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Abstract: De novo drug design has been studied utilizing the organic chemical structures of Salmon
Calcitonin 9 - 19 and Peptide Nucleic Acid (PNA) to suppress Coronavirus Ribonucleic Acid (RNA)-
Glycoprotein complex. PNA has a polyamide backbone and thymine pendant groups to bind and selectively
inhibit adenine domains of the RNA-Glycoprotein complex. While doing so, molecular docking and molecular
dynamics studies revealed that there is great inhibition docking energy (-12.1 kcal/mol) with significantly

good
Coronavirus RNA-Glycoprotein complex.

inhibition constant (124.1 uM) values confirming the efficient nucleotide-specific silencing of
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1. INTRODUCTION

A widespread disease emerged in December 2019
and caused a major health problem worldwide after
its sudden strike in China (1-3). SARS-CoV-2, also
known as the novel coronavirus, is the human
pathogen that caused a global pandemic with well
over 100,000 diagnosed patients across the world,
from China to Europe and all the way to the U.S.A.,
and yet still, there is no efficient halt to this spread
currently. There is now quite an effort within the
industrial and scientific community to find an
inhibition mechanism for SARS-CoV-2 via varying
strategies to save millions of lives (4-8). There are
far more than 350 genome sequences of SARS-CoV-
2; however, 30,000 base-pair genomes of SARS-
CoV-2 is quite a different strain from SARS-CoV
which was a beta coronavirus infecting mankind that
caused a major health problem in 2003 and 2004
(9,10).

Under these terms, especially in silico drug
discovery and drug repurposing settings have
become rapidly even more popular than they used
to be and are utilized quite often since the
beginning of this disease. SARS-CoV-2 enters into

the human host cells through its spike subunit S1’s
binding to the host cell's ACE2 transport protein.
The modulation of the spike S1 protein (which is
bound to S2 protein where it is attached to the
surface membrane SARS-CoV-2) occurs in such a
way that its trimeric structure accepts homodimer
ACE2 proteins, and the binding occurs in Figure 1.
ACE2 is a type 1 membrane protein known to be
highly expressed within the respiratory cells. The S1
is known to be an excellent cell surface receptor
binder in terms of binding affinity and efficiency.
Specific anti-viral drugs from pharmaceutical
synthetic and pharmacological origins are being re-
examined in terms of their binding mechanisms to
the ACE-2 enzyme and S1 subunit protein of
coronavirus. Several drugs are being used together
in the patients currently instead of solely using a
drug to be able to keep them alive. Chloroquine,
Arbidol, Favipiravir, Remdesivir, and an anti-
asthmatic drug, Zafirlukast, and several other
antibiotics and antifungal drugs Itrazol, Fazadinium,
Troglitazone, Gliquidone, Idarubicin, and Oxacillin
are also being tested in clinical trials effective
immediately. Sending spike proteins (S1 analogs) as
the drug to bind them to ACE2 receptors was the
first strategy, Figure 2a, in hand. Since these spike
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protein analogs will block all ACE2 receptors, SAR-
CoV-2 cannot bind to any ACE2. Thus, there will be
no viral infection, and the immune system will be
able to recognize these non-harmful spike proteins
and develop a response to the SAR-CoV-2 in time.
However, blocking a protein channel such as ACE2
might cause some side effects. In Figure 2b,
scientists also thought of a similar approach.
Utilizing antibodies instead of the spike proteins

Spike protein
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would yield a similar outcome since the outcome of
permanently blocking all ACE2 receptors might have
adverse side effects for the patients in the long run
(11-13). According to Figure 2c, sending an
inhibitory protein or drug such as Favipiravir to
inhibit the S1 domains of SAR-CoV-2 directly might
be an efficient route. With the spike proteins on the
SAR-CoV-2 surface blocked, they can no longer get
into interaction with ACE2 receptors (14).

Human
Host Cell

Figure 1: The binding illustration of the S1 subunit spike protein of SAR-CoV-2 and ACE2 transport protein
of human host cell.

