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ABSTRACT

Envelope protein in Zika virus play important role in assembly of virions, host cell binding and
membrane fusion and cover majority of the virion surface, which makes them ideal candidate for
development of peptide vaccines against Zika virus. In the present study, conserved peptides
containing multiple T cell epitopes were identified by different epitope predictions algorithms
and docking studies were carried out to establish the binding affinity of these peptides with
different HLA molecules. Employment of six epitope prediction tool and BLAST analysis
resulted into seven non-self peptide fragments containing multiple HLA restricted T cell epitopes.
The average population coverage for immunogenic response of these selected peptides was found
out to be 76.37% and 98.13% for class | and 11 HLA specific respectively. Further, docking studies
reveal that CD8" T cell epitopes and CD4+ peptides which are part of selected were have shown
good binding affinity with different HLA molecules. Six peptides were found to be non-allergic
and non-toxic by in-silico analysis. Further, some of these peptides were found to be conserved
in other viruses of flaviviridae family infecting human. Hence, it is suggested that these peptides
may be considered for synthetic peptide vaccine design against Zika virus.
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Chapter 1 INTRODUCTION

Zika virus (ZIKV) infection, a mild febrile disease which is primarily spread to people through the
bite of an infected Aedes species mosquito (Sikka et al., 2016). A Zika virus infection in human
was majorly reported in Africa, Asia, and Oceania with sporadic cases in America and Europe
(Plourde et al., 2016). Due to its rapid widespread, Zika virus infection declared as a public health
emergency of international concern by World Health Organization in February 2016 (Roberts et
al., 2016). Neurological disorders such as Guillain-Barre syndrome in adults and microcephaly in
babies born to infected mothers was found to be associated with this virus infection (Plourde et
al., 2016).

ZIKV is related to other flaviviruses responsible for causing diseases such as Japanese
encephalatitis, west Nile, dengue and yellow fever (Lanciotti et al., 2007). Zika virus genome
structure consists of a positive single stranded RNA virus encoding a polyprotein which undergoes
proteolytic cleavage into capsid protein(C), precursor membrane protein (prM) and Envelope
protein (E) as structural and seven non- structural proteins. E- Protein covers majority of the virion
surface and consists of three structural domains (DI, DI, and DIIl) (Goo et al., 2017). It plays an
important role in assembly of virions, host cell binding and membrane fusion (Faye et al., 2014).
Virus enters via cellular receptors of skin cells, and migrates to the lymph node and the
bloodstream. Studies have reported that ZIKV might enter through human skin fibroblasts,
keratinocytes, and immature dendritic cells (Hamel et al., 2015). ZIKV replication is enhanced in
skin fibroblast due to presence of several adhesion factors (e.g., AXL receptor tyrosine kinase)
which facilitate infection and cellular autophagy needed for flaviviral replication (Hamel et al.,
2015). It was reported that ZIKV infection evades the human type 1 interferons response (Winkler
et al., 2017). Further studies conducted in mice have shown the critical role of CD4+ and CD8+ T
cells in ZIKV infection (Manangeeswaran et al., 2016 and Pardy et al., 2017). Currently, there is
no approved vaccine against ZIKV but the development of vaccine is much in tune due to global
concern of this virus. Scientists at NIAID’s Vaccine Research Centre (VRC) have developed a
DNA-based vaccine which has entered in Phase 1 clinical trial (www.niaid.nih.gov). NIAID’s
laboratory has developed a live attenuated vaccine against Zika virus and dengue virus infection.

This vaccine is currently being evaluated in a large phase 3 study in Brazil (www.niaid.nih.gov).



Peptide based vaccine focusing on conserved epitopes fragments have shown significant progress
with some peptide vaccine is in different clinical stages (Nardin., 2010). Using experimental
methods for epitope identification can prove to be a very expensive and time consuming therefore
immunoinformatics driven approach for identification of epitopes against T and B cell epitopes
came into picture (Oyarzun et al., 2015). Immunoinformatics identified peptides enriched epitopes
have proven to be effective in in vitro and in vivo system (Rojas-Caraballo et al., 2014, Lohia et
al., 2017). In the present study, conserved peptides containing multiple T cell epitopes were
identified by different epitope predictions algorithms and docking studies were carried to establish
the binding affinity of these peptides with different HLA molecules.



Chapter 2 REVIEW OF LITERATURE

2.1 Zika Virus: History of the disease

Zika was firstly discovered in a rhesus monkey in Zika backwoods of Uganda in 1947 (Sikka et
al., 2016). In 1952, the first ever case of human infection due to Zika virus was reported in Nigeria
(Dick et al., 1952). From that point onwards, spread of Zika has been noticed in tropical Africa,
Southeast Asia and the Pacific Islands. In 2007, a noteworthy episode of Zika infection was
registered in Federated States of Micronesia (Duffy et al., 2009). Zika virus came into limelight in
year 2015-16 due to its epidemic spread in American continents with extensions to Europe. A
Public Health Emergency of International Concern in regard of Zika infection was pronounced by
the World health organization on February 1, 2016(Sikka et al., 2016). In addition, 29 different
nations in America have reported massive Zika infection transmission, including Puerto Rico and
US Virgin Islands (Hennessey et al., 2016).

2.2 Taxonomy of Zika virus:

Zika virus (ZIKV) has a place with the family Flavivirdae and the genus Flavivirus. It is spread
by daytime-dynamic Aedes mosquitoes (A. aegypti and A. Albopictus) (Malone et al., 2016). In
the late 1800s or early 1900s, two distinct lineages of Zika virus emerged from East Africa named
as African and Asian lineages respectively. The virus migrated from Africa to Southeast Asia
(Malaysia) that led to the origin of Asian lineage (Gatherer et al., 2016) .The phylogenetic analysis
so performed suggested that the African strains are of two types-the ZIKV MR 766 model strain
categorized as the Uganda and Nigeria group and the ZIKV 2007 Micronesian and Malaysian
strains constituting the Asian clade (Faye et al., 2014). Both epidemiologic and grouping
information are in support of the theory that the prevailing strains of ZIKV arose due to hereditary
change in the Asian ancestry infection. The classification of ZIKA virus is mentioned in table.



Table 1: Taxonomic classification of ZIKA virus

GROUP FAMILY GENUS SPECIES ORDER
Group IV Flaviviridae Flavivirus Zika virus Unspecified
((+)ss RNA)

2.3 Zika virus infection:

It is the most essential arboviral ailment in terms of mortality (www.nejm.org). The infection has
been found to incite a life—long defensive insusceptibility. ZIKV contamination can be
asymptomatic or a self-constrained, intense febrile ailment (www.who.int). Because of absence of
immunization and antiviral medications, the sole measure of control is constraining the Aedes
mosquito vectors (www.cdc.gov).
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Figure 1: Structure of Zika virus (mdpi.com)

2.4 Zika virus structure

Genome structure of Zika infection involves a positive single stranded RNA which consists of
10,974 bases and 2 non-coding regions (NCR) existing as 5’NCR and 3'NCR. The virion diameter
is around 40 nm and it also contains surface projections of 5-10 nm orchestrated in an icosahedral
symmetry. Further, the infection likewise includes a nucleocapsid incorporated by a lipid bilayer,
containing the prM and E envelope protein (Kostyuchenko et al., 2016). The open reading frame
(ORF) in Zika infection genome is 5'- C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-3' and
this ORF codes for a polyprotein that is separated into capsid (C), precursor membrane (prM) ,
envelope (E) and non-basic proteins (NS) (Chambers et al., 1990). Amongst the non-structural
proteins, some are large in size and highly conserved like NS1, NS3,NS5 whereas some are small
and hydrophobic in nature like NS2A, NS2B, NS4A, and NS4B (Chambers et al., 1990). In the 3’



NCR region of genome, 428 nucleotides are located which play a very important role in translation,
cyclization, genome stabilization, and recognition (Faye et al., 2014). A loop structure is formed
by the 3’NCR region. The 5'NCR permits translation by means of a methylated nucleotide cap
(Flaviviridae, Swiss Institute of Bioinformatics).

