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Figure S1. The effect of cell density (cells/well) of VeroE6/TMPRSS2 overexpressing cells on 
fluorescence intensity 
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Figure S2. TMPRSS2 enzyme activity comparison of VeroE6/TMPRSS2 overexpressing cells 
and LNCaP cells (substrate concentration = 50 µM)  
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Figure S3. TMPRSS2 enzyme activity comparison of VeroE6/TMPRSS2 overexpressing cells 
and VeroE6 cells (substrate concentration = 100 µM)  
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Figure S4. Comparison of furin enzyme activity of Vero cells overexpressing furin in cells (with 
detergent, Tween 20, and without detergent, Tween 20) and the medium (substrate concentration 
= 100 µM)  
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Figure S5. Furin enzyme activity comparison of Vero/furin overexpressing cells and VeroE6 
cells 
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Figure S6. Furin substrate titration and kinetic data. (A) Furin substrate titration curves. (B) Kinetic 
data from Figure A were plotted to estimate the Km by curve fitting of the Michaelis–Menten equation 
(Km=44.6 μM). The initial rate were calculated based on the data of 30-60 min time period. Curve 
fitting was carried out using GraphPad Prism. Error bars indicate the standard error of the mean. 
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Figure S7. The effect of cell density of Vero/furin overexpressing cells on fluorescence intensity  

0 50 100 150
0

5.0107

1.0108

1.5108

2.0108

5x103
1x104
2x104
4x104
8x104

min

F
lu

o
re

sc
en

e 
in

te
n

si
ty

 (
cp

c)

 

 

 

 

 

 

 

 

 

 

 

 

 



S6 
 

8. Molecular Docking Studies 

TMPRSS2 

TMPRSS2 protein model 

Due to the unavailability of TMPRSS2 crystal structure, we used its homology model 

obtained from the Universal Protein Resource, UniProtKB, database (UniProt id = O15393) and 

homology modelling performed by template-based method on the Swiss-Model 

(https://swissmodel.expasy.org/). The protein used as template is the transmembrane serine 

protease hepsin [PDB code 1z8g, chain A, X-ray diffraction with 1.55 Å resolution, sequence 

identity = 33.62% to target sequence; sequence similarity = 38%, sequence coverage = 71%, amino 

acids range = 144-191 (extracellular region residues), QMEAN score = -1.82, model-template 

alignment RMSD = 0.4 Å]. The quality of the model was also analyzed using ERRAT1 (83.83%) 

and by generating Ramachandran plots on PROCHECK2 (84.7% of the residues in most favored 

regions and 14.9% in allowed regions), both calculated through the online server Saves v6.0 

(https://saves.mbi.ucla.edu/). 

Preparation of receptor, ligands and molecular docking 

The protein file was opened in the Swiss-pdbViewer3 to check and correct the possible 

errors found in the amino acids chain and remove water. The quality of the protein was again 

analyzed using the same procedure cited above. The catalytic site of the enzyme was checked for 

the presence of the triad residues HIS296, ASP235 and SER441.4–6 AutoDock tools 1.5.6 was used 

to add polar hydrogens and the protein was saved in *.pdbqt format.   

Camostat, a known TMPRSS2 inhibitor7,8 was used to compare the results with diminazene. 

For the preparation of ligand structures, 2D structures was sketched with the MarvinSketch where 

the pKa was calculated in the physiological pH (7.4) (the molecules were protonated in the 

guanidinium groups) and converted to 3D models. Molecular geometry optimization was made 

using MOPAC2016 and the structures were saved in *.mol2. Charges were added to the structures 

by loading them in the UCSF Chimera 1.159 and saved as *.pdb format. Structures were then 

checked for the addition of Gasteiger charges and torsions with AutoDock tools and saved in 

*.pdbqt format. 

Molecular docking was carried out using AutoDock Vina 1.1.2 at an exhaustiveness of 8. 

