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ABSTRACT

Chagas disease (ChD) is a neglected tropical disease (NTD) caused by the protozoan parasite,
Trypanosoma cruzi. It is transmitted by the insect-vector triatomine (popular known as kissing
bug), blood transfusion, organ transplantation, congenitally, and contaminated foods and juices. 7.
cruzi has evolved several strategies to invade the host cells, including the release extracellular
vesicles (EVs), which assist pathogen survival and its replication within the host. 7. cruzi is
covered with highly glycosylated surface molecules such as glycoproteins and glycolipids, which
are shown to be involved in the interaction with host immune cells. These molecules are highly
immunogenic and reactive with chronic patients’ sera, eliciting a strong anti-parasitic immune
response, which includes the production of the highly abundant, immunodominant, and protective
anti-o-Gal antibodies, which are critical for controlling the parasitemia in the chronic phase of
ChD. o-Gal-Containing glycoconjugates are also released through EVs from the parasite,
indicating therefore that these vesicles might play an important role in persistence of 7. cruzi in

the mammalian host and evasion from host immunity. Our first hypothesis is that 7. cruzi

virulence factors released in extracellular vesicles (EVs) are highly antigenic and reactive with
sera from chronic Chagas disease (ChD) patients and could be used as biomarkers for reliable

diagnosis of ChD. Our second hypothesis is that major 7. cruzi virulence factors (e.g., proteins

and glycoproteins) and bioactive molecules (e.g., lipids) are differentially secreted in EVs from

major parasite genotypes with distinct virulence and pathogenic traits (Specific Aim 1). Our third

hypothesis is that 7. cruzi EVs from major parasite genotypes could differentially modulate host-

cell infection rate in vitro in a dose- and time-dependent manner (Specific Aim 2). In order to

address the first and second hypotheses, TCT-Secr, a-Gal-enriched EVs (a-Gal(+) TCT-EVs) and

a-Gal-depleted EVs (0-Gal(-) TCT-EVs) present in the TCT-Secr, from different parasite
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genotypes and strains, will be tested against ChD human serum pool (ChHSP), normal human
serum pool (NHSP), and anti a-Gal Abs for the reactivity against these sera. We will then perform
proteomic and lipidomic analysis of TCT-Secr, a-Gal(+) TCT-EVs and a-Gal(-) TCT-EVs from
different parasite genotypes and strains to study the protein and lipid composition of these fractions

(Specific Aim 1). Thereafter, to address the third hypothesis, we will measure the 7. cruzi infection

in vitro (% of infected cells, and number of the parasites per infected cells) with different parasite
genotypes and strains, after pre-treatment of the cells with TCT-Secr and TCT-EVs (Specific Aim
2). Here, we have observed that TCT-Secr and TCT-EVs derived from 7. cruzi infective forms
from three major genotypes are highly enriched with a-Gal epitopes, and are highly reactive with
chronic ChD. We have been able to successfully purify and enrich these epitopes (a-Gal(+) TCT-
EVs) by performing immunoaftinity chromatography (IAC) utilizing a lectin which specifically
binds to a-Gal epitopes. These purified a-Gal(+) fractions showed high reactivity with Ch anti a-
Gal Ab in comparison with the fractions (a-Gal(-)) depleted of the a-Gal epitopes. The proteomic
analysis of the TCT-Secr and TCT-EVs has shown that the parasites release various 7. cruzi
surface glycosylphosphatidylinositol (GPI)-anchored glycoproteins such as mucins of the TcMUC
IT family, trans-sialidases (TS), mucin-associated surface proteins (MASP), GP63, and other
glycoproteins that are involved in invasion of host cells and evasion from the host immune system.
The proteomic analysis of a-Gal(+) TCT-EVs showed that TcMUCII mucins are a major
component of those EVs. TcMUCII mucins have been previously shown to be a-galactosylated.
The a-Gal(-) TCT-EVs, on the other hand, were enriched with the glycoproteins previously known
to contain little or no a-Gal epitopes such as TS, MASP, and GP63 families. Furthermore, we have
found various lipid species involved in the parasite’s virulence in the TCT-Secr and TCT-EVs,

such as  plasmalogens (various ether-phosphatidylcholine  (PCe) and  ether-
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phosphatidylethanolamine (PEe) species), as well as [yso-phosphatidylcholine (LPC).
Plasmalogens are known to be involved in membrane bending and EV fusion, and LPCs are known
to have platelet-activating factor (PAF)-like activity, which could be involved in pathophysiology
of ChD. Finally, we have observed a significant increase in host-cell infection rate as well in the
number of parasites per cell after pre-treatment with TCT-Secr. Taken together, our results
strongly indicate that the TCT-EVs could function as a mechanism of immune evasion, by
capturing the highly abundant anti-o.-Gal antibodies, and as virulence factor, by making the cells

more susceptible to infection.
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CHAPTER 1: GENERAL INTRODUCTION

1.1.CHAGAS DISEASE AND TRYPANOSOMA CRUZI

Trypanosoma cruzi is a protozoan parasite and the causative agent of Chagas disease
(ChD), which is a neglected tropical disease affecting 21 countries in endemic areas in Latin
America. Approximately, 6-8 million people are affected by ChD (Rassi, Rassi et al. 2010,
Schmunis and Yadon 2010), and the number of cases reported has been increasing in nonendemic
regions, such as the United States, Canada, Europe, Australia, and Japan mainly due to
globalization and increased migratory movement (Bern and Montgomery 2009, Coura and Vinas
2010, Schmunis and Yadon 2010).

Trypanosoma cruzi is transmitted through the feces of infected hematophagous insect-
vector (triatomine or reduviid bug, commonly known as kissing bug) during the blood meal, blood
transfusion, organ transplantation, congenitally and consumption of contaminated food or drink
(Schmunis and Yadon 2010, Sanchez and Ramirez 2013). The initial phase of infection will last
for 4-8 weeks; however, the chronic phase may persist for the whole host’s lifespan (Dias, Laranja
et al. 1956, Committee 2002). The disease usually has an asymptomatic acute phase or may show
a self-limiting illness with fever. Symptoms appear between one and two weeks after the infection,
or up to a few months after infected blood being transfused (Rassi, Rassi et al. 2010). Acquired
immunity controls the disease; however, 30%-40% of the patients go to a symptomatic chronic
phase, developing heart disease and/or gastro-intestinal complications (Viotti, Vigliano et al.
2006). It causes 12,000-50,000 deaths per year due to heart failure and over 100 million people
are under risk of infection. There are only two drugs available for ChD (nifurtimox and

benznidazole) which are >90% effective during acute phase, and 60-80% effective during its



chronic phase. However, nifurtimox is not FDA-approved and benznidazole has recently been
approved by FDA (Morrow 2017). There is no human vaccine available for ChD, despite many
experimental attempts in the last several years (Bivona, Alberti et al. 2020).

There are four developmental stages in 7. cruzi life cycle which are two stages present in
the hematophagous insect vector (triatomine or reduviid bug) and two in the mammalian host
(Figure 1.1). Epimastigotes are noninfective, replicative forms present in the vector’s gut and they
later differentiate into metacyclic trypomastigotes, which are nonreplicative, infective forms
transmitted to mammals by the insect’s excreta or through the oral route (Tyler and Engman 2001,
Yoshida, Tyler et al. 2011). It has been shown that the levels of the circulating bloodstream
trypomastigotes in ChD patients can vary from pediatric patients, from 1,000 parasites/ml to less
than 1 parasite/ml, to 1,400 parasites/ml in reactivated ChD patients co-infected with HIV (Dufty,
Bisio et al. 2009). Both parasite and host factors have influence on the disease’s presentation,

progression and differences in organ involvement (Dutra and Gollob 2008).
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Figure 1.1. T. cruzi life cycle. An infected triatomine insect vector, known as kissing bug, takes a blood meal and
defecates and trypomastigotes will be released in the feces near the site of the bite wound. Trypomastigotes enter the
host via the wound or through intact mucosal membranes, such as the conjunctiva (1). The trypomastigotes invade
cells near the site of inoculation inside the host, where they differentiate into intracellular amastigotes (2). The
amastigotes multiply by binary fission (3) and differentiate into trypomastigotes, and then will be released into blood
as bloodstream trypomastigotes (4). Trypomastigotes infect varieties of cells and transform into intracellular
amastigotes in new infection sites. Replication resumes only when the parasites enter another cell or are ingested by
another vector. The cycle continues by kissing bug feeding on human or animal blood that contains circulating
parasites (5). The ingested trypomastigotes transform into epimastigotes in the vector’s midgut (6). The parasite
multiplies and differentiates in the midgut (7) and differentiates into infective metacyclic trypomastigotes in the
hindgut (8). Figure taken, and text modified and adapted from the CDC website

(https://www.cdc.gov/parasites/chagas/biology.html).



1.2.T. CRUZI GENOTYPES

Seven distinct discrete typing units (DTUs) (DTU I-VI and Tcbat) have been revealed in
T. cruzi by multilocus genotyping, which partitioned from the two major subdivisions of DTU I
and DTU II, identifiable by common genetic, immunological, geographical, or molecular markers
(Tibayrenc 1998, Zingales, Andrade et al. 2009, Zingales, Miles et al. 2012, Zingales 2018,
Jimenez, Jaimes et al. 2019) (Figure 1.2). DTU II was further split into five DTUs (Ila-e) based
on congruent phylogenetic data from multilocus enzyme electrophoresis (MLEE) and random
amplified polymorphic DNA (RAPD) markers (Brisse, Barnabe et al. 2000, Brisse, Verhoef et al.
2001). DTU I corresponds to 7. cruzi I group and DTU IIb corresponds to 7. cruzi Il group, as
recommended by original expert committee in 1990 (Brisse, Barnabe et al. 2000, Falla, Herrera et
al. 2009). Recent studies show that four subdivisions have emerged within DTU I as well (Herrera,
Bargues et al. 2007, Falla, Herrera et al. 2009), nevertheless they have been integrated into the
nomenclature revision. On the other hand, it has been previously shown that the six DTUs have
various geographical distribution as well as clinical symptoms (Zingales, Miles et al. 2012)
(Figure 1.2). Therefore, it is important to study these DTUs in order to come to a more
comprehensive and integrated approaches to understand the diverse 7. cruzi virulence and ChD

pathology.
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Figure 1.2. Estimated geographical distribution of 7. cruzi DTUs I-VI. The geographical distribution of the
seventh genotype, Tcbat, has not been included in this figure. However, this newest DTU has been reported in
Colombia and Brazil associated to anthropogenic deaths (Jimenez, Jaimes et al. 2019). Figure taken from (Zingales,

Miles et al. 2012).



1.3. EXTRACELLULAR VESICLES (EVS)

Extracellular vesicles (EVs), which are secreted by both prokaryotic and eukaryotic cells,
are small lipid vesicles which comprise proteins, nucleic acids, and small metabolites, which are
essential for cell communication (Pilzer, Gasser et al. 2005, Ratajczak, Wysoczynski et al. 2006,
Silverman, Clos et al. 2010, Raposo and Stoorvogel 2013, Turturici, Tinnirello et al. 2014, Kalra,
Drummen et al. 2016) (Figure 1.3). EVs are favorable sources for being diagnostic markers due
to their characteristics, and they have been referred to as biomarker “treasure chests” (Duijvesz,
Luider et al. 2011). EVs can have their effect either locally or in distant tissues, depending on the
targeted cell, in a paracrine or endocrine signaling manner. It has been shown that EVs released
from infected cells with virus, bacteria, fungi or parasites play a crucial role in vast varieties of
biochemical modifications in the host and pathogen such as modulating the immune system.
Although in the early 80’ it was thought that exosomes were used as elements to excrement the
waste materials in reticulocytes (Harding, Heuser et al. 2013), however they have been shown to
have the ability of immune response stimulation or tolerance induction, as well as antigen
presentation (Bobrie, Colombo et al. 2011, Chaput and Thery 2011). Thus, these traits make them
attractive potential biomarkers for disease diagnosis and treatment follow-up.

Although EVs are heterogeneous in size and originally the term exosome was used for
vesicles sized from 40 to 1000 nm (Trams, Lauter et al. 1981); however, based on their biogenesis,
they are categorized into three different groups which are: exosomes (40—100 nm) with cup-shaped
morphology (Raposo, Nijman et al. 1996), formed by exocytic fusion of multivesicular bodies
(MVBs); ectosomes (100—1000 nm) or plasma membrane-derived EVs (microparticles) with
heterogeneous morphology, formed by budding directly from the plasma membrane; and apoptotic

bodies (1-4 um) with heterogeneous morphology (Holme, Solum et al. 1994, Hess, Sadallah et al.



1999, Cocucci, Racchetti et al. 2009, Gyorgy, Szabo et al. 2011, Raposo and Stoorvogel 2013,
Turturici, Tinnirello et al. 2014, Kalra, Drummen et al. 2016) (Figure 1.3).

The origin of the exosomes is endocytic and it is released to the medium by fusing MVBs,
which are formed via endosomal and lysosomal compartments, with the cell plasma membrane
(Fevrier and Raposo 2004). MVBs play a role in obsolete proteins eradication, however, they could
be also released into extracellular space which will result in having effect on potential cell to cell
communication (van Niel, Porto-Carreiro et al. 2006). On the other hand, microvesicles are
released by the plasma membrane budding, and apoptotic bodies are formed by nucleus
condensation and segregation as well as the damage and blebbing of the plasma membrane (Akers,
Gonda et al. 2013). EVs, although they have small size, they comprise of various molecules
including lipids, proteins, different RNAs, ssDNA, as well as metabolites. It is suggested that the
prototypical exosomes can have 100 and 10000 proteins and nucleotides respectively, as their
internal volume of an exosome can range between 20 and 90 nm? (Vlassov, Magdaleno et al. 2012),
which suggests larger content in the case of ectosomes and apoptotic bodies with relatively bigger
size. EVs can be transferred through parasite—parasite, parasite—host cell, or host cell-host cell
interaction, between the host cells and the parasites (Marcilla, Martin-Jaular et al. 2014, de Pablos

Torro, Retana Moreira et al. 2018).
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Figure 1.3. Schematic representation of three major types of extracellular vesicles: exosomes, ectosomes, and

apoptotic bodies. Figure modified from (Turturici, Tinnirello et al. 2014).

1.4.T. CRUZI EXTRACELLULAR VESICLES (EVS)

The biology of 7. cruzi EVs and their role in invading innate immunity has been studied in
the past few years (Marcilla, Martin-Jaular et al. 2014, de Pablos Torro, Retana Moreira et al.
2018). T. cruzi is capable of secreting extracellular vesicles (EVs) to the extracellular milieu
(Figures 1.4 and 1.5) (reviewed in (Pilzer, Gasser et al. 2005, Marcilla, Martin-Jaular et al. 2014)).
These EVs are crucial for parasite-host interaction via promoting the pathogen replication within
the host and its survival. EVs are able to directly interact with host target cells, induce long-
distance impact on the immune system of the host, as well as promoting the life-cycle transition
of the parasite itself (Trocoli Torrecilhas, Tonelli et al. 2009, Marcilla, Martin-Jaular et al. 2014).

In this trypanosome, the secreted EVs were shown for first time by da Silveira ef al. (da
Silveira, Abrahamsohn et al. 1979), in the noninfective insect-vector stage of the parasite,
epimastigote. It was also shown by this group that epimastigote-derived EVs were enriched with
glycoconjugates as previously demonstrated (Alves and Colli 1975), which later on, these
molecules were characterized to be the major glycoproteins (mucins) (Acosta-Serrano, Almeida et
al. 2001, Buscaglia, Campo et al. 2006, Mendonca-Previato, Penha et al. 2013), glycolipids
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(lipopeptidophosphoglycan-LPPG or glycoinositolphospholipids-GIPLs (de Lederkremer and
Colli 1995) and glycopeptides (NETNES) (Macrae, Acosta-Serrano et al. 2005) in 7' cruzi surface.

The infective host-cell-derived trypomastigotes, were shown to be secreting these EVs as
well (Goncalves, Umezawa et al. 1991), in various parasite strains. Studies on labelled EVs
revealed that Tc-85 which is a trans-sialidase (TS)/gp85 glycoprotein superfamily member, is
involved in the parasite-host cell adhesion, as well as parasite invasion (Schenkman, Eichinger et
al. 1994, Frasch 2000, Alves and Colli 2008), and is found in EVs as their major component.
Moreover, previous research has shown that trypomastigote-derived EVs size ranged from 20 to
80 nm in diameter which resembles the size of the exosomes, and their expression of TC-85 shown
to be from parasite’s flagellar pocket (Ouaissi, Dubremetz et al. 1990). Furthermore, it was also
shown that flagellar calcium-binding protein (FCaBP) which is one of the major 7. cruzi flagellar
antigens (24-kDa), is secreted in trypomastigote-derived EVs, from the plasma membrane and
flagellar pocket (Ouaissi, Aguirre et al. 1992). Overall, according to the reports above, the
importance of the EVs shed from T. cruzi is clearly pointed out, as a novel mechanism that parasite
uses in order to present or deliver its major antigens to the host cells.

Both noninfective epimastigote and infective metacyclic trypomastigote insect-derived
stages of 7. cruzi secrete EVs in a constitutive manner (Bayer-Santos, Aguilar-Bonavides et al.
2013). These authors observed two major populations of EV: exosomes (25-150 nm diameter;
mean ~80 nm) and ectosomes (50-250 nm diameter; mean ~140 nm). Electronic microscopy
analysis showed ectosomes originated from the plasma membrane, whereas exosomes originated
from multivesicular bodies (MVBs) and were secreted into medium through the flagellar pocket
of both stages. These two types of EV populations were enriched by differentiation

ultracentrifugation, giving rise to mainly ectosomes after 2 h at 100,000 g (V2 fraction) and



exosomes after 16 h at 100,000 g (V16 fraction). The final supernatant fraction, mostly devoid of
EVs, was named VF (vesicle-free). By proteomic analysis, a differential protein enrichment was
observed in ectosomes and exosomes (V2 and V16, respectively), as well as in the VF fraction.
Interestingly, the main plasma membrane glycoproteins (mucin, MASP, TS, GP82, and GP63) and
acylated and proteins (flagellar calcium-binding, FCaBP), which are major virulence factors, were
found in the ectosomal (V2) fraction, whereas metabolic and structural proteins were found in the
exosomal (V16) fraction. On the other hand, the VF fraction contained mainly proteases and
peptidases, such as cruzipain, calpain-like cysteine peptidase, and peptidase M20/M25/M40,
proteins/enzymes involved in carbohydrate, nucleic acid, lipid, and amino acid metabolism, and
proteins that had lost their GPI-anchoring (e.g., soluble GP82) (Bayer-Santos, Aguilar-Bonavides
et al. 2013).

TS is responsible for transferring SA to the TcMUC II mucin O-glycans (reviewed by
(Schenkman, Eichinger et al. 1994, Buscaglia, Campo et al. 2006)). However, it was shown by
Lantos et al. (2016) that a-Gal-containing TcMUC II mucin-rich domains on the plasma membrane
do not colocalize with TS-containing domains (Lantos, Carlevaro et al. 2016). Moreover, both TS
and mucins seemed to be shed in cargo carriers, assumed to be EVs (Lantos, Carlevaro et al. 2016).
TcMUC II Mucins are, therefore, acceptors of both SA and a-Gal residues, which are known to be
involved parasite protection from host immune system, and pathogenesis (Buscaglia, Campo et al.
2004, Buscaglia, Campo et al. 2006). Thus, it is important to study the distinct composition of a-
Gal-containing (or a-Gal(+)) and TS-containing (or a-Gal(-)) EVs, as well as to study their
possible distinct effect on inducing infection in the host cells, in detail.

Therefore, although TCT-EVs, total secretome (TCT-Secr), and VF fraction from the

infective mammal-dwelling trypomastigote stage have recently been investigated and their
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proteomic composition determined by our laboratory and collaborators (Ribeiro, Vasconcellos et
al. 2018) and others (Queiroz, Ricart et al. 2016, Bautista-Lopez, Ndao et al. 2017), an in-depth
analysis of the EV populations (i.e., a-Gal(+) and a-Gal(-)) and subpopulations therefrom, in
distinct parasite genotypes and strains, is still elusive. This is, therefore, one of the major focuses
of this doctoral project. We aim to characterize these a-Gal(+) and a-Gal(-) TCT-Secr and TCT-
EVs, in order to investigate potential biomarkers for diagnosis and early assessment of

chemotherapeutic outcomes of ChD, which are much needed in the clinical settings.
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Figure 1.4. Transmission electron (TEM), scanning (SEM), and atomic force microscopy (AFM) of 7. cruzi
trypomastigote EVs (TCT-EVs). (A and B) TEM of trypomastigote flagellar pocket region, showing EVs being
released (arrows). (C) TEM of pelleted vesicles (100,000 x g). (D) AFM of purified TCT-EVs. (E-H) SEM of
trypomastigotes; EVs being released are indicated by arrows or arrow heads. E and G insets show areas on the parasite
surface were the vesicles can be visualized in more detail. Scale bars are indicated. Figure taken from Torrecilhas,

Almeida et al. (unpublished data).
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Epimastigote

Figure 1.5. T. cruzi extracellular vesicles from noninfective and infective insect-derived developmental forms.
Upper panel: representative TEM images of noninfective epimastigotes releasing vesicles from the plasma membrane
(A—C) and showing an MVB close to the flagellar pocket (D and E), which contains exosomes inside (F and G)
(arrow). Lower panel: representative TEM images of infective metacyclic trypomastigote forms releasing ectosomes
from the plasma membrane (H—J) and showing an MVB close to the flagellar pocket (K and L), which contains
exosomes inside (M and N) (arrow). Arrowhead indicates an empty large vesicle close to the flagellar pocket that
could be resultant of an MVB exocytic fusion (M). Scale bar = 250 nm, except for N (bar = 100 nm). Nu, nucleus; K,
kinetoplast; F, flagellum; FP, flagellar pocket; MVB, multivesicular body. Figure and text copied or modified from

(Bayer-Santos, Aguilar-Bonavides et al. 2013).
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1.5. HYPOTHESIS, SIGNIFICANCE, AND SPECIFIC AIMS

HYPOTHESES:

It has been previously shown that trypomastigote-specific surface glycoproteins play an
important role in inducing parasite-specific immune responses against the parasite (Camargo,
Almeida et al. 1997, Almeida, Camargo et al. 2000, Almeida and Gazzinelli 2001, Campos,
Almeida et al. 2001). Moreover, it has been shown that 7. cruzi has surface glycoproteins and
glycolipids that are conserved to the parasite and are involved in parasite’s invasion and evasion,
and are highly immunogenic to the mammalian including human immune cells. These molecules
were shown to be released in the EVs (Bayer-Santos, Aguilar-Bonavides et al. 2013, Ribeiro,
Vasconcellos et al. 2018).

We propose the following hypotheses:

1. T. cruzi virulence factors released in extracellular vesicles (EVs) are highly antigenic and
reactive with sera from chronic Chagas disease (ChD) patients and could be used as
biomarkers for reliable diagnosis of ChD.

2. Major T. cruzi virulence factors (e.g., proteins and glycoproteins) and bioactive molecules
(e.g., lipids) are differentially secreted in EVs from major parasite genotypes with distinct
virulence and pathogenic traits.

3. T. cruzi EVs from major parasite genotypes could differentially modulate host-cell

infection rate in vitro in a dose- and time-dependent manner.

SIGNIFICANCE:

14



BZN has been recently approved by FDA, but it has toxic side effects, and only less than
1% of the ChD patients are being currently treated, especially due to the lack of reliable clinical
biomarkers that can assess the therapeutic outcomes (cure or failure) much earlier than the
conventional serology. Thus, there is an urgent need for these biomarkers in the clinical settings
of ChD.

Approximately 6-8 million people are chronically infected with 7. cruzi in Latin America
(over 100 million people under risk of infection), and 12,000-50,000 deaths occur per year due to
heart failure caused by the infection (Rassi, Rassi et al. 2010). In the United States, 300,000 people
are estimated to be chronically infected with the parasite. 7. cruzi-infected bugs are found in 75%
of the U.S. states (Rassi, Rassi et al. 2010). Only two drugs (nifurtimox-NFX and benznidazole-
BZN) are available, with above 90% cure rate during acute phase, and 60-80% during chronic
phase (BZN has been recently approved by FDA, but it has toxic side effects). Only less than 1%
of the ChD patients are being currently treated, especially due to the lack of reliable clinical
biomarkers that can assess the therapeutic outcomes (cure or failure) much earlier than the
conventional serology. Serological diagnosis for ChD, using 7. cruzi epimastigotes extracts as
antigens shows limited specificity although it has high sensitivity in the chronic phase of the
disease, and moreover, it shows low sensitivity in the acute phase and congenital infection
(Villalta, Scharfstein et al. 2009, Rassi, Rassi et al. 2010). Inconclusive and doubtful results have
been shown by various reports that depending on the commercial diagnostic assay that was used.
Moreover, cross-reactivity with patients’ sera infected with Leishmania spp. has been shown using
serological assays for ChD (Umezawa, Nascimento et al. 1996). Therefore, urgent needs for
characterizing EVs in order to find potential markers with more specificity and sensitivity in

diagnostic tests arise, for early assessment of chemotherapeutic outcomes of ChD. EVs are
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favorable sources for being diagnostic markers (Rassi, Rassi et al. 2010) and therefore,

characterizing EVs and assessing them as a potential biomarker is the main focus of this study.
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SPECIFIC AIMS:

e Specific aim 1: Purify and molecularly and immunologically characterize EVs derived
from 7. cruzi trypomastigotes (TCT EVs) from three major parasite genotypes with distinct
virulence and pathogenic traits.

1.1. To purify and validate TCT EVs as potential diagnostic biomarkers for ChD.
1.2. To perform a high-resolution proteomic analysis of TCT EVs.

1.3. To perform a high-resolution lipidomic analysis of TCT EVs.

e Specific aim 2: Evaluate the role of TCT-EVs in the host-cell infection.

2.1. Analyze the infection after treatment with the total TCT secretome and TCT

EVs from different parasite genotypes, in vitro.
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CHAPTER 2: TCT-EVS AS DIAGNOSTIC BIOMARKERS

2.1. INTRODUCTION: T. CRUZI HIGHLY IMMUNOGENIC SURFACE GLYCOPROTEINS

The surface of 7. cruzi is covered by immunogenic glycoconjugates like TcMUC II, which
contain the trisaccharide Galo(1,3)Galp(1,4)GIlcNAca, one of the immunodominant glycotopes.
This trisaccharide induces high levels of protective, lytic anti-o-Gal antibodies in infected
individuals (Almeida, Ferguson et al. 1994, Schocker, Portillo et al. 2016). The majority of the
ChD patient’s lytic antibodies are specific for a-galactosyl-comprising epitopes (Almeida, Milani
et al. 1991), which are present in the trypomastigote forms (Almeida, Ferguson et al. 1994),
although they are also found in the GP72 glycoproteins in metacyclic trypomastigote forms
(Travassos, Almeida et al. 1994, Allen, Richardson et al. 2013). Therefore, evaluating the
reactivity of 7. cruzi-derived EVs with ChD patients’ sera could be led to the discovery of new
diagnostic biomarkers. We hypothesize that TCT-EVs comprise antigenic a-Gal glycotopes,

which are likely expressed in TcMUC II glycoproteins and are highly reactive with ChD sera.

2.2. MATERIALS AND METHODS

2.2.1. Mammalian cell culture

Green monkey (Rhesus) kidney LLLC-MK2 epithelial cells and human osteosarcoma (U2-
OS) cells were cultured in low glucose Dulbecco's Modified Eagle Medium (DMEM: Corning™
DMEM with L-Glutamine, 4.5 g/LL Glucose and Sodium Pyruvate) medium with 10% fetal bovine
serum (FBS: HyClone™ Fetal Bovine Serum, USDA Tested) and 1% Penicillin-Streptomycin
(Corning®) at 37°C, under CO, atmosphere. The cells were sub-cultured once or twice a week in

a 150, 175, and 182 cm? flask (Corning® cell culture flasks), using 1-2 ml trypsin (Corning™
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0.25% trypsin, 0.1% EDTA in HBSS w/o calcium, magnesium and sodium bicarbonate) after the
media being removed and the cells being washed with 5 ml of 1X phosphate buffer saline (PBS:
HyClone™ phosphate-buffered saline). After cells being detached, the volume was reached to 10
ml by adding media, and the cells were transferred to a new flask and the volume reached to 20-
30 ml with the media, according to the flask size. Otherwise stated, DMEM was used throughout
the study for the mammalian cell and 7. cruzi trypomastigote cultures. Parasites and mammalian
cells were regularly tested for Mycoplasma (Universal Mycoplasma Detection Kit: ATCC® 30-

1012K™).

2.2.2. Parasite culture, and isolation and storage of trypomastigote-derived secretome (TCT-

Secr) and TCT-extracellular vesicles (TCT-EVs)

Murine blood-derived trypomastigotes, and tissue culture trypomastigotes (TCTs) of
Colombiana (Col), and Y strains, and red-shifted luciferase-expressing CL Brener (CLB) clone
(genotypes or DTUs Tcl, Tcll, and TcVI, respectively) (Zingales, Andrade et al. 2009, Zingales
2018) were added to the cells at a multiplicity of infection (MOI) of 10, after the cells were at
approximately 60-70% confluent. The medium was replaced with fresh media the next day, and
the cells were under monitoring for approximately 5 days until the parasites start appearing in the
media (the peak of the parasites was on day 7-10 depending on the parasite strain/clone, and they
were harvested from the cells up to day 10-12), when the medium was daily replaced with fresh
medium. The parasite-comprising supernatant (approximate numbers of 1e6, 1e7, 1e8, and 1e9)
was taken from the cell flask and centrifuged for 10 min at 1,500 xg at 4°C and the supernatant
was incubated for 2 h for the cell debris and amastigotes (in the pellet) to be separated from the
trypomastigotes, which swam to the supernatant. The supernatant comprising the trypomastigotes
was transferred to another tube and centrifuged for 10 min at 2,465 xg at 4°C, and the
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trypomastigote-containing pellet was washed with 1X PBS 2x and incubated with FBS free media
for 6 h for the parasites to shed vesicles, and it was centrifuged at 2,465 xg for 10 min at 4°C to
separate the vesicles from the trypomastigotes. The supernatant was then filtered through 0.45-ym
syringe filter (33 mm Millipore® Millex®, PVDF Sterile Syringe Filter), using 5-ml syringe (BD),
and the flow through, which is TCT-EV-rich, was stored in three conditions (4, -20, and -80°C)
and analyzed by nanoparticle tracking analysis (NTA) in triplicate, after 48 h and 30 days of
storage. Briefly, the samples were diluted 10x in PBS, and NTA was performed using NanoSight
model LM14C (NanoSight Technology, Salisbury, United Kingdom), equipped with a green laser
and a sSCMOS camera (Hamamatsu Photonics K.K., Hamamatsu City, Japan). The software used
for capturing and analyzing the data was the NTA 3.2, Dev Build 3.2.16. Three measurements of
the same sample were performed in 20-sec acquisition times, using the default settings of the
instrument. The error bars indicate the standard error of the mean. Thereafter, data were compared
between the samples in order to find the suitable storage temperature for vesicles to keep their
integrity. Parasites and mammalian cells were regularly tested for Mycoplasma (Universal

Mycoplasma Detection Kit: ATCC® 30-1012K™).

2.2.3. Fractionation of TCT-Secr by Size-Exclusion Chromatography (SEC)

Sepharose CL-2B (Sigma-Aldrich) (~15 ml) was let to settle in a glass beaker and storage
solution was removed. Sepharose was rocked gently in 0.1 M ammonium acetate buffer (filtered
through 0.22-pym filter), and was let to settle to wash by removing the buffer (the Sepharose was
let to settle and washed twice more). A 3-ml syringe tip (BD) was plugged with glass wool, and
was setup on a ring stand with a waste container bellow it. The column was packed with Sepharose
until the 3 ml mark and washed by passing 6 ml of the buffer through. TCT-Secr samples from
Col, Y, and CLB were loaded (300 u1) and immediately collected (each comprising 150 u1). Once
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the top of the resin was visible, 3 ml of the buffer was added to it slowly (200 1 at a time) until
all the liquid has been collected. For further analyses, samples were stored at 4°C for less than 48

h, and at -80° C for longer periods.

2.2.4. Bicinchoninic Acid (BCA) Protein Assay

Sample fractions from Col, Y, and CLB were analyzed for protein concentration by
Bicinchoninic Acid Assay (BCA: Pierce™ BCA Protein Assay Kit, Thermo Fisher Scientific)
according to the manufacturer. Briefly, a serial dilution of standards as well as samples were tested
in duplicates in 96-well plate and incubated for 30 minutes at 37°C and the colorimetric reaction

was measured at 562 nm and samples were calculated against the standard curve.

2.2.5. Immunoblotting the TCT-Secr with IB4-lectin, and purified Ch anti-a-Gal Abs

TCT-Secr aliquots (derived from Col, Y, and CLB: genotypes Tc I, II, and VI, respectively) were
added 1% Halt™ Protease Inhibitor Cocktail (Thermo Fisher Scientific)/ + 50 ug of Ng-Tosyl-L-
lysine chloromethyl ketone hydrochloride (TLCK: Millipore Sigma) before the storage at -80°C.
Samples containing 10 and 30 pg of protein, quantified by BCA technique (as described in the
previous section in 2.4.), were applied in each lane of 4-20% Mini-PROTEIN® TGX™ Precast
Protein Gels and separated. The proteins were transferred to 0.45-pm nitrocellulose membranes
(Bio-Rad) using standard wet transfer sandwich protocol (Towbin, Staehelin et al. 1992). Briefly,
transfer buffer (25 mM Tris/192 mM glycine/ 0.1% sodium dodecyl sulfate (SDS), at pH 8.3) was
added to the transfer tank, transfer sandwich was assembled with assuring the membrane being on
the cathode and the gel on the anode, and the air bubbles being removed from the system. The
proteins were transferred at 100V for 1 h, at 4°C on ice, and the membranes were blotted first with

biotinylated isolectin B4 (IB4) (or GSL-1) from Bandeiraea (Griffonia) simplicifolia (Wood,
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Kabat et al. 1979) (Vector Labs, catalog # B-1205), and then with Ch anti a-Gal Abs (Almeida,
Milani et al. 1991), after stripping the IB4 lectin. Briefly, membranes were blocked with Tris-
buffered saline: 50 mM Tris, 150 mM NaCl (TBS)/ 1% bovine serum albumin (BSA: Fisher
BioReagents™ Bovine Serum Albumin, Fraction V, heat shock-treated)/ 0.1% Tween 20
(Promega, Madison, WI: T): TBST/ 1% BSA, pH 7.6, at 4°C, overnight. The membranes were
washed (all the washings were performed 3x with TBST, each time for 5 min), and incubated with
5 pg/mL biotinylated IB4 lectin/TBST/1% BSA for 1 h. The membranes were washed, and
incubated with neutravidin-horseradish peroxidase (NA-HRP, Thermo Fisher Scientific) at
1/5,000 dilution/TBST/1% BSA for 1 h, and finally CL reagent (Pierce™ ECL Western Blotting
Chemiluminescent Substrate: Thermo Scientific; reagents A:B (1:1, v/v)), was added and the
images were immediately taken by iBright Western Blot Imaging Systems (Thermo Scientific).
All the steps after blocking were performed with gentle agitation at 400 rpm, at room temperature
(rt). After the first blotting, the membrane was stripped with stripping buffer (Restore™ western
Blot Stripping Buffer: Thermo Fisher Scientific), washed 5x with ultrapure water, and probed with
5 pg Ch anti a-Gal Ab/ TBST/1% BSA, and for 1 h, at 37°C. The membrane was washed 5x with
TBST, and incubated with secondary antibody (anti goat-anti human biotin-conjugated IgG
antibody: Thermo Fisher Scientific), at 1/10,000 dilution/ TBST/ 1% BSA for 1 h, at 37°C. Finally,
following the neutravidin-horseradish peroxidase step, the immunoblotting was developed as

described above.

