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Abstract

Background: The envelope (E) protein of globally circulating severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is highly conserved. This study aimed to find the mutation rate of the E
genes in COVID-19 patients, and also to evaluate the conformational characteristics of viral E protein.
Methods: In this study, 120 patients with SARS-CoV-2 positive test results were selected according to
real-time PCR assay. Specific primers for conventional PCR have been used to amplify E gene;
furthermore, to identify the E gene mutations, direct sequencing of the E genes was also done.
Bioinformatics techniques were used to investigate the possible effects of antigenic changes and 3D
characteristics of amino acid substitutions. Also, the immunogenicity of wild-type and mutant E was
analyzed utilizing a ClusPro docking server and the IEDB online platform.

Results: A total of 120 COVID-19 patients were included (57.5% were male and 42.5% female), with
an overall mean age of 55.70+10.61 years old. Of 10 nucleotide changes, 8 (80%) were silent. Also, 2
(20%) missense mutations (amino acid altering) were found in the E gene (L73F and S68F).
Conclusion: These mutations insert some new helix structures in the E mutants. Also, the results of
molecular docking studies indicated that both S68F and L73F mutations could notably enhance the
stability and binding affinity of protein E's C-terminal motif to the Protein Associated with LIN7 1,
MAGUK P55 Family Member (PALS1) which may probably increase local viral spread, and
infiltration of immune cells into lung alveolar spaces.
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Introduction

The emergence of severe acute respiratory SARS-CoV-2 is the last known member of the
syndrome coronavirus 2 (SARS-CoV-2) coronavirus family to cause a severe
resulted in universal research in this regard in pandemic (2, 3). This virus shares similarities
the same year, which affected the with earlier strains in the terms of its
classification of discovered viruses (1). homology and pathogenic mechanism, and it
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IS more temperature-resistant than earlier
species (4-6).

Its envelope (E) protein is a 9-12 kDa
protein with 76-109 amino acids that is found
in extremely modest quantities in the virion (7,
8). The viral E protein plays a critical role in
virion production, assembly, budding, and
envelope creation. During particle maturation,
the E protein may aid in the entry of the virion
into the lumen of the endoplasmic reticulum
and the Golgi membranes (9). Protein E
comprises a 30-residue hydrophobic helical
transmembrane domain bordered by an 8-
residue N-terminal domain and a 37-residue C-
terminal domain (CTD). The E protein's C-
terminal cytoplasmic region is essential for
interactions with a variety of partners,
including its PDZ (PSD-95/Dlg/Z0O-1)-
binding motif (PBM) sequence for interacting
with PDZ-containing proteins (10-12). Protein
Associated With LIN7 1, MAGUK P55
Family Member (PALS1) regulates cell
polarity through binding to the PBM of CRB3
(Crumbs Cell Polarity Complex Component 3)
and loss of PALS1 may leads to disruption of
cell polarity including loss of integrity of tight
junctions (TJ) (13). The investigations show
that PALS1 can play a critical role in SARS-
CoV-2 virulence (14). The replication and
transcription of the virus genome create a large
load of the E protein in SARS-CoV-2-infected
lung epithelial cells, which can be localized in
the endoplasmic-reticulum-Golgi intermediate
compartment (ERGIC) for viral assembly and
budding. It is suggested that the interactions
between E and PALS1 can attract PALSL1 to
the location of viral assembly, potentially
disrupting the polarity complex and vascular
structure. As a result, the inter-epithelial
connections become loose and leak. The weak
junctions may probably increase local viral
spread, the fluid flow, and several types of
immune cells into lung alveolar spaces (15).

The envelope is a highly conserved protein
SARS-CoV-2 (mutation rate <2%) (16, 17).
The existence of various mutations in the E
protein may lead to conformational change,
virus stabilization, and evolutions, resulting
in vaccine and therapeutic efficiency (18).

