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ARTICLE INFO ABSTRACT

Keywords: Objectives: The wide and rapid spread of epidemics like COVID 19, highlighted the need for the rapid develop-
AF:EZ ) ment of effective solutions. In the present work, a therapeutic approach based on the use of vitamins against the
VItal?_‘ms Omicron variant spike was investigated through bioinformatics tools.

Doc ne Methods: The inhibitory effect of vitamins A, B2, B3, C, E, D, K1 and K7 were tested in silico through a molecular
MD simulation . L. . . . o . .

O micron docking and molecular dynamic simulation against four ACE2 grid boxes binding specifically the Omicron

proteins 7T9K, 7T9L, 7WBL and 7WBP.

Results: The docking study showed that vitamins K1, A, D and E bind strongly and efficiently to ACE2 receptor.
High docking scores with low binding energies and strong interactions with crucial amino acids residues were
generally noted for these four vitamins. The dynamic simulation analysis for 100 ns of the best docked complexes
using Gromacs tools at a temperature of 300 K allowed screening vitamin A-grid2, vitamin E- grid4, vitamin K1-
grid2 and vitamin D-grid 2 as the most stable complexes compared to rest of systems.

Conclusion: These findings indicate that vitamins could interact directly with ACE2 receptor blocking in this way
the Omicron binding to its host.

1. Introduction

The COVID 19 is a contagious respiratory disease caused by an
enveloped coronavirus named SARS-CoV-2. Since the start of the COVID
19 pandemic for the first time in Wuhan, China at the end of 2019,
several new variants of the SARS-CoV-2 have emerged in different re-
gions of the globe (Solo and Doss, 2021). Some of these variants with
multiple distinct mutations, increase COVID 19 cases and cause concern
all over the world because most of the changes occur in the Spike protein
located on the virion surface. This important protein mediates the viral
attachment, membrane fusion, and intracellular entry through the
angiotensin converting enzymes 2 receptor (ACE2r) (Verma and Sub-
barao, 2021). The viral spike protein is also the major antigenicity site
and the target of many antibodies, or drugs which means the accumu-
lation of mutations in this protein leads to decrease in vaccine and
antiviral drug efficacies. The variant officially known as Omicron-
B.1.1.529, shows about 50 genetic mutations with 37 of them distrib-
uted all over the three vital regions of the spike, the receptor binding
domain (RDB), the N-terminal domain (NTD) and the furin cleavage site
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(FCS) (Bharathi et al., 2022). Some of the 15 mutations located in the
RBD were reported to make this variant connection to the host cell
stronger and its spread easier than all the other coronavirus. In addition,
the vast remodeling in the NTD confers to the B.1.1.529 strain more
extensive escape from antibodies and host’s immune reaction than its
predecessor (Dejnirattisai et al., 2022; Khan et al., 2022).

Omicron like all the other coronavirus variants, is relatively related
to the renin-angiotensin system (RAS). After targeting cells that express
ACE2r, the viral loading down regulates the ACE2 and increases
Angiotensin II protein subsequently. In COVID19 infection, the accu-
mulation of this protein induces inflammation, fibrosis and damage of
critical cardiac, lung, liver and renal organ systems (Zwart and Smith,
2020; Xiao et al., 2021).

