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Abstract

Background: SARS-CoV-2 that are the causal agent of a current pandemic are enveloped,
positive-sense, single-stranded RNA viruses of the Coronaviridae family. Proteases of SARS-
CoV-2 are necessary for viral replication, structural assembly and pathogenicity. The ~33.8KDa
Mpre protease of SARS-CoV-2 is a non-human homologue and highly conserved among several
coronaviruses indicating MP™© could be a potential drug target for Coronaviruses.

Methods: Here we performed computational ligand screening of four pharmacophores (OEW,
Remdesivir, Hydroxycholoquine and N3) that are presumed to have positive effects against
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SARS-CoV-2 MPe© protease (6LU7) and also screened 50,000 molecules from the ZINC
Database dataset against this protease target.

Results: We found 40 pharmacophore-like structures of natural compounds from diverse
chemical classes that exhibited better affinity of docking as compared to the known ligands. The
10 best selected ligands namely, ZINC1845382, ZINC1875405, ZINC2092396, ZINC2104424,
ZINC44018332, ZINC2101723, ZINC2094526, ZINC2094304, ZINC2104482, ZINC3984030,
and ZINC1531664, are mainly classified as (-carboline, Alkaloids and Polyflavonoids, and all of
them displayed interactions with dyad CYS145 and HIS41 from the protease pocket in a similar
way as with other known ligands.

Conclusion: Our results suggest that these 10 molecules could be effective against SARS-
CoV-2 protease and may be tested in vitro and in vivo to develop novel drugs against this virus.

Keywords: SARS-CoV-2, protease, virtual screening, pharmacophore, inhibitors, natural
compounds

Introduction
Coronaviruses (CoVs) are enveloped, positive-sense, single-stranded RNA

viruses of the Coronaviridae family (Cui et al., 2019). Based on their
antigenic properties, they were classified into three main groups (Schoeman
and Fielding, 201.9): i) alpha-CoVs, responsible for gastrointestinal disorders;
(i) beta-CoVs, which includes: (a) Bat coronavirus (BCoV), (b) the human
Severe Acute Respiratory Syndrome (SARS) virus, (¢) Middle Eastern
Respiratory Syndrome (MERS) virus; and iii) gamma-CoVs, that mainly
infect avian species. The most well-known of these coronaviruses is the
SARS-CoV ("severe acute respiratory syndrome"), responsible for causing an
outbreak in 2002 -2003 (Peiris et al., 2004) and MERS-CoV ("Middle East
respiratory syndrome'), causing severe respiratory symptoms, that was
identified in 2012 (Zaki et al., 2012).

In December 2014, a series of unusual pneumonia cases caused by a novel
coronavirus, recently renamed as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was identified in Wuhan (China) (Benvenuto,
et al., 2020; Wu et al., 2020). The disease caused by SARS-CoV-2 is now
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called COVID-149, and presents vast pathophysiological aspects, which
include symptoms such as fever and coughing and up to severe acute
respivatory failure (Zheng, 2020).

Since the infection crossed geographical barriers, the World Health
Organization (WHO) declared a pandemic situation in March 2020,
reaching a worldwide mortality rate of approximately 3% (Zhang, et al.,
2020).

The SARS-CoV-2 virus genome has 15 ORFs: ORF 1a (encoded
nonstructural proteins - nsp1 to nspl1), ORF 1b (encoded nonstructural
proteins (nsp12 to nsplé), ORF S (encoded a Spike protein, binding to cell
receptor and mediate virus-cell fusion), ORF 3a, 3b, &, 7a, 7b, 8, 9a, 9b
and 10 (encoded accessory protein), ORF E (encoded envelope protein, virus
assembly and morphogenesis proteins), ORF M (encoded membrane protein
and virus assembly proteins) and ORF N (encoded nucleocapsid protein,
exhibits complex forms with genomic RNA, and interacts with M protein for
viral assembly) (Wu et al., 2020).

