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	 COVID-19 is a global pandemic that has affected around 186 countries in the world, 
related to clinical signs as fever, cough and pneumonia. The disease is caused by SARS-CoV-2, 
in the pathophysiology of SARS-CoV-2 it presents the importance of different structural and 
functional proteins. Some of these mechanisms are based on proteases such as 3CL-PRO and 
PL-PRO related to the specific cleavage of polypeptides to replication. Materials and Methods: 
In order to search for alternatives to counteract the virus, computational screening tools have 
been used, employing molecular docking methodologies through natural ligands, drugs and 
analogues against SARS-CoV-2 proteases. Subsequently, were tested by ligand-protein interaction 
employed AutoDock-Vina and PyRx 0.8. Results: From 93 molecules (38 drugs and analogues 
with antiviral activity and 55 of natural origin with protease inhibitory activity) selected, the 
ligands with highest affinity indicated to saikosaponin D and SCHEMBL3057328 for 3CL-PRO; 
Conversely, for PL-PRO were indicated amentoflavone and MK-3207. The presence of potential 
inhibitors was contrasted with data from previous studies, in which its capacity in vitro and in 
vivo was determined to inhibit the development of coronavirus. Thus, substantial contributions 
in silico in the search for promising alternatives of nature and antiviral drugs, which contributes 
to the validation and establishment of possible candidates for the inhibition of SARS-CoV-2 
proteins, favoring the study of new lines of treatments.
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	 SARS-CoV-2, identified in Wuhan (China) 
is the main etiologic agent causing of COVID-19, 
characterized by the clinical development of fever, 
cough, myalgias, dyspnea involving severe acute 
respiratory syndrome associated pneumonia.  The 
World Health Organization (WHO) has confirmed 
more than 900,000 cases and a total of deaths that 
exceed 40,000 globally, making it the most striking 
pandemic today with an estimated mortality rate of 
approximately 2.5 %.1

	 The development of a vaccine and 
treatment alternatives are insufficient, as they 
are procedures that require time to achieve 
efficiency and safety. However, several options 
can be envisioned to control or prevent emerging 
COVID-19 infections, including vaccines, 
monoclonal antibodies, oligonucleotide-based 
therapies, peptides, interferon and small molecule 
therapies. Precisely the development of these 
alternatives could take months or even years.2 Thus, 
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computational chemistry emerges as an element of 
development of potential drugs of great utility due 
to its low cost and ease of access to technologies 
supported by bioinformatics.
	 Therefore, using molecular screening of 
small molecules of the receptor ligand coupling 
type, some pharmacological treatment alternatives 
corresponding to promising molecules are 
presented. These molecules that are evaluated in 
the present study come from natural plant-type 
products that have been tested as protease inhibitors 
against viruses such as HIV, influenza, viral 
hepatitis (HBV and HCV) as well as experience 
with infections caused by human coronaviruses 
(Severe Acute Respiratory Syndrome (SARS) and 
Middle Eastern Respiratory Syndrome (MERS)).2–9 
Additionally, some nucleotide-based antiviral 
agents have also been tested as benchmarks for 
two viral protease-like proteins, 3CL-PRO and PL-
PRO, which are potential action targets for drugs 
to prevent viral proliferation, and aim of putting 
before the scientific community these findings 
given the urgency of the outbreak of COVID-19.

Material and Methods

Preparation of Ligands and Receptors
	 Previously to reports of activity on SARS-
CoV and SARS-CoV-2, a search of potential 
ligands against viral protease inhibitory activity 
from natural sources and drugs was performed. 93 
molecules were selected (55 of natural source and 
38 drugs and analogues) (Supplementary Material- 
Table 1 and 2). Subsequently, PubChem database 
was used to download the structural ligands, which 
were obtained in mol2 format. Then, BIOVIA 
Discovery Studio version 4.5 and UCSF Chimera 
version 1.13 software10 was used for structural 
correction, geometric optimization, hydrogen 
addition, charge arrangement and ionizable 
groups. On the other hand, the representative 
protein structures of the main protease (3CL-
PRO) were obtained from Protein Data Bank 
database, identified with access code: 6LU7 and 
papain-like protease (PL-PRO), It was obtained by 
homology using the FASTA sequence condensed 
in SwissModel database, identified with code: 
YP_009725299.1.11 Similarly, proteins in PDB 
format were prepared by adding hydrogen atoms, 
elimination of solvent (water), and removal ligands 

