic acid, C7H6O3 (138.12)
Sabinene, C10H16 (136.23)
Ursolic acid, C30H48O3 (456.7)
Viridiflorol, C15H26O (222.3)
Vitexin, C21H20O10 (432.38)
Vitrofolal-E, C19H16O5 (324.33)
Vitrofolal-F, C19H16O6 (340.34)
β-caryophyllene, C15H24 (204.35)
β-sitosterol, C29H50O (414.72)
γ-terpinene, C10H16 (136.23)
Artemetin, C20H20O8 (388.37)
Aucubin, C15H22O9 (346.35)

A. calamus
Compound, Molecular Formula
(Molecular Weight [g/mol])
2-Allyl-5-ethoxy-4-methoxyphenol,
C12H16O3 (208.25)
Elemicin, C12H16O3 (208.25)

C. longa
Compound, Molecular Formula
(Molecular Weight [g/mol])
2-hydroxy methyl anthraquinone,
C15H10O3 (238.2)
α-terpinol, C10H18O (154.25)

Galgravin, C22H28O5 (372.45)
Linalool, C10H18O (154.25)
Nonanoic Acid, C9H18O2 (158.24)
2,4,5-trimethoxy benzaldehyde, (196.21)
Arachidic acid, C20H40O2 (312.53)
Azelaic acid, C9H16O4 (188.22)
Bornyl acetate, C12H20O2 (196.29)
Calamendiol, C15H24O2 (236.36)
Camphor, C10H16O (152.23)
Dehydrobietic acid, C20H28O2 (300.44)
Isocalamendiol, C15H26O2 (238.38)
L-malic acid, C4H6O5 (134.09)
Proximadiol, C15H28O2 (240.38)
Succinic acid, C4H6O4 (118.09)
Veraguensin, C22H28O5 (372.45)
α-monopalmitin, C19H38O4 (330.50)
β-asaron, C12H16O3 (208.25)

α-turmerone, C15H22O (218.33)
Azulene, C10H8 (128.17)
β-curcumene, C15H24 (204.35)
β-sesquiphellandrene, C15H24 (204.35)
Caffeic acid, C9H8O4 (180.15)
Caprylic acid, C8H16O2 (144.21)
1,8-cineol, C10H18O (154.25)
Cinnamic acid, C9H8O2 (148.16)
Cuminyl alcohol, C10H24O (150.22)
D-camphene, C10H16 (136.23)
D-camphor, C10H16O (152.23)
Guaiacol, C7H8O2 (124.12)
L-α-curcumene, C15H22 (202.33)
P-coumaric acid, C9H8O3 (164.16)
P-cymene, C10H14 (134.22)
Zingiberene, C15H24 (204.35)
4-hydroxy-3-methoxy cinnamic acid,
C10H10O4 (194.18)
P-formylphenol, (122.12)

2,6-diepishyobunone*, C10H18Cl3NO2
(290.61)
Acoragermacrone, C15H24O (220.35)
Isoeugenol-methyl ether*, C11H14O2
(178.24)
Limonene, C10H16 (136.24)
Myrcene, C10H16 (136.23)
p-Cymene, C10H14 (134.22)
Shyobunone, C15H24O (220.35)
Terpinolene, C10H16 (136.23)
Thujane, C10H18 (138.26)