ORF 1ab is a characteristic of members of the Coronaviridae family (Cheng
et al., 2007) and is equivalent to two-thirds of the SARS-CoV-2 virus
genome (Guo et al., 201.9). Each of these ORFs, encodes a polyprotein (pp),
which, when cleaved by proteases contained in the sequence, will generate
11 proteins (pp 1a) and 5 proteins (pp 1ab). The functions associated with
these proteins are related to the virus replication processes, and the
modulation of the immune response in the host, among other essential
functions for the development of the pathogen within the host cell (Wu et
al., 2020).

do0i:10.20944/preprints202004.0003.v1
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Virus resistance to drugs can lead to the emergence of new epidemics, such
as Influenza A virus (IAV), and resistance to drugs with adamantanes and
neuraminidase end up generating new outbreaks of the disease (Hussain et
al., 2017). Both drugs act by inhibiting proteins that are located in the
viral envelope, and this region is in greater contact with the external
environment, suffering greater evolutionary pressure and consequently
mutations. Drug resistance can occur when rapid viral replication is not
repressed to the maximum (McKeegan et al., 2002). In contrast, virus
proteases play a crucial role during virus replication, being a great target
for drug discovery (Sharma and Gupta, 2017).

For viral replication, proteases are necessary for the assembly of the viral
structure, and has been suggested to have relationships with the mechanism
of infection and pathogenicity of SARS-CoV-2 (Zhang, et al., 2020;
Benvenuto, et al., 2020). Proteases are enzymes found in all living
organisms and viruses and are classified according to their catalytic nature.
Proteases are divided into seven groups: aspartic proteases, asparagine
peptide lyase, cysteine proteases, glutamic proteases, metalloproteases,
serine proteases, and threonine proteases. Different types of proteases can
perform the same activity through different catalytic mechanisms (Sharma
and Gupta, 2017). A protease commonly has a binding site and a catalytic
site that are very close in the protein structure (Sharma and Gupta, 2017).
Proteases are present in several types of viruses and are widely found in
human viruses (Patel, 2017).

In coronaviruses, pp (poly protein 1) is essential for the replication of the
virus, as it encodes the protease MP", which is also called the "main

protease" (Anand et al., 2002; Jin et al., 2020). MP” (s classified as a
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chymotrypsin-like cysteine protease (3CLpro) (Anand et al., 2002; Bzowka
et al., 2020), and the MP” protease of SARS-CoV-2 with mass ~33.8KDa
(JIN et al., 2020) is characterized by a self-cleavage protein (Cui et al.,
2019; Kannan et al., 2020). It consists of a homodimer subdivided into two
protomers (A and B) that have three distinct domains (Yang, et al., 2020).
The first and second domains have antiparallel structure of B sheets while
the third domain contains five  helices forming a globular group, which is
connected in parallel with the domain-Il through a loop region (Jin et al.,
2020). The MP™ of SARS-CoV-2 has a catalytic cleft, comprising of a Cys-
His dyad in the place of the protease substrate interaction, which is situated
between domains -l and -1l (Jin et al., 2020). It has non-canonic specificity
to the substrate in the C-terminal portion. Furthermore, there is no
homologue of MP™ in the human genome (Zheng, et al., 2020; Jin, et al.,
2020), and it is highly conserved amongst coronaviruses (Xu et al., 2020).
Therefore, MP" is a potential target for studying inhibitors.

Antiviral therapy considers three main approaches to control and avoid
viral infections: (a) vaccination, (b) stimulation of host resistance
mechanisms, and (c) antiviral chemotherapy. Antivirals are drugs that
inhibit certain virus-specific events, such as binding to host cells, which is
how SARS-Cov-2 binds to ACE2 and TMPRSS2 (Hoffamann et al., 2020),
and MERS binds to the DPP415 receptor (Zumla et al., 2016), stripping
off the viral genome or clustering the progeny virions or preferably blocking
the synthesis of virus-driven macromolecules (Agrawal et al., 2015).
Antiviral chemotherapy can involve interfering with any or all of these virus
replication steps. Most antiviral drugs are primarily targeted to the

synthesis of nucleic acids in viruses. As viral replication and host cell
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processes are closely linked, one of the main problems of viral therapy
would be to find a drug capable of being selectively toxic just for the virus.
Antivirals are frequently more effective in prevention than in the treatment
itself, and are ineffective in eliminating latent or non-replicating viruses
(Crumpacker, 2004). In addition, when selecting an antiviral drug, viral
resistance must also be considered since it is one of the main causes of
therapeutic failure.

