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HIGHLIGHTS

e We investigated the potential FDA drugs for repurposing against the spike protein of alpha strain modelled of SARS-CoV-2.

o Spike protein of alpha strain modelled of SARS-CoV-2 has more affinity for the ACE2 receptor of host cell than previous strains and, therefore, is more contagious.
o Conivaptan, Ecamsule and Trosec are common drugs that bind strongly with spike protein of both the strains .

e Molecular Docking and simulation studies show that Conivaptan and Trosec emerged as potential inhibitors of the alpha strain modelled spike protein.
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Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) is responsible for the global COVID-19 pandemic
and millions of deaths worldwide. In December 2020, a new alpha strain of SARS-CoV2 was identified in the
United Kingdom. It was referred to as VUI 202012/01 (Alpha strain modelled under investigation, 2020, month
12, number 01). The interaction between spike protein and ACE2 receptor is a prerequisite for entering virion into
the host cell. The present study is focussed on the spike protein of the SARS-COV 2, involving the comparison of
binding affinity of new alpha strain modelled spike with previous strain spike (PDB ID:7DDN) using in silico
molecular docking, dynamics and simulation studies. The molecular docking studies of the alpha strain modelled
spike protein confirmed its higher affinity for the ACE2 receptor than the spike protein of the dominant strain.
Similar computational approaches have also been used to investigate the potency of FDA approved drugs from the
ZINC Database against the spike protein of new alpha strain modelled and old ones. The drug molecules which
showed strong affinity for both the spike proteins are then subjected to ADME analysis. The overall binding
energy of Conivaptan (-107.503 kJ/mol) and Trosec (-94.029 kJ/mol) is indicative of their strong binding af-
finities, well supported by interactions with critical residues.

1. Introduction symptoms in  humans, while Middle East Respiratory

Syndrome-CoV(MERS-CoV), SARS-CoV and SARS-CoV2 cause severe

Severe Acute Respiratory Syndrome Coronavirus 2 (SARSCoV2),
responsible for the worldwide COVID-19 pandemic, emerged first in
China (Wuhan) in 2019. In 2002, much before this COVID-19 pandemic,
China had already faced an epidemic caused by Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV), a deadly pneumonia virus [1]. Both
the viruses are the members of p-coronavirus genera of the coronaviridae
family. The electron microscopic images of these viruses confirm the
crown-like morphology, so the term coronavirus was coined for them [2].
Out of seven known human coronavirus species, four of them (hCoV-29E,
hCoV-0C43, hCoV-NL63, hCoV-HKU1) causes only mild flu-like
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respiratory disorders and even death if not treated timely and appro-
priately [3, 4, 5]. SARS-CoV2 is highly homologous to SARS-CoV and
shares 80% nucleotide identity and phylogenetic similarity with it. The
SARS-CoV 2 virion diameter is 50-200nm with positively sensed
single-strand RNA as genetic material [6]. The RNA of SARS-CoV2 is 29,
811 nucleotides long and codes for ten open reading frames, producing
29 proteins required for viral pathogenesis, replication and survival [6,
7]. Polyprotein 1ab encoded by ORFlab comprises proteins required for
the replication and transcription process of the RNA genome. The 15
non-structural proteins are then released from polyprotein lab by the
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proteolytic activity of two proteases, namely PLP™ and 3CLP™at different
sites [8]. The four structural proteins Spike(S), Envelope(E), Mem-
brane(M) and Nucleocapsid(N) are encoded by S, E M and N gene,
respectively. The S, E and M protein is required for the coat of the virus,
while N protein facilitates the packing of the genome in the viral coat.

The transmembrane densely glycosylates the spike protein, which plays
a vital role in helping entry of the virus into the host cell. The protein is
more than 1200 amino acids long with a molecular weight ranging from
180-200 kDa. The basic structure of coronavirus spike protein comprises
three domains: extracellular N-terminal domain, transmembrane domain
(anchored in virus envelope) and a small C-terminal intracellular tail [9].
The S protein belonging to classl viral fusion protein is a homotrimer that
protrudes from the envelope of the virus. The S protein has two functional
subunits S1 and S2, responsible for host recognition and entrance into host
cells. The S1subunit directly interacts with the hACE2 receptor on the host
cell. This binding induces a conformational change in the S2 subunit,
facilitating the viral membrane fusion with the host cell membrane, a
prerequisite for viral entry [10, 11]. The S2 subunit of SARS-CoV2 is highly
conserved and show approximately 99% structural homology, whereas the
S1 subunit of S protein evolved differently and shows only 70% structural
similarity with SARS-CoV and bat SARS-CoV [12, 13]. The S1 subunit of
SARS-CoV2 recognises angiotensin-converting enzyme 2 (ACE2) present
on the epithelial cell linings of the heart, lungs, kidney, intestine of the host
organism through its receptor-binding domain (RBD) [14, 15]. The bind-
ing affinity of RBD of SARS CoV-2 spike protein for ACE2 receptor is ten
times that of SARS-CoV spike protein. Several substitutions in the RBD
region of SARS CoV-2 contributes to its higher affinity for ACE2 receptors
on host cells. Some of these substitutions from SARS-CoV to SARS CoV-2
are R426 to N439, Y484 to Q498, T487 to N501, Y442 to L445, L443 to
F456 to F460 toY473, N479 toQ493 and V404 to K417 [12]. These sub-
stitutions increase the RBD domain's compactness and strengthen the
interaction between the interfacial residues of ACE2 (specifically Lys31
and Lys 353) receptor and RBD of SARS-CoV2 [13]. Not only this, SARS
CoV2 spike protein has multiple furin cleavage sites, which make it sus-
ceptible to cleavage by host cell protease into S1 and S2 subunits. This
cleavage facilitates the fusion of the viral membrane with the host cell
membrane and allows the viral genome's entry into the host cell [16]. All
these features make the SARS CoV-2 more contagious than SARS-CoV. The
sense RNA of CoVs is susceptible to frequent mutation and recombination
and, therefore, is recognised as immensely evolving viruses.

In the fall of 2020, a new alpha strain of SARS-CoV2 was identified in
the United Kingdom. It has been referred to as VUI 202012/01 variant
under investigation, 2020, month 12, number 01). It is currently referred
to as the alpha strain by World Health Organization. The alpha strain
belongs to lineage B.1.1.7 [17,18]. Twenty-three mutations compared to
the original Wuhan strain have been reported in the new alpha strain, out
of which eight are in spike protein. The three deletions at positions 69, 70
and 144 remove histidine, valine and tyrosine amino acids and replace
asparagine at 501 by tyrosine, which has been found in the S1 subunit of
the spike protein. N501Y substitution occurs in the receptor-binding
domain of spike protein of SARS CoV2, which comprises amino acids
residues from 319 to 541. Five more point substitution mutations have
been located in the S2 subunit of the spike protein of SARS-CoV2. These
are alanine to aspartic acid, proline to histidine, threonine to isoleucine,
serine to alanine and aspartic acid to histidine at positions 570, 681, 716,
982 and 1118, respectively.

