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Epitopes prediction of PFEMP1-DBL2J recombinant protein
from Indonesian Plasmodium falciparum Isolate for malaria
vaccine development

Sheilla Rachmania'?, Erma Sulistyaningsih»*»*, Anak Agung Istri Ratnadewi'>*, Rosita Dewi'-?

!Graduate School of Biotechnology, University of Jember, *Faculty of Medicine, University of Jember, 3Center for

Development of Advance Science and Technology (CDAST), University of Jember, *Faculty of Mathematics and
Natural Sciences, University of Jember

Abstract

The development of an effective vaccine against malaria is essential. Domain Duffy-binding-like (DBL)2f
in Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1) protein is one of the vaccine
candidate proteins because of its binding capacity to ICAM-1 receptor. However, the high polymorphism
needs epitope identification before formulating a peptide-based vaccine. This study aimed to identify the
conserved epitopes in PEEMP1-DBL2B by an immunoinformatic approach. The protein sequences were
analyzed to predict the hydrophobicity attributes, T-cell and B-cell epitopes. T-cell epitopes were identified
using the NetCTL and Propred server and analyzed for population coverage rate using the IEDB analysis
tool. Moreover, the Bepipred 2.0 and Kolaskar Tangaonkar method combined with the K-means clustering
were used to predict the B-cell epitopes. This study found that the hydrophobicity value of PFEEMP1-DBL2f
recombinant protein is 32.62, indicating that this protein is soluble and potentially fit into HLA alleles active
site. Two conserved antigenic CTL epitopes with near 90% population coverage rate in the malaria target
population were identified. For Th cell epitopes, the NN-align algorithm showed no overlapping strong
binding epitope positions for three chosen Indonesian and African alleles. Three B-cell conserved epitopes
were identified at the position of 77-89, 236-254 and 360-377 amino acids with one cluster overlapping with
ICAM-1 determinant binding area. The predicted conserved epitopes within the protein in this study are
valuable in constructing a subunit peptide-based malaria vaccine candidate. A further experimental study is

needed to validate this approach as the next step in vaccine development.

Keywords: DBL2p, epitope, immunoinformatic, malaria, PFEMP1.

Introduction

Malaria is one of the most important infectious
diseases; it is responsible for 400.000 deaths each
year worldwide. Indonesia is one of the countries that

Corresponding Author:

Dr. Rer. Biol. Hum. Dr. Erma Sulistyaningsih

M.Si, Department of Parasitology, Faculty of Medicine,
University of Jember, Jember, East Java, Indonesia
68121
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e-mail:sulistyaningsih.fk@unej.ac.id

have more than 100.000 increasing cases in 2017().
WHO has several strategies and recommendations to
control malaria. A vaccination is considered a great
and effective solution as a prophylactic treatment for
infectious disease, especially for severe malaria-causing
high morbidity and mortality @)

Pathology of severe malaria involves aggregation
and adhesion in microvascular of vital organs called
cytoadherence. This mechanism reduces and further
obstructs blood flow resulting in organ failure. Besides,
cytoadherence can contribute to immune evasion
mechanisms causing the spleen’s inability to destruct the
infected erythrocyte®. The cytoadherence is mediated
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by Plasmodium falciparum erythrocyte membrane
protein-1 (PfEMP1), a protein expressed by the parasite
and deposited on the surface of infected erythrocyte
which can bind to various host cell receptors. PFEEMP1
is a complex protein and consists of several domains,
one of them is the Duffy-binding-like (DBL)2f domain
that has an affinity toward Intercellular Adhesion
Molecule-1 (ICAM-1) receptor found in endothelial cell
of microvasculature including the brain®.

The adhesion of PfEMP1 domains to several host
receptors plays an essential role in mediating severe
malaria pathogenesis, thus makes this protein as a target
in developing the peptide-based vaccine. However, the
complexity of the parasite’s life cycle, high antigenic
switching rate and immune evasion ability of the
parasites are the major problems®).

The development of the current vaccine is focusing
on the discovery of subunit epitope-based vaccines that
incorporate one or more semi-purified or even purified
antigens. To develop a subunit vaccine, determine
the immunological properties of the target protein in
generating protection is critical since some peptides may
be immunosuppressive or even enhance the disease.
Peptidesassociated withprotective epitopesare preferable
vaccine candidates, but testing out every peptide as an
epitope for their ability to generate protective immune
response has several limitations. Aside from time and
labor consuming, most peptides expressed during in
vivo infection is not expressed the same during in vitro
cultivation. Analyzing every individual peptide that is
abundant in cultivation also ineffective and difficult®).
Due to these problems, the immunoinformatics approach
has been utilized to identify subunit vaccine candidates
from bacterial, viral and parasite genome sequences.
This approach called reverse vaccinology works by
analyze the genome sequence in silico and predict the
feasible peptide with the ability to act as an epitope and
thus have the protective capacity(?.