Grid box parameters were set to cover the catalytic site of TMPRSS2, covering the triad HIS296, 

ASP345 and SER441 residues and its adjacent residues. The box was centered at X = 31.5774, Y 
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= -1.31236, Z = 30.0788, with a grid box dimension of 24.2486 Å x 19.696 Å x 21.2 Å. Re-docking 

into the same dimensions were made to validate the results. The protein-ligand interaction results 

were analyzed using Protein-Ligand Interaction Profiler (https://projects.biotec.tu-

dresden.de/plip-web/plip) and visualization of binding pose was done using Pymol 2.3.4. The 

graphical depictions of ligand-protein complexes were also plotted by UCSF Chimera. 

 

Figure S8-1. TMPRSS2 structure containing the triad residues HIS296 (red), ASP345 (yellow) 

and SER441 (cyan) forming TMPRSS2 active site. 
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Table S8-1. Protein-ligand binding energy and interactions generated from molecular docking 

using AutoDock Vina. 

 Diminazene Camostat 

Binding energy (kcal/mol) -6.7 -6.7 

Hydrophobic interactions – 

residue (distance Å) 

VAL280 (4.00), THR (3.57) VAL280 (3.90), GLN438 

(3.68) 

Hydrogen bond – residue 

(distance Å) 

HIS296 (2.63 and 2.81), 

SER436 (3.43 and 1.88), 

GLN438 (2.48), GLY439 

(2.99), SER441 (2.82), 

SER460 (2.38), GLY464 

(1.94) 

HIS279 (2.34), VAL280 

(2.86), SER436 (2.85), 

GLN438 (3.26), SER441 

(2.16), SER460 (3.61) 

π-Stacking HIS296 (4.45) - 

Salt bridges - HIS296 (4.74) 

 

FURIN 

Furin protein model and docking softwares 

The crystal structure of furin (PDB code 5JXH) was used for docking experiments. Three 

software using different algorithms were used: Autodock Vina10 (rigid docking), SwissDock11 

(blind docking) and DockThor12 (flexible-ligand and rigid-receptor). More information about the 

details of each one can be found in the references. For the experiments done using AutoDock Vina, 

protein and ligands were prepared as described above for TMPRSS2. For the free web-based 

docking software SwissDock and DockThor, protein and ligands were prepared according to their 

instructions. Grid box size around active site were kept similar as much as possible. Blind docking 

uses the whole protein. 

Comparison of software and ligands  

The binding energy value obtained for each compound was different depending on the 

software/algorithm used (Table S8-2) and in some cases does not represent experimental results. 
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That discrepancy between computational studies and experimental data are frequently found in 

literature, especially for virtual screening, in which hundreds of compounds were found as having 

good binding energy through molecular docking, but only a few of them were really active in in 

vitro experiments.13–15 Based on the scores, DockThor with soft docking activated seems to be the 

best option, from which the lowest binding energy was obtained for diminazene although binding 

energy does not necessarily represents biological activity.13 

Table S8-2. Estimated binding energy (kcal/mol) of the compounds diminazene, camostat and 
nafamostat in interaction to furin (PDB code 5JXH) using different software.  
Software Diminazene Camostat Nafamostat 
Autodock Vina -7.8 -7.8 -9.2 
SwissDock -13.24 -11.10 -13.84 
DockThor soft* -18.23 -12.76 -7.31 
DockThor non-soft* -9.36 -1.60 -10.88 
DockThor blind soft* -13.30 -3.70 -15.18 

* Soft Docking implicitly considers the protein flexibility; non-soft docking uses an empirically determined softening 
constant.  
 
 The figure S8-2 shows that diminazene specifically binds at the same site independently of 

the software used and in very similar binding poses (in the catalytic/binding site according to 

literature16–18 containing the key residues ASP153, HIS194, SER368, LEU227 and TRP254). 

Camostat and nafamostat can also bind in different sites and/or poses. These results show that 

diminazene has more affinity for the active site than the other compounds. The bindings in different 

places/or non-active pockets mean the reduced opportunity to bind to active site, which may also 

explain the less active or not active against furin for camostat and nafamostat. 

