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Abstract

The Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that originated in Chinese
city of Wuhan has caused around 906,092 deaths and 28,040,853 confirmed cases worldwide
(WHO, 11 September, 2020). In a life-threatening situation, where there is no specific and licensed
anti-COVID-19 vaccine or medicine available; the repurposed drug might act as a silver bullet.
Currently, more than 211 vaccines, 80 antibodies, 31 antiviral drugs, 35 cell-based, 6 RNA-based
and 131 other drugs are in clinical trials. It is therefore utter need of the hour to develop an effective
drug that can be used for the treatment of COVID-19 before a vaccine can be developed. One of
the best-characterized and attractive drug targets among coronaviruses is the main protease
(3CLpr), Therefore, the current study focuses on the molecular docking analysis of TAT-peptide*’
37 (GRKKRRQRRRP)-conjugated repurposed drugs (i.e., lopinavir, ritonavir, favipiravir, and
hydroxychloroquine) with SARS-CoV-2 main protease (3CLP™) to discover potential efficacy of
TAT-peptide (TP) - conjugated repurposing drugs against SARS-CoV-2. The molecular docking
results validated that TP-conjugated ritonavir, lopinavir, favipiravir, and hydroxychloroquine have
superior and significantly enhanced interactions with the target SARS-CoV-2 main protease. In-
silico approach employed in this study suggests that the combination of the drug with TP is an
excelling alternative to develop a novel drug for the treatment of SARS-CoV-2 infected patients.
The development of TP based delivery of repurposing drugs might be an excellent approach to
enhance the efficacy of the existing drugs for the treatment of COVID-19. The predictions from
the results obtained provide invaluable information that can be utilized for the choice of candidate
drugs for in vitro, in vivo and clinical trials. The outcome from this work prove crucial for
exploring and developing novel cost-effective and biocompatible TP conjugated anti-SARS-CoV-

2 therapeutic agents in immediate future.

Keywords: SARS-CoV-2, TAT-peptide, 3CLP™ main protease, COVID-19, In silico, Molecular
docking, repurposing drug

1. Introduction
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The Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that originated in Chinese
city of Wuhan (Chakraborty et al., 2020a) caused deadly human respiratory infection termed
coronavirus disease 2019 (COVID-19) (Huang et al., 2020). World Health Organization (WHO)
had declared SARS-CoV-2 a global health emergency on 30t January 2020 (Bhattacharya et al.,
2020a) and on 11 March 2020, WHO declared it a pandemic (Rehman et al., 2020). Since the
outbreak of COVID-19, as of 11 September 2020, the disease has caused around 906,092 deaths
and 28,040,853 confirmed cases of COVID-19 infections worldwide (WHO; 7:08pm CEST, 11
September 2020). SARS-CoV-2 belongs to the family Coronaviruses and subgenus beta-CoV
(Chakraborty et al., 2020b; Saha et al., 2020a). Other previous known coronaviruses that cause
severe respiratory diseases in human are MERS-CoV that caused MERS outbreak in the Middle
East in 2012 (Chakraborty et al., 2020c) and SARS-CoV caused SARS outbreaks in Guangdong
Province, China, in 2006 (Yin et al., 2018). SARS-CoV-2 is single-stranded positive-sense RNA
(+ssRNA) virus and the genome size is ~30kb which is the largest among all RNA viruses (Chen
et al., 2020; Gralinski and Menachery 2020). SARS-CoV-2 maintains ~80% nucleotide identity
with the original SARS-CoV epidemic viruses and 96% with bat coronavirus (Bhattacharya et al.,
2020b; Gralinski and Menachery 2020). The genomic sequences of two bat SARS-related CoV's
i.e., bat-SL-CoVZ(C45 and bat-SL-CoVZXC21 showed ~89% sequence similarity with novel
SARS-CoV-2. Phylogenetic analysis has indicated that the SARS-CoV-2 is a viral recombinant of
previously identified bat coronaviruses (Ansari et al., 2020; Chan et al., 2020).

