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Abstract: COVID-19 is caused by the virus SARS-CoV-2 that belongs to the Coronaviridae groups.
The subgroups of the coronavirus families are o, B, v, and & coronavirus (the four general human
coronaviruses). Representative coronaviruses consist of NL63 coronavirus (human) and porcine
transmissible gastroenteritis from the Alphacoronavirus genus; mouse hepatitis coronavirus (MHV),
bovine coronavirus (BCoV), severe acute respiratory syndrome coronavirus (SARS-CoV), and Middle
East respiratory syndrome coronavirus (MERS-CoV); avian infectious bronchitis virus (IBV); and
porcine & -coronavirus (PdCoV). This work exhibits, & -coronavirus spikes are fundamentally and
evolutionally more similar related to a -coronavirus spikes than to B -coronavirus or y -coronavirus
spikes due to the receptor recognition, membrane fusion phenomenon, and immune evasion behavior.
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1. Introduction

1.1. 6 —coronavirus pandemic.

Multiple and mixed SARS-CoV-2 variants are circulating globally in all areas and
countries. One of these is the B.1.617 lineage (Delta variant) that was firstly detected in India
by starting 2020 year. The evidence and scientific prediction suggest that the Delta variant is
much more transmissible than current lineages. The World Health Organization (WHO)
categorized all variants as associated with transmissibility increasing or detrimental changes in
Covid-19 epidemiology, virulence increasing, decreased effectiveness of public health
measures or available diagnostics, vaccines, therapeutics, etc., and some other major factors
(Scheme 1).
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Scheme 1. Classifies the mutations that make a variant.

Different variants are identified through their mutations in the virus’s gene. An
alteration in each of these RNA bases (that made of about 35,000 base pairs) makes a mutation,
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consequently changing the shape and properties of the virus function. The Delta variant
consists of several mutations in the spike protein, where four of them are most important [1-
10]. One of these is known as L452R, which was reported in March 2020 in Denmark firstly.
This mutation has been shown to be more transmissible compared with wild-type strains and
has also been related to reduced antibody influence and decreased neutralization during
vaccination. The P681R’s mutation has been related to chemical processes that might enhance
transmissibility [3,4]. The D614G mutation first appeared in the US early in the pandemic.
There is affirmation with a report of the Centers for Disease Prevention and Control (CDC),
those variants with the above-mentioned mutations spread more quickly compared with other
variants of COVID-19. T478K is a delta mutation that appeared in around 60% of occurrences
in variant B.1.1.222, was first detected in Mexico City and was included with high infectivity
[10-18]. Public Health England stated that Delta exhibits much more growth rating than Alpha
through several statistical and experimental analyses. Recently the UK found that 62% of
pandemic cases are delta [5, 6-8]. Consequently, by decreasing the alpha pandemic, Delta cases
are rising day by day [11,12]. Some variants of mutations that have been associated with
changes in their receptors, antibodies generated against the previous infection, and reduced
efficacy of treatments are listed in table 1.

Table 1. Specific genetic markers are predicted to affect the transmission, diagnostics, therapeutics, or immune

escape.

Mutated Variants Name | Spike Protein Substitutions WHO Label | First Identified

B.1.427 20C/S:452R L452R, D614G Epsilon United States-(California)

B.1.429 20C/S:452R S131, W152C, L452R, D614G Epsilon United States-(California)

B.1.525 20A/S:484K A67V, 69del, 70del, 144del, E484K, D614G, | Eta United Kingdom/Nigeria —
Q677H, F888L December 2020

B.1.526 20C/S:484K L5F, D80G , T95l, Y144, F157S, D253G, | lota United States (New York)
L452R, S477N, EA484K, D614G, A701V, — November 2020
T859N, D950H, Q957R

B.1.617.1 20A/S:154K T951, G142D, E154K, L452R, E484Q, D614G, | Kappa India — December 2020
P681R, Q1071H

B.1.617.3 20A T19R, G142D, L452R, EA484Q, D614G, India — October 2020
P681R, D950N

P.2 20J E484K, F565L, D614G, V1176F Zeta Brazil — April 2020

Table 2. Characteristics of SARS-CoV-2 Variants of Concern.