2.2.6. Silver staining
After TCT-Secr samples were separated through precast gel (as described in 2.2.5), the proteins

were stained with silver stain (Pierce™ Silver Stain for Mass Spectrometry: Thermo Fisher

Scientific) according to the manufacturer’s protocol. Briefly, the gel was washed with ultrapure
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water for 5 minutes 2x, fixed with Fixing solution (30% ethanol, 10% acetic acid) first for 15
minutes, and then overnight. Thereafter, the gel was washed with Ethanol Wash solution (10%
ethanol) for 5 minutes 2x, and then with ultrapure water for 5 minutes 2x. Afterwards, the
Sensitizer Working solution (1:500 Silver Stain Sensitizer: ultrapure water) was added (prepared
just before use), and the gel was incubated exactly for 1 minute, and then washed with ultrapure
water for 1 minute 2x. Then the Enhancer solution (1:100 Silver Stain Enhancer: Silver Stain) was
immediately added to the gel, and incubated for 5 minutes. The Developer Working solution
thereafter was prepared (1:100 Silver Stain Enhancer: Silver Stain Developer), and after the gel
was washed with ultrapure water for 20 seconds 2x, it was quickly added for 1 minute. The Stop
solution (5% acetic acid) was immediately added to the gel after the desired bands appeared, to
the existing developer working solution (to avoid excessive background spontaneously generated),
and then replaced with fresh Stop solution and incubated for 10 minutes. Finally, the Stop solution
was washed with ultrapure water 3x and the gel was imaged by iBright Western Blot Imaging

Systems: Thermo Scientific. All the steps were performed with gentle agitation at 42 RPM, at RT.

3.2.7. Affinity chromatography using immobilized Bandeiraea simplicifolia isolectin 4 (IB4)-

lectin for enrichment of a.-Gal-containing TCT-EVs

a-Gal-containing EVs were purified from the TCT-Secr, obtained from the conditioned medium
of Col, Y, and CLB strains (genotypes Tc I, II, and VI, respectively) by immunoaffinity
chromatography, using immobilized biotinylated Bandeiraea simplicifolia isolectin 4 (IB4)-lectin.
Briefly, storage solution was removed by breaking off the bottom cap and spinning the column
(GE Healthcare, 28903130) at 150 g at 4° C for 1 minute. The column was equilibrated with adding
400 pl of 50 mM Tris/150 mM NaCl: TBS, at pH 7.5 and spinning the column at 150 xg at 4°C
for 1 min (3x). Thereafter, the column was added 300 pg biotinylated IB4-lectin (Sigma-Aldrich,
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L2140, Vector Laboratories, B-1205-5), which was resuspended by inverting it manually, and then
the column was incubated at 4°C, overnight, with slow rocking motion. Thereafter, blocking was
done by adding 400 ul blocking buffer (2 mM Biotin/TBS) and mixing it by manual inversion for
5 min (2x). Column was then washed with TBS by spinning at 150 xg, at 4°C, for 1 min (3x), and
TCT-Secr sample (1 mg protein total/ FBS free DMEM) was added to the column. The sample
was incubated for overnight at 4°C, with slow rocking motion. Unbound flow-through (FT: a-
Gal(-)) fraction was collected by spinning the column at 150 xg, at 4°C, for 1 min. The column
was washed with adding 400 pl wash buffer (TBS/2 M urea, pH 7.5) and spinning at 150 xg at 4°C
for 1 min (5x), and these wash (W) fractions were pooled and collected. Thereafter, the bound a-
Gal epitopes were eluted (EL: a-Gal(+)) and collected from the column by adding 200 pl elution
buffer (0.1 M glycine/2 M urea, pH 2.9) and centrifuging at 1,000 xg, at 4° C (3x). The EL fractions
where immediately neutralized with 1 M Tris, pH 8.0. The bottom cap of the column was kept on

during all the incubation steps and was kept removed during the centrifugation steps.

2.2.8. Analysis of TCT-Secr with Ch and NHS sera

The TCT-Secr were analyzed with chronic ChD serum pool (ChHSP) and normal human
serum pool (NHSP) by chemiluminescent ELISA (CL-ELISA: SuperSignal™ ELISA Pico
Chemiluminescent Substrate) (Schocker, Portillo et al. 2016, Ortega-Rodriguez, Portillo et al.
2019). Briefly, the TCT-EV samples (at various protein concentrations) and the positive control
neoglycoprotein (KM24b or NGP24b) (containing the Gala(1,3)Galp(1,4)GlcNAca trisaccharide
conjugated via 13-atom to BSA) (Schocker, Portillo et al. 2016), at 125 ng/well. NGP24b was
immobilized in 0.2 M carbonate-bicarbonate buffer (CB buffer), pH 9.6, and incubated at 4°C
overnight. They were blocked with PBS/1% bovine serum albumin (BSA, Fisher BioReagents™
Bovine Serum Albumin, Fraction V, Heat Shock Treated), incubated at 37° C for 1 h, and washed
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3x with 200 uL PBS/0.05% Tween 20 (Promega, Madison, WI) (PBST). Afterwards, ChHSP and
NHSP at 1:800 dilution were added, the plates were incubated at 37°C, washed 3x with PBST,
incubated with secondary antibody (goat anti-human biotin-conjugated IgG antibody: Thermo
Fisher Scientific, at 1:10,000 dilution), and washed 3 times with PBST. Samples were then
incubated with neutravidin horseradish peroxidase (NA-HRP: Thermo Fisher Scientific, at 1:5,000
dilution), and washed 3 times with PBST, thereafter CL-ELISA reagent (SuperSignal ELISA Pico
Chemiluminescent Substrate, 1:1:8 Reagent A: Reagent B: CB buffer/0.1%BSA, v/v/v) was added
and the reaction was measured by Luminoskan luminometer. The positive control was
Gala(1,3)Galp(1,4)GIlcNAca-BSA + ChHSP, and negative control was the same trisaccharide with
the NHSP.

Figure 2.1 summarizes the general approach used for preparation, enrichment, and

proteomic analysis of TCT-Secr and TCT-EVs.
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Figure 2.1. Preparation and analysis of TCT-Secr and TCT-EVs. Immunoaffinity chromatography (IAC) with

biotinylated Bandeiraea simplicifolia isolectin 4 (IB4) linked to neutravidin-agarose (IB4-Biotin-SA). SN,

supernatant; NTA, Nanoparticle Tracking Analysis (NanoSight); CL-ELISA, chemiluminescent ELISA; FT, flow-

through; EL, eluate.
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2.3.RESULTS

2.3.1. TCT-EVs were detected through NTA in TCT-Secr and -80 showed to be the most

suitable storage temperature for them

As it is shown in Figure 2.2, EVs were detected in TCT-Secr, derived from CLB by NTA.
EVs between ~ 40 and 1,000 nm of diameter were observed in the secretome (similar data were
shown in Col and Y strains). Furthermore, amongst three conditions of 4, -20, and -80°C, TCT-
EVs showed the highest concentration even after 30 days of storage (Figure 2.3). Therefore, this
condition was chosen for their storage. Moreover, it was shown that the integrity of the EVs was
kept at -80°C, since the peaks showed sharper profile at this temperature and the EVs did not show
aggregation as much as they did in lower temperatures (data not shown). However, for the shorter

storage up to 24 h, the EVs seemed to be stable.
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Figure 2.2. NTA analysis of EVs derived from CLB T. cruzi trypomastigote. Vesicles from TCT-Secr derived

from Luc CLB (20X in PBS) were tracked and measured for 30 s at RT and data are analyzed with NTA software.
Total concentration showed to be 6.25 x 10% particles/mL. The size distribution of the EVs showed that exosomes

(ranging from 40 nm to 100 nm) and ectosomes (ranging from 100 nm to 1000 nm) are both found in the secretome.

Similar data were observed for TCT-EVs derived from Col and Y strains (not shown).
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Figure 2.3. NTA analysis of EVs derived from 7. cruzi trypomastigote after storing them at 4, -20, and -80°C.

The size distribution (A) and average concentration (B) of EVs showed that -80°C is the optimum storage temperature

for EVs. The samples were diluted twice in 1X PBS.
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2.3.2. Fractionation of TCT-Secr by SEC and BCA analysis

TCT-EVs derived from host cell-derived trypomastigote (2e6 per ml) secretome (TCT-
Secr) were fractionated by SEC, using Sepharose CL-4B. Twenty fractions were collected and the
left-protein of the column were tested for protein content by BCA. Little or no detectable protein

content was observed in these fractions (Figure 2.4).
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Figure 2.4. Protein concentration in 20 fractions and left-over proteins of the columns, after fractionation of
EVs measured by BCA. The protein concentration was undetectable as the initial number of the parasites (2e6) was

low. The results are shown in means + SDs of two technical replicates.

The number of parasites that EVs were derived from was increased to 1.6e8/ml, and
measured for proteins as previously explained. Figure 2.5 shows that increasing the number of the
parasites significantly increased the amount of protein being detected by BCA in the TCT-EVs.
However as seen in Figure 2.5, the peak seemed to be at around fraction 21 (between F17 to F25).

Therefore, SEC was performed on TCT-Secr collecting a total of 30 fractions.
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Figure 2.5. Protein concentration in 20 fractions and left-over proteins of the columns, after fractionation of
EVs measured by BCA. The protein concentration was increased with higher number of parasites (100x more). The
initial number of the parasites was increased to 1.6e8/ml. The results are shown in means + SDs of two technical

replicates.

2.3.3. The peaks of TCT-Secr proteins were shown to be between fractions 17 and 25 of

SEC

The number of the initial parasites this time was increased to 7.3e8/ml. The number of the
collected fractions was increased as well to 31 fractions. The protein content was determined in
these fractions and leftover proteins from the column by BCA (Figure 2.6). As expected, a higher
protein content was detected in the fractions, especially those eluting from the Sepharose CL-4B
between fractions 17 and 25, which likely correspond to free proteins. Therefore, for subsequent
analysis, the number of the parasites was kept at approximately 1e8, and the number of the

collected fractions was kept to 30 fractions.

31



Concentration (ug/ml)

0.14
c
§ 012
=
S 01
=
c
2 0.08
c
S 0.06
c
‘D 0.04
2
2 002 I I
& 0.
o -® ¥ e B0 - I=;ii' ilii'l
S ANN TN ONONO AANMTN ONONOdANMNTWL OO O -
™ e A A A A AN AN AN AN AN ANANAN NN

Left-over mH

Fraction number

Figure 2.6. Protein concentration measured by BCA in fractions and leftover proteins from the Sepharose CI-
4B column, after fractionation of EVs. The protein concentration increased from fraction 17 to 25 (peak at fraction
21). The initial number of the parasites was increased to 7.3e8/ml). The results are shown in means + SD of two

technical replicates.

2.34. TCT-Secr showed high reactivity with ChD serum

TCT-Secr (at 0.01, 0.1, 1, and 10 pg/ml) derived from approximately 1e8 parasites/ml of
Col and Y strains were analyzed by CL-ELISA against ChHSP and NHSP, at 1/100, 1/200, 1/400
and 1/800 dilutions. All four concentrations of TCT-Secr derived from these strains showed high
reactivity with ChHSP (Figure 2.7). It was also shown in this experiment that the reactivity is

dose-dependent. As it was expected, the fractions showed low reactivity with NHSP.
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Figure 2.7. CL-ELISA reactivity of ChHSP and NHSP to TCT-Secr derived from Colombiana (Col) and Y
strains. The results show high reactivity of ChHSP to TCT-Secr from both Col (A) and Y (B) strains, at all the tested

serum dilutions (1/100, 1/200, 1/400, and 1/800). The results are means + SD of three technical replicates.

2.3.5. TCT-Secr derived from different batches of Y, Col and CLB showed high reactivity

with ChD serum

The concentrations of 0.1, 1 and 10 pg/ ml for the TCT-Secr, and 1/400 and 1/800 dilutions
for the serum pools (ChHSP and NHSP) were selected based on the previous experiment. In this
experiment, different batches/biological samples were tested (the number varies amongst the three
strains, based on the availability) to see whether the reactivity with ChHSP is reproducible and
consistent as well. TCT-Secr derived from approximately 1e8/ml of Col, Y and CLB (3, 9, and 4
samples, respectively) were analyzed by CL-ELISA against ChHSP and NHSP. High reactivity
with ChHSP was observed (Figure 2.8). As it can be observed, the reactivity within each strain is

consistently Ag dose-dependent, however, the difference between Ab at 1/400 and 1/800 is
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negligible. This pattern as well is followed in the majority of the fractions derived from all 3

strains/clones.
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Figure 2.8. CL-ELISA reactivity of ChHSP and NHSP to various batches of TCT-Secr derived from of Y, Col
and CLB. The results show high reactivity of Y (A and B) and Col and CLB (C and D) strains against ChHSP at both
tested serum dilutions (1/400 and 1/800), and all tested TCT-Secr concentrations (0.1, 1, and 10 ug/ ml). The results

are means £ SD of three technical replicates.
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2.3.6. TCT-Secr derived from Col, Y, and CLB showed high reactivity with ChD serum after

being stored at -80° C compared to freshly isolated TCT-Secr

In order to assure a-Gal content being conserved due to freezing and thawing in additional to the
EVs integrity, we also performed CL-ELISA on TCT-Secr isolated freshly on the same day versus
the isolates after being stored at -80°C for 2 to 3 months (derived from Col, Y, and CLB), against
NHSP and ChHSP. Briefly, TCT-Secr samples were serially diluted in CBC starting with 10 pg/ml
for 5 dilutions, were immobilized overnight, blocked with 1% BSA/PBST for 1 hr, and incubated
for 1 hr with NHSP and ChHSP (1/800) in 1% BSA/PBST. Thereafter, biotinylated goat anti-
human IgG was added (1/10,000 in 1%BSA/PBST) for 1 hr, and the reactivity was detected with
CL-ELISA reagent (see details in 2.2.8). As it can be observed in Figure 2.9, the reactivity of
TCT-Secr with ChHSP was shown (in agreement with our previous results), and moreover, there
is no significant difference detected between the reactivity of freshly isolated TCT-Secr, in
comparison with TCT-Secr stored at -80°C for few months. Therefore, it is assured that for further
analysis, irrespective of TCT-Secr being freshly isolated, or stored at -80°C, the integrity of a-Gal

reactivity with ChHSP is maintained and, therefore, they could be used for further analysis.
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Figure 2.9. CL-ELISA reactivity of ChHSP and NHSP to TCT-Secr that were freshly isolated on the same day
compared to TCT-Secr stored at -80°C (derived from of Col, Y, and CLB). The results show high reactivity of
TCT-Secr, regardless of being freshly isolated or stored at -80° C, against ChHSP. The results are means = SD of

three technical replicates.

2.3.7. SEC-fractionated TCT-EVs derived from Col, Y and CLB showed the highest
reactivity with ChD serum from fractions 12 to 20

After fractionating TCT-Secr derived from Col, Y and CLB by SEC, it was indicated that
the reactivity of IB4-lectin and ChHSP to a-Gal in TCT-Secr was shown mainly between fractions
12 and 20 (Figure 2.10). It was shown also that although Y strain-derived fractions showed distinct
pattern compared to Col and CLB, however the latter strain/clone showed similar pattern and trend
of the reactivity (Figure 2.10.B-C). It is noteworthy to mention that there was another peak of
protein was detected by BCA between fractions 8 and 10 which was consistent amongst the 3

strains/clone (Figure 2.10.A).
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Figure 2.10. BCA (A), and CL-ELISA reactivity of IB4-lectin (B), ChHSP (C), and NHSP (B,C) to TCT-Secr,
derived from of Col, Y, and CLB, and fractionated by SEC. The results show that protein peaks were shown
between fractions 8 and 10 as well as 12 and 20 (A). Moreover, it is shown here that the highest reactivity of TCT-
Secr, against IB4-lectin and ChHSP was detected between fractions 12 and 20 (B,C). The results are means = SD of

three technical replicates.
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2.3.8. Reactivity of TCT-Secr with ChHSP in Col, Y and CLB strains is in great part due to
o-Gal glycotopes

T. cruzi expresses specific surface glycoproteins that have been shown to be conserved
amongst different strains. TCT forms have a-Gal glycotopes that are highly reactive with ChD
patient’s IgG (Almeida, Milani et al. 1991, Almeida, Ferguson et al. 1994). Here in this
experiment, TCT-Secr derived from Col, Y and CLB strains were treated with 0.1 unit/ml green
coffee bean a-galactosidase, overnight, and then tested for reactivity with ChHSP (at 1/800
dilution). Interestingly, the reactivity dropped by 39% and 41% for Col-derived TCT-Secr at 1 and
10 pg/ml, respectively. The reduction was also shown in Y-derived TCT-Secr to 55% and 48% at
1 and 10 pg/ml respectively, as well as in CLB-derived TCT-Secr to 75% and 66% at 1 and 10
pg/ml respectively. These data indicated that the TCT-Secr shed comprise a-Gal epitopes and the

reactivity to the ChHSP is in great part directed to a-Gal epitopes (Figure 2.11).

A 4000 TCT Secr. - Colombiana B TCT Secr. - Y C 4000 TCT Secr. - Luc. CL Brener
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Figure 2.11. Reactivity of TCT-Secr from Col, Y and CLB strains to ChHSP and NHSP, following treatment
with a-galactosidase. A reduction of 39-75% of the reactivity to ChHSP (at 1/800 dilution) of TCT-EVs derived from

Col (A), Y (B), and CLB (C) strains, at 1 and 10 pug/m. The results are means + SD of three replicates.
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2.3.9. Purified a-Gal-containing TCT-EVs showed distinguishable profile in NTA than the

total TCT-Secr

In order to assess the EVs population profile (size distribution and concentration) in the
TCT-Secr as well as the IB4-lectin-purified EL (a-Gal(+)) and FT (a-Gal(-)), NTA was performed.
As it is shown in the Figure 2.12, EL fractions are showing a shift towards left (smaller EV size:
exosomes), which is abundant between 100 and 200 nm. In other words, the exosome population
was shown to be enriched in EL fractions in all the strains, and more vividly in Y strain.
Furthermore, as expected, FT fractions are showing similar profile as TCT-Secr nonetheless
slightly different, and they showed less homogeneity in terms of size distribution compared to EL

fractions.
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Figure 2.12. NTA analysis of TCT-Secr and EVs from Col, Y and CLB strains after being subjected to
immunoaffinity chromatography. TCT-Secr was subjected to immunoaffinity chromatography using biotinylated
IB4 lectin-neutravidin agarose and EVs size distribution and concentration were measured by NTA. The profiles of
the fractions (TCT-Secr, EL and FT) show different profile for ELs compared to FTs. Nevertheless, FTs show more
heterogenous population similar to TCT-Secr, unlike ELs which show more homogenous profile and enriched with

more of exosomes.
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Before proceeding with proteomics analysis, IB4-lectin column fractions (EL and FT) were
tested for reactivity with Ch anti-a-Gal by CL-ELISA. As expected, clear high reactivity was
observed with EL fraction in compare to FT fraction, indicating that EL fraction was highly
enriched with a-Gal successfully (a-Gal(+)), through performing the IB4-lectin (Figure 2.13). The
data of a-Gal epitope being purified and enriched by IB4-lectin in EL fraction of is supported here

as well.
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Figure 2.13. Reactivity of EL and FT fractions after IB4-lectin purification, against Ch anti-a-Gal. Y-derived
EL fraction showed high reactivity with Ch anti-a-Gal, whereas FT which showed very little reactivity. RLU, relative

luminescence units. The results are means = SEM of three replicates.
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2.4. DISCUSSION AND FUTURE WORK

Chagas disease caused by 7. cruzi, the parasite’s life cycle, its vector and its pathogenesis
in humans have been described more than 100 years ago by Carlos Chagas (Chagas 1909).
However, the detailed mechanisms of host-parasite interaction and immune system modulation are
to be elucidated. Various studies have been conducted within previous decades, on EVs in the
concept of diseases, as both host and pathogen cells secret them. One of the mechanisms by which
infectious diseases evade immune system is cell-cell modulation which is facilitated by
extracellular vesicles (Lovo-Martins, Malvezi et al. 2018). The role of EVs secreted by several
parasites during the infection and disease progression has been recently investigated by several
researchers (Beauvillain, Ruiz et al. 2007, Giri and Schorey 2008, Beauvillain, Juste et al. 2009,
Schnitzer, Berzel et al. 2010, Del Cacho, Gallego et al. 2011, Cronemberger-Andrade, Aragao-
Franca et al. 2014), where EVs were playing protective role. On the other hand, they have been
shown in the studies on characterizing EVs released from flagellated protozoan parasites to
increase the parasitemia in parasitic diseases such as Leishmaniasis (Silverman, Clos et al. 2010,
Silverman, Clos et al. 2010). These parasites are capable of interacting with various cell types as
they survive vector and the host, which leads to having EVs comprising different contents assisting
parasite’s biodistribution, survival, and pathogenesis (de Pablos Torro, Retana Moreira et al.
2018).

In case of T. cruzi, various mechanisms of EVs being releases have been described
including larger EVs or ectosomes budding from plasma membrane, and smaller EVs or exosomes
within the flagellar pocket which are released through MVBs being exocytosed (da Silveira,

Abrahamsohn et al. 1979, Bayer-Santos, Aguilar-Bonavides et al. 2013). EVs released by the
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parasite have been shown to be interfering with immune system response (Goncalves, Umezawa
et al. 1991).

EVs derived from Y strain TCTs have been described by several studies (Bayer-Santos,
Aguilar-Bonavides et al. 2013, Nogueira, Ribeiro et al. 2015, Clemente, Cortez et al. 2016).
NanoSight analysis is a stablished method for assessing the size distribution of the EVs (Soo, Song
et al. 2012). First, we showed the presence of EVs in TCT-Secr by NTA, and the size distribution
was also determined. Although in the total secretome (TCT-Secr) we found the EVs with the mean
size of 212.8 nm (larger EVs), in our a-Gal(+) fractions) showed similar profile and size
distribution to secretome derived from TCT (TCT-Secr). The heterogeneous population of EVs
shown in the TCT-Secr in our study have been consistently shown in the previous studies as well.

Isolation of the EVs is one of the challenges in the field (Thery, Amigorena et al. 2006,
Kalra, Simpson et al. 2012), however SEC, ultracentrifugation and affinity chromatography
(Wubbolts, Leckie et al. 2003) are the common methods used for EV separation. At first, we did
not see reactivity of EVs with ChHSP as it was performed in duplicates and not in triplicates (to
do the screening amongst the fractions), and some of the replicates were not consistent, it can be
concluded that the unexpected results could be due to technical errors. However, we showed later
that they are highly enriched with molecules that are highly and specifically reactive with ChD
sera in a concentration-dependent manner. These glycotopes are highly immunogenic to humans,
since they are non-self and trigger high levels of trypanolytic protective Ch anti-a-Gal Abs
(Almeida, Milani et al. 1991). They showed approximately 50% reduction of the reactivity after
being treated with a-galactosidase, which consolidates the presence of a-Gal glycotopes.
Furthermore, TCT-EVs as a diagnostic biomarker is under investigation as well as more details on

how the EVs will increase the infection in vitro and hopefully in vivo.
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CHAPTER 3: PROTEOMIC ANALYSIS OF T. CRUZI-DERIVED EVS

3.1. INTRODUCTION: T. CRUZI SURFACE PROTEINS

T. cruzi has surface covered by GPI-anchored glycoconjugates that are shown to be
conserved in different strains and genotypes (Almeida, Ferguson et al. 1994, Buscaglia, Campo et
al. 2006). These molecules are composed of O-linked glycans that are covalently attached to a
polypeptide backbone, which is anchored to the trypomastigote membrane through a GPI structure
(Figure 3.1). It has been previously shown that trypomastigote-specific GPI-anchored mucin-like
glycoproteins play an important role in inducing potent macrophage activation (Camargo, Almeida
et al. 1997, Almeida, Camargo et al. 2000, Campos, Almeida et al. 2001). These glycoconjugates
are shown to be released in the EVs (da Silveira, Abrahamsohn et al. 1979, Ouaissi, Dubremetz et
al. 1990, Goncalves, Umezawa et al. 1991, Bayer-Santos, Aguilar-Bonavides et al. 2013, Bautista-
Lopez, Ndao et al. 2017, Ribeiro, Vasconcellos et al. 2018).

On the other hand, 7. cruzi has evolved several strategies to invade the host cells including
manipulating various host cell surface receptors and signaling pathways (Villalta, Scharfstein et
al. 2009). The infective trypomastigotes are capable of infecting large varieties of nucleated cells
in mammals (De Souza 2002). One of these mechanisms is releasing extracellular vesicles (EVs)
which assists the parasite’s survival and its replication within the host. 7. cruzi releases proteins
associated with EVs (Bayer-Santos, Aguilar-Bonavides et al. 2013) involved with its metabolism,
and interaction with host immune cells (invasion and evasion mechanisms). Protein analysis of
EVs derived from T. cruzi has shown that GPI-anchored mucin-like glycoproteins are released in
these EVs (Agusti, Couto et al. 2000). Therefore, characterization of EVs, could be helpful towards

studying the pathogenesis of the parasite, and molecules involved in it.
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Figure 3.1. Schematic representation of 7. cruzi trypomastigote surface coat and its GPI-anchored
glycoconjugates. (A and B) Mammal-dwelling infective 7. cruzi trypomastigote form contains a complex cell surface
consisting of several glycoconjugates inserted into the plasma membrane via a GPI anchor (C and D) These
glycoconjugates include GIPL and GPI-anchored proteins (i.e., tGPI-mucin, TS, and MASP). The major tGPI-mucin
family expressed in trypomastigotes (i.e., TcMUCII) (Buscaglia, Campo et al. 2004) contains a protein core heavily
glycosylated with O-glycans linked mostly to threonine (Thr) residues via an a-N-acetylglucosamine (a-GIcNAc).
tGPI-MUCII specifically contains terminal, nonreducing a-galactopyranose (o-Galp) residues, which serve as the
major targets for the highly abundant lytic anti-a-Gal Abs, produced during both the acute and chronic phases of ChD
(Almeida, Milani et al. 1991, Gazzinelli, Pereira et al. 1991, Almeida, Ferguson et al. 1994). About ten percent of
these O-glycans exists as linear trisaccharides (Gala1,3GalP1,4GlcNAca or Galoa3LNa), whereas the remaining 90%
of the structures are branched and are as-yet to be structurally characterized. The hypothetical linkages (*) of the

branched O-glycans are based on partial liquid chromatography-tandem mass spectrometry (LC-MS/MS) data analysis
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following beta-elimination and permethylation of tGPI-mucin-derived O-glycans (Ortega-Rodriguez and Almeida,

unpublished data). Text and figure taken and modified from (Ortega-Rodriguez, Portillo et al. 2019).

3.2. MATERIALS AND METHODS

3.2.1. Mammalian cell culture

LLC-MK2 and U2-OS cells were cultured in low glucose DMEM with 10% FBS/
Penicillin-Streptomycin as was previously described in 2.2.1 at 37°C, under CO2 atmosphere, and

were sub-cultured once or twice a week Trypsin.

3.2.2. Parasite culture, and isolation and storage of extracellular vesicles (EVs)

The parasite culture and TCT-Secr isolation was performed after optimization of the
storage temperature and parasite number (as described in 2.2.2.). The parasite-comprising
supernatant (from 1e8 parasites) was taken from the cell flask and was centrifuged for 10 minutes
at 1,500 xg, at 4° C, and the supernatant was incubated for 2 h for the cell debris and amastigotes
(in the pellet) to be separated from the trypomastigotes (by them swimming to the supernatant).
The supernatant (which has the trypomastigotes) was transferred to another tube and centrifuged
for 10 minutes at 2,465 xg at 4° C, and the trypomastigote-containing pellet was washed twice
with 1X PBS and incubated with FBS free media for 6 h for the parasites to shed vesicles, and it
was centrifuged at 2,465 xg for 10 minutes at 4° C to separate the vesicles from the
trypomastigotes. The supernatant was filtered through 0.45-um syringe filter and the flow through
which is TCT EV-comprising conditioned medium, and analyzed by nanoparticle tracking analysis
(NTA), in triplicate. Three measurements of the same sample were performed in 20-sec intervals,

using the default settings of the instrument. The error bars indicate the standard error of the mean.
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3.2.3. BCA Protein Assay

TCT-Secr derived from Col, Y, and CLB TCTs were analyzed for protein concentration

by BCA according to the manufacturer as described earlier (2.2.4).

3.2.4. Western blotting the TCT-Secr with IB4-lectin, and purified Ch antia-Gal Ab

TCT-Secr aliquots (derived from Col, Y, and CLB) were added 1% Halt™ Protease Inhibitor
Cocktail (Thermo Fisher Scientific)/) + 50 pg Ng-Tosyl-L-lysine chloromethyl ketone
hydrochloride (TLCK: Millipore Sigma) before the storage at -80°C. Samples containing 10 and
30 pg of protein, quantified by BCA technique (as described in 2.4.), were applied in each lane of
4-20% Mini-PROTEIN® TGX™ Precast Protein Gels, and separated and transferred to 0.45 pm
nitrocellulose membranes using standard wet transfer sandwich protocol (Towbin, Stachelin et al.
1992). Briefly, transfer buffer (25 mM Tris/192 mM glycine/0.1% SDS, at pH 8.3) was added to
the transfer tank, transfer sandwich was assembled with assuring the blot being on the cathode and
the gel on the anode, and the air bubbles being removed from the system, and the proteins were
transferred at 100V for 1 hr, at 4°C on ice. The membranes were blotted with IB4-lectin and then
Ch anti a-Gal Ab after stripping the lectin. Briefly, membranes were blocked with Tris-buffered
saline: 50 mM Tris, 150 mM NaCl (TBS)/ 1% bovine serum albumin (BSA: Fisher BioReagents™
Bovine Serum Albumin, Fraction V, Heat Shock Treated)/ 0.1% Tween 20 (Promega, Madison,
WI: T), pH at 7.6, at 4° C overnight. They were washed (all the washings were performed 3x with
TBST, each time 5 minutes), and incubated with 5 pg of IB4-lectin/ TBST/ 1% BSA for 1 hr. The
membranes were washed, and incubated with secondary antibody (anti goat-anti human biotin-
conjugated IgG antibody: Thermo Fisher Scientific, at 1/10,000 dilution/ TBST/ 1% BSA for 1 hr.
Thereafter, they were washed and incubated with Neutravidin Horse Radish Peroxidase (HRP:
Thermo Fisher Scientific) at 1/5000 dilution/ TBST/ 1% BSA for 1 hr, and finally CL reagent
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(Pierce™ ECL Western Blotting Chemiluminescent Substrate: Thermo Scientific), at 1:1 Reagent
A: Reagent B was added and the images were taken d by iBright Western Blot Imaging Systems:
Thermo Scientific. All the steps after blocking were performed with gentle agitation at 42 RPM,
at RT. After the first blotting, the membrane was stripped with stripping buffer (Restore™ western
Blot Stripping Buffer: Thermo Fisher Scientific), and was probed with 5 pg of Ch anti a-Gal Ab/

TBST/1% BSA, and the immunoblotting was performed as described in this section.

3.2.5. Silver staining

After TCT-Secr prep samples were separated through precast gel (as described in 2.8), the proteins
were stained with silver stain (Pierce™ Silver Stain for Mass Spectrometry: Thermo Fisher
Scientific) according to the manufacturer’s protocol. Briefly, the gels were washed with ultrapure
water for 5 minutes 2x, fixed with fixing solution (30% ethanol, 10% acetic acid) first for 15 min,
and then overnight. Thereafter, the gel was washed with ethanol wash solution (10% ethanol) for
5 min 2x, and then with ultrapure water for 5 min 2x. Afterwards, the sensitizer working solution
(1:500 Silver Stain Sensitizer: ultrapure water) was added (prepared just before use) and the gel
was incubated exactly for 1 minute, and then washed with ultrapure water for 1 minute 2x. Then
the enhancer solution (1:100 Silver Stain Enhancer: Silver Stain) was immediately added to the
gel, and incubated for 5 min. The developer working solution thereafter was prepared (1:100 Silver
Stain Enhancer: Silver Stain Developer), and after the gel was washed with ultrapure water for 20
sec 2x, it was quickly added to the gel for 1 min. The stop solution (5% acetic acid) was
immediately added after the desired bands appeared, to the existing developer working solution
(to avoid excessive background being generated), and then replaced with fresh stop solution and

incubated for 10 min. Finally, the stop solution was washed with ultrapure water 3x and the gel
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was imaged by iBright Western Blot Imaging Systems: Thermo Scientific. All the steps were

performed with gentle agitation at 42 rpm, at rt.

3.2.6. Affinity chromatography using immobilized IB4-lectin for enrichment of a-Gal-

containing TCT-EVs

o-Gal-containing EVs were purified from the TCT-Secr, obtained from the conditioned
medium of Col, Y, and CLB strains by affinity chromatography, using IB4-lectin as described in
3.2.7. Briefly, the TCT-Secr sample (1 mg protein) was redisolved in TBS buffer, and applied to
a column after the storage buffer was removed (3.2.7) with biotinylated IB4 lectin immobilized to
Neutravidin HP SpinTrap. Unbound flow-through (FT) fraction was collected. The column was
then washed with wash buffer, and a wash (W) fraction was collected. a-Gal-Positive molecules

were eluted with elution buffer (EL), and immediately neutralized with 1 M Tris, pH 8.0.

3.2.7. Protein digestion and proteomic analysis of EV samples

The EV samples from Y, Colombiana (Col) and luciferase-expressing CL. Brener were
separately pooled together and concentrated 5X, digested through trypsin digestion. Briefly, 40 ug
of protein was resuspended in 8 M urea, reduced with 5 mM dithiothreitol (DTT), alkylated with
iodoacetamide (IAA), and digested using trypsin through Filter-Aided Sample Prep (FASP) kit
(Expedeon, San Diego, CA). Peptides were eluted from the filter with 0.1% formic acid (FA) and
the samples were then dried in a vacuum centrifuge (CentriVap Concentrator, Labconco) and were

run through mass-spectrometry (MS) for proteins associated with the respective 7. cruzi strains.
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After the peptide digestion, 5 pL. was loaded onto a 25 cm in house packed pre-equilibrated
5 pm porous silica AQUA C18 (Phenomenex) New Objective Picotip Emitter column, with 5%
solvent B (90% acetonitrile, 0.1% formic acid) 95% solvent A (100% water, 0.1% formic acid) for
10 minutes with at flow rate of 0.4 mL min-1. The elution gradient ramped from 10% to 35%
solvent B over 85 minutes, followed by a 5-minute ramp to 95% solvent B. A plateau was
maintained at 95% solvent B for 9 minutes, then a sharp decrease to equilibration conditions for 1
minute, followed by a 20-minute equilibration for subsequent sample injections. A top-10 peak
analysis was performed on a Q Exactive Plus Hybrid Quadrupole-Orbitrap Mass Spectrometer
(Thermo Scientific) with the full scan set to a 70,000 resolution with an AGC target set to 3e6; dd-
MS?2 resolution at 17,500 with a 1e5 AGC target. The Q Exactive Plus was equipped with a

Nanospray Flex Ion Source (Thermo Scientific).