2.5 Structural proteins

Capsid (C), precursor membrane (prM), envelope (E) is the order of the genes for the structural
proteins starting from the 5’ end (viralzone.expasy.org). Selective cleavage of the precursor

polypeptide results in the origin of these proteins.

2.5.1 Nucleocapsid or Core protein(C)

The first polypeptide to be synthesized during translation is C protein which has a sub-atomic
weight of around 13,500 and it is enriched with lysine and arginine amino acid deposits (~ 25%).
This protein can associate with the virion RNA. C protein does not have a N-terminal (hydrophobic
flag sequence) which recommends that its synthesis occurs on non-layer-bound ribosomes. At the
carboxy end, there exists a stretch of hydrophobic amino acids which likely goes about acting as

transmembrane signal for the neighboring M-protein precursor, prM (Henchal et al., 1990).

2.5.2 Membrane associated protein (M)

During virus development, proteolytic break down of a glycosylated prM precursor (22,000) with
furin protease brings about the arrangement of the 8,000-dalton M protein. This proteolysis takes
place under acidic conditions inside Golgi apparatus and the virus particles are released from the
cell owing to decreasing levels of prM (Yu et al., 2008 and Heinz et al., 1994). The generation of
M from prM is a pivotal and terminal stage in virion morphogenesis. It brings about a substantial
increment in virus infection and a rearrangement of the virion surface structure, which in turn is
made out of E-prM heterodimers in juvenile virions (Zybert et al., 2008, Randolph et al., 1990).

The role of M protein in viral development is still unknown.

2.5.3 Envelope protein (E)




The virion envelope glycoprotein whose atomic weight is 51,000 to 60,000 exists as a homotrimer
or might be discovered intracellularly in the form of E-prM heterodimers (Henchal et al., 1990).
Nowak and Wengler in 1987 discovered the area of the disulfide linkages (shaped by cysteine
deposits) and gave an auxiliary model to the envelope protein. When correlation between structural
properties of epitopes and disulfide bridge assignment was obtained then this model was refined
(Mandl et al., 1989). The existing model of E protein comprises of three non-overlapping antigenic
spaces that are made of minimum 16 distinct epitopes). A, B, and C. Areas A and B contain
irregular antigenic determinants whose integrity relies on intact disulfide bridges. On the other
hand, the C domain is highly variable and does not contain disulphide bridges and moreover,
epitopes in this particular region are not demolished by phenomenon like reduction,

carboxymethylation or sodium dodecy! sulfate denaturation.

2.6 Non Structural proteins

2.6.1 NS1

NS1 is a monomeric and hydrophilic glycoprotein which is produced in the rough endoplasmic
reticulum. It plays a very significant role in replication, virus morphogenesis and immune evasion
(Winkler et al., 1989 and Rice et al., 1986).

2.6.2 NS2

NS2 is a membrane-associated cysteine autoprotease that mediates cleavage of its own carboxyl
terminus from NS3. Its coding region codes for proteins NS2a and NS2b respectively. NS2B is a
small protein (~14 kDa) with a central hydrophilic part (residues 49-89) involved in binding to
NS3. The function of NS2a is assembly and replication and that of NS2b is that it acts as a serine

protease co-factor (Bollati et al., 2010).

2.6.3 NS3

10



The proteolytic role of the NS3 protease has been well understood and documented (Murray et al.,

2008). It acts as a serine protease, helicase, replication and RNA phosphatase (Bazan et al., 1989).

2.6.4 NS4

It’s coding region codes for two proteins v.i.z, proteins NS4A and NS4B. They are highly
hydrophobic transmembrane proteins accountable for the membrane arrangements leading to viral
replication complex formation. This complex is a prerequisite for the viral life cycle (Nemesio et
al., 2012). NS4a is involved in replication, assembly, induction of membrane rearrangements
(Chambers et al., 1989).

2.6.5 NS5

Flavivirus NS5 consists a C-terminal RNA-dependent-RNA polymerase (RdRp) domain as well
as a N-terminal MTase. Flavivirus NS5 MTase belongs to SAM-dependent Mtases family (Zhou
et al., 2007). It acts as a methyl transferase and RNA dependent RNA polymerase (Murray et al.,
2008).

11
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Figure 2: Zika virus proteins (viralzone.expasy.org)
2.7 Life Cycle of Zika Virus

First and foremost, the virus life cycle involves the arrival of the virion through the adhesion
molecules on the cell surface and skin receptors followed by its embedment through endocytosis.
Under the influence of acidic conditions of the endosome, the existing viral glycoproteins arbitrate
integration of viral and cellular membranes, which further allows dismantling of the virion and
liberation of VRNA into the cytoplasm. Then there is translation of VRNA into a polyprotein which
is then subsequently cleaved by means of viral and cellular proteases followed by replication of
the RNA genome utilizing NS proteins. Finally, there is assembly of virus which happens at the
endoplasmic reticulum (ER) membrane, and it is here that the C protein and VRNA are
encapsulated by the ER membrane and glycoproteins ultimately resulting in the formation of
immature virus particles. After this, these virus particles are conveyed through the secretory

pathway, and in the low pH region of the trans-Golgi network (TGN), furin-mediated break down

12



of prM protein handles the development of the virus. Eventually, adult virus is liberated from the

cell (www.researchgate.net).
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Figure 3: Zika virus lifecycle (blogs.discovermagazine.com)

2.8 Mutation in Zika Virus

Zika virus has experienced critical hereditary changes in the previous 70 years and these
progressions have empowered it to infect and attack new tissues that give defensive specialties to
viral proliferation, or evade the immune system, prompting viral constancy". The strain of the viral
infection is now spreading across south and Central America and the Caribbean is not the same as
that first seen in Africa (www.nbcnews.com). As per the group at UCLA (University of California,
Los Angeles) and the Chinese Academy of Medical Sciences and Peking Union Medical College,
the Zika infection is now capable of causing serious birth defects and paralyzing disorders in its
sufferer descending from a strain that spread in Asia before moving across the Pacific

(www.nbcnews.com).

13



2.9 Diagnosis of Zika

2.9.1 Molecular Test for Zika Virus

Zika virus RNA detection at initial stages of illness is possible for symptomatic victims. For this,
test serum is gathered in the initial two weeks following the manifestation inception. RNA NAT
testing also possible on urine samples that have been gathered 14 days after appearance of
indications. If the test comes out to be positive Zika virus infection is confirmed. However, if the
test turns out to be negative then it does not guarantee the absence of infection. IgM antibody
(serological) testing should be directed for facilitating investigation on serum. RNA NAT testing
in case of asymptomatic pregnant women is done using serum and urine samples within 14 days
of last exposure. RNA NAT testing is additionally suggested in case of pregnant women who are
IgM positive. Standard IgM testing ought to be done in the event of pregnant women as a piece of
obstetric care in the first and second trimester living in zones of dynamic Zika infection

transmission (www.cdc.gov).

