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Abstract: Novel coronavirus disease (COVID-19) has become a pandemic threat to public health. Vaccines and targeted
therapeutics to prevent infections and stop virus proliferation are currently lacking. Endoribonuclease Nsp15 plays a vital
role in the life cycle, including replication and transcription as well as virulence of the virus. Here, we investigated
Vitamin D for its in silico potential inhibition of the binding sites of SARS-CoV-2 endoribonuclease Nsp15. In this
study, we selected Remdesivir, Chloroquine, Hydroxychloroquine and Vitamin D to study the potential binding affinity
with the putative binding sites of endoribonuclease Nsp15 of COVID-19. The docking study was applied to rationalize
the possible interactions of the target compounds with the active site of endoribonuclease Nsp 15. Among the results,
Vitamin D was found to have the highest potency with strongest interaction in terms of LBE, lowest RMSD, and lowest
inhibition intensity Ki than the other standard compounds. The investigation results of endoribonuclease Nsp15 on the
PrankWeb server showed that there are three prospective binding sites with the ligands. The singularity of Vitamin D
interaction with the three pockets, particularly in the second pocket, may write down Vitamin D as a potential inhibitor
of COVID-19 Nsp15 endoribonuclease binding sites and favour addition of Vitamin D in the treatment plan for COVID-
19 alone or in combination with the other used drugs in this purpose, which deserves exploration in further in vitro and

in vivo studies.
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INTRODUCTION

The coronavirus disease (COVID-19), caused by the
novel coronavirus SARS-CoV-2, has become the current
health concern to the entire world (Saber-Ayad, Saleh et
al., 2020, Shah, Modi et al., 2020). Unfortunately, there
are no specific drugs or vaccines available to control the
symptoms or the spread of this disease. SARS-CoV-2
belongs to the Sarbecovirus subgenus (genus
Betacoronavirus, family Coronaviridae) together with
SARS-CoV that emerged in 2002 causing ~8000
infections with a lethality of 10% (Jin, Zhao et al., 2020).
The SARS-CoV-2 is an enveloped single-stranded,
positive-strand ribonucleic acid (RNA) beta-coronavirus
that has an ~30,000 nt RNA genome (Jin, Zhao et al.,
2020). The genome contains a large replicase gene
encompassing nonstructural proteins (Nsps), followed by
structural and accessory genes (Kim, Jedrzejczak et al.,
2020). The replicase gene encodes two ORFs; the first
open reading frame encodes two translational products,
polyproteins 1a and lab (ppla and pplab) which are
processed into mature non-structural proteins by the main
protease (Mpro) and a papain-like protease (Cui, Li et al.,
2019).

Non-structural — protein 15 (Nspl5) encoded by
coronavirus is actually a nidoviral uridylate-specific
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endoribonuclease (NendoU) that is usually highly
conserved among vertebrate nidoviruses (coronaviruses
and arteriviruses) and plays a vital role in the life cycle
including replication and transcription as well as
virulence of such viruses (Deng, Hackbart et al., 2017,
Liu, Fang et al., 2019). Nsp15 is an IFN antagonist and it
suppresses production of interferon-f by means of an
endoribonuclease activity (Zhang, Li et al., 2018).
Typically, the protein Nspl5 is a significant 3'-5'
exoribonuclease which offers extra fidelity to the
particular  replication process. The exoribonuclease
provides a proofreading operation to the complex which is
often lacked by the RNA-dependent RNA polymerase.
Proportionally, nsp7 and nsp8 proteins compose a
hexadecameric sliding clamp as part of the complex
which extremely augment the function of the RNA-
dependent RNA polymerase (Fehr and Perlman, 2015).
Nevertheless, the role of Nsp15 in coronavirus replication
was ambiguous as EndoU-deficient coronaviruses were
viable and replicated to near wild-type virus levels in
fibroblasts. Moreover, EndoU facilitates the avoidance of
viral double-stranded RNA identification by host
macrophages (Deng and Baker, 2018). This new
discovery of Nspl5/EndoU or NendoU functionality
opened windows for new options to explore how a viral
EndoU participates to pathogenesis and monopolizing this
enzyme for new medications and vaccine design against
COVID-19 (Deng and Baker, 2018).
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Vitamin D is a secosteroid prohormone that perform a
substantial role in enhancement of several macro- and
micro-minerals like calcium, phosphate, magnesium, zinc
and iron. In human being, the most important components
of fat-soluble secosteroids are cholecalciferol (vitamin
D3) and ergocalciferol (vitamin D2) (Friedl and Zitt,
2017, Holick, 2006). This secosteroid vitamin is a major
player in promoting the secretion of endogenously
important peptides with antimicrobial potentials like
cathelicidin (Gunville, Mourani et al., 2013). The findings
that vitamin D level is significantly correlated with the
severity of lower respiratory tract infection in children
(Jat, 2017) and the advantageous effect of its
supplementation to protect against flu infection, may
indicate its significant influence on the immune system
(Shalayel, et al., 2018).

