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Table S1. MD simulations performed on twenty-four top-ranked docked compounds. Twenty-
three FDA-approved drugs were subjected to three post-docking MD replicas (100 ns each); replicas 
in which the ligand final conformation was within 7 Å from the docked one were extended up to 500 
ns. Six compounds (cefsulodin, cromoglycate, nafamostat, nilotinib, penfluridol, and regorafenib) 
remained bound to RBD pocket throughout 500 ns of at least one classic MD replica (underlined in 
bold). MMGBSA binding energies were computed on the last 50 ns of the 500 ns-long trajectories 
for cefsulodin, cromoglycate, nafamostat, nilotinib, penfluridol, and radotinib.  
Compound Docking 

Score 
(kcal/mol) 

RMSD after 100 ns/500 ns (Å) RMSD 
during 
500 ns 

MMGBSA 
last 50 ns 
(kcal/mol) 

Replica 1 Replica 2 Replica 3 

Baricitinib -7.2 22.2 15.0 41.1   
Bictegravir -7.8 18.2 9.9 9.6   
Cefsulodin -7.9 6.4 /5.3 12.7 6.4/25.3 6.6 ± 

2.1 
-41.3 ± 6.7 

Chlorohexidine -8.1 8.2 10.6 11.6   
Conivaptan -8.0 86.3 123.2 21.6   
Cromoglycate -8.9 19.0 2.0/5.2 4.1/15.2 3.9 ± 

1.2 
-29.3 ± 4.8 

Darifenacin -8.0 210.3 20.3 72.1   
Dasatinib -7.2 18.8 21.8 10.4   
Dihydroergotamine -9.6 104.5 25.6 14.5   
Enasidenib -8.0 14.4 13.4 13.9   
Enzastaurin -8.0 45.7 9.7 53.6   
Fexofenadine -7.9 73.0 13.6 24.5   
Fluralaner -7.9 4.5/14.4 7.1 11.2   
Ibrutinib -8.2 17.7 7.1 78.7   
Imatinib -7.2 35.8 10.0 17.4   
Lomitapide -7.9 10.1 15.5 17.8   
Nafamostat -8.3 3.0/3.3 84.7 16.2 3.3 ± 

1.0 
-29.8 ± 3.9 

Naringin -7.6 7.1 9.4 6.6/11.8   
Nilotinib -9.1 3.5/5.1 3.8/13.3 5.4/25.4 4.4 ± 

0.5 
-53.2 ± 4.1 

Olaparib -8.1 15.7 10.1 15.9   
Penfluridol -8.4 3.8/4.1 11.4 13.8 3.7 ± 

0.8 
-34.6 ± 5.2 

Radotinim -8.8 10.6 27.8 3.7/3.9 4.1 ± 
0.6 

-28.6 ± 3.8 

Regorafenib -7.8 5.7/12.4 13.5 15.9   
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Table S2. RBD residues most involved in the stabilization (DGb) of the RBD:ACE2 complex 
during 200 ns of classic MD simulation. The three RBD sites responsible for binding ACE2 are indicated 
with superscripts on the RBD residue positions (S1, S2, and S3). Contacts formed with cefsulodin and nilotinib 
during 500 ns of post-docking MD simulation are reported. 

RBD residue and 
position 

DGb contribution 
(kcal/mol) 

Cefsulodin contacts 
(% MD frames) 

Nilotinib contacts (% 
MD frames 

GLN 498S1 -5.5 2.0 26.4 
TYR 505S1 -4.2 95.0 99.6 
GLN 493S2 -3.4 13.5 0.5 
PHE 486S3 -3.0 1.3 0.0 
PHE 456S2 -2.7 3.5 0.0 
ASN 501S1 -2.6 85.9 97.1 
TYR 495S2 -2.1 88.9 100.0 
TYR 489S3 -2.0 8.1 0.0 
LEU 455S2 -1.7 54.7 21.4 
ALA 475S3 -1.6 0.1 1.1 
GLY 502S1 -1.6 81.0 36.4 
TYR 449S2 -1.3 2.8 0.1 
GLY 496S2 -1.3 83.9 93.7 
THR 500S1 -0.9 0.6 16.5 
ASN 487S3 -0.8 0.1 0.0 
PHE 497S1 -0.6 34.5 91.4 

 
Table S3. ACE2 residues most involved in the stabilization (DGb) of the RBD:ACE2 complex 
during 200 ns of classic MD simulation.  

