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Abstract
With the rapid spread of the novel Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2), the causative agent of COVID-19 
pandemic, poses a serious threat to global public health and still requires further investigations into potential therapeutic agents. The 
availability of SARS-CoV-2 genomic data and efforts to determine the structure of the viral proteins facilitated the identification of potent 
inhibitors using structure-based methods and bioinformatics tools.

Some drugs candidates have been proposed to treat COVID-19, but their effectiveness has not been approved. However, it is important to 
find new targeted drugs to overcome the problem of drug resistance. Several viral proteins such as proteases, polymerases or structural 
proteins have been considered as potential therapeutic targets. However, the viral target must be essential for host invasion and meet 
certain drug eligibility criteria.

In this work, we selected the validated pharmacological target main protease Mpro and we performed high throughput virtual screening of 
Natural Products from African Databases such as NANPDB, EANPDB, AfroDb, and SANCDB to identify the most promising inhibitors with 
the best pharmacological properties.

In total, 8741 Natural Products NPs were virtually screened against the main protease of SARS-CoV-2. Two hundred and five (205) 
compounds showed high-affinity scores (less than -10.0 Kcal/mol), among which fifty-eight (58) filtered through Lipinski’s rules. Those 
NPs showed better affinity than known inhibitors (i.e., ABBV-744, Onalespib, Daunorubicin, Alpha-ketoamide, Perampanel, Carprefen, 
Celecoxib, Alprazolam, Trovafloxacin, Sarafloxacin, Ethyl biscoumacetat). Detail of their interactions with the protein were illustrated and 
discussed with comparative inhibitors. Those promising compounds could be considered for further investigations toward the development 
of SARS-CoV-2 drug. 
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Introduction
On January 30th, 2020, the World Health Organization (WHO) 

declared the outbreak of the spread of coronavirus (COVID-19) as an 
international public health emergency [1]. In March 2020 the WHO 
classified the COVID-19 as a pandemic showing the rapid spread of 
the threat due to the Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) [2].

This infection infected more than 667,000,000 people and caused 
more than 6,7 million deaths worldwide in January 2023. Although 
not spared, the Africa continent had more than 258,000 deaths and 
more than 12,700,000 cases at the beginning of August 2021. The 
rapid spread of the pandemic caused a serious threat to public health, 
requiring rapid research into therapeutic agents. The development of 
new drugs requires too much time and money by conventional methods 
[3]. With omics technologies and bioinformatics tools, the time and 
costs are considerably reduced. In the COVID-19 pandemics, the rapid 
availability of SARS-Cov-2 genomic data and the protein structures 
facilitated the identification of therapeutic targets and inhibitors. Thus, 
many inhibitors have been proposed to treat the COVID-19. Those 
molecules were from Natural Compounds or from Approved Drugs. 
but their efficiency has not been evaluated yet [4-6]. Several viral 
proteins such as proteases, polymerases or structural proteins have 
been considered as potential therapeutic targets [7].

Natural Products (NPs) are broadly defined as chemical substances 

produced by living organisms. Some definitions include all small 
molecules resulting from metabolic reactions, while others classify as 
“NPs” only the secondary or non-essential metabolism products [8,9]. 
In this document, the term Natural Products will designate extracted 
bioactive compounds from Plants stored in an African Data base. The 
bioactive compounds have benefited mankind in food, pesticides, 
cosmetic products, and especially in drugs [10]. The crude extracts from 
Plants used in traditional medicine contain many pharmacological 
active compounds [11,12]. They have shown their healing power in 
reducing diseases since ancient civilization [13]. These crude medicines 
can lead to the discovery of other active molecules and eventually to the 
development of chemical pure drugs that have real beneficial effects. 
Currently, many prescribed medicines are derived from investigations 
on natural products. The oldest examples of drugs based on natural 
products are analgesics. Salicin, a natural product hydrolyzed into 
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acetylsalicylic acid, better known as aspirin, is a synthetic derivate used 
as an analgesic [13]. Some of the notable approved drugs, either from 
pure or derived NPs, include lefamulin, the aminoglycoside antibiotic 
plazomicin; tafenoquine succinate, an antimalarial agent; and aplidine, 
an anticancer agent [14]. These findings are positive proofs that NPs 
could be used to find efficient drugs.

In the early 2000s, the main protease (Mpro, nsp5) also named 
chymotrypsin-like protease (3CLpro) attracted particular attention 
as therapeutic targets after the first SARS-CoV epidemic [15]. 
Indeed, many studies demonstrated that this protease is a interesting 
therapeutic target due to its essential role in viral replication [16,17]. 
Other important coronaviral therapeutic targets include Spike protein 
(S), RNA-dependent RNA polymerase (RdRp, nsp12), NTPase/helicase 
(nsp13), and papain-like protease (PLpro, part of nsp3) [18,19]. Mpro 
plays a central role in mediating viral replication and transcription 
functions through extensive proteolytic processing of two replication 
polyproteins, pp1a (486 kDa) and pp1ab (790 kDa) [20]. It exists 
only in viruses and is not present in humans. Interestingly, it is the 
most conserved enzyme among SARS-CoV-2 related viruses [21]. 
The sequence of the Mpro enzyme shows high identity (>96%) with 
the SARS-CoV, except for one key residue (Ala285Thr), which may 
contribute to the high infectivity of the SARS-CoV-2 virus [22]. The 
functional centrality of Mpro in the viral life cycle makes it an interesting 
target for drug development against SARS and other CoV infections. 
Therefore, its inhibition may block the production of infectious virus 
particles and thus alleviate disease symptoms [23]. By capitalizing on 
this knowledge, Mpro have been chosen as the most attractive target 
drug discovery against SARS in this work. 

