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Natural products have been the origin of numerous biologically active compounds in different fields,
especially in the field of medicine. The synthesis of compounds produced from natural products is one
approach for the wider use of natural substances in the development of new drugs. The present study
accounts for the antiviral activity of most active and drug-like molecules from 14 herbal plants like ativisha,
amla, aparajita, ashwagandha, kale, feverfew, giloy, adrak, kalamegha, neem, pippali, ghamra, tulsi, and
turmeric. The inhibitory potential of these compounds was studied against the BF.7 variant of Omicron. The
interactions of the compounds with the protein macromolecule were studied and accounted for by the
hydrogen bond and hydrophobic interactions. Rigid and sequential molecular docking was performed to
check the binding site on the protein and to understand the receptor-inhibitor binding mechanism. Nelfinavir,
withaferin A, and hesperidin were the ligands that showed the highest binding affinities in the docking
simulations (more than -10 kcal/mol). The binding mechanism of all the possible combinations of the top-
ranked ligands (nelfinavir, withaferin A, and hesperidin) was analyzed using sequential docking, and the
combination of withaferin A and hesperidin (W+H) was identified as the best combination with inhibition
activities.
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1. Introduction

SARS-CoV-2 is a very well-known and ongoing infection disaster in human populations globally. It
has shown devastating effects on people worldwide and for the last three years, humankind had
to suffer a consistent fear of death. The constantly mutating variants of the virus are increasing
the problems of medicinal scientists and researchers. Omicron VOC (BF.7) is a variant of SARS-
CoV-2 that is currently spreading globally as a dominant strain. BF.7 is more infectious than the
existing Omicron variant (Malik, 2022). After that, various variants emerged like beta, gamma,
delta, mu, and many more (Belouzard et al., 2012). These mutated variants and their genome
lead to the modulation of the virus. The results of the mutations of these variants are in our
sights. Various vaccines were also introduced and a large part of the global population was given
vaccines. But the virus is still developing its variants. By the end of 2022, Omicron-infected cases
arrived in South Africa and the World Health Organization (WHO) declared Omicron BF.7 as a
new variant of COVID-19 having the highest transmissibility (Gorbalenya et al., 2022). This variant
has shown numerous spike mutations compared to the previously known variants (Guan et al,,
2020). Thus, this variant was named the Variant of Concern (VOC) by WHO (Wang et al., 2020).
In less than two months, this variant has infected at least 108 countries and more than 1.5 million
cases have been reported worldwide (Rothe et al., 2020). Structural changes in the spike
glycoprotein are observed in the Omicron as a result of a large number of mutations in the
angiotensin-converting enzyme 2 (ACE2) binding sites (Van Doremalen et al., 2020). Major known
mutations of Omicron are SARS-CoV-2501.V2 (B.1.351 lineage), variant B.1.1.529, and VOC
202012/01 (B.1.1.7 lineage) (Li et al., 2020). These variants hold on to mutations of the spike
protein receptor-binding domain (RBD) that result in the binding of virus
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proteins to human ACE2 (Chang et al., 2016). The study so far claimed
the higher binding of Omicron spike-glycoproteins with the ACE2
results in a rise in infection and transmission (Mclntyre et al., 2021).
However, the high fatality rate of this variant is not recorded so far,
but the sustained mutation of this variant may lead to tragic
conditions.

The Omicron variant is the most swiftly mutating variant of COVID-19
among the other variants and is widespread. To date, no such drug or
vaccine has been found that can inhibit the transmission of the
mutation of the virus (Celik et al., 2021). In such circumstances,
computer-aided drug discovery (CADD) is a suitable and reliable way
of pre-estimating the desired results without performing the
experiments. In silico studies have been followed by many
researchers to predict the inhibiting characteristics of the potential
drugs. It provides new ways by providing a standard system for
discovering novel drugs and helps in developing potential
therapeutics for clinical investigations for COVID-19 (Rabie & Eltayb,
2023). CADD is a reliable, cost-effective, time-saving, fast, and
automated technique for drug discovery (Mohamed et al., 2023). It is
not only used for studying the inhibitor-receptor interaction patterns
in different protein-ligand complexes but also reduces the synthesis
and clinical testing costs and efforts. Several studies were reported in
2023 where authors have accounted for the potential inhibiting
characteristics of natural products against COVID-19. A recent study
reported by Ouni and Ramazani (2023) explained the inhibiting
characteristics and interaction statistics of organic derivatives like
tucatinib, selinexor, irinotecan, olaparib, dacomitinib, lapatinib,
ibrutinib, and pazopanib which were ranked highest as COVID-19
inhibitors with the respective binding energy of -10.1, -9.4, -9.2, -8.9,
-8.7, -8.7, -8.6, and -8.5 kcal/mol, respectively. The study concluded
that tucatinib displayed the highest binding affinity and formed
strong interactions with the active site of COVID-19 3Clpro (Ouni &
Ramazani, 2023). An a-aminophosphonate derivative was
computationally proved as a potential inhibitor against the Mpro
protease of COVID-19 (Chafai et al., 2023). Naringenin-4'-O-
glucuronide was proven as a potential drug candidate against the

