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Abstract 
The outbreak of novel coronavirus (COVID-19) infections occurring in 2019 is in dire need of 
finding potential therapeutic agents. In this study, we used molecular docking strategies to 
repurpose HIV protease inhibitors and nucleotide analogues for COVID-19. The evaluation was 
made on docking scores calculated by AutoDock Vina and RosettaCommons. Preliminary results 
suggested that Indinavir and Remdesivir have the best docking scores and the comparison of the 
docking sites of these two drugs shows a near perfect dock in the overlap region of the protein 
pocket. However, the active sites inferred from the proteins of SARS coronavirus are not 
compatible with the docking site of COVID-19, which may give rise to concern in the efficacy of 
drugs. 
 
Introduction 
In the concluding weeks of 2019, an outbreak of novel coronavirus (COVID-19) infections 
occurred in Wuhan, China. As of February 14, 2020, more than 60,000 cases and 1,000 deaths 
have been reported. With no proven antiviral agent available, medical professionals have resorted 
to supportive care to contain the infection. However, current research now suggests that selecting 
drugs with the appropriate viral restraining mechanisms can yield promising results. At the 
Rajavithi Hospital in Thailand, the infectious disease team used a combination of oseltamivir (anti-
influenza agent) and lopinavir/ritonavir (anti-HIV agent) to successfully improve patients with 
severe conditions. Lopinavir and ritonavir are both HIV protease inhibitors that suppress the 
cleaving of a polyprotein into multiple functional proteins1. Likewise, various clinical trials are also 
now being undergone on nucleotide analogue drugs such as Remdesivir, an antiviral drug proven 
to be effective against a wide range of RNA viruses in vitro2. This study aims to determine whether 
the protease of COVID-19 can be a target protein of lopinavir and ritonavir, and to attempt to 
identify other HIV protease inhibitors with even stronger binding affinities. Additionally, we also 
tested a set of RNA virus agents for potential binding with RNA-dependent RNA polymerase 
(RdRp) of COVID-19 in this study. 
 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 February 2020                   doi:10.20944/preprints202002.0242.v1

©  2020 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202002.0242.v1
http://creativecommons.org/licenses/by/4.0/


Methods 
In this study, we chose 3-chymotrypsin-like protease (3CL-protease), the main protease used to 
cleave polyproteins into replication-related proteins, and RdRp, the main protein for RNA 
replication, as the target receptors. The 3CL-protease structure (PDB ID: 6LU7)3,4 was obtained 
from the RCSB Protein Data Bank3, which was recently released on February 5th, 20204. The 
structure of the COVID-19 polymerase is currently not available, so we used homology modeling 
on the sequence of the patient, BetaCoV/Taiwan/2/2020|EPI_ISL_406031, from the Global 
Initiative on Sharing All Influenza Data (GISAID)5,6 to build an approximate structure based on the 
template of the SARS coronavirus polymerase (PDB ID: 6NUR)7 using Swiss-model8,9,10,11,12 . The 
Root-mean-square deviation (RMSD) between 793 aligned atom pairs is 0.073 angstroms, which 
indicates that these two proteins shared very similar structure (see Supplement Figure 1). 
 
Based on a literature survey2,13,14,15,16, we tested ten FDA-approved drugs of HIV protease inhibitor 
for potential treatment, including Amprenavir, Atazanavir, Darunavir, Fosamprenavir, Indinavir, 
Lopinavir, Nelfinavir, Ritonavir, Saquinavir, and Tipranavir13. As for nucleotide analogue, we 
tested four related drugs, Favipiravir14, Galidesivir15, Remdesivir2, and Ribavirin16. We 
downloaded the 3D structure of each drug from the PubChem database in Structure-data file 
(SDF) format. 
 
To simulate binding affinity between protein and ligands, two docking tools, AutoDock Vina 
(version 1.1.2)17 and RosettaCommons (version 3.11)18–20 were used. Since AutoDock Vina only 
takes Protein Data Bank, Partial Charge (Q), & Atom Type (T) (PDBQT) format as input, we used 
OpenBabel (version 3.0.0)21 to convert SDF to PDBQT. The entire protein is taken as the search 
space. We also used RosettaCommons ligand docking utilities to dock the selected drugs to their 
corresponding protease and polymerase under default settings. This process was repeated 100 
times for each ligand, and the final mean affinity score was taken. From this, we built a heat map 
for the residues of binding sites to represent the binding frequency of each ligand. 
 
Being a valid drug, we anticipate the ligand to dock at a protein pocket or active site. Therefore, 
we used the CASTp22 tool to predict potential pockets of our target proteins, and confirmed 
whether the highest frequency binding sites of the heat map is located in a protein pocket. 
Additionally, due to the high similarity between the SARS and COVID-19, the catalytic sites of 
SARS protease and polymerase obtained from the Uniprot database23 were used to label the 
corresponding region of COVID-19. Finally, we superimposed the heat map, pocket sites, and 
active regions to visualize the binding poses. 
 
