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ABSTRACT  The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) gained tremendous attention 

due to its high infectivity and pathogenicity. The 3-chymotrypsin-like hydrolase protease (Mpro) of SARS-CoV-2 has 

been proven to be an important target for anti-SARS-CoV-2 activity. To better identify the drugs with potential in 

treating coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 and according to the crystal structure of 

Mpro, we conducted a virtual screening of FDA-approved drugs and chemical agents that have entered clinical trials. 

As a result, 9 drug candidates with therapeutic potential for the treatment of COVID-19 and with good docking scores 

were identified to target SARS-CoV-2. Consequently, molecular dynamics (MD) simulation was performed to explore 

the dynamic interactions between the predicted drugs and Mpro. The binding mode during MD simulation showed 

that hydrogen bonding and hydrophobic interactions played an important role in the binding processes. Based on the 

binding free energy calculated by using MM/PBSA, Lopiravir, an inhibitor of human immunodeficiency virus (HIV) 

protease, is under investigation for the treatment of COVID-19 in combination with ritionavir, and it might inhibit 

Mpro effectively. Moreover, Ombitasvir, an inhibitor for non-structural protein 5A of hepatitis C virus (HCV), has 

good inhibitory potency for Mpro. It is notable that the GS-6620 has a binding free energy, with respect to binding 

Mpro, comparable to that of ombitasvir. Our study suggests that ombitasvir and lopinavir are good drug candidates 

for the treatment of COVID-19, and that GS-6620 has good anti-SARS-CoV-2 activity.  
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1  INTRODUCTION   

 

In December 2019, patients with acute respiratory 

syndrome of unknown origin were found. The signs of 

infection that they showed included fever, cough, shortness of 

breath, and dyspnea[1]. In severe cases, the lung infections can 

even lead to pneumonia, kidney failure, and death[2, 3]. The 

disease caused by the novel coronavirus has been officially 

named COVID-19 by the World Health Organization. Due to 

the rapid spread of COVID-19, the World Health Organization 

has defined COVID-19 as a risk of all indigenous peoples 

globally.The Centers of Disease Control and Prevention 

(CDC) and the National Health Commission of the People's 

Republic of China officially announced that the cause of the 

pneumonia outbreak was a novel coronavirus that has the 

characteristics of a typical coronavirus family, particularly of  
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the SARS-CoV[4, 5].  

Coronavirus (CoV) is a positive-sense RNA virus with an 

envelope that allows the transmission of zoonotic diseases[4, 6]. 

This virus has a prominent spike protein on its envelope, 

which has a coronal or halo-like appearance[7, 8]. There are six 

types of coronaviruses that have been found to infect humans 

around the world: HCoV-229E, HCoV-OC43, SARS, 

HCoV-NL63, HKU1, and MERS[9]. SARS-CoV-2 is a beta 

coronavirus similar to MERS-CoV and SARS-CoV, which 

both infect the lower respiratory tract, and have a high degree 

of infectivity and a certain mortality[10, 11]. 

Currently, some diagnostics, vaccines and therapeutics that 

have therapeutic effects on COVID-19 have been reported one 

after another[12], and effective therapeutic drugs are still being 

explored. Fortunately, the genome of SARS-CoV-2 has been 

sequence[5, 13]. Moreover, Rao et al. published a high- 

resolution crystal structure of the 3-chymotrypsin-like 

hydrolase protease (Mpro) of SARS-CoV-2 in the PDB 

database; this provides a structural basis of in silico virtual 

screening of the potential for therapeutic drugs, active natural 

products and traditional Chinese medicine. In this study, Mpro 

was used as the target, and molecular docking methods were 

used to virtually screen candidate drugs from the marketed or 

clinical drug database (DrugBank). The possible clinical 

applications of the candidate drug were then evaluated by 

using molecular dynamics (MD) simulations and binding free 

energy analysis. Therefore, it is desirable to identify a drug 

with good anti-SARS-COV-2 activity. 

 

2  MATERIALS AND METHODS 

 

2. 1  SARS-CoV-2 Mpro 3D structure preparation 

The crystal structure of 3-chymotrypsin-like hydrolase 

protease (Mpro, PDB ID: 6LU7) of SARS-CoV-2 was first 

obtained from the protein database (www.rcsb.org). We then 

removed the co-crystal ligand and all water molecules and 

added hydrogen atoms to the protein. Finally, SYBYL-X2.1 

was used for the residue repair and energy minimization. 