It has been found that vitamin D modulates the immune
system and that increased vitamin D supplementation
boosts the immune protective rate and withstands
inflammatory processes (Cheng, et al., 2020). Moreover,
there is a hypothesis that viruses affecting respiratory
epithelial tissues alter the expression of vitamin D
receptors and by this expressional modulation they can
negatively impact the antiviral potential of exogenous
vitamin D (Telcian, et al., 2017). In this context, vitamin
D is regarded as a principal defensive player against viral
infections including HIV-1 infection by promoting
adaptive and innate immunity (Jiménez-Sousa et al.,
2018).

Nowadays, in silico assay has begun to be a trend in the
world of pharmaceutical and biological research because
its ability to provide many features by saving time,
energy and efforts (Mavromoustakos, Durdagi et al.,
2011). Many in silico software are useful in drug
discovery approaches, the most important of these is
AutoDock Tools, which enables us to calculate the free
binding energy and understand the mechanism of
interaction between the complex of protein-ligand. Also,
the software enable us to perform the molecular
modeling, screening and view analyzed protein complex
with the ligands such as Discovery Studio (Jamkhande,
Ghante et al., 2017). A point often overlooked in silico,
this point is the size of the binding site and type of amino
acids that built up the pocket. A number of web services
for binding site predictions have recently been developed.
PrankWeb (http://prankweb.cz/) and DeepSite
(https://www.playmolecule.org/deepsite) were the most
common web services reported in the literature for the
structural and sequence visual view of protein binding site
(Jendele, Krivak et al., 2019, Jimenez, Doerr et al., 2017).

This study aimed to reveal the proposed anti-viral role
and the mechanism of binding of Vitamin D to all
prospective pockets inside the Nspl5 of COVID-19 and
compare its Lowest Binding Energies (LBE) with that in

some drugs like Chloroquine, Hydroxychloroquine, and
Remdesivir which are newly utilized for treatment of
COVID-19.

MATERIALS AND METHODS

Protein preparation

The crystal structure of endoribonuclease Nspl5 was
downloaded from the Protein Data Bank database (PDB
ID: 6VWW) (Kim, Jedrzejczak et al., 2020). The protein
preparation protocol was performed to prepare the
enzyme using BIOVIA Discovery Studio Visualizer 16.1.
Then, geometry optimization and energy minimization of
endoribonuclease was conducted by removing H20
molecules. The protonation of endoribonuclease was done
through “Protonate 3D” feature.

Ligands preparation

Based on recent clinical studies and literature reviews, we
selected Remdesivir, Chloroquine, Hydroxychloroguine,
and Vitamin D to study the potential binding affinity with
the putative binding sites of endoribonuclease Nspl5 in
COVID-19 (Cao, Deng et al., 2020, Colson, Rolain et al.,
2020, Ferner and Aronson, 2020, Grant, Lahore et al.,
2020, Panarese and Shahini, 2020, Wang, Cao et al.,
2020). The 2D chemical structure of ligands built using
PerkinElmer ChemDraw software 16.0.0.82. Then, the
sketched ligands subjected to energy minimization (MM2
force field) using PerkinEImer Chem3D 16.0 and saved in
PDB format.

