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Abstract: Tyrosine-containing pharmaceuticals’ (TPh) potential to inhibit SARS CoV-2 3-chymotrypsin-
like proteases (3CLP™) and nonstructural protein 16 (NSP16) has been explored using docking studies,
molecular dynamics simulations, and density functional theory. The TPh with FDA approval showed

excellent contact with the active site pockets of 3CLpro and NSP16. Their binding affinity scores

ranged from —5.8 to —4.9 kcal/mol and —6.3 to —4.8 for 3CLpro and NSP16, respectively. A 100-ns

molecular dynamics simulation confirmed the stability of the carbidopa/NSP16 complex and N-
acetyl tyrosine with both target enzymes. Further, the HOMO-LUMO transitions, molecular orbitals,

and dipole moments of carbidopa, droxidopa, and N-acetyl tyrosine were computed using density

functional theory (DFT). Considering N-acetyl tyrosine and carbidopa’s substantial inhibitory activity,

it is recommended to investigate them further in order to explore their application for the treatment

of COVID-19 or any other coronaviruses in the future.
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1. Introduction

Coronavirus disease (COVID-19) continues to affect the global population. SARS-CoV-
2 is the causative agent of the global COVID-19 pandemic, which has currently affected
679,863,569 individuals and accounted for 6,799,565 deaths worldwide by 22 February
2023 (https:/ /www.worldometers.info/coronavirus/) (accessed on 22 February 2023).
SARS-CoV-2 is an RNA virus that belongs to the Coronaviridae family and infects humans
and animals [1-4]. SARS-CoV-2 contains two open reading frames, ORFla and ORF1b,
translated by host ribosomes as two multi-proteins, ppla and pplab. ORFla encodes
the papain-like protease (PLP™) and the main protease (MP™) or the 3-chymotrypsin-like
protease of SARS-CoV-2 (3CLP™), the essential cysteine proteases for viral replication and
transcription. The 3CLP™ cleaves 11 different sites at the C-terminus and is involved in
forming 15 nonstructural proteins. The 3CLP™ is unlike the human host-cell protease [5-7].
Therefore, it has become the main target for drug repurposing and development programs
to fight the COVID-19 pandemic [8-10]. Further, the nonstructural protein 16 (NSP16)
is methyltransferase- and S-adenosylmethionine-dependent; it forms a heterodimer with
the NSP10 cofactor. They are involved in the RNA methylation of the first nucleotide
transcribed by activating the action of 2/-O-methyltransferase. This is a key step in evading
viral RNA-triggered immune responses by preventing host recognition [11,12].
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As compared to de novo drug acquisition, drug repurposing is considered the most
efficient method of identifying new uses for approved therapeutic drugs, as it involves
less time and fewer expenses regarding treatment. An important benefit of repurposing
drugs is the availability of information about their safety and pharmacokinetic profiles,
predicting potential side effects and drug interactions [13,14]. There are several vaccines
that are approved now, and millions have been vaccinated, which decreases the incidence
rates. There is, however, a possibility that new variants, such as omicron and delta, may
emerge that are resistant to the vaccines, and that a new treatment protocol may need to be
employed [15-18]. Further, despite all efforts, scientists still cannot develop a satisfactory
therapy for COVID-19. In addition, very few or limited repurposed pharmaceuticals have
been approved, such as remdesivir [19,20]. Therefore, there is still a need to discover new
drugs to combat COVID-19.

In several studies, pharmaceuticals, synthetic drugs, and natural products were re-
ported to be effective in treating COVID-19 [14-20]. A recent study has shown that some
Parkinson’s disease patients do not show severe symptoms related to infection with COVID-
19 compared to control patients with no Parkinson’s disease. These Parkinson’s disease
patients were given a daily dose of levodopa [21]. The levodopa structure includes tyrosine
hydroxylated in the meta position. Herein, we investigated FDA-approved tyrosine-
containing pharmaceuticals (TPh) as 3CLP™ and NSP16 inhibitors using molecular docking
and molecular dynamics simulation. The structural and physical characteristics were
studied using density functional theory (DFT).

2. Materials and Methods
2.1. Criteria Used to Select TPh

The TPh were selected using the search engine of the Drug Bank database. The results
revealed that eleven TPh fulfilled the criterion of having a tyrosine or tyrosine-like moiety,
as shown in Scheme 1.
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Scheme 1. Chemical structures of TPh: (a) tyrosine, (b) carbidopa, (c) droxidopa, (d), epinephrine,

(e) levodopa, (f) methyldopa, (g) metyrosine, (h) N-acetyl tyrosine, (i) phenylalanine, and (j) tyrosinal.