3.3.RESULTS

3.3.1. Strong binding of TCT-Secr derived from Col, Y and CLB was shown with purified

Ch antia-Gal Ab and IB4-lectin in western blot

Western blotting of TCT-Secr proteins, derived with Col, Y, and CLB strains being probed
with Ch anti a-Gal Ab and IB4-lectin, showed strong binding with both anti a-Gal Ab and 1B4-
lectin. The pattern of a-Gal-containing glycoproteins which behave like tGPI-mucins and form a
smear (ranging from approximately 60 to 110 kDa in the case of 7. cruzi TCT-Secr), is further
supported by silver staining. Nevertheless, within the smear, stronger bands were noticeable in
silver staining, with the sizes of 65 and 95 kDa in Col and Y strain-derived. It is noteworthy to

mention that when the sample preps are added TLCK additional to Halt Proteinase inhibitor
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cocktail in order to prevent protein degradation by protease(s), it was shown that the degradation
was less observed in the lanes loaded with samples added TLCK, and the bands/ smears were
stronger (Figure 3.2). Therefore, for the further analysis, samples were stored with both 1% Halt
Proteinase inhibitor cocktail and 50 pg/ml of TLCK being added to them.

Silver staining of TCT-Secr protein samples derived from Col, Y, and CLB strains and
separated on the SDS gel showed strong bands with approximately 100 kDa, and smears from 50
to 65 kDa (Figure 3.2). Moreover, two less strong bands appeared with the sizes of approximately
175 kDa and 200 kDa. Immunoblotting of TCT-Secr proteins samples probed with Ch anti a-Gal
Ab and IB4-lectin, showed strong binding with both anti a-Gal Ab and IB4-lectin (Figure 3.2).
The pattern of 7. cruzi a-Gal-containing glycoproteins which behave like tGPI-mucins and form a
smear (ranging from approximately 60 to 110 kDa), is clearly shown here. It is noteworthy to
mention that as protein degradation by protease(s)/ peptidases(s) have been observed in our earlier
proteomics analysis (Table 3.1), when solely Halt proteinase inhibitor cocktail was added to the
TCT-Secr, therefore, TLCK with more effective inhibition ability (specially on trypsin and trypsin-
like enzymes) was added to the samples to maintain the protein integrity. As shown in Figure 3.2,
in TCT-Secr samples with TLCK added additional to Halt Proteinase inhibitor cocktail, less
degradation was observed and the bands/ smears were stronger, especially in the lanes with 30 pg/
lane of protein. Therefore, for the further analysis, samples were stored with both 1% Halt

Proteinase inhibitor cocktail and 50 pg of TLCK being added to them.
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Figure 3.2. Blotting with IB4 Lectin and Ch anti-a-Gal, as well as staining with Silver stain. Col, Y, and CLB
TCT-Secr blotting with IB4 Lectin and Ch anti-a-Gal, and stained with Silver stain. Trypomastigote secretome was
added Halt Proteinase inhibitor cocktail with, and without TLCK before storage. Col-Strain trypomastigote secretome
contains serine protease(s) that degrade the a-Gal-containing glycoproteins that behave like tGPI-mucins (red arrows),

which are inhibited when protease/ proteinase inhibitor is added to the sample, specially, in 10 pug lane.
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Table 3.1. Proteases and peptidases identified by proteomic analysis in the total TCT-Sec, and flow-through

and eluate fractions from the IB4-lectin column.

# Protein Name Accession Number TCT Total Secr  Flow Through Elute
PEPTIDASES

261.1 Aminopeptidase OS=Trypanosoma cruzi Dm28c V5BSI2_TRYCR 0.4

49 Aminopeptidase OS=Trypanosoma cruzi Dm28c V5BWE3_TRYCR 4.4
Aminopeptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

185 GN=Tc00.1047053504153.140 PE=4 SV=1 Q4E2R9_TRYCC 0.7
Aminopeptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

261.2 GN=Tc00.1047053508153.60 PE=4 SV=1 Q4E686_TRYCC 0.4
Aminopeptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

71 GN=Tc00.1047053511051.70 PE=4 SV=1 Q4D5P1_TRYCC 7.3
Calpain cysteine peptidase, putative (Fragment) OS=Trypanosoma cruzi (strain CL

129 Brener) GN=Tc00.1047053511441.10 PE=3 SV=1 Q4CS87_TRYCC
Calpain-like cysteine peptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

251.1 GN=Tc00.1047053506983.39 PE=4 SV=1 Q4CYU3_TRYCC
Calpain-like cysteine peptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

251.2 GN=Tc00.1047053508675.29 PE=4 SV=1 Q4D066_TRYCC
Calpain-like cysteine peptidase, putative OS=Trypanosoma cruzi (strain CL Brener)

143 GN=Tc00.1047053508999.190 PE=3 SV=1 Q4EOD8_TRYCC

99 Carboxypeptidase OS=Trypanosoma cruzi PE=3 SV=1 AOA1B1ROV7_TRYCR

261  Group of Aminopeptidase OS=Trypanosoma cruzi Dm28c GN=TCDM_00251 V5BSI2_TRYCR (+1)

PROTEASES

262.1 ATP-dependent Clp protease subunit OS=Trypanosoma cruzi Dm28c GN=TCDM_12171 V5AYJ4_TRYCR
ATP-dependent Clp protease subunit, heat shock protein 78, putative OS=Trypanosoma

183  cruzi (strain CL Brener) GN=Tc00.1047053508737.100 Q4DTHS5_TRYCC
Surface protease GP63, putative OS=Trypanosoma cruzi (strain CL Brener)
59 GN=Tc00.1047053506289.210 Q4DVY4_TRYCC
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3.3.2. Purified a-Gal-containing TCT-EVs showed distinguishable profile in NTA than the

total TCT-Secr

In order to assess the EVs population profile (size distribution and concentration) in the
TCT-Secr as well as the a-Gal(+) (EL) and a-Gal(-) (FT), NTA was performed. The data of a-Gal
being purified is supported with NTA as it is shown in Figure 3.3 As it is shown in the figure, EL
fractions are showing a shift towards left (smaller EV size: exosomes) which is abundant between
100-200 nm. In other words, the exosome population was shown to be enriched in EL fractions in
all the strains, and more vividly in Y strain. Furthermore, as expected, FT fractions are showing
similar profile as TCT-Secr nonetheless slightly different, and they showed less homogeneity in

terms of size distribution compared to EL fractions.
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Figure 3.3. NTA analysis of TCT-Secr and TCT-EVs from Col, Y and CLB strains after being subjected to
immunoaffinity chromatography. TCT-Secr was subjected to immunoaffinity chromatography using biotinylated
IB4 lectin-neutravidin agarose and EVs size distribution and concentration were measured by NTA. The profiles of

the fractions (TCT-Secr, EL and FT) show different profile for ELs compared to FTs. Nevertheless, FTs show more
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heterogenous population similar to TCT-Secr, unlike ELs which show more homogenous profile and enriched with

more of exosomes.

3.3.3. Proteomic analysis of the TCT-Secr and TCT-EVs derived from Y, Col and CLB

strains show TcMUC II, MASP, TS, and other EV-associated proteins

T. cruzi GPI-anchored proteins such as TcMUC II and MASP are crucial for parasite
invasion and evasion (Almeida and Gazzinelli 2001, Ropert, Ferreira et al. 2002, Nardy, Luiz da
Silva Filho et al. 2013) (Figure 3.1). These parasites also use its TS enzyme to acquire sialic acid
residues from host glycoconjugates and transfer to GPI-mucins, to be able to escape from being
recognized by the host immune system (Nardy, Luiz da Silva Filho et al. 2013, da Fonseca, da
Costa et al. 2019), which has an important implication during the disease acute phase (Tribulatti,
Mucci et al. 2005). Moreover, EVs from T. cruzi, comprise several parasite’s virulence factors,
including peptidases that are able to digest different peptides (Alvarez, Niemirowicz et al. 2012,
Bayer-Santos, Aguilar-Bonavides et al. 2013, Marcilla, Martin-Jaular et al. 2014). Since secreting
vesicles are known to be crucial for the parasite like other eukaryotes, it is important to test if those
surface markers on the parasite are secreted in the vesicles. A vast array of surface markers in the
EVs derived from the parasites (Col, Y, and CLB) was found by proteomic analysis (Figure 3.4-
5). It was shown also that there are more common expressed proteins between Y and CLB but not
Col. We have found various 7. cruzi specific surface markers being secreted in the EVs including
Tc-MUC 11, MASP, and TS families, which supports the previous research showing these crucial

molecules of the parasite being exchanged through EVs.

55



A B C Heatmap

Total number of PCA Col CLB Y
proteins

%
15

CLB Col

f124)

"
&
&WA e

00 25 50

Y O et 4s%)

13
2
n
"

PC2 (26%)

Normalzed Weighted Spectrum Count

Figure 3.4. Proteomic analysis of TCT-Secr from Col, Y, and CLB strains. (A) Venn diagram of proteins
identified in TCT-Secr of Col, Y, and CLB. (B) Principal component analysis (PCA) of proteins of TCT-Secr of Col,
Y, and CLB. (C) Heat map of 1,000 most abundant proteins found in the TCT-Secr of the three strains (human and
bovine contaminants were excluded as well). For each strain, five biological replicates were combined, concentrated

by freeze-drying, and digested via FASP-trypsin. The heat map graph was plotted using Scaffold perSPECtives.
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Figure 3.5. Heat map of 1,000 most abundant proteins found in the TCT-Secr of Col, Y, and CLB strains
(zoomed in Figure 3.3). Heat map of 1,000 most abundant proteins found in the TCT-Secr of the three strains show
various 7. cruzi-isolated (including pathogenic surface proteins), and EV-specific proteins. Human and bovine
contaminants were excluded as well. For each strain, five biological replicates were combined, concentrated by freeze-

drying, and digested via FASP-trypsin. The heat map graph was plotted using Scaffold perSPECtives.

A subset of highly enriched a-Gal(+) glycoproteins, particularly TcMUCII mucins, was
obtained in the EL fraction from the IB4-lectin column in Col, and Y strains as well as CLB clone
(Figures 3.6-8). Mucins of the TcMUC II family have been described as the main a-Gal-
containing glycoproteins of 7. cruzi TCTs (Almeida, Ferguson et al. 1994, Buscaglia, Campo et
al. 2004). On the other hand, a-Gal- fraction comprised of MASP, TS, and GP63 glycoprotein
families which are known to be having no or very less a-Gal epitopes. a-Gal-containing fraction

obtained by IB4-lectin immune-purification from TCT-Secr seem to be devoid of these latter group
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of glycoproteins (MASP, TS, and GP63), indicating that the a-Gal-enriched TCT-EVs have a
distinct protein profile. These results are in agreement with previous work that proposed distinct
regions and biogenesis for a-Gal(-) and a-Gal(+) glycoproteins, and it has been described that they
are not located on the same plasma membrane regions (e.g. for Tc-MUC and TS: (Lantos,

Carlevaro et al. 2016).
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Figure 3.6. Proteomic analysis of TCT-Secr and IB4-lectin-purified TCT-EVs from 7. cruzi Colombiana (Col)
strain. (A) TcMUC mucins, particularly members of the TcMUC II family, are the main o-Gal-containing
glycoproteins eluted from the immobilized 1B4 lectin column. (B-D) MASPs, TS, and GP63 proteins found in the
TCT-Secr but not in the IB4-EL fraction. This indicates that they do not have a-Gal residues in their composition. (E)
Venn diagram and (F) principal component analysis (PCA) of proteins identified in TCT-Secr, a-Gal(-) and o-Gal(+)
fractions. Numbers in the last two columns of each table represent the total spectral count for the protein identified by
LC-MS/MS. The results represent five biological replicates being combined, concentrated by 10-kDa filter, and

digested via FASP-trypsin.
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Figure 3.7. Proteomic analysis of TCT-Secr and IB4-lectin-purified TCT-EVs from 7. cruzi Y strain. (A)

TcMUC mucins, particularly members of the TcMUC II family, are the main a-Gal-containing glycoproteins eluted

from the immobilized B4 lectin column. (B-D) MASPs, TS, and GP63 proteins found in the TCT-Secr however not

in the IB4-EL fraction. This indicates that they do not have o -Gal residues in their composition. (E) Venn diagram

and (F) principal component analysis (PCA) of proteins identified in TCT-Secr, a-Gal(-) and a-Gal(+) fractions.

Numbers in the last two columns of each table represent the total spectral count for the protein identified by LC-

MS/MS. The results represent five biological replicates being combined, concentrated by 10 kDa filter, and digested

via FASP-trypsin.
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Figure 3.8. Proteomic analysis of TCT-Secr and IB4-lectin-purified TCT-EVs from 7. cruzi Luc. CL Brener
clone. (A) TcMUC mucins, particularly members of the TcMUC 1II family, are the main a-Gal-containing
glycoproteins eluted from the immobilized IB4 lectin column. (B-D) MASPs, TS, and GP63 proteins found in the
TCT-Secr, and not in the IB4-EL fraction. This indicates that they do not have a-Gal residues in their composition.

E) Venn diagram and (F) principal component analysis (PCA) of proteins identified in TCT-Secr, a-Gal(-) and a-

Gal(+) fractions. Numbers in the last two columns of each table represent the total spectral count for the protein
identified by LC-MS/MS. The results represent five biological replicates being combined, concentrated by 10 kDa

filter, and digested via FASP-trypsin.
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3.34. Proteomic analysis of the TCT-Secr and TCT-EVs a-Gal+ and a-Gal- derived from

Col, and Y strains show consistency with previous results

In this experiment, we performed proteomic analysis as explained earlier in this chapter
(2.2.7), however on TCT-Secr, a-Gal(+) and a-Gal(-) only derived from Col, and Y strains (based
on availability). Consistent with previous results, a-Gal(+) fractions in both Col- and Y-derived
TCT-Secr showed distinct profiles compared to a-Gal(-) fractions as well as unpurified TCT-Secr
derived from Col and Y strains, shown by NTA (Figures 3.3 and 3.9). We also showed that a-
Gal(-) fractions showed more similarities with respective of protein distribution profile to total
TCT-Secr, in agreement with previous results in which we showed similar EV size and profile
distribution between these two fractions, by NTA (Figures 3.3 and 3.9.A).

We showed here that the majority of the proteins in TCT-Secr were depleted into FT
fractions after IB4-lectin purification (total protein: 517 and 1068, TCT-Secr: 40 and 40, and FT:
503 and 1053 in Col- and Y-derived samples, Figures 3.9.B-C). It is noteworthy to mention that
the total amount of proteins was shown to be approximately double in Y strain-derived TCT-Secr
compared to Col-derived TCT-Secr. Furthermore, EL or a-Gal(+) fractions showed to have
respectively 47 and 39 in Col- and Y-secretome, which shows higher enrichment in Col-derived
purification in comparison with Y strain-derived purification, considering the total number of the
proteins (ELs being approximately 3.65% and 9% of TCT-Secr respectively). This indicates that

perhaps the column reached a saturation point.
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Figure 3.9. Proteomic analysis of TCT-Secr, a-Gal(+) and a-Gal(-) derived from Col, and Y strains. (A)
Principal component analysis (PCA) of proteins of TCT Secr, a-Gal(+) and a-Gal(-) derived from Col, and Y. (B)
Heat map of 1,000 most abundant proteins found in the TCT-Secr, a-Gal(+) and a-Gal(-) derived from Col and Y.
Human and bovine contaminants were excluded. (C) Venn diagram of proteins identified in TCT-Secr, a-Gal(+) and
o-Gal(-) derived from Col and Y. a-Gal(+) and a-Gal(-) derived from Col, and Y showed distinct protein profiles by

performing proteomic analysis. The heat map graph was plotted using Scaffold perSPECtives.
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3.4. DISCUSSION AND FUTURE WORK

Pathogenesis of T'. cruzi infection involves complex interactions between the host cells and
the parasite (Machado, Dutra et al. 2012), and the role of 7. cruzi derived EVs recently has been
studied on (Schorey, Cheng et al. 2015). However, detailed effects of EVs and mechanisms
involved in the process amongst the various commonly infecting genotypes (Colombiana, and Y
strains and CL Brener clone) are not fully understood (Coakley, Maizels et al. 2015). TCT-EVs
are responsible for transferring various pathogenic factors including 7. cruzi surface markers in
the host, which will modulate immune response in favor of the parasite. Characterizing the
parasite’s molecules including peptides and glycopeptides released by EVs, will lead to
understanding the pathogenesis of the disease and to perhaps finding a biomarker for disease
diagnosis and treatment follow-up.

Proteomics has revealed the complex composition of EVs in any cell type (Choi, Kim et
al. 2015). Nevertheless, various proteins in the exoproteome of 7. cruzi, which have been shown
to be responsible for the parasite’s pathogenesis including invasive strategies (interacting,
invading, and dysregulating host target cells e.g. macrophages), have been shown to be released
in EVs (Queiroz, Ricart et al. 2016). Furthermore, stage specific surface markers such as gp90 and
gp82 which are specific to metacyclic form (Teixeira and Yoshida 1986), have been found in the
EVs. Other surface GPI-anchored members of the trans-sialidase family from genes gp82 and
gp35/50, which are required for the parasite’s ability for invading the mammalian host cells, have
been found in EVs in previous research. To date, the best proteomic description provided on 7.
cruzi EVs has been performed in epimastigotes and metacyclic trypomastigotes (Bayer-Santos,

Aguilar-Bonavides et al. 2013).
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There are various proteins that are secreted by 7. cruzi, which are involved in promoting
host cell invasion and therefore, there are several studies been done with the focus on
characterizing the parasite’s excretory-secretory antigens which can be possibly vaccine candidate.
One of the most promising vaccine candidate could be the primary secreted lysosomal peptidase
cruzipain which plays a pivotal role in the parasite’s life cycle such as triggering host arginase
(Rodriguez-Morales, Monteon-Padilla et al. 2015). Moreover, a novel trans-sialidase-based
immunogen could confer protection in a later Trypanosoma cruzi challenge, through influencing
on cell populations involved in immune control, specially reducing myeloid suppressor cells
(Prochetto, Roldan et al. 2017). Base on the previous research, the major glycoproteins (35-50
kDa) on the insect-derived stage (epimastigotes) are mucin-like glycoproteins, active and inactive
trans-sialidases, NETNES (a major complex glycoprotein, which has 13 amino acids:
AQENETNESGSID (Macrae, Acosta-Serrano et al. 2005), mucin-associated surface proteins
(MASPs), peptidases such as gp63-like metalloprotease, and the cysteine proteinase cruzipain’s
isoforms (Schenkman, Eichinger et al. 1994, Macrae, Acosta-Serrano et al. 2005, Buscaglia,
Campo et al. 2006, De Pablos, Gonzalez et al. 2011, Giorgi and de Lederkremer 2011, Goldenberg
and Avila 2011, Alvarez, Niemirowicz et al. 2012, De Pablos and Osuna 2012). In this insect-
specific stage of 7. cruzi, the coat which is formed by 76 glycoproteins and
glycoinositolphospholipid (GIPLs) protects them from protease enzymes inside the insect’s
intestinal tract (Kollien, Schmidt et al. 1998). It also supports survival of metacyclic
trypomastigotes during the vector-born transmission, as well as gastric mucosa penetration of
mammalian host (Yoshida, Tyler et al. 2011). However, amount of GIPLs drastically changes in

metacyclic trypomastigotes (Golgher, Colli et al. 1993), and the expression of stage-specific
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antigens including gp90 and gp82 which mediate adhesion and infection of vertebrate host cells,
will be induced (Yoshida, Tyler et al. 2011).

As it was shown here, amongst three tested conditions, EVs derived from 7. cruzi
trypomastigotes showed the highest concentration even after 30 days of storage, although after 30
days, it was demonstrated that EV's seemed to be aggregated at all three temperatures, which makes
these conditions not suitable for storing the EVs in order to do functional analysis. Moreover, it
was shown by our results that EVs were detected between fractions 17 and 25 (21 being the pick).
It also has been shown that the EVs derived from 2e6/ml did not show the detectable amount of
EVs, and as it was again tested on higher number of parasites, it showed higher number of vesicles
though in higher fractions. The results were repeated in order to collect more fractions to achieve
the pick of EVs in the fractions, as well as to eliminate the FBS as the given sample was incubated
in media with 10% FBS added to it, and consistently proteins were detected in EVs.

It is very crucial to test if those surface markers on the parasite are secreted in the vesicles.
We showed vast varieties of surface markers in the EVs derived by various strains of the parasites
by proteomic analysis (total of approximately 1,400 proteins). A subset of highly enriched -
Gal(+) glycoproteins, including TcMUC II mucins, was obtained in the elute (EL) fraction from
biotinylated IB-lectin-neutravidin-agarose. TcMUCII has been described as the main a-Gal-
containing glycoprotein of 7. cruzi TCTs (Buscaglia et al., JBC 2004). It was shown also that there
are more common expressed proteins between Y and Lu. CLB but not Col. Moreover, lipidomic,
and glycomic analysis on EVs derived from 7. cruzi strains are under investigation.

Furthermore, we observed a distinguishable profile/size in the EVs from EL (purified o-
Gal-containing TCT-Secr) in comparison with FT. This was enriched with TS glycoproteins, and

they had very low reactivity with Ch anti-a-Gal Abs, indicating that these glycoproteins contain
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few or no a-Gal glycotopes. This is agreement with the Lantos et al. (2016), who showed that a-
Gal-positive plasma membrane domains do not colocalize with TS-positive domains (Lantos,

Carlevaro et al. 2016).
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CHAPTER 4: LIPIDOMIC ANALYSIS OF T. CRUZI-DERIVED EVS

4.1.INTRODUCTION: LIPID COMPOSITION IN 7. CRUZI

T. cruzi GPI-anchors which contain an alkylacyl moiety with an unsaturated fatty acid
(FA), C18:1 or C18:2, are shown to highly induce proinflammatory cytokines (Almeida, Camargo
et al. 2000). Although EVs secreted by T. cruzi are enriched with proteins associated with lipid
rafts (GPI-anchored proteins) (Thery, Regnault et al. 1999, Wubbolts, Leckie et al. 2003),
exosomes regardless of the source of secretion comprise of lipids such as cholesterol,
sphingomyelin, hexosylceramides, phosphatidylcholine and phosphatidylethanolamine, as well as
ceramides (Agusti, Couto et al. 2000, Wubbolts, Leckie et al. 2003, Laulagnier, Motta et al. 2004,
Subra, Laulagnier et al. 2007, Trajkovic, Hsu et al. 2008, Brouwers, Aalberts et al. 2013). Platelet-
activating factor (PAF), which induces its activity (platelet aggregation) via a PAF-specific
receptor (PAFR), is known as a potent intracellular lipid mediator and a second messenger (Gazos-
Lopes, Oliveira et al. 2014), and associated with platelet reactivity and chances of acquiring acute
coronary diseases being increased (Kabbani, Watkins et al. 2001).

It has been shown that a bioactive lysophosphatidylcholine (sn-1-C18:1-LPC) synthesized
by mammalian-specific stages of 7. cruzi (trypomastigotes and intracellular amastigotes) and
shows PAF-like activity (Gazos-Lopes, Oliveira et al. 2014). It also has been shown previously
that the PC species with PAF-like activity were able to induce the differentiation of epimastigotes
into metacyclic trypomastigotes in 7. cruzi in vitro (Gomes, Monteiro et al. 2006). Although other
few LPC species have been isolated from 7. cruzi such as C16:0-LPC, C18:0-LPC, and C18:2-
LPC, they have not shown any PAF-like activity. However, LPCs in general, have been shown to

elicit intracellular signals (Ogita, Tanaka et al. 1997), as well as cytokine secretion mediation
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(Huang, Schafer-Elinder et al. 1999). T.. cruzi-isolated C18:1-LPC unlike C16:0-LPCs and C18:0-
LPCs, showed to be capable of inducing rapid and receptor-mediated oxidative burst by generating
reactive oxygen species in neutrophils (Ojala, Hirvonen et al. 2007). EVs derived from T. cruzi
have shown to comprise C18:1-LPC as well.

On the other hand, ether-linked PCs showed to be important as reservoirs in inflammatory
cells for key lipid mediators (Chilton, Fonteh et al. 1996), and in particular, PMEs or Plasmalogens
(ether-linked phosphatidylethanolamine: PEe, and ether-linked phosphatidylcholine: PCe species)
are shown to facilitate membrane bending and EVs fusion and release. Previous studies have
shown that these are released by 7. cruzi parasite (Longo, Nakayasu et al. 2013), as well as they
are shed in EVs secreted by the parasite (Agusti, Couto et al. 2000). Therefore, as it is essential to
investigate the detailed lipid composition released by the 7. cruzi parasite through EVs, in this

chapter, we aimed to look at the lipid classes and lipid species released into EVs by the parasites.

4.2. MATERIALS AND METHODS

4.2.1. Mammalian cell culture

LLC-MK2 and U2-OS cells were cultured in low glucose DMEM with 10% FBS/
Penicillin-Streptomycin as was previously described in 2.2.1 at 37°C, under CO2 atmosphere, and

were sub-cultured once or twice a week Trypsin.

4.2.2. Parasite culture, and isolation and storage of extracellular vesicles (EVs)

The parasite culture and TCT-Secr isolation was performed (as described in 2.2.2.), and
TCT-Secr was isolated from TCTs derived from Col, Y, and CLB T. cruzi strains/ clone (from 1e8
parasites). TCT-Secr isolates (10 isolates) were pooled by using 10 kDa filter tubes (10x to 15x),

from each strain, and after measuring the protein concentration by BCA, were washed in 0.1 mM
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of ammonium acetate 3x, and finally resuspended in 0.1 mM ammonium acetate. NTA analysis

was performed on the samples in order to analyze the EV size distribution (see section 2.2.2).

4.2.3. BCA Protein Assay

TCT-Secr derived from Col, Y, and CLB TCTs were analyzed for protein concentration

by BCA according to the manufacturer as described earlier (2.2.4).

4.3.4. Fractionation of TCT-Secr by Size-Exclusion Chromatography (SEC)

TCT-Secr was loaded onto Sepharose CL-2B column and fractionated through SEC
(2.3.2). Briefly, the resin was washed in 0.1 M ammonium acetate 3x. A 3 ml syringe tip was
plugged with glass wool, and was setup on a ring stand with a waste container bellow it. The
column was packed with Sepharose until 3 ml mark and washed by passing 6 ml of the buffer
through. TCT-Secr samples from Col, Y and CLB were loaded (300 u1) and immediately collected
(each comprising 150 ul). Once the top of the resin was visible, 3 ml of the buffer was added to it
slowly (200 p1 at a time) until all the liquid has been collected. The samples were stored at -80° C

for further analysis.

4.2.5. Analysis of SEC fractionated-TCT-Secr with Ch and NHS sera, as well as Anti a.-Gal
Ab

CL-ELISA was performed afterwards on SEC fractionated TCT-Secr fractions 2 through
7 (which showed the highest content of proteins) out of 15 fractions, in order to detect the fractions
with highest enrichment of a.-Gal epitopes, prior to performing IB4-lectin. Briefly, fractions were
immobilized (10% of the sample volume: ~15 pul) in CBC overnight, blocked with 1% BSA/PBST

for 1 hr, and incubated for 1 hr with NHSP and ChHSP (1/800), as well as anti a-Gal Ab at 5
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pg/ml (in 1% BSA/PBST). Thereafter, biotinylated goat anti human IgG was added (1/10000 in
1%BSA/PBST) for 1 hr, and the reactivity was detected with CL-ELISA reagent (see details in

2.2.8).

4.2.6. Affinity chromatography using immobilized IB4-lectin for enrichment of a-Gal-

containing TCT-EVs

a-Gal-containing EVs were obtained from the conditioned medium of Col, Y, and CLB
strains, and were purified from the 10 kDa-pooled TCT-Secr by affinity chromatography, using
IB4-lectin (after pooling the pre-enriched a-Gal+ fractions from SEC by performing CL-ELISA:
see 4.2.5) as described in 3.2.7. Briefly, the TCT-Secr sample (70% of the total pooled TCT-Secr)
was re-dissolved in TBS buffer, and applied to a column with biotinylated IB4 lectin immobilized
to Neutravidin HP SpinTrap, after the storage buffer was removed (3.2.7). Unbound flow-through
fraction (FT) was collected. The column was then washed with wash buffer, and a wash fraction
(W) was collected. a-Gal-Positive molecules were eluted with elution buffer and elute fraction

(E) was collected, and immediately neutralized with 1 M Tris.

4.2.7. Lipid extraction

a-Gal+ (EL) and a-Gal- (FT) fractions derived from Col-, Y- and CLB-isolated TCT-Secr,
as well as unpurified TCT-Secr and TCT Lysate (Lys.: extracted through 3 cycles of freezing and
thawing by N2) were freeze-dried, and subjected to Folch's partition (Folch, Lees et al. 1957,
Gazos-Lopes, Oliveira et al. 2014). Briefly, the samples were resuspended in HPLC-grade water.
They were then transferred to Pyrex culture tubes with polytetrafluoroethylene (PTFE)-lined screw
caps and HPLC-grade chloroform and methanol were added to each sample, maintaining the final

ratio of chloroform/methanol/water (C/M/W) of 1:2:0.8 (v/v/v). The samples were mixed
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thoroughly by utilizing vortex for 2 minutes, and then centrifuged at 1,800 g for 15 minutes at
room temperature. The supernatants were then transferred to PTFE-lined Pyrex glass tubes, and
the pellets were dried by using constant N2 flow. The dried pellets were extracted 3x with C/M at
2:1 ratio (v/v) and 2x with C/M/W at 1:2:0.8 ratio (v/v/v), and the supernatants were pooled
together and dried. Thereafter, first, samples were dissolved in C/M/W at 4:2:1.5 ratio (v/v/v) and
then mixed thoroughly using vortex for 5 minutes, and finally centrifuged at 1,800 g for 15 minutes
at room temperature. The lower phase (organic) and the upper phase (aqueous) were separated in
PTFE-lined Pyrex glass tubes after centrifugation. The lower phase was then washed 2x with
freshly prepared upper phase, dried using constant N2 steam, and stored at —80°C for further

analysis.

2.4.8. Structural characterization of negatively charged lipid species by tandem

electrospray ionization-linear ion trap-mass spectrometry (ESI-LIT-MS)

Folch’s lower phases of the samples were dissolved in MS-grade methanol (5 mM LiOH),
and were directly injected at 300 nL per minute, by chip-based infusion using a TriVersa
NanoMate nanoelectrospray source (Advion, Ithaca, NY), into an LTQXL ESI-linear ion trap-MS
(ESI-LIT-MS: Thermo Fisher Scientific), in negative-ion mode. 0.01 kV and 0.03 A were set as
the source voltage and current respectively; capillary voltage was set at 36 V and the temperature
was set at 150°C; and tube lens voltage was set at 145 V. Select ions were subjected to sequential
tandem fragmentation (MSn) by collision-induced dissociation (CID). Full-scan (MS) spectra
were collected at the 400-1000 m/z range. Tandem mass fragmentation was performed using
normalized collision energies of 35, 40, and 45 for MS2, MS3, and MS4, respectively. The

resulting spectra were compared to the aforementioned phospholipid standards, as well as to
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previously described results. The analysis of detected lipids was performed utilizing MS-DIAL

program.

4.3. RESULTS

4.3.1. SEC fractions 2 to 5 of TCT-Secr were chosen as pre-enriched a-Gal+ fractions before

performing IB4-lectin column

In order to perform IB4-lectin chromatography to acquire a-Gal+ and o-Gal- fractions
prior to lipid analysis, it was important to pre-enrich the a-Gal epitopes, as it is more challenging
to investigate lipid composition compared to protein composition. In order to do so, TCT-Secr
derived from Y strain 7. cruzi TCTs were fractionated by SEC to 15 fractions, and protein
concentration and a-Gal reactivity were measured in the fractions. The results showed that the
protein was mainly detected in fractions 2 to 6 (Figure 4.1), with the high protein content being
detected in fractions 2 through 5. Therefore, we proceeded with CL-ELISA with SEC-derived
TCT-Secr fractions of 2 to 7 in order to detect the fractions with the highest a-Gal content through

their reactivity with anti a-gal Ab and ChHSP.
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Figure 4.1. Protein concentration measured by BCA in TCT-Secr fractioned by SEC. The protein content is

mainly detected between fractions 2 and 5. The results are shown in means + SD of two technical replicates.

Moreover, NTA also was performed to show the profile and size distribution of EVs in
these fractions (Figure 4.2). Various EV populations were shown in the SEC-fractionated Y strain-
derived TCT-Secr fractions. Heterogeneous population of EVs were shown mainly in fractions 2,
3 and 5, whereas fraction 4 showed more homogeneous population. It is noteworthy to mention
that fractions 2 and 5 showed a shift towards larger size EVs (> 300 nm), in comparison with

fractions 3 and 4 which has smaller populations (100 nm - 300 nm, and < 100 nm).
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Figure 4.2. NTA analysis of SEC-derived TCT-Secr fractions 2 to 5 (isolated from Y strain) before
being subjected to CL-ELISA and immunoaffinity chromatography in order to detect and enrich a-Gal
epitopes. TCT-Secr derived from Y strain was fractionated through SEC and EVs size distribution and profile were

measured by NTA. The results show heterogeneous population of EVs in fractions 2 to 5.
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Furthermore, after performing CL-ELISA on TCT-Secr fractions collected through SEC,
the results showed that fractions 2 to 5 had the highest reaction with anti a-Gal Ab and Ch serum
pool (Figure 4.3). The fractions showed no to very low reactivity with NHSP (negative control).
Therefore, prior to performing IB4-lectin chromatography in order to acquire a-Gal+ (EL) and a.-
Gal- (FT) fractions, TCT-Secr derived from Col, Y, and CLB after being pooled ~10x by utilizing
10 kDa filter tubes, were fractionated through SEC and fractions 2-5 were only selected and pooled

for IB4-lectin column.
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Figure 4.3. Detecting a-Gal enriched fractions in SEC Fractionated TCT-Secr by CL-ELISA prior to IB4-lectin
chromatography. CL-ELISA was performed with ~10% of each SEC-isolated TCT-Secr fractions against NHSP,
ChHSP, and anti a-Gal Ab. Fractions 2 through 5 showed to have the highest reactivity with ChHSP and anti o-Gal

Ab, therefore chosen to be pooled for IB4-lectin column chromatography prior to lipid analysis.
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4.3.2. Lipidomic analysis showed various lipid classes in TCT-Secr derived from Col, Y and

CLB

It has been described by previous research that various lipid classes have been isolated
from both vector and host specific stages of 7. cruzi (epimastigotes and trypomastigotes
respectively) (Diaz de Toranzo, Castro et al. 1988, Gazos-Lopes, Oliveira et al. 2014). They have
been described to have important role in activating innate and adaptive immune responses in the
host. EVs derived from 7. cruzi TCTs showed by previous studies to comprise various lipid classes
that have been isolated from 7. cruzi parasite. Here, we show that in negative ion mode analysis,
various negatively-charged lipid classes have been detected in Col-, Y-, and CLB-derived TCT-
Secr (Figure 4.4), which is in agreement with previous studies. As our control, we have included
Y strain-derived TCT Lys. (not included in the graphs in order to have less ambiguity in the
comparison amongst the TCT-Secr samples), and the majority of the lipid classes that are found
in Y strain TCTs were isolated from TCT-Secr derived from Col, Y, and CLB with the exception
of few LPCs, PCs and PEs. It is noticeable that CLB-derived TCT-Secr in the majority of the cases
in general showed the highest lipid content. As could be seen in the figure, those include various

PCs, LPCs, and PIs.
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Figure 4.4. Various lipid classes have been detected in TCT-Secr derived from Col, Y and CLB TCTs. Various
lipid classes have been detected by negative ion mode lipidomic analysis. CLB-derived TCT-Secr showed the highest
lipid content in most of the lipid classed (labeled in the figure). The results are normalized according to unit peak

height. LPC: lysophosphatidylcholine; PC: phosphatidylcholine: PI: phosphatidylinositol.
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4.3.3. Various lysophosphatidylcholine, and Plasmalogen species have been isolated from

TCT-Secr derived from Col, Y and CLB

Previous studies have shown that lysophosphatidylcholine species (LPCs) are important in
activation of immune response in TLR dependent manner, and they have platelet activating (PAF)-
like factor activity which could be involved in pathophysiology of Chagas disease such as
increased platelet aggregation related to myocarditis, focal ischemia, and myonecrosis (Tanowitz,
Burns et al. 1990, Tanowitz, Kirchhoff et al. 1992, Carod-Artal, Vargas et al. 2005, Mukherjee,
Machado et al. 2011, Gazos-Lopes, Oliveira et al. 2014). Furthermore, PMEs or plasmalogens
(ether-linked phosphatidylethanolamine (PEe), and ether-linked phosphatidylcholine (PCe)
species) are shown to facilitate membrane bending and EVs fusion and release (Longo, Nakayasu
et al. 2013). Here, we show that TCT-Secr derived from Col, Y and CLB TCTs are enriched in
lipid classes such as LPCs and PMEs (Figures 4.5-6). Although TCT-Secr derived from all 3
strains mainly showed LPC species C18:0, C18:2, C20:4, C22:5, and C22:6, however, CLB-
derived TCT-Secr showed to comprise significantly higher LPC species in comparison with the

TCT-Secr derived from the other 2 strains, Col and Y (Figure 4.5).