Binding site determination

The PrankWeb and DeepSite are machine learning web
servers that predicts ligand-binding sites as a combination
of the protein 3D structure, sequence, binding pocket lists,
and their immediate visual analysis. Both of these are able
to predict new binding sites and work directly with multi-
domain protein structures (Jimenez, Doerr et al., 2017,
Krivak and Hoksza, 2018). In this analysis, the main aim
of using these two servers was to check the binding site
coordinate and specify the amino acids in
endoribonuclease Nsp15 pockets to confirm the findings.
Firstly, we uploaded 6VWW.PDB to webservers
(PrankWeb, DeepSite) and pressed submit. After that, the
servers sent the submitted PDB to the pipeline server, to
start in the prediction. Then, the pipeline server provided
us with a URL address for the progression of the
prediction process and tracking the results.

Molecular docking

The simulation of molecular docking was used to measure
the binding affinity of the chemical functional groups of
the ligand with amino acids in the binding site of
endoribonuclease Nspl5 (Morris, Huey et al., 2009).
Auto Dock 4.2.6 was used to simulate the docking
process rely on click by click protocol (Rizvi, Shakil et
al,, 2013). Initially, we added polar hydrogen and
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Kollman to endoribonuclease Nspl5, then saved as
PDBQT. Gasteiger charges for the selected drugs were
computed and saved also in PDBQT format. Grid box size
was set to 50*50*50 for the three predicted pockets. The
first pocket coordinate (as x, Y, z respectively) was set to -
94.65, 19.58, and -28.99. The second pocket was -78.80,
26.99, and -27.95. For the third site was set to -65.46,
35.32, and -16.39. The spacing of 0.375 A. Genetics
algorithm run was set to 150, while remaining parameters
were kept as default. The docking log files were analyzed
using AutoDock Tools (ADT) to find out docking score
and the inhibitory constant (Ki) for the ligands with each
prospective pocket and saved in PDBQT format. Then,
we used BIOVIA Discovery Studio Visualizer 16.1 to
illustrate 2D docked visualization analysis of the ligands
with the amino acids inside the pockets (Khaerunnisa,
Kurniawan et al., 2020).

STATISTICAL ANALYSIS

Auto Dock version 4.2.6 was used to simulate the docking
process.In addition, BIOVIA Discovery Studio Visualizer
16.1 was used to show the docked visualization analysis.

RESULTS

Binding site determination

The investigation results of endoribonuclease Nspl5 on
the PrankWeb server showed that there are three
prospective binding sites with the ligands as presented in
fig. 1.

Fig. 1: Prank Web prediction of endoribonuclease Nsp15.
The first pocket is coloured in blue. The second is in red,
and the third is in green.

The first binding site is the highest pocket score of all
three pockets, with a score value 5.7832. This pocket
consists of 12 amino acids that built up the pocket. For the
second pocket, it was made up of 15 amino acids and had
a pocket score 4.7232, which possesses an affinity to bind
relatively as the first site (fig. 2). While the third pocket is
the smallest cavity (7 amino acids) and the lowest affinity
f binding (2.9251) compared with the 1st and 2nd sites.
Table 1 shows the grid center of the three pocket sites and
the types of amino acids that make up the pocket.
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Molecular docking

The present study mainly centered on the pharmacophore-
based virtual data bank screening, molecular docking and
drug-similarity profiling.

Fig. 2: Deep Site predictions of endoribonuclease Nsp15
in COVID-19 (6VWW.PDB). Where the pockets are
colored in brown.
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Fig. 3:
Endoribonuclease (6VWW) from SARS CoV-2.

new crystal Nsp15

Here is the recent methodology and found out hit
compound which strongly bound with the Nspl5
endoribonuclease of SARS-CoV-2 catalytic sites by
blocking its proteolytic activity and maybe looked at as
drug compounds. In our study, the Remdesivir,
Chloroquine, Hydroxychlorogquine, Vitamin D were
docked to all three prospective binding sites of Nspl15
Endoribonuclease (6VWW. PDB) and the docking scores
were presented in Table 2. The Chloroquine and
Remdesivir are used as a control drugs to compare the
docking results with Vitamin D and Hydroxychloroquine.
Table 2 shows AutoDock 4.2 scores of the binding energy
for the selected drugs with the three predicted binding
sites in Nsp15 endoribonuclease of COVID-19.
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Table 1: PrankWeb result summary of endoribonuclease Nsp15 of the pockets and the expected amino acids.

