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N-acetyl cysteine (NAC) drug has been used as an antioxidant and anti-inflammatory agent in clinical
practice and more recently in the treatment of COVID-19 patients. Using docking analysis and molecular dy-
namics studies we compare the interaction between of N-acetyl cysteine and its derivatives with SARS-COV-2
main protease (MP™) which is essential for processing the proteins translated from the viral RNA. The results
obtained from this study showed that NAC benzyl ester (NACBnN), NAC ethyl ester (NACEt) and NAC amide
(NACA) could bind with SARS-COV-2 protease better than NAC drug.
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C oronaviruses are a diverse category of vi-
ruses that infect both humans and some spe-
cies of animals. These viruses are capable
of causing human respiratory infections that are
moderate to severe. Furthermore, the recent medi-
cal investigations showed that modern coronavi-
rus disease (COVID-19) is triggered by the virus
(SARS-CoV-2) causing a multisystem organ dys-
function correlated with severe morbidity and mor-
tality in human [1, 2]. Two extremely pathogenic zo-
onotic coronaviruses, Acute Respiratory Infection
Coronavirus Syndrome (SARS-CoV) and Middle
East Respiratory Coronavirus Syndrome (MERS-
CoV), emerged in humans in 2002 and 2012 respec-
tively, resulted in deadly respiratory diseases [10]. In
Wuhan Area, China, a new coronavirus identified as
SARS-CoV-2 emerged at the end of 2019, triggering
an outbreak of unusual viral pneumonia. This novel
coronavirus outbreak, COVID-19, has spread widely
around the world as a highly communicable disease
[3, 4]. Coronavirus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is an ongoing global health emergen-
cy. The 2019-nCoV causes an ongoing outbreak of

lower respiratory tract disease called novel corona-
virus pneumonia (NCP) by the Chinese government
initially. The World Health Organization finally
recommended describing the disease as COVID-19.
In the meantime, the International Commission on
Virus Taxonomy renamed the 2019-nCoV to SARS-
CoV-2. At the end of January 2020, WHO announced
COVID-19 as an international health crisis. On 24
February 2020 over than 80.000 cases were reported
which included more than 2,700 deaths that affected
at least 37 countries around award. Viruses such as
SARS-CoV, SARS-CoV PC4-227, and SARSr-CoV-
btKY72 were included in the SARS-CoV genus. The
newer part of this viral genus is SARS-CoV-2. SARS
in the description of SARS-CoV-2, is an expansion
of the taxonomy of viruses of SARS genus, rather
than the name of SARS disease. In this species
SARS is mainly related to its taxonomic association
with this species establishing virus, SARS-CoV. In
other words SARS can be referred to as a virus in
this genus irrespective of whether or not SARS-like
diseases are caused [5]. In addition to seasonal in-
fluenza, reported pathogens of pneumonia include
adenovirus, coronavirus 229e/NL63/0C43, human