The main classes of antiviral drugs used in clinical therapy to treat systemic
viral infections include: a) Synthetic nucleosides (acyclovir, famciclovir,
ganciclovir, valacyclovir, and valganciclovir; b) Pyrophosphate analogs
(foscarnet); ¢) drrugs for syncytial virus and influenza A (amantadine and
rimantadine hydrochloride and ribavirin); d) Nucleoside reverse
transcriptase inhibitors (NRTI: abacavir, didanosine, emtricitabine, stavudine,
lamivudine, zidovudine, tenofovir in combination with NRTI); ) Non-
nucleoside reverse transcriptase inhibitors (NNRTI: delavirdine, efavirenz,
nevirapine); and f) Protease inhibitors (amprenavir, atazanavir, darunavir,
fosamprenavir, lopinavir and ritonavir, nelfinavir mesylate, saquinavir
mesylate, ritonavir, indinavir sulfate and tipranavir) (Ter et al., 2010;
Larson et al., 2016; Balayan et al., 2017).

The study of inhibitors to reduce viral replication can bring short-term
results, besides also reducing the severity and spread of the disease.
Moreover, the use of antiviral compounds can assist in the prophylaxis of
SARS-CoV-2 and reduce its spread (Mitja and Clotet, 2020). Therefore,
screening for potential viral protease inhibitors may assist in the selection of

new drugs with antiviral potential for SARS-CoV-2.

Materials & Methods
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Virtual screening

We used the crystallographic structure of COVID-19 main protease MP”
(6LU7) complexed with a known inhibitor, N3, for virtual screening (6Y7M)
(Jin, et al., 2020). Both ligand based (LBVS) and receptor based virtual
screening (RBVS), considering 50.000 structures of natural compounds

from ZINC Database (https://zincls.docking.org/) (Sterling and lrwin,

2015) were employed. ZINC molecules were downloaded that were
restricted to ADMET characteristics for druglikeness: no more than 5
hydrogen bond donors, no more than 10 hydrogen bond acceptors,
molecular weight between 160 and 500 g/Mol and logP between -0.4 and
5.6 (Guan et al., 2018; Lipinski et al., 2001; Ghose et al., 1999). For LBVS,
we defined four known drugs divided in the following groups: 1)
crystallographic (N3 and OEW), anti-viral (Remdesivir) and investigational
(hydroxychloroquine), for chemical comparison with our database. We used
a simple run with vROCS (OpenEye) (Hawkins et al., 2007) for generating
queries with the pharmacophoric map with the stereochemical
characteristics for each known ligand. Afterwards, we submitted each ligand
query for searching similar pharmacophore-like molecules using Tanimoto
Combo algorithm (Racz et al., 2018; Bajusz et al., 2015) with 1.0 cutoff,
which returned the best 1.000 hits for each round. This procedure was
repeated three times for each query, and, subsequently, redundant
structures were discarded, generating, in the end, a total of 4.000 similar
molecules for docking experiment.

The best LBVS hits were submitted to molecular docking calculations with
the COVD-19 main protease (6LU7) using Autodock 4.2 virtual screening

protocol (Morvis et al., 2009). All the ligand molecules and 6LU7 structure
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were converted to its corvespondent pdbqt files, using Autodock Tools 1.5.6
(Morris et al., 2009). The gridbox was defined on the active site region,
considering the amino acids THR 190, GLU 166, GLN 184, GLY 143, HIS
163, HIS 164, CYS 145, PHE 140, and according to previous studies with
the crystallographic structure of SARS-CoV-2 main protease (Wang et al.,
2020; Zhang et al., 2020; Jin et al., 2020). Each docking run was
performed three times using the following specifications: flexible docking and
Lamarckian Genetic Algorithm with 1750000 generations. Afterwards, the
10 best docking hits were selected based on the average of affinity energy
values, and classified according to their pharmacophore similarity.
Additionally, we evaluated each docking position inside the 6LU7 active site
using Pymol 2.1 (Schrédinger, 2020) in order to confirm molecule
interactions with the amino acids within the protease active site.
Furthermore, 2D interaction maps were generated by Discovery Studio

2019 (Dassault Systemes BIOVIA, 2019).