All these mutations have made it more contagious and transmissible
than earlier strain. To prevent the spread of the disease, UK had imposed
a complete lockdown. Other countries were also on alert and taking
necessary steps to contain the virus [19, 20]. The present study focuses
on the spike protein of the SARS-COV-2, involving the binding affinity of
potential drugs against the new alpha strain compared to the previous
strain using in silico molecular docking. In the present study, the PDB ID
7DDN represents the spike protein of the previous strain as it was the
most recent structure submitted to Protein Data Bank when the study was
carried out. The spike protein of the alpha strain was modelled by
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including all the mutations in the previous strain. Similar computational
approaches have also been used to investigate the potency of
FDA-approved drugs from the ZINC Database or from other Databases
against the spike protein, although mainly against the original Wuhan
strain. These drugs are already FDA approved and have passed all the
safety procedures for administration in humans, so the repurposing of
drugs saves time and allows immediate use of them to treat the disease.
This strategy is quite powerful to deal with the pandemic situation. The
current study shows a few FDA-approved drugs’ binding affinities to the
original and the alpha strain.

2. Materials and method

2.1. Protein molecular modelling of spike protein of alpha strain modelled
(B.1.1.7 lineage)

We downloaded the available 3D structure of spike protein, PDB ID-
7DDN, from the RCSB protein database [21]. At the time the study was
carried out, 7DDN was the latest SARS CoV-2 structure available. The
FASTA sequence was also retrieved, and all the eight reported mutations
involving deletions (HV-69-70 del, Y-144del) and substitutions (N501Y,
A 570D, P681H, T7161, S982A and D1118H) at respective positions were
incorporated in the sequence before depositing it to SWISS-MODEL
workspace. The SWISS-MODEL template library (SMTL version
2020-12-23, PDB release 2020-12-18) was searched with BLAST [22]
and HHBIits [23] for related evolutionary structures matching the target
sequence. Overall, we found 1917 templates for the target sequence. We
chose the template with the highest quality to build the model based on
template-target alignment using ProMod 3. PROMOD II was used to make
an alternative model, and for the loop modelling, we used Promod 3fails
[24]. We selected the best model among obtained models based on its
GMQE (Global model Quality Estimation) score, QVIEAN Score [25] and
Ramachandran Plot. GMQE score estimates the quality of the model
based on the target template alignment and template structure. The score
values lie between 0 and 1, with higher values reflecting higher reli-
ability of the model. QMEAN score measure different geometrical prop-
erties and provide information about both global (for entire structure)
and local (per residue) quality estimate of the absolute model [25]. We
used PROCHECK [26] and MolProbity [27] for generating the Ram-
achandran plots for the various models. The SWISS-MODEL structure
assessment page runs MolProbity version 4.4.

2.2. Molecular docking

2.2.1. Protein preparation

We selected the most recently available electron microscopic
structure of the spike protein of SARS-CoV2 PDB ID:7DDN [28]. We
removed all the attached ligands and chains B and C. The protein was
then energy minimised using Swiss-PDB viewer and converted into
PDBQT format using auto dock tools for molecular docking purposes.
We generated the Grid Parameter File (GPF) using the Autodock tools
[29]. The modelled spike protein of the alpha strain was also prepared
in the same way.

2.2.2. Ligand preparation

We chose FDA approved drugs from the ZINC database for our
docking with the spike protein (PDB: 7DDN) of the SARS CoV-2, and the
alpha strain modelled spike protein was prepared comprising all the
mutations. We downloaded the available 3D-SDF structure of 1565 drug
molecules from the ZINC database, an open repository of commercially
available compounds for virtual screening [30]. We converted the
3D-SDF structures into Mol2 form using Open Babel version 2.4.1 [31].
We energy minimised the ligands, using the steepest descent method for
100 steps with a step size of 0.02, added hydrogens and assigned Gas-
teiger charges employing Assisted Model Building with Energy Refine-
ment (AMBER) force field using UCSF Chimera v1.14 [32,33].
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2.2.3. Docking parameters

We used the RBD (319aa-541aa) domain of the spike protein, PDB ID
7DDN and modelled spike of alpha strain as the template to prepare the
grid for docking purposes. As the name itself implies, Receptor Binding
Domain (RBD) interacts with ACE2 receptors on host cells and therefore
play a crucial role in the entrance of viral in the host cell. Except for the
N501Y mutation in the RBD region, the other mutations were in other
spike protein parts. To see the effect of all these mutations on the RBD
region, we prepared the grid accordingly. The parameter mentioned
above file was generated through the ADT 4.2 tool. This tool follows the
Lamarckian Genetic Algorithm (LGA), which uses the AMBER force field
to run the docking between the receptor and the ligand. For preparing the
GPF of spike protein (PDB ID: 7DDN), we defined 3-D grid centres with
225.56, 263.908 and 289.107 as X-, Y- and Z-coordinates, respectively.
The alpha strain modelled spike's X-, Y- and Z-coordinates were 242.041,
222.301 and 171.022, respectively. Additionally, in the GPF, the number
of grid points for spike protein (7DDN) was 126, 90, and 112, and for the
alpha, strain modelled model was 84,126 and 100 in X-, Y-, and Z-co-
ordinates, respectively. The spacing value was set as 0.375 A. Further, in
silico drug screening among the selected 1565 FDA-approved drugs were
performed using AutoDock Vina with default configuration parameters
with an exhaustiveness value of 8 to evaluate potentially effective drug
candidates based on the favourable binding energy of the individual drug
[34].

2.2.4. Molecular docking between spike proteins (7DDN/alpha strain
modelled spike) and human ACE2 receptor

Human ACE2 receptor (PDB ID-1R42) was used as a receptor to see
the interaction between spike protein (PDB ID-7DDN) and alpha strain
modelled spike, using ClusPro 2.2 online webserver [35]. ClusPro uses
the below equation to generate the model score and the lowest binding
energy

E = 0.40E;ep+ —0.40Ey + 600E¢jec + 1.00Epars

The repulsive (re), attractive (att), electrostatic (elec) forces and in-
teractions extracted from the decoys as the reference state (DARS) are
measured using molecular docking study [36].