© 2021 shntaif A.H. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

43



ISSN 2409-4943. Ukr. Biochem. J., 2021, Vol. 93, N 5

bocavirus, human metapneumovirus, parainfluenza
virus 1/2/3, rhinovirus and respiratory syncytial vi-
rus A/B 2 [6,7]. Moreover, these viruses can cause
co-infection in the setting of community-acquired
bacterial pneumonia [8]. Awareness of the function
of these viruses in pneumonic disease has achieved
considerable progress using molecular methods
[9, 10]. A positive sensory, one-strain RNA virus
of the genus Betacoronavirus 2 has been found to
be a SARS COV-2 [11, 12]. Phylogenetic research
found that SARS-CoV-2 was closely linked to two
SARS-like bat viruses, namely, bat-SL-CovZC45
(GenBank accession no. MG772933.1) and bat-SL-
CovZXC21 (GenBank accession no. MG772934.1),
but more far away from SARS-CoV (~79 percent
similarity), and Middle East respiratory syndrome
(MERS-CoV) [12]. In the 2019 Wuhan Outbreak,
Chen et. al. used a next-generation RNA-based
metagenomic sequencing technique to diagnose hu-
man coronaviruses from two cases of pneumonia.
Its whole genome length was 29 881 bp [13]. Phy-
logenetic research reveals that SARS-CoV-2 has a
similar characteristic with the bat coronavirus Bt-
CoV/4991 bat coronavirus (Gen Bank KP876546,
370 bp rdRp) and 87.9% nucleotide similarity to bat
coronavirus strain Bat-SL-CoVZC4-5 and bat-SL-
CosV-45, as well as RNRp (RdRp) partial RNA-
dependent RNA (RdRp) bat coronavirus strain. An
evolutionary research based on the genes ORFla/1b,
S and N indicates that SARS-CoV-2 is more likely
to be a new corona virus [14]. Based on the results
of some genomic research, SARS-CoV-2 infections
could be linked to bats slaughters and droppings
which can be found in Wuhan seafood market [15].
Many drugs used for the treatment of SARS-Cov-2
are work by the inhibition of protease (Mpro) rep-
lication [16, 17]. N-acetyl cysteine (NAC) which
have been used as an antioxidant [18, 19] due to its
ability to facilitates the synthesis of glutathione, has
been used to decrease the severity and frequency of
wheezing, coughing and respiratory attacks [20-22],

Table 1. Properties of drug molecules/ligands

it also used to treat acetaminophen overdose [23, 24].
Furthermore, NAC acts as ROS (reactive oxygen
species) scavenger [25], therefore it can decreases
the inflammation [26].

Also, NAC showed inhibition activity against
main protease in viruses, therefore, NAC may im-
prove weakened cellular immunity and avoid the
production of certain respiratory viruses, such
as HIV and RSV, and has the potential to inhibit
SARS-Cov-22 (MP©) [27-29]. The aim of this re-
search was studying the binding of some NAC de-
rivatives with MP™ of SARS-CoV-2 complex using
docking analysis.

Material and Methods

Molecular  docking  studies. In  this
investigation, Autodock tools docking software was
used to understand the interaction of NAC, NACBn,
NACEt and NACA with MP™ active site. The crystal
structures of the protein 6LU7 of COVID-SARS-2
used in this study was obtained from Databank
(https://www.rcsb.org/) as PDB format. The selected
drug molecules structures (NAC, NACBn, NACEt
and NACA which used as ligands) were obtained
from drug bank database as PDB formats, To
determine the active site of (6LU7) the position of
the native ligand on the binding site (Thr26, Tyr54,
Pheld0, Asnl42, Glyl143, Serl44, Cysl4s, Hisl63,
His164, Glul66, and His172) was used.

Results and Discussion

Because of SARS-COV-2 main protease (M)
play important rule in replication the major part of
research focus on targeting it’s with some drugs.
It will be useful to use computational biology and
chemistry information to predict the binding abili-
ties of 6LU7-the main protease (MP™) of the SARS-
CoV-2 with drug molecules in order to study the pos-
sible interaction with its. The properties of ligands
are shown in Table 1. According to the five rules
of Lipinski. The values of ligand binding energies

NAC NACBN NACEt NACA
Molecular formula C,H,NQ,S C,H.NO,S C,H.NO,S C,H,N,0,S
Molecular mass (g-mol?) 163.19 191.25 253.32 162.21
H-bond acceptor count 3 3 3 2
H-bond donor count 2 1 1 2
Rotatable bond count 4 6 7 4
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Table 2. Molecular docking results of ligands in-
teraction with main protease of SARS COV-2

. Binding ener Inhb-constant
Ligand (kca?/mol)gy uM)
NAC -4.38 617.58
NACEt -4.81 296.91
NACBnN -6.15 31.28
NACA -4.98 226.2

Table 2 and Auto docking results of ligands with
main protease active sites, Fig. 1 shows that NACBn
was bound to the GLU166 active site of the main
protease, indicating that NACBnN has a high ability
to inhibit viral RNA replication.

