Asian Journal of Chemistry; Vol. 34, No. 9 (2022), 2191-2197 €. ASIAN JOURNAL

ASIAN JOURNAL OF CHEMISTRY

be _ OF CHEMISTRY

5121 Journa) of Chems

https://doi.org/10.14233/ajchem.2022.23691

Pulmonary Phospholipid Components as Promising Natural Inhibitors
against COVID-19 M*"; Molecular Docking Analysis Based Study

MouaMMED A. Hussein'"®, HEBa M. ABo-SALEM?, AHMED M. MORO®,
EBTsAM A. ABDEL-WaHAB’, ALI A ALI* and SHAIMAA A. ABDELKAWY'

'Department of Biotechnology, Faculty of Applied Health Sciences Technology, October 6 University, Sixth of October City, Egypt
*Department of Chemistry and Natural Compounds, Pharmaceutical and Drug industries Research Division, National Research Center, Dokki,
Giza, Egypt

*Department of Biophysics, Faculty of Applied Medical Sciences, October 6 University, Sixth of October City, Egypt

*Department of Food Science, Faculty of Agriculture, Ain Shams University, Cairo, Egypt

*Corresponding author: Tel: +20 12 4832580; E-mail: prof.husseinma@o6u.edu.eg

Received: 21 December 2021 ; Accepted: 10 April 2022; Published online: 19 August 2022; AJC-20908

The ongoing pandemic of COVID-19 caused by the severe acute respiratory syndrome SARS-CoV-2 has become a global crisis. |
Phospholipids are structural components of mammalian cell membranes that suppress viral attachment to the plasma membrane and |
subsequent replication in lung cells. Using the molecular docking approach, the inhibitory activity of phosphatidylcholine, dipalmitoylp-
hosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidyl-inositol, lysobisphosphatidic acid and sphingomyelin |
against SARS CoV-2 by targeting main protease (M", PDB code: 6LU7) has been investigated. All phospholipids established excellent |
binding to MP* active bocket by forming several H-bonds with the catalytic amino acids Cys145 and His4, as well as various amino acids |
involved in the bocket. Furthermore, a potent binding affinity is increased from -7.01 to -9.16 kcal/mol compared to compound N3 (N-[(5- |
methylisoxazol-3-yl)carbonyl]alanyl-L (where L = valyl-N-1-(1R,2Z)-4-(benzyloxy)-4-oxo-1-{[(3R)-2-oxopyrrolidin-3-ylJmethyl } but-
2-enyl)-L-leucinamide), a peptide linker, inhibitor for Covid-19 main protease. Co-crystalline ligand of enzyme 6LU7 of -9.99 kcal/mol. |
The sphingomyelin has the same binding affinity to main protease when compared to compound N3. These findings implied that the |
selected compounds have the potential to be developed as novel SARS-CoV-2 inhibitors. Therefore, improved, well-designed, potent and |
structurally and pharmacokinetically effective drugs are urgently needed. Further investigations should focus on validating and finalizing
effective drugs for COVID-19 beyond preliminary in silico and in vivo screening. :
|
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INTRODUCTION dylglycerol and phosphatidylcholine contribute to alveolar
surfactant dynamic activities [7,8]. Surfactants comprise 5-12%
phosphatidylcholine, but lung tissue and other organ secretions
are considerably enriched in this molecule [9-11]. In contrast,
all mammalian surfactants investigated so far contain signifi-
cant amounts of phosphatidylcholine, which are not prominent
in other organs [12-15].

According to the early compositional investigations, dipal-
mitoyl phosphatidylcholine is the single most abundant compo-
nent [16,17]. The capacity of interfacial coatings of lung
surfactant to reduce surface tension to very low values during
dynamic compression is probably certainly due to this disatu-
rated phospholipid [18,19].

Most of the patients with mild to moderate breathing
problems COVID-19 infection will recover without specific
treatment [1]. Furthermore, COVID-19 represents a spectrum
of clinical severity that ranged from asymptomatic to critical
pneumonia, acute respiratory distress syndrome (ARDS) and
even death [2]. Accumulating evidence suggests that the inflam-
matory mediators play a crucial role in COVID-19 [3,4]. Inflam-
matory responses caused by SARS-CoV-2 replication led to
cell destruction and macrophages, as well as cytokine release [5].