Results 
In Table 1, we listed the results of 10 ligands docking with the 3CL-protease. These scores, which 
are the original raw outputs from both docking tools, represent the relative binding affinity. For 
AutoDock Vina, Indinavir has the lowest docking score, even outperforming the results of 
Lopinavir and Ritonavir, the two drugs currently in use in Thailand. As for the results of 
RosettaCommons, all ten drugs displayed similar scores, though Amprenavir, Atazanavir, and 
Darunavir have slightly better performances. We therefore chose Indinavir for further 
investigation. Visualization of Indinavir docking is shown on Figure 1. Figure 1a shows the overlap 
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of the ligand heat map and the protein pocket. The purple color highlights that the binding sites 
are mostly located at the protein pocket. However, one thing to note is that the active sites of 3CL-
protease do not overlap with the binding site (Figure 1b), which may be a concern in the case of 
inhibition. Guangdi Li and Erik De Clercq also noted that the C2-symmetric site, which is the 
optimized fitting site of HIV protease inhibitors, was absent in 3CL-protease24. Lastly, HIV 
protease belongs to the aspartic protease family, while the 3CL-like protease is of the cysteine 
protease family24. These inconsistencies may lead to unwanted noises in selecting potential 
therapeutic agents. 
 
The docking scores of the four ligands to RdRp using AutoDock Vina and RosettaCommons are 
listed on Table 2. As shown in Table 2, Remdesivir has the best docking performance by both 
AutoDock Vina and RosettaCommons. This result suggests that Remdesivir has the most stable 
docked structure compared to that of the other drug candidates. We further examined the docking 
results of the given structural complex between Remdesivir and the RdRp through the heat map. 
The heat map of the contact frequencies between the Remdesivir and RdRp docking results is 
illustrated in Figure 2a. The docking orientation with the docking consensus lies in the binding 
pocket of the RdRp. This result agrees with the previous study published in Cell Research25 ,which 
suggests that Remdesivir is highly effective in controlling COVID-19 infection in vitro. Although 
our docking results agreed with in vitro studies, we discovered that the docking event is not 
located around the known catalytic domain of the RdRp (Figure 2b). This indicates that the 
association between these docking results and the effectiveness of treating COVID-19 still needs 
further examination. 
 
In conclusion, our findings revealed that Indinavir and Remdesivir possess docking sites that 
strongly overlap with the protein pockets, and could be potential therapeutic agents. Because 
both drugs have been used in clinical practices with limited toxicity, we recommend that they 
should be taken into consideration while treating for COVID-19. 
 
Table 1. The docking score of candidate ligands to 3CL-protease 
PubChem CID Name AutoDock Vina Rosetta 

5362440 Indinavir -10.424 -1,542.25 

92727 Lopinavir -9.434 -1,549.45 

148192 Atazanavir -9.186 -1,575.17 

441243 Saquinavir -9.174 -1,559.60 

392622 Ritonavir -8.927 -1,563.98 

64143 Nelfinavir -8.702 -1,539.37 

213039 Darunavir -8.505 -1,574.33 

54682461 Tipranavir -8.415 -1,541.84 

65016 Amprenavir -8.023 -1,575.98 

131536 Fosamprenavir -7.637 -1,549.66 
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Figure 1. Visualization of the protease-Indinavir docking result. a | The overlap of the ligand heat 
map and the protein pocket. The red color scale of the ligand heat map denotes the frequency of 
binding sites over one hundred times. The residues in the protein pocket were colored by a blue-
purple color scale, where purple represents a high frequency on the ligand heat map and blue 
represents a low frequency. A hot spot is defined as a set of residues with the highest frequency 
in the ligand heat map. Among the docking results where the ligand has contacts with the hot 
spot, the ligand with the lowest docking score is shown in sticks (CPK color schema) and the 
space it occupies is colored in yellow. b | The active site of 3CL-protease (green). 
 
         
 
Table 2. The docking score of candidate ligands to RNA-dependent RNA polymerase 
PubChem CID Name AutoDock Vina RosettaCommons 

121304016 Remdesivir -7.803 -2413.7 

10445549 Galidesivir -6.806 -2411.3 

37542 Ribavirin -6.233 -2409.7 

492405 Favipiravir -5.495 -2409.9 
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Figure 2. Visualization of the RNA dependent RNA polymerase-docking result. a | The overlap of 
the ligand heat map and the protein pocket. The red color scale of the ligand heat map denotes 
the frequency of binding sites over one hundred times. The residues in the protein pocket were 
colored by a blue-purple color scale, where purple represents a high frequency on the ligand heat 
map and blue represents a low frequency. A hot spot is defined as a set of residues with the 
highest frequency in the ligand heat map. Among the docking results where the ligand has 
contacts with the hot spot, the ligand with the lowest docking score is shown in sticks (CPK color 
schema) and the space it occupies is colored in yellow. b | The active sites of RdRp (green). 
 

 
Supplement Figure 1. The structural alignment result of the homology modeled COVID-19 
(colored in dark blue) and the SARS polymerase structure (RdRp, PDB ID: 6NUR, colored in 
orange). The Root-mean-square deviation (RMSD) between 793 aligned atom pairs is 0.073 
angstroms, which indicates that these two proteins shared very similar structure. 
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