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In silico Analysis of Structure Activity 
Relationship of ω-Conotoxins with Cav 
2.2 Channel Receptor for Treatment of 

Neuropathic Pain

Abstract

Background: The N-type voltage-gated Ca2+ channel Cav2.2 is expressed predominantly 
at presynaptic neuronal terminals. They are predominantly expressed in nerve terminals, 
where they control neurotransmitter release. Also, this receptor transduces electrical 
activity into other cellular functions and plays an important role in processing pain 
information in nociceptive pathways.

Objective: To date, genetic and pharmacological studies have identified that high 
threshold, Cav 2.2 channel receptor is important for pain sensation in disease models. This 
suggests that Cav 2.2 channel receptor inhibitors or modulators could be developed into 
useful drugs to treat neuropathic pain. 

Method: Many peptides are reported as potent and highly selective blockers of calcium 
channel function. Among them, cone snails are rich sources of such peptides and constitute 
class of conotoxins.

Results: In this study, structural and binding analysis of ω-conotoxins class have been 
done against Cav 2.2 channel receptor to investigate their role as therapeutic agents and 
analgesics. 

Conclusions: Computational analysis revealed that certain structural motifs, in particular 
the inhibitor cysteine knot, prove to be quite common and play an important role in stability 
and inhibition of Cav2.2 along with certain other residues amongst this class of peptides.

Keywords: In silico; Cav 2.2 channel receptor; ω-conotoxins; Neuropathic pain; 
Transmembrane helices.
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and characterized. Neuronal VGCCs include Cav 1.1 and Cav 
2.2 channels have predominantly expressions at presynaptic 
neuronal terminals throughout the central nervous system 
[3]. They are involved in supplying the signal Ca(2+) important 
for the sustained neuronal firing and neurotransmitter release 
characteristics of different syndromes including neuropathic 
pain, abnormal and pathological responses that develop as a 
consequence of injury. There are number of reported studies 
that use calcium channels as receptor against neurodegenerative 
disorders [4,5]. Among them, Cav2.2 is a calcium channel subtype 
localized at nerve terminals, including nociceptive fibers, where 
it initiates neurotransmitter release. Cav2.2 is an important 
contributor to synaptic transmission in ascending pain pathways 

Introduction
'T'Voltage gated calcium channels (VGCCs) mediate a number of 
neuronal functions including neurotransmitter release, neuronal 
excitation, neurite outgrowth and regulation of gene expression. 
VGCCs have a molecular complex comprised of several subunits 
that consists of α1, α2-δ, β and ɤ (Figure 1a) [1]. The α1 subunit 
is essential for channel functioning and determines fundamental 
channel properties. The pore forming transmembrane α1 subunit 
is organized in four homologous domains (I-IV) [1], comprising 
six transmembrane α helices (S1-S6) and the pore forming P 
loop between S5 and S6 (Figure 1b) [2]. Gene encoding 10 pore-
forming α1 as well as several splice variants have been identified 



2020
Vol. 3 No. 3

2 This article is available in: https://www.imedpub.com/journal-chemical-biology-pharmaceutical-chemistry/

Chemical biology and 
Pharmaceutical chemistry

and is up-regulated in the spinal cord in chronic pain states along 
with the auxiliary α2δ1 subunit. It is therefore not surprising 
that toxins that inhibit Cav2.2 are analgesic. Preclinical data have 
identified Cav 2.2 as key participant in contributing to these 
Ca(2+) signaling events. There are several therapeutic strategies 
for treatment of neuropathic pain [6–8]. Clinical data with the 
peptide blocker Prialt also validated Cav 2.2 as a bona fide target 
for drug discovery efforts to identify new and novel therapeutics 
for neuropathic pain [9].