The first step of developing a peptide-based
vaccine against PfEMP1 is to identify epitopes and
predict its binding affinities to HLA alleles. A good
vaccine candidate should be able to induce an adequate
protective immune response against epitopes that
are recognized by wide varieties of HLA alleles and
generate cross-reaction with other isolates®. This study
was conducted to identify T-cell and B-cell epitopes of
the PfEMP1-DBL2B domain from Indonesian isolate
using an immunoinformatic approach. The previous

study reported that the PfEMP1-DBL2B recombinant
protein is homolog with DBLBPF11 0521 protein found
in the cerebral malaria of Tanzania children. This protein
is known to have an affinity with [CAM-1 receptor and
estimated to have conserved epitopes, so it is considered
as a candidate for a peptide-based malaria vaccine®®.
Identificatifying of T-cell and B-cell epitopes is crucial
in designing the malaria vaccine because the protective
immunity against malaria depends on the ability of both
cells in generating immune responses!!?). Determination
of the T-cell and B-cell epitopes of the recombinant
protein will be useful for further study in developing a
peptide-based vaccine.

Method

Analysis of protein hydrophobicity: The amino
acid sequences of PfEMP1-DBL2B protein from
Indonesian isolate cloned by Sulistyaningsih (9), which
was deposited at the NCBI (https://www.ncbi.nlm.nih.
gov/) with the accession number AGJ83325.1 were
retrieved and subjected to check its hydrophobicity
attribute by using Peptide Property Calculator Program
(http://www.biosyn.com/PeptidePropertyCalculator/
PeptidePropertyCalculator.aspx).

T-Cell Epitopes Prediction for MHC I and MHC
II: The binding of antigen to major histocompatibility
complex (MHC) molecules possess a significant role in
determining whether an antigen is immunogenic or not.
Prediction of the T-cell epitope in developing a subunit
vaccine can diminish the experimental step to identify
the suitable epitopes in vaccine design. In this study,
T-cell epitope prediction for MHC I was done by using
NetCTL (http://www.cbs.dtu.dk/services/NetCTL/), an
online server for predicting epitopes of human cytotoxic
T lymphocyte (CTL) based on protein sequence input.
The epitope prediction was conducted by combining
the prediction of MHC Class I affinity, TAP transport
efficiency and proteasomal cleavage for 12 MHC I
supertypes. This tool has better predictive performance
compared to several other tools in large scale data!V).
The threshold for C terminal cleavage was put on 0.15,
0.05 for TAP transport efficiency and 0.75 for epitope
prediction(!?),

Identified T-cell epitopes for MHC-1 were further
evaluated for its antigenicity to predict the capacity
in generating an immune response. The antigenicity
prediction tool used in this study was the Vaxijen 2.0
online antigen prediction (http://www.ddg-pharmfac.
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net/vaxijen/VaxiJen/VaxiJen.html). This server was
developed to predict protective antigens from several
hosts and capable of classifying antigen based on its
physicochemical properties, resulting in an antigen
probability report for each protein. With the threshold
set on 0.5, this prediction server can perform with an
accuracy of 87%3). T-cell epitopes for MHC I alleles
with the highest probability as a protective antigen
were subjected to conservancy analysis with IEDB
tools (http://www.iedb.org/) with a 100% threshold
compared with Pf11_0521 sequences (accession number
XP_001348176.1) and analyzed for its coverage within-
population by keeping the parameters on default. The
population coverage analysis resource tool determines
the ratio of individuals predicted to react toward a given
set of epitopes.

Major histocompatibility class II (MHC Class II) is
another major part in initiating an immune response. This
molecule is normally found on antigen-presenting cells
(APC) to present antigens derived from extracellular
protein. Because MHC Class Il interacts with other
immune cells such as lymphocyte T helper cell (CD4+),
identifying peptide thathave an affinity with this molecule
is important in vaccine design. Prediction of the binding
peptide with MHC Class Il was completed by using
ProPred (https://webs.iiitd.edu.in/raghava/propred/), an
online server to predict antigenic epitopes for 51 HLA
Class Il alleles based on the amino acid coefficient table.
This server can locate the promiscuous binding region
from the input protein. The default threshold was put on
3% to limit false-positive results!¥.

