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Abstract: The SARS Coronavirus-2 (SARS-CoV-2) epidemic has become a global issue that has raised
concerns for the scientific community to design and find a way to combat this deadly virus. To date, the epidemic
has claimed hundreds of thousands of lives as a result of infection and spread. Growing evidence suggests that T
cells may play a key role in the fight against acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Therefore,
COVID-19 vaccines that can obtain a strong T cell response may be very important. The design, development
and evaluation of vaccine trials help to understand the T cell epitopes of SARS-CoV-2, which is less well known.
Because of the challenges of diagnosing epitopes by experimentation, many studies have suggested the use of in-
silico methods. Here, we present of the in-silico methods used to predict SARS-CoV-2 T cell epitopes. These
methods use a different set of technical methods, which often focus on machine learning. Functional comparisons
are based on the diagnostic power of a specific set of immunogenic epitopes determined by experiments targeted
T cells in recovering COVID-19 patients, highlighting the relative functional relevance of the various methods
adopted by in - Silico studies. The investigation also prioritizes ideas for future research guidelines.
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1.INTRODUCTION

There are extensive studies being conducted around the world to develop appropriate therapies to control
the effects of Severe acute respiratory syndrome coronavirus 2 (SARS-cov-2) that causes COVID-19 in humans.
The first patient infected with SARS-cov-2 was diagnosed in December 2019 in Wuhan, China (Guo et al., 2019).
Later, the virus spread to 187 countries and regions due to its high quality and infected 10,710,005 people as of
July 3, 2020 with a total death of 517,877 (COVID-2019, 2020).

Coronaviruses belong to the Family, coronaviridae, and a bunch of Nidovirales is a big family presented
with positive strains Coronaviruses are zoonotic pathogens that infect both animals and Humans, which can cause
diseases of the intestines, liver, respiratory system and central nervous system.

The World Health Organization (WHO) has declared the outbreak of SARS-cov-2 as a global public
health emergency of international concern (PHEIC) on January 30, 2020, and the epidemic on March 11, 2020
(Jeyaprakash et al., 2020). The unavailability of drugs or medically proven vaccines is a major concern of the
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COVID-19 epidemic (Zhou et al., 2020). Therefore, effective measures such as early detection of people with
the virus, isolation or isolation, isolation from society, the use of masks and hand sanitizers, etc. Are being taken
to Fig.ht the epidemic.

It is established that is hiding under the known coronavirus cov-229e (alpha-coronavirus and NL63
Coronavirus (Alpha-coronavirus and OC43 coronavirus (Beta-version of coronavirus and coronavirus-HKU1
(Beta-version of coronavirus and coronavirus — severe acute respiratory syndrome (SARS-COV), Middle east
respiratory syndrome Coronavirus (MERS-COV) and Acute Respiratory Infections Viral Infections-cov-2, which
can affect people (wu et al., 2020).

In the Sars-cov-2 Genome, the 5-end Polyprotein (Pplab) codes and then cleaves into 15-protein
Structures (Nsp-1-a, NSP-10, NSP-12-NSP-16), And 3 - for the latter codes Four Structural Proteins, including,
Spike (S), Coating (E), Membrane Surface (M) and Nucleocapsid (N) Protein, as well as six additional proteins
(3a, 3b) 6, (7a, 7b), 8a, 9, and Orf 14) (Wu et al., 2020). Comparative Genomic Analysis Showed that SARS-
COV-2 is larger than the number of Nucleotides that SARS-COV is larger than MERS-COV (Xu et al., 2020);
(Zheng et al., 2020).

The virus is mainly composed of a membrane and nucleocapsid. The membrane contains three proteins:
(1) spike (S) (2) membrane protein (M) and (3) envelope protein (E) (Weiss and Navas et al., 2005). The virus
controls the cell by initially binding to the angiotensin converting enzyme Il (ACE2) in the alveoli of the lungs.
As a result, the infected person suffers from respiratory problems (Babadaei et al., 2020).

In Addition, it was found that SARS-COV-2 is associated with the human receptor ace2 higher affinity
when SARS-COV and only a few of them in the framework of polybasic the collapse of the SARS-COV-2, to
increase the infectious power of the virus (Boni et al., 2020);

(Ye, ZW et al.,2020). It has also been observed that in RDO, SARS-COV-2 binds to the human ace2 receptor
with higher affinity than SARS-COV, as well as being polybasic in the sars-cov-2 cleavage region, increasing
viral transmission (Boni et al., 2020); (Hans Christian Andersen et al., 2020); (Z. U. et al., 2020).

The SARS-CoV-2 life cycle in the host cells Every life cycle involves three steps. Inflammation
(endocytosis, fusion) Dissociation Similarly, COVID-19 begins its life cycle when S-protein binds to the cellular
receptor ACE2 and cell membranes using the endosomal method. SARS-CoV-2 releases RNA from the host cell
Genome RNA is translated into viral replicase polyprotein ppl a and lab, which is then broken down into smaller
products by viral proteins. The polymerase produces a series of subgenomic mRNAs continuously transcribed
and eventually translated into the appropriate viral proteins and the genome RNA is sequentially synthesized into
virions in the ER and Golgi and transported by vesicles and excreted outside the cell. All pathology pathogenicity
| -SARS-CoV-2, from attachment to replication (Maya Datt Joshi et al., 2021).

In view of the critical need to develop safe, more effective ways to combat SARS-CoV-2 it has undergone
some clinical trials worldwide .There is no doubt that any of the vaccines produced can be very important to the
potential outbreaks and re-emergence of the season that relies heavily on the evolution of long-term defense. The
advancement of MERS-CoV and SARS-CoV-1 vaccines over the years are important keys in view of its genetic
similarity which provides important insights into the development of the SARS-CoV-2 vaccine (Moreno-Fierros
et al., 2020; Barnard et al., 2007; Yang et al.,2020; Chakraborty et al.,2020).

Therefore, multiple platforms have been developed since its emerging, including DNA-based and RNA-
based forums and recombinant-subunit vaccines. However, the development of the SARS-CoV-2 vaccine poses
some challenges and even new forums. For example, pre-clinical studies of SARS vaccine participants and
MERS have raised concerns about the spread of lung disease as a result of the development of an autoimmune
dependence or a direct effect. Therefore, testing with a suitable animal model and strict safety precautions in
clinical trials will be critical (Amanat et al., 2020; Zhang et al., 2020)

Traditional methods of vaccination based on laboratory tests in the event of an outbreak could not meet
emergency needs, and many medical agents are being investigated. Bioinformatics research is a robust tool
identified for sorting, organizing, and processing large amounts of available data generated from other
experiments to provide a large field of immunology over a limited period of time. As the virus genome and
protein sequence information are available, presented epitopes and viral traits can be predicted by silico analysis,
which greatly accelerates progress in vaccine development Chakraborty et al.,2020; Bhattacharya et al.,2020;
Chen et al.,2020; Kiyotani et al.,2020).

The new SARS-COV-2 coronavirus that causes COVID-19 was recorded in Wuhan, China's Hubei
province in December 2019, and since then COVID-19 has spread from China to 211 different countries, to more
than 28 million people, including more than 900,000 deaths, according to the world health organization (WHO
2020).
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Approaches are used to develop vaccines or recombinant vaccines. Traditional methods are based on
inactivated or live attenuated computer threats that can be used for vaccine development, but it has been noted
that these methods have some limitations, such as Labour intensity, as well as problems in producing many
proteins and pathogens (Dangi et al.,2018).

This provision is aimed at preventing the development of new vaccines against the pathogen causing the
outbreak, which leads to a pandemic. On the other hand, to solve this problem, when preparing a recombinant
vaccine, all genes obtained from various pathogens were cloned, expressed and purified for use as a vaccine,
which can be applied (Nascimento et al.,2012).

To create a new recombinant vaccine design, otherwise Vaccinology is an out-of-silicon approach that
provides detailed predictions of the vaccine's genome and sequence, which may ultimately be the protein. The
use of silicon preparation method is very important because it will allow predicting antigenicity, epitope regions
on T cells, and other parameters such as peptide, subcellular localization, and salicylic acid in the target protein
(Dangi et al., 2018; May et al., 2020). For this analysis, the unifying force between the predicted epitopes of the
selected MHC-I and MHC-II genes is an important part of obtaining a silicon approach (Dangi et al.,2018). At
present, insufficient knowledge of latency and SARS-CoV-2 infection increases the uncertainty of viral
persistence. Some antiretroviral drugs are currently not available.

Vaccination is still a cost-effective and effective way to prevent infection. The selection and design of
immunosuppressive immunogens is a major challenge in vaccine development, especially in newly developed
viruses (Qiu et al., 2018); (Chakraborthy et al., 2020). Traditional methods based on laboratory tests have not
been able to meet the needs of a stressful situation in the event of violence (Rauch et al., 2018).

SARS-CoV-2 and SARS-CoV were found to be related which suggests that their biochemical interactions
may be similar (Chen et al., 2020). Like SARS-CoV, SARS- CoV-2 invades cells carrying the ACE2 receptors
present in the pneumocyte Il type in the lungs. After entering the first line of the immune system such as mucus
and molten cells, the PAMPS-associated cell patterns present in the virus show antibodies such as alveolar
macrophages, neutrophils, monocytes and natural killer cells (NK cells) to Fig.ht off an infectious pathogen
(Hoffmann et al., 2020).

Many studies suggest that, as a result of SARS-CoV 2 infection, there is an increase in the number of
antibody-producing cells (ASCs). IgA and IgM appear approximately 5 days (ranging from between 2 to 6 days)
while 14 days in the case of IgG (from 10 to 18 days) after symptoms have commenced. Antibodies against NP
(nucleoprotein) and RBD (receptor binding domain) have a neutralizing function. In diseases such as SARS-
CoV-2, various isotypes of the immune system are stimulated to show a high humorous response.

SARS-CoV-2 has been identified as a new species from the 2B Coronaviruses group, with almost 70%
genetic similarity to SARS-CoV, since the 2003 outbreak (WHO). The virus has a 96% similarity to bat
coronavirus, so it is widely suspected to be derived from bats (Cohen et al., 2020; Eschner et al., 2020). The
epidemic has led to travel restrictions and national closures in several countries and led to economic damage (Hui
et al., 2019). Genome sequencing is included in many online biorepositories selected to find solutions and to
make the vaccine available worldwide is important.

ACE2, a homolog of angiotensin-converting enzyme (ACE), expressed in various organs and tissues, has
many biological functions and can counteract the negative role of the renin-angiotensin (RAS) system in many
diseases (Donoghue et al., 2000; Patal et al., 2017; santos et al., 2018). Given that SARS-CoV-2 spike proteins
interact with ACE2, as does SARS-CoV, COVID-19 may have a pathogenic mechanism similar to that of SARS.
In this review, we will discuss the role of ACE2 in COVID-19, as well as its potential therapeutic goals, which
are intended to provide additional information on the management of the epidemic. Infiltration of participating
cells is the first step in infection. Spike glycoprotein in the coronavirus virus envelope can bind to specific
receptors in the host cell membrane.

In particular, the binding relationship between SARS-CoV-2 and ACE2 has been found to be 10 to 20
times higher than that between SARS-CoV and ACE2 (Wrapp et al., 2019). In addition, the ACE2 receptor
expression in human tissues suggested that SARS-CoV-2 could invade or damage the digestive tract (Zhang et
al., 2020) and reproductive organs (Fan et al., 2020). Therefore, cells and tissues expressing ACE2 may serve as
targets for SARS-CoV-2 infection.

In this study, we examined the ACE2 expression pattern in the mouse and human heart using social data.
In addition, we used bioinformatics analysis combined with the structure to determine the underlying mechanism
of cardiovascular function and myocardial injury in patients with COVID-19. The findings revealed that ACE2
is not only a SARS-CoV-2 receptor but also an important component in the pathogenesis of COVID-19-related
cardiac injury. We highlighted the need for doctors to pay attention to heart problems related to SARS-CoV-2
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and provide new clinical clinical evidence.

Patients with severe COVID-19 have an additional 1gG titer indicating significant antibody-dependent
enhancement (ADE) developmental function in this disease (Cao et al., 2020). However, weakened immune
systems weakened and internal responses to uncontrolled inflammation cause systemic and spinal tissue damage.
Since antibodies present in COVID-19 patients are highly involved in viral production, convalescent plasma of
COVID-19 survivors or monoclonal antibodies may be recommended in clinical management of the disease.

Sexual hormones such as estrogen and testosterone affect the immune response to both sexes as it leads
to a decrease in male immune response and subsequent increase in respiratory infections and death. In women,
the X chromosome contains a very high number of genes related to the immune system in their genome, which
may also lead to a higher immune response in women (Schurz et al., 2019). One interesting fact is that the ACE2
gene is found in the X chromosome. ACE2 receptors in the pulmonary endothelium are the entry point for the
corona virus. In vivo studies have shown that the male hormone testosterone increases the activity of ACE2 (Patel
etal., 2014).

The mortality rate of severe COVID-19 patients could be as high as 49 percent, as demonstrated by a
recent epidemiological report by China (Wang et al., 2020). The majority of patients with COVID-19 were elderly
patients in a complex group with basic illnesses. Chronic obstructive pulmonary disease, high blood pressure,
malignant tumors, heart disease and chronic kidney disease were more common in the critical group than in the
small group. Patients over the age of 60 and chronic diseases, especially high blood pressure are more likely to
be SARS-CoV-2 (Yin et al., 2020).