A wide diversity of venomous animals has evolved a large range 
of peptide toxins that target ion channels expressed in the 
neuronal and neuromuscular systems of prey and predators 
as part of efficient pre immobilization and deterrent strategies 
[10]. Many peptides are potent and highly selective blockers 
or modulators of calcium channel functions, and as such are 
valuable pharmacological tools and potentially valuable leads for 
the development of human therapeutics. Cone shells and spiders 
are rich sources of remarkably potent and selective Cav2.2 
inhibitors.[11,12] The objective of this study was to perform the 
in silico analysis of binding interaction of  ω-Conotoxins with the 
Cav 2.2 channel receptor. This class of conotoxins are reported 
to block calcium channels particularly Cav2.2 channel. This 
study is designed to computationally analyze the interactions 
of ω-conotoxins with Cav2.2 calcium channel. The mode of 
interaction and the binding residues for both the ligand dataset 
and receptor were collected. Due to unavailability of the crystal 
structure of Cav 2.2 channel receptor in humans and most of the 
conotoxins too, the 3D structures were predicted computationally. 
The analysis of the binding interactions of the receptor and the 
ligand peptides can help to demonstrate the pharmacological 
importance of the conotoxins and their potential use as Cav 2.2 
channel receptor antagonists for treatment of neuropathic pain 

[13].

Materials and Methods
Receptor Collection

The 3D structure of Cav 2.2 channel receptor in human was 
predicted computationally using I-TASSER [14]. It allows automatic 
generation of high-quality predictions of 3D structure of protein 
molecules from their amino acid sequences. It is reported that 
Cav 2.2 plays an important role in neuronal communication 
and neurotransmitter release. Thus, they are molecular targets 
for pharmacological agents as well as for broad range of potent 
neurotoxins. Cav 2.2 channels are reported as main target of 
ω-conotoxins [1]. The α1 subunit of Cav 2.2 channel receptor is 
essential for channel functioning and determines fundamental 
channel properties. Domain III region of α1 subunit of Cav 2.2 
channel receptor is the molecular target for broad range of venom 
toxins. These toxins act on region between S5 and S6 helices of 
domain III. These toxins physically block the pore of receptor. The 
binding site of these toxins has been mapped primarily to the 
external vestibule of the channel in the domain III pore-forming 
S5-S6 region [15]. In particular, residues Glu1326, Gln1327, 
Glu1332, Glu1334, Glu1337 and Gln1339 [16,17] were identified 
as being important for blockage by ω-conotoxins (Table 1). 

Ligand Dataset Collection

It is reported that a range of disulfide rich peptides from cone 
snails (conotoxins) preferentially inhibit Cav2.2. GVIA from Conus 
geographus has been used for many years as probe to discriminate 
Cav2.2 from other closely related Cav channel subtypes. In 
addition, several cone snail toxins have direct diagnostic and 
therapeutic potential. A synthetic version of a Cav2.2 channel 
blocker toxin ω-conotoxin MVIIA (ziconotide, Prialt®), from the 
venom of the cone snail Conus magus is currently in use clinically, 
validating Cav2.2 as an analgesic target in humans [14].

As ω-conotoxins have surfaced their potential as modulators 
of Cav2.2 channel. So, in this study a data set of 16 different 
ω-conotoxins was taken to study binding interactions with the 
Cav 2.2 channel receptor computationally [18] (Table 2).  They are 
generally small, 10-30 amino acids, and rich in disulfide bonds, 
often containing unusual post-translationally modified amino 
acids [19]. ω-conotoxins are classified into three structurally 
different classes on the basis of characteristic arrangement of 
cysteine residues. The presence of a ‘disulfide through disulfide 
knot’ structurally defines these peptides as a "Knottin" [20]. 
This order of cysteine framework (C-C-CC-C-C) is highlighted in 
red color in Table 2. These six conserved cysteine residues are 
important for the maintenance of the tertiary structure of the 
conotoxins. The known structures of ω-conotoxins on Protein 
databank were only of three conotoxins, i) GVIA, ii) MVIIA and iii) 
MVIIC. Their PDB ids are 1TTL, 1TTK and 1CNN respectively. 

