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Abstract: Coronavirus is a well-known threat to the human being in the form of COVID-19. Virus
replication may be controlled by inhibition of protease enzyme. Hence, well known 13 antiviral drugs
have been observed by docking analysis for understanding the binding pattern of drugs with COVID-
19 main protease PDB ID: 6L U7 for any possibilities of protease inhibition. For docking analysis PyRx-
Python Prescription 0.8 was used. This analysis reveals that the essential amino acids involved in
binding of antiviral drugs to COVID-19 main protease PDB ID: 6LU7 are Glycine (Gly), Serine (Ser),
Cysteine (Cys), Leucine (Leu), Asparagine (Asn), Glutamine (Gln), Glutamic acid (Glu) and Threonine
(Thr). After docking analysis, it was observed that Favipiravir maybe act as COVID-19 main protease
inhibitor despite being VRNA polymerase inhibitor and may further be used in the treatment of COVID-
19 infection.
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1. Introduction

Coronavirus is well-known threat peaking its crown again to world in the form of
nCoV-19 (COVID-19) during the current time which was initially supposed to have emerged
several years ago in different other forms like Middle East Respiratory Syndrome-Corona-
Virus (MERS-CoV) and Severe Acute Respiratory Syndrome-corona-virus (SARS-CoV) with
the few similar pathological symptoms but with great power of spreading the infection to one
another [1]. There is an option out of many for the management of virus is known as inhibition
of protease enzyme in virus for the cessation of viral replication. Hence, to contribute a little
with some possibilities of inhibition of protease enzyme of COVID-19 virus by existing
antiviral drugs; we have screened 13 antiviral drugs which were already approved and tested
against their pharmacokinetic, pharmacodynamic and toxicity parameters; for studying their
molecular interaction with recently deposited and released crystal structure of COVID-19 main
protease (viral protein) with Protein Data Bank (PDB) ID: 6LU7 [2]. The literature revealed
that antiviral drugs like Lopinavir, Nelfinavir, etc. which are HIV Protease inhibitors were
already used against MERS-CoV and SARS-CoV [3, 4] The antiretroviral protease inhibitors
act by binding to the catalytic site of the HIV protease, thereby preventing the cleavage of viral
polyprotein precursors into mature, functional proteins that are necessary for viral replication
[5]. The drug molecules which were used in this study are Limonin (A naturally occurring
tetracyclic triterpenoid derived from the plants of Rutaceae and Meliaceae, known for its anti-
virus, anti-tumor, anti-inflammatory, analgesic, nerve protection, anti-bacterial, anti-oxidant,
liver protection and blood lipid regulation activities. However, they were reported for their
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toxicity also along with poor oral absorption and low bioavailability. It is supposed to have its
anti-HIV-1 activity due to inhibition of HIV-1 protease) [6], Pepstatin-A (Naturally occurring
aspartyl proteases inhibitor secreted by Streptomyces species.) [7], Ritonavir (Protease
inhibitor with HIV-I resistance with good bioavailability; as far as selectivity concerned it is
>500-fold more selective for HIV aspartic protease as compared to human aspartic protease)
[8], Indinavir (HIV protease inhibitor which acts by binding to the HIV protease active site and
inhibiting post-translational processing with approx. 95% of inhibition having maximum drug
conc. in plasma in about 0.8 hours) [9], Nelfinavir (It is a selective, nonpeptidic competitive
inhibitor for HIV-1 protease and also used as non-nucleoside reverse transcriptase inhibitors.
Itis also used in the drug-resistant cases, as in the case of Zidovudine. It shows positive effects
on immune function with increases in CD4+ cell counts when used in combination with another
drug) [10, 11], Amprenavir (sulfonamide compound that prevents the formation of HIV-1
virions by inhibiting the viral enzyme protease; rapidly absorbed orally with peak plasma
concentration in about 1 to 2 hours. It has the longest plasma elimination half-life time, i.e., 7-
11 hours). CYP 3A4 inhibition is shown by Amprenavir and may interact with inducers,
inhibitors or substrates of this system [12], Lopinavir (Also a Protease inhibitor) [13],
Atazanavir (It is also potent, and well-tolerated protease inhibitor used to treat HIV in
combination with other drugs like ritonavir with effects on lipid parameters) [14-16], Darunavir
(It is a non-peptidyl protease inhibitor acts by inhibiting the cleavage of HIV-1 encoded poly-
proteins. It is used in pediatric patients having HIV infection with different doses) [17-21],
Fosamprenavir (It is sulphonamide non-peptide antiretroviral protease inhibitor works by
inhibiting cleavage of HIV polyprotein precursor) [22], Temsavir, Raltegravir (It is antiviral,
acts by inhibiting integrase enzyme hence blocking the insertion of DNA into host genome)
[23-26] and Favipiravir (It is a potent and selective inhibitor of influenza viral RNA polymerase
which makes it effective against almost all viruses) [27-30].