In this study, we carried out investigations of potential inhibitors 
of Mpro of SARS-CoV-2 by high-throughput virtual screening of NPs 
from African Databases. Details of interactions between the target et 
the molecules were analyzed to propose the promising inhibitors of 
SARS-Cov-2 [24].

Materials and Methods 
Compounds datasets

We used four African databases of Natural Products: AfroDb, 
EANPDB, NANPDB and SANCDB [9,10,25-27]. Because the databases 
did not have the same formats, they were prepared differently. The 
molecules of the AfroDb and EANPDB databases were prepared 
using PyRx-Python Prescription 0.8 while those of SANCDB and 
NANPDB were formatted by Open Babel using homemade scripts 
[28]. Then all compounds in SDF (Standard Delay Format) format were 
converted into the pdbqt format. The compounds (Alpha-ketoamide 
13b, Daunorubicin, Onalespib, and ABBV-744), were prepared using 
AutoDockTools to be used as controls.

Protein preparation

The main protease (Code PBD: 6Y2F), in complex with alpha-
ketoamide 13b (αk-13b) was loaded into PyMol to delete the ligand 
[29]. The protein structure without the ligand was prepared with 
AutoDockTool-1.5.7 (ADT). ADT is being distributed free of charge 
as part of the MGLTools packages. ADT was used to remove non-
polar Hydrogens, to add the Gasteiger charges, and to assign Solvation 
parameters and Atom Types. The resulting file was used as the receptor 
in the virtual screening process. The Computed Atlas of Surface 
Topography of protein (CASTp) server is an online tool that locates 
and measures pockets and voids on 3D protein structures [30]. It was 
used to determine the ligand-binding pocket size. Based on the pocket 
size and taking into account of the alpha-ketoamide 13b position in the 

crystal structure, the grid box coordinates were set as following: center_
x=-0.000, center y=-0.704, center_z=-0.000 and size_x=40, size_y=40, 
size_z=40.

Virtual screening

Virtual screening is a widely used technique for identifying the 
top compounds against specific proteins from a library of compounds 
[31]. The sum of 8741 molecules was virtually screened with the main 
protease Mpro using AutoDock Vina 1.1.2 in Command Line. After the 
preparation of the protein and ligands in pdbqt format, all the files were 
put in the same folder, with a configuration file containing the receptor 
name, the grid box coordinates, the list of ligands [32,33]. The Vina 
script was launched with default parameters. 

Lipinski’s rule of five verification 

Lipinski’s rule helps to distinguish drug-like from non-drug-like 
molecules [34,35]. It states that a drug-like molecule must have at least 
two of the following rules: Molecular weight less than 500 Dalton, high 
lipophilicity (expressed as LogP less than 5), less than 5 hydrogen bond 
donors; less than 10 hydrogen bond acceptors; molar refractivity must 
be between 40 and 130 [34,35]. The SwissADMET server was used to 
compute the related parameters to Lipinski’s rules [36]. 

Determination of Protein-ligand interactions 

The interactions between the protein and the NPs were determined 
using the Ligplot+ v.2.2.4 software [37]. PyMol-2.0 was used to illustrate 
and highlight the interactions [29].

Results 
Datasets of natural compounds

In this study, we used four African Databases of bioactive 
Compounds suitable for virtual screening: AfroDb, SANCDB, 
NANPDB and EANPDB. AfroDb is a collection of NPs from African 
medicinal plants with known bioactivities [38]. It represents the largest 
diversified collection of 3D structures of natural products covering the 
entire African continent. The compounds with a large number of tested 
biological activities are included in the ZINC database. The South 
African Natural Compounds Database SANCDB is a fully referenced 
database of NPs from sources in South Africa [27]. The Northern 
African Natural Products Database (NANPDB) is the largest collection 
of NPs produced by indigenous organisms of North Africa [9]. The 
Eastern Africa Natural Products Database EANPDB (http://african-
compounds.org) containing the structural and bioactivity information 
of 1870 unique isolated molecules from about 300 source species from 
the Eastern African region. In total, 8741 NPs were obtained from the 
different databases (Table 1).

Database SANCDB NANPDB EANDPB AfroDb Total
Number of NPs 1134 4912 1815 880 8741

References
Hatherley 
et al., 2015 
[10]

Ntie-Kang 
et al., 2017 
[25] 

Simoben et 
al., 2020 [9] 

Ntie-Kang 
et al., 2013 
[26] 

 

Table 1: Summary of databases used for virtual screening.

SARS-CoV2 active site

The structure of SARS-CoV-2 (code PDB: 6Y2F) was used for the 
virtual screening. The protein was prepared as described above and the 
binding pocket was determined using CASTp server. ADT was used to 
prepare the Grid box corresponding to the CASTp results. The Figure 1 
presented the localization of binding area for the screening.
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same docking parameters (Table 2) [43].