Figure 1 Predicted membrane topology, subunit interactions 
and structural domains of the auxiliary subunits of 
voltage-gated calcium channels, (a) The voltage-
gated calcium channels are composed of the pore 
forming α1 subunit and the auxiliary α2δ, β and ɤ 
subunits, (b) α1 subunit is composed of four domains 
(I-IV), comprising six transmembrane helices (S1-
S6) and the extracellular P loop between S5 and S6 
(Hofmann et al., 1999).

 

Receptor Ligand Receptor residues Domain Transmembrane 
region 

Cav 2.2 ω-
conotoxins 

Gly1326, Gln1327, Glu1332, 
Glu1334, Glu1337, Glu1339 

Domain III Extracellular P 
loop 

Table 1: ω-conotoxins binding site on Cav 2.2 channel. 

  

Table 1: ω-conotoxins binding site on Cav 2.2 channel.
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The 3D structures of rest of the ω-conotoxins (CnVIIA, CVIA, CVIB, 
CVIC, CVID, CVIE, CVIF, FVIA, GVIB, GVIIA, GVIIB, RVIA and TVIA) 
were not available on the Protein data bank [21], therefore the 
structures were predicted computationally using I-TASSER [14]. 
A multiple sequence alignment (MSA) [22] was also performed 
on all the ω-conotoxins (Figure 2). It was observed that position 
2 is occupied by lysine (K) and almost all the ω-conotoxins have a 
tyrosine (Y) residue at position 13 (Figure 2) [23, 24]. The binding 
determinants for the high affinity interaction of ω-conotoxins 
with Cav 2.2 channel have been proposed to rely on a two-point 
pharmacophore formed by the highly conserved tyrosine (Y13) 
and lysine (K2) [25, 26].

Docking Studies

Molecular docking is an important approach to evaluate the 
intercalation between potential ligands and their macromolecule 
targets. It also provides insights for identifying drug candidates 
and for designing novel or more effective drugs. To predict the 
binding mode of each venom ligands with the Cav 2.2 channel 
receptor, the docking studies were performed using AutoDock 
4.2 [27]. The number of total docking runs were set to 50, 

which means that the receptor-ligand complexes were formed 
in 50 different conformations allowing the ligand to freely bind 
anywhere on the receptor for each conformation and then rank 
each conformation according to their stability. The grid size was 
set to cover the entire receptor in order to find a potential binding 
site for each ligand. The docking parameters used are shown in 
Table 3.

The docking results were analyzed on AutoDock 4.2 and later 
visualized on Chimera [28]. Ligplot+ [29] was used to verify 
protein-protein interactions, which makes 2D schematics on the 
basis of hydrogen bonds and hydrophobic interactions. The 3D 
structural analysis was performed on Chimera that allowed the 
residues in the protein-protein interaction of the receptor-ligand 
complex to be highlighted. Based on the respective energy values 
achieved through dockings, the receptor-ligand binding was 
confirmed and refined which were then used for analysis and 
discussions of results.

Results
Prediction of the Structure of Cav 2.2 Channel  in Humans

 Full length structure of Cav 2.2 channel receptor in human was 
not available therefore the sequence of Cav 2.2 channel receptor 
was taken from UniProt to predict its 3D structure. This receptor 
contains four domains (I-IV). Each domain further contains six 
different transmembrane helices (S1-S6), and a extracellular P 
loop between S5 and S6 region. Residue range for transmembrane 
helix of each domain and extracellular P loop between S5 and S6 
helices is mentioned in Table 4.