Pocket Amino acids make up the pocket " Grid ;enter -
1st Polar amino acids: HIS235, GLN245, HIS250, LYS290, SER294 and THR341.
Non-polar amino acids: LEU246, GLY247, VAL292, TRP333, TYR343 and | -94.65 | 19.58 | -28.99

pocket | pp344

ond Polar amino acids: LYS90, THR196, SER198, ARG199, ASN200, ASP268,

ocket ASP273, SER274, THR275, LYS277 and ASP297. Non-polar amino acids: | -78.80 | 26.99 | -27.95
P VAL70, LEU201, LEU252, LEU266, MET272, TYR279 and VAL295.

3rd Polar amino acids: GLU45 and ASP92.
pocket | Non-polar amino acids: LEU43, PHE44, TRP59, TRP87 and TYR89. 6546 | 3532 | -16.39

Furthermore, DeepSite server showed that there are two pockets inside the endoribonuclease Nsp15 (Fig. 2). DeepSite found that the
first pocket coordinate was -74.41, 26.75, and -25.04 whereas; the second site was -56.41, 26.75, and -13.04.

Table 2: Molecular docking results of selected compounds with Nsp15 Endoribonuclease of COVID-19

Lioand Name LBE Score with the Ki LBE Score with the Ki LBE Score with the Ki
9 1st pocket (kcal/mol) | (uM) | 2nd pocket (kcal/mol) | (uM) | 3rd pocket (kcal/mol) | (UM)
Remdesivir -8.33 0.78 -7.97 1.44 -6.51 16.88
Chloroquine -5.74 61.88 -7.23 5.01 -6.45 18.69
Hydroxychloroquine -6.06 36.18 -7.00 7.42 -6.82 9.97
Vitamin D -8.01 1.350 -10.26 0.030 -1.74 2.130
LBE scores {Kcal/mol) for the selected drugs with the prospective pockets of MNMsp 13
&= Endoribonuclease in OOV TD=19
24 Femdesivir Chloroquine Hydroxychloroguine Witarmin [»
o
-
_—
- —
1o
:_::;: _— irsl Pockel m Soecond Pocket = Third Focket
Fig. 4: Summary of Lowest Binding Energy (LBE) scores (kcal/mol) for Remdesivir, Chloroquine,

Hydroxychloroquine and Vitamin D with the three predicted pockets

DISCUSSION

Prank Web permits fast visualization of results and gives
valid predictions that could not be attained by other tools
(Jendele et al., 2019). Many studies have been based on
the fact that the endoribonuclease Nsp15 in COVID has
no dominant binding site, and comparisons of the
interactions with approved FDA drugs have also been
performed without specifying a pocket position (Abou-
Zeid, 2020, Gonzalez Paz, Lossada et al., 2020, Joshi and
Poduri, 2020, Khan, Khan et al., 2020).

After analyzing Prank Web and Deep Site findings, we
noticed both of the servers agreed that the
endoribonuclease Nspl5 has more than one perspective
binding region. The difference between the results of the
machinery servers is that the PrankWeb foretell that there
are three possible regions, while the DeepSite predicted
the presence of two regions. When looking deeper into the
outcomes, we find the DeepSite prophesy that the 1st and

2nd pockets which obtained from the PrankWeb are
connected and forming a large pocket. The 3rd potential
pocket of PrankWeb is mainly the second region reported
by the DeepSite. This compatibility makes us sure that the
pockets in endoribonuclease Nsp15 are more likely to be
three possible regions as presented in fig. 1.

A recent study proved the relationship of SARS-CoV-2
with other beta coronaviruses on the amino acid level.
The hyper-variable genomic hotspot has been built up in
the SARS-CoV-2 populace at the nucleotide however not
the amino acid level, proposing that there have been no
significant changes. The transformations in nspl, nsp3,
nspl5 and gene S that right now distinguished is being
related with the SARS-CoV-2 pandemic and was eligible
for further researches (Wen, Yu et al., 2020). The
predictions of virtual screening studies and binding
energy calculations are generally more accurate if a high-
resolution experimental structure of the target is available
(Talluri, 2020).
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a.