The repurposing antiretroviral protease inhibitor drugs such as lopinavir/ritonavir, indinavir,
saquinavir and antiviral RNA polymerase inhibitors drug such as remdesivir are currently being
tested for the treatment of SARS-CoV-2 (Paules et al., 2020; Li et al., 2020; Liu et al., 2020).
Recently, antiviral efficacy of remdesivir and chloroquine against SARS-CoV-2 clinical isolate
has been investigated and was found that they can potentially inhibit SARS-CoV-2 at the low-
micromolar concentration in vitro (Holshue et al., 2020; Wang et al., 2020). Nafamostat,
Nitazoxanide, Ribavirin, Penciclovir and Favipiravir are other drugs that have been tested against
SARS-CoV-2 also show potential inhibitory effects in vitro (Wang et al., 2020).

Currently, no vaccine or medicine has been developed that can be used for the treatment of SARS-
CoV-2 infections, therefore, the repurposed drug could act as a brilliant alternative with potential
to combat the disease effectively (Saha et al., 2020b). Though, preclinical and clinical trials are

required to ensure their effectiveness, such treatment might be better and promising than a placebo.
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A number of clinical trials are being done to test the efficacy of protease inhibitors drugs lopinavir
and ritonavir against SARS-CoV-2. These drugs are commonly used in the treatment of HIV
infections. The combination of lopinavir and ritonavir with Chinese herbal medicines was used in
preliminary clinical studies for the treatment of SARS-CoV-2 (Wang et al., 2020). In vitro studies
show that hydroxychloroquine and chloroquine have potential anti-COVID-19 activity (Gautret et
al., 2020; Gao et al., 2020). According to Milken Institute, 211 vaccines, 31 antiviral drugs, 35
cell-based, 80 antibodies, 6 RNA-based and 131 others drugs are at different phases of

development and trials (https://milken-institute-covid-19-tracker.webflow.i0/). It is therefore dire

need to develop an effective drug that can be used for the treatment of COVID-19 before a vaccine
can be developed.

Moreover, the efficiency of these potential anti-COVID drugs can be further enhanced by
combining them with cell-penetrating peptides (CPPs), which can possibly help to enhance the
cellular uptake of these drugs (Nori et al., 2003). CPPs are short peptides (less than 30 residues)
consisting of excellent capability to cross cellular membranes with very limited toxicity, via
energy-dependent and/or independent mechanisms, without the necessity of a chiral recognition
by specific receptors (Bechara and Sagan 2003; Ansari et al., 2020). The main antiviral approach
of CPPs has been the conjugation of CPPs with potential drug molecules; however, some CPPs
have even demonstrated antiviral properties by themselves (Parn et al., 2015).

The cell-penetrating ability of TAT-peptide (TP) commenced a new era in intracellular drug
delivery. TAT-peptide*’-3” (GRKKRRQRRRP), a short cation richer with basic amino acid peptide
is commonly used as research tool to enhance the delivery and transport of drugs, DNA, RNA,
proteins, viruses and nanoparticles inside the cytoplasm (Quan et al., 2019; Skwarczynski and Toth
2019; Ansari et al., 2020). We have suggested that the efficacy of antiviral activity of these
repurposing drugs against COVID-19 can be improved and enhanced by conjugating it to the TP.
Therefore, the current study focuses on the molecular docking analysis of TP (GRKKRRQRRRP)-
conjugated repurposed drugs (lopinavir, ritonavir, favipiravir, and hydroxychloroquine) with
SARS-CoV-2 main protease (3CL hydrolase, PDB: 6L.U7) to discover potential efficacy of TP-
conjugated repurposed drugs against SARS-CoV-2.

