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B/IMAHUE MYTALMOHHbIX BAPUAHTOB CIMANKOBOIO
rMUKOMNPOTEUHA U PHK-SABUCUMOMN PHK-NOJIMMEPA3bI
(nsp12) SARS-CoV-2 HA YHACTKHN CTbIKOBKU

C PEMAECUBUPOM
HaByn Anm A.

Mocyascuii ynueepcumem, e. Mocya, HUpak

Pesome. B cBsI31 ¢ OBICTPHIM pa3BUTHEM U BOTIONMEH HOBBIX BapruaHTOB SARS-CoV-2 BO3HUKIN TTpO-
0J1eMBbl, KacaroIIrecs UX ITOTCHIIMAIFHOTO BIMSHUS Ha 3 (OEKTUBHOCTD CYIIeCTBYIONINX BaKIIMH. [1pn aTOM
HamboJiee 3HAYMMBIe MyTalllM KacaloTcs TeHa CIIaifKoBOTO INIMKOIIPOTEeHA BUpyca. PemaecuBup, WHTOM-
pytomuit aktTuBHOCTh PHK -3aBucnmoit PHK-monumepa3ssrl (PoPir), aBisteTcss e TMHCTBEHHBIM IIPEIIapaToM,
npuHATEIM FDA mist teaennss COVID-19 (nsp12). McciienoBanoch cBsi3bIiBaHNE (CTHIKOBKA) THOKOTO JINTAH-
nma (peMaecuBUpa) ¢ SKECTKUMU pelienTopaMu (CaitkoBbIi 6esiok 1 PoP1r). B psiae paboT 66110 00HapY:KEHO,
YTO MYTallM{ CHAKOBOTI'O MIIMKOIIPOTeHA M PoPm oKa3bIBaloT CyIIECTBEHHOC BIUSHNE Ha MMOBEICHUE B~
pyca M, B KOHEUHOM CUEeTe, — Ha COCTOSTHIE 300POBhs UestoBeKa. [lokazaHO, 9YTO ITO3UIINS CTEHIKOBKY PEMIIC-
CHUBUpa CO CIaiikoBbIM 0esikoM U PnPm He onpenesnsieTcss MyTallMsIMU B HeJIOCTAalOLIMX TeTsx. PemaecuBup
MOZKET CBSI3BIBAaThCS TOJBKO ¢ B- m C-11ersiMu criaiikoBoro 6enka. HekoTopbele MyTalluy MOTYT MepeaaBaTh-
Ccs1 B OTJIEIbHBIX BapyaHTaxX 0e3 M3MeHEeHUS THUIa aMUHOKMCIIOT, Kak, Hanpumep, K417N, L452R, N501Y,
D614G, T7161 u S982A.

Knrouesvie cnosa: COVID-19, pemdecusup, PHK-3a6ucumas PHK-noaumepasa, chaiikoewiii 6eaox, mymauuu

INFLUENCE OF SARS-CoV-2 VARIANTS’ SPIKE
GLYCOPROTEIN AND RNA-DEPENDENT RNA POLYMERASE
(nsp12) MUTATIONS ON REMDESIVIR DOCKING RESIDUES

Ali Adel Dawood
University of Mosul, Mosul, Iraq

Abstract. Rapid emergence and evolution of novel SARS-CoV-2 variants has raised concerns about their
potential impact on efficiency of currently available vaccines. Among the most significant target mutations in
the virus are those of the spike glycoprotein. Remdesivir, which inhibits the polymerase activity of the RNA-
dependent RNA polymerase RdRp, is the only medicine approved by FDA for treatment of COVID-19 (nsp12).
The docking features of the flexible ligand (remdesivir) with the stiff receptors was investigated in the present
study (S protein and RdRp interaction). In various studies, the spike glycoprotein and RdRp mutations were
found to have a significant influence upon viral behaviour and, as a result, affect human health. The docking
position of remdesivir with the S and RdRp proteins was shown to be unaffected by mutations in the missing
loops. The remdesivir can only bind the B and C chains of S protein. Some mutations can be transferred
between variations, without changing the type of amino acid, such as K417N, L452R, N501Y, D614G, T7161,
and S982A.
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Introduction