Some diet compounds like zinc, vitamins A, C, E and D have antiviral,
antibacterial, anti-inflammatory and antioxidant characteristics besides
their potential to enhance and boost immunity (Torres et al., 2022). For
example, vitamin D facilitates the innate and adaptive immune activities
by the Toll-like receptors (TLR) and the antimicrobial peptide stimula-
tion (Mitra et al., 2022). Vitamins C and E seem to have direct
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antioxidant effects by suppressing free oxygen radicals liberated during
the oxidative stress of the phagocytosis or the inflammatory reaction
(Shao et al., 2021) and Zinc cations maintain the helper cells balance
(Kumar et al., 2021). During the COVID 19 outbreak, these compounds
have been associated to drugs as a preventive measure for disease
(Khalid Omer, 2022) and recently it was indicated that Vitamin D could
improve the COVID 19 inflammatory environment and the cytotoxic
response against pseudotyped SARS-CoV-2 infected cells (Torres et al.,
2022). Through a molecular docking it was noted also that vitamins C, B
and D bind the virus RBD and ACE2 protein which makes them as po-
tential inhibitors to this virus (Junaid et al., 2020; Shoemark et al.,
2021). In general, a balanced diet rich of vitamins was usually reported
as effective against various viruses such as influenza, hepatitis B virus
(HBV), norovirus, cytomegalovirus, acute respiratory viruses including
coronavirus, some HIV opportunist infections and MeV, either by a
direct effect against them or by boosting the immunity of the body
(Kumar et al., 2021;Thirumdas et al., 2021, Mitra et al., 2022).In this
regard, a computational approach was used in the present study to
investigate the docking of vitamins A, B2, B3,C, D, E,K1 and K7 to ACE2r
with the objective to analyze their binding affinities to this site. Besides
their positive effect on the immune system, vitamins could also block the
ACE2r binding to the virus, avoiding in this way the viral loading entry
and replication.

2. Materials and methods
2.1. Retrieval of protein sequences

The Cryo-EM structure of four SARS-CoV-2 Omicron spike protein in
complex with ACE2r were downloaded from the RCSB Protein data
bank, ID7T9K and ID 7T9L (Mannar et al., 2022), ID 7WBL and ID 7WBP
(Han et al., 2022). The ligPlot + software was used to portray the main
amino acids of the protein involved in the interaction between O micron
and ACE2 receptor.

2.2. Grid boxes identification

At first Biovia Discovery Studio software (Biovia, 2015) was used to
separate O micron from ACE2r then the Grid parameters were calculated
using the same software and Arguslab software (Thompson,2004). The
dimensions of the four Grid boxes used in the molecular docking were
set (Table 1) (Feinstein and Brylinski, 2015).

2.3. Protein-ligand docking

The molecular docking was performed using AutoDock Vina (Trott
and Olson, 2010; Eberhardt et al., 2021) integrated into Galaxy web
server. Vitamins used as ligands were downloaded from PubChem
(https://pubchem.ncbi.nlm.nih.gov) as SDF files, then were converted
into Mol format by using the conversion tool on Open Babel software
(O’'Boyle et al., 2011). Proteins were next prepared for docking by
ChimeraX (https://www.cgl.ucsf.edu/chimerax/docs/credits.html) for
hydrogen and charge adding and were converted to PDBqt files in

Table 1
ACE2 Grid boxes dimensions.
ACE2 Grid Size (A) Center( A)
boxes
Grid 1 x = 11.288; y = 34.047; z X = 227.090744 Y = 174.155640 Z
= 20.098 = 260.424504
Grid 2 x = 10.513; y = 34.047, z X =228.163537 Y = 173.343683 Z
=13.482 = 259.522939
Grid 3 x = 13.821; y = 39.535; z X =227.801773Y = 170.168545 Z
=11.119 = 258.514114
Grid 4 x = 11.288; y = 39.535; z X = 226,736290 Y = 176,154391 Z
= 20.098 = 260,548645
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Galaxy server. Finally, the docking result was downloaded for analysis
by Biovia Discovery Studio.