Patients with diabetes, especially those with uncontrolled glycemia are at greater risk of developing
COVID-19 (Abu et al., 2018). High incidence of urinary tract infections, foot infections and surgical infections
are often present in diabetic patients (Critchley et al.., 2018). In diabetes, the release of cytokines by macrophages
and T-cells is altered and impairs neutrophil activation leading to a weakened immune response (Smith et al.,
2009).

Traditional vaccines, based on biochemical chemical experiments, create strong neutral and protective
responses in vaccinated animals, which can be expensive, allergenic, and time-consuming and require an in vitro
culture of pathogenic bacteria leading to serious safety concerns (Y etal.,). 2014; w et al., 2013)]. Therefore, the
need for safe and effective vaccines is highly recommended.

Peptide-based vaccines do not require an in vitro culture that makes them biologically safe, and their
selection allows for the precise functioning of the immune response (A. W. Purcell et al., 2007; N. L. Dudek et
al., 2010). The core pathway of peptide vaccines is built on a chemical pathway to combine known B-cell epitopes
and T-cells that are immunodominant and can trigger specific immune responses. The B-cell epitope of the target
molecule can be linked to the T-cell epitope to make it immunogenic. T-cell epitopes are shorter peptide
fragments (8-20 amino acids), while B-cell epitopes may be proteins (S. Dermime et al., 2004; H. Meloen et al.,
2001). Therefore, in this study, we aimed to design a peptide-based vaccine to predict epitopes from the corona
envelope protein (E) using immunoinformatics analysis (V. Brusic et al., 2014; N. Tomar et al. , 2014; S. Khalili
etal., 2017; NR Hegde et al., 2017). Further rapid research is recommended to confirm the efficacy of the reported
epitopes as a peptide vaccine against these emerging infections.

Symptoms of COVID-19 can range from mild to severe including cough, fever and shortness of breath.
Most people have asymptomatic. Symptoms may appear two to fourteen days after exposure. About 20%
progress to serious illness, such as respiratory failure, pneumonia and death in some cases . Many patients appear
to have less illness (Gu et al., 2020; Kooraki et al., 2020). Other symptoms may include runny nose, vomiting,
fatigue, sore throat, diarrhea some people may lose their sense of smell or taste (Lai et al., 2020). Current
information has shown that it spreads from person to person among those close to a distance of 6 meters, or 2
meters. The virus is spread through respiratory droplets when an infected person coughs or sneezes (Peeri et al.,
2020).

The WHO and the CDC have recommended various safety measures to prevent COVID-19 infections in
many healthy people. Some of these are:

* Avoid big events and large gatherings

« Avoid close association with anyone

» Wash your hands often with soap and water for at least 20 seconds or use a 60 percent alcohol-based
disinfectant.

« [f you cough or sneeze, cover your mouth and nose with your elbow or tissue.

» Used tissues should be disposed of properly

* Avoid touching your eyes, nose and mouth (Cascella et al., 2020).

In the case of gender, COVID 19 diseases are equally seen in both the apparent gender differences and
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the risk of disease. In this regard, it is suggested that men are more likely to die than women due to differences
in sexual immunology and gender differences such as the prevalence of smoking (Liu et al., 2016).

There are Various subjects in which there are many explanations regarding bioinformatics has been
suggested. In accordance with lopresti, 2008, bioinformatics use of techniques form computer science to
emerging problems biology ( Lopresti et al.,2008). Bioinformatics refer to the field you are dealing with
collection and storage of biological information. It all matters related to the biological site is called
bioinformatics(rana et al., 2012).

Unlike the most dangerous human coronaviruses that continue to circulate in humans, animal-borne
coronaviruses can be deadly viruses by crossing the boundaries of species. SARS-CoV in 2003, MERS-CoV
since 2012, and SARS-CoV-2 currently all caused major epidemic problems. Effective and economic measures
are urgently needed in the current context of the epidemic.

Compared with the development of traditional vaccine, stronger epitopers can be predicted by
bioinformatics analysis, which makes policy design more straightforward and faster (Rappuoli R et al., 2018).
Since most spike proteins are produced outside of the virion, it may be a suitable target for B-cell epitopes. Spike
proteins in MERS-CoV and SARS-CoV have been shown to create a strong immune response (Zhou Y et al.,
2018; Du L et al., 2008) Barah and Bose studies have also shown that epitopi in spike protein can be promising
people. with the development of the SARS-CoV-2 vaccine (Bhattacharya M et al., 2018). In another study,
experimental epitopes taken from SARS-CoV were tested and those with similar sequences in SARS-CoV-2
were identified (Ahmed SF et al., 2020). A similar strategy has been followed in Grifoni research (Grifoni A et
al., 2020). Although the SARS-CoV-2 spike protein showed 77.38% sequence ownership in that of SARS-CoV,
most antibodies against SARS-CoV spike proteins indicate a negative affinity for SARS-CoV-2 (Tian X et al .,
2020), indicating that spike proteins have a highly variable structure. Therefore, we used a different strategy and
tested the localization of the predicted B cell epitopes to extract those buried within the protein. Although we
have used the same tools and resources for bioinformatics, the peptides we have chosen for vaccine development
are not the same. In our analysis of the SARS-CoV-2 spike protein, four peptides identified in multiple step tests
showed excellent local accessibility.

Outbreaks of infectious diseases such as COVID-19 pose a serious challenge to the scientific community
as they often occur in unknown zoonotic sources or due to a lack of data. Viruses can develop from one type of
animal to another that can infect humans by acquiring their own receptors and biosynthetic machinery. Most
newly developed viruses are difficult to treat due to a lack of specific treatment options (Coleman et al., 2014).
To date, there is no vaccine for SARS-CoV, MERS-CoV, or SARS-CoV-2 currently on the market, although
some clinical trials are still ongoing (Lee P-l et al., 2019).

Bioinformatics is a computer tool for analyzing biological data. It is a branch of Biology, Physics,
Computer science and Mathematics. Bioinformatics is important in medical data management and biology. It is
a solution to biological problems based on existing research results. Provides a way to store all biological data.
By predicting the outcome of a laboratory experience, it makes certain laboratory tests easier. Computers have
become an integral part of biology. They contribute to the management of large and expanded amounts of
biological data and play a key role in testing new biological connections.

Bioinformatics is a multidisciplinary field that specializes in organizing, storing, and processing large
amounts of data generated in biological experiments. The collection of high-level immunological data has
resulted in a field known as immunoinformatics, which provides information about the body's processes. As
genome information and the sequence of SARS-CoV-2 proteins become available, viral characteristics, and
epitopes introduced into the pathogen, can be predicted by silico analysis, which will greatly accelerate vaccine
development (U1Qumar et al.,2018 ; Ahmad et al., 2019; U1Qumar et al.,2019). predicting B-cell epitopes in
spike protein and T-cell epitopes within the nucleocapsid protein of SARS-CoV-2 using bioinformatics methods
and immunoinformatics tools.

Silicon analysis and its use for analysing the influence of physicochemical properties, antigenicity,
subcellular localization of viral proteins, predicting the t-cell epitope, predicting the MHC-1 and MHC-II
Epitopes, predicting the effect of solvent on the location of epitopes, finally, the effects of changes often occur,
and structural protein that have been predicted to have only one peptide per antigenicity. Epitopes have been
studied for comparison in various organisms such as Ghost Shark, Zebra finch, Mouse, Polar Bear and Human.

TOOLS AND SOFTWARE

There are many tools involved in these studies

FASTA stands for FAST homology search All sequences. The protein sequencing alignment system was
created by Pearsin and Lipman in 1988. The system is one of the many heuristic algorithms proposed to speed
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up comparisons. The basic idea is to add a quick pre-screen step to get the most similar segments between two
sequences, and then extend these same segments into local alignment using more robust algorithms like Smith-
Waterman. FASTA can be very specific when identifying long regions of low similarity especially in very
different sequences. You can also perform sequential search comparisons with a nucleotide site or fill in proteome
/ genome information using FASTA programs.

ANALYSIS OF PHYSIOCHEMICAL PROPERTIES

Vaccines do not have to be on the Physico-chemical properties of an important factor, as do vaccines
interacting with the environment (lwasaki et al., 2020). Protparum is a tool that allows you to calculate various
physical and chemical parameters for a given protein, stored in swiss-prot or trembl, or by providing the user
with a protein sequence. Calculated parameters include molecular weight, Theoretical PI, amino acid
composition, nuclear composition, extinction coefficient, estimated period and a half life, instability index,
aliphatic index, and average cost of hydropathicity (SOUS) (Gasteiger et al., 2005).

PREDICTION THE LOCALISATION AND NUMBER OF TRANSMEMBRANE HELICES.

The transmembrane helix is part of the 17-25 amino acid proteins associated with the structure of the o -
helix across the membrane cell. most of the time, candidates- vaccine are expressed in biological systems that
are different from the original source; In the middle if so, 3-dimensional (3d) protein structure can be modified
or defined vomiting if it has a transmembrane helix, due to fractures in membrane formation.

The low number of transmembrane Helix is a major factor in vaccine candidate selection choice.
According to the etiology of the disease being studied, the protein for cellular production, adhesin properties,
antigenicity, lack of human proteinology to prevent the formation of a potential autoimmune response, and low-
or non-transmissible structures of the transmembrane helix are the most common properties to be identified
(Meunier et al., 2016).

The sequence and structure of the motif of the polypeptide chains that need to be classified by comparative
analysis that make up the protein conserved domain. It is through molecular evolution that the building blocks,
different shapes can undergo organization and production, make protein production of different functions.
CONSERVED DOMAINS DATABASE (CDD)

Significance of the evolution domain note factors brought to us by the 2019-ncov major protease epitope
protection degree assessment. This was done using the conservative domain database (CDD). The conserved area
of proteins includes 29 amino acid sequences along with that of the predicted epitope sequences (Marchler et al.,
2017).

PREDICTION OF T-CELL EPITOPES WITH HLA

Peptide prediction of potential T-cell epitopes schedule-MHC 1 selected the best proximity binds with
confidence 1/0. 89, and lest ic50 for each allele, and in the same MHCpred used an additive method to predict
forced major histocompatibility complex (MHC) Class | (HLA- (A*) And Il (DRB*) Molecules and Also
Transporter Associated with Processing (TAP). The allele-specific quantitative structure-activity relationship
(QSAR) model was are found, with partial least squares (pls) method (Kobayashi H et al., 2000).
PREDICTION OF B CELL EPITOPES

B Epitopes plays an important role in the development of epitope-based vaccines and the surrounding
research area. the dominant B- cell line epitope, which can be used in the treatment of autoimmune diseases, in
which the goal is a neutralizing antibody response it can also induce antibodies that cross-react with the parent's
protein (Saha et al.,2006).
PREDICTION OF MHC-1 AND MHC-I11 EPITOPES

B-cell Epitopes are part of an antigen for induced immunoglobulin or antibody, and in order to activate
single-cells to give the immune system a response (Sanchez-trincado, et al., 2017). T cells recognize epitopes
when these are presented to them bound to mhc molecules. therefore, epitopes can be predicted by computing
Their MHC-binding Profile. because of the differences in the molecular interactions between epitopes and MHC
I And Il Complexes, the prediction of epitopes binding to MHC 1 is more accurate than to MHC 11 . for both
types, we used IEDB tools as detailed in materials and methods (Sanchez-trincado, et al., 2017).

Genetic sequences make it possible to detect coded protein. Bioinformatics tools can be used to find the key
regions for these proteins. Epitopes are regions identified by cells T and B. Immunoinformatics developed as a
branch of bioinformatics responsible for predicting T and B cell epitopes that can be used for vaccine formulation
(Slathia, P.S et al., 2018). There is a lot of research on vaccine formulation using this biological method; virus
(West Nile virus and Japanese Encephalitis virus) (Slathia, PS et al., 2019), parasites (Trypanosoma cruzi)
(Slathia, PS et al., 2018), viruses (Listeria monocytogenes) (Jahangiri, A ., et al.., 2011). B epitopes of B cells
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can also be used in diagnostic construction where epitopic regions can be recorded in their own immune system.
These antibodies if they have a high titanium in the patient's serum can be used in the manufacture of serological
kits. In the present study, we predicted T and B cell epitopes on the SARS-CoV-2 proteome using different
bioinformatics tools that could find use in the development of vaccines and diagnoses.

Antigenic protein regions identified by binding sites or paratope of immunoglobulin molecules called B-
cell epitopes. When such a direct binding (between the antigen epitope and the antibody paratope) is detected by
experimentation, a specific immunoglobulin establishes the epitope nature of the protein. Epitopes are therefore
related entities that can only be defined in a practical sense (i.e. in immunoassay) by binding paratopes parallel
(Van Regenmortel MH et al., 1989).

These epitopes play an important role in the development of peptide-based vaccines and in the diagnosis
of diseases (Wiesmuller KH et al., 2001; Zauner W et al., 2001; Van Regenmortel et al., 2001). MH 2—4 B-cell
epitopes are also important in the study of allergies and in determining the reactivation of IgE epitopes for
allergies (Negroni L et al., 1998; Cells | et al., 1999; Clement G et al. , 2002) .These epitopes may be linear
(continuous) or parallel (stop). When synthetic peptides are found to interact with anti-protein antibodies or when
they are able to induce antibodies that respond to the parent’s protein, then these peptides are labeled (continuous)
epitopes (Van Regenmortel MH et al., 1993).

