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ABSTRACT
Background: The SARS-CoV-2 virus is the infectious agent that causes coronavirus illness (COVID-19). The majority 
of virus-infected individuals will recover without the need for special care after experiencing mild-to-moderate 
respiratory symptoms. Some people, nevertheless, will get quite sick and need medical help. The choice of COVID-19 
treatment should be made individually. The severity of the illness and the chance that it will worsen will determine the 
decision. Therefore, developing more potent medications is always a primary goal. Finding more effective drugs is a 
top priority. In this regard, natural animal toxins, such as toxin derived from scorpions, spiders, and wasps, have been 
found to include compounds that have significant therapeutic properties. Specifically, targeting the spike protein which 
acts as a gateway for the vires to enter the human or animal cells.  
Aim: This study focuses on the ability of toxins to destabilize the spike protein of the SARS-CoV-2 virus, which is 
responsible for the SARS-CoV-2 pandemic.
Methods: The active protein structure of the SARS-CoV-2, the toxins chosen obtained from the RCSB-protein data 
bank (PDB), and the molecular structures of toxins that were not proteins were either obtained from PubChem or 
downloaded as computer structure models from RCSB-PDB. Using molecular docking software such as “PyRx,” 
analyzers such as “BIOVIA-Discovery studios” and “Pymol,” and various techniques, the evaluation of the interactions 
between the spike protein and toxin was performed, to find possible pharmacophores that might serve as a foundation 
for upcoming medication development. The protein-ligand complex was put to test through the molecular dynamic 
(MD) simulation via visual molecular dynamics /nanoscale molecular dynamics application to determine the complex 
stability. 
Results: The current research findings reveal intriguing binding affinities and interaction patterns between the toxin 
and the SARS-CoV-2 spike protein, where the complex was identified to be stable throughout the study resembling the 
cellular conditions via MD simulations. We discuss the implications of these interactions and how they might interfere 
viral infection and entry. 
Conclusion: The current study sheds light on a promising avenue for the development of antiviral therapies, leveraging 
natural venoms as a source of inspiration for pharmacophore-based drug discovery opposing viral infections.
Keywords: SARS-CoV-2, Scorpions toxins, Spider toxins, Wasps toxins, Spike protein, Molecular docking, 
Pharmacophore.

Introduction
Based on the SARS-CoV-2 pandemic and its fatal 
effects explored globally, various sets of research were 
planned and put into effect to identify the primary route 

and mechanism of viral infection. Similarly, the current 
research planned to focus primarily on the spike protein 
of the virion of the coronavirus, which is designated 
as the primary route of entry into the healthy human 
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cells. However, the basic component of an infectious 
virus is made up of nucleic acid that is enveloped by 
an exterior protein shell known as virion. In 2003, as 
a result of the SARS-CoV outbreak in southern China 
and its broad incidence, more than 8,000 persons were 
affected, and 774 fatalities were recorded, according 
to the World Health Organization (WHO). A second 
outbreak of acute respiratory illness was detected in 
Saudi Arabia in 2012, and MERS-CoV was found to be 
the epidemic’s cause. The death rate was around 35%, 
according to the reports that were released (Mudenda 
et al., 2021a).
Since then, several studies have been done targeting 
different kinds of the virus including the corona spike 
protein, which is the virus’ point of attachment to enter 
the host cells. On the other hand, it is also recognized 
that the toxins made by scorpions, spiders, wasps, 
bacteria, fungi, and plants specifically target particular 
cellular targets and disrupt regular cellular processes. 
The potential interactions between the corona spike 
protein and other toxins are examined in this research 
paper using molecular docking methods to understand 
the mode of action of these toxins and find possible 
therapeutic targets to fight not only SARS-CoV-2 but 
also other virus-mediated disorders (Mudenda et  al., 
2021b).
The WHO classified SARS-CoV-2 to be a pandemic 
brought on by SARS-CoV-2 in March, 2020. The 
SARS-CoV-2 primarily affects the cells of the human 
respiratory system. However, recent research has 
shown that the virus affects the cells of the eyes, liver, 
kidney, pancreas, and brain. About 79% and 50% of the 
SARS-CoV-2 viruses are comparable to the SARS and 
MERS viruses. A global crisis has resulted from the 
widespread prevalence of SARS-CoV-2 due to the high 
transmission strength and complexity of SARS-CoV-2 
therapy compared to MERS-CoV and SARS-CoV, and 
it is essential to stop the disease spread (Salahshoori 
et al., 2021).
In this regard, the results of the current study emphasize 
the value of all encompassing strategy to fight infectious 
diseases, including the investigation of therapeutic 
alternatives to conventional antiviral medications. The 
novelty of the study includes determination of the anti-
corona activity of natural toxins produced by the living 
organisms such as scorpion, spider, and wasp and 
evaluation of the entry inhibition for coronavirus into 
the healthy human cells through molecular dynamic 
(MD) simulations and molecular docking.