Fig. 5: 2D-interactions analysis of Remdesivir, Chloroquine, Hydroxychloroquine and Vitamin D with all pockets. a.
1st pocket, b. 2nd pocket and c. 3rd pocket by using BIOVIA Discovery Studio visualizer 16.1.
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Recently, several docking experiments have been carried
on the new crystal structure of corona virus Nsp15 (PDB
code: 6VWW, fig. 3) to get a new therapeutic vaccine
against SARS-CoV-2 but absolutely no drug or vaccine
open to effectively combat this pathogen (Yu, Du et al.,
2020). These studies tried to identify and validate useful
lead compounds that could further be exploited and
developed as candidate molecules that can progress to
clinical trial. It is important to discover a cost-effective
antiviral drug that could be used to control SARS-CoV-2.
A competent way of drug discovery is to check whether
existing drug-like compounds work against viral
infections. The traditional drug discovery procedures are
less efficient and time-taking (Hui, E et al., 2020). With
regards to phylogeny, it seems almost certainly that the
ancestor of the nowadays nidoviruses got its NendoU
domain from the cellular homolog. The preservation of
this kind of specific enzyme in the nidovirus replicase
enhances the intricate legibility of the large viral
replication  machineries and proposes functional
associations between nidoviral enzymes and cellular
metabolic pathways, which needs further
characterizations (Ricagno, Egloff et al., 2006).

Until now, the broad-spectrum antiviral drug Chloroquine
is being used to take care of the SARS-CoV-2 in vitro
(Wang, Cao et al., 2020). In silico research discovered
that N3 inhibitor prevented the biological function of
HCov-NL-63 by stopping its active catalytic site (Wang,
Chen et al., 2016). In another recent study, Chloroquine
phosphate has indicated better anti-SARS-CoV-2 activity;
however, this medication has an obscure target of action.
In docking results of a previous study, Chloroguine
phosphate was expected to possibly combine with Nsp3b
and E-channel (Wu, Liu et al., 2020), hence, observation
of the anti-viral activity of this drug was evident by in
vitro efficacy during culture tests on Vero E6 cells with
50% and 90% effective concentrations (EC50 and EC90
estimations) of 1.13 uM and 6.90 pM, respectively (Chen,
Oezguen et al., 2016).

For the first potential site, the results exhibited a higher
binding affinity for Remdesivir (-8.33 Kcal/mol) and
Vitamin D (-8.01 Kcal/mol) compared to Chloroquine and
Hydroxychloroquine. The binding affinity of Chloroquine
and Hydroxychloroquine were about the same with the
first site in term of the scores illustrated in table 2.
Surprisingly in the second pocket, the docking score for
Vitamin D was -10.26 kcal/mol and relatively the highest,
followed by  Remdesivir, Chloroquine, and
Hydroxychloroquine, respectively. For the third pocket,
the results were very close to each other with a distinctive
binding affinity for Vitamin D, then Remdesivir >
Hydroxychloroquine > Chloroquine. The docking score
for the three pockets with (Remdesivir, Chloroquine,
Hydroxychloroquine and Vitamin D) are shown more
approachability in fig. 4. Our results showed that the

docked scores of the Vitamin D with all three pockets
were the best and with lowest binding energy, followed
by Remdesivir, then Hydroxychloroquine, and finally
Chloroquine.

Fig. 5 shows 2D interactions with all pockets for the
selected drugs. Initially with the first pocket, the
Remdesivir stuck strongly with this pocket by forming six
hydrogen bonds with HIS235 (5.0 A), GLY248 (3.71 A),
HIS250 (5.85 A), LYS290 (5.55 A), SER294 (2.83 A),
and THR34 (474 A). It also made hydrophobic
interactions with HIS235, LYS290 and TYR343.
Amazingly, Vitamin D has formed a strong hydrogen
bond with PRO344 at distance 4.75, as well as, Vitamin D
created a map of hydrophobic interactions with HIS235,
LYS290, TRP333 and TYR343. This positively enhanced
the affinity of binding to the first site as Remdesivir.
Relatively Hydroxychloroquine produced better bonds
than Chloroquine, as it formed three hydrogen bonds with
HIS235 (4.25 A), APS240 (3.65 A), and HIS250 (5.48
A). While one hydrogen bond with LEU246 at a distance
(5.34 A) was found for Chloroquine. The scenario with
the second pocket was unique, as Vitamin D emerged
with a strong affinity for it, beating the rest drugs where it
formed three strong hydrogen bonds with LYS71,
SER274, and THR275 at distances 5.18 A, 4.33 A, and
3.98 A, respectively. In addition, Vitamin D generated a
spider map of hydrophobic interactions that affiliate
stabilization inside the pocket. The findings were similar
in the third pocket, with a preferential docked score for
Vitamin D over the Hydroxychloroguine, Remdesivir, and
Chloroquine, where Vitamin D formed two hydrogen
bonds with ARG62 (4.85 A), and TYR89 (6.44 A). The
singularity of Vitamin D within the three pockets, in
particular in the second pocket, has been noted depending
on the findings in fig. 5 and table 2 which enforces the
possibility of using it as a potent inhibitor for Nsp15 of
COVID-19 or in combination with Remdesivir,
Chloroquine or Hydroxychloroquine.

