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Abstract: We computed several genomes of COVID-19 information from GISAID, NCBI, and
NMDC. Sequence alignment with the strain Bat CoV RaTG13 applied by MAFFT. Genome variable
zones of sequence alignment applied the noisy (http://www.bioinf.uni-leipzig.de/Software/noisy/). The
protein sequences were gained from NCBI web sites, and the proteins of COVID-19, such as protein
sequences, were used to analyze the conserved domain. Several proteins were used for constructing 3-
D compounds through homology modeling. Moreover, we show that N-terminal deletions of
karyopherin alpha 2 that no longer linkage to karyopherin beta 1 retain ORF6 binding activity but no
longer block STAT1 nuclear enter. Recombinant SARS-CoV lacking ORF6 did not close karyopherin
alpha 2 to the ER/Golgi membrane and led to the import of the STAT1 complex into the nucleus. Some
genomes of different coronaviruses applying BAST and MAFFT software have been estimated, and
other genomes have been chosen. It has been unraveled that COVID-19 can generate a new mutation,
especially in glycoproteins.
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1. Introduction

The COVID-19 viruses were nominated as SARS-CoV-2, generally based on its closest
relationship with the SARS-CoV viruses. This investigation indicated that SARS-CoV-2 and
SARS-CoV have the same bases, as they produce sister families and SARS-CoV-2 aggregates
with two SARS-like bat viruses [1-10]. Generally, the length of the phylogenetic tree of the
general ancestor of SARS (0.03) is short, while the length of SARS-CoV-2 and also two SARS-
like bat viruses is longer (0.03), which illustrates there are many viruses in the range of these
two lengths (0.09-0.03) that are not found up to now. One of the bat coronavirus name Bat-
CoV RaTG13 isolated in 2013 was explored to be nearly related to SARS-CoV-2 [2-4]. So, we
reconsidered some of the outgroups for investigating the root and transmission history of
SARS-CoV-2. These works are significant for world public-health for preparing proper
methodologies for avoiding the more spread. The recent information published indicates that
the novel coronavirus SARS-CoV-2 reveals the existence of some mutations needed within
infected human states, which really enhances its strength to produce human disease. With the
COVID-19 pandemic having produced about 3.1 million infections and 175,000 fatalities, as
of first May of 2020, public considerations are concentrated on which items the nearly high
mortality rates in the population. Recently, researchers have discovered some different figures
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of the SARS-CoV-2 viruses that produce the COVID-19 pandemic. It is considered the most
of those infections are asymptomatic, and the viruses can diffuse during these asymptomatic
periods, producing containments the real challenges, as an indication through the current
community spread of those illnesses in many countries. So, it stays viable for infection within
aerosols for a few hours and on several surfaces for up to one week. The mechanism of the
infection is supported by the virus gains entry to the host cell via the spike glycoprotein (S)
that attaches to the ACE2 (angiotensin-converting enzyme 2) subunit to enter the cell. These
receptors are explored in some tissues, including the epithelium of the nasal cavities, the lungs,
Leydig, and also Sertoli, or other gastrointestinal epithelium. Some (= 7) beta-coronaviruses
show diseases in humans, with various severity that the most different part of those genomes
is a part encoding the RBD (S protein receptor-binding domain). Corvid-19 spike proteins have
two heptad repeats in its S2 domain. For SARS-CoV and MHV, the post-fusion structure of
the HR has been done; they build a six-helix bundle. The functional task of MHV and SARS-
CoV HRs was approved through mutating keys residues via inhibition experiments applying
HR2 peptides (Scheme 1).

Scheme 1. Schematic of Coronavirus spike protein-mediated membrane fusion.

