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Summary 

Molecular docking study was performed to identify new lead inhibitor of SARS-CoV-2 spike 

glycoprotein (S protein) from the set of 62 peptide derivatives and evaluate their interactions 

with the receptor. Peptide-type compounds are previously proven peptide-type SARS-CoV 3CL 

protease inhibitors. However, highest binding affinity towards S protein has compound 21 (E = -

127.2 kcal/mol), which showed the very low inhibitory activity against SARS-CoV 3CL 

protease. Compound 21 is in conformation that tightly fits along only the subunit S1, making the 

interactions with RBD and SD2 residues. Formation of a cluster of H-atom acceptor (O and N 

atoms), allows stronger binding to S1 subdomain. Antiviral drug Remdesivir demonstrated low 

binding affinity toward the S protein. Compounds that interact with receptor binding domain of 

SARS-CoV-2 spike glycoprotein may be potential therapeutic targets for drug design against 

COVID-19. 
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Introduction 

 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes COVID-19, disease 

which confirmed cases of continues to rise worldwide during the 2020.  Till the 25 October 

2020, over 42 million cases and 1.1 million deaths have been reported globally (WHO, COVID-

19 Weekly Epidemiological Update, 2020). Coronaviruses contain at least four structural 

proteins: spike (S) protein, envelope (E) protein, membrane glycoprotein (M) protein, and 

envelope protein (E).  

Spike surface glycoprotein (S protein) is a component of coronavirus virion particle, which it is 

responsible for viral recognition of Angiotensin Converting Enzyme 2 (ACE2). S protein is a 

homotrimer composed of three monomers (chains A, B, and C). Each monomeric protein 

contains an N-terminal ACE2 binding domain (receptor binding domain; RBD), a central 

helix/heptad repeat, and a C-terminal region that interacts with the plasma membrane (Figure 1). 

Binding to the human ACE2, uses it as an entry receptor to invade target cells (Vankadari and 

Wilce, 2020). S protein is cleaved at the boundary between two subunits, S1 and S2, which 

remain non-covalently bound in the prefusion conformation (Walls et al, 2020). S1 subunit is 

responsible for the binding to the host cell receptor, while the S2 subunit for the fusion of the 

viral and cellular membranes. S1 subunit contains the receptor binding domain (RBD), which 

consists of two subdomain: the core and external subdomains (Yuan et al, 2017). Although a 

novel coronavirus, named SARS-CoV-2, and SARS-CoV S protein share about 96% nucleotide 

sequence identities and the same functional host cell receptor, ACE2 (Walls et al, 2020), recent 

study demonstrated that the SARS-CoV-2 S protein binds to ACE2 with higher affinity (Wrapp 

et al, 2020). Based on that, we assume that SARS-CoV infection could be blocked by inhibitors 

that bind to the RBD and induce conformational changes in S glycoprotein, preventing the 

binding to the ACE2.  

Beside of recently recommended combination of remdesivir, hydroxychloroquine, and 

azithromycin, specific anti-viral treatment against COVID-19 still not exists. SARS-CoV 

infection could be blocked by inhibitors that bind to the RBD and induce conformational changes 

in S glycoprotein, preventing the binding to the ACE2. Molecular docking is useful technique for 



the identification of new lead drug candidates and evaluation of interactions with the receptor 

with which the drug interacts. Recently, an anti-asthmatic drug Zafirlukast was found by virtual 

screening to be high affinity binders that may have a potential to inhibit RBD – receptor 

interaction (Senathilake et al, 2020). Peptide-type compounds have received the attention of 

researchers because of their confirmed activity against SAR-CoV 3 chymotrypsin-like protease 

(3CLpro) (Thanigaimalai et al, 2013a; Thanigaimalai et al, 2013b; Konno et al, 2013). In our 

recently QSAR (Quantitative Structure Activity Relationships) analysis of a series of peptide-

type SARS-CoV main protease (MPro) inhibitors, structural features that govern the MPro 

inhibitory have been identified (Masand et al, 2020a; Masand et al, 2020b). 

 

Fig. 1. The architecture of SARS-CoV-2 S glycoprotein single protomer (prefusion 

conformation)( NTD: N-terminal domain; RBD: receptor-binding domain; SD: subdomain; CR: 

connecting region; HR: heptad repeat; CH: central helix). 

In order to research abilities for binding to the SARS-CoV-2 spike glycoprotein (S protein) of 

previously proven peptide-type SARS-CoV 3CL protease inhibitors, predict the preferred 



binding orientation, and evaluate interactions of the ligand with amino acid residuals of protein, 

we performed the molecular docking study. 