Materials and Methods
Target and ligand-protein selection
The 3D confirmers of the coronavirus spike protein’s 
electron microscopy, NMR, and crystallographic 
coordinates, scorpion toxins (n = 8), spider toxins (n 
= 3), and wasp toxin (n = 1) structures were provided 
from the protein data bank (PDB) with the following 
properties: coronavirus spike protein PDB IDs: 7R40 

(resolution: 2.9 Å) (Du et  al., 2022), scorpion toxin 
(st1): PDB ID: 5XA6 (Meng et  al., 2020), scorpion 
toxin (st2): PDB ID: 7X41 (resolution: 1.15 Å) 
(Arzamasov et  al., 2014), scorpion toxin (st3) PDB 
ID: 1CZ6 (Mandard et al., 1999), scorpion toxin (st4) 
PDB ID: 5TOD (resolution: 2.96 Å) (Lees et al., 2017), 
spider toxin (st5) PDB ID: 6CL3 (Reis et al., 2018), 
spider toxin (st6) PDB ID: POC2VO-F1 (computed 
model) (Vassilevski et al., 2010), spider toxin (st7) PDB 
ID: A9QQ26-F1 (computed model) (Vassilevski et al., 
2010), wasp toxin (st8) PDB ID: 1A13) ((Kusunoki 
et  al., 1998), scorpion toxin (BL1): PDB ID: BL1, 
scorpion toxin (BL2): PDB ID: BL2, scorpion toxin 
(BL3): PDB ID: BL3, scorpion toxin (BL4): PDB ID: 
BL4, and scorpion toxin (SMP): PDB ID: SMP.
The desired proteins were prepared by removing the 
pre-bonded ligands and water molecules from the 
structure, and then the polar hydrogens were added as 
needed to ensure that the proteins and ligands (toxins) 
were sorted for further processing. Drug possibilities 
for all ligands were evaluated by Lipinski’s rule of five. 
Molecular body weight < 500 Da, up to 5 hydrogen 
bond donors 10 as hydrogen bond acceptor and logP 
(octanol–water distribution) factor must not exceed 5. 
Protein-ligand interaction
An Autodock vina integrated PyRx Python prescription 
0.8 (https://pyrx.sourceforge.io/) (Dallakyan and 
Olson, 2015) application was preferred for virtual 
screening and molecular docking of 3D structures of 
BL1, BL2, BL3, BL4, and SMP which were obtained 
in SDF format was selected against coronavirus 
spike protein where the filtered protein structure was 
loaded and converted into macromolecule. The ligand 
was added from an external compatible file into the 
same interface after energy minimizing by applying 
a universal force field and converting it into a pdbqt 
file through openbabel. As both the files appeared in 
the interface, the vina wizard was started and the grid 
was constructed for the protein basing up the active 
sites and for those where the previous data regarding 
the grid dimensions was not available complete protein 
was selected as maximized grid. The affinity scores 
were obtained after running the hit and the final best 
docked model was saved as a pdb file for further 
analysis (Odoemelam et al., 2022).
The analysis of the molecular docking models was 
performed employing BIOVIA-Discovery studios 
visualizer v.21.1.0.20298 (https://discover.3ds.com/
discovery-studio-visualizer-download) where the 
pdb file obtained was loaded and the 2D structure of 
the interactive amino acids with their hydrogen and 
electrostatic bond lengths were noticed (BIOVIA, 
2020).
Protein-protein interactions: Cluspro2
Cluspro2 (https://cluspro.bu.edu/login.php), which 
runs through an automated algorithm, was preferred for 
protein–protein docking (Kozakov et al., 2013, 2017; 
Vajda et  al., 2017). The spike protein pdb files and 
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various ligand proteins were uploaded into the server 
of cluspro2 (Vadja et  al., 2017). The results of the 
protein–protein docking were obtained as balanced, 
electrostatic favored, hydrophobic favored, and Van 
der waals and electrostatic cluster scores. As the data 
expressed in negative values, the highest negative 
score considered as the lowest score. The molecular 
interacted models were analyzed through ligplot plus 
v2.2 (https://www.ebi.ac.uk/thornton -srv/software/ 
LigPlus/download.html) (Laskowski and Swindells, 
2011) and pymol (https://pymol.org/2/) (Schrödinger, 
2015) which revealed the length of H-bonds in addition 
to interactive amino acids in the interactive sites of the 
two proteins. The results of the study expressed in 
Tables (1 and 2) and Figures (1–13). 
Molecular dynamic (MD) simulation of the ligand–
protein complex 
The ligand (Wasp toxin-Mastoparan) with the best 
affinity scores was selected to perform the MD 
simulation studies. Visual molecular dynamics (VMD) 
https://www.ks.uiuc.edu/Research/vmd/ and nanoscale 
molecular dynamics (NAMD) https://www.ks.uiuc.
edu/Research/namd/ were employed in studying the 
ligand effect, i.e., Wasp toxin-Mastoparan with the spike 
protein fragment of SARS-CoV-2. Linux operating 

system with NVIDIA—CUDA—GPU environment 
was selected for performing the simulations. NMDA 
and VMD were pathed in Linux supported by tcl and 
python script languages. After entering the commands 
in the command prompt of the VMD/NMDA, various 
log, psf, and dcd files were generated, later uploaded 
in to the VMD visual interface for the analysis of the 
results (Humphrey et al., 1996).