2. Methodology

2.1 Receptor molecule preparation
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The crystal structure of COVID-19 main protease is complex with an inhibitor N3 (PDB ID: 6LU7)
downloaded from Protein Data Bank (PDB), a well-known 3 Dimensional bio-macromolecular
repository (Figure 1). The 3D structure was developed by X-Ray diffraction method with the
observed resolution of 2.16 A, R-Value Free 0.235, R-Value Work 0.202, and R-Value
observed 0.204 (PDB ID: 6LU7). N3 inhibitor, HETATOM, and water molecules were removed
from the 3D structure PDB file (PDB ID: 6LU7). Active site amino acid residues (Asnl142,
Cysl45, GIn189, Glul66, Gly143, His163, His164, Met165, Phe140, Thr190, Thr26) information
of N3 inhibitor interaction with 6LU7 has been obtained for the docking analysis of selected drug
molecules on same active site. After that CHARMM force field was applied on PDB ID: 6LU7
3D structure for the energy minimization process. Discovery Studio visualizer 2019 was used for

afore mentioned editing of 3D structure.
2.3 3D structure modeling of TAT-Peptide

TAT-peptide (GRKKRRQRRRP) an 11 amino acid residue, rich in basic amino acid derived from
nuclear transcription activator tat protein of human immunodeficiency virus-1 which penetrates
various cell types (Fang et al., 2013) was submitted to PEP-FOLD3.5 webserver to generate the
3D structure of TP (Lamiable et al., 2016). PEP-FOLD?3 server used the Hidden Markov Model
sub-optimal conformation sampling approach for the prediction of the 3D structure of small

peptide.
2.4 TAT-Peptide 3D structure validation

After successful generation of TP modeled, 3D structure was further assessed by MolProbity tool
(Chenn et al., 2010) integrated in structure assessment module of SwissModel server (Waterhouse

et al 2018).
2.5 Preparation of Drug Molecules

The performance of repurposed drugs Lopinavir, Ritonavir, Favipiravir, and Hydroxychloroquine
with and without TP was explored to perform in silico interaction analysis with COVID-19
Protease (PDB ID: 6LU7). The chemical canonical SMILES IDs of selected drugs were extracted

from PubChem Database (https://pubchem.ncbi.nlm.nih.gov/). Furthermore, we have generated a

3D structure of drug molecules using CORINA classic 3D structure generator server

(https://www.mn-am.com/online_demos/corina_demo) (Table 1). Also discovery studio 2019
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was used to implement the CHARMM force field in order to complete the energy minimization
process for the generated 3D structures of drug molecules (Vanommeslaeghe et al. 2010). Apart
from these, it has been suggested that nanotechnology could be an alternative therapeutic approach
that can be used to counter COVID-19 and similar pandemics (Weiss et al., 2020; Gaurav et al.,

2020).
2.6 In silico molecular Interaction Analysis
The in silico interaction analysis was executed into two parts:

2.6.1. Molecular docking of repurposed drugs without TAT-peptide with COVID-19 main

protease

The docking experimentation between free drug (without TAT-peptide) and COVID-19 protease
(PDB ID: 6LU7) was executed with the help of AutoDock 4.2 MGL tools version 1.5.6. AutoDock
uses a Lamarckian Genetic Algorithm and empirical binding free energy function as a scoring
function for the ligand-receptor interaction (Morris et al., 1998). The docking was performed on the
active site after implementing the default AutoDock parameters. However, to cover the maximum
area within the grid box 60x60x60 A which can accommodate the selected active site residues in
the grid box, the grid center point coordinates X, Y and Z were set as -15.217, 14.435 and 60.367,
respectively with the default value of grid points spacing 0.375 A.

2.6.2. Molecular docking of TAT-Peptide-conjugated repurposed drug with COVID-19 main

protease

AutoDock 4.2 tool was used to prepare TAT-Peptide-conjugated drug complexes. After that TAT-
Peptide-conjugated drug complexes were docked with COVID-19 protease (PDB ID: 6LU7) using
the PatchDock online docking server (https://bioinfo3d.cs.tau.ac.il/PatchDock/). PatchDock uses

a geometry-based molecular docking algorithm as a scoring function (Schneidman-Duhovny et al.,
2005). After performing docking analysis, results were analyzed and 3D graphics was generated

using discovery Studio Visualizer, 2019.

2.4 Results and Discussion
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Currently, 548 unique therapeutic compounds are in development and 176 of those are in the
clinical stage i.e., 26 in phase I, 86 in phase II, 41 in phase III and 23 are in phase IV

(https://www.bio.org/policy/human-health/vaccines-biodefense/coronavirus/pipeline-tracker).