B-cell protective epitopes may lead to the development of an effective peptide vaccine against viral
infections (Langeveld JP et al., 2001). B-cell regulatory epitope is used as a target to reduce antibody responses
in autoimmune diseases (Castelletti D JP et al., 2004) .A continuous or concomitant epitope is formed in a few
different, localized sequences. This sequence forms an accessible cohesive region where the protein is folded.

Defining these episodes is a difficult task, but it can provide insight into the basic structure of antigen-
antibody recognition (Estienne et al., 2001). Recently, the Conformational epitope prediction server (CEP) was
designed to predict conformational epitopes using 3D structural data for antigen proteins (Kulkarni-Kale et al.,
2002). Predicting immunogenic epitopes remains an important and challenging task using bioinformatic tools.
The natural complexity of antigen recognition makes it difficult to predict epitope (Flower et al., 2001). In the
past, a number of algorithms have been developed to predict continuous B-cell epitopes based on physico-
chemical amino acids, (Westhof et al., 1991) but their level of effective prediction is not very high.

B-cell epitopes are higher levels of antigen, in which certain antibodies detect and bind, triggering an
immune response. This interaction is central to the adaptive immune system, where among other things we are
responsible for immunological memory and direct antigen responses in spinal cord animals. The ability to identify
these binding sites in antigen sequence or formation is important in the development of synthetic vaccines (EE
Hughes et al., 1993; JP Tam et al., 1989; RC Russi et al., 2018), diagnostic tests (GA Schellekens et al., 2000)
and immunotherapeutics (AJ Chirino et al., 2000; H. Shirail et al., 2002). The focus of these applications, through
the epitope acquisition lens, has received attention over the years, especially with regard to the safety benefits of
artificial goal development (E.H. Nardin et al., 2001).

Typically, B-cell epitopes are divided into two categories: straight (continuous) epitopes, consisting of
linear fossils and fusion epitopes (discontinuous), consisting of fossils that are not consistent with the sequence
of the main protein, but delivered. together in the structure of coated proteins (DJ Barlow et al., 1986). In addition,
approximately 90 percent of B-cell epitopes are estimated to be consistent and only about 10 percent should be
linear (J.L. Pellequer et al., 1991). However, it has been shown that most persistent epitopes contain several
groups of progressive residues that reunite in a high protein structure (M.H. Van Regenmortel et al., 2006),
making the distinction between them unclear. All of the above-mentioned immunology applications share the
need for the detection of all potential epitopes of any antigen, a process called “Epitope mapping”.

Although epitope mapping can be done using a few experimental techniques (U. Reineke et al., 2009), it
is time-consuming and expensive, especially on the genomic scale. To solve this problem and access the ever-
growing data of epitopes embedded in the biological site on a daily basis, a few calculations to predict parallel
or linear B-cell epitopes published decades ago (Y. EI-Manzalawy et al., 2010; JL Sanchez- Trincado et al., 2017,
N. Tomar et al., 2014). Despite the relatively small percentage of B-cell epitopes, many of the methods developed
in the last few years focus on their predictions. This is mainly due to the requirement of the 3D structure of the
antigen when it predicts its corresponding epitopes (D.R. Flower et al., 2007). Therefore, in this review we will
only discuss the effectiveness of the linear B-cell epitope (BCE) predictions.

The importance of non-peptide epitopes, such as lipids and carbohydrates, has been increasingly
recognized, the precise prediction of B-cells and T-cell epitopes (on which modern epitope-based protocols are
built) remains central. challenge to informatics with immunology. While the prediction of the B-cell epitope
remains absurd (Alix et al., 1999), or relies on commonly defined information of a three-dimensional protein
structure (Thornton, JM et al., 1986), many advanced methods T-cell prediction epitopes have emerged (Flower,
DR et al., 2002). It is acknowledged that only peptides binding to histocompatibility complexes (MHCs) with a
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parallel boundary [usually 500 nM) (Sette, A., et al., 1994)] act as T-cell epitopes and that peptide-MHC affinity
is approximately related T-cell response. Many current methods of predicting T-cell epitopes rely on predicting
peptides binding to MHCs.

T-cell epitope prediction aims to identify the shortest peptides within the antigen that can stimulate CD4
or CD8 T-cells (R. K. Ahmed et al., 2009). This ability to regenerate T-cells is called immunogenicity, and it is
confirmed in experiments that require peptides to be obtained from antigens (T. A. Ahmad et al., 2016; L.
Malherbe et al., 2009). There are many different peptides within antigens and T-cell predictive methods are aimed
at identifying those that are immune. T-cell epitope immunogenicity depends on three basic steps: (i) antigen
processing, (ii) peptide binding to MHC molecules, and (iii) cognate TCR recognition. Of the three cases, MHC-
peptide binding is the most preferred in determining T-cell epitopes (EM Lafuente et al., 2009; PE Jensen et al.,
2007).

The MHC | and MHC Il molecules have similar 3D structures with bounded peptides located in a duct-
shaped two a-helice above the ground that comprises eight B-antiparallel fibers. However, there is also a major
difference between the binding holes of MHC | and Il which we should highlight because it sets the predictor
conditions for peptide binding. The peptide-binding cleft of MHC I molecules is blocked as it forms a single a
chain. As a result, MHC | molecules can bind only short peptides of 9 to 11 amino acids, their N- and C-terminal
terminals remain pinned to the retained residues of the MHC molecule | through a network of hydrogen bonds
(LJ Stern et al., 1994; DR Madden et al., 1995). The MHC | peptide binding peptide also contains deep binding
packets with strong physicochemical preferences that help bind binding.

Peptides of different sizes and binding to the same MHC | molecule usually use different binding packets
(D. R. Madden et al., 1993). Therefore, methods for predicting the binding of peptide-MHC | require a fixed
peptide length. However, since most MHC | peptide ligands have 9 residues, it is usually best to predict peptides
of that size. In contrast, the groove binding peptide of MHC Il molecules is open, allowing N- and C-terminal
end of peptide to extend beyond the binding canal (LJ Stern et al., 1994; DR Madden et al., 1995). As a result,
the peptides binding to MHC Il vary widely in length (residues 9-22), although only the nucleus of the nine
residues (the peptide-binding spinal cord) resides in the binding duct of MHC I1. Therefore, binding mechanisms
of peptide-MHC 11 targets often target the identification of these peptide binding signals. The binding packets of
the MHC 1l molecule are also shallow and less demanding than those of the MHC | molecules binding peptide
to MHC Il molecules are less accurate than those of the MHC | molecules.

As with other viruses, T cells act by detecting SARS-CoV-2 peptides (short amino acid sequences)
introduced on the surface of infected cells by leukocyte antigen (HLA) molecules. The goal of the COVID-19
vaccine is to mimic this process by rejuvenating SARS-CoV-2 antibodies, thus preparing the immune system to
Fig.ht off the virus in the natural environment. A common challenge facing modern vaccination methods is to
identify certain SARS-CoV-2 peptides that can deliver a strong and protective T cell response.

This is important for the skin of the vaccine development pipeline above all else as it provides basic
recommendations for all the downstream efforts to be followed in vaccine compilation, laboratory tests, and
clinical trials. Experimental identification of SARS-CoV-2 peptides that provide T cell responses is difficult, due
in part to the large number of potential experimental options, and the high genetic variation of large
histocompatibility complex (MHC) codecs of HLA molecules. Although each person has 12 different types of
HLA alleles, currently more than 27,000 known HLA allele are listed in the immune polymorphism database
(Robinson et al., 2020) and these vary in peptide binding details.

With the availability of large amounts of data related to peptide-HLA binding, several attempts to solve
the problem of T cell epitope detection (i.e., predicting peptides to detect T cell response) have suggested the use
of this data in silico methods. (V. Jurtz et al., 2017; J.G. Abelin et al., 2017; c, B. Alvarez et al., 2020; J.G.
Abelin et al., 2019)for SARS-CoV-2, soon after the first genetic sequence was discovered in January 2020, silico
methods began to be used to predict and recommend T cell epitopes as a possible target for the SARS-CoV-2
vaccine.

In addition to guiding the development of vaccines, many of these predictions have been helpful in
informing experimental studies aimed at understanding the immune responses that occur naturally in recovering
COVID-19 patients. This review discusses the reasons and features of the silico methods and tools used to date
in predicting SARS-CoV-2 T cell epitope. As we explain, a different set of composite techniques has been used,
usually using mechanical learning methods, and in some cases the expected cross-reactivity of epitopes between
genes such as genetics is used.
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These silico methods and tools are often developed independently and in many cases have been trained
using viral or other virus-related data sets, making it difficult to understand the epitope-related functionality of
SARS-CoV-2. To help clarify these questions, this review provides a pre-diction comparison of 61 SARS-CoV-
2 in silico studies, showing similarities and differences between certain SARS-CoV-2 epitopes predicted in
different ways. We also evaluated and compared predictions using the emerging data from nine experimental
studies that identified SARS-CoV-2 T cell epitopes targeted to COVID-19 recovering patients.

By predicting the B-cell epitope, hydrophilicity is an important factor that is common in the beta region.
These tests strengthen the chances of people going to be vaccinated.By examining SARS-CoV-2-derived epitopes
derived from SARS-CoV-2 immunogenic proteins and by using bioinformamatic tools, we produced a list of
potential epitopes for vaccine formulation. Our findings can help reduce the strong targeted demand for an
effective vaccine based on the SARS-CoV-2 peptide and help guide development-focused studies to find a
vaccine for COVID-19 infection as soon as possible.

AIM AND OBJECTIVES

The main objectives is to

search for ligand using in-silico tools that would elicit response to form antibodies and hence protect individual
from the infection.

check various parameters of ligand - targets which will be most possibly used to produce a vaccine.

identify and compare the parameters that will give the possible target. thus, there is a scope by epitope-
designing and recombinant DNA technology to study and to produce vaccine models.

I. METHODOLOGY

1.KEGG

Kyoto Encyclopaedia of Genes and Genomes is a database resource that integrates genomic, chemical and
systemic functional information. KEGG pathway for Corona infection to observe various stage Entry Keywords:
SARS-COV-

Map05171 click

PATHWAY: map05171 and map03230 Search Ligand for Corona virus — type the site

https://www.guidetopharmacology.org/GRAC/CoronavirusForward
choose all ligands and target.

KEGG pathway for corona infection to observe various infectious stages and protein molecules/ligands for

targeting using  https://www.genome.jp

1.COVID-19 disease & 2. SARS-CoV-2 (SARS-CoV-2 sequences Human, MOUSE, POLAR BEAR, GHOST
SHARK AND ZEBRA FINCH.SARS coronavirus (SARS-CoV-RaTG13).

COLLECTION OF TARGET PROTEIN SEQUENCE

Collecting Protein Sequences of These Possible Ligands From Uniprot KB Database To Provide The Scientific
Community With A Comprehensive, High-quality And Freely Accessible Resource Of Protein Sequence And
Functional Information. Https://Www.Uniprot.Org .
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A MULTIPLE ALIGNMENT SEQUENCING (MSA) USING CLUSTAL OMEGA

Collect 5-7 protein sequences of each protein ligand of both corona virus — human , mouse, Polar Bear, Ghost
Shark and zebra fish conduct a multiple alignment sequencing (msa) using clustal omega.

https://www.ebi.ac.uk/Tools/msa/clustalo/

And View The Result In Jalview 2.11.1.0 To Observed The Conserved Regions In Each Protein For Jalview You
Need To Launch Manually, Install Use File > Open URL And Paste.

ANALYSIS OF PHYSIOCHEMICAL PROPERTIES

The reference genome proteins were investigated using expay protparm online server
https://web.expasy.org/protparam/. Https://Doi.Org/10.1385/1-59259-890-0:571 (Humana Press et al., 2005).

PREDICTION THE LOCALISATION AND NUMBER OF TRANSMEMBRANE HELICES.

(Transmembrane Helices [Tmhs] Present & Possible Location Of Peptide In Membrane)

To predict the Number of Transactions, use TMHMM Server V. 2.0
Http://Www.Cbs.Dtu.Dk/Services/TMHMM/ where they are used. (Krogh et al.,2001).

CDD

Conserved Domains Database of Peptides & Within Them, Name of Superfamily, Length Covered & E-value Of
Specific Hits Used https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi (Marchler-bauer et al.,2012

PREDICTION OF T-CELL EPITOPES WITH HLA

Mhcpred (Peptide Prediction to find Possible T-cell Epitopes With HLA MHCI Best Affinity Binding Alleles
With Confidence 1/0.89 And One With Least IC50 Value For Each Allele Were Selected And Listed.
http://www.ddg-pharmfac.net/mhcpred/MHCPred/

PREDICTION OF B CELL EPITOPES.

Linear B Cell Epitopes Of The Reference Genome Structural Proteins, Variant Proteins, And The Proteins That
Have A Signal Peptide Were Predicted By Abcpred

http://crdd.osdd.net/raghava/abcpred/ (Saha et al., 2004) (Vita et al.,2019).