2.2. Generation and Energy Minimization of the TPh, 3CLP"°, and NSP16

The 3D structures of the selected TPh were generated as PDB files using the build
structure function in UCSF Chimera [22,23], utilizing SMILES strings offered by the Drug
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Bank online database. Their energy was minimized for 16,000 steepest descent steps at
8000 conjugate gradient steps. The crystal structures of SARS-CoV-2 3CLP™ and NSP16
were downloaded from the Protein Data Bank database (PDB IDs: 6Y2E and 6 WKQ,
respectively). Then, the 3CLpro structure was minimized for 1000 steepest descent steps at
20 conjugate gradient steps after removing the water residues.

2.3. Molecular Docking

Molecular docking was achieved using the AutoDock Vina tool implemented in UCSF
Chimera. A grid box (35.0, 65.0, 65.0) A, centered at (—16 x —24.5 x 16) A, and (43.9, 42.8,
45.7) A, centered at (91.7 x 18.82 x —2.96) A for 3CLpro and NSP16, respectively, were
used, retaining the default parameter values. The predicted affinity score was obtained
through the View Dock tool. The hydrogen bonds, van der Waals results, and images were
processed and visualized using UCSF Chimera [22-26].

2.4. Molecular Dynamics Simulations

Carbidopa, droxidopa, and N-acetyl tyrosine docked were separated from the 3CLP™
via UCSF Chimera. The missed hydrogen atoms were added to the ligands and saved as
PDB files. The Amber force field of GAFF2 [27] and {f14SB [28] assigned the inhibitors
and the 3CLP™ and NSP16 structures, respectively. Each system was solvated using TIP3P
water molecules [29] and neutralized by sodium chloride. Molecular dynamics (MD) simu-
lations were achieved employing the Nanoscale Molecular Dynamics (NAMD) Simulation
2.6 program [30]. The systems tested were minimized at 273.15 K for 1 ps using the NVE
ensemble. The temperature was gradually increased to 310 K in a protocol consisting of
2100 minimization steps. Next, they were minimized at 310 K for 10 ps, followed by 20 ns
MD simulations run at 310 K and a time step of 2 fs. The periodic boundary conditions and
particle mesh Ewald process were employed to calculate electrostatic interactions [31,32].
The trajectory was analyzed with the VMD 1.8 program to obtain the root-mean-square
deviation (RMSD) and the root-mean-square fluctuation (RMSF) [33].

2.5. DFT Calculations and Chemical Reactivity Descriptors

The Gaussian 09 software was used for all DFT calculations, https://gaussian.com/
glossary/g09/ (accessed on 29 April 2013). Theoretical DFT computations were performed
using the DFT method in the gas phase with the B3LYP 6-311G (d, p) basis set. Calculations,
such as the energy of the highest occupied molecular orbital (EHOMO) and energy of the
lowest unoccupied molecular orbital (ELUMO), were performed to obtain the quantum
chemical parameters of the organic compounds. Additional parameters were calculated;
these included the separation energies (AE), chemical potentials (Pi), absolute electro-
negativities (v), absolute hardness (g), global electrophilicity (x), absolute softness (r), and
global softness (S) [34-36].

3. Results and Discussion
3.1. Molecular Docking

The crystal structures of SARS-CoV-2 3CLpro and NSP16 and their active sites are
depicted in Figures 1 and 2. The 3CLP™ was active in a homodimer form. The GLU 166 in
one protomer and the N-terminal amino acid residues in the other protomer were involved
in forming the S1 subsite binding pocket. The catalytic dyad of HIS 41 and CYS 145 was
involved in S1 site formation. Thus, the inhibitors interacting with these residues are of
great interest as potential 3CLP™ [37-39].

TPh docked to the 3CLP™’s active site pocket, except for tyrosinal, phenylalanine, and
hydroxyamphetamine (Table 1). Carbidopa showed a higher binding affinity, followed
by droxidopa. In Figure 3, hydrogen bonds and van der Waals interactions are depicted
between the TPh and 3CLP"™ active sites. Phenyl groups in TPh have shown excellent inter-
actions with the thiolate of the CYS 145 residue. The amino group was attracted to GLU 16's
acid, with some ability to form hydrogen bonds, as with tyrosine and levodopa. As a result
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of the functionalization of the phenol ring, the binding affinity of levodopa, the hydroxy-
lated form of tyrosine, was slightly enhanced compared to its parent tyrosine. Moreover,
the functionalization of the chain containing amino and acid groups with electron-donating
groups, such as amino and hydroxyl groups, enhanced further the binding affinity, as in
carbidopa and droxidopa (Table 1).