Results
The rapid global spread of the coronavirus compelled 
researchers to look for potential treatments to stop the 
spread of the lethal viral infection. Finding effective 
medications with fewer side effects is urgently needed 
to combat SARS-CoV-2. Worldwide research was done 
to find a way to the management of SARS-CoV-2. 
Computer-aided virtual screening is economical and 
speeds up the process of getting a drug to market. 
According to molecular docking studies (Bansal et al., 
2021), lead molecules bind to the targets of SARS-
CoV-2 in a specific manner. Since the viral surface spike 
protein (glycoproteins) plays a significant role in viral 
entry, it is important to assess potential drug molecules 
from natural sources including the toxins of selected 
species. The Corona cell surface spike glycoprotein is 

Table 1. PyMOL analysis of “Cluspro2” protein–protein docking results: target proteins, corona spike protein (PDB ID: 7R40), 
and various toxins as ligand proteins.

Name PDB ID RMSD
H-bond 

interactions

(Å units)

Amino 
acids of 
ligand-
protein 
(in the 
reacted 
pocket) 

Van der 
waals and 

electrostatic 
force 

cluster 
scores

Electrostatic 
favored—

cluster 
scores

Hydrophobic 
favored—

cluster 
scores

Balanced 
scoreCluster 

scores

1. Scorpion 
toxin-
Bmkdfsins

5XA6 4.185 2.0–2.7 LYS 38 −349.7 −1354.9 −1464.3 −1168.4

2. Scorpion 
toxin-
Chlorotoxin

7X41 1.837 1.8–2.8 CYS 20 −236.4 −1054.4 −1307 −1036.1

3. Scorpion 
toxin-
Androctonin

1CZ6 8.421 1.8–2.8 THR 21 −346.3 −1420.8 −1497 −1189.6

4. Scorpion 
toxin-SMP 24

5TOD 11.966 1.7–2.7 GLN 82 −287.8 −1334.8 −1430.7 −1259

5. Spider 
toxin-Lycosin

6CL3 3.596 1.7–2.7 GLN 19 −303.5 −1010.6 −1506.4 −981.4

6. Spider toxin-
Lycotoxin-L

POC2VO-F1 1.968 1.7–2.6 ASP 568 −239.9 −880.9 −1176.5 −829.4

7. Spider toxin-
Allergen 5

A9QQ26-F1 5.316 1.7–2.8 THR 56 −194.6 −1096 −1544.1 −1109.4

8. Wasp toxin-
Mastoparan

1A13 26.498 1.7–2.5 TYR 315 −350.1 −1451.6 −2032.4 −1416.9
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regarded as the most efficient therapeutic approach to 
limit virus entry and spread in individuals. In particular, 
for infectious diseases, natural products are regarded 
as the most significant resource for drug research 
and development (Alhowaish et  al., 2022). In recent 
years, 53% of FDA-approved natural product-based 
drugs, including antiviral agents, are of microbial 
origin (El Sayed et  al., 2020). Natural products of 
microbial origin are well-thought-out to be unique in 
terms of their chemical diversity. To investigate 13 
potential toxins of scorpion, spider, and wasp origin, 
molecular docking studies were conducted. According 
to their dock score, each one of these molecules 
was ranked after docking against the target protein 
(Tables 1 and 2). The more stable binding between 
the target protein and the ligand/protein is indicated 
by the docked model with the lowest binding energy 

and highest binding affinity. Results from molecular 
docking studies explained strong interactions between 
13 potential ligands (toxins) and the SARS-CoV-2 
surface glycoprotein in various ligand–protein and 
protein–protein interactions with a specific binding 
affinity (docking scores). We chose all of the ligands 
based on their binding affinities. The visualization of 
structures with high dock scores using PyMOL (for 
protein–protein interaction) or BIOVIA-Discovery 
studios visualizer v.21.1.0.20298 (for protein–ligand 
interaction) revealed the specific amino acids involved 
in ligand–protein/protein–protein binding. Five chains, 
A, B, C, D, and G, were present in the SARS-CoV-2 
surface glycoprotein (PDB ID 7R40) from SARS-
CoV-2 and may interact with ligands or protein toxins 
(Hu et al., 2021) (Tables 1 and 2).