PREDICTION OF MHC | AND MHC Il EPITOPES

E Prediction Of MHC-1 And MHC-11 Epitopes of the reference genome structural proteins, Variant proteins, and
the proteins that have a Signal Peptide Were Analysed By IEDB http://tools.iedb.org/beell/ (Vita et al.,2019).
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1l RESULT& DISCUSSION

Fig..1. KEGG PATHWAY INFECTIOUS STAGES
Entry Keywords : SARS-CoV-
PATHWAY: map05171 and map03230

Fig. 2a. ACE2 IN CALLORHINCHUS MILLI (GHOST SHARK)
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Fig. 2a. ACE2 IN CALLORHINCHUS MILLI (GHOST SHARK)

>tr | AUASWIHY 6 | ACAGWIHYJE CALMI Angiotenaln-converting enzyme Of«Callorhinchus milli DX<T7868 GNeace2 PE<]
sV=1
' MFLOWLLLLS LAAAA LS LS PVEQEATAF LKEFUTKSQDLVYKSS LASWEYNTNITDEN I DENNEESARWEAFYOQASDDESKENTNE I SINTIKLOQLNS LODRGSGVL
SKEEQUHLNEVOREMEK I YSTETVCKENNFEDCLGLEPGLT [ LLAESKDYNER LWAWEGWRHNVGKALRPLYEDY ADLENKAAKLNGYQDYGDYWRGRYETEDIGEYA
YSRDDLVKIVESLFEEGNTAKRMFESADK PP VOLQ PMNONEWKNSM I ELFTDGREVVCHP TANDMGNRVDFR I KMC TK INMEDE LIVHEEMGH LQY UMEYARLPY L
LROGANEGFHEGVEE IMS LSAATPRHLKS LGLLPASFIETSKIDINFLLRQALS IVGTLPPY PMMEQWRNEMEFRGE [ PKDQWME KFWENKRE FVGVVEPVPRDETYCD
PAALFHIANDY SFIRYYTRTIFQFQFCEALCQAAGHTGPLHKC DI TNSTEAGTKLSNMLELGKSKENTRALEEVTGOTAMNARTLLNY FXPLY ERLEKXDNQDKGRHVG
WOPTNTPYADRKHVD LI SKSDEBQFDOK SVSERAEAFKVR I SLXTALGERKAY EWNAREEYFFQATVAY SHRKYWAEVKSETLNFEI TEVAMSNSTORI SEYFIVENPK
DNTTI PKADVEQA I RENKHRFNSAFLLOOKTLEFVGL PPTLAPOSKESVTVWLI LFGVVMNGHVC IALALLT L TGORAKKQKAKETOVYENPSS L EEPDFDEGVENSAE
TIEESLNNTAN
S

SKFEQDELNEVONEMSXI YSTCTVCKPNNFSDC SLTILLAESKDYNERLWAWEGWRENVGKALRP LYEDYADLENKAAKLNGYODYGDYWRGNYETKDIGEYA
DDLVKIVESLFEEVRKPLYRELHAYVRAKLMETFGSEHISRTGG HLLGOMNGREWANLY FWSTEY PSEEDT DVTQAMVEQGWTAKRNFESACKFEQSVGLOPM
DNFNENSMI ELPTDGHKVVCHPTANDMSNEVDFR I KMCTE ITNMED VHHEMGHIQYDMEYAHLPY LLENGANEGEFHEGVGE INS LEAATPKHLKS LGLLPASEFIE
'SKIDINFLLEQALSIVGTLEFTEMMEQWRWEMFRGE I PKDORMKK Fa
EMEREFVGVVEPVIPHCETYCDPAALFHIANDY SFIRYYTRTIFQFQPQEALCOAAGHTG PLAXCDI TNSTRACTEKLENMLEKLGKSESWTRALEEVTGOTRMNARPLEN
YFEPLYEWLEEDNQDKGRAVGWD P TW T PSAEAFEVR I SLKTALGERAYEWNANEE Y FPQATVAY SMREYNAEVESETLNFE ITLSFLTILNSEY FNTILLIFY PNRMN
EHAFNSAFLLDKTLEFVGIPPTLAPQSKSSVTVWLILPGVVMGMVC IALALLI ITGORAKKQLEKRRY LRNCLEGGKGES EAXGNWOGVIKVEGREAEGLEASGGAD

Fig. 2b.ACE2 IN TAENIPYGIA GUTTATA (ZEBRA FINCH)

>Lr | HOZCRG |HOZCKE TAEGU Angiotensin-converting enzyme OS~Taeniopygla guttata OX=58729
' GN=ACE2 PE=3 5V=2

® I SGVSSCLGVKVLGLVAVVTPODVTOOAQIFLEEFNRRAENISYENSTASHNYNTNITEENANKMSEADARWSAFYEEASRNASTFQVDS I

ADDPIKILOIQILOERGSSVLSPEKYNRLGTVLNITMS TIYSTGTVCKINNPSECLVLEPGLDATMSGS TDY YERLWAHEGHWRADVGRIMMRPL
YR EYVELENEVARINGY SDYGDYWRANY EAKSPENYKY SROQLIKDVERKTFEQIKPLYEQLHAYVRHKLGOVYGPKLISSTGGLPAHLLGD
MHGREWTNLYALTVPYPAEPNIDVT SIMVEKKWDETRIFKSAEAFFVS IGLNNMTDGFWENSMLTEPTONREVVCHPTAWDCLGKNDYRIEM
CTRVTMDDFLAAHHEMGHIEY DMAYAGQPY LLRSGANEGFHEAVGE IMSTL.SVATPOHLES LNLLEPTFQDDEETEINFLLEQALT IVGTMP
FTYMLERWRINMMVFEGE I TQQEWTKRWVWEMERATVGVVE PVPHDETY CDAATLFEVAS DY SFIRYYTRTIYQFQFQEALCKAANHTGPLAKC
DISNSTEAGOKLRCMLELGRSKPWTQALESVTGEKYMNAAPLLAYFEPLYEWLKRNNSGREVEWKTDWTPYSSDAIKVRISLESALGDQAY
EWDESELFLFKSSVAYAMRKYFAEVKKOKAAFDITDIHVGEETQRISFYITVSMPGNISDMVPKADVENAIRMSRGEMNEAFRLDDSTLER

TLAAPYEPPVTIWLIVFGVVISLVVIGITALIVTGLRDRAAGSNCEEVNPYGEEGRSNLGFEPAEDTQTSE

T |HOZYWS [HOZYWS _TAEGU Angiotensin-converting enzyme OS=Taeniopygia guttata OX=59729
=ACE2 PEw3 SV=2

MLVCFWLLCGLSAVVT PQDVTOOAC I FLEEFNRRAENI SYENSTASHNYNTN I TEERANEMSEADARWEAFYEEASRNASTFQVRSIADDE
TRIQIQILOERGSSVLSPEKYNRLGTVINTMST I Y STGTVCKINNPSECLVLEPGLDATMSGSTDY YERLWAWEGWRADVGRMMRPLYEEY
VELENEVARLNGYSDYGDYWRANYEAKS PENYKY SRDQLIKDVEKTFEQIKPLYEQLHAYVRAKLGOVYGPKLISSTGGLPAHLLGDMNGR
FWTNLYALTVPYPAKPNIDVTSAMKWDE IRIFKSAEAFFVS IGLNNMT DGFWENSMLTEPTCNRKVVCHPTAWDLGENDYRTEMCTEVTMD
DFLAAHHEMGHIEYDMAYAGOPYLLRSGANEGFHEAVGETIMSLSVATPQHLESLNLLEPTFQDDEETEINFLLEQALT IVGTMPFTYMLEK
VRNMVFKGE I TQREWTKRWWEMKRAIVGVVEPY PRDETY CDAATLFHYASDY SFIRYYTRTIYQFQFQEALCKAANHTGPLHKCDI SNSTE
AGOKLROMLELGRSKPHTQALESVTGEK YMNAA PLLHY FEPLYEWNLKRNNSGREVGWK TDW T PY SSDATKVRISLKSALGDQAYENDESEL
FLFESSYAYAMRKYFLFVKVCALFEFAFDGRMSRGRMNEAFRLDDSTLEFVGILFTLAAPYEPPVTIWLIVEGVVISLVVIGITALIVTGL
RDRAAGSNCEEVNPYGEEGRSNLGFEPAEDTQTSF
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Fig. 2b. ACE2 IN TAENIPYGIA GUTTATA (ZEBRA FINCH)
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P2 | AOAGTAGITE I ACASTAGIPE TARLUU Asglotunsln-canvesting anstyme DS«Taunlopyglse guttata OX-59725 CH-ACED PE-3 SVal
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VINLADREXRANESECAMBINIEREVNEYOEEORENLGFEPAEDTQTSF

Fig.2c.ACE2 IN MUS MUSCULUS(MOUSE)

FLEIQIURCT [QIURCH_MIOUSE Anglotensin-converting enzyme DS8=Muz muscalus OX=100%0 GN-AceZ PE-2 SV=1

| MSSSSWLLLS LVAVY TAQSLTEENARTE LNNFNQEAEDLS YOS SLASKNYNTN I TEENAQKMEEAAAKNSAFYEEQSKTAQSFSLOBIOTP I IKROLOALOQQSGS SAL
| SADKNEQLNT ILNTHSTIYSTGKVENPEN POECLLLE PGLDE IMATSTDYRSRLNAWE CWRAEVGKQLRPLYEEYVVLEKNEMARARNYNDYGOYWRGDYEAEGADGYN
YNRNOLIEDVERTFAETKPLYERLEAYVRRELMOTY #5Y TSP TGCLPAR LLGOMNGRFWTHLY P LTVPFAOK PN T DV TOAMMNOGRDAER I FOEAERFEVSVGLFHNT
QGPNANGMLTEPADGREVVCH PTAWDLGHGDFRIXMCTRVTMDNELTAHHEMGH I QY DMAY ARG PF LLRRGANEGFHEAVGE IMSLSAATPXHLES IGLLPSDEQEDS
ETEINFLLKQALTIVSTLPP TYMLEKWRMMY PRGET PREQWMKKNWEMKRE IVGVVEPLPADETYCDPAS LEHVSNDY SEIRYYTAT I YOPQFQEALCQAANKYNGS LH
ECDISNSTEACOKLLEXMLELENSE PR TKALENVVGARNMDVK PLLNY FOP LFDWLKEQNFNS FVGNNTEWS PYADQS TKVRIESLESALGANAYEWTNNEME LFRSSVA
YAMEKYFS T IKNOTVPFLEEDVRVSDLKPRVIFY FEVTSFONVSIV I FRSEVEDATRMSRGRINIVIGLNONSLEFLGIHPFTLEPPYQPPVTIWLI IFGVVMALVVVG
LITLIVYGIKGREKKKNETXREEN PYDSMD I GKGESNAGEQNSDDAQTS

’!(;lo‘j[‘m!b._njllf.ﬁ Anglotensin-converting enzyme 2 {(Fragment} 0S=Mis musculua OX-=10090 GN«Aceld FE=2

KCPISNSTEAGOKLLAM LS LONSEPHTEALENVVGARNMDVE PLLN Y FOF LFDWLKEONRNS FVGNRTERS FYADQS TRVR I SLESALGARATEWTNNEME LFRSSVA
YAMRKYESTIKNQTVPPLEEDVRVSDLEPRVSFY FEVTSFONVSDV L PRSEVEDATRMSRGRINDVFGLNDNSLEFLGIHPTLEPPYQPPYTIWLI IFGVWNALVWYG
ITLIVYGIKGRKEKNETREEENS Y DEMDIGKGESNAGFQNSDOAQTSF

>t | FEXATI | FEX4T79 MOUSE Anglotensin-converting enzyme (Fragment) OS=Mus musculua OX=10090 GN=Ace? PE=l 5V=2
MUY PSY ISPTGCLPARLLGDMAGRFWTNLY PLTVPEAQEPN I DVTDAMMNQGWDAER T FREAEKF FVEVGLPHMTOGCFRANSMLTEPADGERVVCHPTA
WOLGHGDFRTKMCTKVTNDNFLY ARHEMGHIQY DMAY ARQPFLLREGANEGFHEAVGE IMS LSAAT PKHLKS IGLLPS DEQEDSETEINFLLEGALTIVGT LPETYNL
EEWRWMVERGEI PEEQWNKEWWEMKRE IVGYVES LPHDETYCDPAS LFHVENDY SYIRY Y THT IYQPQFDEALCQAARYNGS LHRCDISNS TEAGOKLLEMLS LGNS E
PRTEALENVVGARNMDVE PLLNY FQPLFDWLKEONRNSFVGNNTEWS PYADQS IKVR IS LKSALGANAYEWTRNEME LFRSSVAYAMRKYES T IKNOTVFFLEEDVRV
SPLEPRVEFYFFVTS PONVEDVIPRSEVEDATRMSRGRIRDVEGLNONS LEFLGIHPT LEFFYQPPVTIWLITFGVYMALVVVGITI LIVIGIKGRE
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Fig.2¢.ACE2 IN MUS MUSCULUS(MOUSE)