The Table 2 showed for each molecule, the parameters of Lipinski 
which are molecular weight, logP, number of hydrogen bonds donor 
and number of hydrogen bonds acceptor. The twelve NPs presented in 
the Table 2 did not showed any violation of Lipinski’s rules indicating 
improved pharmaceutical properties. Moreover, those compounds 
presented higher affinity scores than standard inhibitors used as 
controls [43]. The results illustrated that these NPs could be considered 
as promising inhibitors of Mpro from SARS-CoV-2.

The Table 3 presented the details of the interactions between Mpro 
and the twelve identified compounds. The analysis of the interactions 
showed that the inhibitors interact mostly with residues Arg4, Leu282, 
Gly283, Glu288 of Mpro which are key residues of Mpro. 

The interactions between Mpro and the top four inhibitors based 
on their affinity scores, docked poses and interactions with key amino 
acids were presented on the Figure 2. The LigPlot+ program was used 
to map the 2D interactions between Mpro and the top four compounds 
(Figure 3). The details of the other compounds are presented on Figure 
4. The analysis of the interaction’s details was summarized in Table 4 
which revealed that the main residues of Mpro interacting with the 
ligands were Arg4, Lys5 Glu283, Gly283 and Glu288 involved in the 
catalytic domain surrounding the active site dyad (His41-Cys145). 

The structure was constituted of two chains (A and B) surrounding 
a catalytic dyad (His41-Cys145). The structure was very similar to 
that of the SARS protease [39]. It was composed of three domains: the 
domain I (residues 1-101), domain II (residues 102-184) mainly made 
of antiparallel β-sheets, and an α-helical domain III (residues 201-301) 
[40,41]. The catalytic domain III contains the Ser284-Thr285-Ile286 
segment, an additional domain far from the catalytic dyad. One major 
difference with SARS-CoV-I is the substitution of the Thr285 residue 
by Ala 23 [22]. The Figure 1A showed the binding pocket of Mpro 
represented by the Red surface. The molecular surface area of the pocket 
was 1738.8 Å3. This pocket was located between the two protomers. It 
was used to define a grid box covering the amino acids of the binding 
site (Figure 1B). The grid box volume was made large enough to allow a 
number of NPs to dock to the cleft. Indeed, a molecule able to strongly 
interact between the two protomers could inactivate the enzyme 
activity, even preventing the protein dimerization [42].

In total, 8741 molecules were screened against the SARS-CoV-2 
Mpro among which two hundred and five (205) molecules presented 
affinity scores that ranged between -12.1 Kcal/mol and -10.0 Kcal/mol. 
Among them, fifty-eight passed through the Lipinski’s rule and twelve 
(12) did not present any violation of the rule. Those molecules got 
affinity scores ranging from -11.2 Kcal/mol and -10.0 Kcal/mol (Table 
2). The molecules ABBV-744, Daunorubicin and Onalespib described 
as potent inhibitors of Mpro were also screened as controls using the 

Figure 1: Binding pocket (Red surface) of SARS-CoV-2 Mpro determined by CASTp server (A), highlighted in the Grid box prepared by AutoDockTools (B). The 
Figure highlights also the two chains of the protein (chain A in purple and chain B in green).

No Compounds Mw (Dalton) Log(P) Hydrogen donor Hydrogen acceptor Affinity (Kcal/mol)
1 Sphaeropsidin A (NA) 346.42 2.27 2 5 -11.2

2 Gypsogenic acid (NA) 486.68 2.98 3 5 -10.6

3  Yardenone (SANC00595) 488.7 4.51 0 5 -10.5

4 A-homo-3a-oxa-5beta-olean-12-en-3-one-28-oic acid (EA) 470.691 -3.503 1 5 -10.4
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5  Epigallocatechin (NA) 306.27 0.42 6 7 -10.4

6 Neopellitorine B (NA) 235.37 3.6 0 1 -10.4

7 Caretroside A (NA) 402.48 2.2 3 6 -10.3

8 Pallidol (NA) 454.47 2.51 5 6 -10.3

9 Maslinic acid (NA) 472.7 3.38 3 4 -10.2

10 Cabralealactone (NA) 414.62 3.86 0 3 -10.2

11 Olibanumol H (NA) 460.73 4.3 3 3 -10.1

12 Clionamine D (SANC00290) 401.54 2.43 2 5 -10

Known Mpro Inhibitors used as controls
1 Alpha-ketoamide 13b 593.7 3.96 4 7 -9.2

2 Daunorubicin 527.5 2.66 5 11 -9.1

3 Onalespib 409.5 3.84 2 5 -8.4

4 ABBV-744 491.6 3.65 3 5 -8

Table 2: List of the most promising potent inhibitors of SARS-CoV-2 Mpro from African Natural Compounds.