Moreover, we show that various plasmalogen species (both PEe and PCe species) were detected
in TCT-Secr derived from the 3 7. cruzi strains/ clone (Figure 4.6.A). With respect of PEe species,
few of them were observed abundantly in comparison with other species which included
C16:0e/C18:2, Cl16:1e/C18:1, C16:1e/C18:2, and C18:1e/C18:2. It is worth mentioning that the
species in this class as well showed significantly higher content in CLB-derived TCT-Secr, in
comparison with Col- and Y-derived TCT-Secr Furthermore, with regards to PCe class, one

species was detected in the TCT-Secr derived from 3 strains/ clone (C16:1e/20:4) as could be
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observed in Figure 4.6.B. This species was detected higher in TCT-Secr derived from Col, in

comparison with TCT-Secr derived from Y and CLB, however this difference was not statistically

significant.
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Figure 4.5. Various lysophosphatidylcholine species (LPCs) have been detected in TCT-Secr derived from Col,
Y and CLB TCTs. Various LPC species have been detected by negative ion mode analysis in TCTs. CLB-derived
TCT-Secr showed significantly higher LPC composition compared to Col- and Y-derived TCT-Secr The results are

normalized according to unit peak height. LPC: lysophosphatidylcholine.
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Figure 4.6. Various Plasmalogen species (PEe and PCe species) have been detected in TCT-Secr derived from
Col, Y and CLB TCTs. Various Plasmalogens have been detected by negative ion mode lipidomic analysis. CLB-
and Col-derived TCT-Secr showed the highest content (which was statistically significant in case of CLB-) in most
of the PEe and PCe species respectively, in comparison with the other strain(s)/ clone. The results are normalized

according to unit peak height. PEe: ether-linked phosphatidylethanolamine; PCe: ether-linked phosphatidylcholine.

4.3.4. Various further negatively charged lipid classes have been isolated in TCT-Secr,

being significantly higher in TCT-Secr derived from CLB compared to Col and Y.

In addition to the lipid classes/ species have been mentioned previously in the chapter,
further negatively charged lipid classes have been detected in TCT-Secr, which are significantly
higher in CLB-derived TCT-Secr in comparison with Col- and Y-derived TCT-Secr (Figure 4.7).
These include various species in Lysophosphatidylethanolamine (LPE), ether-linked
lysophosphatidylethanolamine (LPEe), phosphatidylethanolamine (PE), phosphatidylcholine
(PC), phosphatidylinositol (PI), ether-linked phosphatidylinositol (Ple), and Phosphatidylglycerol

(PG), ether-linked Phosphatidylserine (PSe) classes. Among the above classes, although as far as
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some lipid species (LPE species: Figure 4.7.A. and some other species in other lipid classes) that
TCT-Secr derived from CLB showed significantly higher content than Col- or Y-derived TCT-
Secr), majority of the lipid classes showed significantly higher content in CLB-derived TCT-Secr
compared to both Col- and Y-derived TCT-Secr (LPEe, PE, PC, PI, Ple, PG, and PSe: Figure
4.7.B-H). As can be observed in the figure, Y strain-derived TCT-Secr following by CLB-derived
TCT-Secr showed the highest content of the majority of the lipid classes, in comparison with Col-
derived TCT-Secr which was significant with regards to PG and PSe (Figure 4.7.G-H). It also is
worth mentioning that in LPE and PI classes however (Figure 4.7. A & C), majority of the species

were detected more in Col-derived TCT-Secr in compared to Y- and CLB-derived TCT-Secr
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Figure 4.7. Various lipid classes have been detected in TCT-Secr, significantly higher in CLB-derived TCT-
Secr in comparison with Col- and Y-derived TCT-Secr Various lipid classes have been detected by negative ion
mode lipidomic analysis. CLB-derived TCT-Secr showed significantly highest lipid content in most of the lipid
classes. The results are normalized according to unit peak height. LPE: lysophosphatidylethanolamine; LPEe: ether

linked lysophosphatidylethanolamine; PE:  phosphatidylethanolamine; PC:  phosphatidylcholine;  PI:

phosphatidylinositol; Ple: ether-linked phosphatidylinositol; PG: Phosphatidylglycerol; PSe: ether-linked

Phosphatidylserine.
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4.3.5. Further negatively charged lipid classes have been isolated in TCT-Secr derived from

Col, Y and CLB, including Cholesterol Sulfate and Fatty acids

In addition to previous results in this chapter, we have shown other classes of lipids
including Cholesterol Sulfate and Fatty acids (FAs) in TCT-Secr derived from Col, Y, and CLB
T. cruzi strains/ clone TCTs (Figure 4.8). As it could be observed in the figure, Cholesterol Sulfate
was found in both Col- and Y derived TCT-Secr with negligible differences in amount, in
comparison with CLB-derived TCT-Secr (Figure 4.8.A). We also detected FAs species in TCT-
Secr derived from TCTs of all 3 strains/ clone of the parasite (Figure 4.8.B). We show here that
the majority of the FA species are found with minor differences in terms of content amongst the
TCT-Secr derived from Col, Y and CLB, with the exception of C22:6 which showed to be higher

in CLB-derived TCT-Secr followed by Y-derived TCT-Secr.
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Figure 4.8. Further lipid classes have been detected in TCT-Secr derived from Col, Y and CLB TCTs. Further
lipid classes such as Cholesterol Sulfate as well as Fatty acids (FAs) have been detected by negative ion mode
lipidomic analysis. TCT-Secr derived from all strains/ clone contained approximately same amount of these 2 lipid

classes. The results are normalized according to unit peak height. FA: Fatty acid.
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4.4. DISCUSSION AND FUTURE WORK

One of the major pathologies associated with Chagas disease is myocarditis and vasculitis
which is accompanied by inflammatory mediators including cytokines, chemokines, phospholipids
and glycolipids being increased (Ropert, Almeida et al. 2001, Mukherjee, Machado et al. 2011,
Machado, Dutra et al. 2012). Moreover, as other pathological symptoms due to the disease,
increase in platelets’ aggregation, myonecrosis, focal ischemia are observed in both acute and
chronic phases of the disease (Tanowitz, Burns et al. 1990, Carod-Artal, Vargas et al. 2005,
Mukherjee, Machado et al. 2011). Cardiomyopathy is linked with the majority of the chronic cases
which is the leading cause of death amongst parasitic diseases in Latin America (Hotez, Bottazzi
et al. 2008, Machado, Dutra et al. 2012).

It has been shown by previous studies that Trypanosomatid parasites such as leishmania
spp., T. brucei and T. cruzi synthesize PC and LPC species (comprising of more than 50% of the
total lipid composition in the latter organism) (Werbovetz and Englund 1996, Agusti, Couto et al.
2000, Richmond, Gibellini et al. 2010). Lipid mediators (Aliberti, Machado et al. 1999, Freire-de-
Lima, Nascimento et al. 2000, Talvani, Machado et al. 2002, Gomes, Monteiro et al. 2006, Ashton,
Mukherjee et al. 2007) and particularly LPCs (Mesquita, Carneiro et al. 2008, Silva-Neto, Carneiro
et al. 2012) have been investigated in experimental models in ChD, and the latter have been shown
to be capable of inducing various cellular activities such as TLR-2 dependent signal induction
(Buwitt-Beckmann, Heine et al. 2005), depending on its length and its acyl-chain unsaturation
degree (Ojala, Hirvonen et al. 2007, Riederer, Ojala et al. 2010, Rao, Riederer et al. 2013).

PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) which has a similar structure to
LPC (Smith, Hou et al. 2008), is synthesized by various cells including platelets, neutrophils,

lymphocytes and macrophages, and shows strong various physiological and pathophysiological
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activities such as inflammation and allergy (Honda, Ishii et al. 2002, Kasperska-Zajac, Brzoza et
al. 2008). It has been previously shown by Gomes et al. in 2006 that C18:1-LPC synthesized by
T. cruzi shows platelet-aggregating activity, similar to PAF (Gomes, Monteiro et al. 2006).

On the other hand, ether-linked PCs showed to be important as reservoirs in inflammatory
cells for the key lipid mediators (Chilton, Fonteh et al. 1996), and specifically PMEs or
Plasmalogens (ether-linked phosphatidylethanolamine: PEe, and ether-linked
phosphatidylcholine: PCe species) are shown to facilitate membrane bending and EVs fusion and
release. Previous research groups have shown that these are released by 7. cruzi parasite (Longo,
Nakayasu et al. 2013), and they are also shed in EVs secreted by the parasite (Agusti, Couto et al.
2000). Therefore, as it is essential to investigate the detailed lipid composition released by the 7.
cruzi parasite through EVs, in this chapter, we aimed to look at the lipid classes and lipid species
released into EVs by the parasites.

We showed here in our results that various LPC species including C18:1-LPC are released
in TCT Sec. derived from Colombiana and Y strains, as well as CL Brener clone. We showed
C18:2-LPC was the most abundant LPC species detected in TCT-Secr, which was in agreement
with previous study done by our group where we showed C18:2-LPC and C18:1-LPC were the
most abundant LPC species in T. cruzi trypomastigotes (Gazos-Lopes, Oliveira et al. 2014). We
also showed that various Plasmalogen species (within PEe and PCe classes) are released in TCT-
Secr as well. Interestingly, CLB-derived TCT-Secr showed to comprise the majority of the above
species significantly higher, compared with Col- and CLB-derived TCT-Secr Y strain-derived
TCT-Secr showed to comprise second highest LPC and Plasmalogen species compared to Col-
derived TCT-Secr, however this difference was not significant in some species. As these species

are directly (in case of LPCs) and indirectly (in case of Plasmalogen which help the release of
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EVs) related to the pathology of the disease, they could help us better explain the pathology of the
disease caused by these various strains (e.g. DTU I is majorly responsible for cardiomyopathy,
DTU VI for gastrointestinal complications and DTU II for both).

Various other negatively charged lipid species were isolated from TCT-Secr derived from
T. cruzi strains/ clone, which was highest in CLB-derived TCT-Secr (and in majority of the species
in some lipid classes significantly higher), in comparison with TCT-Secr derived from other
strains, followed by Y strain-derived TCT Sec. Cholesterol Sulfate was the only class isolated the
highest from Col-derived TCT-Secr compared to Y- and CLB-derived TCT-Secr

We are to be the first here, to show a detailed investigation on lipid composition in TCT-
Secr derived from 3 major DTUs of Trypanosoma cruzi, and to show CLB (clone of DTU VI)-
derived TCT-Secr contains significantly higher lipid species amongst the others (Col and Y,
belonging to DTUs I and II respectively). The relationship between these findings and the
pathology of the disease caused by either of these strains, including host inflammatory response
and possible down- or up-regulation in genes involved in pro- and anti-inflammatory markers
production by host cells involving EVs, remains to be studied. Also, as it has been shown that
PAF-treated 7. cruzi induced higher infectivity in mouse macrophages compared to none-treated
parasites (Gomes, Monteiro et al. 2006), studying the effect of TCT-Secr derived from the majorly
infectious DTUs of 7. cruzi would help better understand the involvement of the lipid species
mentioned above that are released into EVs, in the pathogenesis of the parasite.

Moreover, as we have not been able to analyze the aqueous phase of the Folch’s extraction
(which reveals mostly GIPLs, PIs and IPCs), this part will remain to be investigated for the future,
as species such as diacyl-PC and sphingomyelin (SM) have been shown to be isolated from various

stages of the parasite (Gazos-Lopes, Oliveira et al. 2014). Also, we showed in previous chapters,
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IB4-lectin fractions (a-Gal+ or EL, and a-Gal- or FT) showed to display distinct protein
composition, reactivity profile with ChD patients’ sera, and EVs size and profile distribution which
was in agreement with previous research indicating distinct regions for different GPI-anchored
protein specially a-Gal+ and a-Gal-on the surface of the parasite (Lantos, Carlevaro et al. 2016).
Thus, it will be helpful to study the lipid composition in these 2 fractions and any possible
relationship between their lipid composition and other characteristics of them such as protein
composition etc. and functional analysis of them, to further understand the pathogenesis of ChD

caused by this protozoan parasite.
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CHAPTER 5: INFECTION ASSAY AFTER TREATMENT WITH TCT-

SECR/EVS

5.1.INTRODUCTION: T. CRUZI-DERIVED EVS EFFECT ON PARASITIC INFECTION

Infection with 7. cruzi parasite results in innate and specific immune response being
elicited, with inflammation being observed particularly in cardiac tissues (Teixeira, Gazzinelli et
al. 2002). In the initial stages of the infection, innate immunity is mainly responsible for the control
of the parasitemia by activation of various cell types such as NK cells and macrophages, and
production of cytokines (Tarleton 2007). In the acute phase of T'. cruzi infection, upon recognition
of parasite by TLRs expressed on macrophages, it will result in induction of TNF-a and IL-12
production which will lead to activation of NK cells and lymphocytes to secrete IFN-y (Costa,
Torres et al. 2006, Dutra, Menezes et al. 2014). Thereafter, intracellular growth of the parasites is
controlled via macrophage activation by IFN- vy, through NO production by iNOS as well as
reactive oxygen species (Camargo, Almeida et al. 1997, Costa, Torres et al. 2006, Gutierrez, Mineo
et al. 2009). NO is toxic to trypomastigotes and it also modulates effective immune response,
through enhancing and regulating inflammation during infection with 7. cruzi (Vespa, Cunha et
al. 1994, Gutierrez, Mineo et al. 2009). Furthermore, at early stages of the infection with 7. cruzi,
production of pro-inflammatory cytokines such as IL-6 and TNF-a is crucial as they activate
inflammatory cells in order to have robust T cell dependent immune response (Wirth and
Kierszenbaum 1988, Munoz-Fernandez, Fernandez et al. 1992, Cunha-Neto, Nogueira et al. 2009).
Also, increase in IL-10 production in the acute phase of 7. cruzi infection has been shown to result

in increase of the infection (Reed, Brownell et al. 1994).
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T. cruzi-derived EVs have been shown to play a crucial role in parasite pathogenesis and
immune response modulation against the parasite (Cestari, Ansa-Addo et al. 2012, Ramirez,
Deolindo et al. 2017). Furthermore, it has been shown that EV cargo can be transferred from
parasites to parasites and infected host cells, and can facilitates the stage transition of epimastigotes
to trypomastigotes, and increase the infectivity (Garcia-Silva, das Neves et al. 2014). It was shown
by Trocoli-Torrecilhas et al in 2009 that treatment of mice with 7. cruzi Y strain-derived EVs 7
days before the infection resulted in parasite decreasing the mice survival and increasing the
damage in their heart (Trocoli Torrecilhas, Tonelli et al. 2009). Y strain-derived EVs have shown
to cause the imbalance of this cytokine’s production (Lovo-Martins, Malvezi et al. 2018). It also
has been shown in the previous studies that treatment with Y strain-derived EVs increased
infection in vitro and in vivo, increased parasite internalization and lowered the NO production in
vivo (Lovo-Martins, Malvezi et al. 2018).

The effect of 7. cruzi-derived EVs, on the severity of the infection, parasitemia, parasite
internalization, and immune response modulation has been shown to be strain specific (Wyllie and
Ramirez 2017). Therefore, it is important to study the detailed effect(s) of TCT-Secr and TCT-

EVs on parasite’s infection, derived from most commonly infectious strains/ clones.
y

5.2. MATERIALS AND METHODS

5.2.1. Mammalian cell culture

LLC-MK2 and U2-OS cells were cultured in low glucose DMEM with 10% FBS/
Penicillin-Streptomycin as was previously described in 2.2.1 at 37°C, under CO2 atmosphere, and

were sub-cultured once or twice a week Trypsin.
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5.2.2. Parasite culture, and isolation of extracellular vesicles (EVs)

The parasite culture and TCT-Secr isolation was performed (as described in 2.2.2.), and
TCT-Secr was isolated from TCTs derived from Col, Y, and CLB T. cruzi strains/ clone (from 1e8
parasites). Briefly, the parasite-comprising supernatant (from le8 parasites) was taken from the
cell flask and was centrifuged for 10 minutes at 1,500 g at 4° C and the supernatant was incubated
for 2 h for the cell debris and amastigotes (in the pellet) to be separated from the trypomastigotes
(by them swimming to the supernatant). The supernatant comprising trypomastigotes was
centrifuged, and the trypomastigote-containing pellet was washed 2x with 1X PBS and incubated
with FBS free media for the parasites to shed vesicles, and thereafter was centrifuged to separate
the vesicles from the trypomastigotes. The supernatant was filtered through 0.45 pm syringe filter
and the flow through which is TCT EV-comprising conditioned medium, and analyzed by
nanoparticle analysis (NTA) version 3.2 in triplicate. Three measurements of the same sample
were performed in 20s using the default settings of the instrument. The error bars indicate the

standard error of the mean.

5.2.3. BCA Protein Assay

TCT-Secr derived from Col, Y, and CLB TCTs were analyzed for protein concentration

by BCA according to the manufacturer as described earlier (2.2.4).

5.2.4. Infection assay after treatment with TCT-Secr derived from Col, Y and CLB

LLC-MK?2 or U2-OS cells were plated in BD Falcon 96-well bioimaging plates (BD
Biosciences, Rockville, MD) at a density of 1x10* cells/ well and incubated overnight at 37 °C in
a 5% CO2 humidified atmosphere. The media of the cells was changed and freshly prepared TCT-

Secr derived from Col, Y and CLB at volumes of 5 pl, 10 ul, and 100 pl was added to the wells
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accordingly. The cells were incubated for 2 and 6 h with the TCT-Secr at 37°C in a 5% CO2
humidified atmosphere (in triplicates). Thereafter, the media was replaced with fresh media and
the parasites at MOI of 10 were added to the respective wells and incubated for 2 hrs. Afterwards,
the cells were washed with 1X PBS 2x very gently to avoid scratching the detached monolayer
cells, and fresh media was added and the infected cells (along with controls: uninfected cells, and
infected cells without TCT-Secr treatment) were incubated for 5 days. After the incubation time
supernatant was removed and the cells were washed with 1X PBS 2x and fixed with 4%
paraformaldehyde/ 1X PBS for 15 minutes at room temperature, and stained with 4°,6-diamidino-
2-phenylindole (DAPI: ProLong™ Gold Antifade Mountant with DAPI, Thermo Fisher Scientific)
at 10 ug/ml/ 1X PBS, DRAQS (eBioscience™ DRAQS5™ , Thermo Fisher Scientific) at 5 pug/ml/
1X PBS, Alexa Fluor (Alexa Fluor™ 488 phalloidin, Thermo Fisher Scientific) at 0.3 Units/ 1X
PBS, and CFSE (carboxyfluorescein succinimidyl ester, CellTrace™ CFSE, Thermo Fisher
Scientific) at 10 uM/ 1X PBS for 1 hr according to the manufacturer. CFSE however, was added
to the live trypomastigotes before infection, and parasites were washed 3x with 1X PBS and added
to respective wells. Thereafter, the wells were washed 2x with 1X PBS, and then 1X PBS was
added to hydrate the wells, and the plate was sealed. Image acquisition of microplates were
performed by using the In Cell Analyzer 2000 (GE Healthcare) (DO I HAVE TO MENTION
BBRC IMAGING CORE FACILITY?) fluorescence bioimager system, cell count was performed
by GE Investigator, and parasite count was done by counting imaged 3 fields per well x 3 wells
(per treatment) with 100x magnification on GE Investigator manually from the screen. Filter set

appropriate for the excitation and emission of the respective channel was selected.
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5.3.RESULTS

5.3.1. Treatment with TCT-Secr increased the infection (% of parasitemia) with 7. cruzi

respective strains

As it has been shown in previous chapter, various pathogenic markers isolated from 7.
cruzi parasite have been shown to be secreted in TCT-Secr/ TCT-EVs, in agreement with previous
research. Here, we tested the effect of TCT-Secr/ TCT-EVs on T. cruzi infection in vitro. In order
to do so, we treated the cells with TCT-Secr with various amounts (5 pl, 10 ul, and 100 ul) for 2
or 6 h prior to infection with TCT-Secr derived from respective parasite strains/ clone. In this
experiment, it was shown that there was an increase in parasitemia (% of infected cells/ total cell
count) after treatment with TCT-Secr, although this increase was significant only in Col. infection
(Figure 5.1). We also showed that this increase in infection was dose-dependent (with the
exception Y strain infection after treatment with 5 pul TCT-Secr). Also, we showed that although
the increase was significant in treatment with Col derived TCT-Secr, infection intensity with this
strain was lower compared to Y and CLB after treatment with respective TCT-Secr (Figure 5.1.A).
Moreover, we observed that the infection intensity after treatment with CLB-derived TCT-Secr
showed to be the highest in comparison with the other strains after treatment with TCT Sec.,
followed by treatment with Y strain-derived TCT Sec. (Figure 5.1.A-B). Surprisingly, these
results showed here that infection with all the parasite strains/ clone showed to be higher after
TCT-Secr treatment for 2 h, in comparison with 6 h of TCT-Secr treatment.

These results above showing Col leads to higher infection (% of parasitemia) in comparison
with Y strain, were further supported by the imaged intracellular amastigotes in infection induced

by these two parasite strains (Figure 5.2).
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Figure 5.1. Pre-treatment with TCT-Secr prior to 7. cruzi infection resulted in increase in or of parasitemia (or
increase in number of intracellular parasites or amastigotes). LLC-MK2 cells were treated with 5 pl, 10 pl, and
100 pl of TCT-Secr derived from parasites prior to infection with respective strain/ clone. The results show that the
pretreatment with TCT-Secr resulted in increase in parasitemia (% of infection: % of infected cells/ total cell count).

The results are means + SD of three technical replicates.
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Col Y

Col

Figure 5.2. Infection with Col and Y strains. LLC-MK2 cells were infected with Col and Y at MOI of 10, fixed
with 4% PFA, and stained with DRAQS (red) and Alexa Fluor (green) at 10 uM and 0.3 Units respectively. Infection
with Col strain showed to result in higher % of parasitemia compared to infection with Y strain, which is shown in
upper panel, left image compared to right image. The lower panel (magnified images) clearly shows infection with
Col strain causing higher % of parasitemia compared to infection with Y strain (figure above compared to lower

figure).
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5.3.2. Treatment with TCT-Secr increased the number of the parasites per infected cells

after infection with 7. cruzi respective strains

Furthermore, it was shown by our results that number of the parasites per infected cells
was increased after pre-treatment with respective TCT-Secr, and this increase was statistically
significant in infection with Col and CLB strain/ clone (Figure 5.3). The increase of parasite
number per infected cells was dose- and time- dependent, and was significantly higher after 6 h of
treatment in comparison with 2 h of treatment in infection with Col strain and CLB clone (Figures
53.A&C), however not in Y strain infection (Figure 5.3.B). It is worth mentioning that unlike
percentage of parasitemia shown in the previous section, in Col infection (Figure 5.3.A)
intracellular parasite showed to be the highest after TCT-Secr treatment, compared to Y strain and
CLB clone (Figures 5.3.B-C). Also, we observed that, in general, and amongst the 3 strains/ clone,
infection with Col showed the highest parasite number per infected cells followed by infection
with CLB. However, infection with Y strain showed the lowest infection and although a dose- and
time-dependent increase was observed in parasite number per infected cell, it was not statistically
significant.

On the other hand, the obstacle of counting the parasites manually and few fields per well
only being included in the count, due to issues with establishing a protocol on GE Healthcare
software for segmenting the cells and parasite was faced. This limited the high content imaging
(HCI) of the infected cells in the assay. Also, due to the nature of LLC-MK2 cells, they showed to
be not homogeneous and their cytoplasm swelled and that as well led to cell segmentation being
challenging. Thus, due to the existence of these limitations in our model of high-content imaging

with utilizing LLC-MK2 model and GE instrument, it was decided to use another model (U2-OS

103



cell line: osteoblasts), as well as the Cytation 5 instrument (Cytation™ 5 Cell Imaging Multi-Mode

Reader - BioTek Instruments).
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Figure 5.3. Pre-treatment with TCT-Secr prior to 7. cruzi infection resulted in increase in or of number of the
parasites per infected cells. LLC-MK2 cells were treated with 5 ul, 10 ul, and 100 pl of TCT-Secr derived from
parasite prior to infection with respective strain/ clone. The results show that the pretreatment with TCT-Secr resulted

in increase in number of the parasites/ infected cells. The results are means + SD of three technical replicates.
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5.3.3. Infection with live-CFSE stained TCT is promising for stablishing HCI protocol for

T. cruzi infection assay

In order to overcome the obstacles faced previously in the chapter, we established a
protocol with pre-staining the parasites with CFSE in order to use separate fluorescent channels
for counting cells and parasites (DAPI and CFSE respectively). CFSE is capable of staining the
live parasites without damaging the infectivity of them. Therefore, we infected U2-OS cells with
2 different MOIs (5 and 20) for only overnight (as the dye will integrate in parasite’s DNA and
will lower the fluorescence intensity after second replication cycle of the parasites begins: after
~18 h). As it is illustrated in Figure 5.4.A, the pre-staining live parasites showed that their motility
is maintained (data not shown). We also have observed that the number of the initial infection was
corelated with the intracellular parasites detected after staining (Figure 5.4.B). Similar results were
shown for Col and CLB infections. The parasites being detected through separate channel from
the cells showed to be successful and promising, in order to perform HCI on infected cells in the
future using Cytation 5. It was also evident that uninfected cells did not show any background
(false positive), as opposed to previous protocols we have been trying to establish, and this cell

line shows more homogeneity compared to the previous utilized cell line.
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Infection Y (MOI 5)

Uninfected Infection Y (MOI 20)

Figure 5.4. Infection with parasites pre-stained with CFSE. U2-OS cells were infected with Y-strain TCTs (pre-
stained with CFSE, green) (A) at MOIs of 5 and 20, fixed with 4% PFA, and stained with DAPI (blue) (B). The

infection rate correlated with the MOI used. Similar results were obtained in Col and CLB infections.
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5.4. DISCUSSION AND FUTURE WORK

The parasites-released EVs have been the focus of recent studies on protozoan parasites,
and studies have shown that pre-treatment of mice infected with parasites such as L. donovani and
L. major, with EVs derived from those parasites increased parasitism and edema in the mice hind
legs (Silverman, Clos et al. 2010). In vitro studies between macrophages and Leishmania showed
that EVs derived from the parasites induced immune response modulation in the host, as wells as
EVs prepared the host cells for the infection (Silverman, Clos et al. 2010). In case of T. cruzi-
derived EVs, the effects of EVs derived from the parasite on the infection also have been shown
previously (Lovo-Martins, Malvezi et al. 2018). It has been shown that pre-treatment with EVs
derived from 7. cruzi will result in increasing the parasitism as well as decrease in NO production
(by downregulating iNOS expression) and TNF-a and IL-6 secretion, and MHC-II expressing
macrophages (Trocoli Torrecilhas, Tonelli et al. 2009, Nogueira, Ribeiro et al. 2015, Lovo-
Martins, Malvezi et al. 2018). It was also shown that pre-treatment with 7' cruzi-derived EVs, has
resulted in an increase in CD4+ T cells, as well as IL.-4, I1-12 and IL-10 production (Fernandez-
Gomez, Esteban et al. 1998, Trocoli Torrecilhas, Tonelli et al. 2009).

In our study, in agreement with previous research, we showed that pre-treatment with TCT-
Secr prior to T. cruzi parasite infection in vitro resulted in significant increase of parasite
multiplication inside the cells after 5 days as the number of intracellular parasites increased
(amastigote stage which transform to trypomastigotes after approximately 5 days). We also
showed that internalization of the parasite by tissue culture-derived trypomastigotes was increased
after pre-treatment with TCT-Secr derived from all Col, Y, and CLB, although this increase was
not statistically significant in case of Y and CLB infection. These results are in agreement with

previous data showing the importance of TCT-Secr and TCT-EVs derived from pathogens

107



including 7. cruzi carrying pathogenic markers to the host cells in order to alter the mechanisms
involved in host cell immune response towards to being in favor of the pathogen (increasing the
infectivity, and modulating the immune response).

However, the detailed mechanisms involved in how EVs facilitate the increase of parasite
internalization as well as parasite multiplication inside the cells, remain to be elucidated.
Furthermore, as we showed in the previous chapters that IB4-lectin fractions (a-Gal+ or EL, and
a-Gal- or FT) showed distinct EV profile and size distribution, proteome profile, and the profile
of reactivity with ChD patients’ sera, it is essential to study the effects of these distinct fractions
on parasite infection. It would be more accurate and time efficient to perform these assays utilizing
the newly established protocol with using live-stained TCTs with CFSE dye, and analyzing the
HCI with Cytation 5. Also, the detailed mechanisms being involved in immune response and
inflammatory markers production after treatment with o-Gal+ and a-Gal- fractions should be

investigated in the future, in vitro and in vivo.
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7. LIST OF APPENDICES

APPENDIX A: PROTEINS IDENTIFIED IN THE TCT-SECR FROM COL, Y, AND CLB STRAINS. VALUES ARE EXPRESSED AS AVERAGE OF

NORMALIZED WEIGHTED SPECTRUM COUNTS.

Identified Protein Accession Number TC'(l;OSlecr TCTYSecr TC(':TL%ecr
Calmodulin (Fragment) OS AOAOMS5SM222 36 17 20
CALM protein (Fragment) OS AOAO0C5AX05 29 16 17
Group of Ubiquitin-60S ribosomal protein L40 OS RL40 25 20 16
Group of Tubulin beta chain OS Q4DQP2 25 19 13
Group of Heat shock protein 85, putative OS Q4CQS6 22 27 23
Group of Major paraflagellar rod OS B5U6T6 21 31 22
Microtubule-associated protein, putative (Fragment) OS Q4CMT2 20 7 10
Microtubule-associated protein, putative (Fragment) OS Q4D5A7 20 6 9
Uncharacterized protein OS V5A2]1 15 0 0
Group of Arginine kinase OS V5BUAG6 14 12 13
Heat shock protein (HSP70) OS Q26936 13 8 9
Tubulin beta chain OS Q4DQP2 13 9 7
Tubulin beta chain OS Q8STF3 13 9 7
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Microtubule-associated protein homolog (Fragment) OS QI9U9R2 13 3 4
Group of Elongation factor 2, putative OS Q4D5X0 12 15 15
Ubiquitin-60S ribosomal protein L40 OS RL40 12 10 8
iﬂl(;O(SSHZﬂRL4O2_TRYCR Ubiquitin-60S ribosomal protein splPOCH27IRL402 12 10 3
Surface protein TolT, putative OS Q4CPMS8 12 4 6
Tubulin alpha chain OS Q4CLAI 11 12 12
Heat shock protein 85, putative OS Q4CQS6 11 14 11
Heat shock protein 85, putative OS Q4DBM7 11 14 11
Paraflagellar rod protein 3 OS V5BDWS 11 11 10
Tryparedoxin peroxidase, putative OS Q4CM56 11 6 9
Chaperonin HSP60, mitochondrial OS Q4DYP5 10 8 13
Major paraflagellar rod OS B5U6T6 10 15 11
Major paraflagellar rod protein OS Q01530 10 15 11
Paraflagellar rod protein 3, putative OS Q4D634 10 11 10
Heat shock protein 70 OS B5U6T4 10 10 10
Group of Uncharacterized protein OS Q4DPV7 10 7 7
Glutamate dehydrogenase OS 061083 10 3 6
Trichohyalin, putative OS Q4CQV5 10 9 6
Glutamate dehydrogenase OS K2N6Z1 10 3 5
Centrin, putative OS Q4DQ49 10 4 4
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Paraflagellar rod protein 3, putative OS K2MCT5 9 10 10
Heat shock 70 kDa protein, mitochondrial, putative OS Q4CVR9 9 8 9
Group of Phosphoglycerate kinase OS Q4DNV8 9 8 7
Trans-sialidase, putative OS Q4DVIJ1 9 10 7
Uncharacterized protein OS V5BQQ6 9 3 6
Glutamate dehydrogenase OS Q4DWVS8 9 3 5
Trypanothione reductase (Fragment) OS QI95NP3 9 4 5
Peptidyl-prolyl cis-trans isomerase OS Q4E4L9 9 10 5
Nascent polypeptide associated complex subunit OS V5BDNG6 9 1 2
Mucin-associated surface protein OS V5D2ES 9 0 1
Mucin-like glycoprotein, putative OS Q4DGK1 8 0 22
69 kDa paraflagellar rod protein, putative (Fragment) OS Q4DON7 8 8 8
Q4D9H3 8 11 8
Nucleoside diphosphate kinase OS Q4E256 8 9 7
Group of Chaperone DNAJ protein, putative OS K2MHI1 8 7 6
Mitochondrial RNA binding protein, putative OS Q4DCA9 8 3 3
Mucin-associated surface protein (MASP) OS V5CKLI1 8 0 0
Mucin-associated surface protein (MASP) OS V5B2G3 8 0 0
Pyruvate, phosphate dikinase OS Q4E0QO0 7 8 6
Arginine kinase OS V5BUAG6 7 6 6
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Arginine kinase, putative OS Q4CWAS 7 6 6
Pyruvate, phosphate dikinase OS QI9GN79 7 6 6
splP05456lHSP70_TRYCR Heat shock 70 kDa protein OS splP05456/HSP70 7 4 5
Mucin TcMUCII, putative OS Q4DGCl1 7 7 5
Mucin TcMUCII, putative OS Q4DU21 7 0 5
NAC alpha OS Q8MUQ9 7 3 4
Putative malate dehydrogenase OS 061084 7 4 4
Uncharacterized protein OS Q4DCUS 7 3 4
Uncharacterized protein OS Q4D2A8 7 5 2
Mucin-associated surface protein (MASP) OS V5B2C2 7 0 0
Mucin-associated surface protein (MASP) OS V5AJY1 7 0 0
Glycosomal phosphoenolpyruvate carboxykinase, putative OS Q4D8V7 6 13 14
Mucin-associated surface protein (MASP), putative OS Q4D843 6 7 13
Group of Elongation factor 1-alpha OS Q4CXI1 6 7 9
TC3_70K14.4 OS Q8T1A6 6 6 9
Group of Glucose-regulated protein 78, putative OS Q4D620 6 9 9
Aconitate hydratase OS Q4E5GS 6 11 8
Uncharacterized protein OS Q4E246 6 5 7
Uncharacterized protein OS V5BGO0 6 4 7
Elongation factor 2, putative OS Q4D5X0 6 7 7
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Elongation factor 2, putative OS Q4D3T1 6 7 7
Uncharacterized protein OS Q4DGZ9 6 4 7
Uncharacterized protein OS Q4DSZ8 6 9 7
Surface protein TolT, putative OS Q4CNL2 6 7 6
Uncharacterized protein OS Q4CPU3 6 7 6
Microtubule-associated protein Gb4, putative (Fragment) OS Q4CKG3 6 6 6
Proteasome subunit alpha type OS Q4D5X3 6 4 6
Heat shock protein, putative OS Q4Dl167 6 10 5
Calmodulin, putative OS Q4E4S1 6 6 5
Mucin-associated surface protein (MASP), putative OS Q4CUNO 6 0 5
Group of Phosphoglycerate kinase OS V5BAG7 6 3 4
Elongation factor 1-gamma (EF-1-gamma), putative OS Q4CXW2 6 6 4
Calpain cysteine peptidase, putative (Fragment) OS Q4CPQ6 6 4 3
Nucleoside phosphorylase OS V5BP86 6 6 3
Calreticulin OS V5AMP1 6 3 3
Group of Proteasome subunit alpha type OS Q4E4G8 6 4 3
Group of Tyrosine aminotransferase OS Q4E4E7 6 0 2
Mucin-associated surface protein (MASP), putative OS Q4D5C7 6 1 1
Mucin-associated surface protein (MASP) OS V5D473 6 0 1
Surface protease GP63 OS V5AX72 6 0 0
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Mucin-associated surface protein (MASP) OS V5CZH7 6 0 0
Mucin-associated surface protein (MASP), putative OS Q4D845 5 4 12
Uncharacterized protein OS K2NEG6 5 6 7
Trans-sialidase, putative OS Q4EO0DO 5 3 7
Eukaryotic translation initiation factor SA OS Q4E4N4 5 5 7
Group of Surface protein TolT OS Q4CM38 5 5 5
Uncharacterized protein (Fragment) OS K2NM62 5 4 5
Mucin TcMUCII, putative OS Q4E1F7 5 0 5
Isocitrate dehydrogenase [NADP] OS K2MRY2 5 2 4
Trans-sialidase OS Q26964 5 4 4
Trans-sialidase, putative OS Q4CTX4 5 1 4
Calpain-like cysteine peptidase, putative OS Q4D066 5 7 4
Transaldolase OS B6RE15 5 5 4
Mucin-associated surface protein (MASP), putative OS Q4CVHS 5 0 4
Group of Mucin TcMUCII, putative OS Q4CTN4 5 0 4
Phosphoglycerate kinase OS Q4DNV8 5 4 3
Phosphoglycerate kinase OS Q4D193 5 4 3
Trypanothione reductase OS TYTR 5 3 3
Trypanothione reductase (Fragment) OS Q96354 5 3 3
Isocitrate dehydrogenase [NADP] OS Q4E4L7 5 3 3
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Uncharacterized protein OS Q4DPV7 5 3 3
Uncharacterized protein OS Q4DPV6 5 3 3
Glucose-regulated protein 78 OS V5BZ53 5 3 3
Aldo-keto reductase OS B3U4H3 5 3 3
Proteasome subunit alpha type OS Q4D144 5 3 2
Mucin-associated surface protein (MASP) OS V5B3C2 5
Mucin-associated surface protein (MASP) OS V5CXB9 5
Trans-sialidase OS V5AMH3 5
Mucin-associated surface protein (MASP), putative OS Q4DNG3 5
Mucin-associated surface protein (MASP) OS V5BF77 5
Mucin-associated surface protein (MASP) OS V5BF73 5
Mucin-associated surface protein (MASP) OS V5AQ41 5
Group of Elongation factor 1-alpha OS Q4CRF6 4 11 8
Uncharacterized protein OS Q4CSI2 4 4 8
C71 surface protein OS Q6WAZ7 4 1 7
Mucin TcMUCII, putative OS Q4DYF4 4 7
Mucin-associated surface protein (MASP), putative OS Q4CS52 4 7
Mucin-associated surface protein (MASP), putative OS Q4E210 4 7
Epsilon tubulin, putative OS K2NGT6 4 6
ﬁi::ii\sg}g;phoglycerate—independent phosphoglycerate mutase, Q4E122 4 3 6
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Protein kinase A regulatory subunit OS Q86RBO 4 4 5
I%l,l3tgll§ii\sic)}g)gphoglycerate—independent phosphoglycerate mutase, K2N640 4 3 5
Uncharacterized protein (Fragment) OS Q4DQS9 4 3 5
Glyceraldehyde-3-phosphate dehydrogenase OS Q4DCNO9 4 6 5
Proteasome subunit alpha type OS Q4DAWO 4 3 5
Mucin TcMUCII, putative OS Q4DXAO0 4 0 5
Uncharacterized protein (Fragment) OS Q4CYO01 4 4 4
Aminopeptidase, putative OS Q4DZJ3 4 3 4
Leucine aminopeptidase OS AOAOM3YBC4 4 3 4
Trans-sialidase OS Q26969 4 3 4
Mucin TcMUCII, putative OS Q4D9S0 4 4 4
Group of 14-3-3 protein OS V5BOL7 4 4 4
Mucin TcMUCII, putative OS Q4E2C3 4 3 4
Flagellar calcium-binding protein, putative OS Q4CS05 4 5 3
Flagellar calcium binding protein 3 OS Q8MXD4 4 3 3
Carboxypeptidase OS V5DQAO 4 2 3
3-ketoacyl-CoA thiolase, putative OS Q4D7M6 4 5 3
Uncharacterized protein OS Q4DX68 4 2 3
Uncharacterized protein OS V5BHTS 4 4 3
Group of 14-3-3 protein OS V5C116 4 4 3