Mutated Variants Spike Protein Substitutions WHO First Identified
Name Label

B.1.1.7 201/501Y.V1 | 69del, 70del, 144del, E484K, S494P, |Alpha United Kingdom
N501Y, A570D, D614G, P681H, T716l,
S982A, D1118H, K1191N

B.1.351 20H/501.V2 | D80A, D215G, 241del, 242del, 243del, | Beta South Africa)
K417N, E484K, N501Y, D614G, A701V
B.1.617.2 |20A/S:478K | T19R, G142D, 156del, 157del, R158G, |Delta India
L452R, T478K, D614G, P681R, D950N
D614G, Q677H, F888L

In addition, a variant of concern is pandemic which there is evidence of an increase in
transmissibility, more severe disease, significant reduction in neutralization by antibodies
generated during previous infection or vaccination, reduced effectiveness of treatments or
vaccines, or diagnostic detection failures that are listed in Table 2. Variants of concern might
require one or more appropriate public health actions, such as notification to WHO under the
International Health Regulations, reporting to CDC, local or regional efforts to control spread,
increased testing, or research to determine the effectiveness of vaccines and treatments against
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the variant [13-15]. Based on the characteristics of the variant, additional considerations may
include developing new diagnostics or modifying vaccines or treatments. Current variants of
concern in the United States that are being closely monitored and characterized by federal
agencies are included in the table below.

Delta has continued to spread globally, including in the UK, India, and Mexico City,
with a proportion of cases resulting in more severe disease and hospitalization. Here we
estimate the effectiveness of the BNT162b2 and ChAdOXx1 vaccines against Delta as compared
to Alpha. There were 14,000 symptomatic cases with Delta included in the analysis, 170 of
whom were hospitalized. Overall hazard ratios for hospitalization among cases with Delta in
vaccinated patients compared to unvaccinated individuals were 0.36 after one dose and 0.28
after two doses [16, 17]. & -coronavirus genomes are the smallest known coronavirus genomes
(25,500-26,900 bases), similar to that of another coronavirus: ORFlab, spike, envelope,
membrane, and nucleon-capsid [1-4]. Both 5" and 3’ ends contain short un-translated regions.
The replicas ORFlab encodes several proteins, including nsp3, nsp5, nspl12, and nspl3, and
some proteins with unknown functions [6,9]. However, reverse transcription analyses show
that PD-CoVs were present in the US swine as early as August 2013. In addition, a study in
Asia and the Middle East indicated a high prevalence and frequent interspecies transmission of
avian D-CoVs in healthy aquatic birds.

1.2. Pig § —coronavirus.

PDCoV is recently recognized as enter-pathogenic coronavirus, which causes disease
in younger pigs. This disease is usually manifested through diarrhea and fast dehydration with
weight loss and can lead to death in negative neonatal piglets [10-15]. PDCoVs were first
confirmed in the US, which coincided with the emergence of PEDV [11,14]. The PDCoV
HKU15-OH1987 strain first identified in the US has a 98% nucleotide identity to the prototype
Chinese strains PDCoV HKU15-44 and HKU 15-155. Recent serological information
indicated the presence of swine PDCoV IgG antibodies as early as 2011. The fact that the
diversity of PDCoV in US swine is restricted (>99.8% nucleotide identity) is also contained
with the virus. While the exact route of the emergence of PDCoV in the US is unknown, Asia
is considered the area of PDCoV origin, where no associations of this pathogen with large
clinical diseases were reported. The latter might confirm that PDCoV can be circulating in pigs
in that geographical region for some time, inducing partial immunity. In agreement with this
theory, some studies have confirmed PDCoV presence in diarrheic pigs in mainland China.
Approximately low prevalence and decreased pathogenicity of PDCoV vs.
PEDV/transmissible gastroenteritis virus might indicate that PDCoVs have emerged in swine
and are incompletely adapted to these host species, resulting in decreased replication and
spread and pathogenicity in pigs. Although the analysis data suggested that PDCoV (HKU15)
and SpCoV (HKU17) have contributed to the last ancestor, this information does not account
for recombination events, and an evolutionary route contains other intermediate hosts.