Figure 1. SARS-CoV-2 chymotrypsin-like protease crystal structure (PDB ID: 6Y2E). The catalytic
dyad of HIS 41 and CYS 145 and the active residue of GLU 166 are visualized for identification.

On the other hand, the residues of ASP 6928, ASP 6897, ASP 6912, and ASP 6913 were
determined as the active sites in NSP16 [27]. Interestingly, all TPh were docked successfully
to the active site of NSP16, with high binding affinity for conformers to each PCT tested.
Among TPh, N-acetyl tyrosine, carbidopa, and droxidopa exhibited the highest binding
energies to the active sites of 3CLP™, respectively (Table 2). The acid group of the ASP 6897
residue exhibited a strong tendency to form hydrogen bonds with the amino groups of
TPh. Meanwhile, ASP 6928 preferred to interact with electron-rich phenyl groups, but form
hydrogen bonds, as in levodopa (Figure 4).
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Figure 2. SARS-CoV-2 NSP16 crystal structure (PDB ID: 6WKQ). The active residues of ASP 6928,
ASP 6897, ASP 6912, and ASP 6913 are visualized for identification.
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Figure 3. The TPh docked with 3CLP™ with a particular focus on contact with HIS 41, CYS 145, and
GLU 166. (a) Tyrosine, (b) carbidopa, (c) droxidopa, (d) epinephrine, (e) levodopa, (f) methyldopa,
(g) metyrosine, (h) N-acetyl tyrosine. Hydrocarbon skeletons of TPh are shown in cyan, nitrogen
atoms in blue, and oxygens in red. Hydrogen bonds are shown in blue, and van der Waals in green.
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Table 1. The binding affinity of the pharmaceuticals containing a tyrosine (TPh) with 3-chymotrypsin-like protease (3CLP™).

Pharmaceutical . . « Score + SD Hydrogen Bond .
Name Binding Percentage (kcal/mol) RMSD (Interactions/Conformers) Van der Waals (Interactions/Conformers)
. HIS 163 (3/2), GLU 166 (1/1),  HIS 163 (13/2), MET 165 (6/2), GLU 166 (20/2), PHE 140 (11/2),
Tyrosine 22 49753 45.45-47.09 PHE 140 (2/1) SER 144 (6/2), LEU 141 (4/2), GLN 189 (2/1), CYS 145 (2/1)
ASN 142 (29/4), HIS 163 (27/5), HIS 41 (18/4), MET 49 (23/4), MET
Carbidopa 56 —5.6-—5.1 0.0-5.49 E{%ﬁ‘f{ /22)) Pgilfjlffl%/ /31)3 165 (12/5), PHE 140 (31/5), CYS 145 (14/5), GLU 166 (42/5), SER
’ 144 (21/5), GLY 143 (2/1), LEU 141 (24/5), GLN 189 (6/4)
HIS 163 (1/1), GLU 166 (3/2), ~ GLU 166 (48/4), LEU 166 (18/4), PHE 140 (22/4), HIS 41 (11/3),
Droxidopa 44 —5.8--52 0.0-5.46 PHE 140 (3/3), LEU 141 (1/1),  HIS 163 (17/4), HIS 164 (7/3), MET 165 (21/4), SER 144 (10/4), MET
HIS 164 (1/1) 49 (3/2), ASN 142 (17/3), CYS 145 (7/3), GLN 189 (4/1)
GLU 166 (35/3), LEU 141 (14/3), PHE 140 (17/3), PHE 140 (11/3),
Epinephrine 33 —52--49 45.19-47.54 5152116636 ((3%//32)) Igésljlﬁl(l(é};') HIS 163 (12/3), SER 144 (12/3), MET 165 (11/3), ASN 142 (6/2),
’ ASN 142 (9/3), HIS 41 (6/2), CYS 145 (9/3), HIS 164 (5/2)
HIS 163 (4/2), HIS 41 (1/1),  HIS 163 (15/2), HIS 164 (1/1), HIS 41 (11/2), PHE 140 (17/3), SER
Levodopa 33 —53--52 45.49-47.71 PHE 140 (3/3), GLU 166 (1/1), 144 (12/3), MET 49 (9/3), GLU 166 (27/3), LEU 141 (10/3), CYS 145
LEU 141 (1/1) (7/3), MET 165 (5/3), ASN 145 (5/2)
HIS 163 (12/2), HIS 164 (5/2), GLU 166 (17/2), CYS 145 (7/2), PHE
Methyldopa 22 ~59--53 0.0-2.44 - 140 (6/2), SER 144 (7/2), LEU 141 (6/2), MET 165 (8/2), MET 49
(3/1), GLN 189 (3/1), HIS 41 (7/1), ASN 142 (2/1)
. B y HIS 163 (8/1), GLU 166 (10/1), SER 144 (2/1), MET 165 (3/1), PHE
Metyrosine 11 49 23.93-26.24 GLU 166 (1/1) 140 (5/1), LEU 141 /1, ©YS 145 (1/1), ASN 142 (1/1)
HIS 163 (9/2), HIS 41 (14/3), HIS 164 (3/2), SER 144 (2/1), SER 46
N-acetyl tyrosine 33 5454 26.78-30.63 GLU 166 (1/1), CYS 145 (1/1)  (1/D, PHE140(9/2), GLU 166 (21/3), GLN 189 (6/2), LEU 141 (3/2),