Furthermore, the virus may be more severe in
the future, and consequently, novel antiviral
agents and vaccines against SARS-CoV-2
variants might be more practical and helpful
(19). Moreover, mutations in the primer and
probe binding sites of the E gene may affect
the Real-time-PCR (RT-PCR) based SARS-
CoV-2 detection resulting in false negative
reports (20, 21). This study aimed to
investigate SARS-CoV-2 envelope mutations
in the Iranian COVID-19 patients and also to
predict the 3D conformational changes of the
envelope mutants.

Materials and Methods

COVID-19 Patients and Diagnosis

In this cross-sectional study, a total of 120
patients who had SARS-CoV-2 RT-PCR
positive result was recruited and was
conducted in the Central Laboratory of East
Azerbaijan  Province, Department of
Virology, Tabriz (38°7" N, 46°20" E), the
capital city of East Azerbaijan province,
northwest Iran.

All patients signed an informed consent
issued by the Local Ethics Committee. The
work was examined and authorized by the
Ethical Committee of Tabriz University of
Medical Sciences (TBZMED) [ID number:
IR.TBZMED.REC.1400.152].

Nasopharyngeal/oropharyngeal specimens
were obtained from inpatient and outpatient
diagnoses referred to Tabriz medical centers.
All enrolled patients in this study were
diagnosed with COVID-19 according to the
criteria issued by the National Center for
Disease Control (CDC) of Iran's Ministry of
Health and Medical Education (MOHME)
(22). Patients were screened for SARS-CoV-
2 infection based on molecular diagnosis and
clinical presentation.

One-step RT-PCR was performed for
screening of patients for SARS-CoV-2 through
RdRp (labelled with FAM) and N (labelled
with HEX) targeting genes according to
manufacturer  instruction  (Pishtaz  Teb
Diagnostics kit, Iran). In addition, the second
RT-PCR was performed to confirm the
presence of the virus genome by E, labeled
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with FAM, and S, labeled with ROX,
amplification (Covitech Kit, Iran). For Pishtaz
Teb and Covitech kits, a primer-probe set
targeting human RNase P, labelled with ROX
and HEX, respectively on a separate channel
was used as an internal control. Thermal
cycling conditions are included in previous
studies (23, 24). Based on the kit instructions,
samples with cycle of threshold (CT)-value <
35 were considered positive. In the present
study, for better sequencing of samples, all
clinical specimens with CT-values < 30 were
selected for E gene sequencing. The range of
CT values in all COVID-9 patients was
between 18-25. Direct sequencing was
performed to display the E gene mutational

patterns of 30 nasopharyngeal/oropharyngeal
swab specimens of patients with Wuhan-1
variants (Classic variants), 30 samples of
patients with Alpha variants (B.1.1.7), 30
samples of patients with Delta variants
(B.1.617.2), and 30 samples of COVID-19
patients with Omicron variants (B.1.1.529).
Data and characteristics of patients are shown
in Table 1. Samples of people suspected of
having COVID-19 disease were collected
using nasopharyngeal and oropharyngeal
swabs. In this study, Roche's High Pure Viral
Nucleic Acid Kit was used to extract RNA.
Then cDNA synthesis was performed using
SinaClon First Strand cDNA Synthesis Kit
(Sinaclon, Iran).

Table 1. The demographic and clinical properties of the enrolled COVID-19 subjects for envelope gene sequencing.

Variables Total Classic variant Alpha Delta variant  Omicron variant

patients (Wuhan-1) variant (B.1.617.2) (B.1.1.529)

Sex

Male 69 (57.5) 18 (60) 20 (66.7) 15 (50) 16 (53.3)

Female 51 (42.5) 12 (40) 10 (33.3) 15 (50) 14 (46.7)

Age, year (MeantSD) 55.70+10.61 55.12+10.71 48.60+8.59 54.20+11.33 45.11+8.12

Disease status

Inpatient 56 (46.7) 14 (46.7) 13 (43.3) 19 (63.3) 10 (33.3)

Outpatient 64 (53.3) 16 (53.3) 17 (56.7) 11(36.7) 20 (66.7)

Travel to foreign 0 0 0 0 0

countries

Identification of SARS-CoV-2 variants

As the samples were gradually introduced at
different time intervals and with the
emergence of dominant variants during the
SARS-CoV-2 pandemic, the variant detection
kit (Delta vSNIP Kit, Delsa Diagnosis Aria
Company, Iran) was employed to assess the
SARS-CoV-2 variants using the TagMan RT-
PCR method, following the manufacturer's
instructions.

