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Abstract

Human cytomegalovirus is also known as (HCMV), a human beta-herpesvirus 5 which affects over 80% adults
worldwide. HCMV infection is considered one of the most leading causes of morbidity and mortality during
congenital infection. It can be lethal for the immunosuppressed, such as HIV-infected individuals and patients having
their organ transplanted. Considering the clinical importance of HCMV, in this study we aim to design epitope based
peptides to develop a vaccine against HCMV by targeting the envelope glycoprotein B of HCMV. We predicted total
22 epitopes and their variability were analysed. The analysis of population coverage reveals a high percentage of
the coverage for the America and Europe with an overall 69.77% population coverage for the world. Finally, we
predicted the 3D structure of epitope YAYIYTTYL and its binding profile with the human leukocyte antigen serotype
(HLA-A*02:01 and HLA-A*02:03) were analyzed using Auto Dock Vina. Our study will facilitate the epitope-based
vaccine designing of HCMV and could have a far-reaching benefit on the drug development for HCMV associated
diseases.
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Introduction
HCMV, also known as herpesvirus 5 (HHV-5), belongs to the genus

Cytomegalovirus of Herpesviridae family. The HCMV genome
comprises of a double-stranded DNA with ~230,000 bp [1]. During its
infectious cycle its complete genome remains transcriptionally active.
However, a huge a part of its transcriptome has nevertheless to be
expatiated [2]. HCMV is overwhelmingly cell-associated with
granulocytes and macrophages in the blood [3-5].

Cytomegaloviruses (CMV) are often associated with congenital
intrauterine infections [6]. Approximately, 1% of live births are affected
by HCMV infection while 90% with perinatal infected neonates do not
show any symptoms of the disease [7]. The CMV disease can be
acquired by natural routes such as horizontal and vertical transmission
[8]. The morbidity and mortality related to cytomegalovirus (CMV)
contamination in immune-compromised sufferers particularly in HIV-
infected sufferers and transplant recipients are well known [9,10].
CMV contamination occurs through casual contact or intimate touch
with a person secreting the virus in various body fluids like urine,
saliva, or other somatic fluids. CMV can also be transmitted during
sexual intercourse and through breast milk. Additionally, it can occur
through blood transfusions or transplanted organs and may cause
mucoepidermoid carcinoma of salivary glands [3], prostate cancer, [4]
and brain tumors [5] in the humans.

Since Human cytomegalovirus (HCMV) exists as a collection of
numerous strains, it can re-infect patients with extra HCMV traces.

Contaminations with a blend of HCMV strains are present in very
common places. Considering the medical importance, research on
CMV is essential to understand its pathogenesis. However, the
centrality of viral genotypes to develop a vaccine for the HCMV
disorder has not been examined yet. Exploring the mixed-genotypes of
CMVs is important to know how the reinfections ensued from various
HCMV traces and the immunization development for HCMV [11,12].
In this study, we have designed a HCMV vaccine based on the
experimentally defined epitopes using bioinformatics workflow and
tools (Figure 1).

Methodology

Collection of HCMV specific epitopes
First, immunogenic epitopes of glycoprotein B of HCMV were

amassed from an online database Immune Epitope Database and
Analysis Resource [IEDB] (http://www.iedb.org/) web server [13]. The
data we included were narrowed by the following criteria: positive T
cell assays and human host only. in addition, for MHC-I epitopes we
best taken into consideration peptides consisting 9 amino acids since
most regarded epitopes processed via class I HLA are 9-mers [14] and
for MHC-II epitopes we only considered those with 15 residues.

Data collection and generation of multiple sequence
alignment of HCMV-glycoprotein B through clustering

To build a multiple sequence alignment (MSA), complete HCMV-
glycoprotein B FASTA sequences were taken from UniProtKB.
Fragment sequences were excluded. We generated the multiple
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sequence alignment (MSA) encompassing entire HCMV-glycoprotein
B using MUSCLE [15], with default settings. MEGA 7 software
package was employed for generating the MSA.

Variability analysis of HCMV-glycoprotein B
Aligned sequences for HCMV-glycoprotein B were subjected to

protein Variability Server [PVS] to analyze the sequence variability of
the Protein [16]. We chose Shannon entropy (H) as the variability
metric [17], and the variability threshold was set at 0.5. Afterward, we
picked only those conserved epitopes that precisely coincided with the
generated sequences and consensus throughout their whole length.

Determination of population coverage by these epitopes
In order to trace minimal sets of epitopes (optimal epitope

combinations) with a target PPC we first obtained Class I binding
profiles assigning the IEDB class I HLA binding prediction tool web
server. We selected a class I HLA reference set as these alleles
prevalence frequently in the population [18]. For each MHC-II
epitope, we predicted HLA II binding affinities to different alleles
found in the human population [19], using IEDB class II HLA binding
prediction server.

Only those epitopes having a predicted score of IC50<50nM were
retained. Population protection coverage (PPC) calculation was
performed using the IEDB Population coverage prediction tool web
server for 7 populations of interest: Central America, South America,
North America, Europe, Southeast Asia, West Africa, and West Indies.

HLA-epitope binding prediction
The 3D structure of MHC class I molecule; HLA-A*02:01 (PDB ID:

4U6Y) and HLA-A*02:03 (PDB ID: 3OX8) were retrieved from an
online database Protein Data Bank web server and processed via the
PYMOL software. Before the docking experiment, all the water
molecules present in the HLA protein were removed using pymol.
Additionally, B chain was removed from HLA-A*02:01 and C and F
chains were removed from the HLA-A*02:03. The 3D structure of
YAYIYTTYL was predicted by the PEP-FOLD server: predict de novo
structure of peptide. The Vina wizard tool of a Pyrx software package
(version 1.5.6) was used for docking analysis. Both the protein [HLA-
A*02:01] and [HLA- A*02:03] were docked against ligand (epitope
YAYIYTTYL) files were first converted into PDB format before
docking study. The grid space for the center was set manually to
increase the interaction of an epitope at the binding groove of HLA-
A*02:01 and HLA-A*02:03.

