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ARTICLE INFO ABSTRACT

Keywords: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) emergence has resulted in a global health crisis.
COVID-19 As a consequence, discovering an effective therapy that saves lives and slows the spread of the pandemic is a
TMPRSS2

global concern currently. In silico drug repurposing is highly regarded as a precise computational method for
obtaining fast and reliable results. Transmembrane serine-type 2 (TMPRSS2) is a SARS CoV-2 enzyme that is
essential for viral fusion with the host cell. Inhibition of TMPRSS2 may block or lessen the severity of SARS-CoV-
2 infection. In this study, we aimed to perform an in silico drug repurposing to identify drugs that can effectively
inhibit SARS-CoV-2 TMPRSS2. As there is no 3D structure of TMPRSS2 available, homology modeling was
performed to build the 3D structure of human TMPRSS2. 3848 world-approved drugs were screened against the
target. Based on docking scores and visual outcomes, the best-fit drugs were chosen. Molecular dynamics (MD)
and density functional theory (DFT) studies were also conducted. Five potential drugs (Amikacin, isepamicin,
butikacin, lividomycin, paromomycin) exhibited promising binding affinities. In conclusion, these findings
empower purposing these agents.

Drug repurposing
Homology modeling
Docking

Molecular dynamics

1. Introduction

A new severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) epidemic has started in Wuhan, China, in December 2019 [1]. Ever
since, the epidemic has brought about 186.638 M confirmed cases and
over 4 M deaths and inflicted considerable losses on the overall economy
owing to city lockdowns [2-4]. Coronaviruses infect both animals and
humans, causing a variety of ailments [5]. The three contagious viral
human coronaviruses (hCoVs) that have been identified so far are MERS
coronavirus, SARS coronavirus, and the 2019 coronavirus, which orig-
inated in Wuhan in December 2019 [6].

The pathogen is an RNA virus from the Coronavirinae subfamily in
the Coronaviridae family of the order Nidovirales [7]. Spike, Membrane,
Envelope, and Nucleocapsid proteins are the four main structural pro-
teins encoded by the virus. S1 subunit promotes viral attachment to host
cell surfaces. While, merging of membranes of viruses and cells, is car-
ried out by the S2 subunit [8].

* Corresponding author. 21111 Barakat Street, Medani, Gezira, Sudan.

It is of great concern to find agents that can act early at the stage of
the virus entry to the cell, ideally either inhibiting entry or diminishing
the virus load that drives it into the cell [9].

The interaction of the virus with the host influences the occurrence
and course of COVID-19 sickness [10]. The entry receptor for SARS-S is
angiotensin-converting enzyme 2 (ACE2), while transmembrane Prote-
ase Serine Type 2 (TMPRSS2) is responsible for merging the viral and
cellular membranes via the cleavage of S protein at the S1/S2 site. Thus
the pathogenicity and virus dissemination is mainly due to the action of
TMPRSS2 [11,12]. TMPRSS2 is expressed in all possible targets of
SARS-CoV infection including; the prostate, cardiac endothelium, kid-
ney, and digestive tract, suggesting that these organs may be important
targets for SARS-CoV2 infection [4,13,14]. Therefore, the Inhibition of
TMPRSS2 may block or lessen the severity of SARS-CoV-2 infections and
it’s spreading [15,16].

However, development of novel drugs is a long process as it must go
through extensive preclinical and clinical safety trials [9]. Hence,
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repurposing of licensed drugs to prevent or limit SARS-COV2 viral
propagation is now receiving interest for being cost-effective and
time-saving, which is appropriate for the epidemic emergency [17].

Great efforts have been done to identify new treatments for COVID-
19 [18-20]. Computer-assisted drug development (CADD) such as
structure-based drug development is a widely utilized method for drug
discovery [21]. CADD methods are becoming increasingly important in
drug discovery, and they are vital in identifying viable therapeutic
candidates at a low cost. These computational methods can help me-
dicinal chemists and pharmacologists in the drug discovery process by
minimizing the use of animal models in pharmaceutical investigation,
assisting in the logical development of unique and safe medication
candidates, repositioning marketed drugs, as well as assisting in the drug
discovery process [22,23].