Venom toxin Organisms of 
origin 

Cysteine framework 

ω-conotoxin 
CnVIIA 

Cone snail CKGKGAPCTRLMYDCCHGSCSSSKGRC 

ω-conotoxin CVIA Cone snail CKSTGASCRRTSYDCCTGSCRSGRC 
ω-conotoxin CVIB Cone snail CKGKGASCRKTMYDCCRGSCRSGRC 
ω-conotoxin CVIC Cone snail CKGKGQSCSKLMYDCCTGSCSRRGKC 
ω-conotoxin CVID Cone snail CKSKGAKCSKLMYDCCSGSCSGTVGRC 
ω-conotoxin CVIE Cone snail CKGKGASCRRTSYDCCTGSCRSGRC 
ω-conotoxin CVIF Cone snail CKGKGASCRRTSYDCCTGSCRLGRC 
ω-conotoxin FVIA Cone snail CKGTGKSCSPRIAYNCCTGSCRSGKC 
ω-conotoxin GVIA Cone snail CKSPGSSCSTSYNCCRSCNPYTKRCY 
ω-conotoxin GVIB Cone snail CKSPGSSCSPTSYNCCRSCNPYTKRCYG 
ω-conotoxin GVIIA Cone snail CKSPGTPCSRGMRDCCTSCLLYSNKCRRY 
ω-conotoxin GVIIB Cone snail CKSPGTPCSRGMRDCCTSCLSYSNKCRRY 
ω-conotoxin MVIIA Cone snail CKGKGAKCSRLMYDCCTGSCRSGKC 
ω-conotoxin MVIIC Cone snail CKGKGAPCRKTMYDCCSGSCGRRGKCX 
ω-conotoxin RVIA Cone snail CKPPGSPCRVSSYNCCSSCKSYNKKCG 
ω-conotoxin TVIA Cone snail CLSXGSSCSXTSYNCCRSCNXYSRKCR 
 Table 2 : Venom toxins selected as ligand data set, along with their amino acid sequence. 

 

Table 2: Venom toxins selected as ligand data set, along with their 
amino acid sequence.

 

Grid parameters Docking parameters 
Spacing 0.375Å Energy  evaluations 2.5×106 

Grid Center 80X Å 
80Y Å 
80Z Å 

Iterations 27000 
Mutation rate 0.02 
Crossover rate 0.80 
Elitism value 1 
RMS tolerance 1.0 Å 

Table 3 ; Docking parameters used for docking studies on AutoDock 4.2. 

 

Table 3: Docking parameters used for docking studies on AutoDock 4.2.

 

  Domains Transmembrane helix Amino acid range 
Domain I 
(82-357) 

S1 96-114 
S2 113-152 
S3 164-183 
S4 188-206 
S5 226-245 
S6 332-356 

P loop between S5 –S6 246-331 
Domain II 
(468-712) 

S1 483-501 
S2 517-536 
S3 545-564 
S4 574-592 
S5 612-631 
S6 685-709 

P loop between S5 –S6 632-684 
Domain III 

(1137-1419) 
S1 1152-1169 
S2 1186-1205 
S3 1218-1236 
S4 1247-1265 
S5 1285-1304 
S6 1392-1416 

P loop between S5 –S6 1305-1391 
Domain IV 

(1456-1711) 
S1 1472-1490 
S2 1506-1525 
S3 1534-1552 
S4 1564-1582 
S5 1602-1621 
S6 1684-1708 

P loop between S5 –S6 1622-1683 
Table 4 ;  Residue range for 6-helices of each domain along with extracellular P loop 
residue range. 

 

Table 4: Residue range for 6-helices of each domain along with 
extracellular P loop residue range. 

Figure 2 Multiple sequence alignment of ω-conotoxins. Two 
active residues, LYS at position 2 and TYR at position 
13 have binding affinity for Cav 2.2 channel receptor in 
human are highlighted.
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Figure 3 shows the linear sequence of Cav 2.2 channel receptor. 
This linear sequence is shown in four different color blocks. The 
predicted 3D structure of Cav 2.2 channel receptor is shown 
in (Figure 4). Four different domains (I-IV) of this receptor are 
shown in different colours. As each domain has bundle of six 
transmembrane helices (S1-S6). These transmembrane helices 
are reported as molecular targets for many peptides that alter 
the function of Cav 2.2 channel receptor. In Figure 4b, 3D 
structure of domain I is shown highlighting each transmembrane 
helices (S1-S6). The extracellular P loop is present between S5 
and S6 region. Likewise in Figure 4c, 4d, 4e, 3D structures of 
each transmembrane helices (S1-S6) of domain II, domain III and 
domain IV are shown. The extracellular P loop which is present 
between S5 and S6 region is also highlighted for each domain.