Among them, repurposed drugs such as remdesivir, lopinavir, ritonavir, favipiravir, and
hydroxychloroquine show great therapeutic potential in the prevention and treatment of COVID-
19 infections. However, the discovery of the cell-penetrating function of HIV1-TAT protein in
1988 quickly became a popular research tool used to enhance the intracellular delivery and
transport of drugs and a large number of biomolecules (Skwarczynski and Toth 2019). Thus, to
improve the efficacy of repurposed drugs, CPPs can be conjugated to drug or formulation. CPPs
can deliver drugs directly to the cytoplasm either by endocytic or nonendocytic pathways. At
present, a large number of naturally derived as well as synthetic or artificial CPPs have been
characterized and used for the intracellular delivery of a variety of cargos such as small molecules,
drugs, DNA/RNA, peptide, proteins, liposomes and nanoparticles into cells (Skwarczynski and
Toth 2019). CPPs are also easy to prepare, cost-effective, and most importantly, they are usually
non-toxic (Skwarczynski and Toth 2019). It has been investigated that HIV1 TP directly penetrate
the membranes by generating nanoscale pores (Ciobanasu et al., 2010). The preclinical and clinical
trials on cancer diagnosis and treatment show that CPP-based drug delivery systems enhance the
efficiency of the delivery of anti-cancer drugs and imaging reagents (Tripathi et al., 2018). Thus,
the development of CPP-based delivery of repurposing drugs might be an excellent approach to
enhance the efficacy of the existing drugs for the treatment of COVID-19.

One of the best-characterized and attractive drug targets among coronaviruses is the main protease
(3CLP™) (Anand et al., 2003; Hang et al., 2020). Along with the papain-like protease(s), this
enzyme is essential for processing the polyproteins that are translated from the viral RNA
(Hilgenfeld 2014). The 3CL protease of coronaviruses facilitates viral assembly by cleaving
almost 11 sites on the large polyproteins. Inhibiting the activity of the protease enzyme would
block viral replication and also prevent the progression of the disease (Hilgenfeld 2014). The
protein sequences of COVID-19 Main protease (2019-nCoV Mpro) and SARS-CoV Mpro are 96%
identical (Bhattacharya et al., 2020b). In several studies, the similarities in the sequence of a
potential target for COVID-19 to that of the SARS Mpro were utilized to build a model for the
structure of SARS-CoV-2 Mpro. Homology based models were utilized to screen a library of
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compounds to predict potential drugs for COVID-19 (Nguyen et al., 2020; Xu et al., 2020; Liu et
al., 2020).

The availability of the high-resolution X-ray crystal structures of the target i.e., the main protease
of SARS-CoV-2 Mpro (PDB ID: 6LU7), has been utilized in the current study as the target for
molecular docking based virtual screening of TP-conjugated repurposing antiretroviral, antiviral
and antimalarial drugs. The 3D modelled structure of TP used in this study was generated by PEP-
FOLD3.5 (Figure 2). Further, the 3D modeled structure of TP was validated by MolProbity tool
integrated in structure assessment module of SwissModel server. It was observed that number of
residues found in the favored region was ~100.0% and no residues were found in Ramachandran
Outliers and Rotamer Outliers regions (Figure 3A). The MolProbity Score was 0.50 and
QMEAN4 score was less than <1 as compared with standard ideal value that should be between
0-1 for good quality predicted structure (Benkert et al., 2011) (Figure 3B). So, 3D structure of TP
was found to be acceptable in order to perform further in silico interaction analysis. For the first
time, TP was conjugated with lopinavir, ritonavir, favipiravir and hydroxychloroquine using
AutoDock tool to investigate their binding affinity and interaction with COVID-19 main protease.
The 3D structure of individual drug with TP to perform in silico analysis with COVID-19 Protease
was shown in Table 1. AutoDock analysis was also performed to illustrate the possible interaction
between TP and drugs. The interaction between TP and drugs shows that a number of several
others types of molecular contacts were also involved apart from hydrogen bonds that provide
more stability to the complex. During Ritonavir and TP interaction Arg,3 Lys4, Lys5, Arg6, Arg7
and GIn8 were also involved in Alkyl and Pi-Alkyl bonding apart from conventional hydrogen
bond and van der walls interactions (Figure 4C). During Lopinavir and TP interaction Lys4, Arg6
and Arg9 were involved in Alkyl and Pi-Alkyl interaction apart from hydrogen bond, carbon-
hydrogen bond and van der walls interactions (Figure SC). Favipiravir and TP interaction shows
Pi-Sigma contact, hydrogen bond and van der Walls interaction (Figure 6C). In case of
hydroxychloroquine and TP interaction Tyrl, Lys4, Lys5 and Arg9 were involved in Alkyl and
Pi-Alkyl bonding apart from hydrogen bond, carbon-hydrogen bond and van der walls interactions