Many researchers utilized drug repurposing to combat COVID-19
[24]. It is worth mentioning that repurposing drugs have been less
expensive in terms of both time and money. Because the majority of
preclinical and clinical trials, including pharmacokinetic and toxico-
logical studies of licensed or in clinical investigation phase’s drugs, have
already been reviewed, it takes less time to adapt them to a different
indication. Toxicity and ADME (absorption, delivery, metabolism, and
excretion) trials, which take a lot of time to finish, are not needed
because the molecules under consideration for drug repositioning have
indeed passed through these phases and have well-defined profiles. As a
result, they are more appropriate for use in epidemics than novel mol-
ecules which have never been evaluated [25].

TMPRSS2 could be a promising target to develop agents to combat
this crisis [17]. As far as we know, TMPRSS2 does not have tertiary
structure [26]. Accordingly, our work aimed to: build a TMPRSS2
model, and then perform drug repurposing to discover novel inhibitors
against TMPRSS2, which is an important target for SARS-CoV-2 entry
into the host cell.

2. Methods
2.1. Homology modeling

As no crystal structure for TMPRSS2 is currently available in the PDB
database, homology modeling was applied to build the protein model.
The amino acid sequence of TMPRSS2 protein was retrieved in FASTA
format from the UniProtKB database (Accession Number: 015393).
BLASTp was used to identify human plasma kallikrein as the best tem-
plate for homology modeling based on sequence similarity with
sequence identity of 42.21% and sequence similarity of 47%. Accord-
ingly, human plasma kallikrein 3D structure (PDB ID: 5TJX) [27] was
obtained from protein databank and used as a template in the Prime
module of Schrodinger suite. For homology model structure refinement,
optimization of hydrogen bond assignments and minimization of side
chain energies were done. Then, the generated homology model was
validated and analyzed through Ramachandran plot in protein prepa-
ration wizard [28].

2.2. Active site prediction

The SiteMap tool in Maestro of Schrodinger Suite (v.12.8) was uti-
lized in order to identify the active binding site regions in the homology
model structure.

2.3. Ligand library preparation

The chemical structures of 3848 approved drugs were obtained from
ChEMBL databases and prepared by ligPrep tool of Schrodinger Suite.
The whole ligand optimization process was performed at pH 7.0. The 3D
conformers were generated and Epik function was used to achieve the
ionization state. Energy minimization was performed through the
OPLS3e force field.
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2.4. Docking of ChEMBL drugs

Glide Module was used for docking. Using Schrodinger’s Standard
Precision docking mode, the prepared drug library was docked against
TMPRSS2. Extra Precision docking option was applied to the top drugs,
and their protein-ligand complex interactions were assessed.

2.5. Molecular mechanics-generalized born and surface area (MM-
GBSA)

Accurate binding free energy prediction of protein-ligand complexes
was performed using Prime MM-GBSA. The refinement was conducted
with the help of the VSGB continuum solvation model using water as a
solvent.

2.6. Molecular dynamics (MD) simulation

Molecular dynamics (MD) simulations were performed for the top-
five docking molecules to mimic physiological conditions using the
Academic Desmond v6.5 by D.E. Shaw Research. The intent from that
was to study the protein-ligand patterns of interaction and the confor-
mational stability of complex systems. The temperature and pressure
were set to be 300 k and 1.01325 bars, respectively, throughout the
process for 50 ns and the OPLS3e force field was used in MD simulations.

2.7. Calculations of density functional theory

At last, density functional theory calculations were performed with
the Jaguar module of Schrodinger. DFT calculations were used which
allows employing a variety of functional to describe exchange and cor-
relation for either open or closed-shell systems. B3LYP exchange cor-
relation function was used beside the 6-31G** basis set. Standard
Poisson-Boltzmann (PBF) was selected as solvation model using water
as a solvent and maximum optimization steps were set to be 100 steps. In
the self-consistent field (SCF), the level of accuracy, which adjusts the
accuracy of pseudo-spectral calculations, was set to be quick. Finally, the
molecular orbital, electron densities, electrostatic potential, and atomic
electrostatic potential charges were calculated.