ACE2 residue and position DGb contribution 
ASP 355 -5.6 
TYR 41 -2.4 
HID 34 -2.3 
GLN 24 -2.2 
THR 27 -2.0 
PHE 28 -1.9 
ASP 38 -1.9 
GLU 37 -1.0 
LEU 79 -1.0 
MET 82 -1.0 
GLY 354 -0.8 
GLU 35 -0.6 
TYR 83 -0.6 
PHE 356 -0.5 
LYS 353 -0.5 
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Figure S1. Schematic workflow of the computational protocol. 
 
 

 
Figure S2. Analysis of the RBD pocket by means of FTMap and DeepSite. RBD coordinates from 
the PDB entry 6M17 (a and c) and the MD frame (b and d, see Methods section 1.1) were used as 
input for FTMap (a and b) and DeepSite (c and d). The three sites responsible for binding ACE2 are 
indicated with dashed lines (site 1 in red, site 2 in blue, and site 3 in green respectively). 
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Figure S3. Stability of cefsulodin, cromoglycate, nafamostat, nilotinib, penfluridol, and 
radotinib during 500 ns of post-docking classic MD simulation. a) RMSD values to the docked 
poses. Cefsulodin (red line) dissociated soon after the start of the simulations, before binding back in 
with a conformation similar to the docked one; b) MMGBSA energy computed on the last 50 ns of 
the 500 ns-long post-docking classic MD simulations. The think line shows the running average. 
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Figure S4. Comparison between docked cephalosporin compounds. The cefsulodin (red) and 
cefonicid (cyan) top-ranked pose share the same predicted binding mode, while the cefazolin (pink) 
conformation diverges due to the presence of a terminal tetrazole ring instead of a phenyl moiety. 
 
 

 
Figure S5. Comparison between nilotinib (blue) and radotinib (black) top-ranked docking 
poses. The poses were used as starting configuration for classic MD simulations. 
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Figure S6. RBD:ACE2 SuMD simulations with high RMSD values (e.g. “unproductive”) to 
PDB entry 6M17. Plots show the RMSD to the PDB 6M17 of the whole RBD (cyan) and of the RBD 
residues at the binding interface with ACE2 (green), respectively; the red line indicates the 
RBD:ACE2 MMGBSA binding energy. a) SuMD replica in good agreement with the cryo-EM 
interface between RBD and ACE2 (RMSD » 5 Å); b) and c) SUMD replicas during which RBD 
reached RMSD values to the cryo-EM structure of > 20 Å). The vertical dashed lines indicate the 
start of 200 ns of classic MD after SuMD. The thick line shows the running average. 
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Figure S7. RBD:cefsulodin:ACE2 SuMD binding simulations with high RMSD values to PDB 
entry 6M17. Top panels plots show the RMSD to PDB 6M17 of the whole RBD (cyan) and the RBD 
residues located at the binding interface with ACE2 (green), respectively; the red and black lines 
indicate the RBD:ACE2 and cefsulodin:RBD:ACE2 binding energy. Bottom panels: RBD:ACE2 
intermolecular contacts potted on the surface of the proteins; the RBD pocket, which was occupied 
by cefsulodin at the beginning of the simulations, is indicated in green. a) SuMD replica during which 
cefsulodin remained at the RBD:ACE2 interface, forming a metastable ternary complex. b) SuMD 
replica during which cefsulodin was displaced by ACE2 binding; despite the displacement of the 
small molecule, RBD did not reach the experimental bound conformation (RMSD » 15 Å). Vertical 
dashed lines indicate the start of 200 ns of classic MD after SuMD. The thick line shows the running 
average. 
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Video S1 caption. Post docking classic MD simulation of cefsulodin (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S2 caption. Post docking classic MD simulation of cromoglycate (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S3 caption. Post docking classic MD simulation of nafamostat (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S4 caption. Post docking classic MD simulation of nilotinib (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S5 caption. Post docking classic MD simulation of penfluridol (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S6 caption. Post docking classic MD simulation of radotinib (500 ns). Hydrogen bonds 
involving cefsulodin, or in the proximity of it, are indicated as dashed lines. The initial conformation 
(e.g. the top-ranked docking pose) is shown as thin black stick representation. 
 
Video S7 caption. SuMD binding simulation of ACE2:RBD complex. RBD approaches ACE2 
surface and binds with a conformation that resembles the cryo-EM one (shown as black ribbon). 
 
Video S8 caption.  SuMD binding simulation of ACE:cefsulodin:RBD ternary complex (replica 
1). RBD in complex with cefsulodin approaches and binds ACE2 surface. The cryo-EM bound 
conformation of RBD is shown as black ribbon. 
 
Video S9 caption. SuMD binding simulation of ACE:cefsulodin:RBD ternary complex (replica 
2). RBD in complex with cefsulodin approaches and binds ACE2 surface. The cryo-EM bound 
conformation of RBD is shown as black ribbon. 
 


