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ABSTRACT
Cytotoxins especially CTX-I and CTX-Il are components in the venom of cobra snakes.
Cytotoxins as apoptotic agents are appropriate candidates to study of anticancer drugs. In this
study we performed docking analysis of CTX-I and CTX-II against vascular endothelial growth
factor (VEGF) and its main receptor (VEGFR2) that are the main key factors of angiogenesis.
The results showed that CTX-I has higher binding affinity to VEGF and VEGFR2 compare to its
native ligand, so it could be a suitable candidate to study anticancer drug.
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three main groups: Viperidae, Elapidae, and

INTRODUCTION Atractaspidinae. Most of Cobra snake

Six hundred species of snakes are appertaining to the genus Naja is well-

venomous. These venomous snakes are known example of Elapidae family [1].

identified by venom gland and classified to Central Asian cobra, Naja oxiana,
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distributed in northeastern of Iran and some
neighboring countries such as Afghanistan
and northern Pakistan [2]. Transcriptome
and proteome analysis of some cobra snakes
showed that the cobra venom consist of
mixture of various enzymes and toxic
peptides like: phospholipase A2 (PLA2), I-
(LAAO),

protease

amino-acid oxidase

metalloproteinase,  kunitz-type
inhibitor, c-type lectin, three-finger toxins
(3FTxs) and other toxins [3-7]. The highest
percentage of venom component related to
3FTxs [3,4]. Three-finger toxins fall into
neurotoxins and cytotoxins that the latter is
the most in the venom composition. The
structure of neurotoxins and cytotoxins are
similar. However, they have different
biological activity [8,9]. Mainly, cytotoxins
have 62 amino acid residues that form three
loops in their structure [8,9]. At high
concentration, cytotoxins have cardiotoxic
property and in low concentrations, they
only increase heart rate [10]. A cytotoxin
(NN-32) that was isolated from Indian cobra
showed anticancer effect on leukemic cells
[11].
Furthermore, NN-32 reduced activity of

through apoptotic pathway
vascular endothelial growth factor (VEGF),
matrix metalloproteinase-2 (MMP-2) and
matrix metalloproteinase-9 (MMP-9) and

therefore showed anti-angiogenic activity on
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leukemic U937 cells [11]. VEGF and the
main receptor, VEGFRZ2, are the key factors
of angiogenesis. The VEGFR2 is the main
receptor that overexpress in the most
cancers. Binding of VEGF to VEGFR2
results in initiation of signaling pathway,
cell growth, angiogenesis, invasion, and
metastasis of cancer cells. Two cytotoxins
(CTX-1 and CTX-II) isolated from Naja
oxiana venom and showed that they have
anticancer activity through induction of
apoptosis [12,13]. Nowadays, there is no
study regarding anti-angiogenesis activity of
CTX-I and CTX-II. In this study, we used
bioinformatics approach to examine that the
CTX-l and CTX-II
VEGF and the receptor VEGFR2. Then, we
performed docking analysis for the CTX-I
and CTX-Il with human VEGF and
VEGFR2 using Hex 8.0 software.

could interact with

MATERIALS AND METHODS
Structures
The 3D
cytotoxin, CTX-I, CTX-II and complex of
VEGFR2/VEGF were obtained through

research

structures of cobra venom

collaboratory ~ for  structural
bioinformatics protein data bank (RCSB-
PDB).

performed for all 3D structures to fix

Minimization of energy was

conformational problems associated with the
X-ray or NMR structures [14]. All 3D
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structures used to evaluate the protein
structures of allowed and disallowed regions
of residues.

Molecular docking

Docking was carried out by utilizing Hex
8.0 software as follows: 1- Docking of CT-I
X (PDB: 1RL5) as ligand with molecule of
VEGFR2 (PDB: 3V2A) as receptor, 2- CTII
X- (PDB: 1FRJ) as ligand with VEGFR2 (
PDB: 3V2A) as receptor, 3- CTX-1 (PDB:
1RL5) as ligand with VEGF ( PDB: 3V2A)
as receptor, 4- CTTX-II (PDB id: 1FFJ) as
ligand with VEGF (PDB: 3V2A) as
receptor. In Hex, correlation was set to
shape and electrostatics and other
parameters as default of the software. The
complex with minimum docking energy was
identified to show the binding site residues
in the interaction. The 3D structures of

docked proteins were visualized by another

scientific  artificial reality application
(YASARA) software.
RESULTS

Determination of the 3D structures of

peptides and proteins

The three dimensional structure was

obtained from PDB as shows in Figure 1,
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which was refined by energy minimization
and evaluated by Ramachandran plot. Table
1 depicts the different minimizing energies

related to the structures.
Docking analysis

Docking of CTX-1 and CTX-ll
performed with VEGF and VEGFR2 using
The
generated 500 matches and the docked

was

HEX docking software. software
putative conformations are explored on the
basis of minimum energy. The conformation
with lowest binding energy and related
molecular interactions are identified. The
energy of docked complexes are listed in
Table 2.