Multiple transformations have been built within the SARS-CoV-2 genomes in some of
them comprising the addition, replacement, or deletion of single nucleotides, which are
nominated SNVs “single nucleotide variant”. In this paper, we are searching for more
understanding of these mutations, which are dangerous for the future of the world due to the
pathogenicity of the virus. Moreover, any further predictions for progressing the vaccines like
new drugs to counter these diseases are required. Therefore, some of the mutations do benefits
or disadvantages under special circumstances, such as some mutations are found very
commonly in the S protein-ACE2 protein interface. A comparison of the lipid rafts of COVID-
19 has indicated that the novel strain of coronaviruses has 85% identity with high acute
respiratory syndrome SARS-CoV. Different lipids such as caveolins, clathrins, and dynamin
have a principal task in the internalization of viruses. Those lipids are into host cells, and
targeting host lipids are being discussed as an antiviral strategy [2]. COVID-19 can be jointed
to the angiotensin-converting enzyme-2 receptor on the cell membrane for enabling it to infect
the host membrane upon coupled with a reliance on serine protease TMPRSS2. This
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intramolecular can be causes the virus’s competence to infect the cell [3]. COVID-19 is a group
of the beta-coronavirus that infects humans, which has mutated in the S and N proteins. The
positive-sense RNA of COVID-19 vary from SARS and MERS, being nearly 31 kb and 29 kb
[6]. The COVID-19 encoding around 30 proteins and the genome sequences indicate that
COVID-19 group families have more than eighty percent identity with SARS and fifty percent
with MERS [7-9]. In this work, we have compared the COVID-19 via other corona groups for
discovering mutations and gaps.

Spike protein
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Envelope Protein
Scheme 2. The schematic structure of COVID-19 (SARS-CoV-2) consists of the following: Spike protein (S),

hemagglutinin-esterase dimer (HE), a membrane glycoprotein (M), an Envelope protein (E), Nucleocapsid
protein (N), and RNA.

We get data from NCBI, and we accomplished the “FASTA & BLAST”. This
consideration among genomes has been applied by the MAAFT-7 program for COVID-19.
Based on these analyses, the suitable identically were compared with bat CoV genomes.
Results indicate that all COVID-19 families were close to other same families; therefore,
COVID-19 arises from a few mutations from other coronaviruses. Although genomic data does
not confirm this wrong idea that COVID-19 has a laboratory root, it is impossible for
disproving or proving the theories of their roots (Figs.1 &2). For understanding COVID-19’s
root, its sequences have to be extracted from animal sources. The ORFs encode proteins
containing spike glycoprotein, envelope protein, matrix protein, and nucleocapsid, which their
abbreviations are S, E, M, and N, respectively. COVID-19 also possesses auxiliary proteins
that interfere with the host’s innate immune response [8]. We accomplish several ORFs for
COVID-19 from GenBank, and the result showed a similarity of a large percent without any
mutation in Amino Acids. Orflab polyprotein is expressed in the form of two polyproteins
which are processed into 11 Non- structural proteins by three viral Proteases. The SARS
epidemic also yields new concepts and considerations to the proteins translated from ORF1la
and ORF1b of the input genome RNA, which is known as the replicase /transcriptase gene.
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Genetic information has confirmed which proteins of ORF1ab is contained in cellular signaling
and modification of cellular gene expression.

-

& NC_045512.2 - | Find:

2K 4 K

ADOP-ribos

NC 045512.2:

Figure 1. Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome.

The orfl (ab) gene merges two-thirds of the genome, encodes a total of sixteen proteins,
which are nspl, nsp2, ... up to nsp16. The other third of SARS CoV-2 includes 4 genes encode
the other proteins that are known as S, M, E, N proteins, and 6 genes that encode 6 proteins,
including orf3a, orf6, orf7a, orf7b, orf8, and orf10. Viral DNA replication and its analysis
indicate that ORF®6 is not needed for viral replication, and ORF6 deletion reduces viral DNA
replication in cells. It can be shown which SARS-COV ORF6 proteins are placed to the
endoplasmic reticulum (ER)/Golgi membrane in infected cells, that make complexes via
a2and 2 karyopherin to the membrane.