Despite the fact that COVID-19 has been vacci-
nated against by over half of the world’s population,
the virus continues to kill thousands of people and
spread disease. Viral proteins have altered since the
discovery of the Indian Delta variants, resulting in an
increase in the number of cases. A novel coronavirus
strain that produces COVID-19 has been the subject
of press reports since December 2019. As a result of
this, new varieties have been discovered, and they
are being studied. Because it appears to be more
easily transmitted from person to person, the CDC
defines the delta coronavirus as a “variant” [24, 39].
As of July 2021, the SARS-CoV-2 Delta strain is the
most infectious. Mutations that make a virus more
dangerous, on the other hand, may hinder the virus
from propagating efficiently [35].

In England, the B.1.1.7 lineage, B.1.617.2 in India,
and B.1.351 in South Africa have all been identified as
SARS-CoV-2 strains. Using all available resources,
researchers are actively evaluating the efficacy of
various medicines and vaccines against new strains
with a range of escape mutations. It’s unknown how
these mutations influence SARS-CoV-2-host cell
interactions in a systematic fashion, or if they increase
morbidity [3, 26, 28]. As a result, creating broad-
spectrum antiviral medicines and vaccines to tackle
future SARS-CoV-2 strains will require a long-term
clinical treatment strategy [1, 25].

The most important coronavirus protein is the
spike protein. It’s a viral transmembrane glycoprotein
that helps the virus make contact with the host cell
and invade it. The first protrudes from the surface of
the viral particle and forms a corona-like halo. The
functional components of the S protein are: S1 binds
to cellular receptors on the surface of the host cell,
such as ACE2, and S2 promotes cell-virus membrane
fusion [32].

The viral RNA transcription and replication pro-
tein RNA-dependent RNA polymerase (nsp12) is res-
ponsible for the synthesis of viral RNA. The binding
of nsp7 and nsp8 cofactors appears to be essential for
SAR-CoV-2 RdRp RNA polymerase activity in order
to increase RdRp binding and processivity (804 amino
acids). RdRp’s active site palm subdomain comprises
polymerase motifs that are conserved, and its structure
is comparable to those of other RNA polymerases.
We chose these proteins in our study because of their
relevance to the virus or the host cell [2, 15].

Any antiviral drug must target the component of
the virus’s life cycle that allows it to reproduce. Fur-
thermore, a medicine must be capable of destroying
viruses while causing no damage to the human
cell that is infected. Viruses may also adapt to their
surroundings. Because they reproduce so fast, they
have a lot of opportunities to mutation (change their
genetic code) with each new generation [9, 14].

Remdesivir (RDV) is an adenosine triphosphate
analogue that was first discovered in 2017 to exhibit
antiviral activity against the coronaviridae family. As a
result, Remdesivir has sparked interest as a potential
COVID-19 therapy. It has antiviral activity against
numerous Ebola virus types in cell tests and monkey
models. In vitro investigations show that Remdesivir
reduces SARS-CoVby interfering with the polymerase
activity of RNA-dependent RNA polymerase. Until
October 2020, Remdesivir against COVID-19 was
the only drug approved by the FDA. COVID-19 may
be used to treat adults and adolescents aged 12 and
above who weigh at least 88 pounds and have been
hospitalised with COVID-19. Clinical trials suggest
that Remdesivir may help these individuals recover
more rapidly [12, 23, 36].