using UCSF Chimera version 1.13 software 
packages and preparing them using the MMFF94 
force field.
Molecular Docking
	 Molecular docking was performed by 
AutoDock Vina 4.2.1,12 using PyRx 0.8 software 
graphical interface13. A virtual screening was 
implemented to establish the molecules with 
highest structural affinity against 3CL-PRO and 
PL-PRO identified in SARS-CoV-2. Therefore, 
ligands were minimized energetically using the 
force-field mmff94; using conjugated gradients 
in 200 steps developed by Open Babel tools14. 
Proteins and ligands interacted in a grid space of 
x = 38.47 Å, y = 45.95 Å, z = 40.96 Å for 3CL-
PRO and x = 60.69 Å, y = 44.51 Å, z = 32.51 Å 
for PL-PRO. Then, it was simulated obtaining 
conformations classified according to affinity 
energy value and RMSD. The best conformation 
structures were obtained and converted to PDB 
format using PyMOL15. The 2017 version of the 
BIOVIA Discovery Studio visualizer was used in 
the identification of interaction force and residues.
Pharmacokinetic, Toxicity and Drug-Likeness 
Prediction
	 Based at the molecules with best 
affinity for proteases, a predictive search of the 
pharmacokinetic, toxicological and drug-likeness 
properties was performed using the SwissADME 
and Gusar on-line servers.16

Results and Discussion

	 The increasing outbreak of SARS-
CoV-2 worldwide has been generated an urgent 
alarm due to the replicative capacity of new 
agent, which has induced the contagion of more 
than 1 million individuals, causing mortality 
about 60.00017. SARS-CoV-2, belonging to 
ß-coronavirus family, characterized by various 
proteins involved in its infection, such as the Spike 
protein (S), the membrane protein (M), RNA-
directed RNA polymerase (Pol/RdRp), papain-
like proteinase (PL-PRO) and main protease 
(Mpro) or 3C-like protease (3CL-PRO)18–20. Thus, 
some of the objectives of recent research against 
the disease have focused at the characterization 
pharmacological targets of these proteases, which 
actively participate in the processing of 1ab 
polyproteins or 1ab replicase by cleavage of the 
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Fig. 1. Interactions of natural ligands, drugs and analogues with 3CL-PRO. A. 3CL-PRO and Saikosaponin D. B. 
3CL-PRO and Saikosaponin A. C. 3CL-PRO and Myricitrin. D. 3CL-PRO and SCHEMBL3057328. E. 3CL-PRO 
and Paritaprevir. F. 3CL-PRO and MK-3207

C-terminals in 11 sites, recognizing the sequence 
[ILMVF]-Q-|-[SGACN], as well as the ability 
to link to molecules of ADP-ribose-1'-phosphate 
(ADRP).20 Furthermore, PL-PRO is involved in 
cleaving replicase polyprotein in N-terminal ends 
with a deubiquitinating capacity and involving to 

K48 and K63 residues.21,22 In order to establish 
the molecular aspects of binding and search for 
potential candidates against proteases, different 
metabolites derived from natural products were 
studied, as well as various drugs and analogues 
with antiviral activity.
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Fig. 2. Interactions of natural ligands, drugs and analogues with PL-PRO. A. PL-PRO and Amentoflavona.B. PL-
PRO and Glycyrrhizin. C. PL-PRO and theaflavin. D. PL-PRO and MK-3207. E. PL-PRO and Paritaprevir. F. 
PL-PRO and Ledipasvir

	 The molecular interactions between 
3CL-PRO and PL-PRO with ligands from natural 
sources, drugs and analogues are revealed in 
Figures 1 and 2 (A-F), in which are shown the 
ligands with the highest binding energy, showing 
interactions common on the active site, interaction 

residues and type binding force. In Table 1, binding 
energies of the predominant ligands in natural 
sources are specified, demonstrating affinity values 
??between -8.6 and -9.2 Kcal/mol for 3CL-PRO; 
and affinities between -8.5 and -9.2 Kcal/mol 
for PL-PRO. Likewise, in the Table 1, shows the 
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Table 1. Natural ligands, drugs and analogues of higher binding energy 
as possible 3CL-PRO and PL-PRO inhibitors

Protein	 Ligands	 Binding 	 Residues
	 	 energy 
	 	 (Kcal/mol)