Methods 

The three dimensional prefusion structure of the SARS-CoV-2 spike glycoprotein in complex 

with N-acetyl-D-glucosamine as ligand (NAG) (pdb: 6VSB) was downloaded from the Protein 

Data Bank (PDB, https://www.rcsb.org/). Water molecules were removed from protein structure 

using BIOVIA Discovery Studio 4.5 (Dassault Systems, USA). Set of ligands, 62 peptide-type 

compounds (1-62) have been selected from literature (Thanigaimalai et al, 2013a; Thanigaimalai 

et al, 2013b; Konno et al, 2013). The general structure of peptide-type compounds is presented in 

Figure 2. The structures of ligands and antiviral drug Remdesivir were optimized by the force 

field MMFF94 available in TINKER (Rackers et al, 2018). Molecular docking on 62 optimized 

structures of peptide-type compounds (1-62), and antiviral drug Remdesivir on S protein was 

performed using iGEMDOCK (BioXGEM, Taiwan). Genetic parameters for molecular docking 

were set on: population size 200; generations 70; number of solution or poses: 3). Binding site of 

radius 8 Å was defined according the NAG ligand. After the docking procedure, protein-

compound interaction profiles of electrostatic (Elec), hydrogen-bonding (Hbond), and van der 

Waals (vdW) interactions were generated. Docking poses were ranked by combining the 

pharmacological interactions and energy-based scoring function is: E = vdW + Hbond + Elec. 

Results were viewed and analysed with BIOVIA Discovery Studio 4.5.  

 

Fig. 2. General chemical structure of peptide-type compounds. 

 

 

https://www.rcsb.org/


Results and discussion 

Ranking of some screened compounds by scoring function are presented in Table 1. According 

to the results of drug screening, the highest binding affinity towards S protein has compound 21 

in docked pose 2 (E = -127.2 kcal/mol), but it showed the very low inhibitory activity against 

SARS-CoV 3CL protease (pKi = 6.076) (Thanigaimalai et al, 2013a) (Table 1). The compound 

47, which exhibited highest inhibitory activity (pKi = 8.523) against protease (Konno et al, 2013) 

showed the lower binding affinity to the S protein (E = -114 kcal/mol), even of the compound 33 

(E = -117.1 kcal/mol) (pKi = 6.796) (Konno et al, 2013). The structures of compounds 47, 33, 

and 21 were presented in the Figure 3. Antiviral drug Remdesivir demonstrated low binding 

affinity to the S protein. It is obvious that potent SARS-CoV 3CL protease inhibitors have the 

adverse effect on the S protein. A possible explanation for this opposite effect lies in the binding 

mode of the observed compounds. Figure 4 presents a hydrogen bonds surface of SARS-CoV-2 

spike glycoprotein in complex with compounds 47, 33, 21. In Table 2 are given the energies of 

interactions for these three compounds. Figure 5 shows two-dimensional diagrams of the main 

interactions in the binding site of S protein of these three compounds. As can be observed from 

Figures 4 and 5, compounds 47 and 33 made poses in a way that they create interactions between 

the both subunit, S1 and S2. In contrary, compound 21, which has shown the highest binding 

affinity, tightly fits along only the subunit S1, making the interactions with RBD and SD2 

residues. All three compounds generate H bonds with residuals of RBD of S1 subunit (residues 

318-513) through the benzothiazoyl and oxopyrrolidin-3-yl structural moiety. While the 

compound 47 generates only one H bond with Lys 310, compounds 21 and 33 form additional H 

bonds with Thr 307 and Glu 309. S1 subunit contains receptor binding domain (RBD), which 

directly binds to the peptidase domain (PD) of the ACE-2,  mediated mainly through polar 

interactions, and use it to enter the target cell (Yan et al, 2020). Therefore, compounds that bind 

within the RBD domain may have the potential to inhibit RBD – receptor interaction. Moreover, 

compound 21 generates one strong H bond with Thr 604 that is the part of the S1 subunit. 

Compound 21 is in conformation that forms a cluster of H-atom acceptor (O and N atoms) 

(Figure 5c), which allows stronger biding to S1 subdomain (Figure 4). Also, compounds 47 and 

33 form interaction with residues of S2 subunit: connecting region (Lys 825) and heptad repeat 

(Ser 940, Thr 941, Ala 942, Ser 943). S2 subunit is responsible for viral and host cell membrane 



fusion process. When S1 binds to the host receptor ACE-2, cleavage site on S2 is exposed and S 

protein is proteolytically cleaved at the S1-S2 boundary by host proteases (Belouzard et al, 

2009). Molecular docking study of binding human immunoregulatory factor for hijacking and 

virulence, CD26 to S1 domain of COVID-19 spike glycoprotein, also highlighted interactions 

with residues of S1 domain that interact with the ACE-2 (Walls et al, 2020).  