RNA-binding protein, putative OS K2MLT2 4 4 3
Mucin-associated surface protein (MASP), putative OS Q4D521 4 - 3
Calpain cysteine peptidase, putative (Fragment) OS Q4CS87 4 3 2
Uncharacterized protein (Fragment) OS Q4CL51 4 2 2
Aspartate aminotransferase OS V5BVY2 4 2 2
Aspartate aminotransferase, mitochondrial, putative OS Q4D1Q4 4 2 2
Tryparedoxin, putative OS Q4D1BS8 4 3 2
ATP synthase subunit beta OS Q4DTX7 4 3 2
Mucin-associated surface protein (MASP), putative OS Q4E3E0 4 2
Trans-sialidase OS V5B004 4 1
Mucin-associated surface protein (MASP), putative OS Q4DYV4 4 2 1
Group of Malic enzyme OS Q4DJ68 4
Mucin-associated surface protein (MASP) OS V5AQA9 4
Mucin-associated surface protein (MASP) OS V5AUI4 4
Trans-sialidase OS V5B3S7 4
Mucin-associated surface protein (MASP) OS V5CSE2 4
Mucin-associated surface protein (MASP) OS V5AI98 4
Mucin-associated surface protein (MASP) OS V5AQ54 4
Mucin TcMUCII OS V5AM23 4
Mucin-associated surface protein (MASP) OS V5D4V1 4
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Mucin-associated surface protein (MASP) OS V5B2F0 4 0 0
Mucin-associated surface protein (MASP) OS V5D8B9 4 0 0
Mucin-associated surface protein (MASP) OS V5AKTS 4 0 0
Mucin-associated surface protein (MASP), putative OS Q4ES525 3 0 11
Group of Enolase OS V5BRU1 3 10 10
Uncharacterized protein OS Q4CYL3 3 13 9
Uncharacterized protein OS Q4D770 3 11 7
Uncharacterized protein OS Q4CVX7 3 5 6
Group of Surface protein TolT OS Q4D0C7 3 1 6
Trans-sialidase, putative OS Q4DCY7 3 5 5
Protein kinase A regulatory subunit, putative OS Q4DSV5 3 4 5
Aminopeptidase OS V5D7P4 3 2 5
Uncharacterized protein OS Q4CVIJ1 3 8 5
Mucin TcMUCII, putative OS Q4DDU7 3 2 5
Glucose-regulated protein 78, putative OS Q4D620 3 5 4
Heat shock protein 70 OS Q56UI2 3 5 4
Trans-sialidase, putative OS Q4DLR5 3 4 4
Surface protease GP63, putative OS Q4DHC2 3 0 4
Group of 90 kDa surface protein, putative OS Q4DJL3 3 3 4
Group of NUP-1 OS C8CHD2 3 2 4
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Cystathione gamma lyase OS V5DUQS5 3 0 4
Mucin TcMUCII, putative OS Q4DB53 3 0 4
Uncharacterized protein (Fragment) OS Q4D4S4 3 2 3
Heat shock 70 kDa protein, putative (Fragment) OS Q4DAZ6 3 5 3
Cell division cycle protein OS V5B4G8 3 3 3
Glucose-6-phosphate isomerase OS Q4E2M9 3 2 3
Uncharacterized protein (Fragment) OS Q4CLA46 3 5 3
Uncharacterized protein OS Q4E2Q5 3 5 3
%‘K/I{lé) ];); )U(;lisversal minicircle sequence binding protein V5BUGA 3 1 3
Mucin TcMUCII, putative OS Q4E056 3 1 3
Actin OS I6LE98 3 4 3
Group of Proteasome subunit alpha type OS Q4DAWG6 3 3 3
Group of Mitochondrial peroxidase (Fragment) OS AOAO088CGF4 3 3 3
Mucin TcMUCII, putative OS Q4DXM6 3 0 3
Prostaglandin F2alpha synthase OS V5BTI1 3 0 3
Phosphoglycerate kinase OS V5BAGT7 3 2 2
Phosphoglycerate kinase OS Q95PK9 3 2 2
Chaperone DNAJ protein, putative OS K2MHJ1 3 2 2
Heat shock protein DNAJ OS V5BFKS 3 2 2
Heat shock protein Dnal, putative OS Q4D832 3 2 2
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Uncharacterized protein OS V5B3K7 3 2 2
Proteasome subunit alpha type OS Q4E4G8 3 2 2
Proteasome subunit alpha type OS Q4DWXS8 3 2 2
Mucin TcMUCII, putative OS Q4DTB4 3 4 2
Uncharacterized protein OS V5BBR9 3 1 2
Dihydrolipoyl dehydrogenase OS Q4DD33 3 2 2
Mucin TcMUCII, putative OS Q4CVM7 3 0 2
Calmodulin, putative OS Q4CWP2 3 2 2
Group of 40S ribosomal protein S6 OS Q4DU31 3 2 2
Group of 10 kDa heat shock protein, putative OS Q4DFBO 3 1 2
Superoxide dismutase OS 002615 3 1 2
Trans-sialidase, putative (Fragment) OS Q4CKI9 3 6 1
Mucin-associated surface protein (MASP) OS V5BBK7 3 0 1
Dynein OS V5B145 3 1 1
Mucin-associated surface protein (MASP), putative OS Q4DYF3 3 5 1
Glucose-6-phosphate isomerase (Fragment) OS Q6RZZ4 3 1 1
Tyrosine aminotransferase OS Q4E4E7 3 0 1
Tyrosine aminotransferase OS ATTY 3 0 1
Heat shock protein OS V5DQB4 3 1 1
Glutamamyl carboxypeptidase, putative OS Q4CR09 3 1 1
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Group of Protein kinase A catalytic subunit isoform 1, putative

08 Q4E4S9 3
Group of Histone H3, putative OS Q4D0J9 3
Phosphomannomutase OS Q4E4A3 3
Mucin-associated surface protein (MASP), putative OS Q4DQSO 3
Mucin-associated surface protein (MASP) OS V5B8Gl1 3
Guanine deaminase OS V5BLN7 3
Sialidase OS TCNA 3
Mucin-associated surface protein (MASP) OS V5D3M1 3
Mucin-associated surface protein (MASP) OS V5APJ7 3
Trans-sialidase OS V5AMTO 3
Mucin-associated surface protein (MASP) OS V5APNI1 3
Trans-sialidase, putative OS Q4DR26 3
Mucin-associated surface protein (MASP) OS V5AIX0 3
Mucin-associated surface protein (MASP) OS V5B7M6 3
Mucin-associated surface protein (MASP), putative OS Q4E008 3
Il?l;tizgr‘fg sspecific 2-hydroxyacid dehydrogenase-protein, Q4CU50 3
Mucin TcMUCII OS V5AMIJ3 3
Mucin-associated surface protein (MASP) OS V5B862 3
Mucin-associated surface protein (MASP) OS V5BF63 3
Mucin-associated surface protein (MASP) OS V5BCA7 3
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Mucin-associated surface protein (MASP) OS V5CVVO0 3

Mucin-associated surface protein (MASP) OS V5A5A7 3

Mucin-associated surface protein (MASP) OS V5D3A6 3

Mucin-associated surface protein (MASP) OS V5AS95 3

Mucin-like glycoprotein OS Q26885 3

Mucin-like glycoprotein, putative OS Q4DVZ2 2 2 8
Isocitrate dehydrogenase [NADP] OS Q4DG65 2 3 6
Mucin-associated surface protein (MASP), putative OS Q4DDUS 2 2 6
Trans-sialidase, putative OS Q4CXWO0 2 4 5
Adenylosuccinate synthetase OS K2NJBO 2 3 5
Mucin TcMUCII, putative OS Q4D8A2 2 6 5
Mucin-associated surface protein (MASP), putative OS Q4DZB7 2 4 5
Group of Mucin TcMUCII, putative OS Q4DHI11 2 - 5
Cytoskeleton-associated protein CAPS.5, putative (Fragment) OS | Q4CP00 2 6 4
Transitional endoplasmic reticulum ATPase, putative OS Q4DWB5 2 3 4
ggat shock 70 kDa protein, mitochondrial, putative (Fragment) Q4DXGY > 4 4
Carboxypeptidase, putative OS Q4E2R7 2 2 4
Antigenic protein, putative (Fragment) OS Q4ES572 2 6 4
Mucin TcMUCII, putative OS Q4D5F4 2 4 4
Mucin TcMUCII, putative OS Q4DDU9 2 1 4
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Mucin TcMUCII, putative OS Q4CWZo6 2 2 4
Surface protease GP63, putative OS Q4CN42 2 1 4
Elongation factor 1-alpha OS Q4CXI1 2 2 3
Elongation factor 1-alpha OS H9AZH6 2 2 3
Elongation factor 1-alpha OS K2M6LO0 2 2 3
Proteasome subunit alpha type OS Q4DIK4 2 5 3
Mucin-associated surface protein (MASP), putative OS Q4CX27 2 4 3
p22 protein, putative OS Q4EO0T1 2 3 3
Proteasome activator protein PA26, putative OS Q4CPR5 2 2 3
p22 protein, putative OS Q4DG13 2 1 3
Group of Phosphotransferase OS V5BQ43 2 3 3
Kinetoplastid membrane protein KMP-11, putative OS Q4D7Y4 2 5 3
Proteasome subunit beta type OS Q4E4R6 2 4 3
Group of ATP-dependent Clp protease subunit OS V5AQ73 2 1 3
ATPase alpha subunit OS V5AVBO0 2 2 3
Surface protein TolT OS Q4CM38 2 2 2
TolT1 OS 097466 2 2 2
TolT3 OS 096649 2 2 2
Mucin-associated surface protein (MASP), putative OS Q4E1H4 2 5 2
Trans-sialidase, putative OS Q4DQA2 2 5 2
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Trans-sialidase, putative OS Q4CRR3 2 8 2
Uncharacterized protein OS Q4D3F7 2 3 2
Mucin-associated surface protein (MASP), putative OS Q4E493 2 4 2
Glucose-6-phosphate isomerase OS Q4ES5SN1 2 2 2
Proteasome activator protein PA26, putative (Fragment) OS Q4D086 2 2 2
g/lélcin—associated surface protein (MASP), putative (Fragment) Q4CNN7 2 3 2
Uncharacterized protein OS Q4DASg7 2 3 2
14-3-3 protein OS V5BIL7 2 2 2
14-3-3 protein OS Q6B9P3 2 2 2
Calpain-like cysteine peptidase OS V5B514 2 3 2
Mucin-associated surface protein (MASP), putative OS Q4D951 2 4 2
Universal minicircle sequence binding protein (UMSBP) OS V5BU64 2 1 2
;Jliltia\;ie\tia(ljrsninicircle sequence binding protein (UMSBP), Q4D6TS > 1 >
Succinate-CoA ligase subunit beta OS Q4DW49 2 3 2
Dynein, putative OS Q4DWH?2 2 1 2
Proteasome subunit alpha type OS Q4DAWG6 2 1 2
Proteasome subunit alpha type OS K2MUS2 2 1 2
Trans-sialidase, putative OS Q4CTQ6 2 0 2
Mucin-associated surface protein (MASP), putative OS Q4CQS4 2 4 2
85 kDa surface antigen OS GP85 2 3 2
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Mucin-associated surface protein (MASP), putative OS Q4DVK4 2 0 2
Mucin TcMUCII, putative OS Q4CTN4 2 0 2
Mucin TcMUCII, putative OS Q4D8A9 2 0 2
Mucin-associated surface protein (MASP), putative OS Q4CQD2 2 1 2
Group of ADP-ribosylation factor 1, putative OS Q4D7Y8 2 2 2
Peptide methionine sulfoxide reductase, putative OS Q4CSX7 2 3 2
Group of (H )-ATPase G subunit OS V5B9V5 2 3 2
Aminopeptidase, putative OS Q4E2R9 2 2 2
Protein mktl OS V5BX20 2 2 2
Isoleucyl-tRNA synthetase OS V5BJ49 2 1 2
Mucin TcMUCII, putative OS Q4E1J5 2 1 2
Mucin TcMUCII, putative OS Q4CUT4 2 1 2
Trans-sialidase, putative OS Q4CXS5 2 3 1
Calpain-like cysteine peptidase, putative (Fragment) OS Q4CLF8 2 2 1
Mucin-associated surface protein (MASP), putative OS Q4CR59 2 4 1
Mucin TcMUCII, putative OS Q4DYF2 2 2 1
Mucin TcMUCII, putative OS Q4D8R7 2 2 1
Mucin-associated surface protein (MASP), putative OS Q4DR50 2 1 1
Group of IgE-dependent histamine-releasing factor, putative OS | Q4CW52 2 3 1
Mucin-associated surface protein (MASP) OS V5BBT4 2 1 1
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Malic enzyme OS Q4DJ68 2 1
Malic enzyme OS V5DSI1 2 1
Mucin-associated surface protein (MASP), putative OS Q4DP78 2 2 1
Trans-sialidase OS V5BKP3 2 - 1
ATP-dependent RNA helicase, putative OS Q4DRK9 2 2 1
Kinesin OS V5BNG65 2 1 1
Trans-sialidase, putative OS Q4DPT3 2 1 1
Group of Hslvu complex proteolytic subunit-like, putative OS Q4D729 2 1 1
40S ribosomal protein S14, putative OS Q4De6I5 2 1 1
Histone H4 OS V5BAES 2 1 1
Group of Mucin TcMUCII OS V5AYQ9 2 1 1
Mucin-associated surface protein (MASP) OS V5AJ84 2
Trans-sialidase, putative OS Q4CSI1 2
Mucin-associated surface protein (MASP), putative OS Q4DDR2 2
Mucin-associated surface protein (MASP) OS V5APPS 2
Mucin-associated surface protein (MASP) OS V5AL36 2
Fumarate hydratase OS V5BGHS8 2
Mucin-associated surface protein (MASP) OS V5AP32 2
Trans-sialidase OS V5B172 2
Mucin-associated surface protein (MASP) OS V5B7HS 2
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Mucin-associated surface protein (MASP) OS V5AV75 2

ATP-dependent (S)-NAD(P)H-hydrate dehydratase OS V5BG46 2

Mucin-associated surface protein (MASP) OS V5BSL3 2

Mucin-associated surface protein (MASP) OS V5B8P4 2

Mucin-associated surface protein (MASP) OS V5DEC3 2

Trans-sialidase OS V5AMIS 2

Mucin-associated surface protein (MASP) OS V5AZG4 2

Mucin-associated surface protein (MASP), putative OS Q4CWA9 1 9 7
Trans-sialidase, putative OS Q4CX14 1 3 6
Uncharacterized protein OS Q4CTC8 1 7 5
Enolase OS V5BRU1 1 5 5
Enolase, putative OS Q4DZ98 1 5 5
Mitotubule-associated protein Gb4, putative (Fragment) OS Q4CYL2 1 4 5
Trans-sialidase, putative OS Q4E1E4 1 1 5
Guanine deaminase, putative OS Q4D711 1 4 5
Proteasome subunit alpha type OS Q4CYKS 1 5 5
Mucin TcMUCII, putative OS Q4E032 1 4 5
Mucin TcMUCII, putative OS Q4DYUS 1 2 5
Surface protease GP63, putative OS Q4CMP1 1 3 5
Group of Mucin-associated surface protein (MASP), putative Q4DUN7 1 -:
(Fragment) OS
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Cytoskeleton-associated protein CAP5.5, putative OS Q4D609 5 4
Mitotubule-associated protein Gb4, putative (Fragment) OS Q4CTC7 4 4
Uncharacterized protein OS Q4ES573 5 4
Uncharacterized protein OS Q4DMP7 5 4
Mucin TcMUCII, putative OS Q4D8A4 2 4
Trans-sialidase, putative OS Q4DTWI 1 4
Group of Mucin TcMUCII, putative OS Q4DMA9 4 4
NADH-dependent fumarate reductase, putative OS Q4D779 1 4
Mucin TcMUCII, putative OS Q4DDU6 1 4
Mucin-associated surface protein (MASP), putative OS Q4DLB2 0 4
Mucin TcMUCII, putative OS Q4E3El 0 4
Mucin-associated surface protein (MASP), putative OS Q4DEC9 0 4
Mucin-associated surface protein (MASP), putative OS Q4DAA7 0 4
Mucin TcMUCII, putative OS Q4DXZ7 1 4
Mucin TcMUCII, putative OS Q4E4X7 0 4
Mucin-associated surface protein (MASP), putative OS Q4D1R7 0 4
Elongation factor 1-alpha OS Q4CRF6 4 3
Elongation factor 1-alpha OS H9AZHS5 4 3
Elongation factor 1-alpha OS B5U6U3 4 3
Trans-sialidase, putative OS Q4DU07 2 3
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Uncharacterized protein OS V5DIG4 5 3
Uncharacterized protein OS Q4DJ92 2 3
Calreticulin, putative OS Q4DDX3 3 3
Mucin-associated surface protein (MASP), putative OS Q4D6E3 6 3
Surface protein TolT OS Q4D0C7 0 3
Surface protein TolT OS Q4D0C6 0 3
I/6 autoantigen, putative OS Q4DFL2 5 3
I/6 autoantigen, putative OS Q4DQ44 2 3
DNA topoisomerase II, putative OS K2MSC2 2 3
Calpain-like cysteine peptidase, putative (Fragment) OS Q4CLO00 2 3
Trans-sialidase, putative (Fragment) OS Q4CR60 1 3
Trans-sialidase, putative OS Q4E2C0 1 3
Mucin TcMUCII, putative OS Q4E071 3 3
Aminopeptidase, putative (Fragment) OS Q4DLTO 1 3
Mucin-associated surface protein (MASP), putative OS Q4CPX9 0 3
Fructose-bisphosphate aldolase OS Q4D0QO0 3 3
Mucin TcMUCII, putative OS Q4CZ01 1 3
Polyadenylate-binding protein OS K2N1D5 4 3
Trans-sialidase, putative OS Q4DS5F2 1 3
Mucin TcMUCII, putative OS Q4DHM9 1 3
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Mucin-associated surface protein (MASP), putative OS Q4DQA3 3 3
Malate dehydrogenase (Fragment) OS Q4D4A0 3 3
Surface protease GP63, putative OS Q4DZ07 0 3
Mucin TcMUCII, putative OS Q4E1Z722 2 3
Mucin TcMUCII, putative OS Q4E2A8 3 3
Chaperonin containing T-complex protein, putative OS Q4DWG6 2 3
Mucin TcMUCII, putative OS Q4DN8O0 0 3
Mucin TcMUCII, putative OS Q4DF67 1 3
6-phosphogluconate dehydrogenase, decarboxylating OS Q6WAT4 2 3
Mucin TcMUCII, putative OS Q4E2A5S 2 3
Ribose 5-phosphate isomerase, putative OS Q4DBP9 2 3
Mucin TcMUCII, putative OS Q4D373 2 3
Mucin TcMUCII, putative OS Q4D389 0 3
Ascorbate-dependent peroxidase, putative OS Q4CRX7 1 3
Mucin-associated surface protein (MASP), putative OS Q4DQW7 0 3
Mucin TcMUCII, putative OS Q4CS53 0 3
Mucin TcMUCII, putative OS Q4D1J6 0 3
Mucin-associated surface protein (MASP), putative OS Q4D3A3 0 3
Mucin TcMUCII, putative OS Q4D7LO0 0 3
Mucin-associated surface protein (MASP), putative OS Q4DJS2 0 3

159




Mucin TcMUCII, putative OS Q4E3D5 0 3
Mucin-associated surface protein (MASP), putative OS Q4DU26 0 3
Mucin TcMUCII, putative OS Q4DZC5 0 3
Mucin-associated surface protein (MASP), putative OS Q4CVNS8 3 2
Uncharacterized protein OS Q4DVF9 3 2
Cytoskeleton-associated protein CAP5.5 OS V5DES7 3 2
Dynein heavy chain, putative (Fragment) OS Q4CX46 4 2
Uncharacterized protein OS Q4DVEF8 2 2
Mucin-associated surface protein (MASP), putative OS Q4DNB5 7 2
Trans-sialidase, putative OS Q4DV16 2 2
Trans-sialidase, putative OS Q4E063 1 2
Phosphotransferase OS Q4D3P5 2 2
Dynein heavy chain OS V5AWC6 4 2
90 kDa surface protein, putative OS Q4DJL3 1 2
90 kDa surface protein, putative OS Q4DHM3 1 2
Stress-induced protein stil, putative OS K2NE30 3 2
Trans-sialidase, putative OS Q4DDR3 1 2
NUP-1 OS C8CHD2 1 2
NUP-1 OS Q6QR20 1 2
Trans-sialidase, putative OS Q4CQP5 0 2
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Aspartate aminotransferase OS Q4CRK6 1 2
Mucin TcMUCII, putative OS Q4DH11 0 2
Mucin TcMUCII, putative OS Q4D8R3 0 2
Mucin TcMUCII, putative OS Q4D8R2 0 2
40 kDa cyclophilin, putative OS Q4CVB5 2 2
Mucin-associated surface protein (MASP), putative OS Q4DN82 0 2
Mucin TcMUCII, putative OS Q4DU44 3 2
Mucin-associated surface protein (MASP), putative OS Q4CQCs5 3 2
Group of Mucin TcMUCII, putative OS Q4DYF7 3 2
Mucin-associated surface protein (MASP), putative OS Q4E1A8 0 2
Mucin-associated surface protein (MASP), putative OS Q4D463 1 2
Adenosine 5'-monophosphoramidase, putative OS Q4DUXS5 3 2
T-complex protein 1, eta subunit, putative OS Q4E4R8 3 2
Group of Proteasome subunit beta type OS Q4DW25 3 2
Mucin TcMUCII, putative OS Q4DN81 0 2
Guanine deaminase, putative OS Q4DUS4 0 2
Group of Proteasome regulatory non-ATPase subunit 3 OS V5B0Y8 2 2
Group of Dynein light chain, putative OS Q4DN14 2 2
Trans-sialidase, putative OS Q4DU42 1 2
Mucin TcMUCII, putative OS Q4DHM6 2 2
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Mucin TcMUCII, putative OS Q4DIF2 1 2
60S ribosomal protein L13, putative OS K2MPX7 2

g/lélcin—associated surface protein (MASP), putative (Fragment) Q4D4A9 ’ ’
Mucin-associated surface protein (MASP), putative OS Q4DXN7 0 2
Mucin TcMUCII, putative OS Q4D8D5 2 2
Mucin TcMUCII, putative OS Q4DU09 2 2
Ubiquitin-like protein, putative OS Q4CWR4 2 2
60S ribosomal protein L10, putative OS K2MT82 1 2
Trans-sialidase, putative OS Q4DO6F8 0 2
Mucin-associated surface protein (MASP), putative OS Q4E1H3 0 2
Mucin-associated surface protein (MASP), putative OS Q4DGC4 1 2
Mucin TcMUCII, putative OS Q4E1I8 1 2
Mucin TcMUCII, putative OS Q4DFV4 0 2
Mucin-associated surface protein (MASP), putative OS Q4DOE9 0 2
Group of 40S ribosomal protein SA OS Q4CQ63 1 2
Group of Mucin TcMUCII, putative OS Q4E206 0 2
Group of Purine nucleoside phosphorylase OS Q4DZW1 0 2
Mucin TcMUCII, putative (Fragment) OS Q4D384 0 2
Group of Thiol transferase Tc52 (Fragment) OS Q770Cl1 0 2
Mucin-associated surface protein (MASP), putative OS Q4DYF1 1 2
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Trans-sialidase, putative OS Q4E026 0 2
Group of Putative surface antigen TASV-C1 OS ASPGVS 0 2
Mucin TcMUCII, putative OS Q4DFV7 0 2
Mucin TcMUCII, putative OS Q4DXZ9 0 2
Mucin-associated surface protein (MASP), putative OS Q4E4Z1 0 2
Group of Mucin TcMUCII, putative OS Q4CVNO 0 2
Mucin TcMUCII, putative OS Q4ESKS 0 2
85 kDa surface glycoprotein (Fragment) OS AOPGCO 3 1
Mucin-associated surface protein (MASP), putative OS Q4E1HS 5 1
Mucin-associated surface protein (MASP), putative OS Q4DZC3 3 1
g/lélcin—associated surface protein (MASP), putative (Fragment) Q4CYQS ’ 1
Mucin-associated surface protein (MASP), putative OS Q4DYV1 6 1
Mucin-associated surface protein (MASP), putative OS Q4E065 4 1
Trans-sialidase, putative OS Q4DQWO 2 1
Trans-sialidase, putative OS Q4CSG5 1 1
14-3-3 protein OS V5C116 1 1
14-3-3 protein, putative OS Q4DRH6 1 1
14-3-3 protein, putative OS Q4DHC9 1 1
14-3-3 protein, putative OS K2NW21 1 1
NADH-dependent fumarate reductase, putative OS Q4CMU8 6 1
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Mucin-associated surface protein (MASP), putative OS Q4E1I3 8
Phosphotransferase OS V5BQ43 1
Phosphotransferase OS Q8ST54 1
85 kDa surface glycoprotein (Fragment) OS AOPGCS 2
Mitochondrial peroxidase (Fragment) OS AOAO088CGF4 1
Mitochondrial peroxidase (Fragment) OS AOAO88CH35 1
Mitochondrial peroxidase (Fragment) OS AOAO088CH36 1
Mucin-associated surface protein (MASP), putative OS Q4D4U4 6
Dynein heavy chain, putative OS K2NDD4 3
Mucin-associated surface protein (MASP), putative OS Q4D7K6 7
Mucin-associated surface protein (MASP), putative OS Q4CQ23 1
Mucin-associated surface protein (MASP), putative OS Q4DGM5 5
Trans-sialidase, putative OS Q4DDVO 1
ATP-dependent Clp protease subunit OS V5AQ73 1
sl;l;;—ifl/ngédent Clp protease subunit, heat shock protein 78, Q4DTHS 1
ADP-ribosylation factor 1, putative OS Q4D7Y8 1
ADP-ribosylation factor 1, putative OS Q4CQM4 1
Threonyl-tRNA synthetase, putative OS Q4DPRO 3
Mucin TcMUCII, putative OS Q4DYF7 2
Mucin TcMUCII, putative OS Q4DYFO 2
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Trans-sialidase, putative OS

Q4CQY9

40S ribosomal protein S6 OS Q4DU31 1
40S ribosomal protein S6 OS Q4DSU0 1
10 kDa heat shock protein, putative OS Q4DFBO 0
10 kDa heat shock protein, putative OS Q4DFAS 0
10 kDa heat shock protein, putative OS Q4D000 0
Mucin TcMUCII, putative OS Q4DNP5 5
(H )-ATPase G subunit OS V5B9V5 1
(H+)-ATPase G subunit, putative OS Q4DE73 1
(H+)-ATPase G subunit, putative OS Q4CNF9 1
Aspartate aminotransferase OS Q4D080 2
Chaperonin alpha subunit OS V5B5Q0 1
Chaperonin alpha subunit, putative OS Q4DOF4 1
Pyruvate kinase OS Q4E1U3 1
Protein kinase A catalytic subunit isoform 1, putative OS Q4E4S9 1
Protein kinase-A catalytic subunit OS Q8WQR2 1
Aspartate aminotransferase OS V5BSS0 1
Pyruvate kinase OS V5CIM1 1
Dynein light chain, putative OS Q4DN14 1
Dynein light chain, putative OS Q4CZW3 1
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Trans-sialidase, putative OS Q4CSV1 1
Mucin-associated surface protein (MASP), putative OS Q4CSJ9 2
Mucin-associated surface protein (MASP), putative OS Q4DU19 2
Group of Chaperone DNAJ protein OS V5B5S8 2
RNA helicase, putative OS Q4D0U9 2
Hslvu complex proteolytic subunit-like, putative OS Q4D729 1
Hslvu complex proteolytic subunit-like, putative OS K2NJP3 1
Group of Centrin OS V5DQ66 2
Centrin OS V5DQ66 1
Centrin, putative OS Q4E3T4 1
Mucin TcMUCII, putative OS Q4DNB2 1
Trans-sialidase, putative OS Q4D980 1
Mucin-associated surface protein (MASP), putative OS Q4DRZ5 0
grsoup of splQ4D3B7IDRE21_TRYCC Anamorsin homolog 1 splQ4D3B7IDRE21 ’
33 kDa inner dynein arm light chain, axonemal, putative OS K2NJ58 2
Mucin TcMUCII, putative OS Q4DEO8 2
RuvB-like helicase OS Q4DPV3 1
Mucin-associated surface protein (MASP), putative OS Q4DVE3 0
Mucin-associated surface protein (MASP), putative OS Q4DBE1 2
Glutamamyl carboxypeptidase, putative OS Q4CYZ6 0

166




Mucin-associated surface protein (MASP), putative OS Q4DYU1 0
Mucin TcMUCII, putative OS Q4E3V9 0
ATP-dependent DEAD/H RNA helicase, putative OS Q4DIE1 1
grsoup of Serine/threonine protein phosphatase type 5, putative Q4EIWO ’
GTP-binding nuclear protein OS Q4DIB9 2
Mucin-associated surface protein (MASP), putative OS Q4D6Q0 0
Peptide methionine sulfoxide reductase, putative OS Q4DK88 1
Purine nucleoside phosphorylase OS Q4DZW1 0
Purine nucleoside phosphorylase OS Q7YWES 0
Group of Histone H2B OS Q4CTD8 0
Histone H2B OS Q4CTDS8 0
Histone H2B OS Q4CTD7 0
Group of Short chain 3-hydroxyacyl-CoA dehydrogenase OS V5BPS0O 1
40S ribosomal protein S18, putative OS Q4E093 2
Mucin TcMUCII, putative OS Q4E052 1
RuvB-like helicase OS V5B579 0
Malic enzyme OS Q4DV37 0
ATPase ASNA1 homolog OS ASNA 1
Fibrillarin, putative OS Q4DYJ3 1
Group of 60S acidic ribosomal protein PO OS Q4E3A3 2
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Mucin-associated surface protein (MASP), putative OS Q4CUB9 - 1
Methionine aminopeptidase 2 OS Q4DGAS 1 1
Mucin TcMUCII, putative OS Q4E3V3 - 1
ATP-dependent (S)-NAD(P)H-hydrate dehydratase OS Q4DAS84 1 1
Putative 1/6 autoantigen OS V5D4J9 1 1
Elongation factor TU, putative OS Q4DY?24 2 1
Retrotransposon hot spot (RHS) protein OS V5AK41 1 1
Mucin TcMUCII, putative OS Q4E100