System and ligand stability inside the MP™ ac-
tive site. As shown in Fig. 2, Calculations of the
backbone atom RMSD for the ligand-Mpro complex
were used to determine the stability of each simu-
lated model. For all derivatives with MP, the RMSD
increases to 25 ns and stabilizes at 2.5 A after 15 ns.
This indicates that inside the pocket, ligands are
stabilized and their orientation does not change in
the MP™ active site. Similarly, around 2.5 A protein

backbone atoms for NAC showed stability. NACBn,
however, showed increase in the RMSD value and
maintained at 3.5 A, which is directly similar to the
analysis of the charge. For each residue, the RMSF
captures the fluctuations from its average position
to determine the flexibility of the MP™ regions. The
parameter RMSF indicates the mobility of the resi-
dues. The higher value of RMSF indicates a loose-
ly bonded structure with twists, curves and coils,
while the lower value of RMSF indicates a stable
secondary structure including alpha-helix and beta-
sheets. We conclude that NACBnN does not cause any
flexibility as seen from the RMSF outcome and that
it is a good complex as opposed to NACBn (Fig. 3).
The hydrogen bonding patterns in both ligand com-
plexes were the same (Fig. 4). Until the last simula-
tion, the NACBnN had only two hydrogen bonds. Both
ligands are stable and form hydrogen bonds with the
protein, based on the hydrogen bond findings. from
radius of gyration (Rg) During 50 ns of the process
dynamics simulation, the Rg value of the protein
in the complex with NACBn was average about
2.32 nm, which presented that the protein retained
a stable structure during MDs (Fig. 5). Fig. 6 shows
the change of SASA of native and ligands with time.

Table 3. Information of binding interactions of the potential four ligands docked into active site of the

COVID-19 Mpr
Licand Interactions of main protease with ligand atoms
g Residue Type of interactions
NAC HIS163 (1.89A0), SER144 (2.64, 3.37AY), H-bond
CYS145 (2.05 A% and ASN142 (2.98)
NACEt CYS145 (2.06, 2.79 A%, SER144 (3.49 A0), ARS142 (312 A%, | H-Bond, van der
GLY143 (2.03 A%, HIS 163 (1.78 A% and LES 27 (4.15 A Waals and Pi-Alkyl
NACBnN GLN192 (2.12 A%, THR190 (2.63 A%, GLU166 (3.28, 2.19 A%, | H-Bond, van der Waals,
MET165 (3.23, 5.45 A%, MET49 (5.10 A%) and HIS41 (4.48 A% | Pi-Alkyl, Pi-Sulfur
and Pi-Pi T-shaped
NACA CYS145 (2.01 A%, SER 144 (2.30, 3.43 A®) and HIS163 (1.91 A°) | H-bond
Table 4.Some of ADME parameters for the ligands
Lipophilisty Solubility L Gl
2 0,

Compound | TPSA A LogP, Log S %ABS Lipinski absorption
NAC 105.20 -0.05 -0.61 72.70 | Yes (0 violation) YES
NACEt 94.20 0.79 -1.72 76.50 | Yes (0 violation) YES
NACBnN 94.20 177 -3.85 76.50 | Yes (0 violation) YES
NACA 110.99 -0.39 -0.82 70.70 | Yes (0 violation) YES
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Fig. 1. Two dimensional (2D) binding modes of the four compounds present at the COVID-19 MP™ protease
binding site represented by stick structure (1) NAC, (2) NACEt, (3) NACBn, and (4) NACA
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Fig. 2. For the entire 50 ns MD simulation, the root mean square deviation (RMSD) plots for the NAC, NACEt,
NACBn, and NACA compounds interacting with the MP™ protease. The black line represent NAC, red line
represent NACEt, green line represent NACBn and blew line represent NACA
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Fig. 3. The root mean square fluctuation (RMSF) for c-o. atoms of MP™ and its complexes of last 50 ns trajec-
tory. The black line represent NAC, red line represent NACEt, green line represent NACBn and blew line
represent NACA
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Fig. 4. Number of Hydrogen bond of NAC, NACEt, NACBn and NACA compounds with MP™ plotted along the
50 ns MD simulation
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Fig. 5. The radius of gyration (Rg) of Mr™ protein
with NAC, NACEt, NACBn and NACA complex
during 50 ns of MDs. The black line represent NAC,
red line represent NACEt, green line represent
NACBn and blew line represent NACA
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Fig. 6. The total solvent-accessible surface area
(SASA) of the MP™ protein with NAC, NACEt, NACBn
and NACA complex during 50 ns of MDs. The black
line represent NAC, red line represent NACEt, green
line represent NACBn and blew line represent NACA