However, the molecular mechanism that allows
for the maintenance of virulence is still mostly under-
stood. We discuss how remdesivirbinds to the S protein
and RNA-dependent RNA polymerase (nspl2) in
distinct viral strains, as well as the present state of
knowledge. The goal of this research was to discover if
new SARS-CoV-2 virus strains were spreading across
countries. The discovery of SARS-CoV-2 variants
might lead to more effective medicines, vaccines, and
diagnostic tools. We investigated the development of
novel SARS-CoV-2 variants with associated spike
protein and RdRp mutations in a number of countries.
Individual proteins with mutations at strategically
important regions can alter the virus’s biology [4, 15,
30, 38].

Materials and methods

In global stoichiometry with resolution 2.8, spike
glycoprotein with ID (6VXX) was chosen from the
PDB because it commonly lacks loops during the
release process. The missing sequences were derived
from the crystallographic information file’s 6VXX wild
type (CIF). With the discovery of the nonstructural
protein (nsp12), also known as RdRp, as the primary
component of the formally released protein from
the RCBS PDB, this work was carried out (70YG).
The three-dimensional coordinate of the Remdesivir
molecule was retrieved from the PubChem database.
SARS-CoV-2 variants from different countries were
chosen based on mutations in the S protein, as shown
in Table 1.

Reconstruction missing loops of S protein

To determine the impact of missing loops in the
S protein’s interaction with the remdesivir, we used
two methods to generate missing loops: creating se-
quences with Builder PyMOL software and uti-
lizing a web application called ModLoop Quecue.
To determine the impact of missing loops in the
S protein’s interaction with the remdesivir, we used
two methods to generate missing loops: creating se-
quences with Builder PyYMOL software and utilizing
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TABLE 1. WILD TYPE (6VXX) RESIDUES (R) COMPARED WITH 4 STRAINS OF SARS-CoV-2 IN DIFFERENT MUTATIONS

Name Alt. Name Detected R1 R2 R3 R4 RS R6 R7 R8
6VXX Wild type QQZ48538 | Mar 2020 | K417 | L452 | E484 | N501 | D614 | P681 | T716 | S982
Delta Indian variant B.1.617.2 Dec 2020 R452 | Q484 G614 | R681
UK variant B.1.1.7 Feb 2020 Y501 | G614 | H681 | 1716 | A982
South African variant 501Y.v2 Oct 2020 | N417 K484 | Y501 | G614 | H681 | 1716 | A982
Brazilian variant B.1.1.28.1 Dec 2020 | N417 K484 | Y501

Note. Wild type residues = italic text. Mutation residues = bold italic text.

a web application called ModLoop Queue. Because
the S protein is made up of three identical chains, the
missing sequences were created in the same regions
where mutations occurred and are listed in Table 1 for
each variant. The starting missing loop (SER-469) is
built on the C-terminal of the (ILE-468). Continuing
residues were built on the following sequences: THR
(470)-GLU-ILE-TYR-GLN-ALA-GLY-SER-
THR-PRO-CYS-ASN-GLY-VAL-GLU-GLY-
PHE-ASN-CYS (488). The CYS488 was built on the
N-terminal of the TYR-489 residue. Another missing
loop was started with GLN-677 which is built on the
C-terminal of the residue (THR-676). The missing
loop is GLN (677)-THR-ASN-SER-PRO-SER-
GLY-ALA-GLY-SER-VAL-ALA. The last residue
(ALA-688) was built on the N-terminal of the (SER-
689) residue.

Molecular docking of remdesivir in the S and RdRp
proteins

The binding location and impact of the antiviral
medication (remdesivir triphosphate) with the SARS-
CoV-2 S protein and RdRp were investigated using
the AutoDock 4.2 molecular modelling simulation
and PyRx protein ligand docking programmes.
The interaction affinity as a scoring function
was explored by docking protein molecules with
remdesivir in a sequential manner. The docked
complexes were visualized using UCSF Chimera and
PyMOL. The interacting residues were investigated
using the BIOVIA discovery studio. The built-in
cavity identification method was used to identify
potential binding locations. Each docking procedure
was subjected to four runs. In addition, with a
100 Kcal/mol energy barrier, the maximum iterations
were 1000. To identify the best conformations for
each docking procedure, the lowest docked binding
energy was employed [6, 8]. The missing hydrogen
atoms were then added utilizing the BIOVIA disco-
very studio built-in technique, with specific attention
paid to histidine (HIS) residues to add their H atoms
depending on their microenvironment.