3CL-PRO	 Saikosaponin D	 -8.9	 K5, K137, Y239, M276, L286, D289, E290
	 Saikosaponin A	 -8.9	 C128, K137, M276, Y239, M276, L286, D289, E290
	 Myricitrin	 -8.9	 T26, M49, L141, C145, H163, E166
	 Theaflavin	 -8.6	 V171, Y237, N238, D289, E290
	 Glycyrrhizin	 -8.7	 R131, K137, V171, D197, D289, E290
	 SCHEMBL3057328	 -10.2	 K137, V171, A194, D197, T199, N238, L286
	 Paritaprevir	 -10.1	 K137, D197, L286, L287, D289, E290 
	 MK-3207	 -9.6	 V104, R105, E240, H246, F294 
	 Ledipasvir	 -9.6	 M276, A285, L286, L287, D289, E290  
	 Velpatasvir	 -9.4	 F134, T198, E240, F294 
PL-PRO	 Amentoflavone	 -9.2	 P804, R810, V811, T820, L825
	 Glycyrrhizin	 -9.6	 H818, N873, Q919, H920, A921
	 Theaflavin	 -9.1	 P804, R810, A813, F814, D821, P822, L825
	 Chrysin-7-O-glucuronide	 -8.8	 L907, G928, R911, E912, P993,
	 Isoquercitrin	 -8.5	 P804, R810, A813, P822, L825
	 MK-3207	 -10	 P804, R810, A813, F814, T820, D821, P822
	 Paritaprevir	 -9.8	 P804, R810, V811, A813, F814, P822
	 Ledipasvir	 -9.2	 T820, H920, L944, M953
	 SCHEMBL3057328	 -9.0	 P804, R810, A813, F814, T820, D821, P822, L825
	 SCHEMBL1101705	 -8.9	 L803, P804, R810, A813, F814, T820, D821, P822, L825

interaction of higher energy drugs and analogues, 
showing affinities between -9.4 and -10.2 Kcal/
mol for 3CL-PRO and -8.9 and -10 Kcal/mol 
for PL-PRO. On the other hand, common amino 
acids located in the binding site are shown as 
K137, D289 and E290. The highest affinity with 
3CL-PRO was demonstrated with saikosaponin D 
and SCHEMBL3057328, which has shown that 
these structures interact with K137, V171, A194. 
PL-PRO showed that the most related molecules 
were amentoflavone and MK-3207, which interact 
with P804, R810, V811, A813, T820, P822 and 
L825. These results are characterized by high 
hydrophobicity and considerable electron acceptor 
and donor, with the presence of interactions alkyl, 
p-alkyl and C-H bonds.
	 Hence, in silico studies using molecular 
docking, different promising molecules were 
shown with representative binding to both proteases 
such as theaflavin and glycyrrhizin. Myristicrin, 
saikosaponin A and D were identified for 3CL-
PRO; as well as amentoflavone, isoquercitrin 
and Crisin-7-O-glucuronide for PL-PRO (Table 
1). Additionally, drugs and analogues were 

evaluated in which compounds MK-3207 showed 
highest affinity for PL-PRO and paritaprevir, 
SCHEMBL3057328, ledisprevir that evidenced 
good binding energy in both proteases.
	 According to the above, recent studies 
reported that molecules such as saikosaponin 
A, D and B4 had the ability to bind to the Spike 
protein of SARS-CoV-2 with binding energies 
between -11.0 and -13.9 Kcal/mol.23 Likewise,  
Yan et al, denoted the presence of molecules such 
as hesperidin, saikosponin, rutin, glycyrrhizin and 
other compounds against the main protease, with 
affinities between -8.5 and -8.9 Kcal/mol, similar 
to reported in this study.24 Similarly, the presence 
of metabolites with potential inhibitory activity 
against PL-PRO and 3Cl-PRO have revealed the 
affinity of cryptotanshinone, quercetin, kaempferol 
and tanshinone IIa, against both proteases as is 
reported by Zhang et al 2020.25 Correspondingly, 
similar reports by Alamri et al, identified that 
paritaprevir and simeprevir were good candidates 
as 3CL-PRO inhibitors, with binding energies of 
-8.8 and 8.78 Kcal/mol.26 Chen et al, performed 
virtual screenings in which they found that 
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ledipasvir, MK-3207, veltapasvir and other 
molecules could be potential candidates for SARS-
CoV-2 inhibition.27
	 So, the experimental evidences of 
these  compounds such as saikosponin A and B2 
showed in vitro activity against coronaviruses, 
influencing, in the anchorage, penetration and viral 
replication against H-Cov-22E9 strains.8 Similarly, 
glycyrrhizin was evaluated against two strains of 
SARS-CoV (FFM-1 and FFM-2), which evidenced 
an potential inhibitor of the replication but low 
selectivity index.28 Too, Chen et al., showed that 
theaflavin-derivatives (theaflavin-3,3´-digallate 
(TF3)) inhibited SARS-CoV 3C-like Protease 
with values of IC50=7 µM.29 Likewise, the 
efficacy of ledispavir/sofosbuvir in the inhibition 
of NS3/4A protease and sustained virological 
response rate in patients with hepatitis C and HIV 
have been demonstrated.30 Equally, the efficacy 
of NS5A inhibitors and polymerase inhibitors by 
combination of paritaprevir/ritonavir/ombitasvir + 
dasabuvir or use of ledipasvir/sofosbuvir.31
	 Conversely, it is distinguished that 
most of the molecules derived from natural 
products showed greater affinity for 3CL-PRO, 
interact with K137, D289 and E290, capable of 
forming hydrogen bonds with different oxygen 
of 6-(hydroxylmethyl)oxane-3,4,5-triol and 
6-methyloxane, maintaining a polar situation 
with anchorage site. Furthermore, the drugs and 
analogues evaluated indicated common residues 
such as K137 and E290 linked to the oxygens of the 
structural region of 3,16-diazatricyclo [14.3.0.04,6]
nonadec, described in SCHEMBL3057328 and 
paritaprevir.32 In contrast, the structure of MK-
3207 describes the formation of hydrogen bonds 
with Q110 and E240; as well as, are distinguished 
interactions between fluorine with R105 and I106. 
Also, it was identified that natural metabolites 
linked to 3CL-PRO show a bulky group with little 
rotation and interconnected hexacyclic, guarantee 
stability at the binding site, interacting through 
alkyl or p-alkyl bonds through Y239, M276 and 
L286.
	 The analysis of molecular interaction 
between natural metabolites and PL-PRO, it 
was shown that amentaflavone, isoquercitrin and 
theaflavin describe the presence of R810, V811, 
A813, F814 and L825 that are capable of forming 
p-alkyl bonds with aromatic rings described in the 