2. 2  Virtual screening by SARS-CoV-2  

Mpro 3D structure  

Based on the crystal structure of Mpro, the binding site was 

defined by co-crystal ligand. The molecular docking program 

Surflex-Dock GeomX (SFXC) in SYBYL-X 2.1 was utilized 

to carry out the virtual screening and construction of 

Mpro/drugs complex in which the docking scores were 

expressed in –lg(Kd)[14]. The main protocols or parameters of 

docking were listed as follows[15-19]: (a) The “number of 

starting conformations per ligand” was set to 10, and the 

“number of max conformations per fragment” was set to 20; (b) 

The “maximum number of rotatable bonds per molecule” was 

set to 100; (c) Flags were turned on for “pre-dock minimi- 

zation”, “post-dock minimization”, “molecule fragmentation”, 

and “soft grid treatment”; (d) “Activate spin alignment method 

with density of search” was set to 9.0; and (e) The “number of 

spins per alignment” was set to 12. 

Specifically, the exact protocol employed for the hits’ 

selection of virtual screening was as follows: (a) First, 10 

starting conformations for each antiviral drug dataset were 

generated; (b) Each compound was then docked with the 

binding pocket in Mpro using the docking algorithm 

implemented in SYBYL and the top 20 binding poses of each 

compound with higher docking scores were saved; (c) The 

best docking score of each peptide was used for the sorting; 

and (d) The top three compounds with the highest docking 

scores were selected as the hit compounds for further 

analyses[20]. 

2. 3  Molecular dynamics (MD) simulation 

The Mpro complexed with drug candidates were set up for 

MD simulations. For example, the complexes were put into 

0.15 M NaCl solution to a cubic water box, which included 

29,156 water molecules, 84 Na+ ions, and 79 Cl− ions. The 

initial configurations of the receptors and ligands were taken 

from docking studies. The sizes of the initial simulation box 

were ～103Å × 103Å × 103Å. The other systems were set up 

with the same protocol. 

The MD simulations were carried out using the 

PMEMD.mpi and PMEMD.cuda modules in the AMBER16[21, 22] 

package. First, five minimization steps were conducted for the 

systems to avoid possible steric crashes. Then, each system 

was gradually heated from –273.15 ℃ to 26.85 ℃ during the 

heating stage and maintained at 26.85 ℃ during the 

subsequent equilibrium and production stages. A time step of 

2 fs was used for the heating stage, equilibrium stage, density 

adjustment and the entire production stage. A periodic 

boundary condition was employed to maintain constant 

temperature and the pressure ensembles. The pressure was set 

to 1 atm and controlled by the anisotropic (x-, y-, z-) pressure 

scaling protocol with a pressure relaxation time of 1 ps. The 

temperature was regulated using Langevin dynamics with a 

collision frequency of 2 ps−1[23, 24]. The particle mesh Ewald 

(PME) method[25, 26] was adopted to handle long-range 

electrostatics and a 10 Å cutoff was set to treat real-space 

http://www.rcsb.org/
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interactions. All covalent bonds involving hydrogen atoms 

were constrained with the SHAKE algorithm[27]. Each system 

was subject to a 100 ns MD simulation and the trajectory of 

simulated systems was saved every 100 ps[28]. 

2. 4  Molecular mechanics/generalized Born surface 

area (MM/GBSA) calculation 

For the saved trajectories of MD simulations, the 

MM/GBSA[29-35] method was used to calculate the binding 

energies of receptors treated with different ligands. A total of 

200 snapshots were extracted from 80 to 100 ns to calculate 

the mean binding energy. The formula is as follows: 

ΔEbind = ΔEMM + ΔESOL = ΔEMM + ΔEGB + ΔESA 

Where ΔEbind is the binding energy and ΔEMM denotes the sum 

of the molecular mechanical energies in a vacuum and can be 

further divided into the contributions to electrostatic, van der 

Waals, and internal energies. This term could be computed 

using the molecular mechanics method. ΔESOL is the solvation 

energy, which includes the polar solvation energy (ΔEGB) 

calculated with the generalized born (GB) approximation 

model[36, 37] and the non-polar part (ΔESA) obtained by fitting 

solvent accessible surface area (SASA)[38] with the linear 

combinations of pairwise overlaps (LCPO) model[39, 40]. 