Phospholipids are the most common molecular species
that decrease inflammatory responses by interacting directly
with certain cell receptors [5,6]. in vitro, the anionic phosphati-
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Several studies have established the role of intracellular
phosphatidylinositol isoforms signalling in lung surfactant
secreting epithelial type II cells and alveolar macrophages
[20,21]. The expression of phosphatidylinositol b and g isoforms
has been linked to the stimulation of differentiation and lung
surfactant secretion in type II cells [22,23]. It is also involved
in macrophage phagocytosis [24] and lung epithelial protection
from oxidative stress generated by iNOS, inhibiting the amplifi-
cation and continuation of an uncontrolled, oxidant-driven
inflammatory cascade [25]. The abundance of phosphatidyl-
ethanolamine varies in the membranes of different tissues and
cells in mammals and organelles of both yeast and mammals
[26-28]. Recently, disturbances in phosphatidylethanolamine
metabolism have been implicated in both chronic and infectious
disease [29-32].

Sphingomyelins are found in the membranes of most of
the eukaryotic cells [33]. Sphingomyelin accounts for 2-15%
of total organ phospholipid in mammalian tissues, although
specific tissues, such as the brain, peripheral nerve tissue and
ocular lenses, have significantly greater sphingomyelin levels
[34-36]. It emerges as a key molecule in the production of
bioactive sphingolipids via ceramide. Sphingomyelin synthase
is an enzyme that converts phosphatidylcholine and ceramide
into sphingomyelin and diacylglycerol [37,38].

Several investigations have shown that under COVID-19
infections and its oxidative stress, phospholipids can be altered,
leading to oxidized phospholipids. Influenza viruses and SARS-
CoV [39,40] can induce pulmonary oxidized phospholipids
accumulation, which is associated with a pro-inflammatory
response, acute injury and organ damage [41]. Accumulation
of oxPLs during COVID-19 infections, play a central role in
induction of inflammatory responses and production ROS [42].
There are many reports showing that administration of exo-
genous surfactant and cytosolic phospholipase A20. inhibitors
may help COVID-19 infected patients with chronic diseases
[43,44]. The possible links between cellular phospholipid
fractions metabolism in human metabolic diseases and the
likelihood for a poor outcome following a COVID-19 infection
are so far not fully understood. As a continuation of our research
programme to explain the relation between COVID-19 infection
and autoimmune response to alleviate the adverse antiviral
activity of cellular phospholipid fractions against COVID-19
infection [43,44]. The goal of the present strategy is to use a
molecular docking approach to evaluate the ability of lung
phospholipid fractions (phosphatidylcholine, dipalmitoyl
phosphatidylcholine, phosphatidylethanolamine, phosphati-
dylglycerol, phosphatidylinositol, lysobisphosph-atidic acid
and sphingomyelin) to act as inhibitors for SARS CoV-2 main
protease M™™ to be used in the COVID 19 treatment.

EXPERIMENTAL

Target preparation: The crystal structure of SARS-CoV-2
main protease in association with an inhibitor (N-[(5-methyl-
isoxazol-3-yl)carbonyl]alanyl-L (where L = valyl-N-1-(1R,2Z7)-
4-(benzyloxy)-4-oxo-1-{[(3R)-2-oxopyrrolidin-3-ylJmethyl } -
but-2-enyl)-L-leucinamide) (N3) was retrieved from the protein
data bank at http://www.rscb.org./pdb using 6L.U7 codes [45].

The water molecules were removed and the enzyme was prep-
ared using QuickPrep tool module in MOE 2019.01 (Molecular
Operating Environment, Version 2019.01, Chemical Computing
Group Inc., Montreal, Canada), then active site was identified.
The chemical structure of phosphatidylcholine, dipalmitoyl-
phosphatidylcholine, phosphatidylethanolamine, phosphatidyl-
glycerol, phosphatidylinositol, lysobisphosphatidic acid and
sphingomyelin were obtained from ZINC database (https://
zinc.docking.org/) or PubChem (https://
pubchem.ncbi.nlm.nih.gov/) as sdf files then loaded to MOE
program. The structures were minimized using the MMFF94x
force field until the RMSD of 0.01 kcal mol™ A™' was reached.
The induced-fit protocol was used in the docking simulation,
with the Triangle Matcher method used to place ligand confor-
mations in the site, which were then ranked using the London
DG scoring function. The docking protocol was validated by
running docking for the target protein’s co-crystallized ligand.
The re-docked ligand had a low RMSD value 1.47 A", indica-
ting that the protocol was valid. For each compound, one hundred
docking poses were calculated and the resulting docking poses
were visualized using MOE 2019.01. The top-scored docking
poses were used to calculate the binding free energy (DG) of
compounds and co-crystallized ligand in kcal/mol.

RESULTS AND DISCUSSION

In present work, the inhibition activity of phosphati-
dylcholine, dipalmitoylphosphatidylcholine, phosphatidyl-
ethanolamine, phosphatidylglycerol, phosphatidylinositol,
lysobisphosphatidic acid and sphingomyelin against SARS
CoV-2 main protease M™ were predicted utilizing the mole-
cular docking technique. The high-resolution crystal structure
of CoV-2-SARS main protease M (PDB ID: 6LU7) in
complex with the inhibitor N3 was used in docking process.