Nanobodies, also known as therapeutic antibodies,
can serve the same purpose as stated in Figure 2d.
A further advantage of these might be the choice of
DNA sequences within the nanobodies. The choice of
sequence might be beneficial for further intra-
cellular mechanisms from the immune system
perspective and aid in initiating the neutralizing
immune response (15-17).

Rather than choosing these strategies to suppress
coronavirus activity as the other scientists tried
within the scientific literature, a significant de novo
design (strategy Figure 3) was made via the
complex of Calcitonin and Peptide Nucleic Acids
(PNA) since the Calcitonin domain is essential for
blood circulatory system bioavailability. In contrast,
PNAs can be used to silence virus RNAs. Thus, the
significance of Calcitonin and PNA should be
mentioned. Calcitonin, a 32-amino-acid peptide, is
secreted by the C-cells of the thyroid in mammals
and by the ultimobranchial glands in sub-mammals.
As a therapeutic agent for metabolic bone disease,
Salmon calcitonin (SCT) has been in use for over
three decades, and it has received approval for the
treatment of postmenopausal osteoporosis in more
than 90 countries. It is also approved for other
indications such as Paget’s disease, bone-associated
pain conditions, and emergency treatment of
hypercalcemia using injectable salmon calcitonin.
The hormone's bioavailability within the
bloodstream plays a crucial role in its mechanism.
Initially identified in 1961 for its blood calcium-
lowering properties, synthetic or recombinant
Calcitonins from various species, including human,
porcine, eel-derived, and SCT, have been employed
for medical purposes. Over the past 15 years, new
insights have emerged regarding the effects of SCT
in preserving bone quality, particularly trabecular
microarchitecture, which may contribute to its anti-

fracture efficacy. SCT is the most widely used
preparation in clinical practice, owing to its 40-50
times higher intrinsic potency compared to human
calcitonin and its improved analgesic properties.
Nonetheless, despite being discovered 45 years ago,
the physiological role of calcitonin remains not
entirely understood and continues to be the subject
of ongoing research (18-24).

Peptide Nucleic Acids (PNAs) were originally
designed as DNA-binding agents that target the
major groove domain of DNA, similar to triplex-
forming oligonucleotides. Instead of using the
sugar-phosphate backbone found in
oligonucleotides, PNAs were created with a
pseudopeptide backbone (25). Upon synthesis, it
became evident that PNAs, with their backbone and
nucleobase linkers, closely mimic the structure of
DNA and RNA. They can form stable duplex
structures with complementary DNA, RNA, or other
PNA oligomers (26-28). The synthesis of PNA
oligomers can be done through standard solid-phase
manual or automated peptide synthesis, using
either tBoc or Fmoc-protected PNA monomers (29-
31). After synthesis, the oligomers are deprotected
and separated from the polymer using TFMSA/TFA
(for tBoc) or purified through reversed-phase HPLC.
Characterization of the oligomers can be done using
MALDI-TOF or proton NMR. PNA oligomers can be
easily labeled with fluorophores or biotin. In cellular
uptake experiments conducted in vitro and in vivo,
PNA oligomers are used as antisense or antigen
agents, typically consisting of 12-18 nucleobases
and having molecular weights of 3000-4000 amu.
These hydrophilic structures have applications as
antigens, antibacterial, and antiviral agents. These
oligomers demonstrated intriguing characteristics in
a complex formed by the interaction of polyamide
nucleic acid with purine and pyrimidine bases
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attached to it. Notably, they exhibit high stability in
human serum and cell extracts and exhibit
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antisense activity and suppress HIV virus RNA (32-
37).

Host Cell

Human
Host Cell
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Human
Host Cell

2d

Human
Host Cell

Figure 2: Strategy 2a: Occupying the ACE2 Receptors with ACE2 binding drugs (spike proteins); Strategy
2b: Occupying the ACE2 Receptors with ACE2 binding drugs (antibodies); Strategy 2c: Blocking SAR-CoV-2
directly via inhibitory drugs; Strategy 2d: Blocking SAR-CoV-2 directly via nanobodies.