Omicron variant of COVID-19 by Cobre et al. (2023). The MD
simulation calculations reported by Cobre et al. (2023) reported
mean RMSD < 0.3nm, RMSF < 1.3, MM/PBSA and MM/GBSA binding
free energy values of -3.74kcal/mol and -15.65kcal/mol,
respectively. The binding and inhibitory affinity of some FDA-
approved drug molecules such as quinestrol, adapalene,
tamibarotene, dihydrotachysterol, and carprofen was analyzed by
Fidan et al. (2023) and his team toward the mutant S protein of
Omicron variant. In that study, both the ligand and the
macromolecule showed RMSD between 10-20 A which signifies the
effective binding of the ligand in the protein binding site during the
simulation and the potential inhibition (Fidan et al., 2023). Similar
kinds of studies were reported in the literature.

The influence of mutation is observed as a severe catastrophe for
humankind and suitable drug development with small or no side
effects is highly needed to treat the infection caused by the mutant.
The present study aims to find such herbal agents that will counter
the Omicron variant. In the pre-COVID-19 time or during the
pandemic many studies were reported to account for the inhibition
activities of antiviral phytochemicals from medicinal plants. In the
present study, fourteen such plant-based molecules are taken into
account that introduce some natural antiviral inhibitors against
different COVID-19 variants. The activities of considered plants like
ativisha, amla, aparajita, ashwagandha, kale, feverfew, giloy, adrak,
kalamegha, neem, pippali, ghamra, tulsi, and turmeric had already
been studied against COVID-19 (Lakhera et al., 2022b). The
phytochemicals isoatisine (Mondal et al., 2022), nelfinavir (Nugraha
et al, 2021), ternatine (Verma & Kumar, 2011), withaferin A
(Chowdhury & Pathak, 2020), choline (Lakhera et al.,, 2022a),
parthenolide (Chowdhury, 2021), berberine (Agrawal et al., 2021),
hesperidin (Veerasamy & Karunakaran, 2022), andrographolide
(Gogoi et al., 2021), numbolinin (Lakhera et al., 2021), l-asarinin
(Shawan et al.,, 2021), luteolin (Muthumanickam et al., 2021),
cadinene (Rajagopal et al., 2020), and curcumin (Das et al., 2021) are
the respective antiviral phytochemicals from these plants.

kN
Figure 1. Crystal structure of target protein of Omicron BF.7 SARS-CoV-2 (PDB ID: 7TGW) downloaded from protein data bank

(a) vertical view, (b) bottom view

A systematic in silico molecular docking was performed for the
fourteen phytochemicals derived from the medicinal plants. The
phytochemicals with the highest docking score and best binding
mechanism were selected and sequential docking was performed for
different combinations of the best drugs to identify the best
combination that has the best binding affinity and inhibition potential
against the Omicron variant of COVID-19.

2. Materials and methods

2.1. Potential target protein receptor preparation for Omicron BF.7
SARS-CoV-2

The crystal structure of target protein Omicron BF.7 SARS-CoV-2 (PDB
ID: 7TGW) was downloaded from the Protein data bank
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(https://www.rcsb.org/) (Mouffouk et al., 2021). The process of
protein preparation is done with the help of the software Biovia
Discovery Studio Visualizer (https://discover.3ds.com/discovery-
studio-visualizer-download) and the prepared protein was used for
molecular docking. To prepare the target macromolecule for
molecular docking, the water molecules were removed from the
structure followed by the removal of the existing heteroatoms.
Kollman charges and polar hydrogens were added to the

macromolecule following the protein preparation algorithm (Kandeel
& Al-Nazawi, 2020; Zmudzinski et al., 2020). The addition of charges
and polar hydrogen enhances the interactions of the binding cavities
of the protein with the ligand (Cavasotto & Di Filippo, 2021). After the
protein preparation, the prepared macromolecule was saved in the
.pdbgt extension using Autodock Vina (Figure 1).