(Figure 7C).

We postulated that after conjugating repurposed drug to TAT-peptide, the binding affinity was
enhanced to counter the COVID-19 protease. Further, it was also hypothesized that the TP
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conjugated repurposing drugs interact more strongly and efficiently than drugs without TAT
conjugate. In the present study, the obtained results support our experimental hypothesis. The
molecular docking study showed that the interaction of repurposed drugs ritonavir, lopinavir,
favipiravir and hydroxychloroquine (without TP conjugation) formed 5, 4, 8 and 2 H-bonds,
respectively, when docked with COVID-19 main protease (Table S1, S3; Fig 4ab, Sab,6ab, 7ab).
The visualization of full 3D structures of COVID-19 main protease docked with the individual
drugs without TP was shown in supplementary figure (S1-S5). The observed binding energy score
was -9.16 kcal/mol for ritonavir, -7.57 kcal/mol for lopinavir, -4.23 kcal/mol for favipiravir and -
6.61 kcal/mol for hydroxychloroquine (Table S1). The results of molecular docking for
compounds currently in clinical trials predict that ritonavir and lopinavir are in Phase IV of clinical
trials, has the best binding energy for inhibition of Mpro of SARS-CoV-2 (-9.16 and -7.57
kcal/mol, Table S1). The favipiravir, an antiviral drug that inhibits viral RNA-dependent RNA-
polymerase is currently in Phase 2, 3 and 4 for treatment of COVID-19, has the binding energy for
inhibition of Mpro of SARS-CoV-2 (i.e., -4.23 kcal/mol, Table S1) are weaker binders than
ritonavir & lopinavir (-9.16 & -7.57 kcal/mol). Lopinavir and ritonavir have been reported in
earlier studies as potential drug candidates that target Mpro of SARS-CoV-2. In this study, the
binding energies for ritonavir and lopinavir (-9.16 & -7.57 kcal/mol) are in good agreement with
previous molecular docking study (Sekhar 2020) and are consistent with preliminary clinical data
indicating effectiveness for these drugs (Wang et al., 2020). Hydroxychloroquine, an antimalarial
drug has been found to be efficient on SARS-CoV-2 and reported to be beneficial in Chinese COV-
19 patients (Gautret et al., 2020). Hydroxychloroquine has been approved for human clinical trials
and currently in Phase I, II, III and IV for treatment of COVID-19, has the binding energy of -6.61
kcal/mol (Table S1), indicating a potential for increased efficacy. Based on the modeled structure
of SARS-CoV-2 (Mpro), molecular docking and free energy, it was predicted that ritonavir,
lopinavir, and hydroxychloroquine are the most potent drug candidates for COVID-19. In contrary
to the drug without TP-conjugation, the molecular docking study of TP-conjugated ritonavir,
lopinavir, favipiravir and hydroxychloroquine complex showed enhanced binding affinity with
COVID-19 Main protease (Figure 4D,5D,6D,7D; Table S2). It has been observed that the efficacy
of repurposed drugs have been enhanced after conjugating with TP when compared to drug without
TP. When TP was interacted with ritonavir, lopinavir, favipiravir, and hydroxychloroquine only 4,