structures. Moreover, MK-3207 compounds are 
anchored in binding site by net attractive forces 
associated to electrophilic region established by 
fluorine atoms and nucleophilic effect emanating 
from by A813, T819, D821 and P822.33 Likewise, 
paritaprevir generates a lipophilic environment with 
the phenyhridin heterocyclic ring interacting with 
P804, R810, P822 and L825; and the formation of 
hydrogen bonds between phenanthridin with T819 
and the carbonyl present in 5-methylpyrazine-2-
carbonyl with V811.
	 In the pharmacokinetic and toxicological 
predictions, it was established that the compound 
with the best affinity for proteases was MK-3207 
(Table 2), where the models showed a good 
intestinal absorption capacity, do not present 
permeation to the blood-brain barrier, it’s are 
characterized by CYP3A4 and 2D6 inhibitors, 
involved in xenobiotic metabolism that could 
influence their absorption and ultimately its  
bioavailability; however, the predictive models 
used indicated that it has a coefficient of 0.55, 
which characterizes considerable bioavailability.34 
Otherwise, the drug-likeness prediction established 
that follow the Lipinski, Vogel and Ghose rules 
with minimal or no violations as established 
by each of the parameters. Additionally, show 
toxicity values ?classify in scale IV, considering 
slightly toxic and promising molecules as possible 
inhibitors.
	 Finally, natural products evaluated in 
silico such as saikosponin D, amentoflavone and 
glycyrrhizin have been experimentally tested as 
antiviral drugs for both current SARS-COV2 
and other viruses in general.3,6,7 Saponins such 
as saikosponin and glycylrrizin seem to be very 
promising not only because of what has been 
described in silico but also because of previous 
reports of their anti-inflammatory and antiviral 
properties.8, 35
	 For the other hand, drugs such as 
ledipasvir, MK-3207 and paratiprevir have been 
experimentally and even clinically evaluated in 
the hepatitis C virus.36, 37

Conclusion

	 From simulations by molecular docking 
between natural ligands and drugs against 3CL-
PRO and PL-PRO, different promising compounds 
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were obtained as potential inhibitors of viral 
proteases such as saikosponin D, amentoflavone, 
theaflavin, glycyrrhizin, SCHEMBL3057328, 
ledipasvir, MK- 3207 and paratiprevir, obtaining 
the best binding energies and interactions with 
binding site. The natural product saikosponin and 
glycylrrizin are they are very promising. Also, 
pharmacokinetic properties, similarity and toxicity 
were predicted, in which it was founded that the 
compound MK-3207 be a promising drug. Finally, 
it leads to the usefulness of computational tools as 
an alternative in the selection of possible treatments 
against COVID-19.
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