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Table 1. Docking scores, ∆Gbinding, and protein-ligand interactions of 36 inhibitors 
3C-like Protease 

      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB08239 experimental -7.733 -560.17 -72.56 Hie41, Met49, 
Phe140-Cys145, 
His163-Pro168, 
Hie172, Asp187-
Gln192 

Asn142-O4685 

DB03881 experimental -8.339 -555.61 -51.63 Thr26-Leu27, Hie41, 
Phe140-Cys145, 
His163-Glu166, 
Hie172, Gln189.  

Asn142-N4690, 
His163-O4685, 
Glu166-O4684, 
Gln189-N4688 

Papain-like Protease 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB08656 experimental -8.667 -540.92 -81.22 Leu163-Glu168, 
Met209, Pro248, 

Asp165-N4938, 
Gln270-O4936 



                                                                                                   
 

Pro249, Tyr265-
Gln270, Tyr274, 
Thr302 

DB07358 experimental -6.818 -590.938 -50,662 Lys158, Leu163-
Glu168, Pro248-
Pro249, Tyr265-
Gln270, Tyr274, 
Pro300-Thr302 

Tyr269-N4946, 
Gln270-O4956, 
Tyr274-N4959 

Guanine-N7-
methyltransferase, nsp14 

      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB02933 experimental -8.659 -175.84 -65.07 Glu302, Asn306, 
Asn386-Asn388, 
Arg400-Thr403, 
Asn410, Ser418-
Thr428, Phe506 

Glu302-N10048, 
Asn386-O10058,  
Asn388-O10058 

DB03907 experimental -10.111 -163.23 -60.62 Trp292, Asn306-
His314, Asn334-
Cys340, Asn386, 
Tyr420-Phe426, 
Phe506 

Asn306-O10043, 
Asn306-O10045, 
Gln313-N10065, 
Gln313-N10063, 
Asn334-O10068, 
Ala337-O10068, 
Cys340-N10065 

Uridylate-specific 
endoribonuclease 
(NendoU), nsp15 

      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB01792 experimental -14.975 -775.146 -63.169 Lys70, Lys89, 
Thr166, Thr195-
Gln201, Leu251, 
Phe258, Phe263-
Tyr278, Val294-
Asp296 

Thr166-O5501, 
Ser197-O5502, 
Leu200-O5481, 
Gln201-O5466, 
Gln201-O5481, 
Gln201-N5470, 



                                                                                                   
 

Glu264-N5474, 
Leu265-N5472, 
Asp267-O5503, 
Asp272-O5496, 
Thr274-N5490, 
Tyr278-O5462 

PCI-27483 experimental -11.636 -768.298 -48.922 Lys70, Tyr88-Lys89, 
Thr195-Gln201, 
Leu251, Phe258, 
Phe263-Asp267, 
Ser273-Tyr278, 
Val294-Asp296 

Tyr88-N5464, 
Arg198-N5508, 
Glu264-N5495, 
Leu265-N5495, 
Thr274-O5517, 
Tyr278-O5511, 
Val294-O5512 

Nsp16 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB01859 experimental -15,29 -890.484 -25.2 Asn43-Tyr47, 
Phe70-Gly81, Ser98-
Leu100, Asp114-
Cys115, Asp130-
Asp133, Lys170 

Gly71-O6342, 
Ala72-O6344, 
Gly81-O6344, 
Ser98-N6371, 
Asp99-O6389, 
Cys115-N6369, 
Cys115-O6367, 
Asp130-O6358, 
Asp133-O6381 

DB03004 experimental -9.651 -881.471 -22.841 Asn43-Lys46, Gly71-
Ser74, Asp99-
Leu100, Asp114-
Cys115, Asp130-
Asp133, Gly148-
Phe149, Lys170 

Asn43-O6349, 
Gly73-O6350, 
Asp99-O6339, 
Cys115-O6364, 
Tyr132-S6334, 
Phe149-O6329 

Nsp4 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 



                                                                                                   
 

Synapoyl Coenzyme A experimental -11.115 -271.048 -80.733 Chain A: Thr411-
Leu417, Thr460-
Arg464, Pro489, 
Ile494. Chain B: 
Thr411-Phe420, 
Thr460-Arg464, 
Pro489-Ile494 

Chain A:  
Arg464-O56. 
Chain B: 
Leu417-O58, 
Thr419-N47, 
Thr419-N49, 
Thr460-O12. 