Molecules
Interactions with Protein via
Chain A Chain B

Sphaeropsidin A Arg-4, Lys-5 Glu-288
Gypsogenic acid Arg-4 Glu-283
Yardenone Arg-4, Gly-283 Arg-4
A-homo-3a-oxa-5beta-olean-12-en-3-one-28-oic acid None Arg-4, Glu-288
Epigallocatechin Lys-137, 2Glu-288, Asp-289, Glu-290 Arg-4
Neopellitorine B Lys-137, Thr-169, Leu-287, Asp-289 Thr-280, 2Glu-283
Caretroside A Glu-288 Trp-207, Gly-283, Lys-5
Pallidol Phe-3, Asp-289 Lys-5, Glu-288
Maslinic acid Phe-3 Leu-282
Cabralealactone Arg-4 Leu-282
Olibanumol H Arg-4, Gly-138 Lys-5, 2Phe-3
Clionamine D Phe-3, Leu-282 Phe-3, Leu-282

Table 3: Interacting residues of Mpro with the inhibitors.

Figure 2: Details of Mpro interactions with the top four inhibitors; (A) Sphaeropsidin A; (B) Gypsogenic acid; (C) Yardenone (SANC00595); and (D) A-homo-3a-oxa-
5beta-olean-12-en-3- one-28-oic acid. The ligands are illustrated in green stick surrounded by polar residues (magenta) establishing hydrogen bonds (yellow) with 
the protein and non-polar residues (cyan). The interacting residues of Mpro are labeled and numbered.
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Figure 3: 2D interactions map between Mpro and the top four compounds by the LigPlot+ program.

Figure 4: Interactions details between the others compounds and Mpro. Each ligand is illustrated in green stick surrounded by polar residues (magenta) establishing 
hydrogen bonds (yellow) with the protein and non-polar residues (cyan).

 Number of H Bonds Mpro Residues involved in
  H Bonds VdW interactions
Sphaeropsidin A 3 Arg-4, Lys-5 (Chain A) Phe-291, Phe-3, Ser-284, Glu-288, Leu-282, (Chain A)

Glu-288 (Chain B) Lys-5, Trp-207, Phe-291 (Chain B)

Gypsogenic acid 2 Arg-4 (chain A) Gly-283, Phe-3, Gly-2, Leu-282 (Chain A)
Glu-283 (chain B) Leu-286, Lys-137 (Chain B)

Yardenone 3 Arg-4, Gly-283 (Chain A) Lys-5, Leu-282, Glu-290, Glu-288, Gly-283 (Chain A)
Arg-4 (chain B) Glu-290, Gly-283, Leu-282, Lys-5, Lys-137, Glu-288 (Chain B)

A-homo-3a-oxa-5beta-olean-12-en-3-
one-28-oic acid 2 Arg-4, Glu-288 (chain B) Leu-282, Gly-283, Arg-4, Phe-3, Phe-291, Lys-5 (Chain A)

Phe-291, Phe-3, Lys-5, Glu-288 (Chain B)

Table 4: Summary of interactions between Mpro and the top four compounds.
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Discussion
Discovering new drugs capable of inhibiting the infection caused by 

SARS-CoV-2 is a worldwide imperative to finally end this public health 
emergency. Many studies have demonstrated that the Mpro protein is 
an attractive target for SARS-CoV-2 because it plays a significant role 
in viral replication, it is conserved compared to other related viruses, 
and differs from human proteases in its cleavage specificity [20,21]. 
Many crystal structures are available for this interesting target, making 
it well suitable for structure-based drug design [24,44]. Since Africa 
is a continent rich in plant diversity, the first choice for care comes 
from natural products, which are readily available and less expensive 
[8]. African NPs have been shown to have antiviral, antifungal 
and antibacterial properties [45]. These molecules are increasingly 
characterized and recorded in databases, becoming suitable candidates 
for high-throughput virtual screening against validated drug targets. 

In this study, we screened out 8741 NPs from African databases: 
AfroDb (880), EANPDB (1815), NANPDB (4912) and SANCDB (1134) 
with the SARS-CoV-2 Mpro (code PDB: 6Y2F). Results showed that 
twelve (12) compounds (Table 2): Sphaeropsidin A, Gypsogenic acid, 
Yardenone, A-homo-3a-oxa-5beta-olean-12-en-3-one-28-oic acid, 
Epigallocatechin, NeopellitorinB, Caretroside A, Pallidol, Maslinic 
acid, Cabralealactone, Tribulus saponin aglycone 3, Olibanumol H 
and Clionamine D had high affinity values of -11.2 to -10.0 Kcal/mol 
for SARS-CoV-2 Mpro. These molecules show better affinity values 
than standard Mpro inhibitors such as 6-Deaminosinefungin (-8.1 
Kcal/mol) and UNII-O9H5KY11SV (-8.4 Kcal/mol). Daunorubicin 
(-9.33 Kcal/mol), Onalespib (-8.21 Kcal/mol), ABBV-744 (-7.79 Kcal/
mol) identified by Fakhar et al. [43] in the same conditions (Table 
2). Furthermore, these molecules showed improved pharmaceutical 
properties, which were confirmed by Lipinski’s parameter values. The 
12 identified NPs showed their potential utility as interesting prodrugs 
of Mpro. 

Analysis of their interactions with Mpro revealed that they primarily 
bind to protein residues Arg4, Lys5 Glu283, Gly283 and Glu288 
involved in the catalytic domain around the active site dyad (His41-
Cys145). Therefore, the identified compounds may actually block the 
enzyme’s activity. It would be interesting to perform biological tests on 
the identified NP and SARS-Cov-2 proteins.