Small GTP-binding protein Rab1, putative OS Q4CZRO

Group of Ribonucleoside-diphosphate reductase small chain OS | V5ASN2

Trans-sialidase OS V5A2Q8

Kinesin-like protein OS Q4DYMO

Mucin TcMUCII, putative OS Q4DR59

Mucin-associated surface protein (MASP), putative OS Q4DGDO

Trans-sialidase OS V5AR40

Trans-sialidase, putative OS Q4DTD3

Mucin-associated surface protein (MASP), putative OS Q4D2L0

IgE-dependent histamine-releasing factor, putative OS Q4CW52

IgE-dependent histamine-releasing factor, putative OS Q4CWM1

Translationally controlled tumor protein (TCTP) OS V5DBM6




Mucin-associated surface protein (MASP), putative OS Q4DYE9
Mucin-associated surface protein (MASP) OS V5B9D2
Mucin-associated surface protein (MASP) OS V5B467
Mucin-associated surface protein (MASP), putative OS Q4EI112
Mucin-associated surface protein (MASP), putative OS Q4E375

Histone H3, putative OS Q4D0J9

Histone H3, putative OS Q4CWE9

Histone H3, putative OS Q4CZH3
splQ4D3B7IDRE21_TRYCC Anamorsin homolog 1 OS splQ4D3B7IDRE21
splQ4DER6IDRE22_TRYCC Anamorsin homolog 2 OS splQ4DER6IDRE22
Mucin-associated surface protein (MASP), putative OS Q4E117

Mucin TcMUCII OS V5AYQ9

Mucin TcMUCII OS V5ASMS5
Mucin-associated surface protein (MASP), putative OS Q4DM99
Ribonucleoside-diphosphate reductase small chain OS V5ASN2
Ribonucleoside-diphosphate reductase small chain, putative OS | Q4D6V2

Tubulin binding cofactor A-like protein, putative OS Q4E253
splQ4DLT6IPURA1_TRYCC Adenylosuccinate synthetase 1 OS | splQ4DLT6IPURA1
Trans-sialidase, putative OS Q4DV25
Trans-sialidase, putative OS Q4D2W7
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Trans-sialidase, putative OS Q4E5U1
Mucin-associated surface protein (MASP), putative OS Q4D1G4
Trans-sialidase, putative OS Q4E2A1
Group of Paraflagellar rod component OS 000930
Mucin-associated surface protein (MASP), putative OS Q4DPK2
Heat shock protein, putative OS Q4E2Q2
Mucin-associated surface protein (MASP), putative OS Q4D953
DNAK protein, putative (Fragment) OS Q4CWKS5
Trans-sialidase, putative OS Q4DS03
Trans-sialidase, putative OS Q4CSS2
Group of Clathrin heavy chain OS V5BIW2
Mucin-associated surface protein (MASP), putative OS Q4DTWS
Mucin-associated surface protein (MASP), putative OS Q4DXZ2
Group of Paraflagellar rod component Par4 (Fragment) OS Q7KPR4
ATP-dependent 6-phosphofructokinase OS PFKA
Mucin-associated surface protein (MASP), putative OS Q4DU48
IC\)/I;JCin—associated surface protein (MASP), putative (Fragment) Q4DUN7
Mucin-associated surface protein (MASP), putative OS Q4D033
Calpain cysteine peptidase, putative OS Q4E0D6
Mucin TcMUCII, putative OS Q4CN92
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Trans-sialidase, putative OS

Q4D6K2

Mucin TcMUCII, putative OS Q4DIJI1
Mucin-associated surface protein (MASP), putative OS Q4E3V5
Group of Leucine-rich repeat protein, putative OS Q4CLM9
Protein disulfide-isomerase OS Q4E3F7
Trans-sialidase, putative OS Q4CYAS8
Mucin TcMUCII, putative OS Q4D8S0
Trans-sialidase, putative OS Q4DP77
Mucin TcMUCII, putative OS Q4E2B0
Mucin-associated surface protein (MASP), putative OS Q4E47Z3
Mucin-associated surface protein (MASP), putative OS Q4E289
Trans-sialidase, putative OS Q4E2C9
Paraflagellar rod component, putative OS Q4ES568
Uncharacterized protein OS Q4CYIl
Trans-sialidase, putative OS Q4DD62
Mucin-associated surface protein (MASP), putative OS Q4DZS8
Mucin TcMUCII, putative OS Q4DMA9
Mucin TcMUCII, putative OS Q4D803
Mucin-associated surface protein (MASP), putative OS Q4DF69
Mucin-associated surface protein (MASP), putative OS Q4CS13
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Mucin-associated surface protein (MASP), putative OS Q4DDV1
Seryl-tRNA synthetase, putative OS Q4DC68
Mucin-associated surface protein (MASP), putative OS Q4DR09
Protein disulfide isomerase, putative OS Q4DFA6
Seryl-tRNA synthetase OS V5DSV1
40 kDa cyclophilin, putative OS Q4E4G0
Trans-sialidase, putative OS Q4DCG7
Mucin-associated surface protein (MASP), putative OS Q4DVRS8
Clathrin heavy chain OS V5BJW2
Clathrin heavy chain OS Q3ZMB7
Mucin-associated surface protein (MASP), putative OS Q4ES22
Trans-sialidase, putative (Fragment) OS Q4CWBO0
Trans-sialidase, putative OS Q4CPX0
Trans-sialidase, putative OS Q4DKIJ6
Trans-sialidase, putative OS Q4CSU3
Mucin-associated surface protein (MASP), putative OS Q4DY06
Aldo/keto reductase OS Q965C7
Mucin-like glycoprotein, putative OS Q4D0C1
TcSTI1 OS 096684
Group of Mucin-associated surface protein (MASP), putative OS | Q4CLV3
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Trans-sialidase, putative OS Q4CSU2
Trans-sialidase, putative OS Q4D098
2-oxoglutarate dehydrogenase E1 component, putative OS Q4CTES8
Kynureninase OS Q4CYCO
Trans-sialidase, putative OS Q4DTW4
Mucin TcMUCII, putative OS Q4E068
Mucin TcMUCII, putative OS Q4DKV9
Trans-sialidase, putative OS Q4DVI17
Thimet oligopeptidase, putative OS Q4CVA3
Mucin-associated surface protein (MASP), putative OS Q4E455
Trans-sialidase, putative OS Q4DZD4
2-oxoglutarate dehydrogenase E1 component, putative OS Q4DKY2
Surface protease GP63, putative (Fragment) OS Q4CMY9
Mucin-associated surface protein (MASP), putative OS Q4DYU3
grrc:;;r)n c;fl grgtgasome regulatory ATPase subunit 1, putative KINXC?
Glutamate dehydrogenase OS V5B4MO
Trans-sialidase, putative OS Q4DCP9
Mucin TcMUCII, putative OS Q4E074
Adenosylhomocysteinase OS Q4DNQ7
T-complex protein 1 subunit delta OS Q4DTP9
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Mucin TcMUCII, putative OS Q4EOE7
Tcelj12.7 OS Q8T2Z8
Mucin TcMUCII, putative OS Q4E233
Group of Dynamin OS V5DTS8
Group of RuvB-like helicase OS Q4D5M2
Mucin TcMUCII, putative OS Q4CUJ5
Mucin TcMUCII, putative OS Q4DXZ3
Mucin TcMUCI, putative OS Q4DYU6
Mucin-associated surface protein (MASP), putative OS Q4E033
Heat shock protein, putative (Fragment) OS Q4DOL7
Mucin TcMUCII, putative OS Q4E5W2
Group of Profilin OS Q4CMM4
R27-2 protein, putative OS Q4CRN7
Mucin TcMUCII, putative OS Q4E230
Mucin TcMUCII, putative OS Q4D385
Group of Cysteine synthase OS V5BWY7
60S ribosomal protein L13a, putative (Fragment) OS K2N4W9
Flagellar radial spoke component OS V5BDZ5
Group of 60S ribosomal protein L6 OS Q4DR&7
Mucin-associated surface protein (MASP), putative OS Q4DZC6
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Trans-sialidase, putative OS Q4DRKO
Protein phosphatase 2C, putative OS Q4ES75
Paraflagellar rod component OS 000930
Paraflagellar rod component, putative OS Q4DWL5
Trans-sialidase, putative (Fragment) OS Q4E1H2
Uncharacterized protein OS K2MDYS8
Trans-sialidase, putative OS Q4CUS9
Mucin-associated surface protein (MASP), putative OS Q4DVW7
Mucin-associated surface protein (MASP), putative OS Q4D476
Trans-sialidase, putative OS Q4DQAO
Mucin-associated surface protein (MASP), putative OS Q4DYV7
Nucleoside phosphorylase, putative (Fragment) OS Q4DAD9
Mucin-associated surface protein (MASP), putative OS Q4E380
Trans-sialidase, putative OS Q4DUY7
Mucin-associated surface protein (MASP), putative OS Q4E3U8
Mucin-associated surface protein (MASP), putative OS Q4CSG7
Mucin-associated surface protein (MASP), putative OS Q4DH73
Mucin-associated surface protein (MASP), putative OS Q4D302
Paraflagellar rod component Par4 (Fragment) OS Q7KPR4
Paraflagellar rod component Par4 OS 046353
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Surface protein-2 OS Q86DLS
Mucin-associated surface protein (MASP), putative OS Q4DWF9
Surface protease GP63, putative OS Q4DVYo6
Mucin-associated surface protein (MASP), putative OS Q4DZB6
Mucin-associated surface protein (MASP), putative OS Q4E1Y6
Fructose-bisphosphate aldolase OS K2LYI4
Mucin-associated surface protein (MASP), putative OS Q4CNK6
Trans-sialidase, putative OS Q4DTC3
grrc:gr)n c;fl ygcsln—assocmted surface protein (MASP), putative Q4CL65
Mucin-associated surface protein (MASP), putative OS Q4E1YO0
Surface protease GP63, putative OS Q4E479
Mucin TcMUCII, putative OS Q4DNF8
Mucin-associated surface protein (MASP), putative OS Q4D2H2
Mucin-associated surface protein (MASP), putative OS Q4CLV3
Mucin-associated surface protein (MASP), putative OS Q4DM12
Mucin-associated surface protein (MASP), putative OS Q4CPS2
Group of Putative surface protein TASV-A-05 (Fragment) OS E3P9WO
Putative surface protein TASV-A-05 (Fragment) OS E3P9WO
Putative surface protein TASV-A-28 (Fragment) OS E3P9X2
Trans-sialidase, putative OS Q4CPWS
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Kynureninase OS K2pP244
Mucin-associated surface protein (MASP), putative OS Q4D782
Mucin-associated surface protein (MASP), putative OS Q4CS02
Mucin-associated surface protein (MASP), putative OS Q4DE0O4
Surface protease GP63, putative OS Q4DVY9
Mucin-associated surface protein (MASP), putative OS Q4D4B2
Trans-sialidase, putative OS Q4DD57
Mucin TcMUCII, putative OS Q4DUs51
Threonyl-tRNA synthetase, putative OS Q4D9G6
Mucin-associated surface protein (MASP), putative OS Q4CTAl
Mucin-associated surface protein (MASP), putative OS Q4DYU9
Mucin-associated surface protein (MASP), putative OS Q4D8D6
Trans-sialidase, putative OS Q4DD58
Mucin-associated surface protein (MASP) OS V5ALAS
Proteasome regulatory non-ATPase subunit 3 OS V5B0YS
Proteasome regulatory non-ATPase subunit 3, putative OS Q4E3B3
Proteasome regulatory non-ATPase subunit 3, putative OS K2MXY3
Trans-sialidase, putative OS Q4CRT3
Mucin-associated surface protein (MASP), putative OS Q4D6G3
Mucin-associated surface protein (MASP), putative OS Q4DXP7
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Trans-sialidase, putative OS Q4DYM3
Mucin TcMUCII, putative OS Q4DM13
Trans-sialidase, putative (Fragment) OS Q4CUV6
Trans-sialidase, putative OS Q4DC15
Mucin-associated surface protein (MASP), putative OS Q4DJI10
Mucin-associated surface protein (MASP), putative OS Q4CUI0
Dihydrolipoyl dehydrogenase OS Q4DWLS
Mucin-associated surface protein (MASP), putative OS Q4E2C8
Trans-sialidase OS V5BFB7
Calpain cysteine peptidase, putative OS Q4DQN6
Trans-sialidase, putative OS Q4DA40
Leucine-rich repeat protein, putative OS Q4CLM9
Leucine-rich repeat protein, putative OS Q4D4Q1
Trans-sialidase, putative (Fragment) OS Q4CR17
DNAK protein, putative (Fragment) OS Q4DGLO
Group of Putative surface protein TASV-C-18 (Fragment) OS E3P9Z3
Leucyl-tRNA synthetase, putative OS Q4CTRO
grsoteasome regulatory ATPase subunit 1, putative (Fragment) KONXC2
Proteasome regulatory ATPase subunit 1, putative OS Q4D9J1
Group of Succinyl-CoA ligase [GDP-forming] beta-chain OS V5B0OB5
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Succinyl-CoA ligase [GDP-forming] beta-chain OS V5B0BS5
(Slzlrcalc;:lrfgrltc)oéksllgase [GDP-forming] beta-chain, putative Q4CLP3
Leucyl-tRNA synthetase OS V5B774
Dynein intermediate chain, putative OS Q4DRW6
Proteasome regulatory non-ATPase subunit, putative OS Q4CSX5
Phosphomannomutase-like protein OS V5B6A2
Mucin-associated surface protein (MASP), putative OS Q4E287
Calmodulin, putative OS Q4DGP9
CAocr(reltpyll;iagssferase component of pyruvate dehydrogenase Q4DZTS
Trans-sialidase, putative OS Q4DSG4
Mucin-associated surface protein (MASP), putative OS Q4DVY2
Mucin-associated surface protein (MASP), putative OS Q4CNYS5
Group of Mucin-associated surface protein (Fragment) OS G4Vs514
40S ribosomal protein SA OS Q4CQ63
40S ribosomal protein SA OS K2N345
Mucin-associated surface protein (MASP), putative OS Q4DTW6
Group of Putative surface antigen TASV-A1 OS ASPGV4
Mucin-associated surface protein (MASP), putative OS Q4D9U4
Mucin TcMUCII, putative OS Q4E3U7
Mucin TcMUCII, putative OS Q4D264
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Kinesin, putative OS Q4DQP9
25 kDa elongation factor 1-beta OS EF1B
IC\)/I;JCin—associated surface protein (MASP), putative (Fragment) Q4CTG2
Mucin-associated surface protein (MASP), putative OS Q4D8AS
Mucin-associated surface protein (MASP), putative OS Q4DYV3
Mucin TcMUCII, putative OS Q4D2H6
Translation elongation factor 1-beta, putative OS Q4DWC(C3
Small ubiquitin protein, putative OS Q4DSS5
Mucin TcMUCII, putative OS Q4E206
Mucin TcMUCII, putative OS Q4DN78
Mucin TcMUCII, putative OS Q4DN75
Sialidase homolog OS 061082
Trans-sialidase, putative OS Q4EI1F4
Trans-sialidase, putative OS Q4CSGO
Aminopeptidase, putative OS Q4E686
Mucin-associated surface protein (MASP), putative OS Q4E234
60S ribosomal protein L11, putative OS Q4CNF4
Mucin-associated surface protein (MASP), putative OS Q4DCT1
Mucin-associated surface protein (MASP), putative OS Q4D3W5
Enoyl-CoA hydratase, mitochondrial, putative OS Q4CKX1
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Dynamin OS V5DTS8
Dynamin, putative OS Q4E689
RuvB-like helicase OS Q4D5M2
RuvB-like helicase OS Q4DTV5
RuvB-like helicase OS V5BQJ1
RuvB-like helicase OS K2MEF1
Mucin TcMUCII, putative OS Q4E463
Thiol transferase Tc52 (Fragment) OS Q7Z0C1
Thiol transferase Tc52 (Fragment) OS Q7Z0C3
Thiol-dependent reductase 1, putative OS Q4DKI7
Group of Chaperone Dnal protein, putative OS Q4DKC8
Short chain 3-hydroxyacyl-CoA dehydrogenase OS V5BPSO0
Short chain 3-hydroxyacyl-coa dehydrogenase, putative OS Q4DMGI1
Profilin OS Q4CMM4
Profilin OS Q4CZF5
Group of Chaperonin containing t-complex protein OS V5BL37
Mucin-associated surface protein (MASP), putative OS Q4ES5STS
Mucin-associated surface protein (MASP), putative OS Q4CLK6
Mucin-associated surface protein (MASP), putative OS Q4DVES
Mucin TcMUCII, putative OS Q4DTCO
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Mucin-associated surface protein (MASP), putative OS Q4DII3
Putative surface antigen TASV-C1 OS A5SPGV8
Putative surface protein TASV-C-29 (Fragment) OS E3PAO02
Mucin TcMUCII, putative OS Q4DYE7
Trans-sialidase, putative OS Q4D217
Mucin-like glycoprotein, putative OS Q4D8Y3
Protein kinase, putative OS Q4DYJ7
Flagellar radial spoke protein-like, putative OS Q4DHQ3
Mucin TcMUCII, putative OS Q4CVN9
Mucin TcMUCII, putative OS Q4CNE3
Mucin TcMUCII, putative OS Q4DBI3
Cysteine synthase OS V5BWY7
Cysteine synthase, putative OS Q4CS97
Dynein light chain, putative OS Q4D5U0
Malic enzyme OS Q4DV36
Trans-sialidase, putative OS Q4E3G9
Mucin-associated surface protein (MASP), putative OS Q4D179
Pyridoxal kinase, putative OS Q4D360
Mucin TcMUCII, putative OS Q4E043
Methionyl-tRNA synthetase, putative OS Q4D6H2
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Eukaryotic initiation factor 4a, putative OS K2NIXO0
Trans-sialidase, putative OS Q4E0J4
Mucin-like protein OS QI9N2S0
2-oxoglutarate dehydrogenase, E2 component, dihydrolipoamide
succinyltransferase, putative OS Q4DIRY
Group of Mucin TcMUCII, putative OS Q4DCZ1
Mucin-associated surface protein (MASP), putative OS Q4E386
Surface glycoprotein Tc-85/20 (Fragment) OS Q2VYC8
Mucin-associated surface protein (MASP), putative OS Q4DHM4
Mucin-associated surface protein (MASP), putative OS Q4E434
Trans-sialidase, putative (Fragment) OS Q4CKGO
Mucin-associated surface protein (MASP), putative OS Q4D2N7
Mucin-associated surface protein (MASP), putative OS Q4DM97
Mucin-associated surface protein (MASP), putative OS Q4DWE9
Trans-sialidase, putative OS Q4DEKS
Mucin-associated surface protein (MASP), putative OS Q4E444
Trans-sialidase, putative (Fragment) OS Q4CMJ6
Trans-sialidase, putative OS Q4E377
Mucin-associated surface protein (MASP), putative OS Q4DI91
Mucin-associated surface protein (MASP), putative OS Q4DMAI1
Mucin-associated surface protein (MASP), putative (Fragment) Q4CL65

oS




Mucin-associated surface protein (MASP), putative OS Q4D9R9
Mucin-associated surface protein (MASP), putative OS Q4DABO
Mucin-associated surface protein (MASP), putative OS Q4DTB1
Mucin-associated surface protein (MASP), putative OS Q4DIE7
Trans-sialidase, putative OS Q4E533
Mucin-associated surface protein (MASP), putative OS Q4E484
Proteasome subunit beta type OS Q4DW?25
Proteasome subunit beta type OS Q4EOL9
Proteasome subunit beta type OS V5BHX1
Proteasome subunit beta type OS K2N704
Mucin-associated surface protein (MASP), putative OS Q4DV29
Fumarate hydratase, putative OS Q4DJH1
Mucin TcMUCII, putative OS Q4DNA7
Mucin-associated surface protein (MASP), putative OS Q4E442
Mucin-associated surface protein (MASP), putative OS Q4D8A1
Mucin-associated surface protein (MASP), putative OS Q4DGUS
Mucin-associated surface protein (MASP), putative OS Q4E1H9
Putative trans-sialidase OS V5AYY6
Mucin-associated surface protein (MASP), putative OS Q4DBI9
Mucin-associated surface protein (MASP), putative OS Q4DF33
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Surface protease GP63, putative OS Q4DVY4
Chaperone DNAJ protein OS V5B5S8
Chaperone DNAJ protein, putative OS K2NUR3
Co-chaperone protein OS QI9BIX8
Mucin-associated surface protein (MASP), putative OS Q4E425
Mucin-like protein (Fragment) OS 015772
Mucin-associated surface protein (MASP), putative OS Q4EOE6
Mucin TcMUCII, putative OS Q4CZ97
Mucin-associated surface protein (MASP), putative OS Q4E1F6
Mucin-associated surface protein (MASP), putative OS Q4DY02
Putative surface protein TASV-C-18 (Fragment) OS E3P9Z3
Putative surface protein TASV-C-19 (Fragment) OS E3P9Z4
Mucin-associated surface protein (MASP), putative OS Q4DD61
Trans-sialidase, putative OS Q4DPD2
Mucin-associated surface protein (MASP), putative OS Q4E294
Mucin TcMUCII, putative OS Q4CZ92
Mucin-associated surface protein (MASP), putative OS Q4DD56
Mucin-associated surface protein (MASP), putative OS Q4E1Y1
Trans-sialidase, putative OS Q4CQV3
Mucin-associated surface protein (MASP), putative OS Q4DU08
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Mucin-associated surface protein (MASP), putative (Fragment)

0S Q4CN90
Trans-sialidase, putative OS Q4D2I1
Trans-sialidase (Fragment) OS B3VSM7
IC\)/I;JCin—associated surface protein (MASP), putative (Fragment) Q4CKRS
Mucin-associated surface protein (MASP), putative OS Q4D8A3
Mucin-associated surface protein (Fragment) OS G4Vs514
Mucin-associated surface protein (MASP), putative OS Q4CXW1
Mucin TcMUCII, putative OS Q4DIE3
Mucin-associated surface protein (MASP), putative OS Q4E491
Serine/threonine protein phosphatase type 5, putative OS Q4E1WO0
Serine/threonine protein phosphatase type 5, putative OS K2NQW9
Mucin-associated surface protein (MASP), putative OS Q4DZC1
Mucin-associated surface protein (MASP), putative OS Q4E116
Mucin-associated surface protein (MASP), putative OS Q4DNA9
Trans-sialidase, putative OS Q4D1A3
Mucin-associated surface protein (MASP), putative OS Q4E17Z3
OSM3-like kinesin, putative (Fragment) OS Q4E1IM3
Mucin-associated surface protein (MASP), putative OS Q4DKIJ3
Chaperonin containing t-complex protein OS V5BL37
Chaperonin containing t-complex protein, putative OS K2MA70
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T-complex protein 1, beta subunit, putative OS Q4D6NO0
OSM3-like kinesin, putative OS K2MO0OV2
Mucin-associated surface protein (MASP), putative OS Q4DVX2
Surface glycoprotein (Fragment) OS Q26865
Mucin-associated surface protein (MASP), putative OS Q4E1Z6
60S acidic ribosomal protein PO OS Q4E3A3
60S acidic ribosomal protein PO OS V5BL26
Mucin-associated surface protein (MASP), putative OS Q4E1J2
Mucin TcMUCII, putative OS Q4DM95
Mucin-associated surface protein (MASP), putative OS Q4D6C2
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APPENDIX B: TCMUC II FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IB-4 LECTIN COLUMN FRACTIONS, 0.-GAL(-) AND o.-
GAL(+),FROM T. CRUZI COL STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

Identified Proteins

Accession Number

TCT Secr

O-Gal(-)
(FT)
Col

O-Gal(+)
(EL)
Col

@)}

27

26

25

23

23

23

21

16

16

N[ W[ AN | W= ]|W[=|N|[WU|DN

16
16
12

12

12

12

12

Putative mucin TcMUCII OS AO0A2V2W2D1
Group of Putative mucin TcMUCII OS AO0A2V2X5V1 (+1)
Putative mucin TcMUCII OS AOA2V2WRS1
Mucin TcMUCII, putative OS Q4CYF9
Putative mucin TcMUCII OS AOA2V2W3F2
Putative mucin TcMUCII OS AO0A2V2WO0S7
Putative mucin TcMUCII OS A0A2V2VUIO
Putative mucin TcMUCII OS AOA2V2WMF7
Mucin TcMUCII, putative OS Q4E071
Putative mucin TcMUCII OS AOA2V2WSQ6
Mucin TcMUCII, putative OS Q4E2C3

Mucin TcMUCII, putative OS Q4D7L0
Putative mucin TcMUCII OS AOA2V2WHEG6
Group of Mucin TcMUCII, putative OS Q4DCZ1 (+1)
Putative mucin TcMUCII OS AOA2V2VNS3
Mucin TcMUCII, putative OS Q4E3U5

Mucin TcMUCII, putative OS Q4E3V3

Group of Putative mucin TcMUCII OS AOA2V2XGBS5 (+1)
Mucin TcMUCII, putative OS Q4E2B0

Mucin TcMUCII, putative OS Q4DIE3

Mucin TcMUCII, putative OS Q4DMO06
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Putative mucin TcMUCII OS

AOA2V2W791

—_
S

Putative mucin TcMUCII OS A0A2V2X2R6 8
Putative mucin TcMUCII OS AOA2V2UYPS 8
Group of Putative mucin TcMUCII OS AO0A2V2X537 (+2) 8
Putative mucin TcMUCII OS A0A2V2XCR2 5
Mucin TcMUCII OS V5AN33 5
Mucin TcMUCII, putative OS Q4DM13 4
Mucin TcMUCII, putative OS Q4E3D1 4
Putative mucin TcMUCII OS AOA2V2W6K6 4
Putative mucin TcMUCII OS AO0A2V2XG98 4
Putative mucin TcMUCII OS AOA2V2WVMO 4
Mucin TcMUCII, putative OS Q4D1J6 4
Mucin TcMUCII, putative OS Q4CS53 4
Mucin TcMUCITI, putative OS Q4DFV4 3
Putative mucin TcMUCII OS AOA2V2WS5L6 3
Putative mucin TcMUCII OS AO0A2V2WWUO 3
Mucin TcMUCII, putative OS Q4CZz01 1
Putative mucin TcMUCII OS AOA2V2WUPO

Putative mucin TcMUCII OS AOA2V2W6F4

Putative mucin TcMUCII OS AOA2V2XHA2

Putative mucin TcMUCII OS AOA2V2WCN5S

Group of Mucin TcMUCII, putative OS Q4CTN4 (+1)

Mucin TcMUCII, putative OS Q4DIF2

Putative mucin TcMUCII OS AO0A2V2UPQO
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APPENDIX C: MASP FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, a.-GAL(-) AND
0.-GAL(+), FROM T'. CRUZI COL STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

Identified Proteins Accession Number
Mucin-associated surface protein (MASP) OS AOA2V2WT7B2
Group of Mucin-associated surface protein (MASP) OS V5BF77 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2VRB7
Mucin-associated surface protein (MASP) OS AO0A2V2VF80
Mucin-associated surface protein (MASP) OS AOA2V2W6S9
Mucin-associated surface protein (MASP) OS AO0A2V2VCXT7
Mucin-associated surface protein (MASP) OS A0A2V2VZS0
Mucin-associated surface protein (MASP) OS AO0A2V2UT67
Mucin-associated surface protein (MASP) OS A0A2V2V(C34
Mucin-associated surface protein (MASP) OS AOA2V2VNG6
Group of Mucin-associated surface protein (MASP) OS V5BBK7 (+1)
Mucin-associated surface protein (MASP) OS A0A2V2V018
Mucin-associated surface protein (MASP) OS AO0A2V2UMB9
Mucin-associated surface protein (MASP) OS AO0A2V2UXX1
Mucin-associated surface protein (MASP) OS AO0A2V2W752
Mucin-associated surface protein (MASP) OS V5BBT4
Mucin-associated surface protein (MASP) OS A0A2V2UGU2
Mucin-associated surface protein (MASP) OS AO0A2V2V3J6
Mucin-associated surface protein (MASP) OS A0A2V2US81
Mucin-associated surface protein (MASP) OS AO0A2V2W274
Mucin-associated surface protein (MASP) OS AOA2V2VMAL
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Mucin-associated surface protein (MASP) OS AO0A2V2URTO
Mucin-associated surface protein (MASP) OS AO0A2V2UXG6
Group of Mucin-associated surface protein (MASP) OS AOA2V2W3N4 (+1)

Group of Mucin-associated surface protein (MASP) OS

V5D4V1 (+1)

4
Mucin-associated surface protein (MASP) OS AO0A2V2VDPS 4
Group of Mucin-associated surface protein (MASP) OS V5B7HS (+1) 4
Group of Mucin-associated surface protein (MASP) OS V5CKL1 (+1) 4
Mucin-associated surface protein (MASP) OS AO0A2V2W3L1 4
Group of Mucin-associated surface protein (MASP) OS V5AL36 (+1) 4
Mucin-associated surface protein (MASP) OS AO0A2V2URO06 4
Mucin-associated surface protein (MASP) OS AO0A2V2V2H3 4
Mucin-associated surface protein (MASP) OS AO0A2V2WOHO 4
Mucin-associated surface protein (MASP) OS AOA2V2VOH1
Mucin-associated surface protein (MASP) OS AO0A2V2VXG3
Mucin-associated surface protein (MASP) OS AO0A2V2VQ46
Mucin-associated surface protein (MASP) OS AOA2V2W3Y6
Mucin-associated surface protein (MASP) OS V5BF73
Mucin-associated surface protein (MASP) OS AOA2V2VXT7
Mucin-associated surface protein (MASP) OS AOA2V2VWO8
Mucin-associated surface protein (MASP) OS V5BFXO0
Mucin-associated surface protein (MASP) OS AOA2V2VBN9
Mucin-associated surface protein (MASP) OS AOA2V2W311
Mucin-associated surface protein (MASP) OS AO0A2V2VZMS
Mucin-associated surface protein (MASP) OS V5B9Y3
Mucin-associated surface protein (MASP) OS AOA2V2VM18 3
Group of Mucin-associated surface protein (MASP) OS V5B2C2 (+1) 3
Mucin-associated surface protein (MASP) OS AOA2V2WST1 3
Mucin-associated surface protein (MASP) OS AOA2V2W6I1 3
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Group of Mucin-associated surface protein (MASP) OS

AOA2V2USV3 (+1)

Group of Mucin-associated surface protein (MASP) OS

V5AYYS (+1)

Mucin-associated surface protein (MASP) OS

AOA2V2VT61

Mucin-associated surface protein (MASP) OS V5BBL1 7 3
Group of Mucin-associated surface protein (MASP) OS V5BBBO (+1) 7 3
Mucin-associated surface protein (MASP) OS AO0A2V2VENO 4 3
Mucin-associated surface protein (MASP) OS AO0A2V2W399 3 3
Mucin-associated surface protein (MASP) OS AOA2V2VDA6 3 3
Mucin-associated surface protein (MASP) OS AO0A2V2W432 2 3
Mucin-associated surface protein (MASP) OS AOA2V2VII8 1 3
Mucin-associated surface protein (MASP) OS AO0A2V2W560 1 3
Mucin-associated surface protein (MASP) OS AOA2V2V1K7 1 3
Mucin-associated surface protein (MASP) OS AOA2V2VQW1 3
Mucin-associated surface protein (MASP) OS AO0A2V2V826 3
Mucin-associated surface protein (MASP), putative OS Q4DR50 3
Mucin-associated surface protein (MASP) OS AOA2V2VQS5
Mucin-associated surface protein (MASP) OS AO0A2V2V3P2
Mucin-associated surface protein (MASP) OS AOA2V2VBR6
Mucin-associated surface protein (MASP) OS AO0A2V2UREO
Mucin-associated surface protein (MASP) OS AO0A2V2UQX5
Mucin-associated surface protein (MASP) OS V5A3C9
Mucin-associated surface protein (MASP) OS AO0A2V2UQD4
Mucin-associated surface protein (MASP) OS A0A2V2UZDO0
Mucin-associated surface protein (MASP) OS AO0A2V2VNO1
Mucin-associated surface protein (MASP) OS AOA2V2V788
Mucin-associated surface protein (MASP) OS AO0A2V2W529
Mucin-associated surface protein (MASP) OS AOA2V2W511

Mucin-associated surface protein (MASP) OS

AOA2V2VAG65
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Mucin-associated surface protein (MASP) OS AO0A2V2V(C58
Mucin-associated surface protein (MASP) OS AO0A2V2UYK3
Group of Mucin-associated surface protein (MASP) OS V5CZJ9 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2W396
Mucin-associated surface protein (MASP) OS AO0A2V2XMK1
Mucin-associated surface protein (MASP) OS AOA2V2WA36
Group of Mucin-associated surface protein (MASP) OS AO0A2V2UPB4 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2UUEI1
Mucin-associated surface protein (MASP) OS AO0A2V2UWT9

Group of Mucin-associated surface protein (MASP) OS AO0A2V2XMGT (+1) 8 2
Mucin-associated surface protein (MASP) OS V5B2W7 7 2
Mucin-associated surface protein (MASP), putative OS Q4D782 7 2
Mucin-associated surface protein (MASP) OS AOA2V2V1F6 7 2
Mucin-associated surface protein (MASP) OS AO0A2V2VIK3 7 2
Mucin-associated surface protein (MASP) OS AOA2V2WG6F2 7 2
Mucin-associated surface protein (MASP) OS AO0A2V2USB3 7 2
Mucin-associated surface protein (MASP) OS AO0A2V2WS5I4 4 2
Mucin-associated surface protein (MASP) OS AO0A2V2UUC3 4 2
Mucin-associated surface protein (MASP) OS AOA2V2WFY4 3 2
Group of Mucin-associated surface protein (MASP) OS V5D3MI1 (+1) 3 2
Group of Mucin-associated surface protein (MASP) OS V5AZEQ (+2) 3 2
Mucin-associated surface protein (MASP) OS AO0A2V2VD54 3 2
trIAO/_\2V2XI47—DECO.YIAOA2V2XI47—DECOY_TRYCR Mucin- AO0A2V2XI47- > 5
associated surface protein (MASP)... DECOY

Mucin-associated surface protein (MASP) OS AOA2V2VXA6 2 2
Mucin-associated surface protein (MASP) OS V5BCBI1 2 2
Mucin-associated surface protein (MASP) OS A0A2V2UQ49 1 2
Mucin-associated surface protein (MASP) OS AO0A2V2V132 2
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Mucin-associated surface protein (MASP) OS A0A2V2UU16
Mucin-associated surface protein (MASP) OS V5DAV6
Mucin-associated surface protein (MASP) OS AOA2V2VE10
Mucin-associated surface protein (MASP) OS AO0A2V2X238
Mucin-associated surface protein (MASP) OS AO0A2V2VIX2
Mucin-associated surface protein (MASP) OS AO0A2V2UVI]7
Group of Mucin-associated surface protein (MASP) OS V5D744 (+1)
Group of Mucin-associated surface protein (MASP) OS V5AZK4 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2VUGO
Mucin-associated surface protein (MASP) OS AO0A2V2VIR2
Group of Mucin-associated surface protein (MASP) OS AOA2V2VTAS (+1)
Mucin-associated surface protein (MASP) OS AOA2V2USN5
Mucin-associated surface protein (MASP) OS AO0A2V2W2G9
Mucin-associated surface protein (MASP) OS V5CJF6
Mucin-associated surface protein (MASP) OS AOA2V2UXAT7T
Mucin-associated surface protein (MASP) OS AO0A2V2V191
Mucin-associated surface protein (MASP) OS AOA2V2UNY3
Putative mucin-associated surface protein (MASP) OS AOA2V2VTS52
Mucin-associated surface protein (MASP) OS AOA2V2UNIJ2
Mucin-associated surface protein (MASP) OS AOA2V2UWG4
Mucin-associated surface protein (MASP) OS AO0A2V2V087
Mucin-associated surface protein (MASP) OS AO0A2V2VWI3
Mucin-associated surface protein (MASP) OS AOA2V2UXXT7
Mucin-associated surface protein (MASP) OS V5AMKO
Mucin-associated surface protein (MASP) OS AO0A2V2W3J0
Mucin-associated surface protein (MASP), putative OS Q4E1Z5
Mucin-associated surface protein (MASP), putative OS Q4D521
Mucin-associated surface protein (MASP) OS AO0A2V2VZUS
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Mucin-associated surface protein (MASP) OS AO0A2V2XKDS8 3 1
Mucin-associated surface protein (MASP), putative OS Q4E3V5 3 1
Mucin-associated surface protein (MASP) OS AO0A2V2WC30 2 1
Mucin-associated surface protein (MASP) OS V5APP8 2 1
trIAOA2V2W3J 8—DECQYIAOA2V2W3J 8-DECOY_TRYCR Mucin- | AOA2V2W3]J8- > 1
associated surface protein (MASP)... DECOY