Hence, studying the antiviral complementary
suppression activity of Polyamide-backboned PNA
combined with the superior bioavailability features
of SCT is the primary goal of this research paper.
For the sake of argument, we can call our designed
ligand (drug) Peptide Polyamide Nucleic Acid
complexed with Salmon Ligand, or in short, PPNASL,
which will serve as an Adenine binder and inhibitor
of RNA of Coronavirus along with its attached
Glycoprotein.

2. MATERIALS AND METHODS

2.1. Geometric Optimization

An accurate determination of its geometrically
optimal structure is essential to determine the
active sites of any molecule and investigate its
interactions with receptors. In our current study,
the ligand designed to inhibit Coronavirus RNA-
glycoprotein was determined using our group's vast
organic/pharmaceutical chemistry knowledge. These
organic chemical structures, with their most stable
molecular geometries, went under the processing of
the Gaussian 09 software (38) with density
functional theory (DFT)/B3LYP functional (39). Using
the 6-31G(d,p) principle, the most stable molecular
structures of polyamide-g-thymine and calcium
molecules were formed for computational and
simulation further research, as can be seen in

Figure 1. GaussView 6.0 and Avogadro 1.95
software (40) was used to prepare the input files for
the molecular docking and molecular dynamics
computations as well as for the post-processing of
the output files.

2.2. Molecular Docking Procedure

All molecular docking simulations were performed
via AutoDock Vina 1.1.2. and PyRx 0.8 software
(41), both of which are widely used and accepted
for their great precision and accuracy in biochemical
docking simulations. The docking simulations took
50 posed simulations to 100 posed simulations in
each run, totaling 800 poses. The drug complex of
PPNASL has two domains. Its PNA (Polyamide-g-
Thymine) part was de novo designed. In contrast,
its Calcitonin part, along with the receptor structure
of Coronavirus RNA-Glycoprotein, was downloaded
from the Zinc Database with the following IDs of
2GLG and 7ACT, respectively. The optimizations
were done using Gauss View 6.0 and Avogadro 1.95
and run, illustrating the interaction and binding of
the drug to the receptor. The docking scores of all
simulations were in kcal/mol as units stating the
Gibbs free binding energy. The docking poses with
the most accurate and favorable binding energy
within the best-clustered data were chosen to be
used as the initial structure and input file for MD
simulations in each simulation with different seed
numbers.
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2.3. Molecular Dynamics (MD) Simulations

The docking poses possessing the best and most
favorable binding energy concerning the docking
results were used as the initial structure for the MD
simulations (42,43). Utilizing Schrodinger’s Maestro
Desmond software (44), all the ligands were run for
molecular dynamics (MD) simulations with 50 ns
total time periods per each new seeded run,
including 5000 poses with 10 ps time intervals,
respectively. Each molecular dynamics simulation
was repeated 3 times with different seed numbers
to ensure the simulation parameters and structure
of the PPNASL (ligand) bound Coronavirus RNA-
Glycoprotein (receptor) complexes were correct. MD
simulations were run to evaluate the dynamic
properties of the drug-receptor complexes over
time. The grid box in which the system was created
was set to 150 x 150 x 150 A3 and with the spacing
of 0.5 A choice for this large receptor. TIP3P-type
water molecules were placed in the box, and 0.15 M
NaCl ions were also added to neutralize the system.
As the temperature and pressure parameters, NPT
was employed at 310 K with Nose-Hoover
temperature coupling (45) and at the constant
pressure of 1.01 bar via Martyna Tobias—Klein
pressure coupling (46). There were not any
constraints on the systems, and the initial velocity
values for the force field calculations were used as
default fitting for OPLS 3.0 standards.

2.4. Post Molecular Dynamics

Characterizations

The trajectory datasets of MD results were used for

“"Hydrogen contact mapping analyses” so that atom

by atom, the complexes' binding effects and the

drug's efficiency could be verified. The “Event
a)

HN HN

HN
A
s J\/ \/\NH

\/\NH
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Analyses” modules of Schrédinger's Maestro
Desmond software were used for this purpose,
where these results can be compared to the
inhibition constant values.