We discussed on the region of ORF6 that binds karyopherin to the C terminus of
ORF(6) and show that mutations in the C terminus no longer bind karyopherin a2 or block the
nuclear import of STAT1. We also exhibit that N-terminal deletions of karyopherin a2, which
no longer bind to karyopherin 31, still retain ORF6 binding activity but no longer block STAT1
nuclear import. We discuss the likely implications of these data on SARS-CoV replication and
pathogenesis (Figs 2&3).

Among the SARS-CoV protein’s series ORFs, the ORF3a, ORF6, ORF7a, and ORF7b
are reported to be incorporated into virions.

Considerable host defense against attack pathogens is the innate immune systems that
consist of secreted cytokines, intracellular signaling pathways, and the expression of type |
interferon that signals to adjacent cells for inducing the antiviral states.

ORF6 protein of Coronavirus was aligned with ORF6 protein COVID-19, protein 7 7,
and ORF8 are equal to the ORF8, hypothetical protein Bat SARS CoV and hypothetical
protein Bat SARS.
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Figure 4. 6x2g-A binding site for residue MGA 1003 and the others.
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2. Materials and Methods

We calculated several genomes of COVID-19 data from GISAID, NCBI, and NMDC.
Sequence alignment plus the strain Bat CoV RaTG13 wused by MAFFT
(https://mafft.cbrc.jp/alignment/software/). The protein sequences were obtained from NCBI
web sites, and the proteins of COVID-19, such as protein sequences, were applied for analyzing
the conserved domain. Some proteins were also applied for constructing 3-D structures via
modeling and simulation. The PDB information was downloaded from the PDB database, and
some COVID-19 proteins, such as 6x2g, are used for molecular docking (Fig.4).

By this study, a wide range of bioinformatics analyses were accomplished based on
published biological protein sequences. Using molecular docking technology of Discovery-
Studio 201673, the receptor-ligand docking of viral proteins with human heme was simulated.
Depending on the results of the bioinformatics analysis, the related molecular of the diseases
was proposed.

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

It can be discussed about the charged residues for many of the components and binding
interface of CoV2-RBD and the ACE2. Moreover, electrostatic interactions have critical points
for the complex formation. Distances among the two mentioned proteins are key at the binding
interfaces that are identified and summarized in Tablel for the three representative models
(Figure 5 & Table 1).

The majority of those residues are preserved for models. The same simulations can be
accomplished for the SARS-RBD/ACE2 complexes. Interestingly, the SARS-RBD counterpart
in CoV2-RBD did not form near contacts with the ACE(2) in related simulations. The hydrogen
bonds among the CoV2-RBD and ACE2 can be extracted using the VMD program. This work
has been done based on our theoretical works [17-77]. Some extra program such as the noisy
software (http://www.bioinf.uni-leipzig.de/Software/noisy/) has also been applied for this
work [78-80].

6yz5 H11-D4
complex with
SARS-CoV-2
RBD DOI:

10.22

/pdb

Figure 5. Severe acute respiratory syndrome, coronavirus 2, Lama glama.
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Table 1. Human-derived anti-SARS-CoV-2 S protein RBD neutralizing antibody and Nucleocapsid antibody
(Contact residues); Host is HEK293 for all.