CYS 145 (1/1), MET 165 (8/2), MET 49 (12/2), CYS 44 (4/1), THR 25
(1/1), THR 45 (4/1), THR 26 (1/1), ASN 142 (2/1)

* The binding percentage was calculated based on the number of the conformations docked to the active sites of MP™ (The total conformations number was nine).
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Table 2. The binding affinity of the pharmaceuticals containing a tyrosine (TPh) with NSP16.

Pharmaceutical . 1. « Score + SD Hydrogen Bond .
Name Binding Percentage (kcal/mol) RMSD (Interactions/Conformers) Van der Waals (Interactions/Conformers)
ASN 6899 (1/1), TYR6930  ASP 6897 (30/5), TYR 6930 (24/5), PHE 6947 (6/1), GLY 6871 (5/1),
Tyrosine 56 —55--5.1 0.0-3.76 (1/1), ASP 6897 (5/4), ASN 6841 (9/1), ASP 6912 (9/4), MET 6929 (37/5), GLY 6869 (14/5),
GLY 6871 (1/1) ASP 6931 (4/1), LEU 6898 (21/4), ASN 6899 (16/5), ASP 6928 (9/3)
LYS 6844 (2/2), ASN 6899 (1/1), ASN 6841 (22/4), LYS 6844 (27/4), LYS 6968 (12/3), GLY 6869 (19/2),
. A g TYR 6930 (2/2), ASP 6928  GLY 6871 (10/1), SER 6872 (5/1), ASP 6897 (27/5), ASN 6899 (34/5),
Carbidopa % 6.3--5.6 0.0-6.04 (1/1), (GLY 6869 (1/1), ASP ASP 6928 (34/4), MET 6929 (20/5), TYR 6930 (58/5), PRO 6932
6897 (1/1) (10/2), GLU 7001 (2/2)
ASP 6897 (4/3), LYS 6844 (2/2), LYS 6844 (13/3), GLY 6869 (35/6), GLY 6871 (25/5), ASP 6897 (46/6),
Droxidopa 67 —61-—57 0.0-7.21 TYR 6930 (1/1), GLY 6869 (1/1),  ASP 6928 (20/5), MET 6929 (37/4), TYR 6930 (72/6), ASN 6899
GLY 6871 (1/1) (29/6), ASN 6841 (27/5)
TYR 6930 (4/3), ASP 6897 TYR 6930 (33/4), ASP 6897 (33/4), LEU 6898 (6/2), LYS 6844 (6/2),
Epinephrine 44 5852 0.0-6.22 (2/2), GLY 6869 (1/1), ASN  GLY 6869 (31/3), ASP 6928 (20/3), MET 6929 (20/2), ASP 6912(3/1),
6841 (1/1) ASN 6841 (29/3), ASN 6899 (8/2), GLY 6871 (6/2), PRO 6932 (3/1)
ASP 6897 (4/4), ASP 6928  ASP 6897(49/7), MET 6929(50/6), ASN 6841(30/3), ASP 6928(37/5),
Levodona . 59 54 0.0-6.49 (2/1), GLY 6871(1/1), GLY 6869  TYR 6930(49/6), GLY 6869(30/5), ASN 6899 (23/6), LEU 6898 (37/4),
P S o (1/1), TYR 6930 (4/3), ASN LYS 6844 (4/1), GLY 6871 (9/2), ASP 6912 (10/3), PHE 6947 (3/1),
6899 (1/1) PRO 6932 (7/1)
ASN 6841 (1/1), LYS 6844 (3/3),  TYR 6930 (37/7), ASN 6899 (37/6), ASN 6841 (37/6), ASP 6928
e : ASN 6899 (2/2), TYR 6930 (43/6), GLY 6869 (13/4), GLY 6871 (17/3), LYS 6844 (17/4), PRO 6932
Methyldopa 67 58--55 0.0-5.61 (4/3), GLY 6869 (1/1), ASP (5/2), GLU 7001 (2/2), LYS 6968 (14/2). ALA 6870 (6/2), SER 6872
6928 (3/2) (1/1), ASP 6897 (28/6)
ASP 6897 (23/8), ASP 6928 (31/7), GLY 6869 (17/5), GLY 6871
LYS 6844 (1/1), TYR 6930 (2/2),  (18/4), LYS 6844 (16/3), MET 6929 (23/5), ASN 6841 (31/6), ASN
Metyrosine 78 —5.6-—5.0 0.0-7.20 ASP 6897 (2/2), ASP 6928 6899 (19/5), TYR 6930 (57/6), LYS 6968 (14/3), PRO 6932 (4/1), ALA
(4/3), GLY 6871 (2/2) 6870 (5/1), LEU 6898 (8/2), GLU 7001 (2/1), LYS 6935 (3/1), SER
6872 (1/1)
TYR 6930 (47/4), MET 6929 (43/4), GLY 6871 (14/3), GLY 6869
LY2§§4;*8(929/ (22)/3{%%86%1) (30/6), ASP 6897 (40/6), ASP 6928 (20/6), ASP 6912 (7/2), ASN
N-acetyl tyrosine 67 —6.3--55 0.0-9.04 ’ 6899 (26/5), ASN 6841 (40/4), LYS 6844 (4/2), LYS 6968 (6/1), LYS