3. RESULTS AND DISCUSSION

To achieve the goal of suppressing the activity of
Coronavirus RNA-Glycoprotein by silencing its RNA
to block its expression, one should know the
pharmaceutical chemistry tendencies of functional
groups and the genetic engineering aspects of the
nucleotide-specific silencing on the receptors and its
bioactivity features. The effectiveness of interactions
appears to depend on various factors, including the
affinity of the drug's pendant Thymine domains to
RNA and the topology of the binding.

In our strategy to suppress Coronavirus, shown in
Figure 3, the organic chemical structure of the
designed drug (ligand) can be seen at pH 7.4. By
merging PNA (Polyamide-g-Thymine) with Salmon
Calcitonin 9-19, the efficiency of the ligand was
planned to be increased in terms of chemical
Hydrogen bond affinity towards the receptor since
the mode of binding and the nucleotide
regioselectivity plays a pivotal role in the inhibition
and suppression mechanism.

Triple Thymine groups were chosen to bind to the
Adenine groups of Coronavirus RNA-Glycoprotein,
which has multiple repeating Adenines. This PNA
oligomer possessing a Polyamide backbone with
Thymine grafts is especially the right fit for the job
in terms of RNA silencing (37, 48-50). For the first
time here, we use it to silence Coronavirus RNA.

\/\ ,Calcitonin 9-19 via the third carbon near disulfide
NH

Polyimide-g-Thymine Backbone

Figure 3: The de novo drug’s chemical structure.

The second issue that should be referred to is that
in terms of pharmacokinetics, the addition of
Calcitonin to the ligand structure is significantly
beneficial due to its good bioavailability within the
blood circulatory system. In our in silico studies,
referring to a published research paper of the Ph.D.
thesis (51) of our group, which had the
experimental in vitro and in vivo findings, the half-
life of Calcitonin had the range of 50 to 80 minutes
while its protein binding rate is 30-40%. Due to its
peptide-based structure, Calcitonin is easily broken
down in the gastrointestinal tract. Hence, it can be

administered parenterally or intranasally. The
plasma concentrations of 0.1-0.4 ng/mL were
obtained after 200 units of subcutaneous
administration. While there is an immediate effect
after intravenous administration, the effect is
observed 15 minutes after intramuscular or
subcutaneous administration. Salmon Calcitonin has
the greatest effect approximately 4 hours after
intramuscular or subcutaneous administration.
While the effect after intravenous administration
lasts between 30 minutes and 12 hours, it lasts for
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about 8-24 hours after intramuscular and illustrated. Since the glycoprotein and RNA domains

subcutaneous administration. are merged within the nuclei of Coronaviruses, it is
best to study the inhibition of the whole complex.

In Figure 4, the organic chemical structure of the

receptor target, Coronavirus RNA-Glycoprotein, is

b)

Left Side
Hydrophobic Oligo Leucine
Hydrophilic other aminoacids
Ql14, H17, T21, T25

¢
De novo PNA Salmon Calatonin
(Polyamide-g-Thymine) o-helical 9-19 wath sulfur bndge

Total de novo Ligand
PNA - Calcitonin

Figure 4: a) Chemical structure of PPNASL. b) De novo strategy for designing the biochemical organic
structure of PPNASL.

Figure 5: The receptor molecule: 3-D chemical structure of Coronavirus RNA-Glycoprotein.
627
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The 3-D chemical structure of Coronavirus RNA-
Glycoprotein was optimized using Gauss view and
Avogadro. It was seen that the steric hindrance of
RNA is not as much as one can expect, which is a
good starting point. Since its nucleotides, especially
recurring Adenine triplets, are exposed, and the
Polyamide-g-Thymine triplets of PPNASL can find
the affinity and availability towards these sites
easily and docks onto them efficiently with A(AG) of
-12.1 kcal/mol and significantly good inhibition
constant of 124.1 pM.