Table 1. Morphology of plant sources and optimized ligand structures of the potential inhibitors

Plant name (morphology)

Antiviral phytochemical name

Ligand structure

Aconitum heterophyllum (Ativisha) Isoatisine (1)
— | [ =
Nelfinavir (N)
Aparajita Ternatine (T)

Withaferin A (W)

Brassica oleracea (Kale) Choline (C)

Parthenolide (P)
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Tinospora cordipholia (Giloy)

Azadirachta indica (Neem)

Piper longun (Pippalli)

Berberine (B)

Herperidine (H)

Andrographolide (A)

Nimbolinin (Ni)

I-Asarinin (As)

Luteolin (L)

Cadinene (Cd)
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Curcuma longa (Turmeric) Curcumin (Cu)
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2.2. Potential inhibitor preparation

The best drug-like compounds from the medicinal plants ativisha,
amla, aparajita, ashwagandha, kale, feverfew, giloy, adrak,
kalamegha, neem, pippalli, ghamra, tulsi, and turmeric were
identified from the reference research articles (Agrawal et al., 2021;
Chowdhury, 2021; Chowdhury & Pathak, 2020; Das et al., 2021; Gogoi
et al.,, 2021; Lakhera et al., 2022a; Lakhera et al., 2021; Mondal et al,,
2022; Muthumanickam et al., 2021; Nugraha et al., 2021; Rajagopal
et al., 2020; Shawan et al., 2021; Veerasamy & Karunakaran, 2022;
Verma & Kumar, 2011) mentioned in the Introduction section. The
PDB structures of the molecules listed in Table 1 were downloaded
from the online database PubChem. Since the downloaded structures
cannot directly be used for molecular docking in their existing form,
the ligand structures were first optimized using the "Gaussian 09"
packages to maintain the stability of the probe molecules. The
optimized geometries of the molecules are listed in Table 1. Further,
the structures were converted into the .pdbgt extension by Autodock
Vina.

2.3. Molecular docking and interactions

Molecular docking is a widely used method that helps us understand
the binding mode and interactions of the small inhibitory molecules
in the binding sites of the macromolecules (Barretto et al., 2005).
Molecular docking anticipates the three-dimensional structures to
visualize the binding pose of the inhibitor with the receptor binding
site and generates an incentive structure corresponding to each
output binding pose. In the present study, Autodock Vina is used for
performing molecular docking. The prepared receptor and inhibitors
were converted into .pdbgt extension for performing docking. The
grid box was set to cover the maximum of the reactive part of the
macromolecule with a size (x,y,z) of = (40,40,40). The grid for 7TGW
was centered at x=171.305, y=171.443, and z=173.866. The energy
range and exhaustiveness were set to default values of 4 and 8,
respectively. After the successful execution of docking, obtained
poses of complexes were subjected to further analysis for the best
binding pose. Among the obtained nine docked poses, the best one
was selected based on interaction parameters such as high binding
affinity, high dipole moment, and a high number of hydrogen bonds
and hydrophobic contacts. Binding affinity is a quantitative as well as
qualitative parameter that shows the extent of interaction of the
binding of ligands at the target binding site. The higher negative value
of binding affinity shows the higher strength of the binding. The
dipole moment is the parameter that shows the polarity of the
molecule. An elevated value of dipole moment reveals the
enhancement in the hydrogen bond formation, nonbonded
interaction, binding affinity, and polar nature of ligands. It also
accounts for the stability of the binding site. Dreiding energy is a kind
of force field energy that helps in the interpretation of the
geometrical as well as van der Waals energy in terms of stability. The
lower value of dreiding energy supports higher stability of the
molecules (i.e. protein-ligand complex in our case). Hydrogen and
hydrophobic bonds are important to keep protein stable and
biologically active. It is necessary to keep the protein’s surface
engaged with hydrophobic bonds to reduce undesirable interactions

with water. Except for these, the driving energy for the pose should
be low. The inhibitory potential of ligands was examined by
computing the inhibition constant (ki) for the binding poses by the
given expression (Lee et al., 2023):

AG
ki = eRT

where G is the binding affinity, R is the universal gas constant and T is
the room temperature (298.5 K).