Results
Ligand Based Virtual Screening (LBVS)

Different pharmacophoric characteristics were generated for each known
ligand (Figure 1), which allowed us to find molecules included in different
chemical classifications and amplifying the number of possible drug
candidates. Table 1 shows the pharmacophoric characteristics for each
known 6LU7 inhibitor, which allowed us to find natural ligands with
pharmacophore-like regions. Additionally, we used the ADMET
characteristics for molecular weight and LogP that are important for

molecular druggability.
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Ligand based virtual screening and docking calculations of ZINC database
compounds revealed the 40 best pharmacophore-like ligands that belong to
different chemical classes, namely, B-carboline Alkaloids, Indole Alkaloids,
Lupin Alkaloids, Harmala Alkaloids, Polyflavonoids, Anthracenes, Angular
Pyranocoumarins, and Flavonoid-3-0O-glycosides. Table 2 shows the
detailed results on the average affinity energies, ZINC identification, and
chemical classification of each selected ligand.

For selecting the best pharmacophore-like drug-candidates, we considered
evaluating lower affinity energy values, as well as interactions with residues
of the active site within the target. As can be seen in figure 2A, all
pharmacophore-like OEW ligand molecules formed a complex with the
active pocket of 6LU7. The three best OEW ligands (ZINC1845382,
ZINC1875405, ZINC2092396) are shown in complex with COVID-14
protease in Figure 2 (B to D) with the detailed 2D interaction map. In this
case, these top three hits are included in the -carboline alkaloid class.
The intermolecular interactions carried out by ligand ZINC1845382
exhibited a hydrogen bond with the residue of the active PHE140 protease
site. The catalytic residues CYS145 and HIS41 performed interactions of
the type t, t-1t stacked and tt-alkyl with the entire beta-carboline group,
which was composed of three hydrophobic rings. The remaining residues
were of the t-sigma type, hydrogen-carbon acceptors, and halogen
acceptors from residues THR2S, THR26, as well as other residues from the
active site GLUL166, GLN184, GLY143, HYS164, respectively.

Ligand ZINC1875405 performed two hydrogen bonding interactions with
residues THR2S and PHE140. Additionally, four more polar interactions of
the type -t stacked, t-aquil, aquil and t-sulfur with residues HIS41,
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MET44, CYS145 and MET165, respectively, were formed. The other
interactions were of hydrophobic van der Waals type.

Ligand ZINC2092396 interacted by hydrogen interaction with the residue
PHE140, 1t and tt-alkyl with CYS140, -1t stacked and wt-alkyl HIS41,
and van der Waals with GLN184a, GLY143, HIS164, GLU166. Other
interactions occurred with hydrogen bonds by the ligand nitrobenzene
group with the ASN142 residue and a tt-sulfur interaction of the beta-
carboline group with MET165 residue.

The Remdesivir pharmacophore-like search returned two Beta-carboline
alkaloids ZINC2104424 and ZINC1875405, as well as one polyflavonoid
(ZINC44018332), which interacted with the COVID-19 main protease
active pocket showing affinity energies below -10.0 Kcal/Mol. Figure 3 (A to
D) show the details of all ligand interactions, as well as the top three
molecules interaction maps.

The ligand ZINC2104424 also occupied the region of the active site (Figure
3 B), showing polar interactions 1t, w-alkyl, t-1t stacked and tt-sulfur
types from beta-carboline with HIS41, MET44, CYS145, and MET165
amino acids. Moreover, an interaction of THR26 halogen with the ligand
Fluorobenzene group also occurved. Other hydrophobic interactions were van
der Waals, mostly with residues of the active site: PHE140, GLY143,
HIS163, HIS164, GLU166 and GLN184.