α-phellandrene, C10H16 (136.23)
Ar-turmerone, C15H20O (216.32)
Atlantone, C15H22O (218.33)
Borneol, C10H18O (154.25)
Curcumol, C15H24O2 (236.35)
Sabinene, C10H16 (136.23)
Zingiberone, C11H14O3 (194.22)
Bisdemethoxycurcumin, C19H16O4
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Furanoeremophilane, C15H22O (218.34)
Iridoid, C20H24O12 (456.4)
Isoorientin, C21H20O11 (448.39)
Luteolin, C15H10O6 (286.24)
Luteolin 7-O-glucoside, C21H20O11 (448.39)
Orientin, C21H20O11 (448.39)
Protocatechuic acid*, C7H6O4 (154.12)
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α-pinene, C18H24O2 (272.38)
β-pinene, C18H24O2 (272.38)
β-sitosterol, C18H24O2 (414.72)
γ-asarone (1,2,4–trimethoxy-5(2propenyl) benzene), C12H16O3 (208.25)
Γ-terpinene or α-terpinene, C10H16 (136.23)
β-phellandrene, C10H16 (136.23)
Acoradin*, C24H32O6 (416.51)
2,3-dihydro-4,5,7-trimethoxy-1-ethyl-2methyl-3-(2,3,5-trimethoxy
phenyl)indane*, C24H30O6 (414.49)
Acoramone*, C12H16O4 (224.25)
Asarylaldehyde*, C10H12O4 (196.22)
Calamusenone*, C15H22O (218.34)
Galangin*, C15H10O5 (270.24)
Preisocalamendiol*, C15H24O (220.35)
Terpinolene*, C10H16 (136.23)
Z-3-(2,4,5-trimethoxy phenyl)-2-propenal*,
C10H10O4 (194.18)

(308.33)
Demethoxycurcumin, C20H18O5 (337.35)
Curculone*, C13H14O5 (250.23)
Curcumenol, C15H22O2 (234.33)
Curcumenone, C15H22O2 (234.33)
Curcumin, C21H20O6 (368.38)
Curlone, C15H22O (218.33)
Curzeone*, C12H12O (188.22)
Curzerenone, C15H18O2 (230.3)
Dehydrocurdione, C15H22O2 (234.33)
Dihydrocurcumin, C21H22O6 (370.39)
Furanodiene, C15H20O (216.32)
Furanodienone, C15H18O2 (230.3)
Neocurdione, C15H24O2 (236.35)
Procurcumenol, C15H22O2 (234.33)
Pyrocurzerenone*, C12H10O4 (218.2)
Zederone, C15H18O3 (246.3)
Zedoarol, C15H18O3 (246.3)
Zedoarondiol*, C15H24O3 (252.35)
Curdione, C15H24O2 (236.35)

*Created in ChemSketch
Docking
All selected phytochemicals were docked into the binding site of
each of the fourteen Cobra venom proteins using the open access
software application tool, AutoDock 4.2. Active residues of
Phospholipase A2, Cobramine A, Cobramine B, Cytotoxin 3 and
Proteolase were available on Uniprot database and the same
residues were used for docking. The active sites of the molecules
were detected using the software applications Pocket-Finder and
Q-Site Finder, freely available online tools for binding site
prediction. The docking was performed following the AutoDock
procedure [6]. This tool use Monte Carlo Simulated Annealing
and Lamarckian genetic algorithm for the generation of possible
orientations of ligand at the binding site of each venom protein.
The grid spacing of 0.375 A° with 40×40×40 points for each
enzyme was defined. The grid was centred on the active site and
XYZ-coordinates of the macromolecules were as follows
Phospholipase A2 49.862 A°, 45.27 A°, 64.09 A°, Long neurotoxin
1 20.871 A°, 44.439 A°, 6.378 A°, Long neurotoxin 2 20.959 A°,
44.365 A°, 6.357 A°, Long neurotoxin 3 21.022 A°, 44.453 A°,
6.358 A°, Long neurotoxin 4 21.209 A°, 44.549 A°, 6.336 A°, Long
neurotoxin
5
21.219
A°,
44.543
A°,
6.235
A°,
Acetylcholinesterase 48.331 A°, 86.656 A°, 119.31 A°, L-amino
acid oxidase 8.143 A°, 197.29 A°, 134.777 A°, Cobramine A
35.839 A°, 28.852 A°, 21.892 A°, Cobramine B 36.025 A°, 28.805
A°, 21.901 A°, Cytotoxin 3 17.306 A°, 47.226 A°, 26.838 A°,
Cobrotoxin 0.29 A°, 0.052 A°, -2.127 A°, Proteolase 26.823 A°,
2.402 A°, 76.726 A° and Serine protease 34.063 A°, -55.933 A°,
62.999 A° respectively. For docking, all the parameters were
kept as default including population number. The ligand bound
complexes were analyzed for its binding affinity and possible
orientations were ranked according to their lowest binding
energy through cluster analysis. The top ranked molecules with
free energy of binding ≤-5 kcal/mol were considered as hit
molecules and they were further analysed by Lipinski's rule of
Five and Rule of Three for drug likeness characters such as
Absorption, Distribution, Metabolism and Excretion (ADME).
RESULTS AND DISCUSSION
Cobra venom is highly neurotoxic and death is caused by the
dysfunction of central nervous system (CNS) [7]. Although the
common Krait (Bungarus caeruleus Schneider) venom has ten times
more neurotoxic potential than Indian Cobra venom [8], the lethality
rate caused by Indian Cobra is comparatively high. This may be due
to the presence of long curved sharp fangs in Cobra which can inject
the venom into the vascular tissue while the Krait has short and
sharp fangs which can deposit the venom only in skin deep or
subcutaneous tissue [9]. Among the fourteen Cobra venom proteins,