Additionally, the energies of each residue were decomposed 

into the backbone and side-chain atoms. The energy de- 

composition can be analyzed to determine the contributions to 

the key residues to the binding[28, 41]. 

 

3  RESULTS AND DISCUSSION  

 

3. 1  Potential binding site on the Mpro interface 

To verify the reliability and feasibility of the docking 

program, the co-crystallized ligand was redocked into a 

binding pocket by using the Surflex-Dock program. As shown 

in Fig. 1, the redocked conformation and co-crystallized 

conformation overlap well, and indicate that the docking 

method can be used virtually to screen the potential drug 

candidates. Here, the crystal structure of Mpro was obtained 

from the Zihe Rao and Haitao Yang’s team at the 

ShanghaiTech University. According to the crystal structure 

of Mpro-N3 complex, the binding pocket of Mpro was 

composed of the following residues: His41, Met49, Asn142, 

Gly143, Met165, Glu166, Pro168, Gln189, Thr190, Ala191 

and Gln192. 

 

Fig. 1.  Mpro structure and binding site 

 

3. 2  Analysis of the virtual screening results 

In this study, the binding pocket of Mpro was used as the 

active site to which the virtual screening was performed. The 

molecular docking screening of antiviral drug datasets was 

performed by using Surflex-Dock GeomX method. Based on 

the docking scores of candidate drugs and their matching 

degree with the co-crystallized ligand, 9 drug candidates with 

high docking scores of SARS-CoV-2 Mpro were screened. 

The binding free energies between Mpro and candidates were 

less than –10 kcalmol-1 (Table 1). Interestingly, among these 

drug candidates, Ombitasvir, Elbasivr, Lopinavir, Tipranavir 

and Darunavir were approved treatments for hepatitis C virus 

(HCV) and human immunodeficiency virus (HIV), whereas 

Remdesivir, GS-6620 and Rupintrivir have been investigated 

for the treatment of HCV, SARS-CoV and human rhinoviral 

(HRV) infection. Additionally, Adafosbuvir has been used to 

evaluate the effect of renal impairment on the pharmaco- 

kinetics of prodrug AL-335 (investigational HCV nonstruc- 

tural protein 5B inhibitor). 
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Table 1.  Drug Candidates Screened from DrugBank by Molecular Docking and Free Energy 
 

No. Name Structure Score 
ΔG 

(kcal/mol) 
Treatmet Status 

1 

Co-crystal 

ligand N3 

 

9.00 –36.29   

2 Ombitasvir 

 

9.66 –31.83 HCV Approved 

3 Lopinavir 

 

11.21 –24.75 HIV Approved 

4 Tipranavir 

 

9.76 –23.62 HIV Approved 

5 Darunavir 

 

 

9.66 –14.60 HIV Approved 

6 Elbasvir 

 

9.07 –13.98 HCV Approved 

                                                                                                 To be continued 
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7 Rupintrivir 

 

9.38 –23.65 HRV Investigational 

8 Remdesivir 

 

9.38 –18.57 SARS-CoV Experimental 

9 GS-6620 

 

8.60 –36.93 HCV Investigational 

   10 Adafosbuvir 

 

9.55 –25.20 

Renal 

impairment 

Investigational 

 

3. 3  Molecular dynamics simulations and  

binding free energy analysis 

3. 3. 1  Interaction between Mpro and Ombitasvir 

To further verify the reliability of the drug candidates, we 

analyzed the interactions between Mpro and the drugs through 

MD simulation and binding free energy analysis. Among the 

candidate drugs, Ombitasvir is a drug marketed for the 

treatment of Hepatitis C. At present, there have been reports[42] 

that Ombitasvir also has a potential inhibitory effect on 

SARS-CoV-2. Therefore, the Mpro/Ombitasvir complex was 

constructed, and a 100 ns MD simulation was repeated three 

times. The root mean square deviation (RMSD) of the 

bipartite molecular dynamics simulations of the 

Mpro/Ombitasvir complex is shown in Fig. S1 of the 

supplementary material. Fig. S1a shows that the complex 

molecule was stable after 60 ns; the Ombitasvir's RMSD 

fluctuates around 3.7 Å, and the RMSD of the receptor main 

chain atoms fluctuates around 1.8 Å. In the RMSD of the 

second molecular dynamics simulation (Fig. S1b), after 30 ns, 

the RMSD of Ombitasvir stabilized around ～4.2 Å, and the 

RMSD of the receptor main chains atoms increased from 1.2 

to 3.0 Å at 10～30 ns; at 30～50 ns, the RMSD decreased 

from 3.0 to around 2.5 Å, then stabilized around 3.4 Å until the 

end. The RMSD of MD simulations was stable to varying 

degrees and these results indicate that Ombitasvir and the 

receptor main chain atoms have reached a stable conformation 

after a large conformational change in the simulation. 