The binding affinity and interaction manners of the
selected compounds with the MP° are shown in Table-1. First,
the co-crystalline ligand, N3 was re-docked into the active
site to validate docking protocol. The re-docked ligand had
binding affinity of -9.99 kcal/mol, formed seven H-bond donor
with CYS 145, GLU 166, two H-bond acceptors GLU 166, GLN
189, four arene-H interactions with HIS 41 and a low RMSD
value 1.47 A", which indicating that our protocol was valid
(Fig. 1). While, phosphatidylcholine revealed excellent binding
affinity of -8.75 kcal/mol in comparison to N3 of -9.99 kcal/
mol and formed powerful interaction with the enzyme active
site through formation of five H-bond donors with CYS 145,
GLU 166, ASN 142, eight H-bond acceptors with His 136, GLY
143 and six H-pi interaction with HIS 41, TYR 118 amino
acid residues (Fig. 2). Dipalmitoylphosphatidylcholine displayed
potent binding affinity of -8.93 kcal/mol in comparison to N3
of -9.99 kcal/mol and established multiple hydrogen bonds
with the MP* active site as follow; six hydrogen bond donors
with catalytic CYS 145, MET 49, MET 165, two H-acceptor
with HIS 41, beside H-pi interaction with HIS 41 (Fig. 3).
Furthermore, phosphatidylethanolamine showed docking score
of -8.37 kcal/mol with formation of two H-bond donors with
CYS 145, MET 49 and three H-bond acceptors with ASN 142
(Fig. 4). Moreover, the phosphatidylglycerol showed lowest
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TABLE-1
MOLECULAR DOCKING RESULT OF PHOSPHOLIPID COMPOUNDS WITH THE SARS CoV-2 MAIN PROTEASE (PDB ID: 6LU7)

Comp. No. (Kfacl(;fzol) fﬁé’féﬁ;gﬁﬁ Amino acid residues Type of interaction, Distance (A)
-9.99 CH, CYS 145 H-donor 3.53
NH THR 190 Two H-donor 2.85
N3 NH, CO GLU 166 Two H-donor 2.84, Two H-acceptor 2.89
NH GLN 189 Two H-donor 3.00, 3.26
CH, CH; HIS 41 Four Pi-H 4.04, 4.06, 4.22, 4.25
-8.75 OCH, CYS 145 Two H-donor 4.08
(0) GLU 166 H-donor 3.52; Ionic 3.93, 4.00
(0} ASN 142 H-donor 3.05, 2.99, 3.01
Phosphatidylcholine CH,, O HIS 163 H-acceptor 3.57, 3.56
(ZINC8437505) CH, TYR 118 H-pi, 3.99, 4.01
(0] HIS 163 H-acceptor 3.33, 3.22, 3.21
(@) GLY 143 Three H-acceptor 2.89
CH, HIS 41 H-pi 3.68, 3.62, 3.74, 4.29
-8.93 OH, O CYS 145 H-donor 3.43, 3.55
. . . CH, MET 49 H-donor 4.14, 4.17
Dipalmitoylphosphatidyl-
Cg’ohne (%’HEICSEI 43%) CH, MET 165 H-donor 4.09, 4.05
(6] HIS 41 H-acceptor 3.46, 3.37
CH, HIS 41 H-pi 3.58
. . -8.37 OH CYS 145 H-donor 3.27, 3.32
Ph"s(pzhﬁ\?ggl;;gggggmne co MET 49 H-donor 4.34
CH ASN 142 Three H-acceptor 3.49
-8.96 CO CYS 145 H-donor 3.42, 3.52
. (0] MET 165 H-donor 3.50
Ph?;?ﬁ%g‘;%%g“’l OH GLN 189 H-donor 2.52, 2.49, 2.74
CH, CO MET 165 H-donor 3.96, 3.94, 3.98
CO HIS 41 H-acceptor 3.32, 3.19, 3.25
-8.50 OH CYS 145 H-donor 3.38, 3.32, 3.33
el Rl OH MET 49 H-donor 4.12, 4.05, 4.05
OH GLU 166 H-donor 3.49,
(CID_9547150)
OH GLU 166 Three H-acceptor 3.16
O, OH HIS 164 Three H-donor 2.87
-7.01 OH, CH, CYS 145 H-donor 3.72, 3.71, 3.97
Lysobisphosphatidic acid OH GLU 166 H-donor 2.68, 2.67, 2.79, 4.01
(CID_5497152) OH ASN 142 H-donor 3.28, 2.97
CH, HIS 41 H-acceptor 3.19
-9.16 (0] CYS 145 H-donor 3.33, 3.35, 3.26, 3.18, 3.20
Sphineomvelin NH GLU 166 Ionic 3.79
(ZI;NC%;S e 108) 0 HIS 164 Three H-donor 3.06
(6] HIS 41 H-acceptor 3.28, 3.29
NH HIS 41 H-pi 4.55, 4.43, 4.46