Table 2. Protein–ligand docking results of “PyRx python prescription 0.8” and analyzed through “BIOVIA-Discovery studios 
visualizer v.21.1.0.20298”: Corona spike protein (PDB ID: 7R40) as target and various toxins as ligand 

Sr No Name or 
Synonym 

Affinity 
score RMSD

Ionic or 
wander 
wall’s 

interactions 
(Å units)

Hydrogen 
bond 

interactions 
(Å units)

Amino acids

1. Scorpion 
toxin-BL1

(Figure 9)

Indapamide −7.8 0 5.16 2.19 TYR 102

2. Scorpion 
toxin-BL2

(Figure 10)

N-(tert-butoxy

carbonyl)-L-
leucine

−5 0 4.53 1.82 TRP 436, PHE 374, ASN 437, 
ASN 440,

LEU 441, SER 438

ASN 439
3. Scorpion 
toxin-BL3

(Figure 11) 

Biliverdin XIII 

ALPHA

−8.3 0 3.62 2.35 ARG 102, TRP 104, PHE 192, 
ILE 119, 

ILE 203, LEU 229,

TYR 170, VAL 227,

ILE 128, VAL 126, ASN 121, 
ARG 190, SER 172

4. Scorpion 
toxin-BL4

(Figure 12)

S-3a-hydroxy-
5-methyl-1-
phenyl-2,3,3a,4-
tetrahydro-1H-
pyrrolo[2,3-b]
quinolin-4-one

−7.3 0 4.47, 5.46 0 TYR 102, LEU 452

5. Scorpion 
toxin-SMP

(Figure 13)

2'-deoxy-
adenosine

-5'-sp-
monomethyl

phosphonate

−6.5 0 3.99 2.2 ASP 40, TYR 32,

GLU 406, ARG 403, TYR 495, 
ILE 402,

LYS 417, TYR 453, ILE 418, 
GLN 409
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Corona spike protein images and how it interacts with 
different toxins from scorpion, spider, and wasp origin
a. Corona spike protein interacted with various protein 
toxins (PyMOL derived)
Complex of SARS-CoV-2 surface-glycoprotein–st1 
(scorpion toxin 1) 
The docking analysis of the SARS-CoV-2 surface 
glycoprotein with st1 (spider toxin 1) revealed 
significant binding affinities, with cluster scores of 
349.7 kcal/mol for Van der waals and electrostatic 
force, −1354.9 for electrostatic favored /cluster scores, 
−1464.3 for hydrophobic favored/cluster scores, and 
balanced score/cluster scores of −1168.4. The ARG 20 
of chain A of st1 and the LYS 38 of chain A of SARS-
CoV-2 surface glycoprotein form hydrogen bonds 
with the smallest distance of 2.685 Å as a result of this 
protein interaction (Fig. 1) (Table 1).
Complex of SARS-CoV-2 surface glycoprotein and st2 
(scorpion toxin 2)
The docking analysis of the SARS-CoV-2 surface 
glycoprotein with st2 (spider toxin 2) revealed 
significant binding affinities, with cluster scores of 
−236.4 kcal/mol for Van der waals and electrostatic 
force, −1054.4 for electrostatic favored /cluster scores, 
−1307 for hydrophobic favored/cluster scores, and 
balanced score/cluster scores of −1036.1. This protein 

interaction resulted in hydrogen bonds between CYS 
20 of chain A of SARS-CoV-2 surface glycoprotein and 
ARG 25 of chain A of st2, with the shortest distance 
being 2.627 Å (Fig. 2, Table 1). 
Complex of SARS-CoV-2 surface-glycoprotein–st3 
(scorpion toxin 3) 
The docking analysis of the SARS-CoV-2 surface 
glycoprotein with st3 (scorpion toxin 3) revealed 
significant binding affinities with cluster scores of 
−346.3 kcal/mol for Van der waals and electrostatic 
forces, −1420.8 kcal/mol for electrostatic favored 
interactions, −1497 kcal/mol for hydrophobic favored 
interactions, and −1189.6 kcal/mol for the balanced 
score. The interaction is stabilized by a hydrogen bond 
between LYS19 of chain A in st3 and THR21 of chain 
A in the SARS-CoV-2 surface glycoprotein, with a 
shortest bond distance of 2.508 Å, as shown in Fig. 3 
and detailed in Table 1.
Complex of SARS-CoV-2 surface-glycoprotein–st4 
(scorpion toxin 4) 
The docking of the SARS-CoV-2 surface glycoprotein 
with st4 (scorpion toxin 4) demonstrated significant 
binding affinities, with cluster scores of −287.8 kcal/
mol for Van der waals and electrostatic forces, −1334.8 
for electrostatic favored interactions, −1430.7 for 
hydrophobic favored interactions, and −1259 for the 
balanced score. The interaction includes non-bonded 

Fig. 1. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st1 (PDB ID 5XA6) (scorpion toxin) 