structures of Phospholipase A2 (1A3D, [10] and Cobrotoxin (1COD)
were downloaded from RCSB Protein Data Bank [11]. In general,
Phospholipase A2 is one of the major components in snake venom,
which catalyzes the hydrolysis of fatty acid esters at a second
position of 1,2-diacyl-sn-phosphoglycerides requiring Ca++ ion as
cofactor and have wide range of pharmacological activities such as
neurotoxicity (pre and post synaptic), myotoxicity (local and
systemic), cardiotoxicity, anticoagulant, convulsant, hypotensive,
haemolytic, haemorrhagic, platelet aggregation and oedema
inducing activity [12].
In Uniport database HIS47 and ASP90 were marked as active
residue of this enzyme. HIS47 is the preceding residue of ASP48 in
which Ca2+ binds during catalytic reaction, hence, it was taken as
active residue for docking. The top ranked docked structures
showed that the hydroxyl groups (-OH) of the ligand proximadiol
formed H-bonds with the hydrophobic residues HIS47, ALA22 and
CYS44 of the target molecule.
Cobrotoxin is the main neurotoxin found in Cobra venom, which
consists of 62 amino acids stabilized by four disulphide bridges.
Structural details revealed that the protein contains an epsilon amino group of LYS47 and a guanidine group of ARG33, which
are common to all post synaptic neurotoxins; hence the toxin has
high neuromuscular blocking activity [13]. The active residue
ARG33 was selected for docking. The venom also contains
several long and short neurotoxins, which are coming under
three finger protein family and share a common three βstranded loops from a central core. These toxins are nonenzymatic proteins having 60-71 amino acids [14]. Neurotoxins
are nerve poisons which act directly on neurons and interfere
the functioning of membrane proteins and ion channels,
therefore counteract nerve impulses to induce muscle
contraction leading to the cessation of breathing, paralysis and
death [7]. Structural information of five long neurotoxins such as
Long neurotoxin 1, Long neurotoxin 2, Long neurotoxin 3, Long
neurotoxin 4 and Long neurotoxin 5 were available in SWISSMODEL repository. The active sites of these proteins were
determined through Pocket-Finder and Q-Site Finder. The active
sites were defined using the residues THR22, LYS23, TYR21,
GLN55 and ARG33 for LN1, LN2, LN3, LN4 and LN5 respectively.
Cardiotoxins or cytotoxins constitute about 60% dry weight of the
Cobra venom which are the leading cause of lethality [14],
cytotoxicity, contraction of muscles, activation of Phospholipase A2,
anticoagulation, platelet aggregation etc [15]. These toxins come
under three finger protein family and have 60 amino acids. The
active sites of these toxins were defined using the residues TYR22,
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LYS23 and LYS18 for Cobramine A, Cobramine B and Cytotoxin 3
respectively.
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Molecular docking analysis
The docked structures having ΔGbind less than -5 kcal/mol were
selected as best hits or promising lead molecules. The best hits
obtained from the three plants were represented in Fig 2. Among the
best hits, molecules which showed least free energy of binding were
considered as potential leads (Fig 3). The selected leads were listed
in Table 2 with other parameters such as inhibition constant,
hydrogen bond, bond length and bond type. The chemical properties
which shows drug likeness of the lead molecules are given in Table 3
and found that molecules viz., Acetyloleanolic acid, Betulinic acid,
Oleanolic acid and β-sitosterol violated Lipinski’s rule of five. It has
been found that natural compounds generally violate Lipinski’s rule
of Five [21]. Molecular interactions of lead molecules with proteins
were depicted in Fig 4.