To study this interaction between pre-established antiviral drugs and crystal structure
of COVID-19 main protease, we have used docking analysis. [31-34]

2. Materials and Methods
2.1. Data, database, and tools.

For carrying out this study, the National Center for Biotechnology Information’s (NCBI)
website and Protein Data Bank’s (PDB) website were used as biological and chemical data
sources. For designing and optimizing the geometry of the derivatives, ChemDraw Ultra 10.0
[31, 35]. Co-crystallized 3D structure of COVID-1 main protease; PDB ID: 6LU7 (viral
protein) was downloaded from Protein Data Bank.

2.2. Docking.

The docking analysis of 13 antiviral drugs and inhibitor N3 complexes within 3D
structure of COVID-19 main protease; PDB ID: 6LU7 was performed by PyRx- Python
Prescription 0.8.

PyRx is Virtual Screening software for Computational Drug Discovery that can be used
to screen libraries of compounds against potential drug targets. PyRx enables Medicinal
Chemists to run Virtual Screening from any platform and helps users in every step of this
process - from data preparation to job submission and analysis of the results.
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Figure 1. Docked images of antiviral drugs taken and ref. drug complexes in COVID-19 main protease 6LU7

3. Results and Discussion

13 antiviral drug molecules were processed for virtual screening via docking studies. All
the molecules were analyzed for their binding characteristics such as binding residues, binding
affinity energy, number of hydrogen bonds, binding atoms with the type of bonds. All these
observed characteristics are given in Table 1, and clicked screenshots of molecular interactions
are given in Fig. 1.

Table 1. Docking results of antiviral drugs taken and ref. drug complexes in COVID-19 main protease 6LU7.