For the molecular simulation results, the five
docking models with the highest binding energy and
the most appropriate binding sites for a systematic

analysis of drug-S protein interactions were chosen.
Based on protein structure, distribution characte-
ristics, and polarity qualities of amino acid residues
around the remdesivir molecule’s binding sites, the
molecular interaction technique and bioisosterism
strategy were utilised to optimise three docking
molecules. The new compounds created following
optimization were simulated and evaluated using
the same method, resulting in molecules with higher
binding energies and tighter interactions. To test the
accuracy of the remdesivir results, a short molecular
dynamics (MD) simulation was run for each of the
expected receptor-ligand complexes. The Molegro
Virtual Docker was used to validate protein-ligand
interactions and construct the molecular dock score
and posture energy grid.

Results

Construction of missing loops

There is a clear contrast between the residues
created using Builder PyMOL and ModLoop in the
current investigation. As shown in Figure 1, the result
clearly reveals that the ModLoop is more exact in
distinguishing residue locations.

We found that remdesivir interacts with chain B of
the S protein (6 VXX) but not with chain A on multiple
occasions, as shown in Figure 2. Following the loa-
ding of missing loops, we displayed changes to the
Indian delta version of chain A. The most prevalent
variant mutations in the S protein sequence in India
are L452R, E484Q, D614G, and P681R. Other mu-
tations are far away, whereas E484Q and P681R are
located in the missing loops. Remdesivir (RDV)
had no interaction with chain A, suggesting that the
changes were unconnected. The magenta missing
loops were created with the PyMOL builder, while
the blue missing loops were created with ModLoop.
D614G is closer to RDV’s location than RDV is to
D614G.

Molecular docking of the RDV with the B and C
chains of S protein with missing loops

According to the current study, RDV has the
strongest contact with the B and C chains of S protein.
We performed RDV on the chain B of the UK variant
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Figure 1. Crystal structure of S protein (6VXX)

Note. Left, cartoon structure shows three colored chains of wild 6VXX. Right, cartoon structure shows the missing loops: White loops constructed

by Builder PyMOL. Colored loops constructed by ModLoop program.

Chain-A p ,4""\\( .
piL P\ N

v

PRO-681

PRO-681

GLU-484

GLN-484

Figure 2. Chain A of S protein and its mutations show interaction with RDV

A, chain A surface view shows missing loops (colored). B, chain A cartoon view. C, Wild P681 (PRO-681) residue (magenta and blue) is in the
missing loops and D614 (ASP-614) residue is in the main chain. D, mutated R681 (ARG-681) residue is in the missing loops and mutated G614
(GLY-614) residue is in the main chain. E, wild E484 (GLU-484) residue is in the missing loops and L452 (LEU-452) residue is in the main chain.
F, mutated Q484 (GLN-484) residue is in the missing loops and R452 (ARG-452) residue is in the main chain. G, no docking was found between

RDV and any residue in chain A.

S protein with the mutations after synthesizing the
missing loops (N501Y, D614G, P681H, T7161, and
S982A). Only the P681H mutation is present in the
missing loops. Figures 3, 4 show that S982A is closer
to the RDV docking point as a result of this outcome.
The RDV docking pose with the S protein chains B
and C revealed conventional hydrogen bonds in the
residues (B: ARG-1014, C: ARG-765, GLY769, and
LEU-1012), as well as a new hydrogen bond in the