| >tr |Q3UXR1 |Q3UXR1 MOUSE Angiotensamonverting enzyme (Fragment) OS=Mus musculus
| 0X=10090 GN=Ace2 PE=2
| SV=1FLISRVAYWKLKYSWSKTFQIXPLYEHLHAYVRRKLMDTYPSYISPTGCLPAHLLGDMWGRFUTNLYPLTVPFAQKEFNIDVTDA
MMNQGWDAERIFQEAEKFFVSVGLPHMTQGFWANSMLTEPADGREVVCHFTAWDLGHGDFRIKMCTKVTMDNFLTAHHEMGHIQYDMA
YARQPFLLRNGANEGFHEAVGE IMSLSAATPKHLKSIGLLPSDFQEDSETEINFLLKQALTIVGTLPFTYMLEKWRWMVFRGEIPKEQ
WMEKKWWEMKRE IVGVVEPLPHDETYCDPASLFHVSNDYSFIRYYTRTIYQFQFQEALCQAAKYNGSLHKCDISNSTEAGQKLLEMLSL
GNSEPWTKALENVVGARNMDVKPLLNYFQPLFDWLKEQNRNSFVGWNTEWSPYADQSIKVRISLKSALGANAYEWTNNEMFLFRSSVA
YAMRKYFSIIKNQTVPFLEEDVRVSDLKPRVSFYFFVTSPONVSDVIPRSEVEDAIRMSRGRINDVEGLNDNS LEFLGIRPTLERPPYQ
PPVTIWLIIFGVVMALVVVGIIILIVTGIKGRK
>sp|QBROI0|ACEZ MOUSE Angiotensimonverting enzyme 2 OS=Mus musculus OX=10090 GN=AceZ
PE=1 8V=1
MSSSWLLLSLVAVTTAQSLTEENAKTFLNNFNQEAEDLSYQSSLASYNYNTNITEENAQRMSEAAAKWSAFYEEQSKTAQSFSLQET
RTPITKRQLOALDOSGSSALSADKNKQLNTILNTMSTIYSTGKVCNPENPOECLLLEPGLDEIMATSTDYNSRLWAWEGWRAEVGKQL
RPLYEEYVVLKNEMARANNYNDYGDYWRGDYEAEGADGYNYNRNQLIEDVERTFAEIKPLYEHLHAYVRRELMDTYPSYISPTGCLEPA
LGDMWGRFWTNLY PLTVPFAQKPNIDVTDAMMNQGWDAERIFQEAEKFFVSVGLPHMTQGFWANSMLTEPADGREVVCHPTAWDLG
GDFRIKMCTEVTMDNELTAHHEMGHIQYDMAYARQPFLLRNGANEGFHEAVGEIMSLSAATPRKHLKSIGLLPSDFQEDSETEINFLL
KOALTIVGTLPFTYMLEEWRWMVFRGE I PKEQWMKKWWEMKRE IVGVVE PLPHDETYCDPASLFHVSNDYSFIRYYTRTIYQFQFQEA
LCQAAKYNGSLHKCDISNSTEAGQKLLKMLSLGNSE PWTKALENVVGARNMDVKPLLNYFQPLFDWLKEQNRNSFVGWNTEWSPYADQ
SIKVRISLKSALGANAYEWTNNEMFLFRSSVAYAMRKYFSIIKNQTVPFLEEDVRVSDLKPRVSEYFFVTSPOQNVSDVIPRSEVEDATL
RMSRGRINDVEGLNDNSLEFLGIHPTLEPPYQPPVTIWLIIFGVVMALVVVGITIILIVTIGIKGRKKKNETKREENPYDSMDIGKGESN
AGFONSDDAQTSF

Fig.2d.Ac2 N URSUS MARITIMUS (POLAR BEAR)

el ADAGS2TTITTACAAS2TTIT _URSMA Anglotensin=converting steyms O05-Ursus maritimus OX~29073 GN-ACE2 PH-~3 5V-~

| MOLAETFLERFRNYEAEDLYYQSSLASWNYNTNITREN IQRMNDAGARKKSAFYEEQSKHARTY P LEE THRE TVERDLQALQH SGSSVLEADESQRLNTI LNAMET 1Y STGRAC
NPNNFOECLLLEFGLDDIMENSKDYNERIWAWEGWRSEVGRQLEPLYEEYVALXNEMARANRYE DY GUYWRGDYEEEWT DG YNY SANQLIEDVERTFTQ I KALYEHLHAYVR
AKILMOTY PSRISPTGCLPARLLGDMNGREFWTNLY PLY IPTGUXPN I DVTDAMYNONWOARR I FEEAEEF FVEVGLPNMTOEFHENSMLTERGDGORVYCHPTANDLGEGUFR
IEMCTKVTHMDDE LTAHKEMGH IQY DMAY AEQF FLLENGANEGPHEAVGEIMS LEAATPRELENIGLLPPGFSEDNETE INFLLKQALT IVGTLPPTYMLEKWENNVEQGKI P
KEQNNKEWWEMKRD IVGYVEFLPHOETY CDPASLFRVANDY SFIRY Y TRT 1 YOPQFOBEALCQI AKHEGP LEKC D I SNS SEAGKTLION LRLEGRS EFWT LALERVVGARNMDY
RPLLNYFEPLFTWLKEQNRNSFVCWNTDRSEYADQSIKVRI SLEKSALGEKAYRWNDNENY LFRSSTAYAMRKYFSEAKNOMI PFVEDNVWVNDLEPRISFNEPVTSPGNVED
VIPRADVEGATEMSRDRINDAFQLODNSLEF LGIQPTLGPPYQPEVT IWLIVFGVVMGLVVIGI ILLIFSGIRNRREN DQARSEEN FYASYVDLEKGENN PGRONADDNQTSF

SLEIADA4S2TIFT [ADAGLZTTYT URSMA Anglotensin=converting enzyme OS=Urasus maritimus OX=29073 GN=-ACE2Z PE-3 8V=1

ALSITEDLAYOSS LASWNYNINUTINEN [QXMNDAGAKWSAF Y EEQS KHAKTY P LEETHNSTVRRQLOALQREGS SVASADKSCRLNT L LNAMST LY STGXACNPNNEQECLL
LEPGLDFIMENSKUYNERLWAWEGWREEVGEQLRPLYEEYVALKNEMARANNYEDYGDYWRGDY EEEWTDGYNYSENQLIEDVERTFTQI KALYEHLHEAYVRAKIMOTY PSR
CLPABLLGDMWGRFWTNLY PLTTPRGOKPN I DVT DAMVNCNWDARRI FEEAEKTFYSVGLPNMTOEEWENSMLTE PGDGQRVVCHPTARDLGKGDFRIKMCTEVIMD
HHEMGH I QY DMAYAEQPFLLRNGANE : SAATFNHLEN IGLLPFGFSEDNETEINFLLEQALTIVGTLPFTYMLEKWRKMY FOGK | PREQWNEKNWE
IVGVVEPLPHDETYCOPASLFHVANDY RY T1YQPOPQEALCOIAKHEGFLHEC DI SNSSEAGKT LLMLR LGRS K FWT LALEHVVGAKNMOVRP LLNYFEPE,
FINLEEONRNSFVGANTDWS PYADQS TKVRISLKSALGEKAYEWNINEMY LERSSTAYAMRKY FSEAKNOMI PEVEDNVNVNDLKPRISFNFFVTS PGNVSDVI PRADVEGH
SRORINCAFQLDONSLEFLGIQPTLGPEYQE PVTIWLIVPGYVMGLYVIGI I LLI FSGIRNRRENDQARSEENPYASVDLEKGENNPGFORADDVOTSE
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Fig.2d.Ace2 IN URSUS MARITIMUS (POLAR BEAR)

UL L ADA4S2TTE2 LADA4S2TTEZ URSMA Angloteansin-converting engyme OS5-Uraus marltimus OX=Z9073 GN=-ACE2Z PE=3 SV=-
| FSGSLFFLKDTEDLY YQSSLASNNYNTNITHENT QKMNDAGARWSAF YEEQSKHAKTY PLEE THNSTVRRQLOALOHSGSSVLESADKSORLNT ITLNAMS TI YSTGEACKNINN
| POECLLLEPGLODINENSKDYNERLNANEGWRSEVGKOLAPLY EEYVALKNEMARANNY EDYGDYNRGOY EEEWNTDGYNY SRNQL TEDVEHTETQ I KALY EHLHAYVEAKIM
| DTYPSRISFTCCLPAHLLGOMWGHEFNTNLY PLT I FFGOKPNIDVTDANVNONNUARA I FEEAEKFFVSVOLIRMTOEFWENSKLTE PGDGOXVVCHFTAWN LGKGDER LKME
TEVIMDDFLYAHHENGH I QY DMAYAEQPFLLANGANEGFHEAVGE IMSLEAATPNALKN IGLLP PGFSEDNETE INF LLKQALT I VGT LPFTYMLEKWRWMY FQGK T FKEQOW
MEXNWEMKRDIVGVVEPLPEDETYCOPASLEHVANDY SEIRYYTRT IYQFQFQEALCQIAKHEGPLHKCOLI SNSSEAGKY LLOMLRLGRSEPNTLALEHVVGAKNMOVRE LL
NYFEFLETWLEEQNRNSEVGRNTDWSPYADYS IKVRISLESALGERAYEANDNEMY LRSS IAYAMRKY FSEAKNOM T PEVECNVRVNDLEPRISPNFEVTS PGRVSIVIPR
ADVEGAIKMSRDRINDAFQLDDNS LEFLGIQPTLGPPYQPPVTIRNLIVPGVVMGLVVIGI ILLIFSGIRNRRENDQARSEENPYASVDLSKGENNPGFORADDVOTSE

2Lr | AOAS2TTEL | AGAAS2TTE] _URSMA Angiotensin=
CHSCLSEDLY YOS SLASKNYNTNITNENIQKMNDAGARNSAFY

nverLing enzyme OZ3=Ursus maritimus OX=-25073 GN~ACE2 PE~3 SV-1L
SKHAKTYF STHNSTVERQLOALD LEADKSQURINT ILNAMSTIYSTGKACNFNNPQECE
EMARANNY EEENTD SRNQLIEDVEHTETQIKALYEHLHAYVRAKLNITYPS
LGOMWGRFRTNLYELTIPFG IDVTOAMVNONKWDARRI FEER 4 TOEFNENSMLTEPGDGOXVVCHPTAWD LGKGUER T KM TEVITM
SHIQYDMAYAEQP FLLANGA 3 SATPNHLER IGLLFPPGFSEDN LLEQALTIVGTLPFTYMLEXWRWMY FQGK I PRECRMKKWA

ADAAS2TTED | ADAAL2TTE0D _URSMA Angloter C : ~Uraua maritimos OX=29073 GN-ACEZ FE~3 SV~1
SAO0ULAET FLEXFNYEAEDLY YOS S LASWNYNTN I TN ) "} AKTYFLEETHNSTVEKRDLOALOESGSSVLSADESGRINT T LNAMSTLY
SJGEACNPANFQECLLLE PGLOD IME YRERLWAW SKEQLRP, YVALKNEMASANNYEDYGDYWRGDYEEEWTDGYNY SENQLIEDVEHTFTOLKALYEH

HAYVRAKLMDTY PSR TS PTGCLPAHLLGIMRGREWTNLY PLT GOXKENTDVTDAMVNONNDARR I FEEAZKEFFVSVGLPNMTCEFWENSMLTE PGLGOKVVCHE TAWDL
KGDFRIKMCTEVTHODELTAHBEMGH I QYDMAYAECPFLLRNGANEGFHEAVGE IMSLEAATPNILEN IGLLP PGFSECNETEINFLLEQALTIVETLPF TYMLEKWRRMY
QK I PKEUNMERKWHNEMKRDIVGVVE PLPHDETYCDPASLFHVARDY SFIRYYTRT I YQFQPQEALCO L ARHEGP LAKCDISNSS
EAGETLLOMLRLGRSKPWTLALEHVVGAKNMOVR PLINYPEP LETWLEKEQNRNS FVGNNTDWS EYADQS IKVR ISLESALGEKAYEWNINEMY LFRSSIAYAMREYFSEAKN
ONIFFVEDNVWYNDLEPRISENFFVTSPGNYSDVI PRADVEGATKMSRIRINDAFQLUDNS LEFLGIQP TLGEPYQEPVT IWLIVIGVVMGLYVIGI T LLIFSGIRNRREND
UARSEENPYASVDLSKGENNFGFONADIVOTSF

Fig. 2e. ace2 N HoMO SAPIENS(Hummn)

SBAB40370.1 ACE2 [Homo sapiens)

|I » MSSSSWLLLSLVAVTAAQSTIEEQAKTFLOKFNHEAEDLEYQSSLASWNYNTNITEENVONMNNAGDKWSAFLKEQSTLAQMYPLOEIONLTV
KLOLOALQONGSSVLSEDKSKRLNTILNTMSTI Y STGKVCNPINPQECLLLEPGLNE IMANSLDYNERLWAWE SWRSEVGRQLRPLYEEYVVL,
KNEMARANHYEDYGDYWRGDYEVNGVDGY DYSRGQLIEDVERTFEEIKPLYERLHAYVRAKLMNAYPSY IS PTGCLPAHLLGDMWGRFWINLY
SLTVPFGQXPNIDVTDAMVEQAWDAQRI FKEAEKFEVSVGLPNMTQGEFWENSMLTDPCNVOXAVCHPTANDLGKGDFRI LMCTKVIMDDELTA
HHEMGHIQYDMAYAAQPFLLANGANEGFHEAVGEIMS LSAATPKHLES IGLLSPDEQEDNETE INFLLKQALTIVGTLEFTYMLERKWRWMVER
GEI PKDOVWMKEKWWEMKRETVGVVEFVPHDETYCDPASLFHVSNDY SFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDI SNSTEAGQKLFNML
RLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDONKNSFVGWS TDWSPYADOS IKVRISLEKSALGDRAYEANDNEMYLFRSSVAYAM
ROYPLKVENOMILFGEEDVRVANLKERISENFEVTAPKNYVSDIIPRTEVEXATRMSRSRINDAFRINONS LEFLGIQPTLGPPNOEPPVSIVLI
VRGVVMBVIVVGIVILIFTGIRDRKEKNKARSGENPYAS I DISKGENNPGRONTDDVOTSF