Proteolase or Cobra venom factor is the key enzyme responsible for
proteolysis or degradation of proteins [16]. The active residues are
GLU196, ASP280, HIS329, HIS333, CYS383, ASN386, ILE398,
ASN401, PHE403, GLU405, GLU408, ASP411, ASP462, LYS463,
GLU465, ASP477 and VAL478, of which ASP477 was selected for
docking.
Molecular modeling of venom proteins
The structural stability of the modelled proteins was analyzed through
energy minimization using GROMOS 96. The minimized energy of
Acetylcholinesterase, Serine protease and L-aminoacid oxidase were 1110.563 KJ/mol, -597.762 KJ/mol, and -20834.354 KJ/mol
respectively and these energy values indicate structural stability.
In addition, the backbone conformations of each amino acid
present in the protein structures were analyzed using PDBsum
(Ramachandran Plot) and found that 90% of the amino acids
were present at allowed regions only (Fig 1).

Fig. 2: The molecules with ≤ -5 kcal/mol hits recorded in three
plants

Fig. 1: Ramachandran Plot created using PDBsum. a)
Acetylcholinesterase. b) Serine protease. c) L-aminoacid
oxidase
Serine protease is trypsin type or thrombin like enzyme and
contains a reactive serine residue at its active site which can interact
with the positively charged amino acids and cleaves proteins and
catalyzes wide range of reactions which involve kallikrein-kinin,
fibrinolytic, endothelial cells and blood platelets [17]. Active residue
selected for docking was SER31. L-amino acid oxidase is one among
the prominent enzymes present in N. naja venom which catalyse or
oxidises the L-amino acids to oxoacids. Structural analysis of this
enzyme revealed that it contained a dynamic active site and three
domains such as FAD binding domain, a substrate binding domain
and a helical domain. The pharmacological effects of snake venom Lamino acid oxidase are platelet aggregation, haemorrhagic effect,
cytotoxicity, anticoagulant, antibacterial, anti HIV and induction of
apoptosis [18,19]. The active site residue was ARG90.
Acetylcholinesterase degrades neurotransmitter acetylcholine at
neuromuscular junctions and terminates the synaptic transmission.
The enzyme in normal level is necessary for the proper functioning
of CNS. However, the higher amount may cause the disruption of
cholinergic transmission through the synapses. The enzyme contains
several domains such as a catalytic site made up of aromatic gorge
site and a peripheral anionic site containing a histidine residue, and
two binding domains such as ionic site and an esteratic site that
contains serine and histidine residues [20]. The active residues
include SER76 and GLU132, of which SER76 was selected for
docking.

Fig. 3: Structure of lead molecules created through
MarvinSketch. a) Proximadiol b) Z-3-(2,4,5-trimethoxy phenyl)2-propenal. c) 5-hydroxy isophthalic acid. d) Caryophyllene
oxide. e) Curcumenone. f) Furanoeremophillane. g)
Curcumenol. h) β-sitosterol. i) Oleanolic acid. j) Betulinic acid.
k) Acetyloleanolic acid. l) Luteolin

Table 2: Phytochemicals having lowest free energy of binding (most accepted) with each toxic protein in Cobra venom
Lead molecule
Phospholipase A2
Proximadiol

Plant

ΔG bind
(kcal/mol)

KI

H-bond

Bond
Type

Length (A0)

A.
calamus

-8.47

621.11
nM

UNK1:H41
UNK1:H45
HIS47:HD1

O-H..O
O-H..O
N-H..O

2.18
2.176
2.231
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Cobrotoxin
Oleanolic acid
Betulinic acid
Long neurotoxin 1
Z-3-(2,4,5-trimethoxy phenyl)-2propenal
Long neurotoxin 2
Z-3-(2,4,5-trimethoxy phenyl)-2propenal
Long neurotoxin 3
Z-3-(2,4,5-trimethoxy phenyl)-2propenal
Long neurotoxin 4
Z-3-(2,4,5-trimethoxy phenyl)-2propenal
Long neurotoxin 5
Z-3-(2,4,5-trimethoxy phenyl)-2propenal*
Cobramine A
5-hydroxy isophthalic acid