2.2.5. Post docking analysis

We chose the best conformation of the ligands based on lower binding
energy and orientation of the ligand within our specified grid for further
analysis using various softwares. We employed BIOVIA Discovery Studio
Visualiser to generate 2D diagrams depicting the interactions between
the ligand (Drug) and the protein models, both wild type and alpha strain
models. All the settings used were set at default. We further used Protein-
Ligand Interaction Profiler (PLIP) available online for analysing the hy-
drophobic contacts between the ligands and the protein [37, 38]. The 3D
coordinates of the spike protein model of the alpha strain were super-
imposed with the spike protein (PDB ID: 7DDN) using the “super” com-
mand available in PyMol [39]. The docked structure from the ClusPro 2.2
webserver was also analysed using PyMol.

2.2.6. Assessment of drug likeness of the ligands (ADME analysis)

As a standard recommended protocol to check the candidature of any
ligands as potential drug molecules, the ADME analysis is used to verify
the various physicochemical parameters of the molecule. For this, the
drug molecule has to satisfy Lipinski's rule of five. The rule defines a
criterion according to which a newly discovered orally effective drug
should comply with four out of five suggested criteria: molecular mass,
lipophilicity, number of hydrogen donors and acceptors, and molar
refractivity. The SMILES form of the ligands retrieved from the ZINC
database were used as input structures in the Swiss ADME analysis server.
This server depicts the ligand's suitability as a drug molecule based on
Lipinski's rule and used to predict pharmacokinetics such as absorption,
distribution, metabolism, and excretion (ADME) [40].
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2.2.7. Molecular dynamics and simulation

Molecular Dynamics simulation and studies are routinely used along
with molecular docking to gain advanced insights into mechanisms
involving protein-ligand interactions, small molecules, peptides, or even
nanoparticles [41, 42]. We performed molecular dynamics and simula-
tion of the three protein-ligand complexes using the GROMACS v.2018
[42,43]. The complexes were chosen based on the specific high-affinity
drugs that showed stable interactions with PDB ID:7DDN and alpha
strain modelled spike proteins. The three common ligands Ecamsule,
Trosec and Conivaptan, showed low binding energy and high affinity for
both spike proteins in molecular docking. The complexes of these ligands
with the modelled spike of the alpha strain are selected for Molecular
Dynamics Simulation studies. We ran the MD simulation for 60 ns for all
the systems using the GROMOS 54a7 forcefield. We used the previously
reported and highly cited PRODRG Server to generate the ligand topol-
ogy files for smooth analysis in the GROMACS environment [43, 44]. We
solvated all the systems using the cubic box with an edge of 1.2nm using
the SPC/E water model. The systems were neutralised using the Na* ions
appropriately. We employed the steepest descent method for energy
minimisation of the systems, with maximum steps set at 50,000 and
tolerance of 1000 kJ/mol/nm, system pressure was latm. Isotropic NPT
equilibration was also carried using the widely accepted
Parinello-Rahman coupling having a time constant of 2 fs and reference
pressure of 1bar. We employed the standard Berendsen thermostat Ve-
locity recoupling method at 310K with no pressure coupling in the NVT
step, time constant being 2 fs [42, 45, 43]. The final MD production step
was run using leapfrog integration using Nose-Hoover and
Parinello-Rahman Couplings [46] and a time step of 2 fs [43]. LINCS
algorithm was employed for constraining the bond lengths [45, 43, 47].
We used the Particle Mesh Ewald scheme (PME) for long-range electro-
static interactions using Fourier spacing of 0.16 nm and short-range
electrostatic interactions cut off values set at 1.0 nm for NPT, NVT and
MD production run.

2.2.8. MM/PBSA free energy analysis

We employed the widely used Poisson Boltzmann Surface Area
(PBSA) free energy analysis method to check the complexes' post-
simulation binding energy and affinity. This algorithm to compute
protein-ligand energy complexes’ free energy is well accepted and highly
used for such purposes [42, 43, 48, 49]. We used the g_mmpbsa utility of
the GROMACS to calculate the free energy of the complex and the per
residue-free energy analysis. The g_ mmpbsa tool computes the energy
and non-polar solvation energy using the standard equation:

Gbind = Eejec + Evpw + Gpolar + Gsasa [42, 43, 50]

3. Results

We subjected a total of 1565 FDA drug molecules from the ZINC
Database to molecular docking studies for both spike proteins (modelled
spike of alpha strain and prevailing strain spike-PDB ID-7DDN) as re-
ceptors. The top molecules with the highest negative binding scores from
both the docking studies were chosen for ADME analysis. The best drug
molecules were then selected by combining docking and ADME analysis
for molecular dynamics and simulation. The schematic representation of
the overall methodology employed in the present study has shown in
Figure 1.

3.1. 3-D structure modelling and validation

7DDN (PDB ID) spike protein is chosen for study to represent a pre-
dominant strain of SARS CoV2 as it was the most recent structure
deposited in PDB then. In this structure, the spike protein is in an open
state and without any ligands or inhibitors bound to it. Only N501Y
mutation of alpha strain falls in the RBD region, whereas all other
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Prevailing Strain Spike
PDB ID:7DDN

Protein Preparation of 7DDN

l Ligand Preparation

Heliyon 7 (2021) e07803

Alpha strain Modelled Spike
(MS)

1665 FDA approved
Drug Molecules

Model Validation

Molecular Docking of ligands with both the receptors. Common 7 Drug
molecules with good binding affinity for both the receptors selected

and Protein
Preparation

l ADME Analysis

Conivaptan and Trosec followed Lipinski’s rule of five for drug likeness.
Ecamsule with 1 violation but highest binding affinity for both the receptors

Molecular Dynamics Simulation I

Conivaptan followed by Trosec
emerged as best drug molecules

Figure 1. Schematic flowchart of critical steps in the accomplishment of the current study.

mutations are reported around the RBD region like HV-69-70del, Y-
144del or after it like A570D, P681H, T716I, S982A and D1118H. The
point mutations in one part of the protein molecule significantly affect its
three-dimensional structure and physiological role [51]. To see the effect
of these mutations on the overall morphology and function of the
modelled spike protein, including any preferential changes in its inter-
action with ACE2 receptors and with other ligand molecules (here FDA
approved Drug molecules), we modelled the entire spike protein
comprising all the mutations. We compared the structure and affinity of a
modelled spike of alpha strain for ACE2 and drug molecules of ZINC
database than spike protein of dominant strain (7DDN-PDB ID).