2.4. Molecular dynamics simulation (MDS)

From the docking results, vitamin A-grid1, 2, and 3, vitamin K1-grid
1, 2 and 4, vitamin E-grid2 and 4 and vitamin D-grid 2, 3 complexes
were selected for the MD simulation. Root Mean Square Deviation
(RMSD), Root Mean Square Fluctuation (RMSF), radius of gyration (Rg),
Solvent accessible surface area (SASA) and the number of H-bonds be-
tween vitamins and ACE2 grid boxes were calculated during 100 ns of
simulation using the GROMACS package (Abraham et al., 2015) inte-
grated in WebGRO for Macromolecular Simulations (https://simlab.
uams.edu/). The ligand topology file was generated by PRODRG on-
line server (http://davapcl.bioch.dundee.ac.uk/cgi-bin/prodrg) and
complexes were solvated in a simulation triclinic water box with SPC
water model electro-neutralized by addition of 0.15 M NaCl. Solvent
around proteins was equilibrated through NVT/ NPT ensembles at a
constant temperature and pressure of 300 K and 1.0 bar. The approxi-
mate number of frames per simulation was 1000 and the final figures
were prepared using Gnuplot 5.4 patch level3 packages (http://www.

gnuplot.info).

3. Results and discussion
3.1. Ligand receptor affinity

The novel highly contagious viral strain SARS-CoV-2 poses a serious
threat to the worldwide population since its first apparition until now.
This is the reason why the screening of effective treatment against
coronavirus is still underway. Methods combining experimental and
computational strategies allowed to test a large broad spectrum of nat-
ural compounds including vitamins (A, B, D and their derivates) against
SARS-CoV-2 S-RBD and 3CLpro proteins (Essam et al., 2022; Eskandari,
2022). For this, we hypothesized in this study, that vitamins could also
interact with crucial amino acids in ACE2r and reduce in this way the
virus binding to its host receptor. So in the present work, a docking
approach was employed to predict vitamins-ACE2 complexes binding. In
first the binding interface for the four Omicron proteins 7T9K, 7T9L,
7WBL and 7WBP with ACE2r were identified (Fig. 1, a, b, ¢, d and e). A
total of eight ACE2 residues, Lys353, Asp38, Tyr41, His34, Glu35, Ser19,
Tyr83 and Gln24 were in close contact with the RBD of Omicron spike
protein. These amino acids included in four Grid boxes within the
binding site of ACE2 receptor (Table2), are generally reported to be
involved in the binding of several variants spike protein likeN501Y,
N501T, K417R, N5011, L455F, A475V, N501S, Y453F, Q493H, G446S,
G446V, Q493L and Y495F. Some of these critical mutations in particular
N5011, N501Y, Q493L, Q493H and K417R increased the binding affinity
of the SARS-RBD with ACE2 which meansincreases in the viral infec-
tivity and pathogenicity (Verma and Subbarao, 2021; Han et al., 2022).
The binding affinities of the tested vitamins towards the four targeted
Grid boxes are shown in Table 3. The docking results, identified in
general the vitamin D as having the highest binding affinities of —6,01,
—5,23 and — 5,28 kcal/mol for the three target Grid 1, 2 and 3,
respectively and vitamin K1 for the target Grid 2 and 3 with highest
binding affinities of —6,13 and —5,96 kcal/mol, respectively (Table 3).
At the same time the vitamin C shows the least binding affinities for the
three targets Grid 1, 2 and 4 in comparison with the rest of vitamins
(Table3). Ligands with the highest binding scores (the most negative
binding energies) were selected for further analysis.

3.2. Ligand receptor interactions
The intermolecular interaction of vitamins with ACE2r showed that

four amino acids namely Tyr83, Glu35, Gln 24 and His 34 were involved
within crucial van der waals contacts (vdw), hydrophobic interactions


https://pubchem/
http://ncbi.nlm.nih.gov
https://www.cgl.ucsf.edu/chimerax/docs/credits.html
https://simlab.uams.edu/
https://simlab.uams.edu/
http://davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg
http://www.gnuplot.info/
http://www.gnuplot.info/

K. BELKHEIR and N. LAREF Journal of King Saud University - Science 36 (2024) 103082

GRS S yam DR L Apissoy=

me e

sl

LY

AL L, 1AL, < g

Argd93(a)