Ligand Affinity H- H- Binding Ligand H- Binding Receptor
Kcal/mol  bonds Elem. At ID Type Residue  Elem. At.ID Type
Limonin -8.2 1 ¢} 3 Acceptor Asnl151 N 1159 Donor
(e} 34 Acceptor Thr199 e} 1527 Both
(¢} 34 Acceptor Argl3l N 1016 Donor
¢} 22 Both Leu272 6] 2102 Acceptor
Pepstatin-A -6.1 8 (0] 22 Both Gly275 N 2124 Donor
¢} 17 Both Leu271 6] 2094 Acceptor
(e} 26 Both Leu287 o] 2208 Acceptor
(¢} 24 Acceptor Leu287 N 2205 Donor
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Ligand Affinity H- H- Binding Ligand H- Binding Receptor
Kcal/mol bonds  Elem. At. ID Type Residue  Elem. AtID Type
O 38 Acceptor Asn238 N 1852 Donor
O 10 Acceptor Argl31 N 1016 Donor
(¢} 10 Acceptor Thr199 o] 1527 Both
Ritonavir 73 6 (0] 27 Both Thr199 (0] 1527 Both
' ¢} 27 Both Tyr237 6] 1836 Acceptor
N 18 Donor Aspl97 0] 1514 Acceptor
N 44 Donor Lys236 1827 Acceptor
(¢} 36 Acceptor Thrl99 ¢} 1527 Both
(¢} 23 Acceptor Thrl99 o] 1527 Both
Indinavir 79 6 (0] 24 Both Thr199 (0] 1527 Both
o 24 Both Asn238 6] 1848 Acceptor
¢} 24 Both Tyr237 6] 1836 Acceptor
¢} 23 Acceptor Arg131 N 1016 Donor
(¢} 37 Acceptor Argl3l N 1016 Donor
Nelfinavir -7.5 3 (e} 37 Acceptor Thr199 o] 1527 Both
(¢} 11 Both Ala285 o] 2195 Acceptor
(¢} 8 Acceptor Thr292 ¢} 2255 Both
(¢} 8 Acceptor GIn110 N 861 Donor
Amprenavir -7.6 5 (¢} 9 Acceptor Phe294 N 2264 Donor
6] 32 Acceptor Asnl151 N 1159 Donor
¢} 36 Acceptor Serl58 6] 1214 Both
Lopinavir 81 2 (e} 4 Acceptor GIn110 N 861 Donor
(e} 38 Acceptor Phe294 N 2264 Donor
O 48 Acceptor GIn110 N 861 Donor
Atazanavir 6.9 4 (¢} 26 Both GIn110 N 861 Donor
¢} 11 Acceptor GIn110 N 861 Donor
N 36 Donor Aspl53 6] 1174 Acceptor
N 29 Donor Asp289 6] 2228 Acceptor
¢} 19 Both Asp289 6] 2228 Acceptor
(e} 19 Both Leu287 o] 2208 Acceptor
Darunavir 71 8 (¢} 31 Acceptor Lys137 N 1066 Donor
' O 8 Acceptor Leu287 N 2205 Donor
o] 9 Acceptor Tyr239 O 1864 Both
N 16 Donor Leu272 O 2102 Acceptor
¢} 37 Acceptor Lys5 N 40 Donor
¢} 34 Acceptor GIn110 N 861 Donor
(e} 19 Acceptor GIn110 N 861 Donor
6] 22 Acceptor GIn110 N 861 Donor
(o] 22 Acceptor Thrl1l N 862 Donor
Fosamprenavir -7.3 9 (¢} 8 Acceptor Asni51 N 1159 Donor
O 9 Acceptor Asn151 N 1159 Donor
(¢} 23 Acceptor Thrl1l o] 867 Both
¢} 23 Acceptor Thr292 O 2255 Both
N 16 Donor Argl105 O 817 Acceptor
6] 12 Acceptor Thr199 o] 1527 Both
Temsavir -1.7 3 (e} 37 Acceptor Thr199 e} 1527 Both
N 31 Donor Leu271 0] 2094 Acceptor
(0] 14 Acceptor Thr199 (0] 1527 Both
(¢} 25 Acceptor Thrl99 o] 1527 Both
o] 25 Acceptor Tyr239 O 1864 Both
Raltegravir -8.7 7 ¢} 14 Acceptor Argl31 N 1016 Donor
N 17 Donor Leu287 O 2208 Acceptor
N 16 Donor Leu287 o] 2208 Acceptor
(0] 36 Both Tyr237 (0] 1836 Acceptor
(o] 14 Both Cys145 N 2231 Donor
(0] 14 Both Serl44 N 2220 Donor
(¢} 14 Both Gly143 N 2213 Donor
O 14 Both Leul4l o] 2183 Acceptor
Favipiravir -5.3 9 (6] 14 Both Serl44 O 2225 Both
(0] 13 Acceptor Gly143 N 2213 Donor
N 2 Donor Leuldl o] 2183 Acceptor
N 2 Donor Serl44 (0] 2225 Both
N 2 Donor His163 N 2497 Acceptor
(¢} 52 Both Gly143 N 2213 Donor
O 52 Both Serl44 N 2220 Donor
N3 -6.5 9 (0] 52 Both Cys145 N 2231 Donor
(0] 52 Both Serl44 (0] 2225 Both
(e} 52 Both Leul4l e} 2183 Acceptor
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Ligand Affinity H- H- Binding Ligand H- Binding Receptor
Kcal/mol bonds  Elem. At. ID Type Residue  Elem. AtID Type
O 20 Acceptor Asnl42 N 2206 Donor
N 1 Donor GIn189 o] 2880 Acceptor
O 3 Acceptor Glu166 N 2539 Donor
0] 34 Both Thr26 0] 363 Acceptor

Initial analysis showed that highest number of hydrogen bond (9) with COVID-19 main
protease; PDB ID: 6LU7 was formed by Fosamprenavir (Binding affinity energy: -7.3
Kcal/mol) and Favipiravir (Binding affinity energy: -5.3 Kcal/mol), but lowest binding affinity
energy -8.7 Kcal/mol (Required as lowest as possible) was observed with Raltegravir (Number
of Hydrogen bond: 7). But, initial observations are not sufficient in order to make finding any
decisive clue for opting for the best one.