binding energy of -8.96 kcal/mol and displayed excellent
binding mode via formation of twelve hydrogen bonds with
the active site in a good distance, nine H-donors with CYS
145, MET 165, GLN 189 and three H-acceptors with HIS 41
(Fig. 5). Phosphati-dylinositol revealed binding energy of -8.50
kcal/mol and established ten H-bond donors with CYS 145,
MET 49, GLU 166, HIS 164 and three H-bond acceptors with
GLU 166 (Fig. 6). On the other hand, lysobisphosphatidic
revealed the binding energy of -7.01 kcal/mol and formed
seven H-bond donors with CYS145, GLU 166, ASN 142 and
one H-acceptor with HIS 41 (Fig. 7). Finally, sphingomyelin
displayed the best binding affinity of -9.16 kcal/mol in
comparison to N3 of -9.99 kcal/mol, with excellent binding to
the MP™ active site through establishment eight H-bond donors
with CYS 145, HIS 164, two H-bond acceptors with HIS 41,
in addition to three H-pi interaction with HIS 41 and Ionic
interaction with GLU 166 (Fig. 8).

The main M is relatively conserved and is what most
drug repurposing studies are focusing [46,47]. However, viral
evolution could change the structure of the MP* substrate-binding
pocket by causing mutations at the substrate-binding site and/
or other locations. Surface loops and helical domains III, for
example, vary between MP affecting the active site’s confor-
mation [48,49].

It’s also important to consider the size of functional groups
when building better medications because it affects drug
binding modes on MP*’s catalytic sites [50]. Several medication
classes have been found to be effective against SARS-CoV-2
M. Among the well-studied drug families are, peptide- and
anilid-based inhibitors, medicines from Chinese traditional
medicine, phytochemicals and indole lactam-based inhibitors.
Although the FDA has approved remdesivir for the treatment
of COVID-19 patients, its clinical efficacy is still in question
[51-53]. Also, evaluation of plasma phospholipids as a neutral
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Fig. la. 2D interaction of co-crystalline ligand N3 with the binding site of Fig. 1b. 3D interaction of N3 with the binding site of SARS CoV-2 main
SARS CoV-2 main protease (PDB ID: 6LU7) protease (PDB ID: 6LU7)

Fig. 2. 3D interaction of phosphatidylcholine (yellow stick) with the Fig. 3. 3D interaction of dipalmitoylphosphatidylcholine (pink stick) with
binding site of SARS CoV-2 main protease (PDB ID: 6LU7) the binding site of SARS CoV-2 main protease (PDB ID: 6LU7)
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Fig. 4. 3D interaction of phosphatidylethanolamine (cyan stick) with the Fig. 5. 3D interaction of phosphatidylglycerol (purple stick) with the
binding site of SARS CoV-2 main protease (PDB ID: 6LU7) binding site of SARS CoV-2 main protease (PDB ID: 6LU7)

paT26

a6 b n142

Fig. 6. 3D interaction of phosphatidylinositol (green stick) with the binding Fig. 7. 3D interaction of lysobisphosphatidic (yellow stick) with the binding
site of SARS CoV-2 main protease (PDB ID: 6LU7). site of SARS CoV-2 main protease (PDB ID: 6LU7)
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Fig. 8. 3D interaction of sphingomyelin (green stick) with the binding site
of SARS CoV-2 main protease (PDB ID: 6LU7)

inhibitors against SARS-CoV-2 MP* has not been reported earlier
to our best of knowledge and this study is perhaps the first
observation of its kind.

Conclusion

In current study, the molecular docking technique was used
to describe the ability of phosphatidylcholine, dipalmitoyl-
phosphatidylcholine, phosphatidylethanolamine, phosphati-
dylglycerol, phosphatidylinositol, lysobisphosphatidic acid and
sphingomyelin to act as SARS-Co V-2 main protease inhibitors.
Overall results proposed that all studied compounds had potent
binding affinity from -7.01 to -9.16 kcal/mol in comparison
to N3 of -9.99 kcal/mol. All compounds interacted well with
the SARS-CoV-2 MP® active bocket, forming multiple H-bonds
with the two catalytic amino acids CYS 145 and HIS 41, as
well as several amino acids in the bocket. As a result, the investi-
gated compounds can be candidates for in vitro testing against
SARS-COV-2 main protease and, as a result, the inhibition of
replication of SARS-COV?2 responsible for pandemic COVID-
19.
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