719k (1)

a

AREE CLOOES VSIS DTS RS ADEES SLOID  Caems Amim-

“'!‘ynSit(R) ;‘::?F gﬁm, ﬁ:ﬁ% s.m(;% §mm %\:ﬁmm %il«:bm

Arg498(B)
Ser494(B) o

79k (1)

TyrlD) g

sy anss@) Ampsm

Argd98(4)

791

C

Fig. 1. The intermolecular interaction of omicron protein’s with ace2r,(a) 7t9k chain a with chain d of ace2, (b) 7t9k chain b with chain e of ace2, (c) 7t91 chain a
with chain d of ace2, (d) 7wbl chain b with chain a of ace2, (e¢) 7wbp chain b with a of ace2.
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Fig. 1. (continued).

Table 2
ACE2 amino acids involved in O micron binding.

O micron protein ACE2 residue

7t9k (A-D) (B-E) Grid 2 ASP 38
GLU 35
HIS 34
TYR 83
GLN 24
ASP 38
GLU 35
HIS 34
TYR 83
GLN 24
TYR 41
LYS 353
Glu 35
Ser19
Tyr4l
Gln42
Lys353
Lys353
Asp38
Tyr4l
His34
Glu3s
Serl9
Tyr83
GIn24

7t91 Grid 1

7wbl Grid 3

7wbp Grid 4

or H-bonding with the tested vitamins. In general, these four amino
acids play an important role in the wild type or Omicron RBD in-
teractions with ACE2 (Table 4). For example, it was reported that Glu35
forms hydrogen bonds with Gln at position 493 giving stability to the
central region of the RBD-ACE2 interface and hotspot-31(Lupala et al.,
2022). In Q493H variant, this same amino acid makes a salt bridge and

Table 3

Binding energies (kcal/mol) of vitamins with ACE2 Grid boxes.
vitamins Grid 1 Grid 2 Grid 3 Grid 4
A —5.22 -5.16 —5.22 —5.04
B2 —5.65 —4.88 —4.90 -5.41
B3 —4.56 —4.00 —3.64 —4.54
C —4.02 -3.63 —4.00 —4.12
D —6.01 -5.23 -5.28 —5.93
E —4.45 —4.91 —4.64 -5.49
K1 —4.87 —-6.13 —4.62 —-5.96
K7 —4.62 —4.47 -3.81 —4.82

several non-bonded contacts when Gln is replaced by His at position 493
which favors stronger ACE2 and RBD interactions (Lupala et al., 2022).
Furthermore His 34 and Tyr 83 are involved in key interactions with Asn
487 and Tyr 453 of wild type RBD or Omicron variant (Huang et al.,
2020;Lupala et al., 2022). Previous studies showed also that Gln 24
interacts with Asn 377 in new favorable interactions enhanced by the
Omicron substitutions (Wang et al., 2020; Han et al., 2022; Lupala et al.,
2022). From our finding, it is clear that vitamins A, E, K1 and D cover a
larger region in the essential subspace of ACE2 site indicating a possible
reducing of ACE2-Omicron RBD binding affinities. Other amino acids
like Asp30, Tyr31, Phe 28 and Thr 27, not included in the studied grid
boxes but reported as playing key roles in Omicron or wild type RBD
binding, increase interactions with some of the tested vitamins (Fig. 2).
It is the special case of vitamins K1 and D which establish generally weak
interactions with the four grid boxes of ACE2r although their highest
binding affinities to this site. Effectively as shown in the Table 4, vitamin
K1 evidences hydrogen bonding only in the Grid boxesl and 2 with
Tyr83 at distances of 2,35 A and 2,60 A respectively. Vitamin K1 also
extends only one pi-alkyl bond at a distance of 4,90 A with His 34 in the
Grid 4 in addition to vdw contacts with Tyr83, Gln 24 and Glu 35 in the
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Table 4
Intermolecular interactions of vitamins with ACE2 grid boxes.
vitamins  Grid 1 Grid 2 Grid 3 Grid 4
A Tyr83 Tyr83 Tyr83: Tyr83: 2.64
Gln24 Gln24: 2.56 Hbond
His34: 3.71 pi- 2.61H bond Hbond Gln24: 2.87
sigma His34: 3.68 Gln24: unfavorable A/A
pi-sigma 2.65 His34: 4.32 pi-
Hbond alkyl
His34: 3.69
pi-sigma
B2 Tyr83: 1.29 Tyr83: Glu35 Tyr83
unfavorable D/D 2.03/2.02 His34 GIn24
Gln24 Hbond
GIn24
B3 / Tyr83 Tyr83 /
Gln24: Gln24:
2.62H bond 2.74
Hbond
C / Tyr83: 2.42 / /
Hbond
GIn24: 2.29
Hbond
D Tyr83 His34: 4.61 Tyr83 Tyr83
pi-alkyl His34:4.93  His34
pi-alkyl
E Tyr83: 4.93 pi- Tyr83 Tyr83 Tyr83: 5.39 pi-pi
alkyl Gln24 His34 stacked
His34 His34: 4.92 Glu3s GIn24: 2.49
pi-alkyl; Hbond
3.93 pi-
sigma
Glu3s
K1 Tyr83: 2.60H Tyr83: 2.35 Tyr83 Tyr83
bond Hbond Gln24 Gln24
GIn24 GIn24 His34: 4.90 pi-
alkyl
Glu3s
K7 / Tyr83: 2.36 His34 /
Hbond
Gln24