2.9.2 Trioplex Real-time RT-PCR Assay

Trioplex RT-PCR is used to detect to detect Zika, dengue or chikungunya infection, a research
facility test named trioplex RT-PCR is accessible where the viral RNA is diagnosed. This test
has not been affirmed by FDA and hence, can be utilized under an Emergency Use Authorization

(www.cdc.gov).

2.9.3 Serologic Test for Zika Virus

IgM antibodies particular for Zika infection begin to develop in first week after infection. Positive
IgM levels is seen on around fourth day after the onset of manifestations. Hence, to confirm the
non-existence or to detect the presence of infection, this test is performed in case a negative result
is obtained for RNA NAT (www.cdc.gov).

14



2.9.4 Zika MAC-ELISA

Zika MAC-ELISA kit is used to determine IgM antibodies in serum or cerebrospinal fluid to detect
Zika infection. Sometimes, results might be hard to decipher because of cross-response with

different flaviviruses and possible nonspecific reactivity.

2.10 Treatment and prevention for Zika

There is no particular medication or vaccine for Zika infection till now. The patient is instructed
to take rest and drink a lot of fluids to avoid dehydration. Acetaminophen (Tylenol®) is one of the
medicine which is prescribed to diminish fever and pain. As Zika infection is transmitted by
mosquitoes, it is recommended to utilize bug repellent and wearing full sleeved-garments in
infection prone regions. Moreover, recent investigations concluded that there is a chance of sexual
transmission and hence, safe sex practices are encouraged to avoid the infection. In addition, Zika
infection can likewise be transmitted through blood transfusion, care must be taken to evade

transfusion of contaminated blood from the patient to the healthy individual (www.cdc.gov).

2.11 Vaccine Development against Zika

Since Zika virus infection epidemics are highly uncommon, innovations in vaccine development
were not eagerly pursued. The recent outbreaks have alerted the scientists to the grim situation and
hence, various measures to fight Zika infection are being considered. These include recombinant
live attenuated vaccines, purified inactivated vaccines (PIVs), DNA vaccines, and viral vector
vaccines. Bortezomib and mycophenolic acid are examples of some of the established anti-
flaviviral drugs that have been found to inhibit Zika virus infection (Barrows et al., 2016). Zika
virus infection increases caspase-3 activity which can be inhibited by emricasan which is a pan
caspase inhibitor. Spread of infection is hindered by ten random inhibitors of cyclin-dependent
kinases. Zika virus replication can likewise be repressed by Niclosamide, which is a category B
anthelmintic medication affirmed by the US Food and Drug Administration (Xu et al., 2016).

Continuous endeavors are being made to fasten Zika virus vaccine development and assessment
with a definitive objective of diminishing time to licensure. The National Institute of Allergy and

Infectious Diseases (NIAID), along with the National Institutes of Health, have propelled a clinical

15



trial of a vaccine candidate which is proposed to avert Zika virus infection. The study conducted
at early stages should evaluate the safety concern of and immunogenic potential in participants.
Researchers at NIAID's Vaccine Research Center (VRC) have built up a DNA-based vaccine. This
Zika virus vaccine candidate entered Phase 1 clinical trials in August 2016. NIAID's research
facility has built up a live attenuated vaccine against Zika infection and dengue infection disease.
This vaccine is as of now being assessed in a huge stage 3 think about in Brazil. Advancement of

some mMRNA based vaccines is also in progress by NIAID.

Walter Reed Army Institute of Research (WRAIR) has built up a sanitized inactivated Zika vaccine
called ZP1V. WRAIR has utilized methodologies similar to the ones they used to design vaccines
against Japanese Encephalitis and dengue infection. Phase 1 trials testing ZPIV have started at
WRAIR. Hereditarily designed variant of vesicular stomatitis is being considered as a plausible

Zika infection treatment target (www.niaid.nih.gov).
2.12 Peptide Vaccine

The idea of peptide vaccines is based on identification of T and B cell epitopes which are
immunodominant and can induce specific immune responses. One of the approaches used to
design peptide vacccines that combines the immunoinformatic prediction with rigorous
experimental validation and hence, is considered as an interdisciplinary approach (Flower et al.,
2013). Peptides that are used as vaccine candidates are usually 20-30 amino acids long. These
peptide lengths are considered appropriate for the activation of cellular and humoral responses. B-
cell antigenic determinant of a target molecule can also be combined with a T-cell epitope to obtain
a vaccine candidate with higher immunogenicity. In epitope based vaccine, immune response
induced by an immunogen is not directed against the whole molecule, but it is against a specific
region (sequence) of protein which is an epitope. The primary epitope-based immunization was
made in 1985. They presented recombinant DNA and communicated epitopes in Escherichia coli
against cholera (Dermime et al., 2004) (Meloen et al., 2001).A recent study has identified
conserved peptides containing multiple T-cell epitopes of matrix 1 protein in HIN1 flu using
immunoinformatics and then validated immunogenic response in PBMC (Lohia et al., 2015, Lohia
et al., 2017).Thus, development of epitope based vaccines for T and B lymphocytes is feasible.

Moreover, peptide-based epitope ensemble vaccines offer various advantages over traditional

16



whole-organism vaccines. They solely focus on the immune response of relevant epitopes and
hence, help in avoiding non desirable effects like autoimmunity. Another advantage of such
vaccines is that they induce allergen specific tolerance (Hailemichael et al., 2013). These vaccines
represent no danger of change or inversion and almost no risk of contamination by harmful or
pathogenic substances. They are comparatively easy to deliver than a regular vaccine and are also

chemically stable.

Peptide-based vaccines have proved to be a boon for the treatment of life threatening diseases like
hepatitis C and cancer (Wang et al., 2013, Hailemichael et al., 2013). In a study, metadherin based
peptide vaccine against cancer has been carried out based on immunoinformatics approach
(Dhiman et al., 2016).Even though epitope-based vaccines can be long-range and broad spectrum
immunizations, yet with the utilization of small molecules as peptides, an issue of low

immunogenicity as compared to traditional vaccines is there.
2.13 Immunoinformatics:

Immunoinformatics (sometimes referred to as computational immunology) is a sub-branch
of bioinformatics that makes use of data management and computational tools to solve
immunological problems (Brusic et al., 2004).Conventional methods involve pathogen cultivation
and subsequent protein extraction which is very tedious, cost ineffective and needs lots of time.
Immunoinformatics investigation stresses on finding the potential B-and T-cell epitopes. This
approach accelerates the time and brings down the cost required for research center examination
of pathogen related gene products (Patronov et al., 2013). By utilizing these computational tools
and data, an immunologist can analyze the sequence areas with potential sites for binding, which
thus prompts the advancement of new vaccines. . The approach of reverse vaccinology is used to

identify the potential immunogenic peptide regions in a pathogen (Tomar et al., 2010).