(3/2), ASP 6897 (4/2), ASN
6841 (1/1), GLY 6871 (1/1)

6935 (2/1), LYS 6874 (1/1), LEU 6898 (13/4), SER 6872 (7/2), PRO
6878 (5/1), ALA 6870 (2/1), PHE 6947 (4/1)
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Table 2. Cont.

Pharmaceutical .. « Score + SD Hydrogen Bond .
Name Binding Percentage (kcal/mol) RMSD (Interactions/Conformers) Van der Waals (Interactions/Conformers)
ASN 6899 (1/1), TYR 6930 TYR 6930 (49/5), MET 6929 (76/6), ASP 6912. (19/4), ASP 6897
. e (1/1), ASP 6897 (4/3), ASP  (36/6), ASP 6928 (21/5), ASP 6931 (6,/2), LEU 6898 (40/5), GLY 6869
Phenylalanine 67 55-—49 0.0-5.05 6928 (1/1), GLY 6871 (1/1),  (24/4, GLY 6871 (5/1), ASN 6899 (21/5), ASN 6841 (6/1), PRO 6932
GLY 6869 (1/1) (10/3), PHE 6947 (15/5), CYS 6913 (2/1)
ASP 6912 (15/4), TYR 6930 (36/4), MET 6929 (55/5), GLY 6869
ASP 6928 (1/1), ASP 6897
. o g (31/4), ASP 6897 (37/5), LEU 6898 (29/5), ASN 6899 (10/3), ASP
Tyrosinal 56 5.2-—4.8 0.0-5.77 (1/1), ASP 6912 (1/1), GLY 6871 6931 (21/2), PHE 6947 (13/3), GLY 6871 (6/1), PRO 6932 (10/2), SER
(1/1), ASP 6931(1/1) 6872 (/1)

* The binding percentage was calculated based on the number of the conformations docked to the active sites of MP™ (The total conformations number was nine).
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Figure 4. The TPh docked with NSP16 with a particular focus on contact with ASP 6928, ASP 6897,
ASP 6912, and ASP 6913. (a) Tyrosine, (b) carbidopa, (c) droxidopa, (d) epinephrine, (e) levodopa,
(f) methyldopa, (g) metyrosine, (h) N-acetyl tyrosine, (i) phenylalanine, and (j) tyrosinal. Hydro-
carbon skeletons of TPh are shown in cyan, nitrogen atoms in blue, and oxygens in red. Hydrogen
bonds are shown in blue, and van der Waals in yellow.
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3.2. Molecular Dynamics Simulations

RMSDs relative to the coordinate-averaged model were calculated for backbone atoms.