CONCLUSION

The results of the present work revealed that Vitamin D
may have potential to be used as a drug against COVID-
19 more than Hydroxychloroquine and Chloroquine.
Vitamin D showed the strongest interaction against the
putative binding sites of the Nsp 15 of COVID-19 with
respect to LBE than other compounds. The singularity of
Vitamin D within the three pockets, particularly in the
second pocket may favour addition of Vitamin D in
treatment plan for COVID-19 alone or in combination
with the other standard drugs is highly recommended,
especially when we compare the relative adverse effects
of these drugs with Vitamin D. In order to validate these
docking outcomes and to understand real impact of
Vitamin D, further in vitro and in vivo studies together
with novel corona virus are strongly recommended.

2184

Pak. J. Pharm. Sci., Vol.33, No.5, September 2020, pp.2179-2186



ACKNOWLEDGMENT

We are grateful to Deanship of Scientific Research,
University of Hafr Al-Batin, Saudi Arabia for their
endless support for this research.

REFERENCES

Abou-Zeid LA (2020). In Silico #Favipiravir Isostere a
Promising Remedy: Lead discovery for Covid-19
recovery, FOP, Delta University & Mansoura
University.

Cao YC, Deng QX and Dai SX (2020). Remdesivir for
severe acute respiratory syndrome coronavirus 2
causing COVID-19: An evaluation of the evidence.
Travel. Med. Infect Dis., 101647.

Chen D, Oezguen N, Urvil P, Ferguson C, Dann SM and
Savidge TC (2016). Regulation of protein-ligand
binding affinity by hydrogen bond pairing. Sci. Adv.,
2(3): e1501240.

Cheng K, Ma C, Guo X, Huang Y and Tang R et al.
(2020) Vitamin D3 modulates yellow catfish
(Pelteobagrus fulvidraco) immune function in vivo and
in vitro and this involves the vitamin D3/VDR-type |
interferon axis. Devel. & Compar. Immu., 107:
103644-103655.

Colson P, Rolain JM, Lagier JC, Brouqui P. Raoult D
(2020). Chloroquine and hydroxychloroquine as
available weapons to fight COVID-19. Int J
Antimicrob Agents, 55(4): 105932.

Cui J, Li F and Shi ZL (2019). Origin and evolution of
pathogenic coronaviruses. Nat. Rev. Microbiol. 17(3):
181-192.

Deng X and Baker SC (2018). An "Old" protein with a
new story: Coronavirus endoribonuclease is important
for evading host antiviral defenses. Virology, 517(1):
157-163.

Deng X, Hackbart M, Mettelman RC, O'Brien A, Mielech
AM, Yi G, Kao CC and Baker SC (2017). Coronavirus
nonstructural protein 15 mediates evasion of dsRNA
sensors and limits apoptosis in macrophages. Proc Natl
Acad Sci U S A, 114(21): E4251-e4260.

Fehr AR and Perlman S (2015). Coronaviruses: An
overview of their replication and pathogenesis.
Methods in molecular biology (Clifton, N.J.) 1282(1):
1-23.

Ferner RE and Aronson JK (2020). Chloroquine and
hydroxychloroquine in covid-19. BMJ 369:m1432.

Friedl C. zZitt E (2017). Vitamin D prohormone in the
treatment of secondary hyperparathyroidism in patients
with chronic kidney disease. Int. J. Nephrol. Renovasc
Dis., 10(1): 109-122.