Many of the 12 NPs identified here have previously shown efficiency 
in other studies: Sphaeropsidine A against drug-resistant cancer cells; 
Gypsogenic acid against Bacillus subtilis and Bacillus thrungiensis 
also as potential antineoplastic agent ; Yardenone antagonizes the 
activation of hypoxia-inducible factor 1 (HIF-1) in breast and prostate 
tumor cells ; Epigallocatechin extracted from Acacia karroo, has been 
used medicinally to treat diarrhea, colds, dysentery, conjunctivitis and 
hemorrhages. Acacia karroo and other native plant species such as 
Artemisia afra, Ziziphus mucronata and Eucomis autumnalis have been 
widely used to treat symptoms of listeriosis; A-homo-3a-oxa-5beta-
olean-12-en-3-one-28-oic Acid, extracted from Albizia gummifera has 
been used in indigenous medicine for various nutrients [46-48].

This study’s findings imply that the inhibitors identified were 
promising inhibitors of SARS-Cov-2 main protease Mpro interesting 
for the development of efficient drugs against SARS-Cov-2. Further 
investigations are needed to deepen these findings in the process of 
drug development. The preliminary results of this study show that 
the identified inhibitors are promising inhibitors of the main protease 
Mpro, which is of great interest for the development of effective drugs 
against SARS-Cov-2, the causative agent of COVID-19. Biological assay 
is planned to evaluate the effect of these promising inhibitors of SARS-

Cov-2.

Conclusion
In this preliminary study, a total of 8,741 Natural Products were 

subjected to virtual screening against the primary protease of SARS-
CoV-2. From this 205 compounds demonstrated high-affinity scores  
and out of these, 58 compounds successfully met the filtration 
criteria and finally we identified twelve (12) NPs (Sphaeropsidin A, 
Gypsogenic acid, Yardenone, A-homo-3a-oxa-5beta-olean-12-en-3-
one-28-oic acid, Epigallocatechin, Neopellitorine B, Caretroside A, 
Pallidol, Maslinic acid, Cabralealactone, Tribulus saponin aglycone 3, 
Olibanumol H, Clionamine D) from African databases of bioactive 
molecules which promising inhibitory effect on the main protease 
Mpro, the most attractive target of SARS-CoV-2. Further investigations 
need to be pursued to foster the way into the development of new drugs 
against the COVID-19 virus.

Competing interests

The authors have no competing interests to declare that are relevant 
to the content of this article.

Funding
NIH Cooperative Agreements U2R TW010673 supported this study 

for West African Center of Excellence for Global Health Bioinformatics 
Research Training. The study team members received financial support 
from H3ABioNet (U24HG006941), Fogarty International Center 
D43TW008652, and the West African International Centers for 
Excellence in Malaria Awards U19 AI 089696 and U19 AI 129387. 

Acknowledgments
We thank the African Center of Excellence in Bioinformatics of 

Bamako (ACE-B)/USTTB for conducting and monitoring the project 
and the University of Clinical Research Center (UCRC)/USTTB, Mali 
for the technical support and the Department of Biostatistics and Data 
Science/Tulane University and the African Computational Genomics 
(TACG) Research group for manuscript review.

References
1. Anwar S, Shamsad IA, Morshed AA, Farzana F (2021) Clinical Profile of Child 

COVID-19 Patients of Bangladesh. Am J Pediatr 7:5-8.  

2. Cucinotta D, Vanelli M (2020) WHO declares COVID-19 - a pandemic. Acta 
Biomed 91:157.   

3. Grinter SZ, Zou X (2014) Challenges, applications, and recent advances of 
protein-ligand docking in structure-based drug design. Molecules 19:10150-
10176.   

4. Dwivedi BR (2021) Ability of natural fl avonoids to inhibit SARS-CoV-2. 1-5.  

5. Fakhar Z, Khan S, Alomar SY, Alkhuriji A, Ahmad A (2021) ABBV-744 as a 
potential inhibitor of SARS-CoV-2 main protease enzyme against COVID-19. 
Sci Rep 11:1-5.   

6. Novel Coronavirus Information Center, Elsevier’s free health and medical 
research on the novel coronavirus (SARS-CoV-2) and COVID-19. 

7. Gaurav A, Al-Nema M (2019) Polymerases of coronaviruses: Structure, 
function, and inhibitors. InViral polymerases. Academic Press 271-300.  

8. Sorokina M, Steinbeck C (2020) Review on natural products databases: Where 
to find data in 2020. J Cheminform 12:20.   

9. Simoben CV, Qaseem A, Moumbock AF, Telukunta KK, Günther S, et al.(2020) 
Pharmacoinformatic investigation of medicinal plants from East Africa. Mol 
Informatics 39:2000163.   