Mucin-associated surface protein (MASP) OS AOA2V2WTAS 1 1
Mucin-associated surface protein (MASP) OS AOA2V2WXAT 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2UXZS 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2UT23 1 1
Mucin-associated surface protein (MASP) OS AOA2V2VF83 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2UR99 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2VMI11 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2VQHO 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2UT92 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2UV69 1 1
Mucin-associated surface protein (MASP) OS V5BFG7 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2WO007 1 1
Mucin-associated surface protein (MASP) OS AO0A2V2W375 1 1
Mucin-associated surface protein (MASP), putative OS Q4DJL2 1 1
Mucin-associated surface protein (MASP) OS AOA2V2VXC7 1
Mucin-associated surface protein (MASP) OS AOA2V2VTVS 1

Group of Mucin-associated surface protein (MASP) OS AO0A2V2XSL7 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2XAE3
Mucin-associated surface protein (MASP) OS AOA2V2V5WS
Mucin-associated surface protein (MASP), putative OS Q4E380
Mucin-associated surface protein (MASP), putative OS Q4DXP7
Mucin-associated surface protein (MASP), putative OS Q4E493
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Mucin-associated surface protein (MASP), putative OS Q4E455
Group of Mucin-associated surface protein (MASP) OS V5AUGT7 (+1)
Mucin-associated surface protein (MASP) OS V5D3A6
Mucin-associated surface protein (MASP) OS AOA2V2VR09
Mucin-associated surface protein (MASP), putative OS Q4CX27
Mucin-associated surface protein (MASP), putative OS Q4DQA3
Mucin-associated surface protein (MASP), putative OS Q4DVS8
Mucin-associated surface protein (MASP) OS AO0A2V2UTS85
Group of Mucin-associated surface protein (MASP) OS AOA2V2VITI1 (+1)
Group of Mucin-associated surface protein (MASP) OS V5AJ74 (+2)
Group of Mucin-associated surface protein (MASP) OS V5AQ54 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2W061
Mucin-associated surface protein (MASP) OS AOA2V2WAR3
Mucin-associated surface protein (MASP) OS V5AMY1
Mucin-associated surface protein (MASP) OS V5B3Q9
Mucin-associated surface protein (MASP) OS AO0A2V2WIG6
Mucin-associated surface protein (MASP) OS V5B331
Mucin-associated surface protein (MASP) OS A0A2V2UZI4
Mucin-associated surface protein (MASP) OS AOA2V2VX98
Group of Mucin-associated surface protein (MASP) OS AO0A2V2XBBS (+6)
Group of Mucin-associated surface protein (MASP) OS AO0A2V2VQU2 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2UQKO
Mucin-associated surface protein (MASP), putative OS Q4E194 3 ‘
Group of Mucin-associated surface protein (MASP) OS AOA2V2WTX4 (+1) 2 ‘
Group of Mucin-associated surface protein (MASP) OS AO0A2V2W708 (+2) 2 ‘
Mucin-associated surface protein (MASP) OS AO0A2V2VZZ1 1 ‘
Mucin-associated surface protein (MASP) OS AOA2V2V3N3 1 ‘
Mucin-associated surface protein (MASP) OS AO0A2V2X1J2 1 ‘
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Mucin-associated surface protein (MASP) OS AOA2V2XPF9 1
Mucin-associated surface protein (MASP) OS AOA2V2XKW2 1
Mucin-associated surface protein (MASP) OS AO0A2V2WULS 1
Mucin-associated surface protein (MASP) OS AO0A2V2WSD9 1
Mucin-associated surface protein (MASP) OS AOA2V2WOAS 1
Mucin-associated surface protein (MASP) OS V5D9L1 1
Mucin-associated surface protein (MASP), putative OS Q4D1G4 1
Mucin-associated surface protein (MASP), putative OS Q4D998 1
Mucin-associated surface protein (MASP) OS AOA2V2WZX1 1
Mucin-associated surface protein (MASP) OS AOA2V2XAR2 1
Mucin-associated surface protein (MASP) OS AO0A2V2XII1 1
Mucin-associated surface protein (MASP), putative OS Q4DVK4 1
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APPENDIX D: TS FAMILY MEMBERS IDENTIFIED IN TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, a-GAL(+) AND o.-
GAL(-), FROM COL STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr
Identified Proteins Accession Number
Putative trans-sialidase, Group I OS A0A2V2UWIO
Putative trans-sialidase, Group II OS AO0A2V2VASS
Putative trans-sialidase, Group I OS A0A2V2UQ56
Putative trans-sialidase, Group I OS AO0A2V2VQS7
Putative trans-sialidase, Group I OS AOA2V2VMW6
Putative trans-sialidase, Group I OS A0A2V2VZHS5
Putative trans-sialidase, Group V OS A0A2V2V]94
Putative trans-sialidase, Group I OS AO0A2V2WSP5
Putative trans-sialidase, Group I OS AO0A2V2X1Q1
Trans-sialidase, putative OS Q4DQ76
Trans-sialidase OS V5BQA7
Trans-sialidase (Fragment) OS B3VSM6
Putative trans-sialidase, Group I OS AOA2V2WXL6
Group of Putative amidinotransferase OS AOA2V2VUT2 (+1)
Trans-sialidase OS V5AMTO
Trans-sialidase OS Q26969
Putative trans-sialidase, Group VIII OS AO0A2V2UTK4
Group of Putative trans-sialidase, Group III OS AO0A2V2UVWI (+1)
Putative trans-sialidase, Group I OS A0A2V2XT78
Putative trans-sialidase, Group V OS AOA2V2VEF1
Putative trans-sialidase, Group VII OS AO0A2V2UFH4
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Trans-sialidase, putative OS Q4CTX4

Putative trans-sialidase OS AO0A2V2V3I5

Putative trans-sialidase, Group V OS AO0A2V2UYRO

Putative trans-sialidase, Group II OS AO0A2V2VOHS5

Putative trans-sialidase, Group III OS A0A2V2UUR0

Putative trans-sialidase, Group VIII OS A0A2V2UUTS

Putative trans-sialidase OS A0A2V2V2Z5

Group of TS-193 trans-sialidase homolog protein OS Q4R2TO (+1)

Putative trans-sialidase, Group II OS A0A2V2ULD3

Putative trans-sialidase, Group V OS AO0A2V2VUH3

Putative trans-sialidase, Group V OS AO0A2V2VFg7

Putative trans-sialidase, Group VIII OS AOA2V2URZ2

Trans-sialidase OS V5B004

Putative trans-sialidase, Group II OS AO0A2V2VI1F7

Peptidyl-prolyl cis-trans isomerase OS Q4E4L9

Putative trans-sialidase, Group II OS A0A2V2UY84

Putative trans-sialidase, Group II OS A0A2V2ULK9

Putative trans-sialidase, Group V OS A0A2V2VEDO

Putative trans-sialidase, Group V OS A0A2V2UIVS

Putative trans-sialidase, Group V OS AO0A2V2UQK6

Putative trans-sialidase, Group V OS AO0A2V2VTX9

Putative trans-sialidase, Group II OS AO0A2V2UHMS

Trans-sialidase, putative OS Q4DBE7

Trans-sialidase OS V5ANG62

Putative trans-sialidase, Group III OS AO0A2V2UWB4

Putative trans-sialidase OS AO0A2V2VLQO 7
Putative trans-sialidase, Group VIII OS AO0A2V2VR25 7
Putative trans-sialidase, Group II OS A0A2V2V198
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Putative trans-sialidase, Group V OS A0A2V2VXIJ5 1 6
Putative trans-sialidase, Group V OS AOA2V2VIT3 5 6
Putative trans-sialidase, Group V OS A0A2V2VX]2 1 6
Group of Putative trans-sialidase OS AOA2V2XDR2 (+1) 7 6
Putative trans-sialidase, Group V OS AO0A2V2V1P3 1 6
Trans-sialidase OS V5D006 4 6
Trans-sialidase, putative OS Q4DVIJ1 6 6
Putative trans-sialidase, Group V OS A0A2V2VCGl1 1 6
Putative trans-sialidase, Group II OS A0A2V2UIK4 15 6
Putative trans-sialidase, Group VIII OS AO0A2V2VFPO 8 6
Putative trans-sialidase, Group VIII OS AOA2V2VGF6 1 6
Putative trans-sialidase, Group VIII OS AO0A2V2VMXS 7 6
Trans-sialidase OS V5B8Z1

Putative trans-sialidase, Group V OS AOA2V2W4W1 2 5
Putative trans-sialidase, Group V OS A0A2V2W442 2 5
Putative trans-sialidase, Group V OS AOA2V2VXA3 4 5
Putative trans-sialidase, Group V OS A0A2V2UPSO 1 5
Group of Putative trans-sialidase, Group I OS AOA2V2UVV3 (+1) 8 5
Trans-sialidase (Fragment) OS Q26887 3 5
Putative trans-sialidase, Group V OS AOA2V2VF15 3 5
Trans-sialidase OS V5B534 2 5
Putative trans-sialidase, Group Il OS AOA2V2UU09
Putative trans-sialidase, Group V OS AO0A2V2W424 5
Trans-sialidase OS V5D3Z7Z5 5
Group of Eukaryotic translation initiation factor 5A OS Q4E4N4 (+1)
Trans-sialidase OS V5AMH3 4
Putative trans-sialidase, Group V OS AOA2V2VXN3 4
Trans-sialidase OS V5CIUS 4
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Putative trans-sialidase, Group V OS AO0A2V2V1I8 2 4
Putative trans-sialidase, Group VII OS AOA2V2VNAS 5 4
Putative trans-sialidase, Group V OS A0A2V2UII3 1 4
Putative trans-sialidase, Group V OS AO0A2V2UWIJ2 1 4
Putative trans-sialidase, Group V OS AOA2V2W469 1 4
Putative trans-sialidase, Group II OS A0A2V2UZ79 4 4
Trans-sialidase OS V5A2Q8 7 4
Group of Putative trans-sialidase, Group I OS AOA2V2W161 (+1) 8 4
Trans-sialidase OS V5ANI3 1 4
Putative trans-sialidase, Group V OS A0A2V2UPP9 1 4
Putative trans-sialidase, Group V OS AOA2V2US98
Putative trans-sialidase, Group II OS AO0A2V2UWA9 4
Putative trans-sialidase, Group V OS AO0A2V2VCI9 4
Putative trans-sialidase, Group VIII OS AO0A2V2WQD7 4
Trans-sialidase OS V5B4EO
Putative trans-sialidase, Group V OS AO0A2V2V938 4
Putative trans-sialidase, Group II OS AO0A2V2UWCS 4
Trans-sialidase OS V5CJC4 4
Putative trans-sialidase, Group VIII OS AOA2V2V2P3
Trans-sialidase OS V5AU92 1 4
Putative trans-sialidase, Group V OS A0A2V2VO0J7 3 3
Putative trans-sialidase, Group II OS AO0A2V2W5Y9 7 3
Putative trans-sialidase, Group V OS AOA2V2WIM9 2 3
Putative trans-sialidase, Group II OS AO0A2V2WGES 6 3
Putative trans-sialidase, Group VIII OS AO0A2V2WUF2 19 3
Putative trans-sialidase, Group V OS AOA2V2USES 1 3
Putative trans-sialidase, Group V OS AOA2V2UNWS5 1 3
Putative trans-sialidase, Group V OS AO0A2V2UUV3 4 3
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Putative trans-sialidase, Group V OS AO0A2V2WGWO
Trans-sialidase OS V5ALY4
Trans-sialidase, putative OS Q4D095
Putative trans-sialidase, Group VI OS AO0A2V2UWQ5
Putative trans-sialidase, Group V OS A0A2V2UG39
Group of Putative trans-sialidase, Group I OS AOA2V2W854 (+1)
Putative trans-sialidase, Group VI OS AO0A2V2VZRO
Putative trans-sialidase, Group V OS AO0A2V2UNU3
Putative trans-sialidase OS AO0A2V2XDO7
Trans-sialidase, putative OS Q4DYM3
Trans-sialidase, putative OS Q4DV16
Trans-sialidase, putative OS Q4D825
Putative trans-sialidase, Group VIII OS AOA2V2VCK6
Trans-sialidase OS V5CYK?7
Putative trans-sialidase, Group VI OS AO0A2V2ULP2
Putative trans-sialidase, Group V OS A0A2V2UT43
Trans-sialidase, putative (Fragment) OS Q4DAAS
Trans-sialidase, putative OS Q4DZD4
Putative trans-sialidase, Group V OS AO0A2V2W455
Trans-sialidase OS V5AU49
Putative trans-sialidase, Group V OS AOA2V2WLEI1
Trans-sialidase, putative (Fragment) OS K2MUCO
Trans-sialidase, putative OS Q4DGZ2
Trans-sialidase OS V5BBS0
Trans-sialidase OS V5CIW9
Trans-sialidase OS V5ATI18
Trans-sialidase OS V5B818
Trans-sialidase, putative OS K2MUG?2
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Group of Transaldolase OS V5BHKO (+1) ‘

Putative trans-sialidase, Group IV OS AOA2V2VS5IS |

Putative trans-sialidase, Group V OS AO0A2V2WMO98 2 2 7
Putative trans-sialidase OS AOA2V2VNM3 5 2 2
Putative trans-sialidase OS AOA2V2W3P7 4 2 5
Putative trans-sialidase, Group II OS AO0A2V2XE98 4 2 2
Group of Putative trans-sialidase, Group I OS AO0A2V2UMY3 (+1) 10 2 1
Trans-sialidase OS V5AQ63 2 2 1
Putative trans-sialidase, Group V OS AO0A2V2UX92 1 2 -
Putative trans-sialidase, Group V OS A0A2V2UIGS 4 2

Trans-sialidase, putative OS Q4E2C0 1 2 1
Putative trans-sialidase OS AOA2V2VKS52 4 2 1
Putative trans-sialidase, Group VI OS AO0A2V2VU44 1 2

Trans-sialidase, putative OS Q4DIE5S 1 2

Trans-sialidase, putative OS Q4D2W7
Putative trans-sialidase, Group VI OS AO0A2V2VC(C38 2

Putative trans-sialidase, Group V OS AOA2V2V6R3 2

Putative trans-sialidase, Group V OS AO0A2V2UFQ4
Trans-sialidase OS V5ANS7
Trans-sialidase, putative OS Q4D9H3
Trans-sialidase OS V5API3

Putative trans-sialidase, Group V OS AO0A2V2XKL9
Trans-sialidase, putative OS K2MP77 2

Putative trans-sialidase OS AOA2V2XCES 2

Trans-sialidase, putative OS Q4CXWO0

Putative trans-sialidase, Group II OS AO0A2V2WIS6 2

Putative trans-sialidase OS AOA2V2VYE7 2

Putative trans-sialidase, Group II OS AO0A2V2XKQ2 2
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Putative trans-sialidase, Group V OS AO0A2V2XINO

Trans-sialidase, putative OS Q4CW78

Putative trans-sialidase, Group VI OS A0A2V2UXS55

Putative trans-sialidase, Group V OS AOA2V2VWL7

Putative trans-sialidase, Group II OS AOA2V2W318

Trans-sialidase, putative OS Q4D2L1

Trans-sialidase, putative OS Q4DD87

Trans-sialidase, putative OS Q4DEP9

Trans-sialidase, putative (Fragment) OS K2PAC6

Putative trans-sialidase, Group II OS AOA2V2XO0RS

Putative trans-sialidase, Group VII OS AO0A2V2V3L7

Putative trans-sialidase, Group V OS AOA2V2XMA7T

Trans-sialidase OS V5AUQ6

Trans-sialidase, putative OS Q4D6S1

Putative trans-sialidase, Group VI OS A0A2V2UXIO0

Putative trans-sialidase, Group V OS A0A2V2UZ92

Trans-sialidase, putative OS Q4DI1E7

Trans-sialidase, putative OS Q4DRKO

Putative trans-sialidase, Group III OS AOA2V2WEF29

Putative trans-sialidase, Group V OS AO0A2V2US45

Trans-sialidase, putative OS Q4DVI7 1 2
Trans-sialidase, putative OS K2N646 11 2
Trans-sialidase, putative OS Q4CTTO 1 2
Group of Putative trans-sialidase OS AOA2V2WFH7 (+1) 4 2
Trans-sialidase, putative OS Q4CX14 2 2
Trans-sialidase, putative OS Q4DE13 2 2
Putative trans-sialidase, Group VI OS AO0A2V2V1QO0 1 2
Group of Putative trans-sialidase, Group I OS A0A2V2X653 (+1)
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Aspartate aminotransferase OS

Q4CRK6

2
Putative trans-sialidase, Group VI OS AO0A2V2UXG2
Putative trans-sialidase, Group V OS AO0A2V2V3M?2
Putative trans-sialidase OS AOA2V2UYS5
Putative trans-sialidase, Group II OS AO0A2V2XK66
Trans-sialidase, putative OS Q4DAK1
Trans-sialidase, putative (Fragment) OS K2M2T7
Putative trans-sialidase, Group V OS AOA2V2URS7
Putative trans-sialidase, Group V OS AO0A2V2VLZ3
Putative trans-sialidase, Group VIII OS AO0A2V2XD60
Putative trans-sialidase, Group VII OS AOA2V2WLK?2
Trans-sialidase OS V5CHP6
Putative trans-sialidase, Group VIII OS AOA2V2XFS7
Trans-sialidase, putative (Fragment) OS K2NTC8
Trans-sialidase OS V5B2F2
Trans-sialidase OS V5AQUS
Putative trans-sialidase, Group II OS AOA2V2UXB7
Group of Nuclear transport factor 2, putative OS Q4CZU2 (+1)
Putative trans-sialidase, Group V OS AOA2V2WG22 4 1
Trans-sialidase, putative OS Q4DCY7 4 1
Putative trans-sialidase, Group V OS AO0A2V2XHCO 3 1
Putative trans-sialidase, Group V OS AO0A2V2XG34 2 1
Putative trans-sialidase, Group V OS AO0A2V2WNIO 1 1 1
Putative trans-sialidase, Group II OS AO0A2V2XT7F0 4 1 1
Putative trans-sialidase, Group II OS AO0A2V2X6G0 4 1 2
Trans-sialidase, putative OS Q4DU07 2 1 7
Trans-sialidase, putative OS Q4CQP5 6 1 9
Putative trans-sialidase, Group II OS AO0A2V2W707 4 1 _
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Trans-sialidase, putative OS Q4CZ95 1

Putative trans-sialidase, Group V OS AO0A2V2WMI6 1

Putative trans-sialidase, Group VI OS AOA2V2WHL9 1

Putative trans-sialidase, Group V OS AO0A2V2XIH2 1

Trans-sialidase, putative OS Q4DDR3 1

Putative trans-sialidase, Group VI OS AOA2V2XIN6 1

Putative trans-sialidase, Group V OS AOA2V2XAZ6 1

Trans-sialidase, putative OS Q4DDR1 1 1

Putative trans-sialidase, Group VI OS AOA2V2WWN4 1 1

Putative trans-sialidase, Group V OS AOA2V2W2V7
Putative trans-sialidase, Group II OS AOA2V2VTR9 2 1 1
Putative trans-sialidase, Group V OS AOA2V2W6L0 1 1 1
Putative trans-sialidase OS AOA2V2WIF2 1 1

Putative trans-sialidase, Group V OS AOA2V2W3Y4 1 1

Putative trans-sialidase, Group V OS AOA2V2VTNG6

Putative trans-sialidase, Group II OS A0A2V2UV35 1

Trans-sialidase, putative OS Q4D8V4 1

Trans-sialidase, putative OS Q4D110 1
Trans-sialidase-like protein OS A4GWE6 1

Putative trans-sialidase, Group IT OS AOA2V2V1]2

Putative trans-sialidase, Group V OS AO0A2V2XINS 1

Putative trans-sialidase, Group V OS AOA2V2ULES 1

Putative trans-sialidase, Group V OS AOA2V2VSI9

Putative trans-sialidase, Group V OS AO0A2V2WL79 1

Putative trans-sialidase, Group V OS AOA2V2VYO0l1 1

Putative trans-sialidase, Group V OS AO0A2V2XAU9 1

Putative trans-sialidase, Group VII OS AOA2V2X3A6

Putative trans-sialidase, Group V OS AOA2V2XIR1 1
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Putative trans-sialidase, Group V OS AO0A2V2WEQ9
Putative trans-sialidase, Group V OS AO0A2V2UVX9
Putative trans-sialidase, Group II OS A0A2V2VXS80
Trans-sialidase, putative (Fragment) OS K2N470
Putative trans-sialidase, Group II OS AOA2V2WTM?2
Trans-sialidase, putative OS Q4DV17
Putative trans-sialidase, Group VI OS A0A2V2UMI7
Putative trans-sialidase, Group VI OS AO0A2V2VUG62
Putative trans-sialidase, Group V OS AO0A2V2XIM4
Trans-sialidase OS V5BFX6
Putative trans-sialidase, Group II OS AO0A2V2WJ87
Putative trans-sialidase, Group V OS AO0A2V2WO035
Trans-sialidase OS V5AJR1
Trans-sialidase OS V5B1W5
Putative trans-sialidase, Group V OS AOA2V2VME2
Trans-sialidase, putative OS Q4CZ96
Putative trans-sialidase, Group V OS AOA2V2VLZ7
Trans-sialidase, putative OS K2MVGS8
Trans-sialidase, putative OS Q4DYC7
Putative trans-sialidase, Group II OS AOA2V2XHQ4
Trans-sialidase, putative (Fragment) OS K2L.ZP9
Nuclear transport factor 2, putative OS Q4D7TW2
Putative trans-sialidase, Group IV OS AOA2V2WA28
Trans-sialidase, putative OS Q4D5B9
Trans-sialidase, putative OS Q4DUP2
Putative trans-sialidase, Group V OS AOA2V2WWO02
Trans-sialidase, putative OS Q4DA40
Putative trans-sialidase, Group V OS AOA2V2WIG4
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Putative trans-sialidase, Group V OS AOA2V2WKA9
Trans-sialidase, putative OS Q4D6J3
Putative retrotransposon hot spot (RHS) protein OS A0A2V2UJ04
Trans-sialidase, putative OS Q4DH92

25 kDa translation elongation factor 1-beta OS Q4CQA2
Phosphotransferase OS AOA2V2WAH4
Trans-sialidase, putative OS Q4DKL5
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APPENDIX E: GP63 FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IB-4 LECTIN COLUMN FRACTIONS, a.-GAL(-) AND 0.-
GAL(+),FROM T. CRUZI COL STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

Group of Putative surface protease GP63 OS

AO0A2V2WIY8 (+1)

TCT Secr O-Gal(-) O-Gal(+)
Identified Proteins Accession Number Col (FT) (EL)
Col Col
Putative surface protease GP63 OS AOA2V2VLZ0 5
Group of Putative surface protease GP63 OS AOA2V2V47Z4 (+1) 4 10
Putative surface protease GP63 OS AOA2V2VDF6 5 8
Putative surface protease GP63 OS AO0A2V2UG46 6 7
Putative surface protease GP63 OS AOA2V2VA29 5 7
Putative surface protease GP63 OS AOA2V2VBG2 3 7
Putative surface protease GP63 OS AOA2V2V7L6 3 7
Group of Putative surface protease GP63 OS AOA2V2WXU3 (+1) 9 6
Putative surface protease GP63 OS AOA2V2UHNI1 6 5
Surface protease GP63, putative OS Q4DHC2 4 4
Putative surface protease GP63 OS AOA2V2W180 4 4
Surface protease GP63, putative OS Q4CWXO0 4 4
Putative surface protease GP63 OS AOA2V2WW17 4 4
Putative surface protease GP63 OS AO0A2V2USZS8 3 4
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Group of Putative surface protease GP63 OS AOA2V2WS871 (+1) 13 3
Putative surface protease GP63 OS AOA2V2VVNS 4 3
Putative surface protease GP63 OS AOA2V2WMB5S 4 3
Putative surface protease GP63 OS AOA2V2WK16 4 3
Putative surface protease GP63 OS AOA2V2WF49 2 3 2
Putative surface protease GP63 OS AOA2V2VWF6 [0 3 4




Surface protease GP63, putative OS Q4CPES5

Surface protease GP63, putative OS Q4DMQ1

Putative surface protease GP63 OS AO0A2V2V0U4
Putative surface protease GP63 OS A0A2V2W129
Group of Putative surface protease GP63 OS AO0A2V2UT65 (+1)
Surface protease GP63, putative OS Q4D7L1

Surface protease GP63, putative OS Q4E479

Surface protease GP63 OS V5A488

Putative surface protease GP63 OS A0A2V2WU92
Putative surface protease GP63 OS AO0A2V2WGP4
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APPENDIX F: : TCMUC II FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IB-4 LECTIN COLUMN FRACTIONS, a.-GAL(-) AND
0-GAL(+), FROM T'. CRUZI Y STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.
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TCT Secr O-Gal(-) O-Gal(+)

Identified Proteins Accession Number Y (FT) (EL)

Y Y
Putative mucin TcMUCII OS AOA2V2W2D1 3
Group of Putative mucin TcMUCII OS AO0A2V2X5V1 (+1) 2 60
Putative mucin TcMUCII OS AO0A2V2WRS81 1 52
Mucin TcMUCII, putative OS Q4CYF9 1 39
Putative mucin TcMUCII OS AO0A2V2WO0S7 1 35
Putative mucin TcMUCII OS AO0A2V2W3F2 2 35
Putative mucin TcMUCII OS A0A2V2VUIO 1 27
Putative mucin TcMUCII OS AO0A2V2WMF7 2 27
Mucin TcMUCII, putative OS Q4E071 0 26
Putative mucin TcMUCII OS AOA2V2WSQ6 3 22
Mucin TcMUCII, putative OS Q4E2C3 1 22
Mucin TcMUCII, putative OS Q4D7L0 1 22
Group of Mucin TcMUCII, putative OS Q4DCZ1 (+1) 1 22
Putative mucin TcMUCII OS AOA2V2WHEG6 1 22
Putative mucin TcMUCII OS AOA2V2VNS3 1 22
Mucin TcMUCII, putative OS Q4E3U5 2 20
Mucin TcMUCII, putative OS Q4E3V3 1 19
Group of Putative mucin TcMUCII OS AO0A2V2XGBS5 (+1) 2 15
Mucin TcMUCII, putative OS Q4E2B0 2 15
Mucin TcMUCII, putative OS Q4DIE3 2 15
Mucin TcMUCII, putative OS Q4DMO06 2 15




Putative mucin TcMUCII OS AOA2V2W791 1 15
Putative mucin TcMUCII OS AOA2V2X2R6 1 15
Putative mucin TcMUCII OS AOA2V2UYPS 1 15
Group of Putative mucin TcMUCII OS AO0A2V2X537 (+2) 1 15
Putative mucin TcMUCII OS AOA2V2XCR2 1 15
Mucin TcMUCII OS V5AN33 1 15
Mucin TcMUCII, putative OS Q4DM13 1 15
Putative mucin TcMUCII OS AO0A2V2XG98 1 15
Putative mucin TcMUCII OS AOA2V2WVMO 15
Putative mucin TcMUCII OS AOA2V2W6K6 0 12
Mucin TcMUCII, putative OS Q4E3D1 1 10
Mucin TcMUCII, putative OS Q4D1J6 0 9
Mucin TcMUCII, putative OS Q4CS53 3 7
Putative mucin TcMUCII OS AO0OA2V2WWUO 2 7
Mucin TcMUCII, putative OS Q4DFV4 2 7
Putative mucin TcMUCII OS AOA2V2WS5L6 2 7
Mucin TcMUCII, putative OS Q4CZ01 2 7
Putative mucin TcMUCII OS AOA2V2W6F4 2 7
Putative mucin TcMUCII OS AOA2V2XHA2 1 7
Putative mucin TcMUCII OS AOA2V2WCN5S 1 7
Group of Mucin TcMUCII, putative OS Q4CTN4 (+1) 1 7
Mucin TcMUCII, putative OS Q4DIF2 1 7
Putative mucin TcMUCII OS AO0A2V2UPQO 1 7
Mucin TcMUCII, putative OS Q4DY Vo6 1 7
Putative mucin TcMUCII OS AOA2V2VP28 1 7
Putative mucin TcMUCII OS AOA2V2WUPO 1 7
Mucin TcMUCII, putative OS Q4E5W2 1 7
Putative mucin TcMUCII OS AOA2V2XK83 1 7
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Putative mucin TcMUCII OS A0A2V2UZS3
Putative mucin TcMUCII OS AO0A2V2VDG1
Putative mucin TcMUCII OS A0A2V2UUVS
Putative mucin TcMUCII OS AO0A2V2X8SE
Putative mucin TcMUCII OS A0A2V2UZ9%4
Mucin TcMUCII, putative OS Q4E056
Putative mucin TcMUCII OS AOA2V2XATO
Putative mucin TcMUCII OS AO0A2V2X3L4
Putative mucin TcMUCII OS AOA2V2WWP4
Mucin TcMUCII, putative OS Q4E4X4
Putative mucin TcMUCII OS AOA2V2W3E7
Putative mucin TcMUCII OS AOA2V2VX53
Mucin TcMUCII, putative OS Q4E4X7
Mucin TcMUCII, putative OS Q4E3E1

Group of Mucin TcMUCII, putative OS Q4D803 (+1)
Putative mucin TcMUCII OS AO0A2V2UKD3
Putative mucin TcMUCII OS AOA2V2XMLI1
Putative mucin TcMUCII OS AO0A2V2VZU2
Mucin TcMUCII, putative OS Q4CX28
Mucin TcMUCII, putative OS Q4DFV7
Putative mucin TcMUCII OS AO0A2V2VXI3
Putative mucin TcMUCII OS AOA2V2WA411
Putative mucin TcMUCII OS AOA2V2WMSE1
Mucin TcMUCII, putative OS Q4D8A2
Mucin TcMUCII, putative OS Q4CWZ6
Putative mucin TcMUCII OS AOA2V2USA7
Mucin TcMUCII, putative OS Q4DQS1
Mucin TcMUCII, putative OS Q4D8R2
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Putative mucin TcMUCIL OS AOA2V2WMF2
Putative mucin TcMUCIL OS AOA2V2WHKS
Mucin TcMUCII, putative OS Q4DNS81
Putative mucin TcMUCIL OS AOA2V2XTIS
Putative mucin TcMUCIL OS AOA2V2W572
Putative mucin TcMUCIL OS AOA2V2WIH5
Mucin TcMUCII, putative OS Q4CT04
Mucin TcMUCII, putative OS Q4CUT4
Putative mucin TcMUCIL OS AOA2V2XATY
Mucin TeMUCII, putative OS Q4DF63
Putative mucin TeMUCII OS A0A2V2XHD6
Putative mucin TcMUCIL OS AOA2V2W6Y7
Putative mucin TcMUCIL OS AOA2V2VZQ6
Group of Mucin TeMUCII OS V5ASMS (+1)
Putative mucin TeMUCII OS ADA2V2UWUS
Putative mucin TcMUCIL OS AOA2V2UN14
Group of Putative mucin TcMUCII OS AOA2V2V7J2 (+1)
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APPENDIX G: MASP FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, ot-GAL(-) AND
0-GAL(+), FROM T'. CRUZI Y STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

Identified Proteins Accession Number
Mucin-associated surface protein (MASP) OS AOA2V2WTAS
Group of Mucin-associated surface protein (MASP) OS AO0A2V2XSL7 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2VCXT7
Mucin-associated surface protein (MASP) OS AO0A2V2WF02
Group of Mucin-associated surface protein (MASP) OS V5BF77 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2WT7B2
Mucin-associated surface protein (MASP) OS AO0A2V2VC34
Mucin-associated surface protein (MASP) OS AO0A2V2WC30
Mucin-associated surface protein (MASP) OS AOA2V2WT752
Mucin-associated surface protein (MASP) OS AO0A2V2US81
Group of Mucin-associated surface protein (MASP) OS V5BBK7 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2VRB7
Mucin-associated surface protein (MASP) OS AOA2V2W3E2
Mucin-associated surface protein (MASP) OS AOA2V2WP56
Mucin-associated surface protein (MASP), putative OS Q4E1Y4
Mucin-associated surface protein (MASP) OS AOA2V2X2N1
Mucin-associated surface protein (MASP), putative OS Q4D953

Group of Mucin-associated surface protein (MASP) OS AO0A2V2XGK1 (+1)
Mucin-associated surface protein (MASP), putative OS Q4CVHS5
Mucin-associated surface protein (MASP), putative OS Q4CQC5
Mucin-associated surface protein (MASP) OS AO0A2V2VS8I6
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Mucin-associated surface protein (MASP), putative OS Q4E1H4
Mucin-associated surface protein (MASP) OS AOA2V2WASS
Mucin-associated surface protein (MASP) OS AO0A2V2X4B4
Mucin-associated surface protein (MASP) OS AO0A2V2URO06
Mucin-associated surface protein (MASP) OS AO0A2V2UXX1 2

Mucin-associated surface protein (MASP) OS AOA2V2WFY4 2

Mucin-associated surface protein (MASP) OS AO0A2V2V2H3
Mucin-associated surface protein (MASP) OS AO0A2V2UT67
Group of Mucin-associated surface protein (MASP) OS V5D4V1 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2WOHO
Mucin-associated surface protein (MASP) OS AOA2V2WXAT
Mucin-associated surface protein (MASP) OS AO0A2V2X1J2
Mucin-associated surface protein (MASP) OS AOA2V2XPF9
Group of Mucin-associated surface protein (MASP) OS V5CKL1 (+1)
Mucin-associated surface protein (MASP) OS AO0A2V2VO018
Mucin-associated surface protein (MASP) OS AO0A2V2UGU2
Mucin-associated surface protein (MASP), putative OS Q4E1Z5
Mucin-associated surface protein (MASP) OS AOA2V2W6S9
Group of Mucin-associated surface protein (MASP) OS AO0A2V2XMGT (+1)
Mucin-associated surface protein (MASP), putative OS Q4DR50
Mucin-associated surface protein (MASP) OS AO0A2V2VZS0
Mucin-associated surface protein (MASP) OS AO0A2V2W274
Mucin-associated surface protein (MASP) OS A0A2V2UU16
Mucin-associated surface protein (MASP) OS AOA2V2W560
Mucin-associated surface protein (MASP), putative OS Q4D521
Mucin-associated surface protein (MASP) OS AO0A2V2VXG3
Mucin-associated surface protein (MASP) OS AOA2V2VE10
Mucin-associated surface protein (MASP) OS AOA2V2VDA6
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Mucin-associated surface protein (MASP), putative OS Q4E3U8
Mucin-associated surface protein (MASP) OS AO0A2V2UVI]7
Mucin-associated surface protein (MASP) OS AO0A2V2VNO1
Mucin-associated surface protein (MASP) OS A0A2V2V3J6
Mucin-associated surface protein (MASP) OS AO0A2V2V788
Mucin-associated surface protein (MASP) OS AO0A2V2VIR2
Mucin-associated surface protein (MASP) OS AOA2V2XM77
Mucin-associated surface protein (MASP), putative OS Q4CX27
Mucin-associated surface protein (MASP), putative OS Q4DQA3
Mucin-associated surface protein (MASP) OS AOA2V2W137
Mucin-associated surface protein (MASP) OS AO0A2V2XMK1
Mucin-associated surface protein (MASP) OS AO0A2V2WLI1
Mucin-associated surface protein (MASP), putative OS Q4CWA9
Mucin-associated surface protein (MASP) OS AO0A2V2XIP9
Mucin-associated surface protein (MASP), putative OS Q4D839
Mucin-associated surface protein (MASP) OS AO0A2V2X476
Mucin-associated surface protein (MASP), putative OS Q4E468
Mucin-associated surface protein (MASP), putative OS Q4CQD2
Mucin-associated surface protein (MASP) OS AOA2V2WUK7
Mucin-associated surface protein (MASP) OS AOA2V2WMO66
Mucin-associated surface protein (MASP), putative OS Q4E3E0

Group of Mucin-associated surface protein (MASP) OS AO0A2V2XBBS (+6)
Mucin-associated surface protein (MASP) OS AO0A2V2XAGO
Group of Mucin-associated surface protein (MASP) OS A0A2V2X506 (+1)
Mucin-associated surface protein (MASP), putative OS Q4D4U0
Mucin-associated surface protein (MASP) OS AOA2V2WOR7
Mucin-associated surface protein (MASP) OS AOA2V2X2YS
Mucin-associated surface protein (MASP), putative (Fragment) OS Q4CNN7
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Mucin-associated surface protein (MASP) OS AOA2V2WXUG6
Mucin-associated surface protein (MASP), putative OS Q4DT31
Group of Mucin-associated surface protein (MASP) OS V5B7HS (+1) 1

Mucin-associated surface protein (MASP) OS AO0A2V2VDPS 1

Mucin-associated surface protein (MASP), putative OS Q4E3V5 1

Mucin-associated surface protein (MASP) OS AOA2V2VII8 1

Group of Mucin-associated surface protein (MASP) OS V5D3MI1 (+1) 1

Mucin-associated surface protein (MASP), putative OS Q4E194
Mucin-associated surface protein (MASP) OS AO0A2V2VM18
Mucin-associated surface protein (MASP) OS V5BBT4
Mucin-associated surface protein (MASP) OS AO0A2V2W3Ll1
Mucin-associated surface protein (MASP) OS AO0A2V2UT23
Group of Mucin-associated surface protein (MASP) OS V5AL36 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2XKW?2
Mucin-associated surface protein (MASP) OS AO0A2V2WULS
Mucin-associated surface protein (MASP) OS AO0A2V2WSD9
Mucin-associated surface protein (MASP) OS AOA2V2WOAS
Mucin-associated surface protein (MASP) OS AOA2V2WST1
Mucin-associated surface protein (MASP) OS AOA2V2W3J0
Mucin-associated surface protein (MASP) OS AOA2V2WS5I4
Mucin-associated surface protein (MASP) OS AO0A2V2VFS80
Mucin-associated surface protein (MASP) OS AOA2V2W399
Group of Mucin-associated surface protein (MASP) OS V5B2C2 (+1)
Mucin-associated surface protein (MASP) OS AOA2V2VQW1
Mucin-associated surface protein (MASP) OS V5B2W7
Mucin-associated surface protein (MASP) OS AO0A2V2VXC7
Mucin-associated surface protein (MASP) OS AO0A2V2V826
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trlAOA2V2X147-DECOYIA0A2V2XI47-DECOY_TRYCR Mucin-associated
surface protein (MASP)...