 



S10 
 

 

Figure S8-2. Poses of the compounds in the lowest-energy binding using different software. (A) 
diminazene. (B) camostat. (C) nafamostat. Autodock Vina results is showed in pink; SwissDock 
in cyan; DockThor soft* in yellow; DockThor non-soft* in green; DockThor blind soft* in dark 
grey. *Soft Docking implicitly considers the protein flexibility; non-soft docking uses an 
empirically determined softening constant. Protein is in the same orientation. 



S11 
 

To evaluate the interactions, the results obtained from AutoDock Vina and DockThor soft 

were selected. AutoDock Vina showed the lowest energy binding for nafamostat while DockThor 

soft showed the best score for diminazene (Table S8-2). The number of favorable interactions (H-

bonds and hydrophobic interactions) is higher for diminazene than for the other compounds when 

DockThor soft was used. The favorable interactions occur with residues from the catalytic triad 

and binding site (Table S8-3). Interactions of diminazene with the residues LEU227, ASP258, 

ASP306 were previously related.16 When AutoDock Vina was used, nafamostat showed more 

favorable interactions than diminazene (11 and 10, respectively). However, diminazene interacts 

with a higher number of residues from the catalytic/binding site (Table S8-3).  

Table S8-3. Protein-ligand interactions generated from molecular docking using DockThor and 
AutoDock Vina (Distance in Å is showed between parentheses). 

 Hydrogen bonds  Hydrogen bonds 
 
 
 
 
 
 
 
 
 
 
 

DockThor 
soft 

Diminazene 
(6) 

Camostat (3) Nafamostat (5)  
 
 
 
 
 
 
 
 
 
 

AutoDock 
Vina 

Diminazene (7) Camostat (3) Nafamostat (7) 

ASN192 
(3.08) 

- - - - - 

LEU227* 
(3.22) 

- - LEU227* 
(2.41, 2.72) 

- LEU227 (2.94) 

SER253 (2.55) - - - - - 
ASP258* 

(1.72) 
- - - - - 

ASP306* 
(1.71) 

- ASP306 (3.06, 1.83) ASP306* 
(2.30) 

- - 

SER368 (3.46) SER368 (1.83) - SER368 (2.33, 
3.32, 3.01) 

- - 

- GLY255 (3.06) - - - - 
- HIS194 (2.21) - - - - 
- - ASP191 (1.85, 2.23) - - - 
- - ASN295 (2.81) - - ASN295 (3.35) 
- - - SER293 (2.81) - - 
- - - - GLY307 (3.48) - 
- - - - ARG498 (3.09) - 
- - - - ASN529 (2.66) - 
- - - - - ASP228 (2.35, 3.18) 
- - - - - PRO256 (2.39) 
- - - - - TRP291 (3.15) 
- - - - - ALA292 (2.59) 

 Hydrophobic interactions  Hydrophobic interactions 
 
 
 
 

DockThor 
soft* 

Diminazene 
(2) 

Camostat (4) Nafamostat (2)  
 
 

AutoDock 
Vina 

Diminazene (3) Camostat (5) Nafamostat (4) 

LEU227* 
(3.46) 

LEU227 (3.51, 
3.83) 

- LEU227* 
(3.46) 

- LEU227 (3.66, 3.82) 

THR367 
(3.77) 

- THR367 (3.48) THR367 (3.36) - THR367 (3.49) 

- VAL231 (3.71, 
3.92) 

- - - - 

- TRP254 (3.87) - TRP254* 
(3.90) 

- - 

- - HIS194 (3.94) - VAL263 (3.63) - 
- - - - ASN529 (3.86) - 
- - - - TRP531 (3.75, 

3.60, 3.64) 
- 

- - - - - ASP154 (3.95) 

* Residues shows in red are catalytic residues and in green residues in the active site.16–18  * residues were 
also found to interact with diminazene16 



S12 
 

 
 Based on the results obtained from molecular docking and comparing then to the 

experimental results, DockThor implicitly considering the protein flexibility was found as the best 

option.  

 

 

Figure S8-3. Binding mode of diminazene (pink) and the original ligand MI-5219 (gold) in the 
furin (PDB code 5JXH) catalytic/binding site. Picture was made using UCSF Chimera 1.15.9  
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