Molecule Cat. No. Species Product Description
AC2(H82E6) | Human Biotinylated Human ACE2- ACEH Protein, His
AC2(H82F9) | Human Biotinylated Human ACE2- ACEH Protein, Fc
AC2(H5257) | Human Human ACE2-ACEH Protein, Fc Tag
ACE? AC2(C52H7) | Cynomolgus Cynomolgus ACE2 / ACEH Protein, His
AC2(H52H8 Human Human ACE2 / ACEH Protein, His Tag
AC2(R5246) Rat Rat ACE2 / ACEH Protein, His Tag
AC2(M5248) | Mouse Mouse ACE2 / ACEH Protein, His
AC2(P5248) Paguma larvata Paguma larvata ACE2 / ACEH Protein, His
Nucleocap | NUN(V52H3 | HCoV-0OC43 HCoV-0C43 Nucleocapsid protein, His Tag
sid protein | SPN(S52H5) | SARS SARS S protein (R667A), His Tag
SIN(C52H3) | SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein, His Tag
SIN(C82E8) | SARS-CoV-2 Biotinylated SARS-CoV-2 (COVID-19) S1 protein,
SIN(S52H5) | SARS SARS S1 protein
S1 protein | SIN(C52H4) | SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein,
SIN(C5255) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein
SIN(C5257) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein, Mouse 1gG2a
SIN(C5256) SARS-CoV-2 SARS-CoV-2 (COVID-19) S1 protein (D614G), His Tag
S2N(C52H5) | SARS-CoV-2 SARS-CoV-2 (COVID-19) S2 protein, His Tag
i : Biotinylated SARS-CoV-2 (COVID-19) S protein RBD,
SPD(C82E9) SARS-CoV-2 His,Avitag™ (MALS verified)
SPDC5255 SARS-COV-2 \Slgﬁi-d(iov-Z (COVID-19) S protein RBD, Fc Tag (MALS
SPDS52H6 SARS SARS S protein RBD, His Tag (MALS verified)
SPDC52H3 SARS-COV-2 \?Q::;i-dc):ov-z (COVID-19) S protein RBD, His Tag (MALS
S2 protein — - -
S protein | SPDC5259 SARS-COV-2 _?_%RS CoV-2 (COVID-19) S protein RBD, Mouse 1gG2a Fc
RBD SPDS52H4 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (V367F), His Tag
SPDS52H5 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (N354D), His Tag
SPD-S52H7 SARS-COV-2 _?_%RS-COV-Z (COVID-19) S protein RBD (W436R), His
SPD-S52H8 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (R408I), His Tag
i i : SARS-CoV-2 (COVID-19) S protein RBD (N354D,
SPD-S52H3 SARS-CoV-2 D364Y). His Tag
SPD-C52H4 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (G476S), His Tag
SPDC52H5 SARS-CoV-2 SARS-CoV-2 (COVID-19) S protein RBD (V483A), His Tag
o Drot®In | s1DCs2H3 | SARS-Cov-2 | SARS-CoV-2 (COVID-19) S1 protein CTD, His Tag
SPNC52H4 SARS-COV-2 _?_,:gRS-CoV-Z (COVID-19) S protein (R683A, R685A), His
SPprofein - moENCEIHE | SARS-CoV-2 | SARS-CoV-2 (COVID-19) S protein (R683A, R685A) . His
Envelope . .
protein ENNC5128 SARS-CoV-2 SARS-CoV-2 (COVID-19) Envelope protein, His Tag
Efg;';‘se PAEC5148 | SARS-CoV-2 | SARS-CoV-2 (COVID-19) Papain-like Protease Protein,
Nucleoca NUNC51H9 SARS-CoV-2 SARS-CoV-2 (COVID-19) Nucleocapsid protein, His Tag
sid roteiﬁ NUNC5227 SARS-CoV-2 SARS-CoV-2 (COVID-19) Nucleocapsid protein, His Tag
P NUNC81Q6 SARS-CoV-2 Biotinylated SARS-CoV-2 (COVID-19) Nucleocapsid
el NSBC5125 | SARS-CoV-2 | SARS-CoV-2 (COVID-19) NSP7&NSP8 Protein, His Tag
Nopie | NSOC5IW3 | SARS-COV-2 | SARS-COV-2 (COVID-19) NSPLG&NSP10 Heterodimer
SINV52H3 HCoV-NL63 HCoV-NL63 S1 protein, His Tag
S1 protein SINV52H4 HCoV-229E HCoV-229E S1 protein, His Tag
P SINV52H5 HCoV-0C43 HCoV-0C43 S1 protein, His Tag
SINV52H6 HCoV-HKU1 HCoV-HKUI1(isolate N5) S1 protein, His Tag
NSP1 NS1C51H7 SARS-CoV-2 SARS-CoV-2 (COVID-19) NSP1 Protein, His Tag
NSP7 NS7C51H6 SARS-CoV-2 SARS-CoV-2 (COVID-19) NSP7 Protein, His Tag