3D Structure Prediction of ω-Conotoxins

 3D structures of ω-conotoxins that are reported on PDB in 
addition with the predicted ones are represented in Figure 5.

Docking Results

After molecular docking of each venom ligands with Cav 2.2 
channel receptor, docking results were run based on their energy 
values and ranked with each run showing results for receptor-
ligand complex with the least energy. Detailed analysis of each 
run for each complex showed that all the ω-conotoxins showed 
binding interactions with the conserved active sites of Cav 2.2 
channel in human. Almost all ω-conotoxins showed binding 
affinity with the residue GLY1326 and GLN1327 in the domain III 
region of Cav 2.2 channel (Table 5). Each complex was then further 
analyzed on Ligplot+ to identify the residues involved in the 
interaction between each ligand and the receptor. Table 5 contains 
the information about respective hydrogen bonds residues of 
both receptor and ligands, their hydrophobic residues, their bond 
distances and bond atoms. The complexes were further analyzed 
on Chimera [22] to find out the location of binding pocket of each 
venom ligand with the receptor molecule. It was observed that 
almost all venom ligands have same conserved binding pockets 
on receptor. Figure 6 shows that GLY at position 1326 and GLN at 
position 1327 were predominantly involved in the binding of α 
subunit of Cav 2.2 channel receptor in human with almost all the 
ω-conotoxins. The binding pattern of all the ω-conotoxin ligands 
individually in complex with the α subunit of Cav 2.2 channel 
receptor in human are shown in Figure 6. 

Figure 3 Linear sequence of Cav 2.2 channel receptor with domains (I-IV) 
is shown in four different color blocks, (a) Sequence of Domain I in 
block of  Tan color, containing sequence of each transmembrane 
helices (S1-S6)  along with extracellular P loop, (b) Sequence of 
Domain II in block of  light green color, containing sequence of 
each transmembrane helices (S1-S6)  along with extracellular P 
loop, (c) Sequence of Domain III in block of  Rosy brown color, 
containing sequence of each transmembrane helices (S1-
S6)  along with extracellular P loop, (d) Sequence of Domain 
IV in block of  light purple color, containing sequence of each 
transmembrane helices (S1-S6) along with extracellular P loop.

Figure 5 3D structure of ω-conotoxins: 1) CnVIIA ω-conotoxinsin in red 
color, 2) CVIA ω-conotoxins in orange color, 3) CVIB ω-conotoxins 
in yellow color, 4) CVIC ω-conotoxins in green color, 5) CVID 
ω-conotoxins in dark-green color, 6) CVIE ω-conotoxins in cyan 
color, 7) CVIF ω-conotoxins in light-sea green color, 8) FVIA 
ω-conotoxins in blue color, 9) GVIA ω-conotoxins comfort-blue 
color, 10) GVIB ω-conotoxins medium-blue color, 11) GVIIA 
ω-conotoxins in purple color, 12) GVIIB ω-conotoxins in hot-
pink color, 13) MVIIA ω-conotoxins in magenta color, 14) MVIIC 
ω-conotoxins in dim-gray color, 15) RVIA ω-conotoxins in orange-
red color, 16) TVIA ω-conotoxins in gary color..

Domain III  are shown in different color, SI in hot pink , S2 in orange, S3 
in yellow, S4 in green , S5 in blue and S6 in red color whereas extracellular P 
loop between S5 and S6 is highlighted with brown color, e) 3D structure of each  
transmembrane helices (S1-S6) of Domain IV  are shown in different color, SI in 
hot pink , S2 in orange, S3 in yellow, S4 in green, S5 in blue and S6 in red color 
whereas extracellular P loop between S5 and S6 is highlighted with brown color.