DB03557 experimental -10.734 -255.266 -62.591 ChainA: Glu413, 
Arg443-Tyr444, 
Lys450-Tyr451, 
Asp459-Cys468. 
Chain B: Leu417-
Phe420, Tyr463, 
Gln488-Thr492 

Chain A: 
Glu465-34,  
Tyr444-O39.  
Chain B:  
Thr419-O50, 
Thr419-O51, 
Pro489-N57 

Coa-S-Acetyl 5-
Bromotryptamine 

experimental -10.177 -283.511 -56.559 Chain A: Arg461. 
Chain B: Glu415-
Phe420, Met426, 
Thr461, Gln488. 

 Chain B: 
 Thr419-N11 

Malonyl-coa experimental -9.152 -278.348 -37.516 Chain A: Glu413-
Leu417, Ala457- 
Arg464. Chain B: 
Glu414-419, 
Gln488-Ser493 

Chain B:  
Thr419-N18, 
Ser493-O6 

Nsp9 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB02794 experimental -10.940 -193.97 -81.51 Lys36-Val41, Trp53-
Glu68, Ile91-Leu94 

Lys36-O1795, 
Gly38-N1754, 
Arg39-O1757, 
Val41-N1784, 
Ser59-N1750, 
Asp60-O1791, 
Asp60-O1793, 
Tyr66-O1765, 



                                                                                                   
 

Glu68-O1775, 
Glu68-O1774 

Ioxilan approved -11.346 -137.02 -74.74 Met12, Ser35-
Leu44, Ala54-
Asp60, Ile65-Thr67, 
Ile91 

Gly37-O1758, 
Gly38-N1773, 
Arg39-O1755, 
Ser59-O1776, 
Thr67-O1792 

Pemetrexed approved -9.877 -134.05 -68.47 Met12-Ala15, 
Asp26, Gly37-Arg39, 
Val41, Arg55-Asp60, 
Ile65 

Ser13-O1772, 
Ser13-N1763, 
Arg55-O1766, 
Ser59-O1743, 
Asp60-N1773 

Isoprenaline approved -9.029 -129.48 -62.84 Met12, Gly38-
Val41, Phe56-Ser59, 
Ile65-Thr67, Ile97 

Arg39-N1757, 
Val41-N1757, 
Pro57-O1743, 
Ser59-O1743, 
Ser59-O1746, 
Thr67-O1754 

4-hydroxybenzoyl-Coa experimental -9.750 -145.07 -60.99 Gln20, Gly37-Leu42, 
Trp53, Lys58-Thr67, 
Ile91 

Gln20-O1898, 
Gly38-O1803, 
Gly38-O1811  
Arg39-O1803, 
Val41-N1794, 
Val41-N1798, 
Lys58-O1745, 
Lys58-O1769, 
Ser69-O1809, 
Asp60-O1775 

Denosofol investigational -10.065 -178.31 -58.95 Met12, Gly37-
Val41, Phe56-Glu68, 
Ile91-Asn95 

Gly38-O1758, 
Arg39-O1816, 
Arg39-O1781, 
Val41-O1814, 
Ser59-O1751, 



                                                                                                   
 

Lys92-O18034, 
Lys92-O1806, 
Asn95-O1796 

DB07320 experimental -4.720 -126.54 -59.44 Met12-Ser13, 
Gly37-Val41, Phe56-
Ser59, Ile65-Thr67, 
Ile91-Leu94 

Pro57-N1764, 
Lys92-O1745 

DB8108 experimental -7.716 -130.41 -55.43 Gly37-Val41, Phe56-
Thr67, Ile91 

 Gly38-O1744, 
Lys58-O1755, 
Asp60-O1756, 
Thr62-O1756 

Helicase, nsp13_pockA 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

4-hydroxybenzoyl-Coa experimental -15.310 -743.42 -91.90 Leu138-Lys146, 
Arg178-Val181, 
Thr228-Thr231, 
Cys309-Ser310, 
Ala336-Arg339, 
Thr359-Ala362, 
Thr380-Val386, 
Arg390, Ala407-
Thr410 