3. Results and discussion
3.1. Homology modeling

Since the TMPRSS2 crystal structure has not been solved yet, ho-
mology modeling was conducted as the first step. Human plasma kalli-
krein was used to build the model, which was then verified using the
Ramachandran plot. TMPRSS2 model stereo chemical analysis displayed
that about 99% of residues are in the favored region, which indicated
that the model has good stereo chemical quality (Fig. 1).

3.2. Active site prediction

Using SiteMap tool, four sites were generated and the first site was
selected owing to high site score of 1.016 and D score of 1.067 and
additionally it contains the six amino acid residues Histidine 296,
Aspartame 345, Serine 441, Aspartame 435, Serine 460, and Glycine
462 that are particularly essential in the active site of TMPRSS2 [21].
The amino acid residues that form the active site, including chain A:
296, 299, 300, 337, 340, 341, 342, 343, 345, 389, 418, 419, 420, 424,
435,437,438,441,460,461,462,463,464,465,473 and chain Z: 501
(Fig. 2).

3.3. Docking and MM-GBSA

From the 3848 approved drugs that were docked using SP mode of
Glide, top 50 drugs with docking scores < —7 were further docked using
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Fig. 1. Protein structures and Ramachandran plot. A. TMPRSS2 homology.
B. Ramachandran plot.
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XP mode of Glide. The XP docking results were compared to the known
two inhibitors of TMPRSS2 (ambroxol and nafamostat) as shown in
Table 1.

The study revealed that 22 drugs have higher docking scores than the
reference drugs. Among which, 18 drugs have MM-GBSA score higher
than nafamostat and ambroxol.

Top five drugs with the highest docking scores among ChEMBL
drugs; were amikacin, isepamicin, butikacin, lividomycin and paromo-
mycin. Each drug has many types of interactions with the protein. For
example amikacin, which has the highest docking score, has four types
of interactions; pi-cation interaction with the LYS300, hydrogen bond
interaction with GLU299, GLY464, ASP435, PO4501, salt bridges with
ASP435, GLU299 and hydrophobic interaction with CYS437, TRP461,
VAL473, CYS465, ALA466, PRO301 residues (Figs. 3 and 4).

All of the five drugs made interactions with one or more essential
amino acid residues in TMPRSS2. Amikacin exhibited H-bond with
GLY462 and salt bridge with ASP345. Isepamicin displayed H-bond with
ASP345, ASP434 and SER441 and showed salt bridge with ASP435.
Butikacin exhibited H-bond interaction with ASP345 and SER460 and
salt bridge interaction with ASP345.while, lividomycin displayed pi-
cation interaction with HIS296, H-bond with GLY462 and HIS296 and
salt bridge with ASP345. Lastly, paromomycin showed hydrogen bond
interaction with SER441, ASP345 and GLY462, and salt bridges with
ASP345 and ASP435.

3.4. Molecular dynamics (MD) simulation

MD simulation study signifies structural understandings of the
protein-ligand complex interaction based on the observed fluctuation in
root mean square deviation (RMSD) and their capability to maintain
their stability under simulated physiological circumstances, MD simu-
lation was executed on the drugs that illustrated significant ligand-
protein interactions, i.e., amikacin, isepamicin, butikacin, lividomycin,
and paromomycin, following XP-docking (Figs. 5-8).

The Amikacin-bound TMPRSS2 demonstrated hydrophilic and hy-
drophobic interactions during the molecular dynamic simulations. A
diagram of C alpha structure formulated during the MD simulations was
compared to the initial structures for RMSD analysis. During the 50 nsec
of MD, the protein RMSD was clasped between 0.98 and 2.53 A (Fig. 5).
The residue CYS437 made full interaction with amikacin during the
simulation. CYS437 and ASP440 formed H-bond with the ligand, which
accounted for 99% and 98% respectively. Bridged H-bonds with several
amino acid residues, i.e., GLY439, ASP345, and HIS296 were observed
during the simulation. Furthermore, HIS296 and TRP461 formed pi-
cation bonds with the ligand, which accounted for 68% and 60%
respectively as shown in Fig. 6.