The affinity values for the predicted promiscuous
peptides were evaluated using several tools available in
the IEDB server. The NN-align algorithm was chosen
due to its better predictive performance than other
method for HLA-DR peptide binding prediction, such
as SMM-align and NetMHClIIpan'>. The predicted
peptides were analyzed against three HLA-DR alleles
from the malaria target population (Indonesian, East
Africa and West Africa) chosen from Allele Frequency
Net Database (http://www.allelefrequencies.net/default.
asp) and the affinity was showed as IC50 values.

Identification of B cell epitope clusters: The B
cell epitopes within PFEMP1-DBL2 were identified
using two method, i.e., Bepipred 2.0 and Kolaskar-
Tangaonkar method in the IEDB server. Both method
were chosen because of their accuracy. The Bepipred
2.0 is the latest epitope predictor that identify epitopes
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from peptide crystal structures. It was presumed to give
higher quality prediction than other available tools!®.
Moreover, the Kolaskar-Tangaonkar method uses the
physicochemical properties of amino acid and their
frequencies of occurrence to predict protein antigenic
determination!”. With default parameters, both method
gave antigenicity scores as a result, which is categorized
using the K-means clustering method and depicted in
a heat map showed epitope densities of the amino acid
sequence.

Research Findings:

Hydrophobicity = Attribute  Analysis:  The
PfEMP1-DBL2p protein was subjected to measure the
hydrophobicity attribute by using the Peptide Property
Calculator program. Protein with hydrophobicity <50% is
soluble in aqueous solution, while hydrophobicity >50%
is considered partially soluble or insoluble. The more
soluble in the aqueous phase, the bigger the probability of
the protein to fit into MHC molecules active site cleft®).
Based on the Peptide property calculator program, the
hydrophobicity value of PfEMP1-DBL2f protein was
32.62, indicated that this protein is fully soluble in the
aqueous phase.

T-Cell Epitopes Prediction: NetCTL prediction
tool showed a total of 137 epitope sequences reacting
with 12 MHC T alleles supertypes, with 31 sequences
reacted with multiple supertypes (Supplementary
Table 1). Each epitope sequence was analyzed for the
antigenicity using VaxiJen 2.0 server, showing antigen
probability classification. IEDB conservancy analysis
tool further analyzes conserved sequences compared with
Pf11 0521, a PfEMP1 protein isolated from Tanzania
children. Two conserved T-cell epitopes from MHC I
were generated, as listed in Table 1. Both conserved
sequences met the criteria of the default threshold level
in VaxiJen 2.0, which is >0.5.

Table 1. Conserved sequences for T-cell epitopes.

T-cell Epitope Amino Acid Position Antigenicity
Sequences Score
YIPQRLRWM 219-227 1.2417
WMTEWAEWY 226-240 0.7684

Explanation: Antigenicity score, as predicted by
VaxiJen 2.0 server >0.5, showed that the peptides were
classified as an antigen and able to induce host immune
response.
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Population Coverage Analysis of MHC 1
Epitopes: Highly polymorphic MHC molecules remains
a challenge for researchers in developing an effective
vaccine. The high number of HLA allelic sequences
identified were showed as a widely varying binding
specificity of MHC molecules and expressed at different
frequencies in different ethnicities. Because malaria
is endemic to only several populations, choosing the
suitable peptides that reacting with the most expressed

MHC alleles in target populations is necessary for
rational vaccine design.

IEDB population coverage analysis tool calculates
the percentage of individuals predicted to react with a
given set of epitopes. Two conserved epitopes of MHC
I molecules exhibited different coverage rates in several
different populations known as the malaria-endemic
area, as depicted in Figure 1.

100

Population Coverage Rate (%)

East Africa PapuaNew  Southeast West Africa
Guinea Asia

Population Area

Figure 1: Predicted Population Coverage Rate (%) of two conserved MHC I epitopes (YIPQRLRWM
and WMTEWAEWY) of DBL2B-PfEMP1 recombinant protein Indonesian isolate in the malaria target
population.

For epitope prediction based on its affinity with
MHC I alleles, the Propred prediction generated 31
epitope sequences that act as promiscuous peptides
(Supplementary Table 2). In the same manner with
epitope prediction for MHC I allele, Vaxijen 2.0 server
was used to analyze the antigenicity score and classify
each peptide into an antigen and non-antigen, resulted in
17 epitope sequences predicted as antigen.