Figure 4 3D structure of Cav  2.2 channel receptor along with 4 different 
domains, Domain I is highlighted with Tan color, Domain II is 
highlighted with light green color, Domain III is highlighted with 
rosy brown color, Domain IV is highlighted with light purple 
color, b) 3D structure of each  transmembrane helices (S1-S6) of 
Domain I  are shown in different color, SI in hot pink , S2 in orange, 
S3 in yellow, S4 in green , S5 in blue and S6 in red color whereas 
extracellular P loop between S5 and S6 is highlighted with brown 
color, c) 3D structure of each  transmembrane helices (S1-S6) of 
Domain II  are shown in different color, SI in hot pink , S2 in orange, 
S3 in yellow, S4 in green, S5 in blue and S6 in red color whereas 
extracellular P loop between S5 and S6 is highlighted with brown 
color, d) 3D structure of each  transmembrane helices (S1-S6) of 
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3D superimposed structures of ω-conotoxin complexes with 
full length Cav 2.2 channel receptor is shown in Figure 7(a). As 
it is clearly observed from the figure, that all complexes have 
strong binding affinity with the residues that reside on domain 
III region of receptor. In Figure 7(b), ω-conotoxins are highlighted 
in different color where they showed interactions with domain 

III region of Cav 2.2 channel receptor. Domain III is shown in rosy 
brown surface while the region which has binding pocket for 
peptides is highlighted with white color. Figure 7(c)

 shows the active residues of domain III that lie in region between 
S5 and S6 helices. Six different residues i.e. GLY1326, GLN1327, 
TYR1328, LYS1333 and GLU1334 are highlighted with white color. 
According to docking results and analysis, these residues are 
considered as being important for blockage by ω-conotoxins. The 
binding residues achieved through the docking studies with Cav 
2.2 channel receptor were in fact similar to already reported for 
the receptor with ω-conotoxins experimental data.

Energy Values

Since energy values of the complexes are directly associated to the 
stability of the complex, therefore lower the free energy, stronger 
will be the binding affinity between receptor and the ligand. 
The successive energy values for the ligand-receptor complex 
formed by each ω-conotoxin with the Cav 2.2 channel receptor 
is shown in Table 6 whereas Figure 8 is a graphical representation 
of the plotting between the ligands and their binding energies. 
The lowest free energy was seen for ω-conotoxin CVIB, whereas 
ω-conotoxin CVID and ω-conotoxin GVIA   formed a complex with 
the Cav 2.2 channel receptor with the second lowest free energy 
value. ω-conotoxin CnVIIA , ω-conotoxin CVIE, ω-conotoxin 
CVIF, ω-conotoxin GVIIA, ω-conotoxin MVIIA and  ω-conotoxin 
MVIIC exhibited same energy values while ω-conotoxin CVIA, 
ω-conotoxin CVIC, ω-conotoxin FVIA, ω-conotoxin GVIB, 
ω-conotoxin GVIIB and ω-conotoxin RVIA exhibited same energy 
values (Table 6, Figure 8). As clearly observed from the graph 
in Figure 8, the least free energy values lie in negative range. 
These energy values suggested that ω-conotoxins formed stable 
complexes with Cav 2.2 channel receptor.

Figure 6 3D binding representation of Cav 2.2 channel receptor with 
each ω-conotoxin ligand. 1) ω-conotoxin CnVIIA in red color.  2) 
ω-conotoxin CVIA in orange color. 3) ω-conotoxin CVIB in yellow 
color. 4) ω-conotoxin CVIC in green color. 5) ω-conotoxin CVID in 
dark green color. 6) ω-conotoxin CVIE in cyan color. 7) ω-conotoxin 
CVIF in light sea green color. 8) ω-conotoxin FVIA in blue color. 9) 
ω-conotoxin GVIA in comfort blue color. 10) ω-conotoxin GVIB 
in medium blue color.  11) ω-conotoxin GVIIA in purple color. 
12) ω-conotoxin GVIIB in hot-pink color. 13) ω-conotoxin MVIIA 
in magenta color. 14) ω-conotoxin MVIIC in dim gray color. 15) 
ω-conotoxin RVIA in orange-red color. 16) ω-conotoxin TVIA in 
gray color. Receptor chain is highlighted with white color along 
with receptor-ligand surface in rosy-brown color.