Consider that compound 21 binds only with the residues of S1, it can strongly inhibit the host 

cell receptor recognition. Therefore, compound 21 and other compounds that interact with 

receptor binding domain of SARS-CoV-2 spike glycoprotein may be potential therapeutic targets 

for drug design against COVID-19. 

 

Table 1. Some docking scores of the docked poses of dipeptide-type inhibitors and standard 

antiviral drug Remdesivir in complex with SARS-CoV-2 spike glycoprotein.  

 

 

 

 

 

 

 

Compound (pose) 
Total energy / 

kcal/mol 
VDW interactions Hbond 

21 (2) -127.23 -99.86 -27.37 

62 (2) -124.44 -101.61 -22.83 

58 (0) -119.40 -96.30 -23.10 

33 (0) -117.12 -92.41 -24.71 

26 (2) -116.40 -90.70 -25.70 

55 (1) -114.38 -90.02 -24.36 

47 (0) -114.00 -101.327 -12.66 

Remdesivir -110.65 -80.69 -29.95 



 

Fig. 3. The structures of compounds 47, 33, and 21. 

 

Fig. 4. Surface of SARS-CoV-2 spike glycoprotein colored by hydrogen bond type, with 

receptor donors colored in green and receptor acceptors in cyan in complex with compounds 47 

(red), 33 (blue), 21 (yellow). They are visible two subunits of S protein: S1 subunit with the 

receptor binding domain (RBD) and subdomain 2 (SD2); S2 subunit with heptad repeat 1 region 

(HR). 



Table 2. Energies of the main interactions between SARS-CoV-2 spike glycoprotein and 

molecules 47, 33, 21 (M = main chain; S = side chain) 

Compound H bonds vdW interactions 

Residual Energy  Residual Energy 

47 M-Lys 310 

M-Pro 600 

S-Thr 604 

 

-5.87 

-6.50 

-2.50 

 

M-Thr 307 

S-Glu 309 

S-Lys 310 

M-Pro 600 

M-Gly 601 

S-Thr 604 

S-Lys 825  

M-Ser 940 

M-Ala 942  

M-Ser 943 

-2.10 

-10.30 

-12.05 

-6.66 

-3.23 

-5.57 

-4.91 

-2.48 

-5.32 

-2.87 

33 S-Thr 307 

M-Lys 310 

M-Pro 600 

M-Thr 602 

S-Asn 603 

S-Thr 604 

S-Thr 941 

 

 

 

-3.42 

-3.50 

-2.75 

-3.50 

-3.50 

-3.01 

-2.43 

M-Thr 307 

M-Val 308 

S-Glu 309 

S-Lys 310 

M-Pro 600 

M-Gly 601 

S-Thr 604 

M-Ser 940 

M-Thr 941 

M-Ala 942  

-3.52 

-4.87 

-6.98 

-10.83 

-5.45 

-6.57 

-5.27 

-3.19 

-6.40 

-9.64 

21 S-Glu 309 

M-Lys 310 

M-Pro 600 

S-Asn 603 

S-Thr 604 

 

 

 

 

 

 

 

-1.46 

-3.50 

-3.50 

-6.93 

-11.97 

 

 

 

 

 

M-Thr 307 

M-Val 308 

S-Glu 309 

S-Lys 310 

M-Pro 600 

M-Gly 601 

S-Asn 603 

M-Thr 604 

S-Thr 604 

M-Ser 605 

S-Ser 605 

S-Val 687 

-2.20 

-4.44 

-9.08 

-11.79 

-6.77 

-4.68 

-11.30 

-11.00 

-11.20 

-1.15 

-1.41 

-2.18 

 



 

 

 

 

 

 

Fig. 5. Two-dimensional diagrams of main interactions in the binding site of SARS-CoV-2 spike 

glycoprotein and compounds: a) 47; b) 33; c) 21. (Green = conventional hydrogen bond; very 

light green = carbon hydrogen bond; light green = van der Waals interactions; purple = π-σ 

interactions, light purple = π-alkyl interactions; light blue = π-donor hydrogen bond; brown = π-

anion interaction). 

 

 



Conclusion 

Molecular docking study has predicted that some of the tested compounds have ability to bind on 

receptor binding domain of spike surface glycoprotein of SARS-CoV-2 virus and thus may 

inhibit the binding to the host cell membrane. Structure-based rational design of ligands with 

enhanced affinities to the S protein may help in the development of inhibitor SARSCoV viral 

infection. 
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