2.14 HLA Polymorphism and Vaccine Design

The human leucocyte antigen (HLA) is an array of genes which are arranged inside a long

continuous region of DNA on chromosome 6 in humans. HLA genes are usually arranged into
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areas encoding for three classes of molecules. Class | HLA (A, B and C) genes encode glycoprotein
communicated on the surface of about every nucleated cell; the significant capacity of the class I
HLA is introduction of intracellular antigens to T cytotoxic cells. Class 1l HLA genes (DP, DQ,
DR, DM, DOA, DOB) encode glycoprotein communicated fundamentally on antigen-displaying
cells, where they introduce prepared extracellular antigenic peptides to T-cells. In addition to other
products Class 11 HLA genes encode for different emitted proteins that have resistant capacity,
including components of the complement system and molecules which are involved in

inflammation (Kuby Immunology, Chapter 6).

The loci constituting the HLA are exceptionally polymorphic; that is, numerous option types of
the genes, or alleles, exist at every locus amongst the population. The genes of the HLA loci lie
near one another. HLA class | gene contains three distinctive HLA loci A, B and C each of which
is coding for a chain polypeptides of HLA class I molecule. The class II gene contains three
noteworthy HLA loci, DP, DQ and DR; each of these loci is coding for a and B chain polypeptides
of HLA class Il molecule. Most people acquire the alleles encoded by these firmly connected loci
as two sets, one from each parent. Each arrangement of alleles is usually referred to as a haplotype.
The alleles are co predominantly communicated; that is, both maternal and fatherly gene products
are expressed in same cells. The HLA polymorphism amongst species produces diversity of
binding specificities and along these lines distinctive examples of responsiveness to antigens. So
T cell epitopes which tie to different HLA molecule will be a successful vaccine targets as it can
give better scope of the population.

T cells can identify antigen just when it is presented by HLA molecules. HLA class Il is present
on particular cell types which include proficient APCs while class | HLAs are found on each cell
having nucleus. HLA class Il proteins tie oligopeptide sections which are determined through the
protein break down of pathogen antigens, and present them onto the surface of cell for recognition
by CD4+ T cells. If triggered, T cells may unleash a versatile resistant reaction specifc to the
pathogen. The HLA | molecule ties to a peptide of about 9 amino acids long inside a shut section.
In contrast, because the antigen-binding groove has it’s both ends open, the HLA II molecules can
therefore present much longer peptides, lying in the range of 12 to 25 amino acids, out of which
nine occupy the binding groove. This contrast between HLA | and HLA Il are critical for the

advancement of these prediction algorithms (Larson et al., 2006).
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2.15 Epitopes prediction algorithms

One of the key issues in T-cell epitope prediction is forecasting HLA binding of identified epitopes
as it is viewed as a pre-requisite for T cell acknowledgment. All T-cell epitopes are good HLA
binders, yet not all great HLA binders are T-cell epitopes. Deducing the peptide binding
inclinations which have been exhibited by this substantial set of alleles is past the present limit of
experimental techniques, requiring the expansion of prediction methodologies in bioinformatics.
The best prediction techniques for T-cell epitopes created till date have been mostly data driven.
Epitope prediction includes characterizing the peptide restricting specificity of particular class I or
class Il HLA alleles and after that foreseeing epitopes in silico. Such methods include motif-based
systems, support vector machines (SVMs), and hidden Markov models (HMMs), quantitative
structure—activity relationship (QSAR) analysis and structure-based approaches (Patronov et al.,
2013). Utilizing sequence information of peptides, experimentally determined affinity data have
been used as a part of the development of numerous T-cell epitope prediction algorithms.
Contrasting to T cell epitope prediction calculations, the B cell epitope prediction has been more
confounded, particularly for the conformational B cell epitopes in light of the fact that, the 3D-
structure of protein should likewise be considered.

The prediction algorithms for linear B cells are like that of T-cells. The precision of essential
arrangement based algorithm is quite low and altered calculations based on machine learning were
subsequently developed, for instance, ABCpred (Saha et al., 2006) and BepiPred (Larsen et al.,
2006) with significant improvements in their accuracy. Prediction algorithms for conformational
B cell epitopes in light of 3D structure are additionally accessible to the steadily expanding 3D
structure of antigen-antibody complex data. Some expectation servers in view of these calculations
are available, for instance Disco Tope and CEP (http://bioinfo.ernet.in/cep.htm) (Kulkarni et al.,
2005). These strategies make utilization of data conveyed in the structure of antibodies directed

against proteins which are important to uncover the 3D collapsing of target proteins.

Chapter 3: OBJECTIVES
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e Identification of conserved peptides containing CD4+ and CD8+ T cell epitopes of Zika
virus envelope protein by employing various epitope prediction tools.

e Analysis of peptide-HLA interaction based on in silico approach.

Chapter 4: MATERIALS AND METHODS

4.1 Sequence
The Zika virus envelope protein consists of 504 amino acids. Envelope protein sequences

of Zika virus available till March 2017 were downloaded from Zika virus database
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(www.viprbrc.org).Complete protein sequences with Human as host were downloaded in
FASTA format and saved in Microsoft office word. Partial or incomplete protein sequences
were avoided.

4.1.2 Multiple sequence alignment

Multiple sequence alignment is done utilizing MUSCLE tool
(http://www.ebi.ac.uk/Tools/msa/muscle).

MUSCLE acronym stands for Multiple Sequence Comparison by Log-Expectation.
MUSCLE is a computer based program for making numerous arrangements of protein
sequences. Components of the algorithm incorporate quick separation estimation utilizing
kmer tallying, progressive alignment utilizing the log-desire score, and refinement utilizing
tree dependent restricted partitioning. MUSCLE is asserted to accomplish both better
accuracy and good speed over ClustalW2 or T-Coffee (Edgar RC., 2004).

The constraint of this tool is that it can only align 500 sequences of more than 350 amino
acid length at a time. The number of sequence retrieved was more than 500 and hence, the
tool was used multiple times. The results of MUSCLE were saved in FASTA format.

4.1.3 Conservancy Analysis
Conservancy analysis was carried out to find out the conserved region present in Envelope
protein of Zika virus. The regions of envelope protein showing = 100% conservancy were

selected. AVANA tool was used for conservancy analysis (http://avana.sourceforge.net/).
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AVANA

The Antigen Variability Analyzer (AVANA) device utilizes entropy information to
quantify fluctuation in protein sequence alignment. It additionally looks at arrangements
utilizing common data, distinguishing the changes that describe particular sequence sets
(http://avana.sourceforge.net/).Alignment result of MUSCLE (FASTA format) was used
as input for AVANA software. Parameters were set to 100% conservancy and minimum
length of 9 amino acids as a threshold value in AVANA. Conserved regions were searched
in the alignments. The overlapping regions found in the conserved regions were merged
together.

4.2 CD8+ T-cell Epitope prediction

CD8+ cells recognize the peptides presented by Class | HLA molecules on the cell surface
which are either tumorous in nature or viral infected. The target cells are killed by the
release of perforins and granzymes by CD8+ cells. For the identification of CD8+ specific

epitopes, three different tools were used.