89076.1 ACE2 [Homo sapions]

SSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNEEAEDLFYQSSLASHNYNTN I TEENVONMNNAGDKHSAFLKEQSTLACMYPLOEICONLTV
LOLOALQONGSSVLSEDKSKRLNT ILNTMSTIY STGEVCN PLNPQECLLLEPGLNE IMANSLDYNERLWAWESWRSEVGEQLRPLYEEYVVL
KNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVERTFEEIRPLYERLHAYVRAKLMNAYPSY I SPIGCLPAHLLGDMWGRFWINLY
SLTVPFPGURPNIDVTOAMV QAN DAQRI FKEAEKFFVEVCELPHMTQGFWEN SMLTDPGNVOXAVCHPTANDLGRGDFRILMCTEVIMDDELTA
HHEMGHIQY DMAYAAQPFLLRNGANEGFHEAVGE IMS LSAAT PKHLKS IGLLSPDRQEDNETEINFLLEQALTIVGTLPFTYMLEKWRWHMVER
GE I PKDOWMEEWWEMEREIVGVVEPVPHDETYCDPAS LFHV SDDY SFIRYYTRTLYQFOFQEALCQARKHEGPLAKC DI SNSTEAGQKLL
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Fig. 2e. AcE2 IN HOMO SAPIENS(Human)

-ﬁl‘.l"ﬁ! 17538] .1 anglotanalin =cotivarting enzyve 2 Lhoform A [Homo sagsleana)

| B MHEAGRORTGRLINCTEVIMIE

| WG IR DO MR TV17
PLINT PEELPTHLKOGHY
RKAT RS

IVETLPYTIMLERMION
CEWTLALENVYGAXEMNI
LSPNFFVIARKNVED L PRI
W EVUITE

OFLTANIEMGHTSYLHAYARQP LS AV LM LEARY PRI 1GTLLS u POEORITE TRFLLEQAL
] n . " THAG: 4

- SBADGS267,1 anglotenaln —converting enzyws 2 [Hono saplena)

- MESSESML LS LVAVTAARS T TELOARTF LUK FHEE AR DLE YOS S LASKNY NTN I TEENVONMRNAGDNW CAFLNECGTLAZMY FLOE 1IN LTVELOLOALOONGS SVLS EUS ERLNT
FLNTMST L STGRVON PONPOUC LLLESGINE IMARS LD Y NEKLNANESW R VOGYDYTHODLLEDVENTIEETKPL,
TEALHAYVEARTMNAY GELPAHLLGIMERPWTRLYSLTVE 3 LENMTOGEMENSNLYT DPGRIVORAVCHFTARDLEXG

-"\ bll' THPLIECALY IVGTLPFTYMLEKAEAMVERGE LPRDO

HK ( S PHTLALENUGARNMNVIIFLLNY FE @
IRYM‘QKFLD'AM&] I"?F"\J-Vr\)ﬂ KPWISENF, FVIAVERVSDI TINTEVERA LR
G LHDEKKENEARSGEN Y AS [ LSKGENNPGERONTOEV QTS

BADGS2E6.1 anglotanaln —conswerting enzyme 2 [Homo saplens)

HESSSELLLSLVAVTAAGSY [ EEQAKTFLOK FNREAE DLEYCES LASKNYNIN I TEENVONMNNAGDHW SAFLEEQS TLAGMY PLOE TONLTVELCLOA] B

TINMMEY I FSTCRVCNPONTORC EPGINETMANSLOYNEI NANESMICE JLAPLYEEYYWVINNEMARARHYE DY GOYNRG DY EVNGVDGY DY SRGOL T EDVERTFRETRIL,
YEHLRAYVEAKIMNAY P Y ISP IGCLPAHLLGDMICE PNTNLY S LTV FPGOX PN T IV T DRV DQANTAI T FRKEAFPKETV LPNMTOGEMENSNLT DIGNVQRAVCHPTNRTILENG
DFRIMCTEVTROOF L TARHENCH T QY DAY ALROF PLLBRGANEG FHEAVCE TN LEAT PRELESTGL JEDRETE INFLLEQALT TVCTLEFTYMLEERRWMVIFRIE TPRDD
MAKNAEMERE TVGVVEPVPHDET Y COPAS LIS VSND RY Y TRYLYQEOUCEALOORAKNE P LK TR TEAGCK LY NMLE LGS PMTLALENVVGAKNMNVEPLLNY PSP
LETWILRDGHKNS FVGRRTORS PYADQS DRVRTS LEGALGDRATENNDRENT LPRSSVAY 20T FLKVENCMI LFCEEDVRVANLEKPR LS PNFEVIAPENVS DL T PRTEVERA [RMET
SRINCAPINDNSLEFLG QPTG PENQPEVS ITWL I VRGVWMGVIVWGIVE L PTG IRDEKEKENEARSGENPYAS TD I SKGENNNGEONTODVOTSF

Fig. 3a. CALLORHINCHUS MILII (GHOST SHARK)

>tr|ADAGW3IH YJE|ADAAW3HYJE _CALMI Anglotensineonverting enzyme OS=Callorhinchuan|liiOX=7868 GN=ace2

PE=3 SV=1
, ¢ #nino acid composition Extinction coefficients:
| Number of amino acids: 767 L er  i3-aa Extinction coefficients are in units of M cm 1, at
Molecular weight: 88250.04 Ala (8 55 7.2 280 e e St R T
Theoretical pi: 5.58 : Asn ::: ‘*; N: Ext goeiﬁcci’erL:'teIS'?nZlOa .
T;tsal rlmgze)r cl:(t)' ;egauvely charged residues Jj: |‘L)| & "j: Ab_sdo.l%f(=| all) :'804. assuming all pairs of Cys
Gln (Q) 30 3.9% resigues form cysiines
( x:g f‘;_t;sb;:rg%f RAetes s vk I e 0 5 Ext, coefficient 158710

Abs 0.1% (=1 g/l) 1.798. assuming all Cys residues

Atomic composition: Yo (1) 37 a.8% are reduced
oy by, %9 .'-:"" Estimated halilife:
3068 ot Z e The N-terminal of the sequence corsidered is M
6066 Fa [F) 39 5.1% (Met).
1038 e ke The estimated halflite is: 30 hours (mammalian
1180 eolcs b A reticulacytes, in vitro).
33 Tp W) 21 2,7% >20 hours [yeast, in vivol.
e A >10 hours (Escherichia coli, in vivo).
orphula: C3968H6066N 103801180833 M ‘.,,', 3 500 Instability index:
otpl number of atoms: 12285 dec (0) O 0.8 The instability index (II) is computed to be 36.46
- . This classifies the protein as stable.
b o d:on Aliphatic index: 74.55

Grand average of hydropathicity (GRAVY}).495
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Fig4a TAENIOPYGIA GU TTATA (ZEBRA FINCH)

>tr | HOZCK$ | HOZCKS_TAEGU Angiotensin -converting enzyme
OS=Taeniopygia guttata OX=59729 GN=ACE2 PE=3 SV=2

Exfinction coefficients:
Amino acid composition : Extinction coefficients are in units of

| = Number of amino acids: 804 Ala (A) 61 7.6% M-1 el at 280 nm measured in
| S arg (R) 37 4.6% water.
[ » Molecular WEIth. 91738.87 Asn (N) 38 4.75'-, Ext. coefficient 181100
=» Theoretical Fl: 5.10Total number ~ Asp (D) 40 0% Abs 0.1% [=1 g/l 1.974, assuming all
of negative ?, chargedresidues  ©¥s (€ 3 1.1% pairs of Cys residues form cystines
(Asp + Glu): 108 Gln (Q) 28 3.5% Ext. coefficient 180600
. Glu (E) 68 B.5% Abs 0.1% [=1 g/l) 1.96%. assuming all
» Total number of positively Gly (G} 47 5.8% Cys residues are reduced
charged residues [Arg + Lys): 79 His (H) 15 1.9% Estimated halflife:
N, vga oo Ile (I) 43 5.3% The N-terminal of the sequence
Atomic Zomposition: Leu (L) €8 8.2% consideredis L (Leu),
nC 4124 Lys (K) 42 5.2% The estimated halflife is: 5.5 hours
Met (M) 25 3.1% (mammalianreticulocytes, in vitro).
Hydfogen H 6297 Phe (F) 32 4.0% 3 min (yeast. invivol.
) Pro {P) 34 4.2% 2 min [Escherichia coli,
N ogen N 1075 Ser (S) 55 6.8% invivo).
xygen O 1232 Thr (T) 50 6.2% Instability index:
34 Trp (W) 22 2.7% The instability index (I} is computed to
Tyr (¥) 40 5.0% be 41.99
Formula: Val (V) 52 €.5% This classifies the protfein as unstable.
4 97N 1232 Pyl (o) 0 0.0% Aliphatic index: 79.22
Cfll24H?72b7N ?7510 23 1523712 Sec (U) O 0.0% Grand average of hydropathicity
al nu er ol aroms: (B) O 0.0% ({GRAVY):-0.347
(z) 0 0.0%
(X) © 0.0%
>ArQIDBIGIQIDSI6 MOUSE Angiotensoonverting enzyme 2 ..
(Fragment) OS=Mus musculus OX=10090 (N=Ace2 PE=2 §V=2 Fig. 5b MUS MUSCULUS (MOUSE)
nmfrmr‘nr?c:--} SRR Extinction coefficients:
La L 3 a.t . .
er of amino acids: 245 Arg (R) 13 R Extinction coefficients are in units
i Asn (N) 20 T.5% of M -1 ecm-1, af 280 nm measured
Molecular weight: 30079.48 Aog (19 i in water,
Cya (C L T
] 3 . Ext. coefficient 44920
. Gln (Q) ® 3.4%
Theoretical pl: 5.66 Glu (€) 17 6.4% Abs 0.1% (=1 g/l) 1.493, assuming
Total number of negatively charged ¥ {0 |’ St all pairs of Cys residues form
residues (Asp + Glu): 31 Ile (1) 18 6.8% cystines
Leu (L) 21 7,9% Ext. coefficient 44920
Total number of positively charged  Lys () 16 6.0% Abs 0.1% (=1 g/l) 1.493, assuming
& Mat (M) 7 2.6% N
residues (Arg + Lys): 29 Sis e Mepn all Cys residues are reduced
Pro (P) 13 4.9% Estimated halflife:
i o g The N-terminal of the sequence
ir LT . .
As thefe is at least one ambiguous T ) & 2.3% g?.:;s'tco’etr:(ei gr)e(s{e)l:\ce e
144 e Tyr (Y) 8 3,0% -
posifion (B.Z or X) in the sequence vl W) 22 6.4 terminal ambiguity, the estimated
corlsidered, the atomic composition s ) o b 0% half-life can not be computed.
'_*/” L:t: The instabllity index () is
e+~ computed to be 34.77

This classifies the protein as stable.
Aliphatic index: 86.38

Grand average of hydropathicity
(GRAVY]: -0.261
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- Ansio eChkeaporaisg
- AlziALaY A%
Number of aminoe acids:774 = ApRIM A4
Molecular weight: 8936095 PO R Extinction coefficients:
| Theorstical pl:5.23 oy gt Extinction coefficients are in units of M -' em’, at 280 nmmeasured in
‘ . 2 - LysU)s 1 9% walcr
'lotnl number of pegatively charged residues e Grmei Ext. coefficient 184650
Asp + Glu):10] . GWEST T4 Abs 0.1% (=1 g/1) 2066, assuming all pairs of  Cys residues form
Total number of positively charged residues o  olyiaidd  sa% cyslincs
‘\\Ic?:l;cln:l:p:mon P a2 Ext. coefficient 184150
Carbon € 4022 - R4l sa% Abs 0.1% (=1 g/D) 2,061, assuming all ~ Cys residues are reduced
Hydrogen H 6044 ®  lesé um Estimated half -life:
':;L",‘"’m N 108 Sl ohos b b The N-terminal of the sequence considered is A (Ala).
xygen O 1185 — Mo MIZS 3% e, i e : >
Sulfir § 33 SR I'he estimated half-life is: 4.4 hours (mammalian reticulocytes, in vitro),
Fornmla: Cop N 0616850 . =20 hours (yeast, in vivo).
R = e >10 hours (Escherichia col, in vivo).
3 AL i Instability index:
. Tpmse 8% The mstability mdex(Il) is computed to be 42.44
- T As% This classifies the protein as unstable.
- W0 san Alimatic index: 706.24
- nimoe  non Grand mverage of hydropathicity (GRAVY): -0.485
- Ser (LN D nas
- mn na%
- (L) 0
- Xin 0a%

® NP ODIFTSIRL| mpictensipnverting enzyne 2 sobond

|Home sapiens | Atton acad ¢ ompesition

Fig.7b HOMO SAPIENS (HUMAN)

AliA) 59
=  Nonber ofamino acids: 808 AaD 3 Ak
=  Molecularweight 9895437 Amn(N) 50 2%

Asp(l3) 23 2an Extinction coelTichen bs:

= Theoretical pb 4.68

[ Ol 4l L Extinction coeicients are i onits of M am™, of 280 am measured
| (©) 2 " in water,
([ ® Tl ber a megaiiyely charged resid Glo(Q) 2 0%
Glo(E) 84 108 Ext, coefficiens 50290
- Asp+ Glug 107 : T . - .
i ’ Glyicr 21 2% Abs 0.1% (=1 gl) 0508, sssuming all paiss of Cys wsidues Hon
=  Total nsmber of positively charged residues HMH) I7° 338 D it
Deil) 51 100% Ext. coefficient 47790
= (Arg+ Ly do Lenil) 41 $t%

Abs (L1% (=1 g1) 0483, assuming all Cys resadues are redoced
LX) 1 0%
AT Conipaitan Estimated halflife:
Mer(M) 30 1.7%

toocambiguousposition Mhe(ls 24 11 T'ho Neterminnl of the sequence corsadered 15 N (Asn)