We used the 6297.1. A template for modelling the 3D structure of the
spike protein (Figure 2A) of the alpha strain using the SWISS-MODEL
server [24]. The spike protein has a sequence identity of 98.95% and

coverage of 98% with the template 6297.1.A. The template has the
description as Spike glycoprotein and covered the range 27-1144. The
modelled structure obtained from the SWISS-MODEL server had a
QMEAN value of -1.97. Negative QMEAN Z score values closer to zero
implies a better agreement between the modelled and experimental
structures in a similar size range. The GMQE score of the model is 0.67.
Usually, the GMQE value lies between 0-1. Higher value is related to a
more favourable model. The secondary structure of the alpha strain
modelled spike protein was further validated by the Ramachandran plot
using MolProbity version 4.4 [52]. The MolProbity score of the model is
1.4. The modelled structure had 92.8% residues in the favoured region,
1.49% in Ramachandran Outliers and 1.34% in Rotamer Outliers
(Figure 2B). Ramachandran plot analysis from PROCHECK for the
modelled protein shows that out of 2964 residues, 2573 (86.8%) residues

Figure 2. A- Spike protein of alpha strain from SWISS-MODEL and B- Ramachandran plot from the MolProbity version 4.4.
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are in the most favoured region, 361 (12.2%) residues in the additional
allowed region, 22 (0.7%) residues in the generously allowed region and
only 8 (0.3%) residues in the disallowed region [53]. We have provided
the result of PROCHECK analysis in supplementary material in pdf form
as (Fig.S1). As we have used the 6797 structure as a template for
modelling the spike protein of alpha strain, whereas for the rest of
comparative studies, we are using 7DDN structure, therefore to avoid any
discrepancy, the single chain of 7DDN was superimposed on the 6297
structure (Fig.S2).

We superimposed the modelled alpha strain spike with 7DDN spike
for the trimeric and single-A chain structures (Figure 3A, B). The struc-
tural analysis revealed that sequences from 144Tyrosine-155Serine
(Shown as green sticks on a cyan coloured single chain of 7DDN spike)
are part of the loop connecting beta-sheets, but tyrosine Y-144del in the
alpha strain modelled spike has made it more disorganised, as shown as
orange sticks on a magenta-coloured single chain of alpha strain
modelled spike protein in Figure 3A. Other mutations like A570D,
P681H, T716I, S982A, and D1118H do not significantly affect the spike
protein structure. They continued to be part of the same secondary
element as in 7DDN (PDB ID) spike protein structure. The sequences from
828-843 amino acid residues (shown in orange) of the modelled alpha
strain modelled spike do not align with the 7DDN spike protein structure
as the corresponding structural elements are missing in the original PDB
structure of the molecule. The multiple sequence alignment of the FASTA
sequence of the modelled spike of alpha strain with 7DDN was also done,
and the result is included in Supplementary Materials as Fig. S4. For
docking studies single chain of 7DDN and modelled spike of the alpha
chain is used. When we superimposed the structure of the RBD domain of
spike with ACE2 receptor (PDB ID:6lzg) on the trimeric structure of
7DDN spike, we found that the RBD of 6lzg structure entirely coincides
with the RBD of a single chain of the trimeric spike (Fig.S3, S10).

3.2. Molecular docking between human ACE2 receptor and modelled spike
of alpha strain

Protein protein interaction between host cell receptor ACE2 (PDB ID-
1R42) [54] and modelled spike protein is studied using an online web
server ClusPro2.2. The cluster zero with 65 members and lowest binding
energy value -968.8 kcal/mol was chosen to see the interactions between
the different amino acids of ACE2 and alpha strain modelled spike pro-
tein. The corresponding value of spike (PDB ID: 7DDN) for cluster zero
with 40 members is -729.3 kcal/mol. The energy value indicates that the
receptor (ACE2) has a strong binding affinity for the alpha strain
modelled spike protein. The essential interactions among amino acids of
ACE2 and modelled spike protein are shown in Figure 4F. The 441K
(lysine) of the alpha strain modelled spike is showing strong polar
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interaction with 150E (Glutamic acid) of ACE2, form two hydrogen
bonds with distances value as measured by PyMol is 1.7 and 1.8,
respectively (Figure 4A). Similarly, 418Y, 470Y and T467 of the alpha
strain modelled spike interact with E56, Y50 and S128 of ACE2. The
corresponding interactions are shown in Figure 4B, C and D, respectively.
348Y of alpha strain modelled spike protein interacts strongly with two
amino acids T129 and K131 of ACE2 (Figure 4E). The higher negative
value of binding energy (-1072.6 kcal/mol) and all these strong hydro-
philic interactions may contribute to the spike protein's high affinity of
the alpha strain modelled SARS CoV2 for ACE2 receptor.

3.3. Molecular docking results

Docking studies revealed that top-most binding drug molecules
possess docking scores ranging between -8.7 to -7.8 kcal/mol. The top-
nine drug molecules and the details of their 2-D and 3-D interactions
are shown in Figure 5(A-F) and Fig. S5 and discussed in Table 1. Among
all the ligands (FDA approved ZINC Database), Ecamsule and Trypan blue
have higher binding energy for the alpha strain spike protein model
modelled UK strain with energy values -8.7 and -8.4 Kcal/mole,
respectively. Ecamsule forms three H-bonds, whereas Trypan blue forms
two H-bonds with the alpha strain modelled spike protein residues. H
bonds play a crucial role in binding affinity, selectivity and the stability of
the receptor-ligand complex. The other attractive forces like non-
covalent interactions, Van De Waal and hydrophobic interactions also
stabilise the complex. Although these interactions are weak forces, their
cumulative effect is sufficient to increase the docked complex's stability.
The details of the top drug molecules from docking studies with the ZINC
database have discussed in Table 2. For Ecamsule, Trypan blue and
Digoxin, most of the interacting amino acid residues of the receptor fall
within Receptor Binding Motif (438-506), a crucial element that in-
teracts directly with ACE2 receptor on the host cell. Similarly, Nalde-
medine, Ponatinib, Conivaptan and Orap interact with amino acid
residues, which comprise either RBM or RBD (319-541) part of the
modelled spike protein. Trosec interacts with the amino acid residues of
the RBM region of the alpha strain modelled spike protein, forming
hydrogen bonds and exhibiting hydrophobic interaction with Tyr498,
which is mutated Asn501 (N501Y). Because of three deletions at 69-
70HV and 144Y, the 501 position of spike protein (PDB ID: 7DDN) cor-
responds to the 498 position in the alpha strain modelled spike protein.
The binding of drug ligands will occupy the RBM and thus hinder or
weaken the interaction between the viral spike protein and ACE2 re-
ceptor on the host cell. The recognition of the host cell receptor by viral
spike protein is a prerequisite for virion entry in the host cell. The
blocking of this interaction will inhibit the virion's entrance into the host
cell and reduce the damage caused to the host organism.