Isepamicin-TMPRSS2 complex showed hydrophilic interactions
during MD simulations. During the 50 nsec of MD, the protein RMSD
remained between 0.92 and 2.37 A to the end of the simulation. The
ASP435 residue generated full interaction with the isepamicin, and
SER436 was the second residue that made maximum contact with the
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Fig. 3. 2D interactions of the top five drugs with TMPRSS2.

ligand. Hydrogen bonds were revealed with ASP435 and ASP345, which
accounted for 98% and 91%of the interactions respectively. Moreover,
the bridged H- bond with THR341 formed by 62% of the interactions
was observed as displayed in Fig. 8. The butikacin-TMPRSS2 complex
revealed hydrophobic and hydrophilic interactions during molecular
dynamics simulations. Throughout the 50 nsec, the protein RMSD
remained between 1.31 and 2.68 f\, until the end of the simulation. The
ligand RMSD had an average of 1.5 A, indicating a stable ligand-protein
complex. The residues ASP345 and HIS296 showed ultimate contact
with the ligand throughout simulations. Bridged H-bonds, pi-cation
bonds, and direct H-bonds with protein residues were identified in the
simulation. The amino acid HIS296 interacted with butikacin via a pi-
cation, which persisted for 99% of the interaction. Bridged hydrogen
bonds were observed between GLU299 and GLY464, which accounted
for 79% and 60% respectively. Furthermore, ASP345, ASP440, and
CYS437 make direct hydrogen bonds with the ligand, which accounted

for 99, 59, and 48% of the interaction respectively.

The lividomycin-bound TMPRSS2 illustrated hydrophilic and hy-
drophobic interactions during the MD simulations. During the 50 nsec of
MD, and until the end of the MD simulation, the protein RMSD has
remained between 1.09 and 2.35 A. The average of ligand RMSD was
1.7 A, suggesting that the ligand is stable in the protein complex. The
residue ASP417 and SER436 made the strongest bonds with lividomycin
during the simulations. Bridged H-bonds with GLU389 and GLY462
were observed during the MD simulation. The amino acid residue
HIS296 created pi-cation bond with the ligand, and SER436, GLU389,
and GLY464, made direct hydrogen bonds which persisted for 97, 74,
and 74% of the simulation time respectively, as represented in Fig. 8.
TMPRSS2 protein bound with paromomycin complex showed hydro-
philic interactions during molecular dynamics simulations. During the
50 nsec of MD, the protein RMSD was retained from 1.3 to 2.7 A to the
end of the simulation. The ligand RMSD has an average of 2.1 A, which
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Table 1

docking score, MM-GBSA dG bind, and intermolecular interactions of references drugs (nafamostat and ambroxol) and XP high score CHEMBL drugs with TMPRSS2.

Amikacin

Lividomycin

Fig. 4. 3D interactions of the top five drugs with TMPRSS2.
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Paromomycin