The prediction analysis of T cell epitopes affinity
toward the MHC II allele used the NN-align algorithm
in IEDB(). The IC50 values distribution between each
amino acid position was presented in Figure 2. Epitopes
with scores lower than 50 nm were considered as strong
binders, 50-500 nM as intermediate binders and >500
nM as weak binders. Figure 2 also showed that the
strong binding amino acid positions are different among
the three target population HLA-DR alleles chosen in
this study.
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Figure 2: I1Cs, values at each amino acid position for Th cell epitopes in DBL2B-PfEMP1 protein. The
predictions were derived from the NN-align algorithms for three alleles from Indonesia and Africa. Low
ICs, indicates strong binding between epitopes and MHC Class II molecules.

B cell epitopes prediction in PFEMP1-DBL2  epitope density regions on each amino acids were used as
protein: Two techniques performed determination ofthe  a variable in the K-means clustering method to generate
B cell epitopes presence in PFEEMP1-DBL2 protein, i.e.,  a heat map showed in Fig 3. This method has been used
the Bepipred 2.0 algorithm('®) and Kolaskar-Tangaonkar  to differentiate regions with a higher concentration of
method!”). Subsequently, the antigenicity scores and  epitopes!'®).


http://repository.unej.ac.id/
http://repository.unej.ac.id/

2346 Medico-legal Update, October-December 2020, Vol. 20, No. 4

e ———
g 22 00000 —

e R

Amino Acid Position

Bepipred 2.0

Kolaskar and Tongaonkar

Algorithm

Figure 3: A heat map depicted the distribution of epitope dense regions throughout the DBL23-PfEMP1
amino acid sequence. The regions were determined based on Bepipred 2.0 algorithm and Kolaskar-
Tangaonkar method, clustered by the K-means method. Each amino acid categorized into high, medium,
low and non-epitope based on its antigenicity score. The red color represents a region with high antigenicity
score epitope, orange indicates a region with medium antigenicity score epitope, yellow depicts region with
low antigenicity score epitope and black denotes regions with no B-cell epitope. Potential B-cell epitope
clusters are speculated positioned in the area with overlapping red and orange colors between two method
(black arrows).

The Bepipred 2.0 algorithm predicted different
epitope cluster regions from the Kolaskar-Tongaonkar
method. We hypothesized that the overlapping position
between two method as a potential B cell epitope clusters
with maximum antigenicity score.

Within the 558 amino acid sequence designated in
the heat map, the K-clustering method predicted several
epitope clusters with the highest antigenicity, as shown
in Table 2. One of these epitope clusters coincidentally
aligned with the Y motif area of PfEMP1-DBL2fB
protein1%-29),

Table 2. B-cell epitope sequences and position within DBL23-PfEMP1 protein

B-cell epitope Sequences Amino Acid Position Area
DTHTLLGEVALSA 77-89 Semi-conserved area
YQSQKYDELKKQCSQCKSK 236-254 Semi-conserved area
NTAAGYIHQELQQVGCNT 360-377 Y motif, conserved area
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Explanation: B-cell epitopes prediction in
overlapping area and their position within DBL2f-
PfEMP1 protein. The first two epitopes located in the
semi-conserved area and one aligned with the Y motif,
which is a conserved area as well as a binding area with

ICAM-1 receptor.

Discussion

The development of a malaria vaccine is still facing
many obstacles. High antigenic switching rates and
immune evasion ability of the parasites often cause a
specific antigen-based vaccine not able to generate the
expected immune response. Retrieving information
about antigen immunogenicity through in vitro or
in vivo experiments needs considerable time and
resources, scientists call for another approach to obtain
the information prior to the true experimental procedure,
i.e., the bioinformatic approach, it is a powerful tool to
analyze antigenic protein properties in order to design
an efficient and effective vaccine®. In this study, an
immunoinformatic approach towards PfEMP1-DBL2J
protein from Indonesian isolate cloned previously by
Sulistyaningsih® was used to analyze the potency of
the recombinant protein to bind to T cell and B cell
lymphocyte.

The major histocompatibility complex (MHC)
molecule is a group of receptors on the cell surface
and has a major role in the immune response. Peptide
sequences expressed on MHCs are called T Cell epitopes.
Generally, MHC is classified into two classes; MHC 1
molecules with B2 microglobulin subunit, which can
be recognized by CDS co-receptors (Cytotoxic T Cell/
CTL) and MHC 1I molecules with 1 and B2 subunit
which can be recognized by CD4 co-receptors (T helper
cell/Th cell).