According to the total free energy, CTX-I
(PDB: 1RL5) showed the best interaction to
VEGF (-43838.8 kJ/mol) and VEGFR2 (-
25754.2 kJ/mol) as compare to interaction
tendency of VEGF to VEGFR2 (-784.5
kJ/mol). The binding affinity of CTX-II to
VEGF (-21710.2 ki/mol) and VEGFR2 (-
20284.4 kJ/mol) was higher than binding
affinity of VEGF to VEGFR2 (-784.5
kJ/mol). The schematic view of docked

complexe is shown in Figure 2.
Interaction analysis

The hydrogen bonding and hydrophobic
interaction between CTX-I and CTX-II to
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VEGF and VEGFR2 was identified by
YASARA software. The residues involved
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Figure 3.

Table 1. Various energies of the structures before and after energy minimization

in the interaction are shown in Table 3 and

Structures 1RL5 1FFJ VEGF VEGFR2
Energy minimization | After Before After Before After Before After Before
KJ/mol
Bonds 39.27 143,07 32.22 142.64 190.85 556.48 123.12 332.92
Angles 228.59 253.56 200.84 170.56 1048.14 1219.12 677.30 768.17
Torsion 540.79 646.11 581.13 750.20 1598.03 1832.52 990.23 1104.75
Improper 82.70 79.73 60.50 75.52 283.57 204.92 185.86 131.35
Non-Bonded -1665.76 77.23 1635.76 -832.16 -8487.05 3517.64 -5451.10 887.94
Electrostatic 1329.00 -1057.31 669.93 -449.22 -7465.92 -6347.09 -4803.58 -4032.93
Constraint 0.0000 0.0000 0.00000 0.0000 0.0000 0.0000 0.0000 0.0000
Total 554.60 142.40 3180.40 -142.43 -12832.35 983.6 -8278.15 -807.78
Total: Sum of minimized energies values in each column
Table 2. Total free energies of the interactions calculated by HEX
Structures ETotal Eshape Eforce Bmp RMS

1RL5 (ligand) with VEGFR2 -25754.2 -25754.2 0.00 -1 -1.00

1FFJ (ligand) with VEGFR?2 (receptor) -20284.4 -20284.4 0.00 -1 -1.00

1RLS5 (ligand) with VEGF (receptor) -43838.8 -43838.8 0.00 -1 -1.00

1FFJ (ligand) with VEGF (receptor) -21710.2 -21710.2 0.00 -1 -1.00

VEGEF (ligand) with VEGFR2 -784.5 -784.5 0.00 -1 -1.00
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Figure 1. 3D structure of peptides: CTX-I (1RL5), CTX-Il (1FFJ). The Ramachandran plot of CTX-I
(IRL5), CTX-II (1FFJ).

Figure 2. A: Docked complex of CTX-1 (1RL5) and VEGF. B: Hydrophobic interactions.

HBB. 2(1):12-20 16



Kazemi et al.

DISCUSSION

This study showed that cytotoxin-l (CTX-
I) and Cytotoxin-Il (CTX-II) from Naja
oxiana snake venom have a high binding
affinity to both VEGF and VEGFR2.
However, VEGFR2 are responsible for
growth, development and angiogenesis of
cancer cells. The interaction tendency of
CTX-l to VEGF ( -43838.8 kJ/mol) and
VEGFR2 ( -25754.2 kJ/mol) were higher
than interaction tendency of VEGF to
VEGFR2 ( -784.5). In addition CTX-II
showed high binding interaction to VEGF ( -

In silico study of cytotoxins

21710.21 kJ/mol) and VEGFR2 ( -20284.4
kJ/mol) as compare to VEGF/VEGFR2
complex ( -784.5). Previous studies suggest
apoptogenic effects for CTX-I and CTX-II
and make it a target for further studies. In
this study, we design four docking
complexes listed in Table 2. Hex software
was used to evaluate the binding energy of
polypeptides. As higher affinity related to
lower energy, the results showed higher
affinity for CTX-l. We suggest that
cytotoxin-1 (CTX-I) and cytotoxin-11 (CTX-
I1) could be a powerful candidate for further

studies to develop an anticancer agent.

Table 3. Amino acid residues involved in the interaction

Structures

1 1RL5 (ligand) with VEGFR2
1FFJ (ligand) with VEGFR2

3 1RL5 (ligand) with VEGF
4 1FFJ (ligand) with VEGF

5 VEGF (ligand) with VEGFR2

HBB. 2(1):12-20

Residue in ligand = Residue in receptor

1-LEU-N 164-ARG-C
283-SER-N
45-ASN-OD1 132-GLN-N
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Figure 3. Amino acid residues involved in CTX-l (1RL5) as a ligand to VEGF as a receptor.

CONCLUSION

In conclusion, CTX-l and CTX-Il which

were isolated from venomous snake, Naja
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