same grid box (Table 4, Fig. 2,a). However, vitamin K1 showed the
ability to bind key residues of ACE2r like Lys 31 and Leu 79 residues
with pi alkyl interactions, Thr 27 with H bonding, Phe 28 with pi-pi
stacked or vdw contacts and Asp 30 with vdw interactions in the grid
boxes 1, 2 and 4 which could explain the high binding score noted for
this vitamin (Fig. 2,a).Similarly, vitamin D displays only vdw in-
teractions with Tyr 83 and His 34 in the Grid box 4 and it exhibits one pi-
alkyl bond with His 34 in the Grid boxes 2 and 3 at distances of 4,61 and
4,93 A respectively, or only vdw contacts with Tyr 83 in the Grid box 1
(Table 4, Fig. 2,b) but it forms several pi alkyl with Lys 31 and Leu 79 in
addition to vdw contacts with Thr27, Phe 28 and Asp 30 (Fig. 2,b).

Notably, vitamin A forms strong H bonds interactions with both
Tyr83 and Gln 24 and it forms pi-sigma bonding with His 34 in the Grid3
of ACE2. Vitamin A also constitutes strong interactions with both the
Grid 1 and Grid 2 of ACE2 through vdw contacts with Tyr 83, pi-sigma
interaction with His 34 and H bonding with Gln 24 (in the case of Grid 2)
(Table 4, Fig. 2,c). In the Grid 4, vitamin A contacts Tyr 83, and His 34
from the ACE2r with H bond and pi- Alkyl interactions respectively.
However unfavorable acceptor/acceptor interactions with repulsive
forces reducing the stability of the other bonds (Ali et al., 2014) were
shown between the same vitamin and Gln 24 at a distance of 2,87 Ain
this box(Table 4, Fig. 2,c).

Other strong interactions with the ACE2r were noted for the vitamin
E which shows to be in close proximity with Tyr83, Gln 24, His 34, and
Glu 35 amino acids of the Grid boxes 2 and 4(Table 4, Fig. 2,d). Indeed, it
links these two Grid boxes residues by several pi-, H and vdw in-
teractions with binding energies of —4,91 and —5,49 respectively.
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3.3. Complex stability

Next, to analyze the stability of each complex vitamins-ACE2
showing high affinities, statistical tools like RMSD, RMSF, H-bonds,
SASA and Rg were calculated during 100 ns of simulation at a constant
temperature of 300 K. RMSD analysis provides information about the
stability of the ligand-receptor complex. RMSF informs about the resi-
dues fluctuations into the ligand-receptor complex. High deviations in
these two parameters indicate low stability of the complex because the
ligand may not fit very well into the binding site.