Hence, further Residual (Binding Amino acids) analysis has been performed. This
comparative analysis was performed with the residues of inhibitor N3 complexes within the
3D structure of COVID-19 main protease; PDB ID: 6LU7. This analysis is given in Table 2.
On analyzing Table 2, it was observed that Amino acids or residues which plays a key role in
the binding of reference molecule N3 are Glycine (Gly), Serine (Ser), Cysteine (Cys), Leucine
(Leu), Asparagine (Asn), Glutamine (Gln), Glutamic acid (Glu) and Threonine (Thr).
Antiviral drugs Pepstatin-A (associated amino acids are- Gly, Leu, Asn, and Thr), Amprenavir
(associated amino acids are- Ser, Asn, GIn, and Thr) and Favipiravir (associated amino acids
are- Gly, Ser, Cys, and Leu) were found to be very close to the binding pocket of protein 6LU7.

These 3 screened drug molecules have been further analyzed for exact residual matching
with reference drug N3. See Table 3. This shows that only Favipiravir (associated amino acids
are- Gly143, Serl44, Cys145, and Leul4l) is the drug molecule out of 13 studied antiviral
drugs found somewhat exactly in the same pocket as that of reference drug molecule N3
complexes within the 3D structure of COVID-19 main protease 6LU7. Although Favipiravir is
a viral RNA polymerase inhibitor, it shows better binding towards the COVID-19 main
protease also.

Table 2. Residual analysis of docked antiviral drugs.

Ligands
Type (Antiviral Essential Residues No. of Residues
Drugs) matching with ref.
N3 (Ref. Gly Ser Cys Leu Asn GIn Glu Thr Molecule
molecule)
Limonin - - - - Yes - - - 1
Pepstatin-A Yes - - Yes  Yes - - Yes 4
Ritonavir - - - - - - - Yes 1
Indinavir - - - - Yes - - Yes 2
Protease Nelfinavir - - - - - - - Yes 1
Inhibitor Amprenavir - Yes - - Yes  Yes - Yes 4
Lopinavir - - - - - Yes 1
Atazanavir - - - - - Yes 1
Darunavir - - - Yes - 1
Fosamprenavir - - - - Yes  Yes - Yes 3
Temsavir - - - Yes - - - Yes 2
Raltegravir - - Yes - - - Yes 2
VRNA Favipiravir
Polymerase Yes Yes Yes Yes - - - - 4

Inhibitor
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4. Conclusions

Favipiravir, which is a VRNA polymerase inhibitor, has shown its possibilities of having
inhibition of COVID-19 main protease enzyme also; this enzyme is responsible for replication
of the virus in the living body. To reach this conclusion, we have completed a journey of
docking analysis of 13 well known antiviral drugs with COVID-19 main protease PDB ID:
6LU7. Docking was performed with the help of PyRx- Python Prescription 0.8, and the results
were observed and analyzed, which initially screened 3 (Pepstatin-A, Amprenavir, and
Favipiravir) out of 13 antiviral drugs having possibilities of protease inhibition of virus. The
further residual analysis showed that Favipiravir might have probabilities of protease inhibition
for the cessation of viral replication as amino acids of the binding pocket (Gly143, Ser144,
Cys145, and Leul41 out of 8 amino acids) for Favipiravir were similar to reference molecule
N3 complexes within the 3D structure of COVID-19 main protease 6LU7. These results
primarily showed the possibilities only, although clinical studies are still required to ascertain
the findings.

Table 3. Exact Residual analysis of 3 screened antiviral drugs.

Ligands Exact Match of Essential Residues No. of Residues
N3 (Ref. Gly143 Serl44 Cysl45 Leuldl Asnl42 GInl89 Glul6é Thr26 matching with ref.
molecule) Molecule
Pepstatin-A - - - - - -

Amprenavir - - - - - -
Favipiravir Yes Yes Yes Yes - - - - 4
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