After the evaluation of the best binding poses of the fourteen ligands,
the best three poses with the highest binding affinity among all the
14 ligands were selected for the sequential docking. Different
combinations of these three ligands were considered for monitoring
the molecular interactions of the top-ranked ligands in combinations.
Ultimately, the best combination of the drug-like compounds was
identified by the same screening procedure as followed in the rigid
docking.

3. Results and discussion
3.1. Rigid docking

The rigid docking was carried out for all the ligands and the output
for the docking for all the 14 phytochemicals had been listed in SD1
to SD14. Among the output nine binding poses for each ligand, the
best binding pose was selected following the highest binding affinity,
hydrogen and hydrophobic bonds, dipole moment, and minimum
dreiding energy. Table 2 lists the selected best pose for each ligand.
High negative binding scores are considered good i.e., the more
negative the binding affinity is, the more is the ligand docked and the
more stable the complex is formed. Among the 14 ligands N, W, and
H had the highest binding affinity of -10.2, -10.0, and -10.2 kcal/mol.
These ligands have the highest binding affinity among all the
considered phytochemicals. Among N, W, and H, W have only two
hydrogen bond interactions but N and H have high hydrogen and
hydrophobic interactions. The ligand N formed 8 hydrogen bond
interactions and 5 hydrophobic contacts, and H showed 11 hydrogen
bonds and 4 hydrophobic interactions. The inhibition constant for N,
W, and H were also the lowest among all the considered
phytochemicals. The ligands having binding affinity less negative
cannot have a good (lower) inhibition constant. In other words, there
is a smaller inhibition constant associated with more negative binding
affinity. The inhibition constant of N, W, and H was obtained as 3.2 x
108, 4.49 x 108, and 3.2 x 108 M, respectively. The lower value of the
inhibition constant reveals the major inhibiting character of the
phytochemicals N, H, and W. After N, W, and H, ligand A showed the
highest binding affinity of -9.2 kcal/mol but low number of hydrogen
bond interactions (2), hydrophobic contacts (3), and a high inhibition
constant of 1.74 x 10® M. Four ligands |, B, L, and Cu showed binding
affinities between -7.0 to -8.0 kcal/mol. Ligand | formed only one
hydrogen bond and hydrophobic interaction and a high inhibition
constant of 5.68 x 107 M which proves its poor inhibitory potential.
Ligand B formed three hydrogen bonds and one hydrophobic
interaction which is less as compared to N, W, and H. Ligand Land Cu
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showed inhibition constants of 1.12 x 10® M and 5.68 x 107 M.
Ligands T, P, A, and Ni, on the other hand, showed binding affinities
between -6.0 to -7.0 kcal/mol with inhibition constants 2.2 x 10,
3.08 x 10, 1.86 x 10°%, and 3.65 x 106 M. These values show weaker
inhibitory potential of these phytochemicals against the target virus
protein when compared to ligands N, W, and H. The binding affinity
of -6.7 kcal/mol was obtained for Cd. Ligand C showed a minimum

binding affinity of -3.3 kcal/mol and, therefore, a weak inhibition
constant of 3.75 x 103 M. The docked poses of all the ligands have
been listed in Table 3. Due to the promising values of relevant docking
parameters, N, W, and H have been further considered for sequential
docking.

Table 2. (a) 3D view with donor and acceptor surface around the ligand, (b) 2D view showing the amino acid interactions