Lys139-O18626, 
Lys139-O18609, 
Lys139-O18641, 
Lys142-N18629, 
Lys146-O18630, 
Asn179-O18631, 
Hid230-O18650, 
Cys309-O18614, 
Arg339-O18639, 
Asn361-O18641, 
Asn361-O18675, 
Arg390-O18672, 
Arg390-O18673 

(R)-carnitinyl-CoA betaine experimental -12.189 -733.13 -68.29 Lys139-Lys146, 
Arg178-Tyr185, 
Thr199, Val226-
Thr231, Cys309-
Hid311, Arg339-
Val340, Thr359-
Asn361, Thr380-

Lys139-O9310, 
Glu143-O9304, 
Hid230-O9297, 
Cys309-O9329, 
Asp383-O9334, 
Asp383-O9335, 



                                                                                                   
 

Adp383, Pro408-
Thr410 

Pro408-O9336, 
Thr410-O9337 

Helicase, nsp13_pockB 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

Cephalosporin analog experimental -10.783 -877.02 -75.81 Val6, Arg15, Ile20-
Phe24, Val45, 
Phe133-Glu136, 
Ala140 Thr144-
Leu147, Pro234-
Leu235 

Ile20-O9278,  
Arg21-N9303, 
Arg21-O9278, 
Arg22-O9286, 
Arg129-O9307, 
Glu136-O9307 

Oxidized coenzyme A experimental -10.774 -901.30 -56.06 Val6, Ile20-Phe24, 
Leu132-Glu136,  
Ala140-Leu147, 
Ser229-Ser236  

Arg21-N9280, 
Arg22-O9313, 
Glu136-O9272, 
Ser230-N9304 

Nsp7-nsp8_pockA 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

Flavin-N7 protonated-
adenine dinucleotide 

experimental -14.339 -1168.16 -78.86 Chain C: Glu50. 
Chain G: Leu122-
Ala126, Arg190-
Ala191. Chain H: 
Ile2-Phe6, Ala53-
Glu60 

Chain C:  
Glu50-N15439. 
Chain G:  
Thr124-O15444, 
Arg190-O15446. 
Chain H:  
Ile2-O15443, 
Glu5-N15439, 
Arg57-N15439, 
Arg57-O15416 

Davunetide investigational -10.180 -1288.33 -59.32 Chain C: Lys51. 
Chain F: Gln56-
Asp64. Chain G: 
Asn118-Lys127. 
Chain H: Glu5-Phe6, 
Ala53-Gln65. 

Chain F:  
Glu60-O15397, 
Glu60-N15400. 
Chain G: 
Leu122-O15433, 
Thr123-O15433, 



                                                                                                   
 

Thr123-N15424. 
Chain H: 
Glu5-N15424, 
Asp64-O15470 

Nsp7-nsp8_pockB 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB06955 experimental -7.232 -1134.69 -58.14 Chain E: Glu60, 
Asp64. Chain G: 
Phe6, Arg57-Asp64. 
Chain H: Asn118-
Lys127. 

Chain G:  
Arg57-O35,  
Asp64-N4.  
Chain H:  
Leu122-O40, 
Thr123-O40 

PF-06273340 investigational -8.098 -1151.56 -35.56 Chain E: Glu60-
Thr68. Chain G: 
Ala54-Asp64. Chain 
H: Asn118-Met129. 

Chain E:  
Asp64-N13.  
ChainG:  
Arg57-O38,  
Asp64-N33 

Nsp7-nsp8-nsp12_pockA 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

DB04579 experimental -7.857 -1972.84 -57.10 Leu172, Leu245-
Ser255, Leu316-
Val320, Asn459-
Thr462, Asn791. 