2.2. 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
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interactions of the protein-small molecules. Long-range electrostatic forces were estimated
using the Particle-mesh Ewald (PME) software with a grid spacing of 0.75 A. Nose-Hoover
thermometry and Martyna-Tobias-Klein method were applied for maintaining the temperature
and constant pressure, respectively. The formula of motion was considered using the multi-run
RESPA by 3.0 fs time step for bonded and non-bonded interactions within a low cutoff. An
outer time step of 5.0 fs was used for non-bonded forces beyond the cutoff.

3. Results and Discussion

The pdb format of crystal structures was first treated using the protein configuration by
the Schrodinger software through docking grid generation. They are flexible docking, which is
accomplished via default settings without the formation of intramolecular hydrogen bonds. The
crystal ligands, N3, were covalently bonded to CYS amino acids. A new version of N3, N3’
via breaking the covalent bond and filling in open valences, have been produced and then
evaluated whether Glide flexible docking can rearrange the native binding poses. Moreover,
the dataset of approved drugs was prepared using Drug-Bank, and a collection of PubChem
structures that are similar to Lopinavir were made suitable docking screenings.

Lopinavir, a potent inhibitor of HIV-1 protease, was found effective in treating COVID-
19 patients. These kinds of strategies are thought to prepare highly detailed pictures of protein’s
interior dynamics. These small molecules tracking approaches were applied for determining
the accessibilities of the active site in both SARS-CoV and COVID-19, and also, the local
distribution approaches were applied for providing information about an overall distribution of
related solvents in the protein interior. We also accomplished the time-window mode of the
AQUA-DUCT (AQ) software for analyzing the water molecules via the cavities in a 15 ns
time step (Fig.6).

Figure 6. Important hot-spots localization of the COVID-19 in the hot-spots density.

Figure 6 presents the sizes and structures of the SARS main proteases. Since these
molecules are completely similar, it might be expected that their binding pocket would also be
very similar that explains there can be large differences among the accessibilities to the binding
cavities and the structure of the cavities in response to a binding inhibitor. These results suggest
that the SARS main proteases’ binding cavities are highly flexible and change both in volume
and structure significantly after ligand binding. Testing of Plasticity and flexibilities of the
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main proteases binding cavities are very important, especially focusing on the movements of
loops surrounding their entrances and regulating the active sites’ accessibility. The docking
result exhibited one of the loops of the SARS-CoV is more flexible than the corresponding
loops of two other structures. Such flexibilities could suggest that the presence of an inhibitor
might stabilize the loops surrounding the active site. For preventing the diffusing virus,
carrying and managing of patients are required, including early identification, rapid isolation,
and timely establishment of infection prevention to control with mild disease. The global public
health community should be considered the effects of mass gathering cancellations on the
future well-being of communities via economic recession as well as through the spread of
COVID-19.

4. Conclusions

This kind of information, which applied for anti-SARS-CoV-NSPs, can confirm our molecular
simulation & modeling. The grids between 15-20 A were generated over the peptide-like
inhibitors of all proteins and as well as for small-molecule inhibitors. As a result, the binding
site for SARS-CoV-2 is restricted with hydrophilic residues with mines charged (ASP, Met,
GIn, and GLU) and one also positively charged (Arg). Besides those residues, ASN-955 and
VAL-951 residues also interact with the ligands. Therefore health-care workers must follow
the guidelines and have not attempted to perform any virus isolation or characterization.
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