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Chagas disease is one of the most important in America transmitted by Trypanosoma cruzi diseases
with approximately 7 million people at risk, most of them from Latin American. Due the non-
availability of an ideal drug or treatment, development of an effective, and affordable vaccine
could be a solution for control and prevention of this disease. In this study, use an bioinformatic
approach to predict possible epitopes of the candidates with help of MHC-II Binding Predictor
from IEDB,using the prediction method of recommended in IEDB and the set from Allele Class
I from DbMHC and allelefrequencies.net with maximal population coverage, we analyze 10
sequence of surface protein expressed in Trypanosoma cruzi in its three different stages present in
the human body ,and keep the only ones with allotypes referring to the Latin American. A
prediction of 70,000 epitopes per protein was obtained which were classified into three groups
according to the shared epitopes, where the cruzipain belongs to a single group as it does not
present similar epitopes with the other proteins. The first group contains the proteins Asp-3, Asp-
2, Gp85, Gp90, Tc8S5, Sa85 with 17 shared epitopes and a population coverage of 87.89%. The
second group Asp-3, Gp82, Gp83 with 31 shared epitopes and 87.89% population coverage.
Because Cruzipain is not sharing any epitope, was selected the largest number of replicates
contained in the same protein with a coverage above of 80 %. The selected epitopes are going to
be synthesized to evaluate their potential as a possible vaccine against Trypanosoma cruzi.
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1. Introduction

Trypanosoma cruzi is the causative agent of
Chagas disease an endemic pathology in Latin
America and a huge public health problem, it is
transmitted by insects from the family Triatoma,
Panstrongylus y Rhodnius. This protozoan is a
hemoflagellate parasite that develops in three
different
trypomastigote and epimastigote. Approx 7 to 8

cellular forms: amastigote,

million peoples are infected and 40 million are in
risk of take the Chagas disease (Coura, 2007; Yun
etal, 2009; WHO,2014) T.cruzi is one of the most
successful pathogens due to its capacity for
infection, survival and persistence in mammalian
hosts. A key step for T. cruzi persistence is the
stage of invasion express different adhesion
molecules on its surface, such as mucins, trans-
sialidases and other glycoproteins that allow it to
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enter the host cell.
These molecules are expressed in the different
cellular forms of the parasite and are essential for
the host-parasite interaction. 7.cruzi have in their
different stages changes the molecules in their
surface this characteristic allows the parasite
infect a differences types of cells and brings
protection from the immune system of the host
(Buscaglia, Campo et al. 2006). In the first stage
enter to the host in the form of
Ca+

surrounding. In this form penetrate the tissue

T.cruzi

trypomastigote Metacyclic rising the
through_surface glycoproteins with a negative
charge (Scharfstein, Schmitz et al. 2000); while
the invasion of the host cell is realized the
trypomastigote create a vesicle becoming in
amastigote form and replicate in the cytoplasm.
The cell invasion can be classified in three stages:
adhesion and recognize - signaling, and invasion

(Malaga and Yoshida 2001).

They are currently known different glycoproteins
that are expressed in the surface and have
adhesion properties expressed in trypomastigote
metacyclic like gp90, gp82, gp30 and
gp83/50(Yoshida 2006) this type of proteins
represents 1% of genome of 7.cruzi and can be
found in other stages of the life cycle of this
parasite, also this protein can be classified like
trans-sialidases. Trans-sialidases are expressed by
trypomastigote and are  anchored by
glycosylphosphatidylinositol (GPI) to the parasite
plasma membrane.

In the form of epimastigote the gp85 is expressed
in the membrane this superfamily gp85/TS, have
a subgroup of glycoproteins that have a role in the
process of adhesion and invasion

(VALENZUELA, SEPULVEDA et al.)

Protein

Gp90

Stage

Tc85

Trypomastigote Gp85

Gp82
Gp83
Metacyclic trypomastigote SA85

ASP-2

Amastigote ASP-3

ASP-4

Epitope prediction MHC 11

The innate immune system reacts quickly against
several compounds supposed to be foreign or very
rare in a healthy and uninfected individual is able
to very specifically react against proteins and
peptides specific for pathogenic cells and foreign
organisms.

Epitopes were originally defined as the part of an
defines the
immunoglobulin (Huang and Honda 2006).

antigen that binding to an
Antigen is generally a processed part of a protein
in complex with an MHC protein.is which part of
a protein (peptide) is responsible for an immune
response. Thus, often this part is referred to as the
epitope and the native protein from which the
epitope originated as the antigen.

MHC binding prediction methods are today of a
very high quality and can predict MHC binding
peptides with high accuracy. This is possible for a
large range of MHC alleles and relevant length of
binding peptides (Lundegaard, Lund et al. 2012).
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There are several programs for the prediction of
affinity of the epitopes with the MHC but the
Immune Epitope Database is considered the most
complete. The Immune Epitope Database (IEDB)
incorporates more than 120,000 curated epitopes,
most of which are extracted from scientific
publications and, in contrast to SYFPEITHI,
includes also a lot of data on synthetic peptides
(Vita, Overton et al. 2015).

The identification of specific epitopes can define
the most important fragments of sequence in a
protein to lead new treatments. The accuracy of
this tools must do with the increase in data volume
in the past years that improve the machine
learning methods. To improve predictions in
machine learning, multiple predictors can be
combined to perform a consensus prediction. The
most frequently used consensus methods are
CONSENSUS, which is hosted on the IEDB
website (Moutaftsi, Peters et al. 2006).