4.2.1 IEDB: It stands for Immune Epitope Database and analysis resource. It is a physically
curated database of tentatively portrayed immune epitopes (Zhang et al., 2008).The IEDB
contains information identified with antibody and T-cell epitopes for humans, non-human
primates, rodents and other species. This tool anticipates IC50 values for peptides binding
to particular MHC molecules. It takes in an amino acid sequence or set of sequences and
decides every subsequence's capacity to bind to a particular MHC Class 1 molecule

(tools.iedb.org).
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4.2.2 SYFPEITHI

SYFPEITHI makes the predictions for both HLA class | and class 11 alleles. The algorithm
identifies the anchor and auxiliary residues in the input sequence by comparing it with the
database of naturally occurring epitopes. It assigns particular score to each residue
depending upon their position and generates overall score for predicted epitope
(Rammensee et al., 1999).

SYFPEITHI is a database containing more than 7000 peptide successions known to bind
class 1 and class 2 MHC molecules (www.syfpeithi.de).The score is ascertained by
assigning amino acids to some peptide a specific value depending on the fact if they are
anchor, auxiliary anchor or preferred. So, here anchors are given 10 points; 6-8 points are
given to unusual anchors, auxiliary anchors 4-6 and preferred deposits 1-4 points. The
amino acids that are responsible for hindering the binding ability are assigned score
between -1 and -3. The cut off value taken was 20 for the predicted epitopes (Dhiman et
al., 2016).

4.2.3netCTL 1.2

netCTL 1.2 prompts the epitope prediction on the premise of C-terminal proteasomal
cleavage, TAP transport productivity and HLA binding. It identifies the epitopes for 12
HLA-A and HLA-B super types (Larsen et al., 2007). The cut off value >0.75 was used
for the epitope prediction. The cut off 0.75 signifies the 80% sensitivity and 0.97 specificity
score of the predicted epitopes. The three combined scores result in the identification of

the potential immunogenic epitopes from the given sequence.

The common epitopes predicted by all the three tools were selected. The selected epitopes

were overlapped to generate the peptide fragments which consisted of multiple epitopes.

4.3 CD4+ T-cell Epitope prediction

HLA class 11 molecules usually bind peptides and present them to CD4+ T cells. Peptides
of class Il HLA—peptide complexes are generally 13—-18 amino acid residues long, longer
than the nonameric peptides of class | molecules but the core sequence is still 9 amino acid

in length. The peptide-binding split in class 11 molecules is open at both closures, enabling
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longer peptides to stretch out past the ends. To recognize the CD4+ particular epitopes
three unique tools v.i.z., MHC2pred (Joachim’s, 1999; Cristianini and Shawe-Taylor,
2000), Propred (Singh et al., 2001) and IEDB agreement (Wang et al., 2008) were utilized.

4.3.1 MHC2pred

MHC2Pred is a support vector machine (SVM) based strategy for prediction of unbridled
binders for 42 MHC class Il alleles. The binders and non-binders for all the alleles have
been obtained from MHCBN and JenPep database (Bhasin et al., 2003 and Blythe et al.,
2002).All the peptides which havelC50 value under 500nm are considered as binders and
peptides with 1C50 value more prominent than 500nm are considered as non-binders.
Peptides containing fewer than 9 amino acids have been erased from the dataset. The
binding core of 9 amino acids has been obtained from the binders of variable length without
considering MHC binding motifs utilizing Matrix Optimization Techniques (MOT). For
advancement of MHC binder prediction method, a machine learning procedure SVM
(Joachim’s, 1999; Cristianini and Shawe-Taylor, 2000) has been used.SVM has been
prepared on the parallel contribution of single amino sequence.

4.3.2 Propred

ProPred is a graphical online server for predicting HLA class Il binding areas in antigenic
protein sequences. The server actualizes Quantitative Matrix based prediction calculation,
utilizing amino-acid position/position coefficient table concluded from literature. The
predicted binders can be pictured either as peaks in graphical interface or as shaded deposits
in HTML interface (Singh H. et al., 2001). ProPred measures the percentage score with
respect to the best score for that particular allele. The threshold value for the epitope
prediction was taken as 3%. This means that only those peptides shall be obtained in results

which are compatriots to the 3% best scoring natural peptides.
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4.3.3 IEDB consensus

The IEDB consensus enables the user to apply multiple algorithms such as NN-align,
SMM-Align and combinatorial method for the prediction of epitopes. The performance for
HLA-II binding methods are in order: Consensus > netMHClIpan > NN-align > SMM-
align > Combinatorial Library. Based upon the epitope predicted by different algorithms a
percentile rank is generated for the finally predicted epitopes (Wang et al., 2008). The
threshold values taken for IEDB consensus was IC 50 value of less than 500.

The common epitopes predicted by all the three tools were selected.

4.4 Blast Screening

In order to avoid any similarity of the peptides with functional human protein, BLAST
analysis (Altschul et al., 1990) was performed for epitopes predicted to bind HLA class I
and Il respectively. The peptides showing similarity in seven consecutive amino acids
without gap or mismatch were eliminated (Tan et al., 2012) thus ruling out any possibility
of autoimmune response against any human functional protein. The peptides screened after

BLAST showing overlaps were merged together to generate peptide fragments.

4.5 Population Coverage Analysis

HLA alleles are highly polymorphic and diversity of alleles is found in the global
population (Zufiga et al., 2013). Different individuals of the worldwide population may
respond in different ways against particular antigen. The IEDB database enables predicting
the possible world population capable of responding to particular immunogen. The
database contains variety of class | and Il HLA alleles frequently found in different world
population of geographical areas. It compares the epitopes specific alleles with the alleles
in database and find out percentage population capable of responding. In our study IEDB
population coverage analysis tool was carried out for 16 different geographical areas
distributed globally (Huynh-Hoa Bui et al., 2006).

4.6 Mapping of peptide fragments
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The Discovery Studio v3.5 visualizer tool was used to locate the selected peptide fragments
on the three-dimensional structure of ZIKA virus envelope protein. The protein structures
for envelop protein available in the PDB database were used as the model structures to
visualize the predicted peptide fragments.

4.7 Prediction of peptide allergenicity and toxicity

Allergenicity of the predicted peptides was determined using the online tool AlgPred,
which is based on screening IgE epitopes in query protein sequence and Motif Alignment
& Search Tool (Saha et al., 2006). An expressed protein/peptide is designated as a potential
allergen if it possesses 35% identity using a window of 80 amino acids or has six
contiguous amino acids with an established allergen (www.fao.org.). Therapeutic peptides
are often associated with toxicity towards eukaryotic cells.

ToxinPred is an in silico tool that helps in screening and identifying toxic peptides in a
dataset of non-toxic or random peptides obtained from SwissProt and the translation of

EMBL nucleotide sequence databases (Gupta et al., 2013).

4.8 HLA-Peptide interaction analysis via Docking

In computer aided drug designing and in structural molecular biology molecular docking
has been found to play a very important role. Docking enables the prediction of the
predominant binding mode of a ligand with a protein of known three-dimensional structure.
High dimensional space searching is used in some of the successful docking methods and
it also makes use of a scoring function that correctly ranks candidate dockings (Morris et
al., 2008).

4.8.1 Structure generation of peptides/epitopes

The structure of predicted epitopes was elucidated using peptide structure prediction server
PEP-FOLD (Thevenetet al., 2012). The models generated by PEPFOLD are assorted either
by using the coarse grain energy of the PEPFOLD or by predicted Tm score. For the
peptides of length 36 residues the coarse grain energy of the PEPFOLD is used to sort the
predicted models whereas Tm scores for the Peptides with the residues more than 36.