Ligand ZINC1875405 (Figure 3 C) displayed three hydrogen interactions
with the indole group, and two oxygen interactions from a nitrobenzene of
THR2S5, PHE140 AND GLN166, respectively. Several van der Waals-type
hydrophobic interactions were found with GLY143, HIS164 and GLN184

amino acids. Furthermore, four polar interactions (1, t-alkyl, -t stacked
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and Tt-sulfur) with residues HIS41, MET44, CYS 145 and MET165,
respectively, were also retrieved.

Ligand ZINC2092396 (Figure 3 D) exhibited two hydrogen interactions
with HIS163 and THR26 by its hydroxyl from the flavonoid nucleus, as well
as four more t-donor hydrogen bonding interactions with residues TYRS4,
PHE140, GLY143 and GLU166. Besides, three w-alkyl and w-sulfur
interactions made with MET44, CYS145 and MET165 were also retrieved.
Other hydrophobic interactions were of van der Waals type.

Figure 4 explains the interactions between 6LU7 active sites and the three
best hits from derived molecules of hydroxychloroquine pharmacophore
(ZINC2101723, ZINC2094526, ZINC2094304). These complexes
displayed affinity energies varying from -10.2 Kcal/Mol to -9.6 Keal/Mol,
and all ligands were classified as  -carboline alkaloids derivatives.

The beta-carboline group of the ligand ZINC2101723 (Figure 4 B) formed
four t-alkyl, alkyl and -sulfur type interactions with HIS41, MET44,
CYS145 and MET165 residues, as well as other hydrophobic interactions
from its naphthalene and beta-carboline groups with the active site amino
acids PHE140, GLY143, HIS163 E 164, LU166 and GLN184. Ligand
ZINC2094526 (Figure 4 C) displayed a hydrogen bond interaction with
PHE140 by its nitrobenzene group. Five polar interactions (t-sigma, -
aquil, Tt-1c stacked and Tt-sulfur) were observed with residues THR2S,
HIS41, MET44, CYS145 and MET165, respectively. For the ligand
ZINC2094304 (Figure 4 D), two hydrogen bonds with residues PHE140
and GLUL66 by its nitrobenzene group were formed. In addition, this

ligand formed four polar interactions (t-tt stacked, t-alkyl, alkyl and -
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sulfur) with residues HIS41, MET44, CYS145 and MET165, respectively.
Other van der Waals type interactions could also be identified.

The N3 pharmacophore revealed one  -carboline alkaloid (ZINC2101723)
and two polyflavonoids (ZINC2094526 and ZINC2094304). This group
displayed affinity energies ranging from -4.8 Keal/Mol to -10.1 Kceal/Mol.
In figure 5 the best complex interactions with the protease, as well as their
positions inside the binding pocket are depicted.

Ligand ZINC2104482 (Figure 5 B) formed a large number of hydrophobic
interactions (14 van der Waals interactions), surrounding the active site
amino acid, such as GLY143, HIS164, GLU166 and GLN184. Furthermore,
this ligand formed three t-alkyl and alkyl bonds with HIS41, MET44,
CYS145 residues. Ligand ZINC3984030 (Figure S C) exhibited three
hydrogen bonds with THR26, TYR54 and GLU166 residues by OH groups
of flavonoid nuclei. A t-donor hydrogen bond interaction of the GLY143
residue was also observed. Moreover, three polar interactions (rt-1t stacked,
1t-alkyl and Tt-sulfur) were identified with HIS41, CYS145 and MET165.
The rest of the interactions were van der Waals type. Ligand
ZINC1531664 (Figure 5 D) showed a hydrogen bond by its OH group
TYRS4. In addition, four t-donor hydrogen bond and hydrogen carbon
bond interactions with residues PHE140, GLY143, GLU166 also occurred.
Two polar interactions of the type t-alkyl and tt-sulfur were observed with
MET44, CYS145 and MET165, and the other hydrophobic interactions

were of van der Waals type.