Fig. 2. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st2 (PDB ID 7X41) (scorpion toxin).
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contacts between ILE205 of chain A in st4 and LEU203 
of chain A in the SARS-CoV-2 surface glycoprotein 
(shortest distance: 3.578 Å), and ILE121 of chain D in 
st4 and GLY118 of chain D in the SARS-CoV-2 surface 
glycoprotein (shortest distance: 3.800 Å). Additionally, 
hydrogen bonding was observed between ARG19 of 
chain E in st4 and GLN82 of chain E in the SARS-
CoV-2 surface glycoprotein, with a shortest distance of 
2.717 Å. (Refer to Fig. 4 and Table 1 for details).
Complex of SARS-CoV-2 surface-glycoprotein–st5 
(spider toxin 5) 
The docking analysis of the SARS-CoV-2 surface 
glycoprotein with st5 (spider toxin 5) revealed 
significant binding affinities, with cluster scores of 
303.5 kcal/mol for Van der waals and electrostatic 
forces, −1010.6 for electrostatic favored interactions, 
−1506.4 for hydrophobic favored interactions, and 
−981.4 for the balanced score. The interaction was 
stabilized by a hydrogen bond between LYS23 of chain 
A in st5 and GLN19 of chain A in the SARS-CoV-2 
surface glycoprotein, with the shortest bond distance 
measured at 2.758 Å (Fig. 5, Table 1).  
Complex of SARS-CoV-2 surface-glycoprotein–st6 
(spider toxin 6) 
The docking of the SARS-CoV-2 surface glycoprotein 
with st6 (spider toxin 6) showed significant binding 
affinities, with cluster scores of −239.9 kcal/mol 
for Van der waals and electrostatic forces, −880.9 
for electrostatic favored interactions, −1176.5 for 
hydrophobic favored interactions, and −829.4 for 
the balanced score. The interaction was stabilized by 

Fig. 3. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st3 (PDB ID 1CZ6) (scorpion toxin).

Fig. 4. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with st4 (PDB ID 5TOD) (scorpion toxin).
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a hydrogen bond between LYS12 of chain A in st6 
and ASP 568 of chain C in the SARS-CoV-2 surface 
glycoprotein, with the shortest bond distance of 2.503 
Å (Fig. 6, Table 1). 
Complex of SARS-CoV-2 surface-glycoprotein–st7 
(spider toxin 7) 
The docking of the SARS-CoV-2 surface glycoprotein 
with st7 (spider toxin 7) revealed significant binding 
affinities, with cluster scores of −194.6 kcal/mol 
for Van der waals and electrostatic forces, −1096 
for electrostatic favored interactions, −1544.1 for 
hydrophobic favored interactions, and −1109.4 for 
the balanced score. The interaction was stabilized by 
a hydrogen bond between LYS13 of chain A in st7 
and THR56 of chain L in the SARS-CoV-2 surface 
glycoprotein, with the shortest bond distance of 2.623 
Å (Fig. 7, Table 1). 

Complex of SARS-CoV-2 surface-glycoprotein–st8 
(wasp toxin 8) 
The docking of the SARS-CoV-2 surface glycoprotein 
with st8 (wasp toxin 8) demonstrated significant 
binding affinities, with cluster scores of −350.1 kcal/
mol for Van der waals and electrostatic forces, −1451.6 
for electrostatic favored interactions, −2032.4 for 
hydrophobic favored interactions, and −1416 for the 
balanced score. The interaction was supported by 
hydrogen bonds between GLY502 of chain C in st8 
and TYR315 of chain A in the SARS-CoV-2 surface 
glycoprotein (shortest distance: 2.788 Å) and ARG54 
of chain G in st8 and SER351 of chain A in the SARS-
CoV-2 surface glycoprotein (shortest distance: 2.659 
Å) (Fig. 8, Table 1).

Fig. 5. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st5 (PDB ID 6CL3) (spider toxin).

Fig. 6. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st6 (PDB ID POC2VO-F1) (spider toxin).
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b. Corona spike protein interacted with various non-
protein toxins (BIOVIA-Discovery studios visualizer 
v.21.1.0.20298)
SARS-CoV-2 surface-glycoprotein–BL1 (scorpion toxin 
9) complex
A significant binding affinity of −7.8 kcal/mol was 
observed during the docking of the SARS-CoV-2 
surface glycoprotein against the BL1 (scorpion toxin 
9) complex. This ligand interacted with the tyr 102 
residue of chain E through H-bonds, and ser 494 of 
the C-chain acted as an unflavored donor group (Fig. 
9; Table 2).