4.8.2 Separation of naturally bound peptide from HLA molecule
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The structure of twelve HLA each of class | and 1l bound to their natural peptide were
retrieved. The native peptides (Ligands) and HLA structure (Receptor) were separated
using the discovery studio visualization tool 3.5. The generated peptide free HLA
structures were further used for docking using Auto dock Vina (Trott & olson ., 2010) tool.

4.8.3 Docking using Auto Dock Vina

The isolated native peptides were redocked with their respective HLA via Auto Dock vina
(Trott et al., 2009) tool. The binding energy of these naturally bound ligands was
determined. The anticipated epitopes were docked with the HLA class | and Il structure
and their binding energy was compared with the binding energy of the redocked naturally

bound peptides.

Briefly, the process followed for carrying out the above analysis was as follows:-

Ligand Separation

Open the PDB structure of HLA molecule in discovery studio visualization tool 3.5
Go to the scripts option and select the water molecules
Go to edit arld delete
Goto scripts[ind select protein chains
Go to edit and delete
Save as ligand.pdb file
Receptor Separation

Open the PDB structure of HLA molecule in discovery studio visualization tool 3.5

Go to the scriTs option and select the water molecules
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Go to edit and|delete

Go to scripts and select ligands

Go to edit and, delete

Save as the receptor.pdb file

Receptor preparation for docking

Open the PDB structure of receptor molecule in Auto dock Vina 4.0

Go to the edit and add hydrogen atoms (polar only)

Go to grid and choose and select the macromolecule option

Select receptor and then select molecule

Save the file as receptor.pdbqt
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Ligand preparation for docking
Open the ligand.pdb file in the Auto dock Vina 4.0

Go to Ligand anichoose the molecule
Select the Liganoymolecule
Go to output and'save the molecule as ligand.pdbqt

4.8.3 Preparation of configuration file
To perform the docking in auto dock vina, we are supposed to generate a text file named
as config containing the following commands. The config file should be created for the

each molecule separately depending upon their grid box selection.

receptor = “receptor name”.pdbqt

ligand = “ligand name”.pdbqt

out = out.pdbqt

center X = “x” (molecule specific value obtained after grid box optimization)
center _y = “y” (molecule specific value obtained after grid box optimization)
center_z ="z” (molecule specific value obtained after grid box optimization)
size x = “x” (molecule specific value obtained after grid box optimization)
size_y = “y” (molecule specific value obtained after grid box optimization)

size_z = “z” (molecule specific value obtained after grid box optimization)

Exhaustiveness = 16.
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Chapter 5 RESULTS

5.1 Conserved regions of Envelope protein in Zika Virus

Fifty envelope protein sequences of different genetic variants of Zika virus infecting human from
1947 were obtained from the Zika virus database. MUSCLE (alignment) and AVANA
(conservation analysis) tool were done to find the conserved regions. Fourteen peptide fragments
ranging from 9 to 85 amino acids were found to be 100% conserved (Table 2). These fragments
were then considered for further epitope prediction.

Table 2: Conserved peptide fragments of Zika virus envelope protein

Conserved sequences Length
CSE1l NRDFVEGMSGGTWVD 15
CSE2  VLEHGGCVT 9

CSE3  ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAK 85
FACSKKMTGKSIQPENLEYRIMLSVHGSQHSGM

CSE4  VNDTGHETDENRAKVEITPNSPRAEA 27
CSES HKEWFHDIPLPWH 22
CSE6  TGTPHWNNKEALVEFK 16
CSE7  QEGAVHTALAGALEAEMDG 19
CSES8 LSSGHLKCRLKMDKLRLKGVSYSLC 25
CSE9 ENSKMMLELDPPFGDSYIVIG 21
CSE10 GEKKITHHW 9

CSE1l RSGSTIGKAFEATVRGA 17
CSE12 RMAVLGDTAWDFGSVGG 17
CSE13 GAAFKSLFGGMSWFSQ 16
CSE14 CLALGGVLIFLST 13
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5.2. CD8+ T-cell specific epitope identification

Cytotoxic T lymphocytes (CD8" T cells) are important for immune defense against intracellular
pathogens including virus and bacteria and for tumor surveillance. Three tools used for the
prediction of HLA class | restricted epitopes were netCTL, IEDB and SYFPEITHI. Twenty
epitopes considered which were commonly predicted by all three tools (Table 3). Blast analysis
revealed that none of the predicted epitopes were homologous to human protein. The epitopes that
had overlapping amino acid sequences were merged to form a single peptide fragment. Seven

overlapping peptide fragments were obtained which contained more than one CD8" T-cell epitope
(Table 4).

Table 3:CD8" T cell epitopes

CD8+T cell epitopes

KEWFHDIPL SIQPENLEY
VHTALAGAL QSDTQYVCK
QEGAVHTAL GLFGKGSLV
RLKGVSYSL CPTQGEAYL
KLRLKGVSY TQYVCKRTL
GEKKITHHW LEYRIMLSV
ALGGVLIFL DTAWDFGSV
LALGGVLIF VLGDTAWDF
ETDENRAKV SLFGGMSWF
TPNSPRAEA KSLFGGMSW
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Table 4: Peptides containing overlapping CD8" T cell epitopes

CD8* T cell peptide Position Number of epitopes
QEGAVHTALAGAL 1-13 VHTALAGAL,QEGAVHTAL
KLRLKGVSYSL 15-25 RLKGVSYSL,KLRLKGVSY
LALGGVLIFL 2-11 ALGGVLIFL,LALGGVLIF
SIQPENLEYRIMLSV 61-75 SIQPENLEY,LEYRIMLSV
QSDTQYVCKRTL 17-28 QSDTQYVCK, TQYVCKRTL
VLGDTAWDFGSV 4-15 DTAWDFGSV,VLGDTAWDF
KSLFGGMSWF 5-14 SLFGGMSWF,KSLFGGMSW

5.2. CD4* T-cell specific epitope identification

CD4*T-cells are very important as they play a major role in immune defense by secretion of
specific cytokines. Once CD4* T-cells activated, they divide rapidly to activate other cells of the
immune system like CD8" T-cells and B cells. Three tools used for prediction of HLA class Il
restricted epitopes were MHC2pred, Propred and IEDB. Nineteen epitopes were considered which
were commonly predicted by all three tools (Table 5). Blast analysis revealed that none of the
predicted epitopes are homologous to human protein. Five peptide fragments were generated by
merging overlapping epitopes (Table 6).