Conventional PCR and sequencing

For all samples, RNA was converted to cDNA
by the cDNA Reverse Transcription SinaClon
First Strand cDNA Synthesis Kit (Sinaclon,
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Iran). Then, using specific primers (Forward:
5-CAAATTCACACAATCGACGGTTC-3

and Reverse: 5'-
CCATAACAGCCAGAGGAAAATTAAC-

3"), the SARS-CoV-2 E gene's full-length
sequence (228 bp) was amplified for all the
samples. The thermal-cycling profile
included Taqg activation at 95 °C for 4,
followed by 35 cycles of PCR amplification
at the temperatures listed below: denaturation
at 94 °C for 30 S, annealing at 57 °C for 30 S,
and extension at 72 °C for 60 S, with a final
extension at 72 °C for 5. The ABI-3130
Genetic Analyzer machine (DNA Sequencer,
Applied Biosystems 3130, Foster City, CA,
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USA) was used to sequence the PCR products
bilaterally. Electropherograms were analyzed
with the Chromas software (version 2.6.6)
and checked manually to confirm the base
assignment.  Subsequently, all envelope
sequence alignments were conducted via
BioEdit software (version 7.2.6.1). Finally, to
evaluate amino acid /nucleotide substitution
in the envelope gene, the SARS-CoV-2
isolate Wuhan-Hu-1 (Accession number
NC 045512.2) obtained from the GenBank
were considered the reference, and the
sequences  were compared  with it
(Supplementary Data 1).

Structural  Analysis of SARS-CoV-2
Envelope Gene Mutant

Homology modeling

To explore the effect of mutations on the
protein structure, we predicted the three-
dimensional (3D) structure of proteins using a
homology modeling algorithm. To this end,
the GalaxyTBM server was used (25)
(https://galaxy.seoklab.org/cgi-
bin/help.cgi?’key=METHOD&type=TBM).
Predicted structures were further refined by
the Galaxy Refine server, which repacks side
chains and performs subsequent overall
structure relaxation by molecular dynamics

(MD) simulation (26)
(https://galaxy.seoklab.org/cgi-
bin/submit.cgi?type=REFINE). Since

achieving an ideal quality parameter is
challenging, we also utilized two distinct
tools for evaluating the quality of the protein
structure. The ProQ Protein Quality Predictor
and Chimera were both employed to validate
the best model produced by each tool. The
protein side chains optimization was
achieved, followed by energy minimization
and an assessment of stability. The results of
various verification procedures consistently
indicated the outstanding quality of the
proposed models. Evaluation of the correct
models was based on an LG score exceeding
15 and a MaxSub greater than 0.1.
Meanwhile, MaxSub generates a single
normalized score, reflecting the quality of the
model by determining the greatest subset of

Ca atoms in a model with an experimental
structure (10). All observed mutations were
assessed for their impact on the E protein
structure using the DynaMut tool (16). This
server incorporates both mutation effect and
normal modes, providing a comprehensive
analysis of variants influencing protein
stability and flexibility. To evaluate the
antigenicity of the SARS-CoV-2 envelope
mutants, all mutant sequences were subjected
to the antibody immune epitope database
(IEDB) (27) (https://www.iedb.org/).

Molecular docking

The most recent characterized structure of
wild-type protein E in complex with the
PALS1 (PDB code: 7M4R) was used to
investigate the effect of identified amino acid
substitutions on the stability of interaction and
binding affinity of protein E to its ligand,
PALS1. The molecular docking studies were
done utilizing the ClusPro server (28).
PRODIGY webserver was used to calculate
the binding affinity of docked complexes (29).