Gonzalez Paz LA, Lossada CA, Moncayo LS, Romero F,
Paz JL, Vera-Villalobos J, Perez AE, San-Blas E and
Alvarado YJ (2020). Molecular Docking and
Molecular Dynamic Study of Two Viral Proteins

Mohammed H Shalayel et al

Associated with  SARS-CoV-2 with
Preprints, 2020040334.

Grant WB, Lahore H, McDonnell SL, Baggerly CA,
French CB, Aliano JL and Bhattoa HP (2020).
Evidence that Vitamin D Supplementation Could
Reduce Risk of Influenza and COVID-19 Infections
and Deaths. Nutrients, 12(4): 988-1007

Gunville CF, Mourani PM and Ginde AA (2013). The
role of vitamin D in prevention and treatment of
infection. Inflamm Allergy Drug Targets, 12(4): 239-
245,

Holick MF (2006). High prevalence of vitamin D
inadequacy and implications for health. Mayo Clin
Proc., 81(3): 353-373.

Hui DS, E IA, Madani TA, Ntoumi F, Kock R, Dar O,
Ippolito G, McHugh TD, Memish ZA, Drosten C,
Zumla A. Petersen E (2020). The continuing 2019-
nCoV epidemic threat of novel coronaviruses to global
health - The latest 2019 novel coronavirus outbreak in
Wuhan, China. Int. J. Infect Dis., 91(1): 264-266.

Jamkhande PG, Ghante MH and Ajgunde BR (2017).
Software based approaches for drug designing and
development: A systematic review on commonly used
software and its applications. Bull Fac. of Pharm Cairo
Univ., 55(2): 203-210.

Jat KR (2017). Vitamin D deficiency and lower
respiratory tract infections in children: a systematic
review and meta-analysis of observational studies.
Trop. Doct., 47(1): 77-84.

Jendele L, Krivak R, Skoda P, Novotny M. Hoksza D
(2019). PrankWeb: a web server for ligand binding site
prediction and visualization. Nucleic Acids Res.,
47(W1): W345-w349.

Jimenez J, Doerr S, Martinez-Rosell G, Rose AS. De
Fabritiis G (2017). DeepSite: protein-binding site
predictor using 3D-convolutional neural networks.
Bioinformatics 33(19) 3036-3042.

Jiménez-Sousa MA, Martinez |, Medrano LM,
Fernandez-Rodriguez A and Resino S (2018) Vitamin
D in Human Immunodeficiency Virus Infection:
Influence on Immunity and Disease. Front. Immunol.,
9: 458.

Jin Z, Zhao Y, Sun Y, Zhang B, Wang H, Wu Y, Zhu Y,
Zhu C, Hu T, Du X, Duan Y, Yu J, Yang X, Yang X,
Yang K, Liu X, Guddat LW, Xiao G, Zhang L, Yang H
and Rao Z (2020). Structural basis for the inhibition of
SARS-CoV-2 main protease by antineoplastic drug
carmofur. Nat. Struct. Mol. Biol.

Joshi G and Poduri R (2020). Virtual Screening Enabled
Selection of Antiviral Agents Against Covid-19
Disease Targeting Coronavirus Endoribonuclease
NendoU: Plausible Mechanistic Interventions in the
Treatment of New Virus Strain Chem Rxiv. Preprint.

Khaerunnisa S, Kurniawan H, Awaluddin R, Suhartati S
and Soetjipto S (2020). Potential Inhibitor of COVID-
19 Main Protease (Mpro) From Several Medicinal

Ivermectin.

Pak. J. Pharm. Sci., Vol.33, No.5, September 2020, pp.2179-2186

2185



Vitamin D is a potential inhibitor of COVID-19: In silico molecular docking to the binding site

Plant Compounds by Molecular
Preprints, 2020030226.

Khan MF, Khan MA, Khan ZA, Ahamad T and Ansari
WA (2020). ldentification of Dietary Molecules as
Therapeutic Agents to Combat COVID-19 Using
Molecular Docking Studies. Research Square.

Kim Y, Jedrzejczak R, Maltseva NI, Wilamowski M,
Endres M, Godzik A, Michalska K and Joachimiak A
(2020). Crystal structure of Nspl5 endoribonuclease
NendoU from SARS-CoV-2. Protein Science n/a(n/a).