Table 5:CD4" T cell epitopes

CD4" specific T cell epitopes

VEITPNSPR FGGMSWFSQ

ITPNSPRAE YRIMLSVHG
WNNKEALVE LVTCAKFAC
LRLKGVSYS FACSKKMTG

LKCRLKMDK IMLSVHGSQ
LKMDKLRLK LSVHGSQHS

LELDPPFGD YVCKRTLVD
VLGDTAWDF LFGKGSLVT
FKSLFGGMS LEYRIMLSV
LFGGMSWEFS
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Table 6: Peptides containing overlapping CD4™ T cell epitopes

CD4* T cell peptide Position Number of epitopes

VEITPNSPRAE 15-25 VEITPNSPR,ITPNSPRAE

LKCRLKMDKLRLK 6-18 LRLKGVSYS,LKCRLKMDK,LKMDKLRLK
FKSLFGGMSWFSQ 4-16 FKSLFGGMS,LFGGMSWFS,FGGMSWFSQ
LEYRIMLSVHGSQHS 69-81 LEYRIMLSV,YRIMLSVHG,LSVHGSQHS,IMLSVHGSQ
LVTCAKFACSKKMTG 45-59 LVTCAKFAC,FACSKKMTG

5.3. Identification of Peptide containing CD4* and CD8" specific epitope

It was interesting to find peptides that contained both CD4* as well as CD8" T-cell epitopes. To generate
such peptides having overlapping CD4" and CD8" T cell, all the predicted CD4" and CD8" T cell
epitopes were carefully looked. This resulted in generation of seven conserved peptide fragments that
contained both CD4* and CD8* T-cell epitopes (Table 7). These peptide fragments (PE1-PE7) consist
of twelveCD8'T cell epitopes and fifteen CD4" T-cell epitopes (table 7). These selected peptides were
predicted to bind a large number of different HLA class I and 11 alleles (Table 7).
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Table 7: Envelope protein containing peptides enriched with CD8* and CD4"specific T cell epitopes

CD8*T cell Peptides Number CD4*T cell Peptides Number Peptides containing multiple CD8*& CD*4 T cell
) epitopes
Epitope HLA HLAII
TPNSPRAEA 1 3 VEITPNSPRAE 23 VEITPNSPRAEA (PE1)
KLRLKGVSYSL 2 24 LKCRLKMDKLRLKGVS 134 LKCRLKMDKLRLKGVSYSL (PE2)
YS
VLGDTAWDFGSV 2 8 VLGDTAWDF 18 VLGDTAWDFGSV (PE3)
KSLFGGMSWF 2 14 FKSLFGGMSWFSQ 41 FKSLFGGMSWFSQ (PE4)
SIQPENLEYRIMLSV 2 14 LEYRIMLSVHGSQHS 122 SIQPENLEYRIMLSVHGSQHS (PE5)
QSDTQYVCKRTL 2 7 YVCKRTLVD 22 QSDTQYVCKRTLVD (PES6)
GLFGKGSLV 1 5 LFGKGSLVT 36 GLFGKGSLVT (PE7)
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5.4. Population coverage and HLA distribution Analysis

HLA distribution varies among different ethnic groups around the globe. Population coverage
analysis plays an important role for the design of peptide-based vaccine. Due to highly
polymorphic nature of HLA, the response against a particular antigen throughout a human
population is restricted. Hence, T cell epitope which binds to several HLA alleles is preferred for
maximum population coverage. The peptide fragments were found to cover larger number of HLA
class | and Il alleles. In order to estimate the immunogenic potential of the predicted peptide
fragments on the global population, population coverage analysis was carried out using the IEDB
population coverage tool. IEDB tool calculated the expected fraction of individuals from Asia,
Europe, Africa, North America, South America and Oceania countries that were expected to
respond to these peptide fragments. Population coverage was expressed as an average in case of
Asia (East Asia, Northeast Asia, South Asia, Southeast Asia, and Southwest Asia), Africa (East
Africa, West Africa, Central Africa, North Africa, South Africa) and North America (North
America, Central America).Peptides PE4 and PE5 are expected to give a high immunogenic
response ranging from 90-100% whereas the response of peptide PE1 and PE2 were in the range
of 80-90% in all the populations under consideration. The average population coverage for
immunogenic response of predicted peptides were found out to be 76.37% and 98.13% for class |

and Il HLA specific respectively.
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Figure 4: Population coverage analysis of the peptides (a) PE1, PE2 and PE3 (b) PE4, PE5, PE6

and PE7.
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5.5. Structural analysis

The envelope protein structure was obtained from PDB and it was having a multimeric structure.
Therefore, the PDB structure of the protein was edited to remove the multimeric structures leaving
only monomers using Discovery Studio v4.1 visualizer. Five out of seven identified peptides
containing CD4* and CD8" T cell epitopes were mapped on the three dimensional structure of
envelope protein. The peptides PE3 and PE4 could not be labeled as they were located in

ribonucleoprotein binding domain of envelope protein hence could not be mapped.

Figure 5: Mapping of selected peptides on three dimensional structure of envelope protein
Peptide fragmentsPE1, PE2, PE5, PE6 and PE7are depicted in yellow, grey, blue, red and
magenta color.

5.6. Epitope Docking with Class I and Il HLA molecules
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The immunogenic potential of the predicted epitopes depends upon the fact that how efficiently it
can bind to peptide binding pocket of the HLA molecule. The auto dock vina tool has been used
to assess the binding affinity of the predicted epitope with HLA class | and 1l molecules. Twelve
peptide structure HLA complex each for class | and Il were retrieved from PDB database for
docking purpose. PEPFOLD was used for prediction of all seven peptide fragments containing
CD4" specific T-cell epitopes as well as for 12 epitopes specific for CD8" T cells (Table 7). Pepfold
generate structure of the given sequence based upon structure alphabet letters. It predicts the
structure of four consecutive amino acids and then combines the series of structural alphabet letter
to generate the structure (Thevenet et al., 2012). The best model generated was taken and subjected
for epitope docking.

Peptides were extracted from the HLA complex and then redocked with corresponding HLA
molecules, using auto dock vina. Twelve epitopes were docked with HLA Class | molecule while
sevenCD4" T cell peptides were docked with HLA Class 1l molecule. The binding energies of the
peptides capable of binding to HLA molecule were compared with the naturally bound peptide.
The individual binding energies of different epitopes after docking with class I HLA molecule
were found to be comparable to the binding energy of the naturally bound peptides. However,
some peptide-HLA docked complexes were found to have higher binding energy than native
peptides. CD8*T cell epitope DTAWDFGSV for HLA 4JQV and CD4"peptideVLGDTAWDF for
all 12 HLA 11 alleles of PE3 peptide have shown higher binding energies than native peptide
(Figure 6 and Figure 7). Similarly, CD8" T cell epitope QSDTQYVCK(HLA 3RL1) and CD4"
peptides YVCKRTLVD(HLA 1A6A,1BX2,1D5M,1D5Z,1KLU,1UVQ,2FSE,2NNA and 3L6F)
of PEG6 peptide have shown higher binding energy than native peptide. GLFGKGSLYV of PE7 was
not able to bind to HLA 3SPV, thus their binding energy is not shown in figure 6. Similarly,
VEITPNSPRAE, YRIMLSVHGSQHS, YVCKRTLVD of peptides PE1, PE5 and PE6 were not
able to bind to HLA 1UVQ. Best docking pose of selected HLA-peptides are shown in figure.
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Figure 6: Docking of CD8'T cell epitopes of Envelope protein with HLA class | molecules. Binding energy of naturally bound peptides
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39



BINDING ENERGY (Kcalimol)

m MNATIVE PEPTIDE
a e VEITPNSPRAE
a & LEKCRLEMDEKLRLEKGWVEYS
v VLGDTAWDF m HNATIVE PEPTIDE
4 FEKSLFGGMSWFSQ ~ h * YRIMLEVHGSOQHS
& YWVCEKRTLVD
- - v LFGEKGSLVT
- - A &
e - - -
i - “ - b4 LR - - -
- - i - E - - - -
- i [ - - -
4 4 * =z = & - * o = i - . a M + .
] = L
- 3 * 4 = - 2 - . * - -
- 4 - 4 - W -
- o - Y = E & - T - = -
-
- - 2 -
- -] T
- v &
| LA B | T T T T T 1 -
3 L W3 o e A ™ 3 %
\"ﬁh ‘c"}*- \'u."" 'pﬁ \'{‘\' \5‘ \\:‘* ‘J.'EEI "i.‘!-"l“L ‘!F'5 '5'5"& n'?"‘; o 1‘! - 11 "'-l - .Lr "ul 1‘:*- rur -t1 — PQI o AR
Class 2 HLA alleles Rl L LR O S Ll A, e L L