Cobramine B
Caryophyllene oxide
Curcumenone
Furanoeremophillane
Cytotoxin 3
Furanoeremophillane
Curcumenol
Serine protease
Luteolin
Furanoeremophillane
L-amino acid oxidase
Oleanolic acid
Acetyloleanolic acid
Acetylcholinesterase
β-sitosterol
Proteolase
β-sitosterol
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V.
negundo
V.
negundo

-10.96

9.25 nM

No H-bonds

-10.02

45.38 nM

No H-bonds

A.
calamus

-5

218.01
μM

UNK1:H21 1
THR22:HG1 1
GLN55:HE22 1

N-H..O
O-H..O
N-H..O

1.852
2.016
2.071

A.
calamus

-5.17

162.67μM

THR22:HG1 1
GLN55:HE22 1

O-H..O
N-H..O

2.019
1.962

A.
calamus

-5.44

102.85
μM

UNK1:H21 1
GLN55:HE22 1

O-H..O
N-H..O

1.749
2.138

A.
calamus

-5.13

174.09
μM

THR22:HG1 1
GLN55:HE22 1

O-H..O
N-H..O

1.903
2.207

A.
calamus

-5.40

110.59
μM

UNK1:H21 1
GLN55:HE22 1

O-H..O
N-H..O

1.828
1.907

V.
negundo

-7.23

5 μM

UNK1:H18 1
LYS12:HZ1 1
LYS18:HZ2 1
CYS38:HN 1

O-H..O
N-H..O
N-H..O
N-H..O

1.739
1.999
2.057
2.228

V.
negundo
C. longa

-7.06

6.64 μM

No H-bonds

-8.13

1.1 μM

V.
negundo

-7.11

6.12 μM

LYS12:HZ1
CYS38:HN
UNK1:O12 1

N-H..O
N-H..O
O-H..O

2.158
2.052
2.836

V.
negundo
C. longa

-6.26

12.41 μM

No H-bonds

-6.17

29.89 μM

No H-bonds

V.
negundo

-5.46

99.32 μM

V.
negundo

-5.41

108.5 μM

UNK1:H28 1
LYS34:HZ2 1
LYS34:HZ3 1
LYS28:HN 1

O-H..O
N-H..O
N-H..O
N-H..O

2.024
1.971
1.716
1.856

V.
negundo
V.
negundo

-9.86

87.23 nM

No H-bonds

-9.81

64.53 nM

MET108:HN 1
ARG109:HE 1

N-H..O
N-H..O

2.075
1.093

A.
calamus

-7.52

3.06 μM

UNK1:H67 1

O-H..O

2.101

A.
calamus

-7.28

4.6 μM

UNK1:H67 1
ARG269:HH22 1

N-H..O
O-H..O

1.762
1.732

Table 3: Chemical properties of lead molecules
Lead molecules
5-hydroxy isophthalic acid
Acetyloleanolic acid
Betulinic acid
Caryophyllene oxide
Curcumenol
Curcumenone
Furanoeremophillane
Luteolin
Oleanolic acid
Z-3-(2,4,5-trimethoxy phenyl)-2-propenal
β-sitosterol

Molecular Weignt
(g/mol)
182.13
498.74
456.7
220.35
234.33
234.33
218.34
286.24
456.7
194.18
414.72

Log P

H-bond donor

1.42
7
8.2
3.6
2.2
2.4
4.8
1.4
7.5
1.5
9.3

2
2
2
0
1
0
0
4
2
0
1

H-bond acceptor
3
4
3
1
2
2
1
6
3
4
1
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The AutoDock searches best conformations through Monte Carlo
Simulated Annealing and Lamarkian genetic algorithm and the
possible orientations are clustered in accordance with minimum
free energy of binding. The inhibition constant (KI) in micro and
nano molar concentrations indicated the inhibition capability of
selected molecules. The molecular interaction of leads on fourteen
venom proteins showed the presence of weak interactions such as
hydrogen bonds, electrostatic and Van der Waals interactions
between ligands and residues at the active sites of proteins.
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