C: GLN-762 residue, an unfavorable positive bond
(red), a pi-sigma bond in the B: ALA-958 residue, and
a pi-alkyl bond in the B: ALA-958 residue. Binding
affinity and root-mean-square distance (RMSD)
were calculated to choose the best pose with upper
and lower RMSD. The best selected docking model is
the first one when the RMSD/up, Ib is equal to zero
and the binding affinity is (-5.9). The first and third
models have the highest MoleDock scores (-116.29
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Chain-B

Figure 3. Molecular docking of RDV with chain B of the wild and mutation residues

Note. A, RDV interacts with the chain B surface view and shows missing loops (colored). B, chain B ribbon view with RDV docking (green color).
C, N501 (ASN-501) wild residue is in the main chain and the missing loops (magenta and blue). D, mutated Y501 (TYR-501) residue is in the main
chain with the missing loops. E, wild P681 (PRO-681) residue (magenta and blue) is in the missing loops and D614 (ASP-614) residue is in the
main chain. F, mutated H681 (HIS-681) residue is in the missing loops and mutated G614 (GLY-614) residue is in the main chain. G, wild T716
(THR-716) residue. H, mutated 1716 (ILE-716) residue. |, wild S982 (SER-982) residue is closer to the RDV docking. J, mutated A982 (ALA-982)

residue. K, interaction between RDV and S protein (chain B).

GLN
o €762

C 169
ARG
C 165

ILE y
ciro 4 /

W

S
ARG
Blo1s
H ALA
B 958
LEU
cio12
Interactions
[/ Conventional hydrogen bond I Pi-sigma
|1 Carbon hydrogen bond [ 1 Pi-alkyl

I Unfavorable positive-positive

Figure 4. Molecular docking of remdesivir (RDV) with the S protein

Note. A, 2D pose docking shows conventional hydrogen bonds ARG-1014 residue is in the chain B and (ARG-765, GLY769, and LEU-1012)
residues are in the chain C (green), new hydrogen bond of GLN-762 residue is in chain C (grey), unfavorable positive bond (red), Pi-sigma bond
is in the ALA-958 residue of the chain B (purple), and Pi-alkyl bond is in the ILE-770 residue in the chain C (magenta). B, RDV-6VXX interactions

in the 3D structure.

and -120.287 respectively). The best protein-ligand
gird score is showed with the first model (-74.4338)
and the highest Rerank score (-113.599) of the fourth
model. This interaction formed 4 conventional
H-bondswith B: ARG-1014, C: ARG-765, GLY-769,
and LEU-1014. A novel hydrogen bond was formed
with C: GLN-762. Molegro Virtual Docker was used
to predict ligand scores such as Grid, MolDock, and
Rerank, Table 2. The best energy pose is under -40,
Figure 5.

Following the construction of the missing loops,
we performed RDV on chain C of the S protein of
the South African variety with mutations (K417N,
E484K, N501Y, D614G, P681H, T7161, and S982A).
The missing loops contain mutations E484K and
P681H. All mutations are far from the fusion. The
RDV docking position is shared by Chains B and C,
as shown in Figure 6.

After modeling the missing loops, we performed
RDV on the chain B of the S protein of the Brazi-
lian version with mutations (K417N, E484K, and
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TABLE 2. BINDING AFFINITY, UPPER BOUND RMSD/ub AND LOWER BOUND RMSD/Ib DEGREE OF THE TOP

OF INTERACTION MODELS BETWEEN RVD AND S PROTEIN EXTRACTED BY PyRx

6VXX-RDV Binding | pyspub | Rmspip | SRIP | MolDock | Rerank
Affinity Score Score Score
6VXX_121304011_uff_E =1044.71 -5.9 0 0 -74.4338 | -116.29 -96.6824
6VXX_121304012_uff_E = 1044.71 -4.5 13.996 9.456 -73.9069 | -108.534 -98.4069
6VXX_121304013_uff_E = 1044.71 -4.5 17.778 12.044 -65.0775 -91.9958 -80.1375
6VXX_121304014_uff_E = 1044.71 -4.4 13.858 10.585 -64.7753 | -120.287 -113.599
6VXX_121304015_uff_E = 1044.71 4.4 17.451 11.529 -60.6775 | -104.732 -85.1287
Note. Grid, MolDock, and Rerank were estimated by Molegro Virtual Docker.
60
40
20
0
-20
-40
-60
-100 0 100 200 300 400 500 600 700 800 o0 1000 1100 1200 1300 1400 1500 1600

[Blue] Energy of best pose.