1.3. o—coronavirus inter transmission.

The host specificity of CoVs is based on bat/avian species that provide a wide variety
of cells and receptors for the different CoVs. In addition, their flocking potentials and abilities
for flying long distances can play a role in the generation of new CoV variants and their
dissemination. As avian DCoVs were suggested to have more stringent host species than
GCoVs and however, emerging evidence provides several items of the ability of DCoVs,
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including (a) evidence of the circulation of “novel” avian DCoVs in a broad range of host
species; (b) emergence of FalCoV UAE-HKU27, HouCoV UAEHKUZ28, via restructuring
between WECoV HKU16 and MRCoV HKU18; (c) emergence of QuaCoV UAE-HKU30 via
restructuring among PDCoV HKU15/SpCoV HKU17 and MunCoV HKU13; (d) Emergence
of PDCoV HKU15 from restructuring between SpCoV HKU17 and BuCoV HKU11.
Moreover, while PDCoV infection was associated with diarrhea chicks and turkey poults,
gnotobiotic calves infected with PDCoV-OH had fecal viral RNA shedding and seroconversion
but did not develop lesions or disease.

2. Materials and Methods

2.1. Structural analyzing.

Porcine delta-coronavirus (PdCoV) has been analyzed due to the divergence of their
envelope-anchored spike protein. This protein pushes the viral into host cells via first binding
to host receptors by the S1 domain and, consequently, fusing host and viral membranes via the
S2 subunit. Understanding the structure of spike proteins is critical for knowing cell entry and
evolution of immunogenicity peptidase in covid-19 disease. S1 subunits from spikes consist of
two subunits, first N-terminal and second C-terminal. Based on the virus, either one or both S1
domains can function as the receptor-binding domain (RBD) via binding to host receptors
(Figure 1&2).

Cryo-electron 6B7N: 10.2210/pdb6B7N/pdb

microscopy
structure of
porcine delta
coronavirus spike
protein in the jire

Figure 1. Structure of porcine delta coronavirus spike protein.

On the other side, the S1 domain from coronaviruses has different tertiary structures,
but they share a structural configuration, indicating a general evolutionary and divergent
evolution of S1-CTDs. Coronavirus S1-CTDs recognize either angiotensin-converting enzyme
2 or amino peptidase-N as their protein receptor, whereas -coronavirus S1-CTDs recognize
ACE?2 or dipeptide 4. Hence, it has been predicted that coronavirus S1-NTDs originated from
host gelatins and have undergone divergent evolution to recognize different receptors. The
membrane fusion mechanism for coronavirus spikes is believed to be similar to those used by
class 1 viral membrane fusion proteins.

Figure 2. Proteins for AOA075E3D7 (Delta coronavirus PDCoV/USA/Ohio137/2014).
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During the phosphor lipid fusion process, HA1 dissociates, and HA2 undergoes a deep
conformational change to reach its postfusion conformation: two heptad repeat (HR) regions
from each HA2 subunit, HR-N, and HR-C, refold into a six-helix bundle, and a previously
buried hydrophobic fusion peptide (FP) becomes exposed and inserts into host membrane. The
cryo-electron microscopy (cryo-EM) structures spike proteins in the perfusion conformation
have recently been determined. The overall architecture of - and -coronavirus spikes is similar
to, albeit more complex than, influenza HA. Biochemical studies have identified parts of S2
that form six-helix bundle structures and likely correspond to HR-N and HR-C and another
part of S2 that associates with membranes and likely corresponds to FP. It was demonstrated
that -coronavirus spikes are heavily glycosylated, with S2 being more heavily glycosylated
than S1, as a viral strategy for immune evasion. These studies on membrane fusion by - and -
coronavirus spikes have suggested a common molecular mechanism for membrane fusion
shared by coronavirus spikes and other class 1 viral membrane fusion proteins (figure 3).