Name Docking MM-GBSA Pi-Pi Pi-cation Hydrogen bonding interaction Salt bridges Hydrophobic interaction
score dG bind interaction interaction
Nafamostat —5.424 —59.76 - LYS300 GLU299, GLY464, ASP435, PO4501 ASP435,GLU299 CYS437,TRP461, VAL473,
CYS465,ALA466, PRO301
Ambroxol —6.464 —55.48 - HIS296 SER460, THR431 - TYR337, TRP461, CYS437,
CYS465
Amikacin —14.919 —76.05 - - P0O4501, GLY464, GLY462, GLU389, PO451, GLU29, TYR337, TRP461, CYS465,
THR341, TYR337 ASP345 CYS437,
Isepamicin —14.750 —56.24 - TRP461, PO4 501,SER436, ASP435, SER441, GLU29, ASP435 TYR337, TRP461, CYS465,
TRP461 ASP345, LYS300, GLU299, GLU299 CYS437, ALA466
Butikacin —13.307 —77.03 - - LYS340,ASP345, SER460,CYS437, P0O450,P0451, TYR337, TRP461, CYS437,
SER436 ASP34, ASP440
Lividomycin —13.164 —68.40 - HIS296 ASN418,LYS340, T RP461, GLY462, PO501, ASP345 TRP461, CYS465, CYS437
GLY464, PO4 501, LYS300, GLU299,
HIS296
Paromomycin ~ —12.949 —85.29 - - PO4501,SER441, ASP345,GLY462, ASP345,ASP435 TYR337, TRP461, CYS465,
GLY464,GLY462, GLU389, GLU389 CYS437
Arbekacin —12.664 —65.98 - TRP461, ASP345, ASP435, GLU299 PO451, ASP435 TYR337, TRP461, CYS465,
TRP461 GLU299 CYS437, ALA466
Apramycin 12.316- -79.31 - - ASP345, ASN418, THR341, SER460, P0O451,ASP435, TYR337, TRP461, CYS465,
SER436, GLY462 ASP345, GLU299 CYS437
Kanamycin —11.641 -79.29 - - GLY462, PO4501, TYR337, GLU299, PO451, ASP345 TYR337, TRP461, CYS465,
GLU389 CYS437
Butirosin —11.535 —83.77 - - GLU299,GLU389, GLU389,THR341, PO4 501, ASP345, TYR337, TRP461, CYS465,
THR341, TRP461 GLU299 CYS437
Bekanamycin —11.344 —66.83 - HIS296 ASN418, LYS340, LYS340, GLU299, PO4 501, ASP345, TYR337, TRP461
LYS300, GLU299, GLU389 ASP345 GLU299
Betamicin 10.685- —67.93 - TRP461, SER460, THR341, LYS340,LYS340, PO451, ASP345 TYR337, TRP461
TRP461 ASN318, ASN318, ASP417,
Plazomicin 10.517- —57.23 - - SER460, SER460, ASP345, THR341, PO451, ASP34, CYS437, CYS465, PRO301,
GLU299, LYS300, PO4 501, PO4 501 GLU299, GLU299 VAL280, TYR337, TRP461
Propikacin -10.331 —-70.87 - HIS296, ASN418, ASN418, LYN442, ASN418, PO451, ASP345 TRP461, CYS437, LEU419
TRP461, ASN418, SER460
TRP461




F.A. Elbadwi et al.

Informatics in Medicine Unlocked 26 (2021) 100725

Lo fit on Prot (1 ) it on Prot Ly ] ol
u o & 1y 0B
’ i
2 o N | 1|I W
- % n H
] g. - 0. i
g o B § qu g
g a 3 #3 R 1l
g L - a
¢ o &AW
€ 2 2 E y
£ @ wE e
v 1. i wo G
E N H E " 8
e T 155 e
1] =
b " 10 (1]
(1]
03 05
024 03 M o4
L 10 0 k] L] - . .
ij (ﬂse() 10 0 » a0 i )'o F‘D ‘.0 ‘.ﬂ 0
Time (nsec) e (ndec)
. .
. . o s
Amikacin Isepamicin Butikacin
W Lig) fit on Prot CALig) fit on Prot
< 40
24
€ 35
21
7
0
3 ¢ 2 =
o a >
@1 7] H
= s
4 4 03
cu " £ .
& 09 £ S5,
o
0.6
03 1 03 05
10 2 30 £ 50 10 2 ) 50
Time (nsec) Time (nsec)
o e . .
Lividomycin Paromomycin

Fig. 5. Route mean square deviations (RMSD) plots.