10. Hatherley R, Brown DK, Musyoka TM, Penkler DL, Faya N, et al. (2015) 
SANCDB: A South African natural compound database. J Cheminform 7:1-9.   

https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=380&doi=10.11648/j.ajp.20210701.12
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=380&doi=10.11648/j.ajp.20210701.12
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/9397
https://www.mdpi.com/1420-3049/19/7/10150
https://www.mdpi.com/1420-3049/19/7/10150
https://www.news-medical.net/news/20211031/The-ability-of-natural-flavonoids-to-inhibit-SARS-CoV-2.aspx
https://www.nature.com/articles/s41598-020-79918-3
https://www.nature.com/articles/s41598-020-79918-3
https://www.elsevier.com/connect/coronavirus-information-center
https://www.elsevier.com/connect/coronavirus-information-center
https://www.researchgate.net/publication/330052490_Polymerases_of_Coronaviruses_Structure_Function_and_Inhibitors
https://www.researchgate.net/publication/330052490_Polymerases_of_Coronaviruses_Structure_Function_and_Inhibitors
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-020-00424-9
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-020-00424-9
https://onlinelibrary.wiley.com/doi/10.1002/minf.202000163
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-015-0080-8


Volume 11 • Issue S3 • 100001J Infect Dis Ther, an open access journal
ISSN: 2332-0877

Citation: Diabate O, Cisse C, Sangare M, Soremekun O, Fatumo S, et al. (2023) Identification of Promising High-Affinity Inhibitors of SARS-CoV-2 Main Protease from 
African Natural Products Databases by Virtual Screening. J Infect Dis Ther S3:001.

Page 7 of 7

30. Tian W, Chen C, Lei X, Zhao J, Liang J (2018) CASTp 3.0: Computed atlas of 
surface topography of proteins. Nucleic Acids Res 46:363-367.   

31. Cosconati S, Forli S, Perryman AL, Harris R, Goodsell DS, et al. (2010) Virtual 
screening with AutoDock: theory and practice. Expert Opin Drug Discov 5:597-
607.   

32. Trott O, Olson AJ (2010) AutoDock Vina: Improving the speed and accuracy of 
docking with a new scoring function, efficient optimization, and multithreading. 
J  Comput Chem 3:455-461.   

33. Eberhardt J, Santos-Martins D, Tillack AF, Forli S (2021) AutoDock Vina 1.2. 0: 
New docking methods, expanded force field, and python bindings. J Chem Inf 
Model 61:3891-3898.   

34. Lipinski CA (2004) Lead-and drug-like compounds: the rule-of-five revolution. 
Drug Discov. Today 1:337-341.   

35. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ (2012) Experimental and 
computational approaches to estimate solubility and permeability in drug 
discovery and development settings. Adv Drug Deliv Rev 64:4-17.   

36. Daina A, Michielin O, Zoete V (2017) SwissADME: A free web tool to evaluate 
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 
molecules. Sci Rep 7:42717.  

37. Laskowski RA, Swindells MB (2011) LigPlot: Multiple ligand-protein interaction 
diagrams for drug discovery. J Chem Inf Model 51:2778-2786.   

38. Ntie-Kang F, Zofou D, Babiaka SB, Meudom R, Scharfe M, et al. (2013) AfroDb: 
A select highly potent and diverse natural product library from African medicinal 
plants. PloS one 8:78085.   

39. Citarella A, Scala A, Piperno A, Micale N (2021) SARS-CoV-2 Mpro: A potential 
target for peptidomimetics and small-molecule inhibitors. Biomolecules 11:607.   

40. Gentile D, Patamia V, Scala A, Sciortino MT, Piperno A, et al. (2020) Putative 
inhibitors of SARS-CoV-2 main protease from a library of marine natural 
products: A virtual screening and molecular modeling study. Mar drugs 18:225.   

41. Günther S, Reinke PY, Fernández-García Y, Lieske J, Lane TJ, et al. (2021) 
X-ray screening identifies active site and allosteric inhibitors of SARS-CoV-2 
main protease. Science 372:642-646.   

42. Goyal B, Goyal D (2020) Targeting the dimerization of the main protease of 
coronaviruses: a potential broad-spectrum therapeutic strategy. ACS Comb Sci 
22:297-305.  

43. Fakhar Z, Khan S, AlOmar SY, Alkhuriji A, Ahmad A (2021) ABBV-744 as a 
potential inhibitor of SARS-CoV-2 main protease enzyme against COVID-19. 
Sci Rep 11:1-5.  

44. Yang H, Yang M, Ding Y, Liu Y, Lou Z, et al. (2003) The crystal structures of 
severe acute respiratory syndrome virus main protease and its complex with an 
inhibitor. Proc Natl Acad Sc 100:13190-13195.  

45. Balasubramaniam B, Prateek, Ranjan S, Saraf M, Kar P, et al. (2020) 
Antibacterial and antiviral functional materials: Chemistry and biological activity 
toward tackling COVID-19-like pandemics. ACS Pharmacol Transl Sci 4:8-54.   

46. Emirdağ-Öztürk S, Karayıldırım T, Çapcı-Karagöz A, Alankuş-Çalışkan Ö, 
Özmen A, et al. (2014) Synthesis, antimicrobial and cytotoxic activities, and 
structure-activity relationships of gypsogenin derivatives against human cancer 
cells. Eur J Med Chem 82:565-73.   