Figure 3. (A) Perfusion SARS-CoV-2 S codomain trimmer covalently stabilized in the closed conformation;
(B) Structure of Snf2-nucleosome complex at shl2 in ADP BeFx state; (C) Cryo-electron microscopy structure
of porcine delta coronavirus spike protein in the pre-fusion state.

i
-

2.2. Docking and free energy calculations.

BIOVIA-2020.DS2020Client software has been used for docking calculation, and a grid of
19A was produced over the co-crystallized peptide-like inhibitors. Re-docking of the co-
crystallized molecules was done for evaluating the docking project. The docked tool was based
on a crystal system for calculating. The re-docking of structures and compounds has been built
with 1.30A and 0.80A RMSD, respectively. RMSD in lower amounts indicates a perfect
docking and suitable methodology where can be applied to search for small molecule
inhibitors. Docking was done in three different modes, virtual screening followed by standard-
precision (SP) and extra-precision (XP) docking using the Glide program.

2.3. M.D. simulations.

Molecular dynamics modeling for polypeptide-ligand complexes were accomplished
using the Desmond software. The OPLS and charm force fields were applied for modeling the
interactions of the protein-small molecules. Electrostatic forces were estimated using the
Particle-mesh Ewald (PME) software with a grid spacing of 0.85 A. Nose-Hoover thermometry
and Martyna-Tobias-Klein method were applied for maintaining the temperature and constant
pressure, respectively. The motion formula was considered using the multi-run RESPA by 4.0
fs time step for bonded and non-bonded interactions within a low cutoff.
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Figure 4. Structure, Function, and Antigenicity of the SARS-CoV-2 Spike Glycoprotein: drawn by chem office
software.

3. Results and Discussion

3.1. Simulations for interactions between the CoV2-RBD and the ACE2.

It can be discussed about the polar and charged residues for many of the fraction and

binding interfaces of CoV2-RBD and the ACE2. Moreover, electrostatic interaction has critical
points for a complex formation. Distances among the two mentioned proteins are a key at the
binding interfaces identified for the three representative models (Figure 5 & Table 3). The
majority of those residues are preserved for models. The same simulations can be accomplished
for the SARS-RBD/ACE2 complexes.

Table 3. Anti-body and Nucleocapsid antibody of human-derived anti-SARS-CoV-2 S protein RBD

neutralizing.
Molecule Cat. No. Species Host Product Description
SIN-C52H3 SARS-CoV-2 HEK293 | SARS-CoV-2, S1-protein
S1IN-S52H5 SARS HEK293 | SARS-S1-protein, MALS verified (Tag)
S1N-C52H4 SARS-CoV-2 HEK293 | SARS-CoV-2-S1 protein, MALS verified (Tag)
S1N-C5255 SARS-CoV-2 HEK293 | SARS-CoV-2 (COVID-19) S1 protein, Fc (Tag)
S1N-C5257 SARS-CoV-2 HEK293 | SARS-CoV-2 (COVID-19) S1 protein, Fc (Tag)
S1 protein SPD-S52H6 SARS HEK293 | SARS S protein RBD, MALS verified (Tag)
SPD-C5259 SARS-CoV-2 HEK293 | SARS-CoV-2 (COVID-19) S protein RBD, Fc (Tag)
SPD-S52H5 | SARS-CoV-2 HEK?293 | SARS-CoV-2 (COVID-19) S protein RBD (N354D), His (Tag)
SPD-S52H7 | SARS-CoV-2 HEK?293 | SARS-CoV-2 (COVID-19) S protein RBD (W436R), His (Tag)
SPD-S52H8 SARS-CoV-2 HEK?293 | SARS-CoV-2 (COVID-19) S protein RBD (R4081), His (Tag)
SPD-C52H4 SARS-CoV-2 HEK?293 | SARS-CoV-2 (COVID-19) S protein RBD (G476S), His (Tag)
L PO | §1D.C52H3 | SARS-CoV-2 | HEK293 | SARS-CoV-2 (COVID-19) S1 protein CTD, His (Tg)
SPN-C52H4 | SARS-CoV-2 HEK293 (sgz)s-c()v-z (COVID-19) S protein (R683A, R685A), His
S protein - -
) ) g SARS-CoV-2 (COVID-19) S protein (R683A, R685A), His
SPN-C52H8 SARS-CoV-2 HEK293 (Tag), active trimer (MALS verified)
E{f‘o‘ig:;’pe ENN-C5128 | SARS-CoV-2 | E.coli SARS-CoV-2 (COVID-19) Envelope protein, His (Tag)
Papain-like PAE-C5148 SARS-COV-2 E.coli SARS-CoV-2 (COVID-19) Papain-like Protease Protein, His
Protease (Tag)
Nucleocapsi | NUN-C51H9 | SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) Nucleocapsid protein, His (Tag)
d protein NUN-C5227 SARS-CoV-2 HEK293 | SARS-CoV-2 (COVID-19) Nucleocapsid protein, His (Tag)