A o 9 & D25 D 4D O Oy 2 > B A»
O P D PP SO0

PEFEBLETE LY 55 SEERE

Butikacin

b B |
¢ 1§
[ 1.50
[ ¥
EIJ)O g 125
" ; |
HI 100
0 :
H - 075
s :
! v 0.50
1) v
0.25
0 i - . — 0.00
«*w“’ﬁae‘%»‘“\"“eq‘m T, r‘i’%"{\}@f#w‘géﬁiew.n\:\‘c‘.*'.:.r:.g‘r’h:{#’ﬁh‘ SEREFERESS
b { Ty N Ky A » el Ay ey
R e R
Amikacin Isepamicin
2.00
2.00
175
15
1.50
1.50
125
125
1.00
1.00
0.75
0.75
050 50
025 025
0.00 0.00 —_—
TRy 2, PPPDROF PR OP R OSSP SO0 m‘aq% EPEAPPEPRR SSRGS SO
SEETESRSTINY AUy

L1v1domyc1n

Paromomycin

Fig. 6. The protein-ligand interaction diagram.



F.A. Elbadwi et al.

Informatics in Medicine Unlocked 26 (2021) 100725

220
215 24
2w
0 10 20 30 40 5
15358
28 3
337
3%
¥ »
3 v S
3
# o e o ] 2 8 H
il “
435
430
| {438 i o w1 i o sl | [
. Sh-dio
" " ER441
I 4R7459
ER7460
| ! | RP=461 4111 ) 1l
) LY-a62 ]
£Caos o
] a4
r d YR-474 U
. L L v, L ’ 0 10 20 30 40 50
Time e} Time (nsec)
. . o o " 5
Amikacin Isepamicin Butikacin
: LB
g2 £20
jg 1 >4 15 >4
gz €10
0 10 20 30 40 5 0 10 20 30 40 50
iIs 2 T T T ¥
5 : : d
337 ‘ :
it Hix
i 2 i 3
= g - 1l &
[U-383 1 AT R PO T T 23 x 23
67413 % - g
i&dla H g
spral7 (0 B LI T I L n -~ HE % I’
3N"418 4
il e
oz ti] 1 i 1
L’::gg :gzd
]! % " e Rnan
ER7460 () 1 A
461 T 4
e | | 1o ?gz
Lrded x g 0
V5467 { -3
62470 U :473
0 10 o 2 0 50 T o 10 20 30 2 50
Time (nsec) "
Time (nsec)
P . P .
Lividomycin aromomycin

Fig. 7. Amino acid residues of protein that interact with the ligand.

suggested a highly stable ligand within the protein complex. GLY462
made ultimate interaction with the ligand during the simulation. In
addition, bridged H-bond, and direct H-bond with protein’s residues
were identified. The amino acid GLY462 interacted with the drug via H-
bonding, which accounted for 95% of the interactions. Other residues
that formed H-bond with the drug are SER436, GLY462, and SER460,
which persisted for 93%, 93%, and 84% of the simulation time respec-
tively. Also bridged H-bonds with ASP345, THR341 formed by 61% and
58% for ASP345, and 47% for THR461 were observed.

These results suggest that paromomycin, amikacin, and isepamicin
have the best binding among the shortlisted drugs.

3.5. DFT calculations

As shown in Table 2, the electronic properties of the top five drugs
(amikacin, isepamicin, butikacin, lividomycin, and paromomycin) with
good binding energies were determined. The five drug’s HOMO and
LUMO patterns (Figs. 9 and 10), energies, and energy differences were
determined. For HOMO orbitals, a consistent negative value was
observed. For examined drugs, the measured HOMO and LUMO range
from —0.27 to 0.002 kcal/mol. HOMO and LUMO findings were both
compared to the reference drugs nafamostat and ambroxol.

Butikacin has HOMO on 029 that interacts with LYS 340. Moreover,
HOMO molecular orbitals are observed on 010, O34 and C32. The
LUMO are found on N21, which interacts with PO4 501 and N27, which
interacts with ASP 345. In addition, LUMO presents on C18, C19, C20,
C30 and O12. The gap energy between the HOMO and LUMO was found
to be —0.306 kcal/mol.