SASA plot indicates greater value of SASA with
time that indicate to the binding with NACBn ligand
contributed to the structural stability of the MP
protein. The comparing the MSD values for NAC,
NACEt, NACBn and NACA bound to MP™ show that
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Fig. 7. Time dependence of mean square displace-
ment (MSD) for NAC, NACEt, NACBn and NACA in
complex with MP™ protein during 50 ns molecular
dynamics (MD) simulation. The black line represent
NAC, red line represent NACEt, green line represent
NACBnN and blew line represent NACA

it appears that evidently NACBN, during their simu-
lations, could have interacted with many atoms of
protein residues, and consequently increased their
difusibility (Fig. 7).

Conclusion. A complex of the best binding
configuration of NACBn with protein MP™ was run
MDs in 50 ns. Combining the molecular docking
and MDs, the results showed that NACBn ligand
might have the ability to inhibit SARS-CoV-2 rep-
lication pathway compared to NAC drug. The
Topological Polar Surface Area (TPSA) was calcu-
lated for all compounds that haves High PSA value
(PSA < 75 A?) were associated with poor membrane
permeability. In the other hand all compounds ex-
hibit computational TPSA values less then (140 A?)
haves good intestinal absorption. However, the
derivatives do not have adequate blood-brain bar-
rier penetration, as the TPSA values are more than
(60 A2). According to values of Lipinski’s rule of
five: all compounds that have Log P value less than
5 and its molecular masses less than 500 Daltons are
in good agreement with the given criteria and can be
said to possess good oral bioavailability.

Conflict of interest. Authors have completed
the Unified Conflicts of Interest form at http://ukr-
biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Funding. This reserch has been supported by
University of Babylon, College of Science for Women.



A. H. Shntaif, N. A. Alrazzak, A. Bader, A. M. Almarzoqi

BU3HAYEHHS 3JATHOCTI
3B’SI3YBAHHSA
N-AIETHJIIUCTEIHY TA HOI'O
MOXITHUX 13 OCHOBHOIO
IMPOTEA3OIO SARS COV-2

3 BAKOPUCTAHHSAM
MOJIEKYJISIPHOI'O JIOKIHTY I
MOJIEKYJSPHOI JUHAMIKH
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A. M. Almarzoqi
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N-ametun nucrtein (NAC) BHKOPHUCTOBYIOTH
y KJIIHIYHIN MpakTHIl SK aHTHOKCHJIAHT 1 MPOTH-
3amaibHUN 3aci0, a HEeMOAABHO 1 Yy JIIKyBaHHI IMa-
mierTie 13 COVID-19. 3a 10omoMoror MeToxiB
MOJIEKYJISIPHOTO JIOKIHTY Ta MOJEKYJISIpHOi JHHA-
MIKH TIOPIBHSHO B3aeMOif0 N-alleTUIIUCTEIHY
1 #ioro MOXiTHUX 3 OCHOBHOIO MpoTea3oro SARS-
COV-2 (MP), sika € HEOOXiMHO IS periTiKarii
Ta TpaHcKpumilii Bipycy. [lokazano, mo Taki moxia-
Hi N-anerunmucteiny sk Oensmnouit edip NAC
(NACBn), etunoBuii edpip NAC (NACEt) ta amizg
NAC (NACA) MOXYTb 3B’SI3yBaTHCS 13 POTEa3010
SARS-COV-2 kpare, Hix npenapat NAC.

KnodyoBi cmoBa: N-ameTHJIIHUCTEIH,
noximHi N-aleTUJIIUCTeiHy, OCHOBHA MpOTeasa,
SARS-COV-2, monexynapuuii gokiar, COVID-19.
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