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Fig. 1. Repurposed therapeutics for SARS-CoV-2 with broad-spectrum antiviral activities. (A) Epidemiologi-

cal comparison of the recent outbreak SARS-CoV-2 with previous respiratory viral infections (B) In-silico proposed 

analyses targeting trimeric S protein, Mpro and trimeric S protein RBD-ACE2 complex (C) Potential repurposed drug 

candidates for SARS-CoV-2 targeting viral entry mechanism (D) Genomic organization of SARS-CoV-2 with struc-

tural domains representing Mpro and trimeric S protein (surface representation with the colors indicating secondary 

structure i.e., Blue: Beta strands, Green: Helix, Brown: Coils for Mpro) (Green: Chain A, Blue: Chain B, Red: Chain 

C for trimeric S protein). The RBD domain of trimeric S protein involved in the interaction with the human host 

ACE2 enzyme (E) Virtual library screening workflow discerning repurposed antiviral drugs targeting trimeric S and 

Mpro of SARS-CoV-2. (F) Approaches to predict potential vaccine candidates (T cell and B cell epitopes) for SARS-

CoV-2. Schematic representation of the major histocompatibility I (MHC) class I displaying antigenic peptides to 

CD8 T cells. The surface representation of the human leukocyte antigen (HLA) MHC class I molecules bound to T 

cell epitopes (red color). 
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Fig. 2. Virtual screening of potential antiviral drugs against S and Mpro proteins of SARS-CoV-2. (A) Box plot with normal 

distribution with two different groups of the same size (n=640) showing the antiviral compounds binding affinities in kcal/mol 

for trimeric S protein (Green) and Mpro (Blue) with optimal means and 95% confidence intervals (CI). The outliers were shown 

in black spheres. (B) 2D scatter plot (blue color) showing the distribution of binding affinity scores in kcal/mol for all the virtu-

ally screened n=640 antiviral drugs against both trimeric S protein and Mpro. The two box and whisker plots (green color for S 

protein and blue color for Mpro) shows the distribution of binding affinity scores (kcal/mol) with median (m= -6.81 & -6.03 

kcal/mol) for S protein and Mpro respectively. A horizontal box chart represents the S protein scatter data. A vertical box chart 

represents the Mpro scatter data. (C) Bar chart showing the binding affinity scores (kcal/mol) for the selected antiviral compounds 

ranging from -7.5 kcal/mol to -12.0 kcal/mol) with 95% CI (green shade). The maximum binding affinity (high negative scores 

indicates maximum binding affinity). (D) Bar chart showing binding affinities scores in kcal/mol for selected approved drugs (E-

F) Free energy terms obtained from MM-PBSA calculations relative to two selected drugs from virtual screening for Mpro and 

one for S protein in comparison to approved drugs. 
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Fig. 3. Antiviral drugs binding modes for S and Mpro. (A) Surface representation of the trimeric S protein of SARS-CoV-2 

with structural domains. Schematic of S protein primary structure colored by the domain (below). (B, D) PC786 & Zanamivir 

binding mode (yellow) to S protein (colors indicating chains). (C, E) Close-up view of PC786 (yellow surface) & Zanamivir 

(yellow sticks) binding to S protein chains (ribbons). Sky blue lines indicate hydrogen bonds. (F) Surface representation of the 

SARS-CoV-2 Mpro structural domains. The structure is represented by its secondary structure components (Blue: Beta strands, 

Green: Helix, Brown: Coils). (G, I) PC786 & Lopinavir binding mode (yellow) to Mpro. (H, J) Close-up view of PC786 (yellow 

surface) & Lopinavir (yellow surface) binding to Mpro (ribbons). Sky blue lines indicate hydrogen bonds. 
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