The MHC class II binding groove has special
pockets that will fit defined amino acids of the
binding peptide, and have a major influence on the
binding energy(Bordner 2010). HLA class II
ligand prediction is more difficult than class |

prediction owing to the unknown position of the
2. Results and Discussion
Results

We obtain 68 epitopes divided in three groups,
the first group contains the proteins Asp-3, Asp-2,
Gp8S5, Gp90, Tc8S, Sa85 with 17 shared epitopes
and a population coverage of 87.89%.

Graph. 1 Group A Protein Asp-3, Asp-2, Gp85, Gp90, Tc85, Sa85
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binding core within the generally longer peptides.
This turns out to be an interesting combinatorial
optimization problem: select the minimal set of
epitopes maximizing the coverage on the whole
world population (represented by its global allele
frequencies) (Toussaint, Maman et al. 2011). As
epitopes are a true subset of what can bind the
MHCs of a given individual, the high degree of
polymorphism imposes a big challenge on epitope
discovery. Fortunately, there are allele frequency
databases in web, like allelefrequencies.net
(Gonzalez-Galarza, Christmas et al. 2011).

The knowledge of which strong epitopes a protein
contains has further importance when considering
the use of proteins and peptides as therapeutic
drugs. For MHC class II binding, it is inherently
harder to go from peptide binding data to a defined
motif of the binding core as this is a continuous
stretch of nine amino acid residues placed
somewhere in a larger peptide usually in the range
of 12-20 residues in length. In human’s MHC
class II chains are encoded by genes in the HLA-
DR, -DQ and -DP loci. Knowledge of the
allotypes is thus essential for predicting HLA-
presented peptides.

The second group Asp-3, Gp82, Gp83 with 31
shared epitopes and 87.89% population coverage.

Graph. 2 Group B Protein Asp-3, Gp82, Gp83
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The groups obtained and the protein integrate
them correspond to the type of proteins in case of
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3. Materials and Methods

. Understanding the different stages of 7. cruzi
inside the host and the different proteins involved
in the process, we chose the proteins according to
literature, those has a key function in the process
of adhesion and invasion, 10 proteins fit with this
requirement to cover a big spectrum of the
parasite surface proteins.

Adhesion ~ Molecules in  Metacyclic
trypomastigote gp90, gp82, gp30 and gp35/50
(Yoshida 2006) and mucins that correspond to 1%
of the whole genome of 7. cruzi and has a function
in relation parasite - host (Freitas-Junior, Briones
et al. 1998).

Trans - sialidases are hardly related with the
invasion process (Mattos, Tonelli et al. 2014)
ep82, gp80, gp35/50 y gp85 (Barrias, de Carvalho
et al. 2013) use for transportation of sialic acid to
parasite mucins, as 7. cruzi cannot synthesize
(Osorio, Rios et al. 2012). The Superfamily Tc-85
are found in the trypomastigote membrane but is
not present in the epimastigote form, are known as
Gp85 (Mattos, Tonelli et al. 2014).

Cruzipain or gp57/51 is a lysosomal cysteine
protease from 7.cruzi that can also be found to a
lower quantity in the parasitic plasma
membrane(Alvarez, Niemirowicz et al. 2012). It
is the best characterized cysteine protease and
plays a fundamental role in the progression of
Chagas disease (Gea, Guinazu et al. 2006). This is
expressed mainly in trypomastigote and
amastigotes. In trypomastigote is in the flagellar
pocket while in amastigotes is located on the cell
surface, probably to interact with the host cell
cytoplasm (Gea, Guinazu et al. 2006).

IEDB (MHC II Binding Predictor)

A prediction that identifies the share epitopes
could help to develop a better treatment and give
us information to understand how 7. cruzi protects
against the immune system. In [IEDB MHC II we
found possible epitopes that can activated a
response immune system. The MHC II set was
obtained from the allelefrequencies.net with
maximus global coverage to the initial
process(Greenbaum, Sidney et al. 2011). Every
protein was submitted to the same parameters, and
filter according the consensus score, in this case
we eliminate all epitopes with a score above 25.
This guarantees the high affinity to the MHC I1.

We obtain a matrix with 700000 approx. epitopes
for each protein sorted by consensus score.

Share (core) epitopes

Using the previous matrix sorted by consensus
score, we search for the core of each epitope per
the SMM method. The SMM-align method was
shown to outperform other state of the art MHC
class II prediction methods. The method predicts
quantitative peptide :MHC binding affinity
values, making it ideally suited for rational
epitope discovery. The method has been trained
and evaluated on the, to our knowledge, largest
benchmark data set publicly available and covers
the nine HLA-DR super types suggested (Nielsen,
Lundegaard et al. 2007).

We search the repeats of each core in their
respective protein with a length between 8 and 10
amino acids. This method allowed to find the most
expressed epitopes in each protein and discard the
epitopes with low frequency. We assumed that a
core with a high expression ensures a best chance
to MHC II to detect this region in the protein and
trigger the immune response.

A cluster analysis was performed to group the
core of the epitopes of the different proteins to
discard those with a low frequency. to make sure
this epitope has a significant population coverage
in Latin America we use Population Coverage
Calculation from IEDB Analysis Resource(Bui,
Sidney et al. 20006).
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4. Conclusions

The disease of Chagas is one of the main parasitic diseases in Latin America and at present does not
have a vaccine.

Thanks to the new amount of data, the methods of machine learning and to databases such as
allelefrequencies.net, the predictions are each more reliable with the capacity to cover a larger population
and reduce the time in the development of new vaccines. The results obtained show that it is possible to
find epitopes that fulfill these qualities, despite the different stages of T. cruzi. Subsequently the epitopes
will be synthesized to evaluate their tripanolititic activity against the disease of Chagas.
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