Discussion
Docking results revealed 40 pharmacophore-like natural ligands, which can

be used as drug candidates for inhibiting SARS-CoV-2 main protease

do0i:10.20944/preprints202004.0003.v1
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activity. Furthermore, we ranked the three best candidates for each known
ligand pharmacophore as the best potential drug molecules (and totaling 12
molecules) for in vitro and vivo assays purposes, but not excluding the other
28 molecules. For these cases, ligands are included in two most expressive
chemical classes: B-carboline Alkaloids and Polyflavonoids. Additionally, all
ligands exhibited better affinity energies than the known drugs used as
references for construction of pharmacophoric characteristics: OEW (Zhang
et al., 2020), Remdesivir (Martinez, 2020), Hydroxychloroquine (Vincent et
al., 2005), and N3 (Jin et al., 2020).

The groups of OEW and hydroxychloroquine pharmacophores presented
their three most promising ligands classified as p-carboline Alkaloids. This
class of molecules is reported by different authors with antiviral activities.
According to Gonzalez et al. (2018), p-carboline Alkaloids are widely
distributed in nature, and its derivatives exhibited activity against Herpes
Simplex Viruses by blocking virus replication. Additionally, Gonzalez et al.
(201 8) demonstrated the action of these alkaloids in Dengue Virus (DENV -
2) RNA replication. Furthermore, several other studies suggest the alkaloid
activity against viral proteases (Ahmad et al., 2008; ul Qamar et al.,
2014; Powers and Setzer, 2016). Similarly, Remdesivir pharmacophore
revealed two B-carboline Alkaloids (ZINC2104424 and ZINC1875405), In
addition, we detected a polyflavonoid (ZINC44018332) as one probable
active molecule from a different class against SARS-CoV-2 main protease,
and, several authors have described flavonoid activity as viral protease
inhibitors (Qamar et al., 2017; Shimizu et al., 2017; Hawas et al., 2019),
as well as antiviral molecules acting in different target classes (Kaul et al.,

1985; Shimizu et al., 2017; Gonzalez-Burquez et al., 2018; Dai et al.,
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20149). N3 pharmacophore displayed two flavonoids as the best molecules
and just one p-carboline alkaloid. These results indicate that both classes of
molecules could be explored for in vitro and in vivo tests to evaluate their
potential antiviral activities for not only SARS-CoV-2 but also other viruses
of medical interest.

Other classes of molecules were found in our screening for protease activity
that were previously described in antiviral studies: Anthracenes (Tomlinson
et al. 2011), Angular Pyranocoumarin (Barnard et al., 2002; Hassan et al.,
2016), and Flavonoid-3-0-glycoside (Behbahani et al., 2014). Interaction
maps of these complexes can be verified in the Supplementary Material.

All the known ligands (OEW, Remdesivir, Hydroxychloroquine and N3), that
were used for validating our computational screening, exhibited worse
affinity energies in docking calculations (ranging from -7.8 Keal/Mol to -
5.2 Keal/Mol) than the natural screened compounds (ranging from -10.6
Kcal/Mol to -49.1 Kcal/Mol). Moreover, all the 40 selected ligands docked
inside MP™ active site as previously described in several antiviral studies, and
interacted in the region of connection between domains | and Il with amino
acids HIS41 and CYS145 (Zhang et al., 2020; Jin et al., 2020; Ren et al.,
2013; Wang et al., 2016; Yang et al., 2003; Anand et al., 2002).

Zhang et al. (2020) studied four MP™ ketoamide inhibitors, including the
OEW ligand (ligand 13b) used in our study, and detected a reduction in
RNA replication in human cells infected with SARS-CoV-2, as well as
described binding interactions with its main protease. Besides, they propose
a ketoamide as a probable protease inhibitor and a drug candidate against

the virus.
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The peptidomimetic molecule N3 was proposed as a drug candidate by
Wang and colleagues (2020), describing its binding interactions with the
crystallographic structures of SARS-CoV-2 and other viral proteases. Their
study reported that N3 can bind in all active pockets from the main
proteases of HCoV-NL&3, SARS-CoV, and MERS-CoV.