In paromomycin, HOMO orbitals are located on 014 and 029 that
interact with the PO4 501. In addition, HOMO orbitals are found in 012,
013, 016, 042, C2, and C21. The LUMO orbitals are located on N32
which interacts with GLY 462, GLY 464, and ASP 435 as well as in C4,
C24, 012 and O17. The energy gap between the HOMO and LUMO was
found to be —0.277 kcal/mol.

Isepamicin, HOMO orbitals are located on 08, 09, 010, 023, 026,
027, 034, 035, 038, between €29 and €30, C30 and C31, C32 and C33,
C3 and C4 and C4 and C5, all indicate the existence of possible reactive
in these sites. While LUMO are located at 014, C12, C16 and N7. The
energy gap between the HOMO and LUMO was found to be —0.265 kcal/
mol.

Amikacin demonstrates that HOMO orbitals are found on 011, 013,
C35, and C38 signifying the existence of possible reactive in the site.
While LUMO orbitals are located on 011, C35, C38, H79, and N14. The
energy gap between the HOMO and LUMO was found to be —0.261 kcal/
mol.

In lividomycin, HOMO orbitals are located on 02, 015, 017, 024,
027, 029, C16 and C22. LUMO are located on N35 that interacts with
TRP461 residue as well as on 031, 033, 037, 039, N41, C25, C34, C40
signifying the existence of possible reactive sites. The energy gap be-
tween the HOMO and LUMO was found to be —0.263 kcal/mol.

Molecular electrostatic potential MESP maps (Fig. 11) and their
electrostatic potential energy, iso-potential profiles were generated for
the top five drugs. Butikacin 026 interacts with LYS 340 shows the very
strongly negative electrostatic potential susceptible to electrophiles
(—146.29 kcal/mol). N21 interacts with PO4m501 and N27, which in-
teracts with ASP345 that shows the very strongly positive electrostatic
potential susceptible to nucleophiles (359.65 kcal/mol).

In paromomycin, 036 that interacts with the GLY 462 and O13
display a very strong negative electrostatic potential susceptible to
electrophiles (—169.1265 kcal/mol). O15 and N28 that interacts with
GLU 389 exhibit a strong positive electrostatic potential susceptible to
nucleophiles (350.32 kcal/mol).

The most positive electrostatic potential in Isepamicin is related to
N25 that interacts with ASP435 and TRP 461 (310.1312 kcal/mol),
indicate their susceptibility to nucleophiles. While the most negative
electrostatic potential is related to 034, 038, 027, which interacts with
SER 441, indicate their susceptibility to electrophiles.

Regarding amikacin, the most positive electrostatic potential is



F.A. Elbadwi et al. Informatics in Medicine Unlocked 26 (2021) 100725

Isepamicin
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Fig. 8. PL-contacts diagram.
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Table 2
Quantum chemical proprieties of the references and top five drugs.
Drug HOMO (kcal/  LUMO HLG Solvation
mol) (kcal/mol) (kcal/ Energy (kcal/
mol) mol)
Ambroxol —0.22955 —0.04444 —0.185 —55.25
(control)
Nafamostat —0.23571 —0.07482 —0.160 —148.16
(control)
Butikacin —0.27522 0.03120 —0.306 —726.72
Paromomycin —0.26664 0.01076 -0.277 —690.03
Isepamicin —0.269616 —0.00415 —0.265 —463.65
Amikacin —0.25864 0.00228 —0.261 —494.64
Lividomycin —0.25900 0.00351 —0.263 —682.23

related to H42, N16 that interacts with GLY 462, N15 that interacts with
GLU 299 (288.08 kcal/mol), indicate their susceptibility to nucleo-
philes. Whereas the most negative electrostatic potential is related to
07, 08, and 010 which interacts with GLY 461, O12 that interacts with
GLU 389 (121.53 kcal/mol), indicate their susceptibility to
electrophiles.