SARS-CoV-2 surface-glycoprotein–BL2 (scorpion toxin 
10) complex 
The docking of the SARS-CoV-2 surface-glycoprotein–
BL2 (scorpion toxin 10) complex displayed a significant 
binding affinity of −5 kcal/mol. This ligand interacted 
through hydrogen bonds with asn 437, asn 440, leu 
441, and asn 439 residues of chain C and pi-sigma 
bond with trp 104, phe 192 of C-chain and formed Van 
der waals interaction with asp 442, ser 438, ser 373, arg 
509, and asn 434 (Fig. 10; Table 2).
SARS-CoV-2 surface-glycoprotein–BL3 (scorpion toxin 
11) complex 
A significant binding affinity of −8.3 kcal/mol was 
recorded during the docking of the SARS-CoV-2 
surface glycoprotein against the BL3 (scorpion toxin 
11) complex. This ligand formed Van der waals with 
gly 103, ile 101, phe 175, gln 173, his 207, and met 
177 and interacted through H-bonds with arg 102, asn 
121, ser 172, and arg 190 residues of chain B as well 
as pi-sigma bonds with val 126, val 227, and tyr 170 of 
the B-chain (Fig. 11; Table 2). 
SARS-CoV-2 surface-glycoprotein–BL4 (scorpion toxin 
12) complex 
A significant binding affinity of −7.3 kcal/mol was 
observed during the docking of the SARS-CoV-2 
surface-glycoprotein-BL4 (scorpion toxin 12) complex. 
This ligand made no H-bonds with any of the chains’ 
residues, but it did form Van der waals interactions 
with the corona spike protein’s glu 484, tyr 489, tyr 
104, phe 490, gln 493, leu 492, ser 494, and tyr 449, as 
well as a pi-alkali bond with leu 452 od chain C (Fig. 
12; Table 2).
SARS-CoV-2 surface-glycoprotein–SMP (scorpion 
toxin 13) complex 
A significant binding affinity of −6.5 kcal/mol was 
observed during the docking of the SARS-CoV-2 
surface-glycoprotein-SMP (scorpion toxin 13) 
complex. This ligand formed Van der waals interactions 
with tyr 104, leu 455, gln 493, asn 53, tyr 505, and ile 
402. It also interacted through H-bonds with lys 457, 
tyr 32, 453, 495, and glu 406 residues of the C chain 
and a pi-sigma bond with ile 418 of the E chain (Fig. 
13; Table 2).
MD simulations
The MD simulation showed that the ligand (Wasp toxin-
Mastoparan)–protein (SARS-CoV-2 spike protein) 
complex had an RMSD of 0.39–0.54 and a radius of 
gyration (Rg) of 51.236–51.25. The potential energy 
and Van der Waals surface area (VSA) were also found 
to be 0.026-0.34 for the ligand and 0.026-0.34 for the 
protein. This means that the protein and ligand stayed 
in a stable bond during the experiment, with only minor 
changes in their shape. The measure of compactness 
exhibits almost negligible change, which also solidifies 
the stability of the complex; and potential energy: 
5,280,507–5,280,844 and the VSA: 245,950–246,400 
Reflecting the ligand-protein surface, respectively, 
these values clearly demonstrate the stability of the 

Fig. 7. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] 
with st7 (PDB ID A9QQ26-F1) (spider toxin).
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ligand-protein complex under experimental conditions 
that mimic the cellular environment (Table 3, Fig. 14).

Discussion
For better human sustainability, it is essential to 
create fresher defenses against the SARS-CoV-2 
virus. In an effort to combat and contain the spread 
of SARS-CoV-2, numerous researchers from all over 
the world are involved in the development of either 
new molecules or the remodeling of existing ones. 

In parallel, the aim of the present research is to find 
a novel life-saving treatment by evaluating the impact 
of scorpion, spider, and wasp toxins on the SARS-
CoV-2 surface spike protein. After a thorough review 
of the literature, the SARS-CoV-2 surface spike protein 
with PDB ID: 7R40 was chosen for testing, and nine 
toxins with scorpion, spider, and wasp origins were 
chosen, as shown in Tables 1 and 2. Eight of the 
chosen toxins (st1, st2, st3, st4, st5, st6, st7, st8) were 
chosen to be processed through cluspro-2 for running 

Fig. 8. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with st8 (PDB ID 1A13) (wasp 
toxin).
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with an automated algorithm and analyzed using 
PyMOL because the majority of the chosen toxins 
were proteinaceous in nature. Five molecules (BL1, 
BL2, BL3, BL4, and SMP) were chosen to be tested 
by PyRx v.0.8 and visualized by BIOVIA–Discovery 
studios (Chérifi and Laraba-Djebari, 2021; El Hidan 
et al., 2021).
In the case of protein–protein interaction of the used 
toxins, the minimum score for hydrophobic favored—
cluster scores of −2,032.4 was recorded for the st8 
(wasp toxin), and the maximum score was recorded for 

st6 (spider toxin) −1,176.5. The minimum electrostatic 
favored—cluster scores of −1,451.6 was recorded 
for st8 (wasp toxin), and the maximum score was 
recorded for st6 (spider toxin) −880.9. The minimum 
Van der waals and electrostatic force—cluster scores 
of −350.1 were recorded for st8 (wasp toxin), the 
maximum with −194.6 was recorded for st7 (spider 
toxin), the minimum balanced score—cluster score of 
−1,416.9 was recorded for the st8 (wasp toxin), and 
the maximum of −829.4 was recorded for st6 (spider 
toxin). The interaction of wasp toxin with the target 

Fig. 9. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with BL1 (PDB ID BL1) (scorpion toxin).