Statistical Analysis

SPSS version 24 was used for statistical
analysis (SPSS Inc, Chicago, lllinois, USA).
The findings of the experiments were
provided as mean+tstandard deviation (SD),
and absolute number (and percentage).

Results
Demographic and Mutational
Characterization
Demographic information and dispersion of
individuals in each variant have been mentioned
in Table 1 in detail. Of 120 patients, 69 (57.5%)
and 51 (42.5%) were male and female,
respectively. The mean age of all patients was
55.70£10.61 years old. After sequencing
alignment and compared with the reference
sequence, mutations occurred in 10 samples. Out
of 10 samples, 8 samples had silent
(synonymous) mutations and the 2 others had
missense (non-synonymous) mutations.
According to the results, at the nucleotide
sequences, 6 nucleotide substitutions (C12U,
C96U, A189G, C203U, C217U and C225A)
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have been observed. The total mutations and
number of each mutant in each variant are shown
in Table 2. C96U, C12U, C225A, and A189G
have caused silent mutations. The C12U
mutation was found in 4 samples, one of which
was found in the classic variant, 2 in the alpha
variant, and 1 in each of the Delta and Omicron
variants. The C96U mutation, in which the uracil
nucleotide replaced the cytosine at position 96,
was observed in a total of 2 samples in each of
the delta and omicron variants. The A189G
mutation is found in the classic variant in 1
sample. The C225A mutation was observed in
only one sample and the alpha variant. C203U
and C217U mutations cause missense (non-
synonymous) mutations and are more important
because they can cause changes in the amino
acid position in the SARS- CoV- 2 E protein

sequence. The C203U caused the S68F mutation
and the amino acid serine (S) was substituted
with phenylalanine (F) at position 68. Missense
mutations are divided into two categories:
nonconservative mutation and conservative
mutation. The S68F mutation is considered a
nonconservative mutation. Because the amino
acid phenylalanine, which has non-polar
properties, was substituted for the amino acid
serine, which has polar properties, it can be
concluded that the physicochemical properties of
the E protein have also changed. The C217U
caused the L73F mutation and the amino acid
leucine (L) was substituted with phenylalanine at
position 73. The L73F mutation is categorized as
conservative mutation because phenylalanine
was substituted for the amino acid leucine, both
of which are nonpolar.

Table 2. Results from SARS-CoV-2 envelope nucleotide sequencing.

Mutations Type of Total number of  Classic  Alpha Delta  Omicron

mutation mutations (n=30) (n=30) (n=30) (n=30)

C12u Silent 1 2 0 1

Co6U Silent 0 0 1 1

A189G Silent 1 0 0 0
Missense

C203U (S68F) 0 0 1 0
Missense

C217U (L73F) 0 1 0 0

C225A Silent 0 1 0 0

Evolutionary Changes within SARS-CoV-2
Envelope Gene

The E protein encoding fragment contains 228
bases that encode 75 amino acids. After
comparing with the reference sequence, it was
found that there were 10 nucleotide substitutions
in all 120 sequences (silent and missense
mutations). Of these, only two mutations cause
amino acid changes, and the rest cause silent
mutations. Missense mutations in E protein at
amino acid positions were 68 and 73,
respectively.
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In the 68th position, phenylalanine was
substituted for serine (S68F) and in the 73rd
position, phenylalanine was substituted for the
amino acid leucine (L73F). The L73F mutant
was identified in April 2021 and the S68F
mutant in August 2021, and the samples were
alpha and delta variants, respectively. The amino
acid position 73 in protein E is located in a motif
called DLLV and is essential for interaction with
the PALS1 cellular protein.

The frequency of nucleotide mutation (the
probability of nucleotide substitution per
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individual site) was 0.083. The amino acid
mutation frequency (the probability of amino
acid mutation per individual site) was 0.016.
(Table 3). The ratio of missense mutations to
silent mutations (dN/dS) in COVID-19 patients
was 0.25. The dN/dS ratio is a very important
value in the field of natural selection and
evolution, which is obtained by dividing the total
missense mutations by the total of silent
mutations. If this ratio is greater than 1, it
indicates a positive selection pressure, in which
the sequences have not maintained their stability
and have been selected due to appropriate
changes. Also, if this ratio is less than 1, it
indicates that the selection is negative (negative
selection) and due to the high stability of such
mutations, they are selected over time.