A part of the antigenic protein bind to MHC
molecules that can be recognized by lymphocyte T
cell and capable of inducing an immune reaction is
called immune epitopes®!-??). Total 31 MHC 1 epitopes
predicted in this study were subjected to population
coverage analysis, showed that two conserved MHC
I epitopes from PfEMP1-DBL2B Indonesian isolate
protein (YIPQRLRWM and WMTEWAEWY) have
almost 90% coverage rate in East Africa and West
Africa. The coverage rate indicates that a vaccine design
based on these presumed epitopes might be performed
efficiently for most of the population in East and West
Afric, where the incidence of malaria is the highest(!.
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Using different algorithm predictions from the
MHC 1 epitopes for CTL, the analysis for Th cell
epitopes mediated by MHC II molecules, showed 17
promiscuous peptides predicted to be antigenic. The
potency of PfEMP1-DBL2p protein from Indonesian
isolate as a T-cell epitope-based subunit vaccine was
analyzed by the NN-align algorithm to identify its
immune epitope. The study used three different HLA
alleles commonly found in the Indonesian and African
populations (HLA-DRB1*04:05, HLA-DRB1*07:01
and HLA-DRB1*11:01), there are several epitopes found
with IC50 values under 50. Even though hydrophobicity
values of this protein showed that it potentially fits into
the active site cleft of HLA alleles, epitopes mapping
depicted in Fig 2 showed that there are no overlapping
epitope positions for the three alleles with IC50 values
under 50. It indicated that HLA alleles polymorphic
variations still pose as a factor affecting PFEMP1-DBL2f3
protein from Indonesian isolate affinity toward MHC
Class II molecules. Additional allele variants may allow
broader population coverage and can be very useful in T
lymphocyte cell epitope-based vaccine developmentD.

Aside from lymphocyte T cells’ immune response-
ability, lymphocyte B cells also have some essential
functions in specific antibody production. Peptide regions
that bind to lymphocyte B cell receptors are called B cell
epitopes. The epitopes analysis on lymphocyte B cell
was done by using two algorithms, i.e., Bepipred 2.0 and
Kolaskar-Tangaonkar Method. Both predictions showed
the antigenicity scores for every amino acid composing
PfEMP1-DBL2 protein from Indonesian isolate, which
was subsequently categorized based on epitopes density
area in the sequences and depicted as a heat map. Fig 3
showed different epitope clusters position between two
prediction method in the heat map. Several overlapping
clusters were observed at the position of 77-89, 236-254
and 360-377, implicated locations of B cell epitopes
with the highest antigenicity and density.

An epitope located at the position of 360-377 is
coincidentally aligned with one of the few conserved
areas in PfEMP1-DBL2B protein, called Y motif!*).
The Y motif is known as conserved residues that have
functioned as a binding area with ICAM-1 receptor
found in cerebral vasculatures. Binding between ICAM-
1 and PfEMP1-DBL2B domain via Y motif is essential
in the pathogenesis of cerebral malaria®>?. A shared
conserved epitope cluster is important in malaria vaccine
development because, with the high antigenic switching
rate of PfEMPI, this cluster can be recognized by the
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immune system and potentially able to generate a cross-
reaction between parasite isolates®>?%), Several studies
showed that cross-reaction between PfEMP1 isolates do
exist, P. falciparum infection in tourists who just come
back from an endemic area have antibody with wide
cross-reaction and persistent for more than 20 weeks
post-infection®”2®),  This phenomenon, also found
in placental malaria, mediated by var2CSA, showed
polymorphism but wide cross-reaction toward different
isolates®”). The molecular base for this cross-reaction
toward specific antigen has not been fully understood,
but polymorphic shared epitopes between PfEMP1
isolates are expected to have a major role®3),

Conclusion

The vaccine development to combat malaria as a
global health problem is an important issue. In addition to
advancements in technology, performing in silico study
through an effective and efficient immunoinformatic
approach provides ease in analyzing protein
immunogenicity prior to in vitro or in vivo experimental
tests for vaccine development. In this current study, the
immunogenicity value of PFEMP1-DBL2f protein from
Indonesian isolate was conducted by Th cell and B cell
epitope predictions. Homolog with DBLBPF11 0521
protein found in Tanzania children, the PfEMP1 from
Indonesian isolate has B cell epitopes located in the
conserved Y motif area, making it a potential subunit
peptide-based malaria vaccine. A further experimental
study concentrated on the delivery mechanisms and the
in vitro or in vivo experimental of interaction with the
immune system is needed to validate this approach as the
next step in subunit peptide-based vaccine development.
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