Fig. 10. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with BL2 (PDB ID BL2) (scorpion toxin).
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Fig. 11. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with BL3 (PDB ID BL3) (scorpion toxin).

Fig. 12. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with BL4 (PDB ID BL4) (scorpion toxin).

Fig. 13. Surface/glycoprotein of SARS-CoV-2 [PDB ID 7R40] with SMP (PDB ID SMP) (scorpion toxin)
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protein occurred at a competitive H-bond distance of 
1.7 Å (Mahnam et al., 2021; Oliveira et al., 2023).
Furthermore, the protein–ligand interactions were 
studied for five scorpion toxins specifically BL1, BL2, 
BL3, BL4, and SMP expressed the affinity scores of 
BL1: −7.8, BL2: −5, BL3: −8.3, BL4: −7.3, and SMP: 
−6.5 exclusively. The least affinity score was noted 
for BL3, and the nearest H-bond was noted for BL2 
(Siniavin et al., 2021).
Through this study, the wasp toxin mastoparan 
and BL3 with great docking scores emerged as the 
strongest candidate for the novel medication study 
and development as an anti-SARS-CoV-2 agent. 
The remodeling of the protein in a favorable way 
may be useful in combating the propagation of viral 
infections including SARS-CoV-2. A similar attempt 
was published explaining beta-sitosterol obtained from 
natural sources can be a challenging candidate for the 
development of viral entry inhibitors (Viol et al., 2021). 
Furthermore, a similar study successfully identifies the 
pharmacophore with the potential to disrupt the human 
immunodeficiency virus (HIV) glycoprotein which is 
the mode of entry of HIV into the cluster differentiating 
cells of the human immune system; in the same manner, 
as the HIV and SARS -CoV-2 belongs to the class of 
RNA viruses, the SARS-CoV-2 spike protein could be a 
better target to develop entry inhibitor novel molecules 
through molecular docking and MD simulations 
(Germoush et  al., 2024) which could prove beneficial 
in the management of communicable infections such as 
SARS-CoV-2. (Easwaran et al., 2024). A few manuscripts 
are available reflecting the need of the current research, 
however, not focus on the venoms but on other antiviral 
agents to enhance and obtain the molecule with more 
affinity. Therefore, the present study is appropriate for 
this scenario. In another study published, interferons are 
considered as desired candidates for the management of 
viral complications and infections.
The compounds of the current inquiry, eight of which 
are venoms but proteins, have the potential to be a 
dependable source of anti-SARS-CoV-2 because 
they are proteinaceous in origin and are very useful 
in the governance of viral infections, including HIV. 
Scorpion toxins such as BL-1,2,3,4 and SMP also 
showed their potency in bringing the conformational 
changes in SARS-CoV spike protein as similar to that 
of the antiviral agents which limits the entry of the virus 
into the healthy cells proves to be a potential candidate 

for future anti-SARS-CoV-2 molecules development 
(Muhammad Fakih et al., 2022). However, Wasp toxin-
Mastoparan emerges as a potent candidate for the same 
purpose. It is well established that the Wasp toxin-
Mastoparan is an excellent agonist of GTPase which 
helps in the coupling of cell surface receptors to the 
intracellular protein components, which might result in 
the toxicity of the molecule as its agonist action is more 
potent than the antagonist on the GTPase intracellularly. 
Hence, future research must focus on the toxicity 
parameters of the mastoparan (Higashijima et al., 1988), 
even mastoparan has revealed that if conjugated with 
fluvastatin has shown promising results in suppressing 
cancer cellular growth in conditions such as lung cancer 
through apoptosis and membranolytic action. It was 
also identified that the inflammatory mediators such as 
interleukins were inhibited and tumor necrosis factors 
were raised (Alhakamy et al., 2021). A study published 
in the year 2013 has established that the mastoparan-
derived peptide possesses the anti-viral capability and 
it was accordingly reported to inactivated a range of 
enveloped viruses in an in vitro model, which designates 
it as a broad spectrum anti-viral agent, which can play 
a strong role in the management of viral infections 
such as SARS-CoV-2 (Sample et al., 2013). Similarly, 
the mastoparan inhibits human alphaherpesvirus and 
reduces its expression by over eighty percent in an in 
vitro analysis, which presents a positive prospect for 
the consideration of mastoparan as the potent anti-viral 
agent. (Vilas Boas et al., 2024)
Additionally, the conformational dynamics and stability 
of the complex are revealed by the MD simulation of 
the interaction between Wasp toxin-Mastoparan and the 
SARS-CoV-2 spike protein. The minimal deviations 
shown by the ligand’s RMSD (0.39–0.54 Å) and the 
protein’s RMSD (0.026–0.34 Å) imply that both the 
ligand and the protein retain structural stability during 
the simulation. A stable folding state is supported 
by the radius of gyration (Rg) values, which show 
that the protein’s compactness stays mostly constant 
(51.236–51.25 Å). Consistent energy levels are shown 
by the potential energy values (5,280,507–5,280,844), 
which suggests that the system is well-equilibrated. 
Furthermore, significant molecular interactions and 
surface engagement between the ligand and protein are 
implied by the VSA of 2,45,950–2,46,400 (Table 3 and 
Fig. 14). These results imply that the spike protein is 
a stable binding site for the Wasp toxin-Mastoparan, 