47. Dai J, Fishback JA, Zhou YD, Nagle DG (2006) Sodwanone and yardenone 
triterpenes from a South African species of the marine sponge Axinella inhibit 
hypoxia-inducible factor-1 (HIF-1) activation in both breast and prostate tumor 
cells. J Nat Prod 69:1715-1720.   

48. Debella A, Haslinger E, Schmid MG, Bucar F, Michl G, et al. (2000) Triterpenoid 
saponins and sapogenin lactones from Albizia gummifera. Phytochem 53:885-
892. 

11. KonarÃ MA, Diarra N, CissÃ C, TraorÃ DA, Togola I, et al. (2015) Evaluation 
of the biological activities of leaf and bark extracts of Ficus platiphylla Delile, a 
medicinal plant used in Mali. J Med Plant Res 14:118-128.  

12. Keita S, Wélé M, Cisse C, Diarra N, Kirkman L, et al. (2018) Antibacterial and 
antiplasmodial activities of Tannins extracted from Zizyphus mauritiana in Mali. 
Int J Biochem Res Rev 24:1-8.  

13. Chintoju N, Konduru P, Kathula RL, Remella R (2015) Importance of natural 
products in the modern history. Research and Reviews: J Hosp Clin Pharm 
1:5-10.  

14. Newman DJ, Cragg GM (2020) Natural products as sources of new drugs over 
the nearly four decades from 01/1981 to 09/2019. J Nat Prod 83:770-803.   

15. Chen Y, Liu Q, Guo D (2020) Emerging coronaviruses: Genome structure, 
replication, and pathogenesis. J Med Virol 92:418-423.   

16. Anand K, Ziebuhr J, Wadhwani P, Mesters JR, Hilgenfeld R (2003) Coronavirus 
main proteinase (3CLpro) structure: Basis for design of anti-SARS drugs. 
Science 300:1763-1767.   

17. Yang H, Yang M, Ding Y, Liu Y, Lou Z, et al. (2003) The crystal structures of 
severe acute respiratory syndrome virus main protease and its complex with an 
inhibitor. Proc Natl Acad Sci 100:13190-13195.   

18. Ziebuhr J (2004) Molecular biology of severe acute respiratory syndrome 
coronavirus. Curr Opin Microbiol 7:412-419.   

19. Thiel V, Ivanov KA, Putics A, Hertzig T, Schelle B, et al. (2003) Mechanisms 
and enzymes involved in SARS coronavirus genome expression. J Gen Virol 
84:2305-2315.   

20. Du QS, Wang SQ, Zhu Y, Wei DQ, Guo H, et al. (2004) Polyprotein cleavage 
mechanism of SARS CoV Mpro and chemical modification of the octapeptide. 
Peptides 25:1857-1864.   

21. Gimeno A, Mestres-Truyol J, Ojeda-Montes MJ, Macip G, Saldivar-Espinoza 
B, et al. (2020) Prediction of novel inhibitors of the main protease (M-pro) of 
SARS-CoV-2 through consensus docking and drug reposition. Int J Mol Sci 
21:3793.   

22. Gimeno A, Mestres-Truyol J, Ojeda-Montes MJ, Macip G, Saldivar-Espinoza 
B, et al. (2020) Prediction of novel inhibitors of the main protease (M-pro) of 
SARS-CoV-2 through consensus docking and drug reposition. Int J Mol Sci 
21:3793.   

23. Kuo CJ, Liang PH (2015) Characterization and inhibition of the main protease 
of severe acute respiratory syndrome coronavirus. Chem BioEng Reviews 
2:118-132.   

24. Zhang L, Lin D, Sun X, Curth U, Drosten C, et al. (2020) Crystal structure 
of SARS-CoV-2 main protease provides a basis for design of improved 
α-ketoamide inhibitors. Science 368:409-412.   

25. Ntie-Kang F, Zofou D, Babiaka SB, Meudom R, Scharfe M, et al. (2013) AfroDb: 
A select highly potent and diverse natural product library from African medicinal 
plants. PloS one 8:78085.   

26. Ntie-Kang F, Telukunta KK, Döring K, Simoben CV, A. Moumbock AF, et al. 
(2017) NANPDB: A resource for natural products from Northern African 
sources. J Nat Prod 28;80:2067-2076.   

27. Diallo B, Glenister M, Musyoka TM, Lobb K, Tastan Bishop Ö (2021) SANCDB: 
An update on South African natural compounds and their readily available 
analogs. J Cheminform 13:1-4.   

28. O’Boyle NM, Banck M, James CA, Morley C, Vandermeersch T (2011) 
Hutchison GR Open Babel: An open chemical toolbox. J Cheminform 3:33.   