As seen in Fig. 3,a, vitamin A in complex with grid 2 and grid 3 of
ACE2r, exhibited stable RMSDs of 3 and 3,5 A’ respectively, with no
significant differences between the initial and the final RMSD values
during the whole simulation period (2,5-3 A’ for both systems). The
residue fluctuations range from 0,5 to 5 A’in both vitamin A-grid 2 and
—grid 3 systems with less fluctuations in the case of vitamin A- grid 2
system suggesting more stability for this complex compared to the other
(Fig. 3,b). Vitamin A-grid 2 system also showed highest in the number of
hydrogen bonds formation (520 vs 500 for vitamin A-grid 3 complex)
(Fig. 3,c). The plots of SASA total versus run time (ns) analysis gives
information about the surface area (nm2) accessed by solvents or water
molecules inside the active site. An increase or decrease in SASA value
indicates a change in the protein’s structural conformation. The Vitamin
A-grid 2 complex displays a stable SASA total value of about 250 nm?
after 20 ns of simulation but the vitamin A-grid 3 system indicates
decreasing in the SASA value until 40 ns of simulation thereby more loss
of solvent accessibility and more changes in the protein’s structural
conformation are observed in this complex during the simulation period
(Fig. 3, d). Finally, the Rg value which is closely related to the
compactness of the protein structure remains almost constant (24,42 A’
for vitamin A-grid2 and 24,5 A'for vitamin A-grid 3) from 20 ns to 100 ns
with some marginal fluctuations for these two complexes (Fig. 3,e).

The molecular dynamics simulation shows also good stability for
vitamin E-grid4 system which exhibits a steady course in the RMSD
value of 4 A(Fig. 4,a). However, a gradual increase in RMSD value,
stabilizing at an average of 5 A'was noted for vitamin E-grid 2 complex
(Fig. 4,a). The RMSF graph analysis indicates higher flexibility of amino
acids residues in vitamin E-grid 2 complex than in vitamin E-grid 4
system (Fig. 4,b). The high flexibility (RMSF value of 8 A) was noted for
residue 50 in vitamin E-grid 2 complex suggesting better accommoda-
tion of vitamin E in the grid4 than the grid 2 of ACE2r (Fig. 4,b). The
result of RMSD and RMSF analysis agree with the docking data as shown
in Fig. 2,d, the total number of interactions involved in vitamin E-grid 4
complex was obviously more than those involved in vitamin E-grid2
system. The dynamic simulation has indicated also the occurrence of
about 520H-bonds (versus 510 in vitamin E-grid 2 complex)between the
vitamin E and the grid 4 of the ACE2 site confirming their consistent
interactions (Fig. 4,c). Additionally to understand the solvent and pro-
teins behaviors of these two complexes, Rg and SASA analysis were also
performed (Fig. 4,d and e). Unstable Rg and SASA profiles were noted
over the simulation time for both complexes indicating clearly that the
ligand-receptor binding induces important changes in the protein’s
tertiary structure (Fig. 4,d and e).

Furthermore, different RMSD behaviors were noted for vitamin K1 in
complex to ACE2r (Fig. 5,a). For example, the RMSD of the vitamin K1-
gridl complex has been found ranging from 3 to 4 A’ with a general
average of 3,5 A" and marginal deviations at 50 ns (Fig. 5,a) but it
revealed constant RMSD values of about 3 and 3,5 A respectively for
vitamin K1-grid 4 and-grid 2 complexes suggesting a better stability in
the binding of this vitamin to these two grid boxes than the first one
(Fig. 5,a). Moreover, residues fluctuations were also analyzed. The res-
idues fluctuation range is 1 Ato 6 A’in the three complexes with no too
deviations in vitamin K1-grid 2 complex (Fig. 5,b). As shown in Fig. 5,c
the total number of hydrogen bonds formed between the vitamin K1 and
the grid 2 was about 510 H-bonds during 100 ns of simulation time but it
ranged from 500 to 520 H-bonds for the K1-grid 1 and grid 4 complexes