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP), putative OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

A0A2V2X147-
DECOY

AOA2V2VOHI1
Q4D782
AOA2V2VIF6
ADA2V2W6II
AOA2V2VIK3
AOA2V2VQS5
ADA2V2V3P2
AOA2V2VNG6
ADA2V2W6F2
Q4E1Y9
AOA2V2VBRG6
ADA2V2UT92
AOA2V2UV69
V5BBLI
AOA2V2UMBY
AOA2V2UREQ
V5BEGT
AOA2V2VQ46
ADA2V2VMAL
AOA2V2WTX4 (+1)
Q4D1G4
Q4D998
V5BBBO (+1)
AOA2V2UQX5
AOA2V2VIK7
Q4DJL2
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Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP), putative OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

V5A3C9
AOA2V2XAE3
AOA2V2X238
AOA2V2URTO
AOA2V2UQD4
AOA2V2VIX2
AOA2V2UXG6
AOA2V2V5SW8
AOA2V2VD54
AOA2V2W3N4 (+1)
V5BF73
A0A2V2UZDO
V5D744 (+1)
AOA2V2VXTT
Q4E380
Q4DXP7
Q4E493
V5AZK4 (+1)
AOA2V2VW083
AOA2V2USB3
Q4E455
V5BEX0
V5AUGT (+1)
V5D3A6
AOA2V2W529
AOA2V2VBN9
AOA2V2W311
AOA2V2USV3 (+1)
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Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (Fragment) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP), putative OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Group of Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

Mucin-associated surface protein (MASP) OS

AOA2V2WZX1
AOA2V2VT61
AOA2V2WB84
AOA2V2XBDO
AOA2V2XAR2
Q4CSJ9
AOA2V2VTAS (+1)
AOA2V2XIII
AOA2V2XCT0
AOA2V2XCN3
AOA2V2UYK3
Q4E1AS8
AOA2V2VZMS
V5B9Y3
AOA2V2XM45
AOA2V2WUIS
V5AJ74 (+2)
AOA2V2W061
G4V514 (+4)
AOA2V2WAR3
Q4DGU9
AOA2V2UPB4 (+1)
V5B3QV
AOA2V2WIG6
AOA2V2USPS (+4)
AOA2V2WIL6
AOA2V2UWTY
AOA2V2X979
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Mucin-associated surface protein (MASP) OS AO0A2V2WSU1
Mucin-associated surface protein (MASP) OS AO0A2V2V087
Mucin-associated surface protein (MASP) OS AOA2V2W6J7
Mucin-associated surface protein (MASP) OS AOA2V2W6NS
Mucin-associated surface protein (MASP), putative OS Q4DGBS8
Mucin-associated surface protein (MASP) OS AO0A2V2UUS89
Mucin-associated surface protein (MASP), putative (Fragment) OS Q4CLC5
Mucin-associated surface protein (MASP), putative OS Q4DNS82
Mucin-associated surface protein (MASP), putative OS Q4DE0O4
Mucin-associated surface protein (MASP), putative OS Q4CS03
Mucin-associated surface protein (MASP) OS AO0A2V2XKDS8
Mucin-associated surface protein (MASP) OS A0A2V2UQ49
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APPENDIX H: TS FAMILY MEMBERS IDENTIFIED IN TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, at-GAL(-) AND o.-
GAL(+), FROM Y STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.
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TCT Secr O-Gal(-) O-Gal(+)

Identified Proteins Accession Number (FT) (EL)

Y
Putative trans-sialidase, Group I OS A0A2V2UWIO 10
Trans-sialidase, putative OS Q4DA40
Trans-sialidase, putative OS Q4DTW4
Trans-sialidase, putative OS Q4DH92
Putative trans-sialidase, Group VI OS AO0A2V2WHL9 “
Trans-sialidase, putative OS Q4DCY7 “
Trans-sialidase, putative OS Q4DIN1 “
Group of Putative trans-sialidase, Group I OS AOA2V2W854 (+1) 7
Putative trans-sialidase, Group V OS AO0A2V2WG22 7
Putative trans-sialidase, Group V OS AO0A2V2WMO98 7
Putative trans-sialidase, Group VII OS AOA2V2X3A6 7
Trans-sialidase OS Q26969 7
Trans-sialidase, putative OS Q4D9H3
Group of Putative trans-sialidase OS AOA2V2XDR2 (+1) 6
Putative trans-sialidase, Group I OS AO0A2V2WSP5 6
Putative trans-sialidase, Group Il OS AOA2V2XE98 6|
Putative trans-sialidase, Group V OS A0A2V2V]94 3 6
Trans-sialidase, putative OS Q4DVIJ1 3 6
Group of Putative trans-sialidase, Group I OS AO0A2V2X653 (+1) 4 5
Putative trans-sialidase OS AOA2V2VNM3 3 5
Putative trans-sialidase OS AOA2V2VKS52 3 5




Putative trans-sialidase OS AOA2V2WFX7
Putative trans-sialidase OS AO0A2V2WBO08
Putative trans-sialidase, Group I OS AO0A2V2X1Q1 8 5
Putative trans-sialidase, Group I OS AOA2V2WXL6 9 5
Putative trans-sialidase, Group II OS AO0A2V2VASS 8 5
Putative trans-sialidase, Group II OS AOA2V2WIS6 1 5
Putative trans-sialidase, Group V OS AO0A2V2XHCO 1 5
Putative trans-sialidase, Group V OS AOA2V2WNIJO 10 5
Trans-sialidase (Fragment) OS B3VSM6 7 5
Trans-sialidase, putative OS Q4DQ76 6 5
Trans-sialidase, putative OS Q4CTX4 9 5
Trans-sialidase, putative OS Q4CX14 4 5
Putative trans-sialidase OS A0A2V2XDO07 1 4
Putative trans-sialidase, Group I OS A0A2V2UQ56 6 4
Putative trans-sialidase, Group II OS A0A2V2XTF0 8 4
Putative trans-sialidase, Group II OS AO0A2V2X6G0 4 4
Putative trans-sialidase, Group II OS AO0A2V2XKQ2 9 4
Putative trans-sialidase, Group II OS A0A2V2V1]2 8 4
Putative trans-sialidase, Group II OS AO0A2V2X5M9 6 4
Putative trans-sialidase, Group II OS AO0A2V2WZ]7 6 4
Putative trans-sialidase, Group Il OS AOA2V2XLRY
Putative trans-sialidase, Group V OS A0A2V2XG34 4
Putative trans-sialidase, Group V OS A0A2V2VXI5 4
Putative trans-sialidase, Group V OS AO0A2V2WOM9 4
Putative trans-sialidase, Group V OS AOA2V2VEF1 4
Putative trans-sialidase, Group V OS AO0A2V2XMA7 4
Trans-sialidase, putative OS Q4E2C0
Trans-sialidase, putative OS Q4CXWO0 4
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Trans-sialidase, putative OS Q4DTW9
Trans-sialidase, putative OS Q4D8V4 4
Group of TS-193 trans-sialidase homolog protein OS Q4R2TO (+1) 3
Putative trans-sialidase, Group I OS AO0A2V2VQS7 3
Putative trans-sialidase, Group I OS AO0A2V2X778 3
Putative trans-sialidase, Group I OS AO0A2V2VZH5 3
Putative trans-sialidase, Group II OS AO0A2V2W707 3
Putative trans-sialidase, Group Il OS AOA2V2VX80
Putative trans-sialidase, Group II OS AO0A2V2WI87 3
Putative trans-sialidase, Group V OS AOA2V2VER7 3
Putative trans-sialidase, Group V OS AOA2V2XAZ6
Putative trans-sialidase, Group V OS AOA2V2XAU9
Putative trans-sialidase, Group VII OS AOA2V2WLK?2
Trans-sialidase, putative OS Q4CZ95
Trans-sialidase, putative OS Q4DBE7
Trans-sialidase, putative OS Q4DV16
Trans-sialidase, putative OS Q4E0C8
Group of Putative trans-sialidase, Group I OS AOA2V2W161 (+1) 6 2
Putative trans-sialidase OS AO0A2V2V275 1 2
Putative trans-sialidase OS AO0A2V2V3I5 1 2
Putative trans-sialidase, Group I OS AO0A2V2VMW6 5 2
Putative trans-sialidase, Group II OS AOA2V2ULD3 1 2
Putative trans-sialidase, Group II OS AOA2V2VTR9 4 2
Putative trans-sialidase, Group II OS AOA2V2UWA9 3 2
Putative trans-sialidase, Group II OS AOA2V2W318 3 2
Putative trans-sialidase, Group II OS AOA2V2WE]2
Putative trans-sialidase, Group II OS AOA2V2XHQ4
Putative trans-sialidase, Group II OS AO0A2V2X219
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Putative trans-sialidase, Group III OS A0A2V2UUS80 2
Putative trans-sialidase, Group V OS AO0A2V2VEDO0 2
Putative trans-sialidase, Group V OS A0A2V2UJV5 2
Putative trans-sialidase, Group V OS AO0A2V2UYRO 2
Putative trans-sialidase, Group V OS AO0A2V2UQK6 2
Putative trans-sialidase, Group V OS AOA2V2VXN3 2
Putative trans-sialidase, Group V OS AO0A2V2W442 2
Putative trans-sialidase, Group V OS AOA2V2VXA3
Putative trans-sialidase, Group V OS AO0A2V2VXI]2
Putative trans-sialidase, Group V OS AOA2V2UWJ2
Putative trans-sialidase, Group V OS AO0A2V2WGWO 2
Putative trans-sialidase, Group V OS AO0A2V2WMI6 2
Putative trans-sialidase, Group V OS AO0A2V2XIH2 2
Putative trans-sialidase, Group V OS AO0A2V2UFQ4 2
Putative trans-sialidase, Group V OS A0A2V2VCGl
Putative trans-sialidase, Group V OS AOA2V2US98
Putative trans-sialidase, Group V OS AOA2V2W424
Putative trans-sialidase, Group V OS AOA2V2WKA9
Putative trans-sialidase, Group VII OS AOA2V2VNAS
Putative trans-sialidase, Group VIII OS AO0A2V2UTK4
Putative trans-sialidase, Group VIII OS AOA2V2VGF6
Trans-sialidase OS V5B004
Trans-sialidase OS V5AMTO
Trans-sialidase, putative OS Q4DU07 2
Trans-sialidase, putative OS Q4CQP5 2
Trans-sialidase, putative OS Q4D2W7 2
Trans-sialidase, putative OS Q4DDR1
Trans-sialidase, putative OS Q4DYM3 2
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Trans-sialidase, putative OS Q4D825 2
Trans-sialidase, putative OS Q4DEP9 2
Trans-sialidase, putative OS Q4DZD4 2
Trans-sialidase, putative OS Q4DRKO 2
Trans-sialidase, putative OS Q4DVI7 2
Trans-sialidase, putative OS Q4DV17
Trans-sialidase, putative OS Q4CSS2
Trans-sialidase, putative OS Q4DYC7
Trans-sialidase, putative OS Q4DKL5
Group of Putative trans-sialidase OS AOA2V2WFH7 (+1)

Group of Putative trans-sialidase, Group II OS

AO0A2V2UMY3 (+1)

Group of Putative trans-sialidase, Group II OS

AOA2V2UVV3 (+1)

Group of Putative trans-sialidase, Group II OS

AO0A2V2XD71 (+1)

—_ | =] =

Group of Putative trans-sialidase, Group III OS

2
>
)
<
™)
G
<
z
x

I

I

Putative trans-sialidase OS AOA2V2WIF2
Putative trans-sialidase OS AOA2V2XCES 3 1

Putative trans-sialidase, Group II OS AOA2V2WS5Y9 3 1

Putative trans-sialidase, Group II OS AOA2V2WGES 1 1

Putative trans-sialidase, Group II OS AO0A2V2UHMS 1 1

Putative trans-sialidase, Group Il OS AOA2V2VOH5 |
Putative trans-sialidase, Group II OS AOA2V2VI1F7
Putative trans-sialidase, Group Il OS AOA2V2UZ79 |
Putative trans-sialidase, Group I OS AOA2V2UV35
Putative trans-sialidase, Group II OS AO0A2V2UIK4 ‘
Putative trans-sialidase, Group II OS AOA2V2XO0RS
Putative trans-sialidase, Group Il OS AOA2V2UWCS |
Putative trans-sialidase, Group Il OS AOA2V2V198 |
Putative trans-sialidase, Group II OS AOA2V2WTM?2 ‘
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Putative trans-sialidase, Group II OS AOA2V2UXB7
Putative trans-sialidase, Group III OS AOA2V2UWB4 1
Putative trans-sialidase, Group III OS A0A2V2UU09 1
Putative trans-sialidase, Group III OS AOA2V2WEF29 1
Putative trans-sialidase, Group IV OS AOA2V2WA28
Putative trans-sialidase, Group V OS AOA2V2V0J7
Putative trans-sialidase, Group V OS AOA2V2W4W 1
Putative trans-sialidase, Group V OS AOA2V2VIT3 1
Putative trans-sialidase, Group V OS AOA2V2V1I8 1
Putative trans-sialidase, Group V OS AO0A2V2UIJI3 1
Putative trans-sialidase, Group V OS AO0A2V2VTX9 1
Putative trans-sialidase, Group V OS AOA2V2UPSO
Putative trans-sialidase, Group V OS AOA2V2VUH3
Putative trans-sialidase, Group V OS AOA2V2VI1P3 1
Putative trans-sialidase, Group V OS AO0A2V2USES 1
Putative trans-sialidase, Group V OS AOA2V2UNWS5 1
Putative trans-sialidase, Group V OS A0A2V2UX92
Putative trans-sialidase, Group V OS AO0A2V2UUV3 1
Putative trans-sialidase, Group V OS A0A2V2UG39 1
Putative trans-sialidase, Group V OS AOA2V2W469
Putative trans-sialidase, Group V OS AOA2V2VF15
Putative trans-sialidase, Group V OS AOA2V2W6LO
Putative trans-sialidase, Group V OS AOA2V2UNU3
Putative trans-sialidase, Group V OS AOA2V2W3Y4
Putative trans-sialidase, Group V OS AO0A2V2UPP9
Putative trans-sialidase, Group V OS AOA2V2WIG4
Putative trans-sialidase, Group V OS AOA2V2VWL7
Putative trans-sialidase, Group V OS AOA2V2XINS
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Putative trans-sialidase, Group V OS AOA2V2ULES
Putative trans-sialidase, Group V OS AOA2V2WLT9
Putative trans-sialidase, Group V OS A0A2V2UT43
Putative trans-sialidase, Group V OS AO0A2V2W455
Putative trans-sialidase, Group V OS AOA2V2XIR1
Putative trans-sialidase, Group V OS AOA2V2WEQ9
Putative trans-sialidase, Group V OS AO0A2V2XIM4
Putative trans-sialidase, Group VI OS AOA2V2UWQS
Putative trans-sialidase, Group VI OS AO0A2V2VU44
Putative trans-sialidase, Group VI OS AO0A2V2VZRO
Putative trans-sialidase, Group VI OS AOA2V2WWN4
Putative trans-sialidase, Group VI OS AOA2V2UX55
Putative trans-sialidase, Group VI OS AO0A2V2ULP2
Putative trans-sialidase, Group VI OS AOA2V2UXJ0
Putative trans-sialidase, Group VI OS AOA2V2VUG2
Putative trans-sialidase, Group VII OS AO0A2V2V3L7 1
Putative trans-sialidase, Group VII OS AO0A2V2UFH4 1
Putative trans-sialidase, Group VIII OS AOA2V2WUF2 1
Putative trans-sialidase, Group VIII OS AO0A2V2URZ2
Putative trans-sialidase, Group VIII OS AO0A2V2WQD7
Putative trans-sialidase, Group VIII OS AO0A2V2XD60
Putative trans-sialidase, Group VIII OS AO0A2V2XFS7 1
Trans-sialidase (Fragment) OS Q26887 1
Trans-sialidase OS V5AMH3
Trans-sialidase OS V5CIUS 1
Trans-sialidase OS V5D006 1
Trans-sialidase OS V5ANG62 1
Trans-sialidase OS V5B534 1
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Trans-sialidase OS V5ANS87 1
Trans-sialidase OS V5CYK7 1
Trans-sialidase OS V5B4E0
Trans-sialidase OS V5AU49 1
Trans-sialidase OS V5CJC4 1
Trans-sialidase OS V5CIW9
Trans-sialidase OS V5BFX6
Trans-sialidase OS V5AJR1
Trans-sialidase OS V5ATI18
Trans-sialidase OS V5AQUS
Trans-sialidase-like protein OS A4GWE6
Trans-sialidase, putative (Fragment) OS Q4DAA5S 1
Trans-sialidase, putative OS Q4D095 1
Trans-sialidase, putative OS Q4DDR3 1
Trans-sialidase, putative OS Q4DIES
Trans-sialidase, putative OS Q4D110
Trans-sialidase, putative OS Q4D2L1
Trans-sialidase, putative OS Q4DD87 1
Trans-sialidase, putative OS Q4D6S1 1
Trans-sialidase, putative OS Q4DE13
Trans-sialidase, putative OS Q4DGZ2
Trans-sialidase, putative OS Q4CZ96
Trans-sialidase, putative OS Q4D6J3
Trans-sialidase, putative OS K2MUG2
Trans-sialidase, putative OS Q4D5B9
Putative trans-sialidase OS AOA2V2W3P7 ‘
Putative trans-sialidase, Group V OS AOA2V2WWO02 ‘
Putative trans-sialidase, Group V OS AO0A2V2V938 ‘
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Putative trans-sialidase, Group V OS A0A2V2VSJI9 2
Putative trans-sialidase, Group V OS AO0A2V2V3IM2 1
Putative trans-sialidase, Group VI OS AO0A2V2XING6 1
Putative trans-sialidase, Group VI OS AO0A2V2UXG?2 1
Putative trans-sialidase, Group VIII OS AO0A2V2UUTS 1
Putative trans-sialidase, Group VIII OS AO0A2V2V2P3 1
Trans-sialidase OS V5BQA7 3
Trans-sialidase OS V5A2Q8 1
Trans-sialidase OS V5ANI3 3
Trans-sialidase OS V5B2F2 1
Trans-sialidase, putative (Fragment) OS K2N470 1
Trans-sialidase, putative (Fragment) OS K2M2T7 1
Trans-sialidase, putative OS Q4DUP2 1
Trans-sialidase, putative OS Q4D1E7 1

231




APPENDIX I: GP63 FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, a.-GAL(-) AND
0-GAL(+), FROM T'. CRUZI Y STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr O-Gal(-) O-Gal(+)
Identified Proteins Accession Number Y (FT) (EL)
Y Y
Putative surface protease GP63 OS AO0A2V2WGP4 6 6
Putative surface protease GP63 OS AOA2V2XEPS 6 5
Putative surface protease GP63 OS AOA2V2W180 4 4
Putative surface protease GP63 OS AOA2V2VVNS 3 4
Putative surface protease GP63 OS AO0A2V2WK16 3 4
Group of Putative surface protease GP63 OS AO0A2V2WXU3 (+1) _ 4
Putative surface protease GP63 OS AO0A2V2VEX2 4 3
Putative surface protease GP63 OS AO0A2V2VBH2 4 3
Putative surface protease GP63 OS A0A2V2UG46 3 3
Surface protease GP63, putative OS Q4DHC2 4 3
Putative surface protease GP63 OS AO0A2V2WMBS5 3 3
Putative surface protease GP63 OS AOA2V2WW17 4 3
Putative surface protease GP63 OS AO0A2V2UHNI1 4 2
Surface protease GP63, putative OS Q4CWXO0 3 2
Putative surface protease GP63 OS AO0A2V2VBG2 3 2
Putative surface protease GP63 OS A0A2V2VLZ0 2
Putative surface protease GP63 OS AO0A2V2VTL6 2
Putative surface protease GP63 OS AO0A2V2VDF6 1
Putative surface protease GP63 OS AO0A2V2VA29 1
Group of Putative surface protease GP63 OS AOA2V2WSET1 (+1) 1
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Group of Putative surface protease GP63 OS

A0A2V2V4Z4 (+1)

Group of Putative surface protease GP63 OS

AOA2V2WIY8 (+1)
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APPENDIX J: : TCMUC II FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IB-4 LECTIN COLUMN FRACTIONS, o.-GAL(-) AND

o-GAL(+), FROM T. CRUZI CLB STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr O-Gal(-) O-Gal(+)
Identified Proteins Accession Number CLB (FT) (EL)
CLB CLB
Putative mucin TcMUCII OS AOA2V2WRS81_TRYCR 2 5 49
Cluster of Mucin TcMUCII, putative OS Q4E056_TRYCC [3] 3 4 41
Cluster of Mucin TcMUCII, putative OS Q4CZ01_TRYCC [2] 3 3 37
Mucin TcMUCII, putative OS= Q4CYF9_TRYCC 2 2 33
Cluster of Mucin TcMUCII, putative OS= Q4CVMT7_TRYCC [6] 4 11 28
Mucin TcMUCII, putative OS Q4D1J6_TRYCC 2 1 25
Cluster of Putative mucin TcMUCII OS AOA2V2W2D1_TRYCR [3] 2 2 21
Mucin TcMUCII, putative OS Q4DIF2_TRYCC 1 1 21
Mucin TcMUCII, putative OS Q4DKJ4_TRYCC (+1) 1 1 21
Mucin TcMUCII, putative OS Q4DM13_TRYCC 0 0 21
Putative mucin TcMUCII OS AOA2V2XHF8 TRYCR 1 1 20
Putative mucin TcMUCII OS AOA2V2WOT6_TRYCR 0 0 17
Putative mucin TcMUCII OS AOA2V2XH36_TRYCR 2 0 17
Putative mucin TcMUCII OS AOA2V2WWP4_TRYCR 2 4 16
Putative mucin TcMUCII OS AOA2V2WUPO_TRYCR 0 3 16
Putative mucin TcMUCII OS AOA2V2XGB5_TRYCR 0 2 16
Putative mucin TcMUCII OS AOA2V2WHEG6_TRYCR 0 1 16
Cluster of Putative mucin TcMUCII OS AOA2V2W6K6_TRYCR [3] 3 2 16
Putative mucin TcMUCII OS AOA2V2XIF6_TRYCR 2 5 16
Putative mucin TcMUCII OS AOA2V2W6QI1_TRYCR 0 0 8
Mucin TcMUCII, putative OS Q4E463_TRYCC 0 0 8
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Mucin TcMUCII, putative OS Q4DXZ9 TRYCC

Mucin TcMUCII, putative OS Q4CMKS8_TRYCC

Mucin TcMUCII, putative OS Q4E3V3_TRYCC

Cluster of Mucin TcMUCII, putative OS Q4DU44_TRYCC [2]
Cluster of Mucin TcMUCII, putative OS Q4E3E1_TRYCC [3]
Cluster of Mucin TcMUCII, putative OS Q4DTB6_TRYCC [2]
Cluster of Putative mucin TcMUCII OS AOA2V2WO6F4_TRYCR [4]
Cluster of Putative mucin TcMUCII OS AO0A2V2WOS8_TRYCR [3]
Cluster of Putative mucin TcMUCII OS AO0A2V2X7L6_TRYCR [3]
Cluster of Putative mucin TcMUCII OS AO0A2V2X8S8_TRYCR [2]
Cluster of Putative mucin TcMUCII OS AO0A2V2WMSE1_TRYCR [3]

Putative mucin TcMUCII OS

AO0A2V2WS5L6_TRYCR

Putative mucin TcMUCII OS

AO0A2V2WS8B5_TRYCR

Putative mucin TcMUCII OS

AO0A2V2W3F2_TRYCR

Putative mucin TcMUCII OS

A0A2V2X8C2_TRYCR

Putative mucin TcMUCII OS

A0A2V2X4V6_TRYCR

Putative mucin TcMUCII OS

A0A2V2X3L4 TRYCR

Putative mucin TcMUCII OS

AOA2V2X537_TRYCR (+2)

Putative mucin TcMUCII OS

A0A2V2V976_TRYCR

Putative mucin TcMUCII OS

AO0A2V2XML1_TRYCR

Putative mucin TcMUCII OS

AOA2V2WYV2 TRYCR

Putative mucin TcMUCII OS

AOA2V2WSK9_TRYCR
1)

Putative mucin TcMUCII OS

AOA2V2WSQ6_TRYCR
1)

Putative mucin TcMUCII OS

AO0A2V2WXB6_TRYCR

1
1
1
1
4
1
1
2

Putative mucin TcMUCII OS

AOA2V2WRR3_TRYCR

Putative mucin TcMUCII OS

AOA2V2WQY3_TRYCR
(+2)
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Putative mucin TcMUCII OS

AOA2V2WMEF2_TRYCR

Mucin TcMUCII, putative OS

Q4CWZ6_TRYCC

Mucin TcMUCII, putative OS

Q4CX28_TRYCC

Mucin TcMUCII, putative OS

Q4DXA0_TRYCC

Mucin TcMUCII, putative OS

Q4DIE3_TRYCC

Mucin TcMUCII, putative OS

Q4DP79 _TRYCC

Mucin TcMUCII, putative OS

Q4D7L0_TRYCC

Mucin TcMUCII, putative OS

Q4DFV4_TRYCC

Mucin TcMUCII, putative OS

Q4DFV7_TRYCC

Mucin TcMUCII, putative OS

Q4DJR8_TRYCC

Mucin TcMUCII, putative OS

Q4CS53_TRYCC

Mucin TcMUCII, putative OS

Q4E4X7_TRYCC

Mucin TcMUCII, putative OS

Q4E2B0_TRYCC

Mucin TcMUCII, putative OS

Q4E2C3_TRYCC

Mucin TcMUCII, putative OS

Q4DMO06_TRYCC
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APPENDIX K: MASP FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, o.-GAL(-) AND
0-GAL(+), FROM T'. CRUZI CLB STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr O-Gal(-) O-Gal(+)
Identified Proteins Accession Number CLB (FT) (EL)
CLB CLB
AOA2V2W7A5_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [10]
AOA2V2WXAT7_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [26]
AOA2V2WP56_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [5]
Cluster of Mucin-associated surface protein (MASP), putative
(O] Q4D9A4_TRYCC [2]
Mucin-associated surface protein (MASP) OS AOA2V2XJW9_TRYCR
Mucin-associated surface protein (MASP), putative OS Q4D521_TRYCC
AOA2V2W3E2_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [17]
Cluster of Mucin-associated surface protein (MASP), putative
(O] Q4DX99_TRYCC [22]
Mucin-associated surface protein (MASP) OS AO0A2V2W137_TRYCR
AOA2V2XS5L7_TRYCR
Mucin-associated surface protein (MASP) OS (+1)
AOA2V2XTH9_TRYCR
Mucin-associated surface protein (MASP) OS (+1)
Mucin-associated surface protein (MASP), putative OS Q4DT31_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4E1Y4_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4CVHS5_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4E3E0_TRYCC
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Mucin-associated surface protein (MASP), putative OS

Q4CVA6_TRYCC

Cluster of Mucin-associated surface protein (MASP) OS

AOA2V2XAR2_TRYCR
[21]

Cluster of Mucin-associated surface protein (MASP) OS

AOA2V2XPL1_TRYCR
(2]

Cluster of Mucin-associated surface protein (MASP) OS

AOA2V2XG47_TRYCR
[3]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4CX27_TRYCC [11]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4DE04_TRYCC [13]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4DXA2 _TRYCC [2]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4D4B2_TRYCC [2]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4E493_TRYCC [15]

Cluster of Mucin-associated surface protein (MASP), putative
(0N

Q4CR59_TRYCC [2]

Mucin-associated surface protein (MASP) OS

AO0A2V2WD41_TRYCR

Mucin-associated surface protein (MASP) OS

AOA2V2WAS8_TRYCR

Mucin-associated surface protein (MASP) OS

AO0A2V2W7Y9_TRYCR

Mucin-associated surface protein (MASP) OS

AO0A2V2WS5V7_TRYCR

Mucin-associated surface protein (MASP) OS

AO0A2V2XA41_TRYCR

Mucin-associated surface protein (MASP) OS

A0A2V2X506_TRYCR
1)

Mucin-associated surface protein (MASP) OS

AO0A2V2XAVO_TRYCR

Mucin-associated surface protein (MASP) OS

A0A2V2X4B4 TRYCR

Mucin-associated surface protein (MASP) OS

A0A2V2VE8I6_TRYCR

Mucin-associated surface protein (MASP) OS

AO0A2V2XKJ8_TRYCR

Mucin-associated surface protein (MASP) OS

AOA2V2WTHI1_TRYCR
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Mucin-associated surface protein (MASP), putative OS Q4CSJ9_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4E455_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DLD3_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DYF1_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4E194_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DU24_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4E3E7_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DR50_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DZS8_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DGC2_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4CQC5_TRYCC
AOA2V2WCWT7_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [5]
AOA2V2WWT4_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [5]
AOA2V2WYN7_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [3]
AOA2V2XMO3_TRYCR
Cluster of Mucin-associated surface protein (MASP) OS [2]
Cluster of Mucin-associated surface protein (MASP), putative
(Fragment) OS Q4CNN7_TRYCC [2]
Cluster of Mucin-associated surface protein (MASP), putative
(O] Q4D843_TRYCC [3]
Cluster of Mucin-associated surface protein (MASP), putative
(O] Q4D953_TRYCC [6]
Mucin-associated surface protein (MASP) OS AOA2V2VR30_TRYCR
Mucin-associated surface protein (MASP) OS AOA2V2XMKI1_TRYCR
Mucin-associated surface protein (MASP), putative OS Q4DQY9_TRYCC
Mucin-associated surface protein (MASP), putative OS Q4DQW7_TRYCC
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Cluster of Mucin-associated surface protein (MASP) OS

AOA2V2XM45_TRYCR
[4]
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APPENDIX L: TS FAMILY MEMBERS IDENTIFIED IN TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, o.-GAL(-) AND o.-
GAL(+), FROM CLB STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr O-Gal(-) O-Gal(+)

Identified Proteins Accession Number CLB (FT) (EL)

CLB CLB
Cluster of Putative trans-sialidase, Group IT OS | AOA2V2W9S6_TRYCR [175] ‘ ‘
Cluster of Trans-sialidase, putative OS Q4DVI1_TRYCC [6] ‘
Cluster of Trans-sialidase, putative OS Q4CTX4_TRYCC [2] “
Trans-sialidase, putative OS Q4DV16_TRYCC ‘
Cluster of Trans-sialidase OS Q26969_TRYCR [20] |
Cluster of Trans-sialidase, putative OS Q4DH92_TRYCC [2] ‘
Cluster of Trans-sialidase, putative OS Q4DV17_TRYCC [2]
Cluster of Trans-sialidase, putative OS Q4E026_TRYCC [2] ‘
Putative trans-sialidase, Group V OS AOA2V2WWO02_TRYCR ‘
Trans-sialidase, putative OS Q4CQL8_TRYCC ‘
Trans-sialidase, putative OS Q4D9H3_TRYCC
Cluster of Trans-sialidase, putative OS Q4DA40_TRYCC [71] ‘ ‘
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APPENDIX M: GP63 FAMILY MEMBERS IDENTIFIED IN THE TCT-SECR AND IN THE IB4-LECTIN COLUMN FRACTIONS, a.-GAL(-) AND
0-GAL(+), FROM T'. CRUZI CLB STRAIN. VALUES ARE EXPRESSED AS AVERAGE OF NORMALIZED WEIGHTED SPECTRUM COUNTS.

TCT Secr O-Gal(-) O-Gal(+)
Identified Proteins Accession Number CLB (FT) (EL)
CLB CLB
Cluster of Putative surface protease GP63 OS AOA2V2XEP8_TRYCR [2]
Cluster of Putative surface protease GP63 OS AOA2V2VVNS_TRYCR [15]
AOA2V2WME9_TRYCR
Cluster of Putative surface protease GP63 OS [34]
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