Other molecules have been tested as antivirals for effectiveness in inhibiting
SARS-CoV-2 replication in cell culture. Two drugs exhibited a promising
inhibitory effect: remdesivir (GS-5734), an experimental drug being
developed for the treatment of Ebola virus infection (Warren et al., 2016);
and hydroxychloroquine (CQ), a drug known for its effectiveness in the
treatment of malaria and autoimmune diseases (Wang et al., 2020). The
Remdesivir, or GS-5734, is an adenosine triphosphate analogue initially
described in the literature in 2016 as a potential treatment for Ebola
(Warren et al., 2016), and this drug has been indeed considered as a
potential treatment for SARS-CoV2, (De Wit et al., 2020). Notably,
remdesivir has demonstrated antiviral activity in the treatment of MERS
and SARS in animal models, both of which are caused by the coronavirus
(Sheahan et al., 2017). Hydroxychloroquine is an aminoquinoline-like
chloroquine (Furst, 1996). It is a drug commonly prescribed for the
treatment of uncomplicated malaria, rheumatoid arthritis, chronic discoid
lupus erythematosus, and systemic lupus erythematosus (Shippey et al.,
2018). Chloroquine and hydroxychloroquine are being investigated for the
treatment of SARS-CoV-2 (Devaux et al., 2020), and they have been
reported to have direct antiviral effects, such as inhibition of flaviviruses,
retroviruses (like HIV), and many coronaviruses. A recent study showed that,

with EC50 of 1.13 umol / L and SI greater than 88, chloroquine can
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effectively inhibit SARS-CoV-2 at the cellular level. Its effectiveness in the
human body for SARS-CoV-2 infection however, has not yet been clinically
proven. Carong et al. (2020) carried out an n sifico study with chloroquine

and detected interactions with viral Nsp3b type protease.

Conclusions

In our study, we compared the pharmacophores of four well-tested
Human-CoV (and including SARS-Cov-2) main protease drug candidates to
50,000 structures of natural compounds from the ZINC Database. The
three best molecules selected for each pharmacophore class are mainly
classified as B-carboline alkaloids, and polyflavonoids. The best ligand -
SARS-Cov-2 complexes exhibited better affinity energies in comparison to
drug molecules used in this study. Furthermore, all the screened molecules
bonded between domains -1 and Il and formed interactions with the
catalytic residues HIS41 and CYS145 in similar positions as previously
described from other authors in viral protease inhibitor studies. Altogether,
we propose these compounds as possible SARS-CoV-2 protease inhibitors,
which can be used for /n vitro and in vivo tests for finding novel drug

candidates.
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Figure 1

Pharmacophore representation for each Known

drug used for virtual screening.

A: OEW, B: N3, C: Remdesivir and D:
Hydroxychloroquine. In red spheres: hydrogen
acceptors; blue spheres: hydrogen donors; yellow
spheres: hydrophobic; and green spheres: aromatic.
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Figure 2

Best hits for OEW pharmacophore-like molecules

A: SARS-CoV-2 main protease complexed with the
10 best hits OEW pharmacophore molecules.

Protomer A is represented in marine blue surface and


https://doi.org/10.20944/preprints202004.0003.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 April 2020 d0i:10.20944/preprints202004.0003.v1

protomer B in dark pink surface. ZINC1845382 in
cyan (B), ZINC1875405 (C) in dark pink and
ZINC2092396 in purple (D) inside 6LU7 binding site
and their 2D interaction maps with pocket amino
acids.
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Best hits Remdesivir pharmacophore -like

molecules

A: SARS-CoV-2 main protease complexed with 10
best hits Remdesivir pharmacophore molecules.
Protomer A is represented in green surface, and
protomer B in orange surface. ZINC2104424 in cyan
(B), ZINC1875405 (C) in wheat and
ZINC44018332 in violet (D) inside 6LU7 binding
site and their 2D interaction maps with pocket

amino aclds.