Result and Discussion

Primary selection of Epitopes
Primary epitopes were selected from IEDB database and all the

possible strains of HCMV were considered. To find out the epitopes,
we applied these search criteria was positive T cell assays and human
host only, epitopes of glycoprotein B of HCMV strains AD169 and
10359. HCMV strains AD169 and 10359 are the most common strains.
We considered both the MHC class 1 and MHC class 2 epitopes. We
found 8 epitopes for the MHC I each having 9 amino acids, while 6
were found for the MHC II each containing 15 amino acids (Table 1).

Secondary selection of Epitopes for MHCI and MHCII based
on predicted ANN IC50 score

We exploited and tools to analyze the MHCI and MHCII binding
prediction respectively. Throughout our analysis we found only 4
epitopes have ANN IC50 score less than 50 among previously primary
selected 8 epitopes for MHC I. Following same procedure, we found
only 4 epitopes for MHC II out of previously primary selected 6
epitopes (Table 2).

Final selection of epitopes from PVS result

For the final selection, we performed multiple sequence analysis
followed by analysis of the variability of glycoprotein B using Protein
variability server. We found both the glycoprotein B from AD169 and
10359 strains were consensus under the variability threshold of 0.5
(Figure 2). Our result suggests that the amino acids between 25th to
70th positions and 450th to 485th positions of glycoprotein B of both
the HCMV strain 10359 and AD169 are highly variable. Other regions
are consensus and the amino acids in the window of 625th to 770th are
highly conserved. We then selected only those epitopes that found
conserved precisely throughout their full-length with the generated
consensus sequences. Finally, we found 4 epitopes for MHCI and 2
epitopes for MHCII that satisfy these criteria (Table 3).

Population coverage calculation
Combined Population coverage of the predicted epitopes for both

Class I and Class II MHC was calculated by the IEDB population
coverage tool at from the IEDB analysis resource. We set 6 epitopes for
calculation and combined MHC Class I and MHC Class II (Table 4).
Interacting alleles were put against each epitopes as MHC Restricted
Allele(s). Total 16 regions of the world as well as the overall world
coverage were calculated. Of 16 regions, 7 regions have population
coverage more than 60% and overall world population has 69.77%
coverage (Figure 3).

HLA-epitope binding prediction
To investigate the interaction between HLA and the selected

epitopes, we first determined the 3D structure of the epitopes
employing PEP-FOLD an online server. In this case, the YAYIYTTYL
epitope was selected for docking because of having maximum
interactions with different HLAs. While processing in PEP-FOLD,
linear as well as disulfide bonded cyclic peptides with 9-36 amino acids
were allowed for the treatment [20]. Again virtual molecular screening
was done to dock small-molecule libraries to a macromolecule in order
to find lead compounds with desired biological function. PyRx, a
software used for performing specific steps for considerations for data
preparation, docking study, and data analysis [21]. Using the predicted
structures, we employed AutoDock Vina to dock the predicted epitopes
to MHC class I molecule, HLA-A*02:01 and HLA-A*02:03. Of 9
predicted possible binding models, here we presented the model with
the highest score (Figure 4). Because of the higher binding energy with
HLA-A*02:01 and HLA- A*02:03, the best output model for
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YAYIYTTYL epitope was predicted to have a binding energy of -7.4
and -8.4 kcal/mol respectively (Figure 4).

Discussion
Glycoproteins (GP) can be the excellent targets for epitope-based

vaccine design as they are associated with viral attachment and
invasion to the cell [22,23]. The key role of GPs of HCMV during
cellular infection makes them a suitable antigenic target for
development of vaccine. However, the limited amount of information
representing the HCMV worldwide population demands a
computational based epitope prediction study as presented here would
be efficient and cost-effective in the case of HLA class I molecules.

Traditional vaccines generally take longer time for improvement
and have much less energy to distinct between infected and vaccinated
cells [24]. In Contrast, peptide-based vaccines are more convenient
than other vaccines, such as peptide stability, ease of synthesis, storage,
circumventing infectious agents while manufacturing and other
molecules can be combined with peptides to augment their
immunogenicity [25]. Envelope glycoprotein B is one of the best
options which is both available in all strains of HCMV and is virus-
specific [23]. In this study, we have predicted HCMV epitopes based on
the combination of legacy experimentation consisting of
experimentally defined epitopes with immunoinformatics tools.

We employed a strategy to assemble CD8 T cell epitope vaccines
and also considered the CD4 T cell epitope. We utilized the
experimentally validated epitopes rather than the predicted epitopes
and successfully identified epitopes that are more appropriate for
epitope based vaccine design. Therefore, our approach is conducive as
it saves time and resources. The HLA allele frequencies vary in a
population with different genetic backgrounds. Therefore, we target
the population that would be administered with the vaccine and
considered the candidate epitope that particularly binds with the
ubiquitous HLA molecules in that population. This interaction of
epitopes can be enhanced by linking with some other molecules which
could increase immunogenicity.

In summary, we predicted 6 prospective epitopes of HCMV and
identified their peptide binding cores using bioinformatics tools.
Further in vitro and vivo studies using these predicted epitopes may
pave the way for the development of more effective vaccine against
human cytomegalovirus infection.
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