Peo(P) b6 20% The estrmated half-lik is: 14 hours (mammalion reticulocyles, in
vita),

(BZ 01 X) WAthe sequence

S nl I
considegfd she alomc sonpositioncannot be compoted Thril) 62 2. 7% 3 min (yesst. it vivo).
Tp(W) 3. 0% =10 hours (Eschenichia coli, in vivo)
TyriViz 280 5
2 ¥ Instability index;

WIVI I L% J; T

The instability index (11 is computiad 10 be 5174
PO} 53 dan ¢

Seoilli 28 3% Thisclassifies the prtzin as unstnble,

2 5% Aliphatic index: 7014
@y w Grand average of hydropathicity (GRAVY): -0.185
X9 LN
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LUST OF DOMAIN HITS

Fig 9aCALLORHINCHUS MILI (GHOST SHARK)

>tr | ADAAW 3HYLE | ADAAW 3HYLS_CALMI
Angiotensincanverfing enzyme
OS=CallorhinchusmiliiOX=7848 GN=ace?2 PE=3

Sv=1

ACCESSIO DESCRIPTION INTERVAL E-
P o300 ACCESSION  DESCRIPTION £ VALUE
Plam01401 Angiotensi 29-610 ) [NAME | - .
) cgg:?:::;? R ios peplidase EgligleRPli}] Anglotersin 22-554 De+00
enzwﬁe- M2 converting enzyme;
membe.rs of this members of tha
famiy are family are dipeptidy!
dlpeéﬂd-,-..' carboxydipeptidase
5 5  em
{ t
:Z::‘bOxycoep Wi plam 146959 Renal amino ccid 564715 231eds
plam 14959 Renal amine acid "O"SD?f'OfY _
trarsporter; Colectrin is o sngle
Collectiin o $20-28. | ).ote- pass
single-pass &% transmembrane
traresmembrane protein that & ..
protein thaot is ...
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Fig. 9dURSUS MARITIMUS (POLAR BEAR)
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We obtained the FASTA sequence of ACE2 in Zebra Finch, Ghost Shark, Mouse, Polar Bear, Human. Protein of
SARS- COV2 from the NCBI database. The result was shown in the Fig.. (2a,2b,2c,2d,2e).After the complete
physiochemical analysis of antigenic proteins were predicted for all ACE2. Protparum tool was used to predicit a
physiochemical analysis.

In Ghost Shark the amino acid was present in 727-803. The theoretical pl was calculated to be 5.10-6. which
shows that the final protein is Acidic. The estimated half - life is 30hours for mammalian reticulocytes in vitro
condition. Also, the instability index (I1) is computed to be 33.24-36.92. This classifies the protein as stable. The
aliphatic index is displayed in the range 74.55-78.62. Grand average of hydropathicity (GRAVY) in range of -0.398- -
0.495. the result was shownn in Fig. (3a,3b).

In Zebra Finch the amino acid was present in 688-804. The theoretical pl was calculated to be 5.10-6. indicating
that the final protein is Acidic. The average half-life is 5.5 hours for mammalian reticulocytes in vitro. 3 minutes half-
life of yeast in vivo, and 2 minutes half - life of Escherichia coli in vivo. Also, the instability index (1) is calculated to
be 37.81-46.22. This classifies protein as stable and unstable. In Il it shows more than 40.01 protein classifying as
unstable. The aliphatic index is shown in range 77.27-79.22. GRAVY range -0.321- -0.386. the result was a shown in
Fig. (4a, 4b).

In Mouse the amino acid was present in 265-805. Theoretical Pl was calculated to be 5.10-6. Which indicates
that the final protein is Acidic. The average half-life is 30 hours in mammalian reticulocytes in vitro condition. In the
main yeast there is 20 and a half hours - life in vivo state, and Escherichia coli also more than 10 half hours life in vivo.
Also, the instability index (I1) is calculated to be 34.77-44.55. This distinction indicates protein as stable and unstable.
In Il it shows more than 40.01 protein classifying as unstable. the aliphatic index is shown in range 76.58-86.38.
Maximum hydropathicity (GRAVY) range -0.193- -0.416. the result was a show in Fig. (5a, 5b).

In the Polar Bear the amino acid was present in 774-790. Theeretical pl was calculated to be 5.10-6. Which
indicates that the final protein is Acidic. The average half-life is 30 hours in mammalian reticulocytes in vitro condition.
In the main yeast there is 20 and a half hours - life in vivo state, and Escherichia coli also more than 10 half hours - life
in vivo. Also, the instability index (1) is calculated to be 41.84-43.27. This distinction indicates protein as stable and
unstable. In Il it shows more than 40.01 protein classifying as unstable. the aliphatic index is shown in range 74.82-
76.24. GRAVY range -0.482- -0.508. the result was a demonstration in Fig. (6a, 6b).

In humans the amino acid was present in 555-808. Theoretical pl was calculated to be 5.10-6.s0 the final protein
is Acidic. The average half-life is 30 hours in mammalian reticulocytes in vitro condition. In the main yeast there is 20
and a half hours - life in vivo state, and Escherichia coli also more than 10 half hours - life in vivo. Also, the instability
index (1) is calculated to be 40.09-51.74. This indicates protein as stable and unstable. In 11 it shows more than 40.01
protein classifying as unstable. The aliphatic index is displayed in the range 70.14-80.55. Maximum hydropathicity
(GRAVY) range -0.185 - -0.423. the result was a demonstration in Fig. (7a, 7b).

Predicting the localization and number of Transmembrane helices (TMHMM) is a tool used to predict the
presence of transmembrane helices in proteins. The results will show the protein components that lie inside, outside or
inside the membrane.

In Ghost Shark the segment of the protein that lie outside the membrane is (1-734) (1-684) (1-718) (1-698) (1-
729) and the protein was present with the helix is (735-757) (685-707) (719-741) (699-721) (730-752) The protein
membrane inside the helix is (708-727) (722-767) (742-761) (753-803) (758-789). The result was shown in Fig. (8a).

In Zebra Finch the segment of the protein that lie outside the membrane (1-763) (1-702) (1-709) (1-679) (1-
619) and the protein was present with the helix is (764-766) (703-725) (710-732) (680-702) (620-642) and inside the
helix is (767-804) (726-763) (733-768) (703-738) (643 -688). The result was shown in Fig.(8b).

In Mouse the segment of the protein that lie outside the membrane is (1-739) (1-199) (1-419) (1-527) (1-739)
and the protein was present with the helix is (740-762) (200-222) (492-514) (528-550) (740-762) The protein
membrane inside the helix is (763-805) (223-265) (515- 521) (551-557) (763-805). The result was shown in Fig. (8c).

In Polar Bear the segment of the protein that lie outside the membrane is (1-718) (1-708) (1-714) (1-710) (1-
724) and the protein was present with the helix is (719-741) (709-731) (714-737) (711-733) (725-747) The protein
membrane inside the helix is (742-784) (732-774) (738- 780) (734-776) (748-790). The result was shown in Fig.(8d).

In Human the segment of the protein that lie outside the membrane is (1-757) (1-740) (1-394) (1-740) and the
protein was present with the helix is (758-780) (740-763) (395-417) (741-763) The protein membrane inside the helix
is (781-805) (764-805) (418- 459) (764-805). The result was shown in Fig. (8e).

JETIR2201297 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c789


http://www.jetir.org/

© 2022 JETIR January 2022, Volume 9, Issue 1 www.jetir.org (ISSN-2349-5162)

The sequence and structure of the polypeptide chains that need to be classified by comparative analysis that
make up the protein conserved domain. It is through molecular evolution that the building blocks, different shapes can
undergo organization and production, make protein production of different functions. Significance of the evolution
domain note factors brought to us by the 2019-ncov major protease epitope protection degree assessment. This was
done using the conservative domain database (CDD).

In Ghost Shark conservation domain databases shows the peptidaseM2 accession no Pfam01401 shows the
interval value 22-610 and E-value 0e+00. The expect value was a true positives. But the collectrin was contain a
accession no pfam16959 and internal value was 620-750 and e-value was 1.01e-60. The result was shown in Fig.(9a).

In Zebra Finch the databases shows the peptidaseM2 accession no Pfam01401 shows the interval value621-772
and E-value 0e+00. The expect value was a true positive. But the collectrin was contain a accession no pfam16959 and
internal value was 621-772 and e-value was 6.78e-96. The result was shown in Fig. (9b).

In mouse CDD show the Gluzin super family accession no cl14813 shows the interval value 1-358 and E-value
0e+00. The expect value was a true positives. But the collectrin was contain a accession no pfam16959 and internal
value was 369-521 and e-value was 3.19e-88. The result was shown in Fig. (9c).

In Polar Bear conservation domain databases shows the peptidaseM2 accession no Pfam01401 shows the
interval value 8-557 and E-value 0e+00. The expect value was a true positive. But the collectrin was contain a accession
no pfam16959 and internal value was 558-741 and e-value was 3.12e-102. The result was shown in Fig. (9d).

In Human the databases shows the peptidase M2 accession no Pfam01401 shows the interval value 19- 554and
E-value 0e+00. The result was shown in Fig. (9e).

In Ghost Shark GMWDGVPKYV sequence contain highest 1IC50 VALUE (8.083). FIPLYEWLK sequence
contain lowest IC50 value (6.771). The IC50 value lower than 10 shows the strong binding among the epitope. The
result was shown in Fig.(10a).

In Zebra Finch LAAPYEPPV sequence contain a IC50 VALUE (8.09) is higher. But WLKRNNSGR sequence
contain 1C50 value (6.091)is lower.The result was shown in Fig.(10b).

In Mouse KLMDTYPSY sequence contain highest IC50 VALUE (8.047). RKLMDTYPS sequence
contain lowest IC50 value (6.027). The result was shown in Fig.(10c).

In Polar Bear ALYEHLHAY sequence contain higher IC50 VALUE (8.091). YWRGDYEEE sequence
contain lower IC50 value (6.027). The result was shown in Fig.(10d).

In Human KLMNAYPSY sequence contain high IC50 VALUE (8.326). MAYAAQPFL sequence
contain low IC50 value (7.049). The result was shown in Fig.(10e).

In Ghost Shark 0.98 higher score. They show the peptide higher probability to as the epitope. Threshold
values are 0.51. Some sequences are shown in overlay display.” MSKIYSTGTVCKPNNP, YKSSLASWEYNTNITD,
SWEYNTNITDENIDKM, AFYQQASDDSSKFNIN, SPVEQEATAFLKEFDT, TGTVCKPNNPSDCLGL,
DHLNEVQNEMSKIYST, DENIDKMNEESAKWSA, KGSGVLSKEEQDHLNE, TILLAES,
NPSDCLGLEPGLTILL, FDTKSQDLVYKSSLAS, KFNINEISDNIIKLQL, ISDNIIKLQLNSLQDK,
MFLQWLLLLSLAAAAL LNSLQDKGSGVLSKEE”. The result was shown in Fig. (11a).

In zebra Finch show 0.95 is a higher score. They show the peptide higher probability to as the epitope.
Threshold values are 0.51. Some sequences are shown in overlay display “MSTIYSTGTVCKINNP,
DARWSAFYEEASRNAS, LDAIMSGST, GSSVLSPEKYNRLGTYV, NISYENSIASWNYNTN,
TVCKINNPSECLVLEP,  SIASWNYNTNITEENA, QQAQIFLEEFNRRAEN, ASRNASTFQVDSIADD,
VDSIADDPTKLQIQIL, LVCFWLLCGLSAVVTP, NPSECLVLEPGLDAIM, LSAVVTPQDVTQQAQI,
NITEENANKMSEADAR, KLQIQILQERGSSVLS”. The result was shown in Fig. (11b).

In Mouse show 0.94s a higher score. They show the peptide higher probability to as the epitope.
Threshold values are 0.51. Some sequences are shown in overlay display “SDVI, SSVAYAMRKYFSIIKN,
TEAGQKLLKMLSLGNS, FVGWNTEWSPYADQSI, PWTKALENVVGARNMD, XCDISNSTEAGQKLLK,
KVRISLKSALGANAYE, PLLNYFQPLFDWLKEQ, VSDLKPRVSFYFFVTS, EWSPYADQSIKVRISL,
AYEWTNNEMFLFRSSV, VGARNMDVKPLLNYFQ, WLKEQNRNSFVGWNTE, RVSFYFFVTSPQNVSD”. The
result was shown in Fig.(11c).

In Polar Bear show 0.95 is a higher score. They show the peptide higher probability to as the epitope.
Threshold values are 0.51. Some sequences are shown in overlay display “MSTIYSTGKACNPNNP,
ECLLLEPGLDDIMENS, KQ, SKHAKTYPLEEIHNST, DLYYQSSLASWNYNTN, YPLEEIHNSTVKRQLQ,
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NENIQKMNDAGAKWSA, RLWAWEGWRSEVGKQ, KWSAFYEEQSKHAKTY, DDIMENSKDYNERLWA,
GSSVLSADKSQRLNTI,  SLASWNYNTNITNENI, = TGKACNPNNPQECLLL, LQALQHSGSSVLSADK,
QRLNTILNAMSTIYST, TFLEKFNYEAEDLYYQ”. The result was shown in Fig. (11d).