https://doi.org/10.20944/preprints202004.0003.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 April 2020 d0i:10.20944/preprints202004.0003.v1

Interacti teraction
[ van der v B Pieisiacke [ ven der v B PP Stacked [0 van der v [ Pbonor Hydroge
[ Haloge: 1 A B conve: on [ Ay [ Conventional Hydrogen Bond [}

[ Pisuttr = P PSulk = [ Carbon Hydrog [ Piakyt

Figure 4

Best hits for Hydroxychloroquine

pharmacophore-like molecules

A: Protomer A is represented in violet surface, and
protomer B in marine blue surface. ZINC2101723 in
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yellow (B), ZINC2094526 in red (C), and
ZINC2094304 in dark blue (D) inside 6LU7 binding
site and their 2D interaction maps with pocket

amino acids.

Interactions
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Figure 5
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Virtual screening results for the N3

pharmacophore

A: SARS-CoV-2 main protease is represented in cyan
(protomer A) and dark salmon (protomer B). The
best complexes are formed by the alkaloid
ZINC2101723 in pink (B) and two polyflavonoids
ZINC2094526 in marine blue (C) and
ZINC2094304 in lemon green (D), and their 2D
interaction maps with pocket amino acids are shown

below each complex.
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Table 1 (on next page)

Table1: Pharmacophoric characteristics for each
known inhibitor used for screening natural

ligands from ZINC Database Hb.A. = Hydrogen

acceptor; Hb.D. = Hydrogen donor; M.W. = Molecular
weight.
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Inhibitor Hb.A. Hb.D. Aromatic  Hydrophobic M.W. LogP

OEW 7 5 3 1 663.8 -0.71

N3 6 4 3 2 680.8 2.32
Remdesivir 9 1 4 2 602.6 1.9
Hydroxychloroquine 2 2 2 0 3359 36
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Table 2(on next page)

Table 2: 40 best molecule hits of SARS-CoV-2
main protease inhibitor candidates from a
dataset of 50,000 natural compounds from
ZINC Database
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Avg. Afinity

(KcallMol) Classification

Known Drug Ligand

ZINC1900463 . B-carboline Alkaloid
OEW (13b) ZINC2149492 -9.8 B-carboline Alkaloid
ZINC2112405 -9.7 B-carboline Alkaloid
ZINC2095426 -9.7 B-carboline Alkaloid
ZINC2094306 -9.6 B-carboline Alkaloid
ZINC2144677 -9.6 Anthracene
ZINC1095868 -9.5 Harmala Alkaloids

ZINC2148932 -9.9 B-carboline Alkaloid
Remdesivir ZINC2156531 -9.9 Indoles Alkaloid
ZINC3197535 -9.9 Polyflavonoid
ZINC2102620 -9.9 Indoles Alkaloid
ZINC2123402 -9.9 B-carboline Alkaloid
ZINC2149488 -9.9 B-carboline Alkaloid

ZINC1531664 -9.9 Polyflavonoid

ZINC2091604 -94 B-carboline Alkaloid
Hydroxychloroquine ZINC2113496 -94 B-carboline Alkaloid
ZINC1460216 -9.3 Angular Pyranocoumarin
ZINC2123008 -9.2 B-carboline Alkaloid
ZINC682759 -9.2 Harmala Alkaloids
ZINC2105243 -9.2 B-carboline Alkaloid
ZINC2111696 -9.1 B-carboline Alkaloid
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ZINC2152199 -9.8 B-carboline Alkaloid
N3 ZINC4096847 -9.6 Flavonoid-3-O-glycoside
ZINC3947428 -9.6 Flavonoid-3-O-glycoside
ZINC2092587 -9.6 B-carboline Alkaloid
ZINC2115924 -95 B-carboline Alkaloid
ZINC2110081 -95 Lupin Alkaloid

ZINC1898165 -9.5 Benzofuran
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