In order to compute the RMSDs, we used the coordinate-averaged model as a reference
to calculate the trajectories lengthwise (Figures 5 and 6). N-acetyl tyrosine significantly
exaggerated the equilibration states of 3CLP™ and NSP16 at 30 ns, with lower RMSDs
throughout the production runs, confirming their stability. It appears that droxidopa
and carbidopa form fewer stable complexes with 3CLP'™, exhibiting higher RMSDs and
fluctuations compared to apo (Tables 3 and 4). However, carbidopa reached equilibration
with NSP16 at around 50 ns.

5 5
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4 4
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5 5
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Figure 5. Root-mean-square deviation values of the backbone carbon atoms of the simulated TPh and
3CLP™ complexes throughout the production runs: (A) N-acetyl tyrosine, (B) carbidopa, (C) droxi-
dopa, and (D) apo.

Table 3. RMSD and RMSF data of the simulated TPh and 3CLP™ complexes during production runs

of 100 ns.
CSO(I:I:“;:X Apo Carbidopa Droxidopa l,ﬁ;ﬁ)ielg;l
RMSD (A)
Mean 1.455 1.573 1.629 1.158
SD 0.337 0.309 0.322 0.219
Minimum 0.812 0.884 0.861 0.680
Maximum 3.151 2.813 2.781 2.267
RMSEF (A)
Mean 1.345 1.375 1.489 1.088
SD 0.705 0.873 0.792 0.513
Minimum 0.505 0.501 0.501 0.414

Maximum 5.309 7917 7.669 5.601
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Figure 6. Root-mean-square deviation values of the backbone carbon atoms of the simulated TPh and
NSP16 complexes throughout the production runs: (A) N-acetyl tyrosine, (B) carbidopa, (C) droxi-
dopa, and (D) apo.

Table 4. RMSD and RMSF data of the simulated TPh and NSP16 complexes during production runs
of 100 ns.

NSP16 Complex Apo Carbidopa Droxidopa l'ﬁy;ﬁ)csel;yel
RMSD (A)
Mean 1.224 1.301 1.115 1.188
SD 0.154 0.305 0.196 0.197
Minimum 0.815 0.821 0.710 0.789
Maximum 1.855 2.272 2.126 2.307
EMSF (A)
Mean 0.90 0.99 0.90 0.96
SD 0.84 0.94 0.74 0.83
Minimum 0.36 0.38 0.39 0.38
Maximum 8.16 9.24 7.02 7.93

The fluctuations in the backbone residues of the simulated TPh/3CLP™ were examined
utilizing RMSF (Figures 7 and 8). Carbidopa and droxidopa showed fluctuations similar
to that of apo protein, whereas N-acetyl tyrosine showed a lower RMSF value, indicating
a reduced degree of flexibility and a greater level of stability for 3CLP™. For Tph/NSP16
complexes, the average backbone residues’ fluctuations were reduced by droxidopa and
N-acetyl tyrosine (Table 4). It is noteworthy that NSP16’s flexibility movement at residue
6932 is increased as a result of the TPh compared to the apo protein (Figure 8). This
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behavior suggests that the protein has undergone a conformational change, which impacts
its activity.

150 150
Residue Residue

150

150 Residue
Residue

Figure 7. Root-mean-square fluctuation values of the simulated TPh and 3CLP™ complexes through-
out the 100 ns trajectory: (A) N-acetyl tyrosine, (B) carbidopa, (C) droxidopa, and (D) apo.

6932 6932

Residue Residue

6932 6932

Residue Residue

Figure 8. Root-mean-square fluctuation values of the simulated TPh and NSP16 complexes through-
out the 100 ns trajectory: (A) N-acetyl tyrosine, (B) carbidopa, (C) droxidopa, and (D) apo.
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3.3. DFT Calculations

All geometrical structures of the pharmaceuticals under investigation were optimized
(Figure 9). Table 5 shows a summary of the approximate DFT calculations, including the
electronic energy, RMS gradient norm, electronic spatial extent, and dipole moment. The
dipole moment values are in the order of N-acetyl tyrosine < droxidopa =~ carbidopa.
A lower dipole moment may demonstrate better biological availability due to higher
solubility in water. Thus, N-acetyl tyrosine is the best TPh studied for research on therapy
and bioactivity.