In Human show 0.96 is a higher score. They show the peptide higher probability to as the epitope.
Threshold values are 0.51. Some sequences are shown in overlay display “MSTIYSTGKACNPNNP,
ECLLLEPGLDDIMENS, KQ, SKHAKTYPLEEIHNST, DLYYQSSLASWNYNTN, YPLEEIHNSTVKRQLQ,
NENIQKMNDAGAKWSA, RLWAWEGWRSEVGKQ, KWSAFYEEQSKHAKTY, DDIMENSKDYNERLWA,
GSSVLSADKSQRLNTI, SLASWNYNTNITNENI, TGKACNPNNPQECLL, LQALQHSGSSVLSADK,
QRLNTILNAMSTIYST, FLEKFNYEAEDLYYQ”. The result was shown in Fig. (11e).

The IDEB program evaluates segments of the protein sequence that are likely to be antigenic by
obtaining an antibody response. The result was shown in graph. The graph has x and y axes. The X and Y axes indicate
the sequence position and the antigenic score, the threshold value being 1.01. The area above the entry value has a
yellow antigenic appearance. And the score selected to estimate the Redline. An epitope is drawn at the residual position
plot at the score threshold value. The locations of the expected epitope residues are yellow. The estimated peptide table
below the plot lists all the estimated lines of epitopes and their positions in the protein The result was shown in Fig.
(13 a, b,c,d,e).

SARS-COV-2, The causative agent of respiratory distress syndrome, has infected more than 10,000 people
worldwide, leading to numerous deaths. First detected in Wuhan, Hubei Province, China, COVID-19 spread
uncontrollably, eventually becoming a global threat. Scientists around the world are working to find a solution to this
evil outbreak (manojit bhattacharya et al., 2019). Based on the World Health Organization (WHO) website
(https://who.sprinklr.com/) 23 July, 2021, there have been 192,284,207 confirmed cases of covid-19, including
4,136,518 deaths, reported to WHO. As of 24 july 2021, a total of 3,605,386,928 vaccine doses have been administered
(WHO).

Epitope-based vaccines provide a new strategy for the prophylactic and therapeutic use of germline-specific
immunity. A multi-epitope vaccine containing peptides or overlapping peptides appears to be an appropriate solution
for the prevention and treatment of viral infections (Zhang et al.,2018). Appropriate multi-epitope vaccine engineering
should be done to include cytotoxic T lymphocytes (CTLs), T-cells, and B-cells, which contain active epitopes that can
activate and induce successful responses to specific viruses.

Today, researchers are exploring ways to develop subunit vaccines from a complete gene / protein of pathogens.
Epitope assessment for antibodies has become more important with the development of computational tools for vaccine
design (Dubey et al., 2018). There is a subdivision in the field of bioinformatics, which includes many tools and
databases. Immunological dataset prediction and in silico analysis is done with the help of tools. Advances in tools and
the availability of a variety of data, such as genetic, proteomic, and various algorithms, have made it more effective for
scientists to accurately estimate the epitopes that are most effective in the development of subunits of vaccines (De
Gregorio De et al., 2012).

The SARS-CoV-2 gene sequence distinguishes with an accession number used as a source. Sequence of proteins
from this genome was used in this study. Protein sequence was found on the NCBI Protein website. Each protein
sequence was re-searched on the Identical Protein Sequence (IPG) Database and all sequence of each protein was
matched to Clustal Omega. Interestingly, all sequences were the same which means that the sequence of all the proteins
was maintained. Since this is a novel virus that is incorporated in sequence is low in value, which could be the reason
for the same protein sequence. An IPG website is more useful than other protein sequence information sites as a single
sequence can be used as a representative of the same sequence group. Thus, unnecessary duplication of sequence data
can be avoided. List of protein sequences used to predict epitope. Genetic variation is one of the main reasons for the
inhibition of the immune system by pathogens. Protein sequence means that epitopes remain unchanged and as a result
the immune system continues to detect them.

Two tables are produced by ProtParam, the first showing computer values based on the assumption that all
cysteine residues appear as cystines, and the second assumes that no cysteine appears as cystine.IN VIVO HALF-LIFE
Part of life is the prediction of the time it takes for part of the amount of protein in a cell to disappear after its
incorporation into a cell. Predictability is given to three organisms (Human, Yeast, and E. coli), but it is possible that
the effect is transmitted to the same organisms. ProtParam measures half-life by looking at N-terminal amino acid
sequences under investigation. INDICATOR OF SUSTAINABILITY (1) Protein in its index of instability less than
40 is predicted to be stable; a value of more than 40 predicts that protein may be unstable. ALIPHATIC INDICATOR
The aliphatic protein index is defined as the average volume taken by separate aliphatic chains (alanine, valine,
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isoleucine, and leucine). It may be considered a positive factor in the increase in thermostability of globular
proteins(Elisabeth Gasteiger et al., 2003).

The predictable results of transmembrane helices are TMHMM and TMPred. (A) Predicting effect of
transmembrane helices with TMHMM Server ver. 2.0. Red bars indicate transmembrane domains, blue lines indicate
intracellular loops and magenta lines indicating extracellular loops. (B) PQLHT Hydrophobicity plot obtained using
TMPred. Ordinate represents TMPred points divided by 1,000. Positive scores elevate the hydrophobic region.
Expandable membrane regions are marked with arrows.

Conserved Domain BLAST: - The CDD 27036 PSSMs website used to search for saved regions using the E-
value parameter of 0.01 and keep the key OPEN with a 'sophisticated filter' that removes all of those edits that did not
show evolutionary relationships. Result with e-value in the range of 1 above it should be considered putative false
positives. Expect value is a parameter that describes the number of hits one can expect to see by chance when searching
a database of a particular size. The E value setting can be modified to adjust the statistical significance threshold used
for reporting matched against in the database. False positive results should be very rate with the default setting of
0.01(Marchler et al., 2004).

Prediction Of T-Cell Epitopes with HLA using the MHC prediction server. Program results are shown in a
three-column table. The first column shows the peptide sequence, the second and third columns show the IC50 and
IC50 values inverted by the IC, respectively. If the IC50 value is above 5000, the peptide will not bind to MHC atoms.
Arrays of peptides are sorted with IC50 values. Peptides with lower IC50 values (or higher IC50 values than 1C50
values) are listed first and non-binders are given at the bottom of the Table.
(http://www.ddgpharmfac.net/mhcpred/MHCPred/)

The future development of MHC Pred will improve both the scope and use of the server and the sub-system.
First, we expect to significantly increase the number of allele models, with increased focus on both human Class Il and
HLA-B and HLA-C loci, as well as non-human allele, particularly murine, i -bovine and primate. Although the peptide
binding data binding to class | alleles of length outside 9 is limited, we will also seek to produce peptide binding models
of lengths 8, 10 and 11. We are also looking at technological advances aimed at the automatic excavation of epitope
genomes. Similarly, by combining a user-defined set of allele models, we will be able to address the problem of
identifying contaminated peptides that can bind several different MHC alleles. Second, the additive method used in
MHC Pred, itself, relies on the presence of certain amino acids in specific areas within the set of training peptides to
reliably predict the effect of that residue on that condition in any experimental peptides.

MHC Class | predictor episodes: The MHC Pred server predicts peptides binding to different alleles of Class |
MHC. Selection of binding peptides is made on the basis of binding points. Peptides selected as epitopes have a
threshold score of 0.8 or more. Such peptides showed a predictable binding correlation of less than 10nM. The server
uses a default threshold score of 0.5 however, a higher score value has been used to detect epitopes with high binding
relationships of MHC alleles. Predicted episodes and their schools. Higher numbers of epitopes were predicted by
protein sequence(Van Regenmortel et al., 1993).

MHCPred is one of the most effective among the available binding methods for class | MHC.Therefore, this
method was chosen to make predictions. There have been highly contaminated epitopes predicted in the study. The
immoral nature of epitopes is a desirable asset as one epitope can bind to different alleles. Only spike proteins have
shown the presence of four contaminated epitopes. All peptides showing high binding may not be able to activate Tc
cells. In order for the peptide to act as a Tc cell epitope it must be approved for proteasome processing, indicating the
correlation to be mediated by TAP in addition to the Class | MHC affinity. The server predicts CTL epitopes among a
group of binding peptides in Class | MHC.

The combined score greater than 1 was used as the selective condition for CTL epitopes (although the default
limit value is 0.75). As MHC Pred is trained in human data it should therefore provide better functioning of the human
proteasome and TAP (Larsen et al., 2004). Therefore, peptides complementing both conditions (MHCPred score of 0.8
or more and CTL scores over 1) were selected as epitopes. These epitopes have a high binding affinity for MHC
molecules and are capable of processing the cytosolic pathway, transported by TAP with high potential to act as
epitopes. We analyzed five different SARS-COV-2 proteins in the current study (due to their availability on the NCBI-
GenBank website and their role in the structural role in SARS-COV-2 and finally revealed T-Cell epitopes that could
be used for wet laboratory observations In the most recent study, different episodes of SARS-COV-2 were discovered,
based on In-silico methods and focus, but in our study there are many differences as we analyze a group of proteins
from SARS-COV-2 to classify Ts -Cell epitopes with short lengths straight to MHC | and MHC I1.
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Prediction of B-Cell Epitopes using ABC prediction server. Server for estimating linear B cell epitope regions
in antigen sequence using artificial neural network. This server assists in selecting synthetic vaccine candidates,
identifying epitope areas that can be used in diagnosis and allergy research. High score of the peptide means higher
probability to as  epitope. All  the peptide shown  here  threshold value  chosen.
(http://crdd.osdd.net/raghava/abcpred/). The threshold applied to both servers was 0.5 and the peptides had high score
they were considered epitopes. The common epitopes predicted by both servers were used. ACE2 prediction could be
used as ABC Pred server can process predictions for less than 6000 protein residues of amino acids. B epitopes of B
cells fall into two categories - linear and continuous. For the lack of all SARS-CoV-2 protein components, in our study
we have predicted only for episodes. The B cell epitopes through two servers that strengthen the chances of detection
by immune system.

Prognosis of B-cell epitopes in antigen sequence is an important and complex problem. Although, most
antigenic protein selections do not persist, it is possible to mimic epitopes with synthetic peptides (Van Regenmortel
et al., 1993;1994). One of the major problems faced in developing B-cell epitope predictors is the variable epitope
length. Performance is much better than random, despite the fact that B-cell epitope prediction is a complex problem.
It is therefore advisable to use an ABC pred server to detect B-cell epitopes in the antigen.

The immune epitope site (IEDB) (Peters et al., 2005) is probably the most complete site for B-cell and T-cell
epitopes tested. The IEDB provides users with access to epitope-related analyzes and predictive tools including: (i) a
few ways to predict accurate and consistent B-cell epitopes; (ii) a visual tool for predicted conformational epitopes in
a 3D antigen structure; (iii) several epitope data analysis tools (e.g., computerized epitope preservation and epitope
population inclusion). The IEDB allows users to obtain both internal biochemical information and external epitope-
based information (Peters et al., 2005). This makes it possible to easily integrate customized data sets (e.g., a set of
security data. In addition, several researchers have used the IEDB to perform meta-pathogens analysis of interest,
thereby improving the use of the IEDB in the analysis and prediction of B-cell epitopes.

Chou and Fasman's method is based on arithmetic the potential for the expanded remains to form part of the
second curve structure of B turn. First of the two experimental defensive epitopes were predicted with seven to six lists
therethe window size was seven and nine, respectively. Kolaskar and Tongaonkar calculated the frequency of
occurrences of each type of amino acid (fAg) in 156 experimental epithets from 34 different proteins. Then, using the
Parker's scale, moderate levels of hydrophilicity, accessibility, and variability were calculated across heptapeptide
dispersed at 156 epitopes, and the frequency of amino acids increased. (fs) was calculated. The antigenic propensity
(Ap) value of each amino acid is calculated. About 75% of epitopes have been correctly predicted using an antigenic
propensity scale for epitopes for which the scale has been developed. In HA1, the route predicted epitope 91-108,
while the second protective episode was not predicted.

Reverse vaccinology plays an important role in the development of recombinant vaccines by allowing the in
silico analysis of the viral genome. In-silico analysis it helps to identify the most antigenic and hidden proteins that are
important for vaccine development before the start of a wet laboratory study (Dangi et al., 2018). Using this approach,
the current study aims to identify potentially antigenic proteins and epitope regions targeted by both the B and T cell
flexible immune systems to improve vaccine or sero diagnostic testing as described.

The recent global pandemic of SARS-CoV-2 has claimed hundreds of precious lives in various parts of the
world and weakened the economies of many countries. A fully effective vaccine against the approved drug or SARS-
CoV-2 has not yet been reported. In this study, there was a successful attempt to make ACE2 against SARS-COV-2.
The current study describes ACE2 as a potential candidate for vaccine production. However, current research is the
result of an integrated vaccine omics approach. Therefore, more experimental research by future is needed to
demonstrate the efficacy of the developed vaccine.

Antibodies is currently the most promising class of biopharmaceuticals. The primary purpose of epitope
detection is to replace antigen in vaccines, immune production, and serodiagnosis. Accurate identification of B-cell
epitopes and large-scale data collection remains major challenges for immunogenicity. The development of epitope
mapping of B cells and computer prediction has revealed molecular details in the biological process and the formation
of the Ag-Ab complex, which can help to make more accurate algorithms to predict localization in antigen. However,
based on statistics it is not possible to accurately determine the characteristics of the epitope, which allows biological
recognition. One should keep in mind that epitopes are not an internal protein component and antibodies that are ignored
by antibodies predict epitope placement where an unspecified Ab may bind. True epitopics cannot be predicted
regardless of the impact of the structure on the complex structure of Ag-Ab.
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