Figure 7 Complexes of ω-conotoxins with Cav 2.2 channel receptor. 
b) Active residues of domain III in the binding pockets are 
highlighted with white color of receptor with ω-conotoxins. c) 
ω-conotoxin CnVIIA (red color), ω-conotoxin CVIA (orange color), 
ω-conotoxin CVIB  (yellow color), ω-conotoxin CVIC (green color), 
ω-conotoxin CVID  (dark green color), ω-conotoxin CVIE (cyan 
color), ω-conotoxin CVIF (light sea green color),ω-conotoxin FVIA  
(blue color),ω-conotoxin GVIA (comfort blue color), ω-conotoxin 
GVIB ( medium blue color), ω-conotoxin GVIIA ( purple color), 
ω-conotoxin GVIIB (hot-pink color) , ω-conotoxin MVIIA (magenta 
color), ω-conotoxin MVIIC  (dim gray color), ω-conotoxin RVIA  
(orange-red color) and ω-conotoxin TVIA  (gray color) with the 
Cav 2.2 channel receptor along with the labeled active residues.

Table 5 ; Docking result of ω-conotoxin ligands in complex with Cav 2.2 channel 
receptor. 

 
Ligands 

 
Hydrogen bonds 

 
Hydrophobic bonds 

Receptor 
residues 

Ligand 
residues 

Atoms Distance(Å
) 