To discover the binding mode between Ombitasvir and 

Mpro, we thoroughly analyzed the interaction mode between 

Ombitasvir and Mpro key amino acids after bipartite 



                  HE Q. X. et al.: Discovery of Potential SARS-CoV-2 M Protease Inhibitors by  

436                           Virtual Screening, Molecular Dynamics, and Binding Free Energy Analyses                             No. 4 

molecular dynamics simulation studies. The bonding modes 

between Mpro and Ombitasvir were similar (Fig. 2). The 

formyl group adjacent to the pyrrole rings formed two 

hydrogen bonds between Gln192, and the bond lengths were 

3.3 and 3.2 Å, respectively. Concurrently, the benzene ring 

formed a strong hydrophobic interaction with Met49 (3.6 Å) 

through van der Waals forces, and tert-butyl formed a weak 

hydrophobic bond with Met165 at a distance of 4.0 Å. 

Interestingly, Fig. S2 shows that the nitrogen and oxygen 

atoms of the carbamoyl group produced two strong hydrogen 

bonds with Asn142 (3.1 Å) and Gly143 (2.9 Å), and the 

formyl group adjacent to the pyrrole ring and the oxygen atom 

of the carbamate formed two hydrogen bonds with Gln192 

(3.2 and 3.2 Å), which could promote the binding of 

Ombitasvir to Mpro. 

 

Fig. 2.  Analysis of the binding mode of Ombitasvir to Mpro (the first molecular dynamics simulation results. Key residues are shown in cyan and 

Ombitasvir in blue. The hydrogen and hydrophobic bonds are shown as red and blue dashed lines, respectively) 

 

The energy contribution to the key residues of Mpro and 

Ombitasvir might give more information for their binding and 

guide its structural modification. We calculated the 

interactional energy for the binding of Ombitasvir to the key 

residues of Mpro by using molecular mechanics/generalized- 

Born surface area (MM/GBSA) method. The results are shown 

in Fig. 3a and Fig. S3 (Data are listed in Supplementary Table 

S2). The results show that the interactional energy between 

Ombitasvir and His41, Met49, Asn142, Pro168, Gln189, and 

Ala191 was low, which was mainly from the Van der Waals 

force, and thereby indicates that the affinity of 

Mpro/Ombitasvir was mainly from hydrophobic interactions. 

The interaction energy between Gln189 residue and 

Ombitasvir was lower than –10.0 kcalmol-1, which implies 

that it is important to their binding. Aside from van der Waals 

force, the electrostatic and non-polar interactional energy of 

Gly143, Met165, Glu166, Thr190, and Gln192 had a moderate 

contribution to binding affinity. Subsequently, we determined 

the hydrogen bonds between the last 20ns (200 conformations) 

of MD simulation; the results are shown in Fig. 3b. Fig. 3b 

shows that the hydrogen bonds were formed into Asn124, 

Gly134, Gln192 and Ombitasvir; however, their total 

interactional energy were relatively low, which validates that 

the binding energy was mainly from hydrophobic interactions.  

Based on the linear relationship between affinity and free 

binding energy, the affinity with Mpro/Ombitasvir might be 

accurately predicted by the ΔEbind energy. Here, the binding 

free energy of Mpro/Ombitasvir was calculated by using 

MM/PBSA method (listed in Table 2). The free energies were 

–31.8315 and –31.0475 kcalmol–1 in the three MD 

simulations, respectively, with their mean energy to be –31.44 

kcalmol–1. Although the MD simulation for complex 

Mpro/Ombitasvirwere was performed in bipartite randomly, 

the key residues of Mpro that bound Ombitasvir were almost 

identical, and these residues promoted binding affinity with 

hydrophilic and hydrophobic interactions. Interestingly, with 
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the contributions of hydrogen bonds and hydrophobicity, the 

binding energies of Mpro/Ombitasvir in two MD simulations 

were highly similar. The results showed not only the reliability 

of the calculation in this study but also the good binding 

affinity of Ombitasvir and Mpro. Thus, Ombitasvir has good 

potential anti-SARS-COV-2 activity.  