Table 3. Details of evolutionary changes within the
SARS-CoV-2 E gene studied.

Characteristic variables Number (%0)
Number of SARS-CoV2 samples 120
Nucleotide mutations 10
Nucleotide mutation frequency 0.083
Amino acid mutations 2
Amino acid mutation frequency 0.016
Silent nucleotide mutations 8 (80)
Missense nucleotide mutations 2 (20)
Missense/silent ratio 0.25

Antigenic properties of envelope mutant
proteins

The amino acid replacement at sites 68 (S68F)
and 73 (L73F) of the envelope protein did not
alter the antigenicity characters. The results of
the IEDB server showed that amino acid
replacement leading to S68F and L73F
mutations could not reduce the antigenicity of
the E protein compared to the reference strain
(Fig. 1 and Table 4).

Table 4. Effects of amino acid substitution (S68F and
L73F) on envelope antigenicity.

Wild type Mutants
Position Score Position Score
S68 0.578 F68 0.587
L73 0.405 F73 0.412

Identified mutations induce new helix structures
Alterations of E protein stability could be
effective in the viral assembly, conformation that
eventually affects the pathogenesis of SARS-
CoV-2. The resultant structures revealed that
some new helix structures are added to the
protein structure upon amino acid substitutions.
This change might result in enhanced stability.
Using DynaMut server, it was revealed that
S68F mutation was stabilizing (AAG: 0.360
kcal/mol), but L73F was destabilizing mutation
(AAG: —0.415 kcal/mol). Interestingly, although
mutations occurred in the C-terminal of the
protein sequence, the new helix structures were
also found to be induced in the protein's N-
terminal. This indicates that the whole
intramolecular interaction network is also
changed through amino acid substitutions. The
highest helical content was found in the L73F
mutant. Nonetheless, the original helix structures
seemed to be conserved in the mutant proteins
(Fig. 2A-C).

The protein E mutants showed higher binding
affinity to PALS1

Docking analysis aims to identify potentially
beneficial or detrimental effects of E protein
mutants with consideration to the wild-type
protein. This study proposed a model of
interaction between the C-terminal DLLV
motif (amino acid: 72-75) of protein E and a
hydrophobic pocket from the PDZ and SH3
domains of PALS1 (10). Totally, residues
from PDZ including Phe318, Leu321, Leu267,
Pro266, and Val284, and residues from SH3
including Leu369 and Leu403 are involved in
forming the hydrophobic-binding pocket. The
findings of molecular docking studies
indicated that both S68F and L73F
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substitutions could notably enhance the
binding affinity of protein E's C-terminal motif
to the PALS1. The AG of interaction for S68F-
PALS1 and L73F-PALS1 complexes were
calculated as -9.2 and -84 kcal/mol,
respectively, which is considerably higher than
that obtained for the wild-type peptide-PALS1
complex (-6.6 kcal/mol). In molecular
docking, more negative score corresponds to a
more stable and stronger binding affinity.
Although the interaction mode of the peptide
with the PALS1 was not significantly changed
in the S68F mutant when compared to the

Wild type
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wild-type peptide, the binding pocket of
PALS1 was occupied by the L73F mutant in a
different form (Fig. 1D-F). Together, the S68F
and L73F mutations might induce a change in
the protein E structure that favors its
physicochemical properties and binding
affinity to partner proteins. Therefore, our
results patronage the hypothesis that the
pathogenesis of SARS-CoV-2 could appertain
on the enhanced interaction between the
SARS-CoV-2 E protein (especially in L73F
mutation) and PALSL1 inducing an emphatic
alteration of the TJ.