By simulating and computing the theoretical stability
and binding energies of PPNASL docked onto

RESEARCH ARTICLE

Coronavirus RNA-Glycoprotein, Figure 6 illustrates
one of the main poses of the PPNASL, taken under
3D video within Schrodinger’s Maestro Desmond MD
software, where the MD run had 5000 frames. The
thymine pendant groups on polyamide PNA
selectively chose the adenine triplet of coronavirus
RNA and silenced it.

Another detailed close-up shot of the docked pose of
the ligand to Coronavirus RNA can be seen Ligand-
receptor complex equilibrium and stabilization occur
in Figure 7. The Thymine-Adenine binding of the
ligand-receptor complex can be observed clearly.

Figure 6: The best favored MD pose of PPNASL docked onto Coronavirus RNA-Glycoprotein.

Table 1: The Post-Molecular Dynamics Hydrogen bond contact mapping analyses of PPNASL

0, -
RNA domains /o of H-Bonds

Binding Energy H-Bond Distance

Thymines choose RNA (kcal/mol) (A)
Adenine (1) 30.4 -12.4 2.08
Adenine (2) 32.3 -11.9 2.01
Adenine (3) 31.8 -12.0 2.13
The Rest 5.5 - -
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Figure 7: The close-up shot of the best favored MD pose of PPNASL docked onto Coronavirus RNA.

After conducting 3D motion trajectory analyses,
Table 1 presents a subsequent investigation using
Schrédinger Maestro Desmond's Event Analyses
tools. The aim was to compute all potential
interactions between functional groups on drugs and
RNA domains. This intricate affinity and binding
study involved examining all hydrogen bonds among
thousands of atoms based on the matrix data from
the MD study's trajectory files.

Matrix matches were manually performed for each
atom to analyze the post-MD Hydrogen contact
mapping. Additionally, a machine learning pre-
coded script was utilized to determine the
regioselectivity of Thymine groups of Polyamide PNA
towards the Adenine domains of RNA. This approach
was adopted to calculate the percentages of
tendencies for functional group bindings.

The drug aligns and maneuvers itself onto the
Adenine domains regioselectively, and strong
Hydrogen forces (2.08, 2.01, 2.13 R) take place
there, maintaining inhibitory A(AG) energies (-12.4,
11.9, -12.0 kcal/mol) so that PPNASL suppresses
the RNA-Glycoprotein activity.

In Figure 8, it can be seen that after around 30
nanoseconds, the whole complex begins to reach an
equilibrium in the yellow color compared to the non-
bound pristine receptor (target molecule) of
Coronavirus RNA, indicating lower oscillations and a
stable structure form in the ligand-receptor bound
situation. However, as can be seen from the blue
Coronavirus RNA illustration, the oscillations among
the atoms of the RNA structure go on around 24 and
do not diminish.
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2

nanoseconds

Figure 8: The Root Mean Square Deviation plot (R.M.S.D.) of all atoms studied under the force field of
OPLS 3.0; PNA-Thymine in complex with RNA in yellow and non-bound receptor Coronavirus RNA (pristine)
in blue respectively.

4. CONCLUSIONS

This research study has explored de novo drug
design methods by utilizing the organic chemical
structures of Salmon Calcitonin 9 - 19 and PNA to
target the Coronavirus Ribonucleic Acid (RNA)-
Glycoprotein complex. PNA, with its polyamide
backbone and Thymine pendant groups, has been
employed to selectively bind and inhibit the Adenine
domains of the RNA-glycoprotein complex.
Molecular docking, molecular dynamics, and post-
MD characterization studies were conducted,
revealing a highly favorable inhibition total docking
energy of -12.1 kcal/mol and a significantly good
inhibition constant of 124.1 pM. These findings
confirm the effective and regioselective suppression
of the Coronavirus RNA-Glycoprotein complex at the
nucleotide level. This also proves the achievement
of the Molecular Dynamics
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