1, 3, and 2 H-bond were formed (Table S3). However, when TP-conjugated ritonavir, lopinavir,
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favipiravir, and hydroxychloroquine drug complex were docked with COVID-19 main protease 8,
10, 10, and 15 H-bonds were formed which are comparatively much higher than that of the drug
without the TP (Figure 4D,5D,6D,7D; Table S2, S3). After comparing the molecular docking
data of drugs without TP with COVID-19 protease (Figure 4ab, Sab, 6ab,7ab; Table S1) and TP-
conjugated drug complex (Figure 4D,5D,6D,7D; Table S2), it has been found that TP- conjugated
drugs interacted most efficiently with COVID-19 main protease (Table S3). The molecular
docking results revealed and validated that TP-conjugated drugs have superior and significantly
enhanced interaction with the target SARS-CoV-2 Main protease (Table S2, S3). The results of
the current study confirm the therapeutic potential of TP-conjugated drugs complex against SARS-
CoV-2 Mpro; therefore, these TP-conjugated drug complexes are reassuring and more suitable for
therapeutic application of COVID-19 treatment than the existing free drugs. Further, the
therapeutic potential TP-conjugated repurposed drugs can be enhanced and improved by utilizing
various nanomedicine-based drug delivery approaches e.g., lipid-based nanoparticles (solid lipid
nanoparticle, nanoemulsion, liposome), polymeric nanoparticles (poly lactic-co-glycolic acid, poly
g-caprolactone), dendrimers, polymeric micelles etc [Ansari et al., 2020]. Nanomedicine-based
delivery techniques possibly augment the efficacy of the drugs by facilitating controlled-release
and may also enhance the bioavailability and reduce side effects [Lembo et al., 2018]. The
manufactured nanocarriers may easily get to specific extracellular /intracellular targets site and
thus can compete with virus for their attachment to the cell surface receptors [Lembo et al., 2018].
As a result, nanomedicine based-drug delivery approach is promising alternative strategies that
can be explored to develop the broad-spectrum antiviral drugs against current COVID-19 infection
[Lembo et al., 2018]. Moreover, organometallic complexes and nanocomposites can also be
evaluated for anti-SARS-CoV-2 therapeutic agents. However, further extensive research is
required before these nanomedicines based TP-conjugated drugs will be ready for advanced

clinical trials.

Conclusion

CPPs are promising immune enhancers when incorporated into appropriate drug delivery systems.

CPPs has a number of advantages over other translocation and delivery methods as it is easy to
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prepare, inexpensive and normally have low cell toxicity with no immunological response. Drug
development against SARS-CoV-2 is considered urgent in order to fight COVID-19. The present
study suggests that TP-conjugated drugs will be effective in treating COVID-19. The molecular
docking results validated that TP-conjugated ritonavir, lopinavir, favipiravir, and
hydroxychloroquine have superior and significantly enhanced interactions with the target SARS-
CoV-2 Main protease (Mpro). TAT-peptide has a higher capability to translocate into a wide range
of cell types, higher rate of cellular permeability and uptake, easier to pass through other biological
barriers. In conclusion, in-silico approach employed in this study suggests that the combination of
the drug with TP is an excelling alternative to develop a novel drug for the treatment of SARS-
CoV-2 infected patients. The predictions from the results obtained provide invaluable information
that can be utilized for the choice of candidate drugs for in vitro, in vivo and clinical trials. The
outcomes from this work prove crucial for exploring and developing novel cost-effective and
biocompatible TP-conjugated anti-SARS-CoV-2 therapeutic agents in immediate future.