S68F

”» - ~w
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Fig. 1. Effects of amino acid substitution (S68F and L73F) on the antigenicity of SARS-CoV-2 envelope protein.
Antigenic and non-antigenic areas are marked in yellow and green, respectively. Mutated regions are also marked with
vertical (red) rectangles. The results from the IEDB server show that the antigenic properties of Envelope mutants have

not changed compared to the wild type.
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Fig. 2. Structural analysis of E proteins. 3D structures of (A) the wild-type, (B) S68F, and (C) L73F mutants were
modeled using template-based homology modeling. Dotted circles show the inserted helix structures in the mutants. The
position of substituted amino acids is shown in squares. WT: wild-type. The binding pocket of PALS1 was docked to the
C-terminal DLLV motif of protein E obtained from the (A) wild-type, (B) S68F, and (C) L73F proteins. AG refers to the
binding energy and KD indicates the dissociation constant. WT: wild-type. The interaction information of the complex

of WT was obtained from the PDB database (ID: 7TM4R).

Discussion

In the present study, we aimed to investigate
SARS-CoV-2 envelope mutations in COVID-
19 patients. In total, 2 of 120 patients (1.66%)
had one mutated amino acid. 110 (91.66%)
patients did not have any nucleotide
substitutions at all. In total, 10 nucleotide
substitutions occurred, of which 8 (80%) were
silent (no amino acid change), and 2 (20%)
were missense (amino acid altering) (Table 2).
As it is known in the present study, the ratio
(dN/dS) in the coding region E is less than one,
which indicates that the E protein sequence has

maintained its stability over time, and so-
called such mutations have been negatively
selected. E proteins are highly conserved with
low mutation rates and therefore serve as
important screening markers for SARS-CoV-2
infection (30). Comprehensive mutational
analysis from the Global Initiative on Sharing
All Influenza Data (GISAID) database reports
less than 2% E protein mutant strains (17).

A large proportion (98.8%) of the E protein
of SARS-CoV-2 strains is highly conserved
and evolved slowly, despite the rapid
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transmission, evolution, and global spread(17,
31). Recently, it has been reported that the
S68F, L73F, R69I, and P71L mutations have
the highest frequency in the E protein of the
SARS-CoV-2 strains and are located in the
CTD of the E protein, indicating the
continuous evolution of this region (17, 18,
32). On the other hand, the C-terminal DLLV
motif of protein E plays a key role in creating
interaction with the PALS1 protein (17). The
mutations analyzed in this study, S68F, and
L73F, are located in this region. It was found
that there is an increased affinity for the
interaction between the E protein and PALS1,
which can lead to increased pathogenicity and
virus spread. Thus, this study gives a structural
insight into the mutation function related to the
interaction efficiency of SARS-CoV-2 E
protein with PALS1 protein, and by creating
other mutations in the future, these protein-
protein  interaction (PPI) should be
investigated by further studies. An MD
simulations study indicated that 3 mutants
(S68F, P71S, and L73F) exhibited a stabilizing
effect on the envelope protein structure (18).
However, our results indicated that the
antigenicity scores for the S68 and F68
residues were calculated as 0.578 and 0.587,
respectively (Table 4). Also, antigenicity
scores for the L73 and F73 residues were
calculated as 0.405 and 0.412, respectively.
These results revealed a non-significant
alteration of antigenicity in the mutant types.
The mutational analysis of the previous study
indicated that only 1.2% SARS-CoV-2 strains
possessed missense mutations. Furthermore,
unlike the other structural proteins (M, N and
S), the E protein evolved slowly (17).
Therefore, highly conserved E protein can be a
potential target for SARS-CoV-2 vaccine and
treatment approaches.