Receptor residues Ligand 
residues 

ω-
conotoxin 
CnVIIA 

GLY1326 
GLN1327 

SER20 
SER20 

OE1-N 
O-OG 

2.55 
3.26 

ILE1264,VAL1273,VAL1277, 
PHE1274,LEU1281,LEU1416 

CYS1,TYR12,ASP13, 
CYS14,CYS15,GLY17, 
CYS19,CYS26 

ω-
conotoxin   
CVIA 

GLY1326 
GLN1327 

ARG24 
ARG24 

O-NH2 
OD2-NH1 

3.08 
3.08 

VAL1277,SER1280,LEU1281, 
VAL1284,TYR1328,PHE1361, 
SER1364,PHE1409,PHE1413 
 

CYS1,LYS2,THR4, 
GLY5,SER12,TYR13, 
CYS15,THR17,CYS25 

ω-
conotoxin 
CVIB 

GLN1327 
GLU1319 

ARG17 
LYS10 

OE1-NH2 
OE2-NZ 

2.70 
2.77 

ARG1322,GLY1366,GLU1367 GLY18,SER19,SER22 
CYS20 

ω-
conotoxin 
CVIC 

TYR1328 LYS2 OH-NZ 2.76 LEU1270,VAL1273,VAL1277, 
LEU1281,SER1364,THR1365, 
PHE1409 

CYS1,SER7,MET12, 
THY13,CYS16,ARG22 

ω-
conotoxin 
CVID 

GLY1326 
GLU1319 

LYS10 
LYS7 

O-N 
OE1-NZ 

2.60 
2.45 

ASP1173,PRO1174,VAL1257, 
LEU1258,LEU1261,GLN1327 

LYS2,SER9,LEU11, 
MET12,VAL24,GLY25 

ω-
conotoxin 
CVIE 

GLN1327 TYR13 OE1-OH 2.77 PHE1274,VAL1277,CYS1324, 
TYR1328,ILE1412,LEU1416 

LYS4,ALA6,SER7, 
ARG10,CYS20,ARG21, 
SER22 

ω-
conotoxin 
CVIF 

GLN1327 
ASP1323 

ARG10 
ARG21 

OE1-NH2 
OD1-NH2 

2.64 
3.03 

ARG1322,PHE1361,PHE1405, 
PHE1409 

LYS4,GLY5,ARG10, 
CYS16,THR17,LEU22 

ω-
conotoxin 
FVIA 

GLN1327 LYS2 OE1-NZ 2.85 VAL1273,PHE1274,VAL1277, 
TYR1291,ILE1412,PHE1413, 
LEU1416 

CYS1,ILE11,TYR13, 
CYS15,CYS16,SER19, 
ARG21 

ω-
conotoxin 
GVIA 

GLU1334 
GLU1335 

TYR13 
SER6 

OE2-OG 
OE1-OG 

2.55 
2.66 

GLY1231,ILE1249,LEU1255, 
LEU1258,TYR1331,LEU1354 

SER7,CYS8,SER9, 
SER12,THR11,ARG25 

ω-
conotoxin 
GVIB 

GLY1326 
GLN1327 

ARG22 
ASN18 

OD1-NH1 
O-ND2 

2.87 
2.76 

SER1166,ILE1167,PRO1174, 
LEU1261,GLU1321,ARG1325 

SER6,CYS7,SER8,THR9, 
TYR11,THR20,LYS21 

ω-
conotoxin 
GVIIA 

GLY1326 
ARG1322 

LYS23 
LYS23 

O-NZ 
O-OE 

2.92 
3.15 

PHE1274,VAL1277,ASP1330, 
PHE1361,THR1365,PHE1413 

ARG8,MET10,LEU19, 
TYR20,SER21,ASN22 

ω-
conotoxin 
GVIIB 

GLN1327 LYS2 OEI-NZ 2.91 VAL1277,VAL1284,TYR1328, 
PHE1409,ILE1412,PHE1413 

CYS1,CYS6,SER7, 
ARG11,THR15,SER16, 
LEU18 

ω-
conotoxin 
MVIIA 

GLN1327 TYR13 NE2-CE2 3.15 ILE1264,LEU1270,VAL1277, 
TYR1328,PHE1409,LEU1416 

LYS4,LEU11,MET12, 
CYS16,THR17,SER19, 
CYS20 

ω-
conotoxin 
MVIIC 

GLN1327 ARG9 OE1-NE 2.86 VAL1273,PHE1274,VAL1277, 
LEU1285,ASP1323,CYS1324, 
TYR1328,THR1365,PHE1413 

LYS4,GLY5,PRO7, 
THR11,TYR13,SER19, 
ARG22,LYS25 

ω-
conotoxin 
RVIA 

GLN1327 TYR13 O-OH 3.25 LEU1220,LEU1224,ILE1227, 
LEU1281,LEU1357,PHE1361 

PRO3,PRO4,CYS16, 
SER17,SER18,CYS19, 
TYR22,LYS24,LYS25 

ω-
conotoxin 
TVIA 

GLN1334 ARG27 OD1-NH1 2.87 ILE1223,ILE1227,LEU1285, 
ILE1289,LEU1293,TYR1328, 
ASP1330 

CYS1,TYR13,CYS16, 
ARG17,CYS21,TYR22 

Table 5: Docking result of ω-conotoxin ligands in complex with Cav 2.2 
channel receptor.
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Conclusion
The selectivity of ω-conotoxins for the α-subunit of the Cav 
2.2 channel receptor had been reported as its antagonists. In 
this report, an in silico study was designed to analyze binding 
interaction of ω-conotoxins with the Cav 2.2 channel receptor in 
humans. After the binding interactions of both the receptor and 
ligands were interpreted, a comparative analysis was performed 
between the active site residues of receptor molecule with the 
toxin ligands via molecular docking method. The similarity of 
the computational result with the experimental data suggests 
the potential successful binding affinity of the toxin ligands with 
the receptor, as their antagonists. These results could assist to 
demonstrate the potential of Cav2.2 with the ω-conotoxins are 
valuable pharmacological tools and potentially valuable leads for 
treatment of neuropathic pain.
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