Class 2 HLA allales

o ¥
b
T
Z ©°
TEeTilsFas
§§.-w-
@
A5 v T v v v T —3
Qé& é‘gﬁy ® 6“:‘5"3« - x\‘?&dgp é‘c"y
«6’ &é .&y& 4"0 o f < N
* Q}’_‘Q 4&93 <&
d_o

Figure 7: Docking of peptides containing CD4" T cell epitopes of Envelope protein with HLA class Il molecules. Binding energy
obtained for peptide fragments of peptide (a) PE1, PE2, PE3, PE4 (b) PE5, PE6, PE7 (c) Combined binding energy of each epitope
with twelve HLA molecules. The bars represent the range of energy with a horizontal line at the median. Whiskers extend from the

smallest value up to the largest. Most of the peptides have their energies close to the native peptide energy range.

40



* HLA 3MRE

* HLA1BX2
* SLFGGMSWF

* VLGDTAWDF

AG=-8.3 Kcal/mol

» HLA3MRE

NATURALLY BOUND
LIGAND

AG=-9.2Kcal/mol

Figure 8: Poses of dockings showing highest binding energy obtained for (a) CD8" T
cell epitope of envelope protein (b) CD4+ T cell peptide of envelope protein (c) naturally bound

peptide

41



5.7. Allergenicity and toxicity analysis of tested peptides

Most of the peptides derived from the envelope protein of Zika virus are considered to be good

candidates for development of a universal influenza vaccine. As essential aspect of vaccine

development is assessment of allergenicity and toxicity of the vaccine candidates. Allergenicity
and toxicity analysis of the peptides conducted showed that one of the peptide VLGDTAWDFGSV

was found to be allergen and rest all peptides were non-allergen, none of the peptides under

consideration were found to possess any toxicity.

5.8. Conservation analysis of peptides in other viruses infecting human

Blast analysis was conducted in which conservation of these predicted peptides was determined in

other viruses infecting humans. Analysis suggested that peptide PE3 was having 100%

conservation in Spondweni, liheus and St. Louis encephlatitis viruses. Peptides PE2, PE5, PE6
and PE7 were found to be 84%, 67%, 75% and 100% conserved in Dengue virus.

Table 8: Conservation of peptides in other virus infecting human

Peptide Fragments Dengue Spondweni liheus St. Louis Kedougou West
virus virus virus  encephlatitis Virus nile
virus Viru
S
VEITPNSPRAEA (PE1) - - - - - -
LKCRLKMDKLRLKGVSYSL  84% 84% - - 84% -
(PE2)
VLGDTAWDFGSV (PE3) - 100% 100% 100% - -
FKSLFGGMSWFSQ (PE4) - 85% - - - 85%
SIQPENLEYRIMLSVHGSQHS 67% 80% - - - -
(PE5)
QSDTQYVCKRTLVD (PES6) 5% - - - - -
GLFGKGSLVT (PE7) 100% - - - - -
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Chapter 6
DISCUSSION and CONCLUSION

Discussions

Zika virus is the causative agent of the mild febrile disease in humans. Current treatment for Zika
is only symptomatic as no proven treatment is yet available. There are no licensed vaccines against

Zika, although some potential candidates are under clinical trials.

Immunoinformatics driven vaccine design research is emerging as a new way to lessen time in
vaccine design process. It bypasses the exhaustive and expensive conventional vaccine design
approach and uses the in silico vaccine design algorithms providing a practical alternative. The
conventional vaccine design approaches always has a risk of reverting back and becoming live
again. The current study considered 50 envelope protein sequences of from all available strains of
Zika virus (1947 to March 2017) known to infect human population. Zika virus protein and 100%
conserved were taken for defining epitope. Peptides enriched epitopes predicted by various
bioinformatics tools have proven to be immunogenic both in vivo and in vitro assays. There have
only been very few studies which have aimed at the prediction of epitopes in Zika through in silico
approach. Majority of them have used only one tool (Gritzapis et al., 2010) or two tools (Yuan et
al., 2012) for epitope prediction. In contrast to this, the present study identification of epitopes is
based on six different prediction algorithms that strengthened the potential of putative epitopes for
immunogenicity. Considering a consensus approach has remarkable advantages which has
discussed in earlier study (Lohia et al., 2014). Also to avoid any chance of auto immune response
and eliminating the chances of tolerance by the predicted peptides BLAST analysis is of great
importance. The BLAST screening suggested that there was no similarity between any of the
conserved peptides and human protein. Seven non-self-peptides were identified which are rich in

multiple helper and cytotoxic T cells.

HLA alleles are highly polymorphic and diversity of alleles was found in the global population.
Different individuals of the worldwide population may respond in different way against particular
antigen. Epitope prediction results have shown that all seven selected peptides were associated to
large number of HLA alleles. The IEDB analysis enables predicting the possible world population

capable of responding to particular immunogen. The database contains variety of HLA class | and
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Il alleles frequently found in different world population of geographical areas. In our study IEDB
population coverage analysis tool was carried out for 16 different geographical areas distributed
globally  (Huynh-Hoa  Bui et al, 2006). Interestingly, peptide fragment
LKCRLKMDKLRLKGVSYSL on an average revealed 97.58% population coverage in Asia,
Africa, Europe, North America, South America and Oceania which is the highest among all the
peptides. These results show that these peptide fragments are capable of inducing an immunogenic
response among individuals belonging to different regions of the world population. Molecular
docking is another approach to give insight on peptide-HLA interaction. All the twelve CD8" T
cell epitopes and 7 peptides fragments containing CD4* T cell epitopes which are part of selected
peptides were considered for docking studies. All the bound peptides showed comparable binding
energies with the natural bound peptide. Similar kinds of results were found in our previous studies
of metadherin protein and matrix protein of HIN1 virus (Lohia et al., 2015, Dhiman et al., 2016).

These peptides were evaluated by in-silico tool to have allergic response and toxicity. One peptide
was found to be allergic and other were non-allergic and non-toxic in nature. Further, these
peptides were looked for conservation in other virus infecting humans. Interestingly, some of the
peptides were found to be conserved in different viruses such as Dengue virus, Spondweni virus,
liheus virus, St. Louis encephlatitis virus, Kedougou virus and West nile virus. Thus, these

potential vaccine candidates may be effective in other viruses as well.
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Conclusion

To conclude, six conserved peptides which contain multiple HLA-restricted T cell epitopes were
obtained on employment of in-silico tools. Peptide-HLA interaction revealed that these have the
capacity to induce immune response among the different populations of the world and have the
potential to bind diverse HLA alleles. These selected peptides are non-self, non-allergic and non-
toxic in nature. Thus, these peptides can further be evaluated in in-vitro and in-vivo response to
confirm the immunogenic nature and may be considered as potential vaccine target against ZIKA

virus.
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