Figure 3. A-Superimposed structure of the model of
the single chain of the modelled spike protein of alpha
strain variant on 7DDN (PDB ID). The Colour scheme
is as follows: alpha strain spike chain - magenta,
7DDNspike chain -Cyan. Sequences 144Y-155S of
7DDN Spike-Green (Sticks) correspondingly sequence
of the alpha strain model spike in orange (Sticks).
Amino acid sequence from 828-843 of alpha strain
modelled spike is in orange sticks. B. Superimposed
3D structure of alpha strain modelled spike (Magenta)
and 7DDN spike (Cyan). All the figures are generated
in PyMol software.
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Figure 4. ACE2 receptor and modelled spike of alpha strain main chains are shown in magenta and yellow, respectively. Amino acids showing crucial interactions are
in coloured sticks as their main chain. A- 150E of ACE2 and 441K of modelled spike B- 56E of ACE2 and 418Y of the modelled spike C- 50Y of ACE2 and Y470 of the
modelled spike D- 128S of ACE2 and T467 of the modelled spike E- 129T and 131K of ACE2 and Y348 of modelled spike F- All the fundamental interactions at the
interface of ACE2 and modelled spike of alpha strain. All the figures are generated in PyMol software.
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Figure 5. Visualisation of the docked spike (alpha Strain)-ligand complexes. 2D diagrams of Protein-Ligand Complexes generated by BIOVIA Discovery Studio
Visualiser. Different colours dashed lines show different interactions—Green Dash-H-Bond; Dark purple-pi stacking; Light purple-pi-alkyl stacking; Orange Dash-pi-
cation; Red Dash-unfavourable interactions. The interaction of the receptor with different drug molecules is shown as A. Ecamsule B. Conivaptan C. Trosec D. Try-
pan Blue E. Naldemedine. F. Ponatinib.
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Table 1. Binding interactions between the alpha strain modelled spike protein and the ligands. The interactions are calculated using PLIP online server and Discovery

Studio Visualizer for the docked complex.

Ligand Binding Energy Hydrogen Bonds VDW Non-Covalent Interactions Hydrophobic interactions
(kcal/mol)
Ecamsule -8.7 Arg405 Asp402, Glu403, Thr412, Gly413, 400Arg(n-cation) 402Asp,414Lys,450Tyr,492Tyr
GIn406 Lys414, Ser491, Tyr492, Tyr502, 405Arg (Saltbridge)
Gly493, Tyr498, 502Tyr(nstacking)
Trypan Blue -8.4 Tyr450 Tyr348,446,498 Leu449(n-sigma) 446Tyr,449Leu,
Ser491 Asn447, Leu452, Lys414, Arg400 490GIn,502Tyr
Tyr502 Glu490, Gly493
Digoxin -8.3 Tyr450 NA NA Tyr 446,492
Leu492
Naldemedine -8.1 Arg343 Glu337, Ser396,346 Val338, Ala341,349, Ala341,349
Phe344, Ala345, Tyr348, Arg463, Lys353, Ile465 Arg343, Asn351
Asn351,447 Lys353, lle465
Ergotamine -7.9 NA NA Phe487 Ala349
Phe487
Ponatinib -7.9 Asn447 NA Phe487(nstacking) Leu449,
Ser346 Ala349, Leu449 Phe487
Asn351, Phe344
Tyr348(halogen bond)
Conivaptan -7.9 NA NA Arg343, Arg343, Asn447
Tyr448, Tyr448, Leu449
Leu449 Phe487
Orap -7.9 Arg343 NA Tyr448((n-(r) Arg343, Asn447
Tyr446 Ala345,349(n-sigma) Tyr448, Leu449
Ser491 Leu449 Phe487
Trosec -7.8 Tyr498 NA Tyr502(nstacked) Tyr446,492,
Tyr498,502
GIn490

3.4. Molecular docking study of FDA approved drug molecules from ZINC
database with the spike protein (PDB ID-7DDN)

Docking studies revealed that the docking scores of top-most binding
drug molecules (4 ligands) ranges from -8.2 to -8.0 Kcal/mole. The 2-D
details of the interaction between receptor spike protein (7DDN) and
the drug molecules are shown in Figure 6 and discussed in Table 3. The 3-
D interactions are given in Supplementary Materials as Fig. S6. Like alpha
strain modelled spike protein, 7DDN spike protein also shows the highest
affinity for Ecamsule. Similarly, Ergotamine, Eluxadoline and Yaz also
have a strong affinity for receptor protein residues, which falls in the
spike protein's RBM or RBD region. Besides Ecamsule, spike protein
(7DDN) also exhibits a strong affinity for Trosec, Naldemedine, Con-
ivaptan, Orap and Ponatinib with binding energy values from -7.2 to -6.5
Kcal/mole.

3.5. Common ligands with high affinity for both alpha strains modelled
spike and spike (PDB ID-7DDN)

The comparative molecular docking studies of the FDA approved drug
ligand from the ZINC Database with both the spike proteins suggested
some common drug molecules that are quite effective against both of
them. These common ligands engage most of the spike proteins' impor-
tant positions in binding with the ACE2 receptor. Comparing the ligands’
docking analysis results with two proteins, alpha strain modelled spike
protein; prevailing strain spike 7DDN- the first energy value corresponds
to modelled spike, and the second value corresponds to 7DDN spike. We
report that Ecamsule has the highest negative binding energy for both the
proteins (-8.7; -8.1 kcal/mol), followed by Ergotamine (-7.9; -8.0 kcal/
mol), Naldemedine (-8.1; -7.1 kcal/mol), Conivaptan (-7.9; -7.1 kcal/
mol), Ponatinib (-7.9;-6.5 kcal/mol), Orap (-7.9;-6.8 kcal/mol) and
Trosec (-7.8;-7.2 kcal/mol). Ponatinib and Orap have less binding affinity
for spike protein (PDB ID: 7DDN) than the other five ligands. Ecamsule
and Trosec interact with the hydrophilic pocket (Fig.S9A, S8A), whereas
Conivaptan extends its interaction from hydrophilic to hydrophobic
pockets (Fig.S7A) amino acid residues of the alpha strain modelled spike

protein. For spike (PDB ID-7DDN), Conivaptan, Trosec and Ecamsule all
occupying both hydrophilic and hydrophobic surfaces of the receptor
protein (Fig. S7B, S8B, S9B). Common drugs are discussed in the sup-
plementary paper. The references mentioned are cited in the references
section.