K. BELKHEIR and N. LAREF

% o
(3]
- S S
5 @ ® B (57 o
@ @ @ 6
8% asp
5.01 .
P
LEY 8% 603
I m 2 .
8 HIS
b @ o 8%
&
08
£ S — -
ASP.
D%O s
D:31 LYS.
" D:31 @
H PH .
P8 6% gm 85
A:) s
H
3
M
o
& PHE
! : ;
&5 D:28 :
HIS
0:34
6%
5
& & o2t LY
) 4
p=
2 "y : &%
bl 33 €
w8
[}
>
& I

Journal of King Saud University - Science 36 (2024) 103082

a B O
¢ e
)
5
o 85 (5] o
&5 tH)
&) g
Ley
69 S5 s 079 131
D:31
D:34 LGOS
TYR 0:27
D:83
MET
bt
VR
55 033
39 PHE 8%
My bl

b)

=
wa
&

20
&

oz

&2

%

d)

Fig. 2. The intermolecular interaction of the 2D structure of vitamins with from left to right Grid 1, Grid 2,Grid 3,and Grid 4 of ACE2r. a) vitamin K1, b)vitamin D, c)

vitamin A and d) vitamin E.

which confirms that the vitamin K1 fit well in the grid2 than the grid
boxes 1 and 4. Rg values of about 42,5 A" were noted for the three
complexes with a long range of variations over the time for vitamin K1-
grid1 complex indicating a misfolding of the ligand in the receptor site in
this case (Fig. 5,d). SASA total for vitamin K1-grid 1 and grid 2 com-
plexes are relatively constant (250 nm2) but it decreased from 255 nm?
to 240 nm? in vitamin K1-grid 4 complex indicating a change in pro-
tein’s structural conformation during the simulation period (Fig. 5,e).
As reported above vitamin D showed the highest affinities for the
grid 1, 2 and 3. RMSD analysis for these three complexes shows more
stability for vitamin D-grid 2 than vitamin D-grid 1 and -grid 3.
Comparatively vitamin D-grid 2 system exhibits the lowest RMSD value
(3 A'vs 4 A for the vitamin D-grid 1 and 3) and a plateau curve from the
beginning of the simulation (Fig. 6,a). The curve becomes in the

equilibrated state after 25 ns of simulation for the vitamin D-grid1 and
-grid3 systems (Fig. 6,a). As can be expected vitamin D-grid 1 and -grid 3
complexes show more fluctuations in RMSF values indicating more
mobility of residues in these two systems than the other one (Fig. 6,b).
Additionally, the number of H-bonds, the Rg and the SASA analysis
confirmed the overall stability of vitamin D-grid 2 complex. Lower
number of H-bonds and greater deviations are noted for Rg and SASA
parameters curves in the case of vitamin D-grid 1 and -grid 3 systems
(Fig. 6, ¢, d and e).

4. Conclusion

In the present work, computational approaches were used to study
vitamins interactions with ACE2r. Firstly the virtual screening based on
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molecular docking protocol allowed selecting vitamins K1, A, D and E as
the best docked to four ACE2 grid boxes binding Omicron proteins.
Furthermore, the molecular dynamics simulation approach was used to
infer with the stability, the flexibility, and the compactness of com-
plexes. During the molecular simulation RMSD, RMSF, SASA, Rg and the
number of H-bonds analysis indicate that these vitamins are in more
stable binding with ACE2r. All the results suggest that vitamins could be
considered as potential natural inhibitors compounds to the Omicron
virus.
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