Droxidopa Carbidopa

N-acetyl tyrosine
Figure 9. Optimized geometrical structures of TPh with atomic numbering.

Table 5. Electronic energy (Hartree/Particle), RMS gradient norm (Hartree/Bohr), electronic spatial
extent (a.u.), and dipole moment (Debye) of TPh.

Parameter Carbidopa Droxidopa N-Acetyl Tyrosine
Electronic Energy —800.11 —780.69 —782.92
Total Dipole Moment 3.35 3.36 1.79
RMS Gradient Norm 0.000014 0.000009 0.000003
Electronic Spatial Extent 4341.77 3966.31 4270.48

The frontier molecular orbitals (FMO) can provide objective qualitative information
about the HOMO electrons being susceptible to transfer to the LUMO. In addition, HOMO
and LUMO are very useful quantum chemical parameters to assess molecules’ reactivity
and are used to measure other parameters, such as the descriptors for chemical reactivity.
The values of the HOMO and LUMO for the studied TPh are listed in Table 6.
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Table 6. Calculated EHOMO (EH), ELUMO (EL), energy band gap (EH-EL), chemical potential (),
electronegativity (x), global hardness (1), global softness (S), global electrophilicity index (w), and
softness (o) for TPh.

1D EH/eV EL/eV (EL-EH) /Ev x/eV uleV n/ev Slev-1 wleV olev-1
Carbidopa —6.13 —0.70 5.43 3.42 —3.42 2.72 0.37 2.15 1.36
Droxidopa —6.32 —0.89 5.43 3.61 -3.61 2.72 0.37 2.39 1.36
N-acetyl tyrosine —6.29 —0.80 5.49 3.55 —3.55 2.75 0.36 2.29 1.37

9

HOMO
Carbidopa

The isodensity surface plots of HOMO and LUMO for TPh are shown in Figure 10. The
energy of HOMO of droxidopa is higher compared with carbidopa and N-acetyl tyrosine.
However, the destabilization of the LUMO level is found to be higher in droxidopa than the
others as well. Consequently, the energy gap is in the order of carbidopa ~ droxidopa < N-
acetyl tyrosine. According to FMO theory, the HOMO and LUMO energy levels influence
the bioactivity of small structural drugs the most. Obviously, each TPh studied has a
different level of energy for HOMO. As a result, droxidopa displayed the most HOMO
lying, making it an excellent electron donor. An interesting observation is that N-acetyl
tyrosine at the largest energy gap had hydrogen bonds with the active residues of the GLU
166 and CYS 145 residues. Interactions such as these could facilitate N-acetyl tyrosine’s
binding to 3CLP™ and NSP16. According to these results, N-acetyl tyrosine is more stable
than the other TPh studied, supporting previous findings from molecular dynamics and
dipole moment measurements.

HOMO HOMO
Droxidopa N-acetyl tyrosine

Figure 10. HOMO and LUMO plots of the TPh.

4. Conclusions

To summarize, the inhibitory effect of the SARS-CoV-2 3CLP™ and NSP16 by TPh was
investigated utilizing molecular docking and MD simulations. The candidates revealed
a high affinity to bind with the active sites of the target enzymes, particularly the NSP16,
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with high stability and a shallow binding energy affinity. The interactions of TPh with
the active site pockets were thoroughly discussed. RMSF and RMSD data verified that
N-acetyl tyrosine was able to form stable complexes with 3CLP™ and NSP16, and carbidopa
could form a stable complex with NSP16. Furthermore, the HOMO-LUMO transitions,
atomic orbitals, and dipole moments of N-acetyl tyrosine, carbidopa, and droxidopa were
determined using density functional theory (DFT). Of the TPh, N-acetyl tyrosine and
carbidopa showed substantial inhibitory activity against SARS-CoV-2. This in silico study
highlighted the crucial role of the tyrosine moiety in the inhibition of 3CLP™ and NSP16 of
SARS-CoV-2 for further investigations to explore their possible application for the treatment
of COVID-19 or other coronaviruses in the future.
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