3.6. ADME analysis of common drug molecules with high affinity for both
spike proteins

After sorting the common drug ligands for both spike proteins based
on their highest negative binding energies value, the above mentioned
seven drug ligands were subjected to test their drug likeliness using
online analysis server Swiss-ADME [55]. The most popular and
authentic rule for confirming the drug-likeness of the Ligand is Lip-
inski's rule. According to the rule, the molecular weight of drug-like
molecule should be less than 500 g/mol, the lipophilicity denoted by
Log-P value should be lower than 5 (MLogP<4.15), the number of
H-bond donors (NH or OH) and acceptors (N or O) should be less than
or equal to 5 and 10, respectively [56]. Conivaptan and Trosec passed
Lipinski's rule without any violation among the top compounds in the
present study. However, many drugs that do not pass through the Lip-
inski's filter but have immense pharmacological properties have been
approved by the FDA as potential drugs for clinical purposes [57].
Ecamsule, Naldemedine and Ergotamine also qualified Lipinski's rule of
five with one violation concerning molecular weight. Their molecular
weights are slightly more than the recommended values but within the
permissible limit. Orap also qualifies Lipinski's rule with one violation
of MLogP value. Except for Orap, all other drug molecules showed the
value of MLogP less than 4.15, which indicates that the molecules are
more likely to be in the hydrophilic environment and are favourable for
their drug-likeness. The detailed comparative analysis of all other pa-
rameters of Lipinski's filter and ADME properties for all the eight drugs'
ligands are given in Table 4 and Table 5, respectively. Overall, the drugs
used in this study successfully qualified the filtering criteria based on
Lipinski's rule of five and follow the ADME properties for being a potent
orally active drug.
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Table 2. Top compounds from the docking studies of the ZINC database with their ZINC ID, Compound name, structure and medical use.

ZINC ID Compound Name Structure Function
ZINC000100370145 Ecamsule The active component of Sunscreen
ZINC000169289767 Trypan Blue As dye in cataract surgery
ZINC000242548690 Digoxin Cardiac glycosides
ZINC000100378061 Naldemedine Opioid antagonist
ZINC000052955754 Ergotamine vasoconstrictor
ZINC000036701290 Ponatinib Treat chronic myeloid leukaemia
ZINC000012503187 Conivaptan Treatment of hyponatremia
ZINC000004175630 Orap anti-psychotic

7
ZINC000100018598 Trosec antispasmodic
ZINC0000142108876 Eluxadoline @_4‘ Treatment of Irritable Bowel Syndrome
ZINC000003927200 Yaz Oral contraceptive pill

3.7. Molecular dynamics and simulation analysis

We performed molecular dynamics of the modelled spike apoprotein
of alpha strain and the three complexes with Ecamsule, Trosec and
Conivaptan for 60ns. Conivaptan and Trosec complexes were chosen as
they fully satisfied all the parameters of Lipinski's rule, whereas Ponati-
nib, Naldemedine [58], Ergotamine and Orap showed one violation of
Lipinski's rule of five. Ecamsule also showed one violation of the rule, but
still, its complex with the alpha strain modelled spike proceeded for
molecular dynamics simulation as it has the highest binding affinity for
both the receptors in docking studies. To comprehend the molecular
dynamics results, we performed several analyses, including RMSD
(gmx_rms), RMSF (gmx_rmsf), Radius of Gyration (gmx gyrate),
hydrogen bond analyses (gmx_hbond) and the free energy analysis using
various inbuilt tools in GROMACS. The RMSD analysis of the apoprotein

showed high fluctuations in the first 30ns of the simulation, beyond
which it gained considerable stability. Conivaptan (MSC) complex sta-
bilised the fluctuations seen in the apoprotein RMSD, indicating its
binding within the receptor-binding motif and the receptor-binding
domain of the alpha strain modelled spike significantly stabilises the
protein. The maximum RMSD of the apoprotein is around 1.6nm,
whereas, in the complex with Conivaptan, it is around 1nm. The other
two complexes with Ecamsule (MSE) and Trosec (MST) show different
behaviour.

The alpha strain modelled spike protein in the presence of Ecamsule
has a highly smooth trajectory without any significant fluctuations in
RMSD. The maximum RMSD in the presence of Ecamsule reaches above
1.5 nm. The system also gains stability within the first 10ns of the
simulation. The alpha strain modelled spike protein complex with Trosec
as the ligand is highly disrupted, as seen in the RMSD trajectory. There
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Figure 6. Visualisation of the docked spike (7DDN wild type Strain)-ligand complexes. 2D diagrams of Protein-Ligand Complexes generated by BIOVIA Discovery
Studio Visualiser. Different colours dashed lines show different interactions—Green Dash-H-Bond; Dark purple-pi stacking; Light purple-pi-alkyl stacking; Orange
Dash-pi-cation; Fluorescent Dash-halogen bond; Red Dash-unfavourable interactions. The interaction of the receptor with different drug molecules is shown as A.
Ecamsule B. Conivaptan C. Trosec D. Eluxadoline E. Naldemedine.F. Ponatinib.

Table 3. Binding interactions between the spike protein (PDB ID: 7DDN) and the ligands. The interactions are calculated using PLIP online server and Discovery Studio
Visualizer for the docked complex.

Ligand Binding Energy Hydrogen Bonds VDW Non-Covalent Interactions Hydrophobic interactions
(kcal/mol)
Ecamsule -8.2 Phe347 Ala348 Ala352 Tyr351, Ala352, Asn450, 1le468,
Thr470
Eluxadoline -8.0 Tyr451, Ser349, Phe347, Arg346, Asn450, Tyr351(n- nT shaped), Ala352, Asn450, 1le468, Leu492
Ala352(2), Trp353 1le468 Arg346, 1le468
Ergotamione -8.0 Ser349 Ala352, Leu492 Arg346 Arg346, Ala348, Ala352, Leu452,
Asn450(2) 1le468, Thr470, Leu492
Yaz -8.0 Tyr351 NA Ala348, Tyr351, Ala352, Ile468 Ala348,352,
Asn450, 1le468, Leu492
Trosec -7.2 Ser349 NA Ala348,352 Ala348,352,
Asn450, Tyr451, 1le468, Leu492
Naldemedine -7.1 Phe347, Asn450, Leud52,492 Ala348,352 Leu452,492
Ser349, Leu452,492, 1le468 11e468, Phe490
Asn450
Conivaptan 7.1 Asn450 Ala352, 1le468 Ala,348,352(2), Arg346, Ile468 Arg346, Ala348,352, Asn450, 1le468, Leu492
Orap -6.5 Asn354 Ala352 Ala348, Tyr351, Asn450,
Ile468(halogen bond) Leu452, lle468
Ponatinib -6.5 Ser349 Ala348,352 Ala348,352, (n-sigma) Ala348,352,
Tyr351(n-Tshaped) Tyr351,451
Asn450,
Thr470,
Leu492

are significant fluctuations seen in the overall trajectory. Significant in two ways. The ligand's binding could stabilise the protein's overall
fluctuations in the presence of Trosec is indicative of structural instability structure, and the system's overall stability would be very high, which
of the mutant spike protein. Any ligand can act on the target spike protein shows tight binding of the ligands within the receptor-binding domain.
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Table 4. Detailed analyses of parameters of Lipinski's filter for the drug-likeness. The elaborated comparative analysis of all the seven drugs concerning parameters of

Lipinski's filter.