In the present study, the effect of mutations
in the protein function of SARS-CoV-2 E
protein over some time was investigated using
high-accuracy in silico biological tools. A
significant issue is the formation of new helix
structures resulting from those mutations that
can increase the stability of the protein. The
emergence and effects of mutations may play
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a critical role in virus protein stabilization and
evolution. Also, according to docking results
(Fig. 2), these mutations (S68F and L73F)
significantly increased the affinity of protein E
interaction with PALS1. The modeling method
used in this research was template-based
modeling (TBM), which uses experimental
structures of homologous proteins as a model.
However, in front of the higher accuracy of
bioinformatics tools, there are distinctions
between in silico protein modeling and
experimental capacity. In fact, further
experimental structure studies are required to
analyze and evaluate protein interactions
accurately. The SARS-CoV-2 E protein is
highly conserved and has ion channel activity
(33). The expression of the E gene is essential
for the assembly and release of the virus (34).
Recent studies have shown that the rate of
mutation in SARS-CoV-2 is 102 per site per
year. These mutations can be challenging to
produce vaccines by altering virus antigen
regions (35, 36). An essential issue with E
protein mutations is that the changes increase
its binding specificity to its target proteins,
which can affect the inflammatory and
pathogenic processes during infection. As a
result of multiple mutations in the SARS-CoV-
2 genome, different strains have been created
that have affected the pathological behavior of
the virus and the immune system's response to
virus activity (17).

The envelope is a crucial multifunctional
protein. It mediates immune responses. The N
terminus domain has a critical role in
inflammasome activation and the C terminus
contains a PDZ binding motif that targets
cellular PDZ domains that regulates host
immune responses. Therefore, PBM has a role
in the pathogenicity of SARS-CoV-2 (10, 37).
By targeting cellular junctions and polarity
components, viruses can hijack cell
machinery. The mutations in the E protein
localized near the PBM could have important
effects on the structure and ion channel activity
of the E protein as well as on the host
machinery targeted by the variants during the
infection (37). PDZ domains are specific
sequence motifs found in various species and
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are very versatile in their PPIs. PDZ-mediated
interactions could affect regulating several
critical cellular pathways such as physical
scaffolding, signal transduction, and cellular
trafficking (38). For this reason, the
dysfunction of the PDZ domain often causes a
pathological ~ condition in the cell.
Accordingly, cellular physiological
interactions will be impaired if the interactions
mediated by PDZ domains are disrupted (39).
Extensive studies have been performed to
identify interactions mediated by the PDZ
domain. However, since PDZ-containing
proteins interact with a wide range of proteins
within protein networks, they need further
investigation for PDZ-mediated interaction.
Therefore, bioinformatics tools can help us to
understand the regulatory mechanisms of PDZ
PPI and structural alteration (40-42).

PDZ-domain proteins are now known to be
important targets for viruses. Some viruses,
such as adenovirus, SARS coronavirus, and
influenza, have a PBM in their nonstructural
and envelope proteins (43). Envelope protein
E in SARS-CoV and SARS-CoV-2 has C-
terminal PBM and ion channel (IC) activity
that can interact with the PALS1 PDZ domain.
During this process, PALS1 remains in the
Golgi and causes functional disruption of the
cellular TJ (44). Accordingly, intracellular
signaling transduction and the extracellular
messengers between cells are disrupted and
lead to damage to lung epithelial tissue (33).
With the help of the PDZ-binding motif, the
SARS coronavirus E protein can interact with
more than 400 host cell proteins and has a high
potential for impaired metabolism and cell
function (45). Given the importance of protein-
regulated processes, new complementary
therapeutic strategies can be developed
alongside vaccination.

One of the major limitations of the present
study was the lack of in vitro investigation for
the phenotypic pattern of each variant. The
proposed model for modified envelope
structure was based on the in silico analysis
and no experimental study was carried out to

find out the exact modification of structures by
complementary methods. Additional cohort
studies should be utilized in the future to
evaluate further the effects of these and other
mutations on envelope structure and viral
replication.

Taken together, regardless of variants, a
low prevalence of naturally occurring SARS-
CoV-2 envelope mutants were observed in
Iranian COVID-19 patients. COVID-19-
positive Iranian patients showed a low focused
distribution of amino acid replacement with
various  physicochemical features and
hypothetical conformations. The present study
will significantly help to increase the
knowledge of evolutionary approaches and the
pathogenicity of SARS-CoV-2, which might
be helpful for better combat of COVID-19 and
the progress of vaccines in the future.
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