Thr246-O17171, 
Thr246-N17157, 
Arg249-O17171, 
Arg249-O17160, 
Leu251-O17154 

Nsp7-nsp8-nsp12_pockB 
      

DRUGNAME DRUG GROUP Docking Score IFD Score MMGBSA Active Site Hydrogen Bond 

PCI-27483 investigational -11.422 -1988.10 -75.87 Tyr129, His133-
Thr141, Ala706-
Asp711, Gly774, 
Lys780-Ala784, 
Glu796 

Tyr129-N17172, 
His133-N17169, 
Phe134-O17157, 
Asp135-N17150, 
Asn138-O17149, 
Asn138-O17165, 



                                                                                                   
 

Asn138-N17179, 
Ala706-O17198, 
Ser709-N17194, 
Thr710-O17203, 
Lys780-O17197, 
Lys780-O17193, 
Asn781-O17198 

Pyritinol investigational -10.308 -1983.93 -55.96 Tyr129-Thr141, 
Ala702-Ser709, 
Lys780-Tyr788 

Tyr129-O17180, 
His133-O17159, 
Asn138-O17155, 
Ser709-O17180 

DB04593 experimental -8.153 -1984.15 -54.37 Tyr129-Leu142, 
Asn705-Lys714, 
Gly774, Lys780-
Ala784 

Tyr129-O17157, 
Ala130-N17171, 
His133-N17171, 
Ser709-N17184, 
Asp711-N17182, 
Asp711-N17184, 
Asn781-O17148, 
Asn781-O17219 
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Figure 1. (a) Ligand interaction diagram of the DB08239 binding pose in 3C-like Protease; (b) Ligand interaction diagram of the DB07358 binding pose in Papain-like Protease; 

(c) Ligand interaction diagram of the DB02933 binding pose in nsp14. Purple arrows refer to H-bond interactions, green lines refer to pi-pi stacking. Green lines around molecule 

underline non polar region whereas the blue ones point polar residues.  



                                                                                                   
 

 
                                              (a)                                                                                             (b) 

DB01859

Non-structural protein 16, nsp16

DB01792

Uridylate-specific endoribonuclease (NendoU), nsp15



                                                                                                   
 

 
 

Figure 2. (a) Ligand interaction diagram of the DB1792 binding pose in nsp15; (b) Ligand interaction diagram of the DB01859 binding pose in nsp16. Purple arrows refer to H-

bond interactions, green lines around molecule underline non polar region whereas the blue ones point polar residues. 
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DB02794

Non-structural protein 9, nsp9Non-structural protein 4, nsp4

Synapoyl Coenzyme A



                                                                                                   
 
Figure 3. (a) Ligand interaction diagram of the Synapoyl Coenzyme A binding pose in nsp4; (b) Ligand interaction diagram of the DB02794 binding pose in nsp9. Purple arrows 

refer to H-bond interactions, green lines around molecule underline non polar region whereas the blue ones point polar residues. 
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Figure 4. (a) Ligand interaction diagram of the DB04579 binding pose in helicase, pocket A; (b) Ligand interaction diagram of the PCI-27483 binding pocket in helicase, pocket 

B. Purple arrows refer to H-bond interactions, green lines refer to pi-pi stacking. Green lines around molecule underline non polar region whereas the blue ones point polar 

residues. 
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Non-structural protein 7-8, nsp7-8

Pocket A: Flavin-N7 Protonated-Adenine Dinucleotide Pocket B: DB06955



                                                                                                   
 
Figure 5. (a) Ligand interaction diagram of the Flavin-N7 Protonated-Adenine Dinucleotide binding pose in nsp7-8, pocket A; (b) Ligand interaction diagram of the DB06955 

binding pocket in nsp7-8, pocket B. Purple arrows refer to H-bond interactions, purple-red line refer to salt bridge. Green lines around molecule underline non polar region 

whereas the blue ones point polar residues. 

 

 
                                              (a)                                                                                             (b) 
 
Figure 6. (a) Ligand interaction diagram of the DB04579 binding pose in nsp7-8-12, pocket A; (b) Ligand interaction diagram of the PCI-27483 in nsp7-8-12, pocket B. Purple 

arrows refer to H-bond interactions, green lines around molecule underline non polar region whereas the blue ones point polar residues. 

Non-Structural protein 7-8-12, nsp7-8-12

Pocket B: PCI-27483Pocket A: DB04579



                                                                                                   
 
 
 

 
Overlapping PLpro structures, RMSD = 3.99 Å 



                                                                                                   
 
  



                                                                                                   
 

 
Overlapping Helicase structures, RMSD = 4.17 Å 




