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Fig. S1: Redocking of non-covalent ligand ML188 into the crystal structure of 3CLpro (PDB-ID: 3V3M) 

using A) MOE (AMBER 14 force field) and B) Autodock Vina yielding RMSD-values of 0.981 Å and 

0.926 Å. 
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Fig. S2: Ligand interactions of A) Kanamycin, B) Oxytetracycline, C) Cefpiramide,  D) Teniposide, E) 

Proanthocyanidins and F) Salvianolic acid B 

 

  



 

Fig. S3: Overlay of docked (induced fit) and energy minimized complexes between 3CLpro (PDB-ID: 

6LU7) and the following ligands: Kanamycin, Oxytetracycline, Cefpiramide, Doxorubicin, Teniposide, 

Proanthocyanidins, Salvianolic acid B. All ligands dock into the conservative active site of the cysteine 

protease. 

 

 

Fig. S4: Similarity/Activity cliff analysis of 5517 hits from the pharmacophore search of ZINC15 library 

demonstrating several clusters of similar chemical structures with high docking scores (<  -11.5).  

 



 
Fig. S5: Different patterns of protein-ligand interaction fingerprints (PLIFs) of best scoring hits from 

pharmacophore search against ZINC15 library within the active site of 3CLpro.  
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Fig. S6: 2D protein-ligand interactions between 3CLpro of SARS-CoV-2 and A) ZINC000015275997 and 

B) ZINC000218242102. There are new opportunities for aliphatic-aromatic interactions with Gln189 

and H-bond-interactions with Thr190. 

 

 



 

Fig. S7: Structure based drug design to optimize the potential inhibitory activity of oxytetracycline. 

Given scores are GVBI/WSA dG scores from docked complexes with 3Clpro. 

  



Fig. S8: Overlay of Kanamycin (orange) docked in this study and various non-covalent 

fragments, x0104 (S2, cyan), x0434 (dark brown), x0397 (blue green), x0195 (green), x0305 

(gray) of very recent crystallographic fragment screen [1],within the binding pocket of 3CLpro. 

A) Top view on binding site with subpockets S1-S3. B) Side view particularly on S2 (right 

front) demonstrating that the aromatic group of 4 out of 5 fragments occupies the S2-sub-

pocket and forms a T-shaped PI-stacking interaction with catalytic His41. 

 

 

 
Fig. S9: Different patterns of protein-ligand interaction fingerprints (PLIFs) analysis within 

the active site of 3CLpro. A) PLIFs for indicated compounds showing the involved amino 

acids underneath. The interacting amino acids are assigned to sub-pockets S1 (red bar) or S2 

(dark blue bar). B) Shows the type of interactions, in this case only H-bonds using a letter 

code that is explained in the legend in the right lower corner. 

 
  



Table S1: Known inhibitors of 3CLpro 

 





 

 

Table S2: Docking scores of best hits from pharmacophore search of ZINC15 library. The 

GVBI/WSA is a forcefield-based scoring function implemented in MOE software, which 

estimates the free energy of binding of the ligand from a given pose [2].  

Cpd GVBI/WSA dG (kcal/mol) 

ZINC000008219992 -8.8 
ZINC000096222891 -8.5 

ZINC000096114417 -9.3 
ZINC001570001158 -8.5 

ZINC000016429284 -8.1 

ZINC000015275997 -9.5 
ZINC000218242102 -8.8 
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