Figure 5. Schematic graph shows the energy poses the blue line of 6VXX-RDV interaction extracted from Molegro Virtual

Docker

Note. The best docking score is in the green circle.

Chain-C

Figure 6. RDV-Chain C docks in the wild and mutation residues
Note. A, RDV interacts with the chain C surface view and shows missing loops (colored). B, chain C ribbon view with RDV docking (green color).
C, N501 (ASN-501), S981 (SER-981), and K417 (LYS-417) wild residues are in the main chain and E484 (GLU-484) residue is in the missing
loops (magenta and blue). D, mutated Y501 (TYR-501), A981 (ALA-981), and N417 (ASN-417) residues are in the main chain and K484 (LYS-484)
residue is in the missing loops. E, wild P681 (PRO-681) residue (magenta and blue) is in the missing loops and D614 (ASP-614) residue is

in the main chain. F, mutated H681 (HIS-681) residue is in the missing loops and mutated G614 (GLY-614) residue is in the main chain. G, wild
T716 (THR-716) residue. H, mutated 1716 (ILE-716) residue. |, RDV interacts with the C chain residues (ILE-770, GLY-769, ARG-765, GLN-762,
ARG-1014, and ALA-958). J, RDV-6VXX chain C interaction cartoon view.
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Figure 7. RDV-Chain B interactions of wild and mutation residues

Note. A, RDV interacts with the chain B surface view and shows missing loops (colored). B, chain B ribbon view with RDV docking (green color).
C, N501 (ASN-501) and K417 (LYS-417) wild residues are in the main chain and wild E484 (GLU-484) is in the missing loops (magenta and blue).
D, mutated Y501 (TYR-501) and N417 (ASN-417) residues are in the main chain and mutated K484 (LYS-484) residue is in the missing loops.

Figure 8. Molecular docking pose of RDV-RdRp

Gy
AA
it A688
!

VAL
ASST

SER
AGE2

ARG
ASER
H
ALA
Interactions LG
Conventional hydrogen bond —
| Carbon hydrogen bond AS76
B Unfavorable positive-positive T,
Alkyl o T
| Pi-alkyl

Note. A, the cystal structure of the pose interaction shows the colored bonds. B, 2D structure of molecular atoms interaction shows 3 conventional-
hydrogen green bonds (A: ARG-569, SER-682, and ALA-685). A novel carbon hydrogen grey bond (A: GLY-683). 3 alky pale magenta bonds
(A: LEU-576, LYS-577, and ALA-580). Pi-alkyl dark magenta bond (A: ALA-688).

N501Y). In the missing loops, the E484K mutation
is discovered. Figure 7 shows how all mutations are
situated far away from the docking stance.

Molecular docking of the RDV with RdRp (nsp12)

RDV has an excellent fusion with RdRp, it has
been discovered. Rerecording of the most applicable
bonds: Figure 8 shows three conventional hydrogen
bonds (ARG-569, SER-682, and ALA-685), a new
carbon-hydrogen bond (A: GLY-683), three alkyl
bonds (A: LEU-576, LYS-577, and ALA-580), a
Pi-alkyl bond (A: ALA-688) and an unfavourable
positive-positive interaction with the residue (A:

ARG-569). The top five docking models were chosen
based on their greatest binding affinity and lowest
RMSD/ub, Ib characteristics. The first model has
the highest binding affinity when the RMSD equal to
zero. Not only that but the MolDock score for the first
model is considered the highest (-100.334) with the
GRID score (-51.3551) but the Rerank score is less
than other models (-19.4025). The lowest MolDock
score related to the fourth model with the GRID and
Rerank score -27.9188, -29.6737 respectively, Table 3.
The best energy pose is under -40, Figure 9. Only one
mutation has been determined in the RdRp (P323L).
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Figure 9. Schematic graph shows the energy poses the blue line of RdRp-RDV interaction extracted from Molegro Virtual

Docker

Note. The best docking score is in the orange circle.