29. PyMOL: User-sponsored molecular visualization system on an open-source 
foundation, maintained and distributed by Schrödinger (2023).  

https://academic.oup.com/nar/article/46/W1/W363/5026264?login=false
https://academic.oup.com/nar/article/46/W1/W363/5026264?login=false
https://www.tandfonline.com/doi/abs/10.1517/17460441.2010.484460?journalCode=iedc20
https://www.tandfonline.com/doi/abs/10.1517/17460441.2010.484460?journalCode=iedc20
https://onlinelibrary.wiley.com/doi/10.1002/jcc.21334
https://onlinelibrary.wiley.com/doi/10.1002/jcc.21334
https://pubs.acs.org/doi/10.1021/acs.jcim.1c00203
https://pubs.acs.org/doi/10.1021/acs.jcim.1c00203
https://linkinghub.elsevier.com/retrieve/pii/S1740674904000551
https://www.sciencedirect.com/science/article/abs/pii/S0169409X00001290?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0169409X00001290?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0169409X00001290?via%3Dihub
https://www.nature.com/articles/srep42717
https://www.nature.com/articles/srep42717
https://www.nature.com/articles/srep42717
https://pubs.acs.org/doi/10.1021/ci200227u
https://pubs.acs.org/doi/10.1021/ci200227u
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://www.mdpi.com/2218-273X/11/4/607
https://www.mdpi.com/2218-273X/11/4/607
https://www.mdpi.com/1660-3397/18/4/225
https://www.mdpi.com/1660-3397/18/4/225
https://www.mdpi.com/1660-3397/18/4/225
https://www.science.org/doi/10.1126/science.abf7945
https://www.science.org/doi/10.1126/science.abf7945
https://pubs.acs.org/doi/10.1021/acscombsci.0c00058
https://pubs.acs.org/doi/10.1021/acscombsci.0c00058
https://www.nature.com/articles/s41598-020-79918-3
https://www.nature.com/articles/s41598-020-79918-3
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://pubs.acs.org/doi/10.1021/acsptsci.0c00174
https://pubs.acs.org/doi/10.1021/acsptsci.0c00174
https://www.sciencedirect.com/science/article/abs/pii/S0223523414005169?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523414005169?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523414005169?via%3Dihub
https://pubs.acs.org/doi/10.1021/np060278q
https://pubs.acs.org/doi/10.1021/np060278q
https://pubs.acs.org/doi/10.1021/np060278q
https://pubs.acs.org/doi/10.1021/np060278q
https://www.sciencedirect.com/science/article/abs/pii/S0031942299004641?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942299004641?via%3Dihub
https://www.researchgate.net/publication/340311502_Evaluation_of_the_biological_activities_of_leaf_and_bark_extracts_of_Ficus_platiphylla_Delile_a_medicinal_plant_used_in_Mali
https://www.researchgate.net/publication/340311502_Evaluation_of_the_biological_activities_of_leaf_and_bark_extracts_of_Ficus_platiphylla_Delile_a_medicinal_plant_used_in_Mali
https://www.researchgate.net/publication/340311502_Evaluation_of_the_biological_activities_of_leaf_and_bark_extracts_of_Ficus_platiphylla_Delile_a_medicinal_plant_used_in_Mali
https://www.researchgate.net/profile/Lamine-Baba-Moussa/publication/329813405_Antibacterial_and_Antiplasmodial_Activities_of_Tannins_Extracted_from_Zizyphus_mauritiana_in_Mali/links/5c1e1b53a6fdccfc70606fc1/Antibacterial-and-Antiplasmodial-Activities-of-Tannins-Extracted-from-Zizyphus-mauritiana-in-Mali.pdf
https://www.researchgate.net/profile/Lamine-Baba-Moussa/publication/329813405_Antibacterial_and_Antiplasmodial_Activities_of_Tannins_Extracted_from_Zizyphus_mauritiana_in_Mali/links/5c1e1b53a6fdccfc70606fc1/Antibacterial-and-Antiplasmodial-Activities-of-Tannins-Extracted-from-Zizyphus-mauritiana-in-Mali.pdf
https://www.rroij.com/open-access/importance-of-natural-products-in-the-modern-history-.php?aid=52894
https://www.rroij.com/open-access/importance-of-natural-products-in-the-modern-history-.php?aid=52894
https://pubs.acs.org/doi/10.1021/acs.jnatprod.9b01285
https://pubs.acs.org/doi/10.1021/acs.jnatprod.9b01285
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25681
https://onlinelibrary.wiley.com/doi/10.1002/jmv.25681
https://www.science.org/doi/10.1126/science.1085658
https://www.science.org/doi/10.1126/science.1085658
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://www.pnas.org/doi/full/10.1073/pnas.1835675100
https://linkinghub.elsevier.com/retrieve/pii/S1369527404000736
https://linkinghub.elsevier.com/retrieve/pii/S1369527404000736
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.19424-0
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.19424-0
https://www.sciencedirect.com/science/article/pii/S0196978104002797?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0196978104002797?via%3Dihub
https://www.mdpi.com/1422-0067/21/11/3793
https://www.mdpi.com/1422-0067/21/11/3793
https://www.mdpi.com/1422-0067/21/11/3793
https://www.mdpi.com/1422-0067/21/11/3793
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201400031
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201400031
https://www.science.org/doi/10.1126/science.abb3405
https://www.science.org/doi/10.1126/science.abb3405
https://www.science.org/doi/10.1126/science.abb3405
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078085
https://pubs.acs.org/doi/10.1021/acs.jnatprod.7b00283
https://pubs.acs.org/doi/10.1021/acs.jnatprod.7b00283
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-021-00514-2
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-021-00514-2
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-021-00514-2
https://jcheminf.biomedcentral.com/articles/10.1186/1758-2946-3-33