 

  

(a)                                                        (b)  

Fig. 3.  Mpro/Ombitasvir system energy decomposition analysis results and the number of hydrogen bonds in  

key amino acid residues. (a) Free energies for the key residues of Mpro calculated by using MM/GBSA.  

(b) Number of hydrogen bonds in the last 20 ns of the 100 ns MD simulation (Mpro/Ombitasvir system) 

 

Table 2.  Binding Free Energies (ΔGbind) Calculated by Using MM/PBSA (kcalmol
-1

) 
 

Compounds MD1 MD2 Mean 

Ombitasvir –31.83 –31.05 –31.44 

Lopinavir –23.84 –24.75 –24.23 

GS-6620 –36.93 –31.59 –34.26 

Remdesivir –18.57 –14.84 –16.71 

 

2. 3. 2  Interaction between Mpro and Lopinavir 

Lopinavir is an antiretroviral protease inhibitor used in 

combination with other antiretrovirals in the treatment of 

HIV-1 infection and reported certainly inhibitory effect of 

SARS-CoV-2[43]. We explored the binding mode between 

Mpro Lopinavir through MD simulations. The RMSD plots 

(Fig. S4a) show the main chain of Mpro and Lopinavir 

stabilized at 1.8 and 3.6 Å after 20 ns, respectively. Similarly, 

the repeated MD simulations reached the stable state after 70 

and 20 ns (Fig. S4b), which might be used to analyze their 

binding mode.  

The stable conformations of MD simulation (the last 20 ns) 

were extracted to analyze the binding mode of 

Mpro/Lopinavir. Lopinavir complex about to Mpro through 

binding to key residues was identified with Mpro/Ombitasvir. 

As shown in Fig. 4, the pyrimidine ring and oxygen atom in 

butyramide of Lopinvar formed hydrogen bonds with Gln189, 

and the distances are 3.2 Å and 2.9 Å, respectively. Meanwhile, 

the pyrimidine and benzene rings could interact with Met165 

(3.8 Å) and Met49 (3.3 Å) through hydrophobic bonds 

correspondingly. From repeated MD simulation (Fig. S5b), 

the nitrogen and oxygen atoms of acetamido could form two 

hydrogen bonds between Asn142 (3.0 Å) and Gly143 (2.9 Å), 

respectively, and the benzene ring has hydrophobic interaction 

with Met49 (3.4 Å), Met165 (3.6 Å) and Glu166 (3.5 Å). 
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Fig. 4.  Analysis of the binding mode of Lopinavir to Mpro (the first MD simulation results. Key residues are shown in cyan and  

Lopinavir is shown in blue. The hydrogen and hydrophobic bonds are shown as red and blue dashed lines, respectively) 

 

Based on the stable conformation, the energy decompo- 

sition for key residues was performed to its contribution to 

Mpro combined with Lopinavir. The energy contribution to 

key residues is shown in Fig. 5 and Fig. S6 (Data are listed in 

Supplementary Table S2). Fig. 5 and Fig. S6 show that 

lopinavir had strong interactions with His41, Met49, Met165, 

Glu166, Gln189 and Gln192 of Mpro through van de Waals 

forces. In addition, Asn142, Gly143, Pro168, Thr190 and 

Ala191 had lower energy contribution for binding. According 

to the statistics of hydrogen bonds between the last 20 ns of 

MD simulation (Fig. 5b), although the conformation of 

Mpro/Lopinavir complex is slightly changed, Lopinavir still 

interacts with these key residues. Subsequently, we use the 

MM/PBSA method to calculate its binding free energy (Table 2). 

The results of the bipartite calculations were not much 

different (–23.84 and –24.75 kcalmol-1), which shows the key 

residues of Lopinavir and Mpro were tightly bound under the 

interaction of hydrogen and hydrophobic bonds, so that 

Lopinavir had a good anti-SARS-COV-2 activity. 

 

(a)                                       (b) 

Fig. 5.  Mpro/Lopinavir system energy decomposition analysis results and the number of hydrogen bonds  

in key amino acid residues. (a) Free energies for the key residues of Mpro calculated by using MM/GBSA.  