Table 3. MD simulation results of ligand–protein complex using NAMD/VMD application. 

Ligand Protein RMSD Å Radius of 
gyration (Rg) Å

Potential energy 
(Kcal/mol) VSA

Wasp toxin-

Mastoparan

SARS-CoV-2 
spike protein

Ligand: 
0.39–0.54

Protein: 0.026 
– 0.34

51.236–51.25 5280507–5280844 245950–246400
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which makes it a highly suitable candidate for further 
research. Similar studies where small membrane-bound 
peptides were targeted for the transportation of active 
agents were studied, which has revealed a prospective 
and beneficial outcome of conjugating drugs with small 
membrane bound peptides where the latter facilitates 
the penetration of active agents into the virus-infected 
cells (Ivánczi et al., 2023). Hence, through this study, 
it can be proposed that the Wasp toxin-Mastoparan is 
a challenging candidate for the creation of innovative 
anti-viral medicinal agents. 

Conclusion
The SARS-CoV-2 pandemic threw a challenge for the 
entire scientific community. The search for treatments 
for the potentially fatal SARS-CoV-2 infection was 
started in the year 2019 and is still ongoing, new 
medications with antiviral properties were searched or 
developed without a permanent cure. Hence, through 
the current research, an attempt was made to identify 
and develop a novel potent antiviral agent derived 
from natural animal toxins employing promising in 
silicon approach including virtual screening, molecular 
docking, and MD simulation.

Fig. 14. Represents the RMSD graph of ligand and protein, graph of radius of gyration, potential energy, and Van der waals surface 
area of complex.
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Animal, insect, and plant toxins are potential 
therapeutic antiviral candidates that could potentially 
treat SARS-CoV-2 infections with manageable side 
effects. In this regard, thirteen potential animal toxins 
from the scorpion, spider, and wasp species were 
selected and showed a variety of binding interactions 
with the target protein after molecular docking and the 
best-interacted toxin was selected for performing MD 
simulations to understand the stability of the complex 
formed. Wasp toxin “mastoparan” exhibited favorable 
interactions with SARS-CoV-2 surface-spike protein 
with the best affinities scores, hence can be preferred 
as SARS-CoV-2 surface-spike protein inhibitors. As 
per the molecular docking results, it binds effectively 
to one of the chains of the spike protein and impairs 
its action which could potentially inhibit the viral 
penetration into the healthy cells. Additionally, MD 
simulation of the complex formed was also studied 
employing NAMD/VMD tools to determine the 
stability and conformational changes if any have 
taken place post interaction and the complex resulted 
to be stable under stimulatory conditions resembling 
cellular environment. Through this in silicon research, 
it can be explained that the mastoparan with the best 
scores and other animal toxin with lower scores are to 
be considered for developing a successful viral entry 
inhibitor in humans.  
Limitations
The study has several limitations that must be 
acknowledged. A primary limitation is the lack of 
experimental validation, as the findings are solely 
based on in silicon methods, including molecular 
docking and molecular simulation studies. These 
computational approaches provide valuable insights 
into binding affinities and interaction stabilities but 
cannot fully replicate the complexity of biological 
systems; however, MD simulations were performed 
under reflecting the cellular standards, and still, it needs 
to be validated through future studies. Additionally, the 
focus on structural aspects of wasp toxin and SARS-
CoV-2 spike protein interaction does not address the 
potential immunogenicity of target effects or toxicity 
in vivo. Another limitation is the limited number of 
toxins analyzed, which may overlook other promising 
candidates with similar or superior properties. To 
address these gaps, future research should prioritize 
experimental validation through in vitro studies to 
confirm binding efficacy and inhibitory strength, 
followed by in vivo studies to assess pharmacological 
and toxicological efficacies. Alongside, Structural 
modification can be done to the active molecule to 
optimize the wasp toxin such as mastoparan for 
enhanced accuracy and reduced adverse effects could 
prove expanding the toxin library. Furthermore, 
employing advanced computational techniques such 
as quantum mechanics or molecular mechanics 
simulations may further refine potent candidate 
selection and provide deeper systematic insights. 
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