Compound Molecular weight g/mole H-Bond donors H-bond acceptors MLogP Drug-likeliness

Ecamsule 562.69 2 8 3.05 Yes,1Violation

Naldemedine 570.64 4 9 1.49 Yes,1Violation

Ergotamine 581.66 3 6 1.84 Yes,1Violation

Ponatinib 532.56 1 8 3.90 Yes,1 Violation

Conivaptan 498.57 2 3 4.07 No Violation

Orap 461.55 1 5 5.38 Yes,1Violation (MLogP>4.15
Trosec 392.51 1 3] -0.14 No Violation

Table 5. Detailed list of parameters to predict the ADME properties. Comparative analysis of all the seven compounds concerning parameters of predicting the ADME
properties are done. TPSA represents the topological polar surface area, and LogS indicates the water solubility, PAINS is the acronym used for Pans assay interference

structures, and BS is the bioavailability score.

Compound TPSA (A?) LogS PAINS BS

Ecamsule 159.64 -4.98 No alerts 0.11
Naldemedine 141.18 -5.24 No alerts 0.56
Ergotamine 118.21 -5.3 No alerts 0.55
Ponatinib 65.77 -5.73 No alerts 0.55
Conivaptan 78.09 -6.67 No alerts 0.55
Orap 41.29 -6.63 No alerts 0.55
Trosec 46.53 -5.0 No alerts 0.55

Another way ligand binding could affect the spike protein is by causing
significant disruptions in the protein's structure, affecting various vital
contacts within the protein's RBD. This study shows Trosec showing the
latter mechanism as evident from the RMSD, RMSF and the Radius of
gyration trajectories (Figure 7A, B).
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The Radius of gyration trajectory of all three complexes agrees with
the RMSD trajectories. The apoprotein Radius of gyration shows high
fluctuation, indicating a lack in compactness of the protein. The
maximum Rg is 4.6 nm at the beginning of the simulation, finally
converging around 4.1nm. Even in the ligands' presence, the Rg of the
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Figure 7. Molecular Dynamic and Simulation graphs (A) RMSD (B) Radius of Gyration and (C) RMSF trajectories of Apoprotein (Black), Conivaptan complex (MSC) in
Red, Ecamsule complex in Blue (MSE) and Trosec complex (MST) in green. Here MS stands for the modelled spike of the alpha strain of SARS CoV2.
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complexes at the beginning of the simulation is around 4.6 nm although,
the final convergence is least for Ecamsule at 3.8 nm, followed by Con-
ivaptan at 4.0 nm and Trosec at 4.1 nm. The maximum Rg is 4.6 nm at the
beginning of the simulation, finally converging around 4.1nm. Even in
the ligands’ presence, the Rg of the complexes at the beginning of the
simulation is around 4.6 nm although, the final convergence is least for
Ecamsule at 3.8 nm, followed by Conivaptan at 4.0 nm and Trosec at 4.1
nm.

As anticipated, the root means square fluctuation of both the apo-
protein and the complexes aligns with the RMSD and the Rg trajectory
(Figure 7C). The maximum side-chain fluctuations are reported in the
complex, with Trosec with fluctuations reaching above 2nm. Both
Ecamsule and Conivaptan complexes have much lower average RMSF in
the total protein compared to the apoprotein. We further highlighted the
RMSF of the most critical residues for ligand interaction in the alpha
strain modelled spike protein's receptor-binding motif (Figure 8 A-D).
The effect of Trosec is visible as the presence of Trosec makes the protein
lose its overall structural integrity in the binding motif. This makes
Trosec an essential potential inhibitor. On the other hand, Conivaptan
and Ecamsule complexes show the reverse effect. In the presence of
Conivaptan, the amino acid residues in the receptor-binding domain
have lower side-chain flexibility indicating tight binding of the ligand
with the amino acid residues. Ecamsule also showed a similar trend in
RMSF as Conivaptan.

3.7.1. Hydrogen bond analyses

We performed hydrogen bond analyses calculating the average
number of intraprotein hydrogen bonds and the average number of
hydrogen bonds between protein-ligand for all the systems. The average
number of intraprotein hydrogen bonds in the apoprotein is 4.8/ns
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throughout the simulation. The Conivaptan complex had 4.9 intraprotein
hydrogen bonds/ns and approximately one hydrogen bond/ns between
protein and ligand. Arg343, Ser?46, Tyr348 446 Asn#5 447 1eu*4° Thr*®7,
Tyr*®, GIn**0, Ser*®!, Leu®®?,*®°, Glu*®! all played a role in hydrogen
bonds. The alpha strain modelled spike protein complex with Ecamsule
also had approximately 4.8 intraprotein hydrogen bonds/ns and no
hydrogen bonds formed between protein-ligand. Even in the presence of
Trosec, the average intraprotein hydrogen bonds are 4.9, and on average,
approximately one hydrogen bond is formed between Trosec and the
protein. Arg3?3, Ser34, Tyr348 446 A5 447 10,449 Ty 467, 487 1479,
Tyr486, G1n490, Ser491, Leu489, Glu*®! were the residues involved in
hydrogen bonds during the simulation. As seen here, there are not many
significant differences in the number of intraprotein hydrogen bonds
between the apoprotein and the protein-ligand complexes, indicating
that it has little role in the protein's overall stability. We would also like to
add that most hydrogen bond interactions occur in the loop regions
containing the residues 442-447 and 471-489 [59]. These interactions
between the protein and the ligand are deemed substantial. Loop regions
in any protein structure are highly variable. Conivaptan and Ecamsule
both reduce these fluctuations by forming a stable interaction with the
receptor protein. In contrast, Trosec destabilises the loop region and in-
creases the side-chain flexibility and thus affects the overall structural
integrity of the alpha strain modelled spike protein. The details of the
amino acid residues participating as hydrogen bond donors and acceptors
between the ligands and alpha strain modelled spike protein are given in
Supplementary Materials as Table S1.

3.7.2. MIM/PBSA free energy analyses
We performed MM/PBSA free energy analyses for two of our com-
plexes: Conivaptan and Trosec. We performed the energy analyses in the
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Figure 8. Bar graph representation of the RMSF of the apoprotein, Conivaptan (MSC) and Trosec complex (MST) in specific regions of the receptor-binding motif (A)

343-352 (B) 445-450 (C) 480-489 and (D) 490-502.
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Table 6. Details of MM/PBSA free energy analyses of the Conivaptan (MSC) and Trosec (MST) complex with the alpha strain modelled spike protein.