In lividomycin, 048 that interacts with ASP 417, 049 and OS50
display strong negative electrostatic potential to electrophiles (80.86
kcal/mol). While, N20, N35 and N41 show a strong positive electrostatic
potential susceptible to nucleophiles (352.1 kcal/mol). Nitrogen 35 in-
teracts with ASP417and GLY462.

4. Discussion

The lack of adequate knowledge about COVID-19 pathophysiology,
as well as a well-defined treatment strategy or a possible medication to
treat SARS-CoV-2 infection, has caused the recently emerging life-
threatening viral disease to spread at an alarming pace [29]. Repur-
posing known drugs tend to be a very powerful way to immediately
develop effective coronavirus drugs in a short period. The protease
TMPRSS2 cleaves the SARS-CoV-2 spike protein, allowing the virus to

Informatics in Medicine Unlocked 26 (2021) 100725

enter and activate. Given the difficulty in obtaining the crystal structure
of TMPRSS2 and the lack of structural details, computational modeling
and molecular docking represents feasible, efficient, and cost-effective
techniques for identifying potential TMPRSS2 inhibitors.

The docking analysis of 3848 drugs from the ChEMBL database and
further MM-GBSA, MD and DFT studies revealed that amikacin, isepa-
micin, butikacin, lividomycin, and paromomycin have high binding
energy and stable interactions with TMPRSS2 in current computational
research. Aminoglycosides could be used as a scaffold to develop
COVID-19 medicinal compounds, but in vitro and in vivo research is
needed before using them as an anti-COVID-19 drug [30]. The activity of
aminoglycosides against SARS-CoV-2 may be owing to the formation of
retrocyclins, a bioactive peptide obtained from human theta-defensins
that blocks SARS-CoV-2 cellular fusion and aggregation [31].

Amikacin is a kanamycin-derived semisynthetic aminoglycoside
antibiotic with activity against the resistant gram-negative bacteria and
Pseudomonas aeruginosa [32]. Amikacin is the most effective second-line
injectable anti-tuberculosis drug and still encouraged for
multi-drug-resistant tuberculosis. It is only considered for a short
MDR-TB regimen [33].

Isepamicin is one of the most effective drugs against both myco-
bacterium intracellular and mycobacterium avium isolates and can
serve as an alternative aminoglycoside if toxicity or unfavorable con-
sequences are main concerns as it has much less nephro-, vestibulo-,
ototoxicity than other aminoglycosides [34]. In the case of isepamicin
no individual adverse event was reported in more than 2% of patients,
the most commonly reported events are phlebitis, rash, headaches and
renal compromise [35].

Butikacin is an aminoglycoside antibiotic that has the cochlear
toxicity profile of kanamycin A [36]. Lividomycin is an aminoglycoside
composed mainly of paromomycin and lividomycin B [37]. Paromo-
mycin was proven to be effective in the treatment of asymptomatic and
mild symptomatic amoebiasis, with few side effects, including diarrhea,
nausea, headache and dizziness [38].

Amikacin and paramomycin were considered as the most effective

Amikacin

Lividomycin

Fig. 9. HOMO representation of top five drugs.
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Butikacin

Amikacin Lividomycin

Fig. 10. LUMO representation of top five drugs.

Butikacin

Ammileacin Lividomycin
Fig. 11. Electrostatic representation of top five.

drug candidates showing the highest binding affinity against another 5. Conclusion

SARS-CoV-2 protein (Mpro) [30]. According to another in silico experi-

ment, lividomycin is an effective therapeutic candidate for inhibiting The TMPRSS2 enzyme has been considered a key target for COVID-
ACE2, therefore impairing one of the key proteins identified by 19 infection suppression. In this research, the structure-based virtual
SARS-CoV-2 for cell entry [39]. Also Paromomycin has been considered screening addressed five commercially available drugs amikacin, ise-
as a therapeutic target for COVID-19 management due to its high pamicin, butikacin, lividomycin, and paromomycin, which could inhibit
binding affinity for the RDB protein [40]. the TMPRSS2 enzyme. These drugs have known efficacy and ADMET
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properties and thus might be repurposed for COVID-19 treatment.
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