- ¥
LEU-323 1%
] l &=

Figure 10. RDV-RARP docks of wild and mutation residues

Note. A, RDV interacts with the nsp12 cartoon view. B, wild P323 (PRO-323) residue in the nsp12 is closer to the RDV docking site (blue).
C, mutated L323 (LEU-323) residue. D, wild P323 (PRO-323) residue shows the surface view. E, mutated L323 (LEU-323) residue shows

the insider pocket in the surface view.

TABLE 3. BINDING AFFINITY, UPPER BOUND RMSD/ub AND LOWER BOUND RMSD DEGREE OF THE TOP
OF INTERACTION MODELS BETWEEN RVD AND RdRp EXTRACTED BY PyRx

RdRp-RDV ii;s\ii":? RMSD/ub | RMSD/Ib ggg WolDock | Rerank
nsp12_121304011_E = 1044.71 7.4 0 0 -51.3551 | -100.334 | -19.4025
nsp12_121304012_E = 1044.71 73 316 28094 | -36.4412 | -945204 | -11.1266
nsp12_121304016_E = 1044.71 7.1 53.41 50312 | -33.0435 | -63576 | -42.8843
nsp12_121304014_E = 1044.71 7 31565 | 28.01 27.9188 | -37.6395 | -20.6737
nsp12_121304015_E = 1044.71 6.9 4623 2491 | -243764 | -73.0735 | -31.9112

Note. Grid, MolDock, and Rerank were estimated by Molegro Virtual Docker.
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With the RDV, the distance between the mutation site
and the docking posture is randomly assessed at 28.5
and 32.1. In the current investigation, there was no
difference in the distance between natural and mutant
RdRp and RDV residues. There are no evident
structural variations in RdRp structure between the
wild and mutant forms, as shown in Figure 10.

Discussion

The worldwide economy and health system have
been hit by the COVID-19 outbreak like never before.
SARS-CoV-2 has a high level of transmissibility and
tissue tropism in a wide range of tissues [29, 32].

This study focused on interventional treatments
that target the SARS-CoV-2 viral entry machinery,
such as spike protein or RARp. Several remedies have
recently been proposed and are receiving considerable
investigation, including small-molecule medicines,
antibodies, and antiviral peptides. At the molecular
level, SARS-CoV-2 interactions with any medicine
are investigated, and this information is critical for
prevention and treatment. A variety of trajectories
from long molecular dynamics (MD) simulations of
the SARS-CoV-2 S protein are now available in the
public domain [5, 7, 13, 20, 21].

The most prevalent share mutations in all of the
selected nations are E484Q (K), D614G, and P681R
(H), according to an analysis of the mutations in the
various variants of the virus under study. When it comes
to constructing missing loops, the ModLoop Queue
software outperforms Builder PyMol. According to
our findings, the fusion position of the remdesivir is
restricted to the B and C chains within the following
residues: B-(A958 and R1014), C-(Q762,R765,G769,
1770, and L1012) respectively. Despite the presence of
weak carbon-hydrogen bonds and unfavorable bonds
as a result of the docking (6VXX-RDV), the binding
affinity and electrostatic energy were high.