Protein Model VDW (kcal/mol) Electrostatic Interaction (kcal/mol) Polar Solvation (kcal/mol) SASA (kcal/mol) Binding energy (kcal/mol)
MSC -132.067 + 13.24 -21.81 +7.35 60.35 + 9.76 -13.97 + 1.44 -107.50 £+ 13.14
MST -110.92 + 11.22 -1.45 + 3.26 29.52 + 14.49 -11.17 + 1.55 -94.02 + 17.31

respective complexes once the systems were stabilised. Conivaptan free
energy analysis was performed between 30-50 ns, and Trosec free energy
analysis was performed between 50-60ns. In both cases, energy was
calculated at every 0.1ns time step. The overall binding energy of the
Conivpatan complex was -107.503 + 13.14, and for the Trosec complex
-94.029 + 17.31. In both the complexes, maximum contribution in the
overall free energy was due to Van der Waal's interactions, which in-
dicates that hydrophobic amino acids play an essential role in the
protein-ligand complex's overall stability and interaction. Electrostatic
interactions in the Conivaptan complex and SASA energy in the Trosec
complex contributed significantly to the overall binding energy. We have
represented the exact values of the overall binding energy in Table 6.
Also, overall positive values in polar solvation energies show that the
polar contribution to the solvation energy does not favour the ligand
interactions, and the non-polar contribution is higher.

4. Discussion

Drug discovery and development requires critical information about
potential drug targets in an organism [44]. Repurposing drugs has been a
valuable strategy for emerging diseases and situations like a pandemic
outbreak. Although extensive computational studies are available in the
repurposing of FDA approved drugs with various targets in the SARS
CoV-2 virus, we must keep this search on for alpha strain modelled spike
protein that is now well-established in various countries. It is from this
perspective that the current manuscript adds to the growing source of
literature. The primary purpose of this manuscript is to disseminate some
knowledge about necessary drugs which could be used subject to trial
results. Previous studies mainly report terpenes [44], phytomedicine
[60], extracts from spices [61], marine products [62], plants secondary
metabolites and various other forms of drugs as potential candidates as
SARS CoV-2 inhibitors [63].

The main strategies for drug development or designing against SARS
CoV-2 include targeting viral growth progress within the living cell. The
envelope of the SARS CoV-2 virus contains the spike protein, which in-
teracts primarily with the ACE2 receptor cells inside the host through the
RBD domain of the spike protein. Preventing the interaction of the spike
protein's RBD domain with the ACE2 receptor is a crucial strategy for
drug development in this case [44]. An essential objective of the present
study is to inhibit or decrease the interaction frequency between the
receptor (ACE2) and the spike protein. For this, the 1565 molecules from
ZINC Database (FDA approved) have docked with the modelled spike
protein (alpha Strain) and the spike protein (PDB ID: 7DDN) of the
dominant strain. The top molecules of the docking studies interacted
with most of the residues comprising either the RBM or RBD part of the
protein. By engaging these crucial residues, the interaction between the
ACE2 receptor and spike can be hampered [64]. ADME analysis of the
common ligands, which show a high binding affinity for both the spike
proteins, revealed that Conivaptan and Trosec are the most suitable drug
ligands, followed by Ecamsule, Naldemedine, Ergotamine and Ponatinib.
The binding affinity values indicate that Orap and Ponatinib have low
binding affinity for spike protein (PDB ID: 7DDN). Combining both the
analyses results with giving more weightage to ADME analysis and
without much compromising on the binding affinity values for both the
spike proteins, Conivaptan, Trosec and Ecamsule emerged as the most
suitable drug ligands followed by Ergotamine and Naldemedine.
Comparative studies like this are currently limited. Further, we selected
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those compounds which showed similar results with both the dominant
strain and alpha strain spike protein. This manuscript helped us identify
drugs that could be used in both cases.

Several other notable studies also report FDA approved drug
repurposing as SARS CoV-2 inhibitors. A study that carried out drug
repurposing specifically of three classes of drugs: antivirals, antima-
larial, and peptides report Velpatasvir and Glecaprevir as potential
drugs, which shows excellent promise [65]. Another study that carried
out in vitro studies with more than 1400 approved drugs reports that
drugs such as Clomiphene, Vortioxetine and Asenapine showed low
ICsp values [66]. There are also drug repurposing studies against the
SARS CoV-2 main protease [67, 68, 69], reporting a wide range of drugs
that could potentially inhibit the SARS CoV 2 main protease. The cur-
rent manuscript highlights that this is an effort to study both predom-
inant strain and the alpha strain modelled spike protein's activity
simultaneously in the presence of several drugs which looks like po-
tential inhibitors.

Further, our results show that different drugs have different mech-
anisms for interacting with the RBD domain of the alpha strain
modelled spike protein. Conivaptan and Ecamsule binding stabilises the
RBD domain, preventing it from interacting with the ACE2 receptor.
Trosec destabilises this region (RBD) domain which creates a loss in
overall protein structural integrity. This activity will also have a similar
impact if the RBD domain loses important contacts helpful in inter-
acting with the ACE2 receptor. The manuscript emphasises this hy-
pothesis. Significant interactions between various critical amino acids
of the RBD domain and the ligands also show their potential role in
engaging critical residues and preventing them from interacting with
the ACE2 receptor.

5. Concluding remarks

The present work's first objective focuses on the modelled spike
protein of the new alpha strain of SARSCoV2 reported first in the United
Kingdom. The alpha strain of the Covid-19 virus has 23 mutations. Out of
which, eight are in the spike protein. The spike protein helps in the
recognition of the host cell through ACE2 receptors. The host cell's
recognition by spike protein of virus is a prerequisite for its entry into the
host system. The new alpha strain of SARS CoV2 is found to be more
infectious than the present strain. Our study's computational analysis of
the interaction between the modelled spike (alpha strain) and ACE2 re-
ceptor confirms that the new alpha strain modelled spike has more af-
finity for the ACE2 receptor than the previous strain (spike
PDBID:7DDN), and therefore it is highly transmissible than the previous
strains. The primary threat that prevails in the current situation is the
high rate of the mutations continuously reported in the SARS CoV2 virus,
resulting in the variant structural (Spike protein) and functional proteins
(Protease). Although the extensive vaccination program has been started
in many countries, it will still take a long time to complete. Therefore, the
search for effective drugs against this constantly mutating virus will be
essential to control to avert any potential outbreak again. Repurposing
drugs will be a valuable strategy to combat such a high rate of trans-
mission and mortality associated with some strains of SARS CoV2 and
will be of high priority. Drug development against viral infections remain
one of the most elusive challenges of medical biotechnology, and we
must strive forward towards the ever-growing challenge with a sound
literature background.
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