Ligand 3D view with donor and acceptor surface around the ligand

H-bond
E |

Donor Acceptor

2D view showing the interactions
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Table 3. List of the best pose for all the considered ligands
Ligand Mode Binding affinity (kcal/mol) Dreiding energy (kcal/mol) Dipole moment Inhibition constant (x  Hydrogen bond Hydrophobic bond
(Debye) 108 M)
| 2 -8.5 118.87 2.120 5.68 x 107 1 1
N 1 -10.2 197.31 3.348 3.2x10% 8 5
T 2 -7.7 177.63 6.274 2.2 x10°% 7 1
W 1 -10.0 314.10 7.426 4,49 x 108 2 0
C 3 -33 39.36 8.140 3.75 x 103 1 0
P 1 -7.5 240.34 6.216 3.08 x 10°® 5 0
B 1 -8.8 149.11 2.143 3.42 x 107 3 1
H 2 -10.2 182.12 3.189 3.2x10% 11 4
A 3 -7.8 105.86 6.037 1.86 x 10° 5 0
Ni 2 -7.4 197.09 3.085 3.65 x 10°® 6 2
As 2 -9.2 139.16 2.481 1.74 x 107 2 3
L 4 -8.1 115.89 1.225 1.12 x 10° 6 4
Cd 2 -6.7 59.41 0.505 1.19x10° 0 3
Cu 3 -8.5 174.43 1.459 5.68 x 107 4 4

Table 4. lllustration of the binding of the drug on the binding pocket of the protein

Combination Location
N+H

H+N
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PAIRS OF LIGANDS FOR SEQUENTIAL DOCKING

N&H

| N+H | H+N
D1: 7TIGWN D1: 7TGW+H

D2: (TTGW+IN)+H

D2: (TTGW+2H)+N
0: TTGW+IN+3H

O: TTGW+2H+IN

[H&w]

N&W

N+W |

D1: 7TTGW+N
D2: (TTGW+IN+W
O: TTGW+IN+IW

WHN

DI: 7TTGW+W
D2: (TTGWHIW)HN
0: TTGW+IW+3N

| H+W |

DI: TIGW+H
D2: (TTGW+2HHW
O: TTGW+2H+1W

W+H

D1: 7TTGW+W
D2: (7TTGW+1W)+H
O: 7TTGW+IW+1H

Figure 2. Work flow of the sequential docking followed for the pairs and combination of potent drugs N, H, and W.
The paired drugs were made in sequence as D1, D2, and O. D1: First docking, D2: Second docking, and O: Final output of the sequential docking.

Table 5. List of the best pose for all the considered pairs of best-docked phytochemicals N, H, and W

Combination  Mode  Binding affinity (kcal/mol)  Dreiding energy (kcal/mol) Dipole moment Inhibition constant Hydrogen bond Hydrophobic bond
(Debye) (x 108 M)
N+H 3 -10.2 193.51 3.645 3.19 8 2
H+N 1 -10.2 189.49 4.149 3.19 1 5
H+W 1 -10.0 312.80 7.759 4.48 2 0
W+H 1 -9.6 189.54 10.65 8.82 7 5
N+W 1 -9.6 331.30 7.370 8.82 2 0
W+N 3 -10.0 201.66 4.603 4.48 5 2

3.2. Sequential docking: Pairs of N, H, and W

The effectivity of the combination drugs against the target
macromolecule was analyzed to design an appropriate drug
combination as an inhibitor for the target macromolecule (Table 4). A
sequential molecular docking mechanism has been performed to
monitor the binding affinity and other molecular interactions for the
six different combinations of paired drugs (N+H, H+N, H+W, W+H,
N+W, W+N). Figure 2 represents the workflow of the sequential
docking followed for the present study. For example, for the first pair
mentioned in the chart N and H drugs were combined in two different
sequences as N+H and H+N. Combination N+H means the protein
7TGW is first docked (D1) with ligand N (D1: 7TGW+N). The best pose
was selected among the output nine poses and the energetically most
favorable binding conformation (best pose) of the ligand with the
protein was used as the target complex for the second docking (D2).
D2 (7TGW+1IN)+H symbolizes the second docking of the target
macromolecule already complexed with the best pose of ligand (1N)
with ligand H. Again, the best pose among the second docking poses
had been selected and O (7TGW+1N+2H) was the final output of the
sequential docking of ligands N and H in sequence N+H. 1N and 2H
reveal the best pose (i.e. first and second) selected during each
docking. The aforementioned procedure of sequential docking was
followed for the H+N sequence of the combination where H was first
docked to protein and N was docked subsequently. A similar
procedure was followed for the sequential docking of the rest of the
pairs of drug molecules. The two combinations of drugs N and H with
sequences i.e., N+H and H+N have the same binding affinity of -10.2
kcal/mol but varying dipole moments of 3.645 and 4.149 Debye,
respectively. Combination N+H showed high numbers of hydrogen
bond interactions whereas H+N formed high numbers of hydrophobic
contacts. The minimum dreiding energy was observed for H+N. Thus,
the comparison shows H+N sequence for the combination of Hand N