Interestingly, the SARS-RBD counterpart in CoV2-RBD did not form close contact

with the ACE2 in related simulations. It is worthwhile to mention that the sequence identity
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between CoV2-RBD and SARS-RBD is low in this loop region, suggesting the loop region
might be partially responsible for the difference in the receptor binding. The hydrogen bonds
among the CoV2-RBD and ACEZ2 can be extracted using VMD program. It can be discussed
that the number of hydrogen bonds fluctuated over time. Similar trends can be observed in the
other simulations, suggesting that the binding became stronger as the simulation progressed.
This work has been done based on our theoretical works [19-73].

with its receptor 4

Structure of novel ¢ avirus spike receptor-binding domain complexed
ACE2 fw\

Figure 5. Structure of novel coronavirus spike receptor-binding domain complexed with its receptor ACE2.

3.2. Involvement of Viroporins.

Viroporin, or virus-encoded protein that mediates ion channel activity, has a crucial
function in infection. It is specified via its hydrophobicity and its ability to diffusion inside
membranes through oligomerization. These viruses consist of several multifunctional proteins
from various viral groups that are predominately concentrated in RNA viruses. SARS-CoVs
and various CoVs encode several viroporins, such as E protein, with extra viroporins encoded
by accessory genes. The E proteins are refuged via some of CoVs, such as HCoV-229E,
MERS-CoVs, and MHV [74-114].

Several important questions have to be discussed to be addressed: (1), for what reason?,
does the accessory genes vary among CoVs from several genera, including a-CoV, B-CoV, y-
CoV, and 8-CoV, (2), for what reason?, an increase or decrease does in the accessory genes
from several CoVs contribute to the improved adaptability of CoVs to a new host or cross-
species transmission, (3), as CoVs employ diverse translational strategies that are not yet fully
understood, do CoVs encode other unknown accessory proteins? (4), how do these genes derive
in host ranges of CoVs, such as SARS-CoV-2 and PDCoV?,(5), what viral proteins interact
with the accessories proteins, (6), do interactions appear among various accessory proteins
from different CoVs with similar organs, such as PDCoV, PEDV, and TGEV, resulting in more
serious co-infections? And finally, (7), for what reason? Delta variant of covid-19 is a concern
compared with other variants. The answers to these questions will deepen our understanding
of the function of accessory proteins in CoVs and facilitate the formulation of antiviral
strategies and the development of effective vaccines.
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4. Conclusions

Coronavirus is extensively involved in the host immune response; therefore, studies on

the functions of related proteins have become a major point in the CoV area. Accessory proteins
share the various processes of the viral replication cycle and modulate host immunity, which
consists of autophagy, apoptosis, innate immunity, and total stress response. However, the
molecular mechanisms applied via accessory proteins remain largely unclear information,
especially in the context of infection. In summary, future researches of accessory proteins from
multifarious perspectives will facilitate a deeper understanding of the biology of these
important viruses and will aid our ability to treat and prevent infections.
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