Funding: Deanship of Scientific Research, Imam Abdulrahman Bin Faisal University, Dammam,
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Figure 1: 3D structure of COVID-19 Protease (PDB ID: 6LU7)

Figure 2: 3D structure of Modelled TAT-peptide
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522  Figure 3: (A) Ramachandran Plot generated by MolProbity tool for the Modeled 3D TP validation. (B)
523  Showing the modeled TP QMean4 Score and comparison with non-redundant set of PDB structures
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526  Figure 4. A: showing Ritonavir (green color stick pattern) interaction with COVID-19 Main
527  protease (PDB ID: 6LU7) amino acid residues (grey color stick pattern) involved in hydrophobic
528 interaction. Blue dotted lines represents hydrogen bonds; B: showing COVID-19 protease (PDB
529 ID: 6LU7) pocket that accommodated the Ritonavir (green color stick pattern); C: 2D
530 visualization of TP interaction with Ritonavir; D- showing TP (pink color ribbon pattern)
531  conjugated Ritonavir complex (grey color stick pattern) interaction with COVID-19 protease (PDB
532 ID: 6LU7) (maroon color ribbon pattern). Blue dotted lines are showing hydrogen bonds
533  formation.
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537  Figure 5. A: showing Lopinavir (green color stick pattern) interaction with COVID-19 Main
538  protease (PDB ID: 6LU7) amino acid residues (grey color stick pattern) involved in hydrophobic
539 interaction. Blue dotted lines represents hydrogen bonds; B: showing COVID-19 protease (PDB
540 ID:6LU7) pocket that accommodated the Lopinavir (green color stick pattern); C: 2D visualization
541  of TP interaction with Lopinavir; D: showing TP (pink color ribbon pattern) conjugated Lopinavir
542  complex (grey color stick pattern) interaction with COVID-19 protease (PDB ID: 6LU7) (maroon
543  color ribbon pattern). Blue dotted lines are showing hydrogen bonds formation.
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Figure 6. A: showing Favipiravir (green color stick pattern) interaction with COVID-19 Main
protease (PDB ID: 6LU7) amino acid residues (grey color stick pattern) involved in hydrophobic
interaction. Blue dotted lines represents hydrogen bonds; B: showing COVID-19 protease (PDB

ID: 6LU7) pocket that accommodated the Favipiravir (green color stick pattern); C:

2D

visualization of TP interaction with Favipiravir; D: showing TP (pink color ribbon pattern)
conjugated Favipiravir complex (grey color stick pattern) interaction with COVID-19 protease
(PDB ID: 6L.U7) (maroon color ribbon pattern). Blue dotted lines are showing hydrogen bonds

formation.
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Figure 7. A: showing hydroxychloroquine (green color stick pattern) interaction with COVID-19
Main protease (PDB ID: 6LU7) amino acid residues (grey color stick pattern) involved in
hydrophobic interaction. Blue dotted lines represents hydrogen bonds; B: showing COVID-19
protease (PDB ID: 6LU7) pocket that accommodated the hydroxychloroquine (green color stick
pattern); D: 2D visualization of TP interaction with hydroxychloroquine; D: showing TP (pink
color ribbon pattern) conjugated hydroxychloroquine complex (grey color stick pattern)
interaction with COVID-19 protease (PDB ID: 6LU7) (maroon color ribbon pattern). Blue dotted
lines are showing hydrogen bonds formation.




Table 1. Physiochemical description of 2D structure of repurposing drug molecules and 3D structure of TAT-peptide conjugated
drugs used for molecular docking analysis with SARS-CoV-2 main protease (3CLpro)

S.No Drugs Molecular Molecular Canonical SMILES IDs 2D structure of drugs 3D structure of TAT-peptide conjugated
formula weight drugs
1. Lopinavir 628.8 g/mol CC1=C(C(=CC=C1)C)0CC(
C37H4sN4Os =0)NC(CC2=CC=CC=C2)C

(CC(CC3=CC=CC=C3)NC(
=0)C(C(C)C)N4CCCNC4=
0)O

2. Ritonavir C37H4sN6OsS, 720.9 g/mol CC(C)CI=NC(=CS1)CN(C)
C(=O)NC(C(C)C)C(=O)NC(
CC2=CC=CC=C2)CC(C(CC
3=CC=CC=C3)NC(=0)O0CC
4=CN=CS4)0

3. Favipiravir CsH4FN;0, 157.1 g/mol C1=C(N=C(C(=O)N1)C(=0O

IN)F




Hydroxychloro
quine

C 1 3H26C1N30

335.8 g/mol

CCN(CCCC(C)NCI=C2C=
CC(=CC2=NC=C1)C1)CCO

cr’