In the missing loops, the delta Indian version
contains two out of four mutations: E484Q and P681R
(50 percent), but the UK variation only has one out
of five mutations: P681H. (20%). In the missing
loops, the South African version has two out of seven
mutations: E484K and P681H (28.5%), whereas the
Brazilian variant has one out of three mutations:
E484K. (33.3%). Extrapolating the data, it becomes
evident that the missing loops include roughly half of
the mutations discovered in the variants. Our study
found that mutations in the missing loops did not
influence on the docking location of the remdesivir
with S protein. The most common mutation with the
COVID-19 variants is D614G. D614G is thought to
provide for a more open S protein structure, which
is better for ACE2 interaction [19, 33]. The findings
demonstrate that some mutations, including K417N,
L452R, N501Y, D614G, T7161, and S982A, can be
passed down between variants without altering the

type of amino acid. In the delta Indian variations,
glutamate (E) is changed to glutamine (Q), whereas
in South African and Brazilian variants, glutamate
(E) is changed to lysine (K). In delta Indian variant,
the proline is changed to arginine, while in the UK
and South African variants, the proline is changed to
histidine.

RdRp is a key target for antiviral medication
development against a variety of viruses. Three RdRp
inhibitors have been proposed as possible targets for
SARS-CoV-2 infection: favipiravir, galidesivir, and
remdesivir [19, 22, 27, 33, 36, 37]. Understanding
the molecular mechanism of remdesivir’s interaction
with RdRp, as well as other potential targets, is critical
for COVID-19 treatment development [27, 36, 37].

Although it’s been speculated that the RdRp
P323L mutation affects viral proofreading, resulting
in a greater prevalence of downstream mutations, it’s
attracted less attention. Accordingto a recent study, the
RdRp mutation began to become more widespread in
European viral genomes on February 20, 2020, and is
associated with a greater frequency of point mutations
than in Asian viral genomes. In a hydrophobic cleft
near the changed P323L residue, which corresponds
to mutation 14408 in the current study, a possible
docking site was revealed. Drug resistance can be
caused by naturally occurring mutations in RdRp,
as has been previously documented [17, 22, 31,
34]. Although additional research is required to
determine the underlying molecular significance of
the mutations, we believe that the P323L mutation
reduces the clinical manifestation of SARS-CoV-2.

It also has a high binding affinity for RdRp, which
was confirmed in the current study. According to
new study, RDV can bind RdRp. In the (apo) form
or in combination with the RNA template primer,
SARS-CoV-2 RdRp can bind to RDV. RDV binds to
Mpro efficiently, according to current in silico studies,
corroborating our idea. RDV was also shown to be
more efficient than lopinavir/ritonavir in vitro and in
MERS-CoV-infected mice. Remdesivir was revealed
to have a considerable affinity for the SARS-CoV-2
virus’s main protease [10, 11]. When the RMSD/ub,
Ib was equal to zero in the first model, the binding
affinity of the RDV with the RdRp was very high in
the current investigation. This docking gave the higher
MolDock and GRID scores compared to the rest of
the models. Furthermore, we noticed that the P323L
mutation did not effect on the remdesivir docking site.
The RdRp wild and mutant types had similar distances
between the docking location and the P323L residue.

The improved molecules, according to molecular
simulations, have a higher binding energy and
may interact with a greater number of amino acid
residues in a variety of ways, resulting in unfavourable
interactions [16, 18]. In both molecular dynamics
datasets, the primary interactions are different,
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with protomers working to follow the oligomer’s
symmetry. Because remdesivir docks with the B and
C chains of S protein, we expect the mutations to
disrupt the connections that link the AC, CB, and
BA chains. Overall, our findings reveal that mutations
in the S protein promote enhanced infectivity in
cellular systems and, using molecular modelling,
provide a structural foundation for this effect. RARp
demonstrated a greater affinity for Remdesivir than
S protein, and the two formed an unstable complex.

Conclusions

The most prevalent share mutations in all of the
selected variants are E484Q (K), D614G, and P681R
(H). Spike glycoprotein and RDdRp mutations were
shown to have a substantial impact on viral behavior
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