(b) Number of hydrogen bonds in the last 20 ns of the 100 ns MD simulation (Mpro/Lopinavir system) 

 
3. 3. 3  Interaction between Mpro and GS-6620 

We found that among the screened drug candidates, 

GS-6620, which is still in the investigational state, has a high 

binding free energy. Therefore, the Mpro/GS-6620 complex 

was constructed, and a 100 ns molecular dynamics simulation 

was conducted twice. Fig. S7 (see Supplementary Material 

Fig. S7) shows the RMSD of the MD simulation of the 

Mpro/GS-6620 complex. Fig. S7a shows that the complex 

about Mpro/GS-6620 is stable after 80 ns, and the RMSD of 

the main chain of Mpro and GS-6620 fluctuates around 2.2 Å 
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and 3.0 Å, respectively. For repeated MD simulation, the 

complex reached a stable state after 2 ns (Fig. S7b), which 

might guarantee the effect of the binding mode analysis. 

The interaction between GS-6620 and Mpro is shown in 

Fig. 6; the hydroxyl and amino groups on the GS-6620 

phosphoramide bond formed two strong hydrogen bonds 

between Glu166 (3.8 and 2.9 Å). The isopropyl and benzene 

rings of GS-6620 also produced a hydrophobic interaction 

with Met49. In addition, the benzene rings in the molecule 

also formed a hydrophobic interaction with Met165. The 

repeated MD simulation showed that the oxygen atoms of 

GS-6620 might form five hydrogen bonds between His41, 

Asn142, Gly143, and Gln189, and the benzene ring produced 

hydrophobic interactions with both Met49 and Met165  

(Fig. S8a); this increased the binding affinity with GS-6620 

with Mpro. 

 
Fig. 6.  Analysis of the binding mode of GS-6620 to Mpro (the first molecular dynamics simulation results.  

Key residues are shown in cyan and GS-6620 in blue. The hydrogen and hydrophobic  

bonds are shown as red and blue dashed lines, respectively) 

 

We calculated the interactional energy of GS-6620 with 

the key amino acids of Mpro by using MM/GBSA (Fig. 7a 

and Fig. S9). The results showed that GS-6620 had strong 

interaction with the Met49, Asn142, Gly143, and Met165 of 

Mpro. The statistics of hydrogen bonds are shown in Fig. 7b 

and supports the binding of GS-6620 binding with His41, 

Asn142, Gly143 Glu66 and Gln189. Subsequently, we used 

the MM/PBSA method to accurately calculate the binding 

free energy of GS-6620 and Remdesivir with Mpro. The 

results showed that the binding free energy of Remdesivir  

(–16.71 kcalmol
-1

) is relatively higher and may be related to 

its initial conformation, or that it may not directly affect the 

target[44]; the relevant results need further verification. It is 

surprising that the binding energy of GS-6620 with Mpro was 

comparable to that of the Ombitasvir (–34.26 vs. –31.44 

kcalmol
-1

). These binding energies indicate that GS-6620 has 

good potential anti-SARS-COV-2 activity. 

  

(a)                                                   (b) 

Fig. 7.  Mpro/GS-6620 system energy decomposition analysis results and the number of hydrogen bonds  

in key amino acid residues. (a) Free energies for the key residues of Mpro calculated by using MM/GBSA.  

(b) Number of hydrogen bonds in the last 20 ns of the 100 ns MD simulation (Mpro/GS-6620 system) 
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4  CONCLUSION  

 

The pneumonia caused by SARS-CoV-2 is highly infec- 

tious and pathogenic. It has caused two thousand deaths since 

its outbreak of December 2019. There have not yet been 

effective preventions or treatment methods for COVID-19. In 

this study, we combined virtual screening, molecular docking, 

and MD simulations to explore the potential anti-SARS- 

COV-2 activity of drug candidates in the DrugBank database. 

9 drug candidates that can bind the Mpro of SARS-CoV-2 in 

silico were screened. Based on the stable conformation 

determined from MD simulation, the binding mode 

accompanied with free energy decomposition showed that 

His41, Met49, Asn142, Met165 and Gln189 played an 

important role for the binding of Mpro with the drug 

candidates. Moreover, the binding free energies of Ombitasvir, 

Lopintavir and GS-6620 to Mpro were relatively low. These 

findings indicate that Ombitasvir, Lopintavir and GS-6620 

might have good anti-SARS-COV-2 activity. 
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