Krivak R. Hoksza D (2018). P2Rank: Machine learning
based tool for rapid and accurate prediction of ligand
binding sites from protein structure. J. Cheminform
10(1): 39.

Liu X, Fang P, Fang L, Hong Y, Zhu X, Wang D, Peng G
and Xiao S (2019). Porcine deltacoronavirus nspl5
antagonizes interferon-p production independently of
its endoribonuclease activity. Molecular immunology
114(1): 100-107.

Mavromoustakos T, Durdagi S, Koukoulitsa C, Simcic M,
Papadopoulos MG, Hodoscek M and Grdadolnik SG
(2011). Strategies in the rational drug design. Curr.
Med. Chem., 18(17): 2517 - 2530.

Morris GM, Huey R, Lindstrom W, Sanner MF, Belew
RK, Goodsell DS and Olson AJ (2009). AutoDock4
and AutoDockTools4: Automated docking with
selective receptor flexibility. J. Comput Chem., 30(16):
2785-2791.

Panarese A and Shahini E (2020). Letter: Covid-19, and
vitamin D. Aliment Pharm. Ther., 51(10): 993-995.

Ricagno S, Egloff MP, Ulferts R, Coutard B, Nurizzo D,
Campanacci V, Cambillau C, Ziebuhr J. Canard B
(2006). Crystal structure and mechanistic determinants
of SARS coronavirus nonstructural protein 15 define
an endoribonuclease family. Proc. Natl. Acad Sci. U S
A., 103(32): 11892-11897.

Rizvi SM, Shakil S. Haneef M (2013). A simple click by
click protocol to perform docking: AutoDock 4.2 made
easy for non-bioinformaticians. Excli J., 12(1): 831-
857.

Saber-Ayad M, Saleh MA and Abu-Gharbieh E (2020).
The Rationale for Potential Pharmacotherapy of
COVID-19. Pharmaceuticals, 13(96): 96-125.

Shah B, Modi P and Sagar SR (2020). In silico studies on
therapeutic agents for COVID-19: Drug repurposing
approach. Life Sciences, 252(1): 117652.

Shalayel MHF, Al-Qahtani AM, Huneif MA (2018)
Vitamin D or Flu Vaccine-Benefits over Adverse
Effects. Br. Biomed Bull, 6: 311.

Talluri S (2020). Virtual High Throughput Screening
Based Prediction of Potential Drugs for COVID-19.
Preprints, 2020020418.

Telcian AG, Zdrenghea MT, Edwards MR, Stanca VL
and Mallia P, Johnston SL and Stanciu LA (2017)
Vitamin D increases the antiviral activity of bronchial
epithelial cells in vitro. Antiviral Res., 137(1): 93-101.

Docking Study.

Wang F, Chen C, Tan W, Yang K and Yang H (2016).
Structure of Main Protease from Human Coronavirus
NL63: Insights for Wide Spectrum Anti-Coronavirus
Drug Design. Sci. Rep., 6: 22677.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi Z,
Hu Z, Zhong W and Xiao G (2020). Remdesivir and
chloroquine effectively inhibit the recently emerged
novel coronavirus (2019-nCoV) in vitro. Cell Res.,
30(3): 269-271.

Wen F, Yu H, Guo J, Li Y, Luo K and Huang S (2020).
Identification of the hyper-variable genomic hotspot
for the novel coronavirus SARS-CoV-2. J. Infect.,
80(6): 671-693.

Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y,
Wang Q, Xu Y, Li M, Li X, Zheng M, Chen L and Li
H (2020). Analysis of therapeutic targets for SARS-
CoV-2 and discovery of potential drugs by
computational methods. Acta Pharm Sin B.

Yu F, Du L, Ojcius DM, Pan C and Jiang S (2020).
Measures for diagnosing and treating infections by a
novel coronavirus responsible for a pneumonia
outbreak originating in Wuhan, China. Microbes Infect
22(2): 74-79.

Zhang L, Li L, Yan L, Ming Z, Jia Z, Lou Z and Rao Z
(2018). Structural and Biochemical Characterization of
Endoribonuclease Nspl5 Encoded by Middle East
Respiratory Syndrome Coronavirus. J Virol 92(22):
€00893-18.

2186

Pak. J. Pharm. Sci., Vol.33, No.5, September 2020, pp.2179-2186