gave better results than the N+H sequence. Two pairs H+W and W+H
were followed for performing the sequential docking with ligands H
and W. The H+W sequence of a combination of drugs H and W
showed a good binding affinity of -10.0 kcal/mol than the ligand pair
W+H but had a lower number of hydrogen bonds and hydrophobic
interactions. Combination H+W showed two hydrogen bond
interactions, whereas W+H had seven hydrogen bonds and five
hydrophobic contacts (Figure 3). This non-bonded interaction count
was high enough to show better binding of the protein-ligand
complex in W+H as compared to H+W. Moreover, the dipole moment
(10.65 Debye) and inhibition constant (8.82 x 108 M) of W+H were
also significantly higher than the dipole moment (7.759 Debye) and
inhibition constant (4.48 x 108 M) of H+W. Thus, the comparison
between both sequences reveals better inhibition of the W+H
sequence of the combination of drugs W and H. The two sequences
of N and W drugs were N+W and W+N among which, W+N had the
best binding affinity (-10.0 kcal/mol), low dreiding energy (201.66
kcal/mol), and a high number of hydrogen (5) and hydrophobic (2)
interactions (Table 5). This shows the W+N sequence gave better
inhibitory results than the N+W combination. If we compare the
results of all the combinations of sequential docking, the W+H
combination is better suited for the inhibition of the Omicron variant
of the spike glycoprotein. To validate the findings, the results were
compared with the previously performed research with the same
target macromolecule as considered in the present work. A
theoretical study performed by Ye et al. (2022) reported
computational screening of the natural flavonoid derivatives 5-
hydroxy3,7,3',4'-tetramethoxyfavone as inhibitors against 7TGW
macromolecule. The highest binding affinity of -6.5 kcal/mol was
reported by this group which was weaker than the combination
proposed in the present study. Yu et al. (2020) reported a total of 12
Mongolic medicines with a total of 55 genes overlapping with
Omicron variants and 14 targets. Among all the 12 drugs, berberine
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was found to have the most substantial inhibitory potential against
Omicron (BF.7) having a binding affinity of -7.0 kcal/mol against the
Omicron spike protein (7TGW). The binding affinity with the same
protein was higher for the protein-ligand complex in the reported
study. Thus, a comparison between the reference studies and the

present study shows that the inhibiting agents introduced in the
present study could have the potential to be considered as candidate
inhibitors against the BF.7 Omicron variant.

(2)
1H
1w
H-Bonds
Donor
Acceptor I

PHE
8:756

(b)
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- Conventional Hydrogen Bond - Pi-Sigma
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- Unfavorable Donor-Donor [:] Pi-Alkyl

—

Figure 3. (a) 3D view with donor and acceptor surface around the ligand for W+H combination, (b) 2D view showing the amino acid
interactions associated with the W+H drug

4, Conclusions

As the current scenario demands an antiviral agent with inhibiting
activities against the Omicron variant of COVID-19, the repurposing
of the already proven antiviral organic compounds is a convenient
way. Keeping this in mind, 14 organic compounds were selected from
the literature for which the in silico study revealing their antiviral
behavior has been previously reported. Rigid molecular docking was
initially performed for all these 14 compounds targeting BF.7 SARS-
CoV-2 spike protein. The results obtained from the rigid docking show
that among the considered 14 phytochemicals, N, H, and W were the
phytochemicals with the best binding affinities (more negative than -
10 kcal/mol) and inhibition constants. These three compounds were
selected for performing sequential docking. Six possible pairs were
obtained from the combination of N, H, and W. Among all the
combinations, the W+H pair showed the lowest (most favorable)
inhibition constant of 8.82 x 108 M, seven hydrogen bonds, and five
hydrophobic bond interactions. The results obtained in the
sequential docking reveal that the W+H pair may have the potential
ability to inhibit the spike Omicron variant. Thus, the reported study
laid the basis for the computational demonstration of the drugs that
could be used for the treatment of the SARS-CoV-2 Omicron variant.
In addition, many such combinations of bioactive components from
medicinal plants need to be further examined and employed for
medicinal usage. Therefore, the present study could provide the basis
for alternative therapeutics against the invading biological pathogens
including the currently threatening coronavirus 2 strain SARS-CoV-2.
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