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Abstract
The cell surface of Trypanosoma cruzi, the etiologic agent of Chagas disease, is covered by a dense
layer of glycosylphosphatidylinositol (GPI)-anchored molecules. These molecules are involved in a
variety of interactions between this parasite and its mammalian and insect hosts. Here, using the
neutral detergent Triton X-114, we obtained fractions rich in GPI-anchored and other membrane
proteins from insect developmental stages of T. cruzi. These fractions were analyzed by two-
dimensional liquid chromatography coupled to tandem mass spectrometry (2D-LC-MS/MS),
resulting in the identification of 98 proteins of metacyclic trypomastigotes and 280 of epimastigotes.
Of those, approximately 65% (n=245) had predicted lipid posttranslational modification sites (i.e.,
GPI-anchor, myristoylation, or prenylation), signal-anchor sequence, or transmembrane domains that
could explain their solubility in detergent solution. The identification of some of these modified
proteins was also validated by immunoblotting. We also present evidence that, in contrast to the
noninfective proliferative epimastigote forms, the infective nonproliferative metacyclic
trypomastigote forms express a large repertoire of surface glycoproteins, such as GP90 and GP82,
which are involved in adhesion and invasion of host cells. Taken together, our results unequivocally
show stage-specific protein profiles that appear to be related to the biology of each T. cruzi insect-
derived developmental form.
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1. Introduction
The major cell surface molecules expressed by insect-transmitted protozoan parasites from the
order Kinetoplastida (Trypanosoma brucei, Trypanosoma cruzi, and Leishmania spp.) are
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glycosylphosphatidylinositol (GPI)-anchored glycoconjugates. T. brucei major
glycoconjugate is the variant surface glycoprotein (VSG), whereas the T. cruzi glycocalyx is
mainly formed by mucins and members of the trans-sialidase (TS) superfamily. The glycocalyx
coat in trypanosomatids is also rich in complex GPI-related glycophospholipids, such as
lipophosphoglycans (LPG) and glycoinositolphospholipids (GIPLs) (reviewed in 1-5).
Considering that GPI-anchored molecules have been shown to be involved in host-cell
adhesion and invasion, signaling and activation of the host proinflammatory response, and
escape from host immune response,1, 3-6 they are attractive targets for the development of
vaccines or drugs against these pathogenic protozoa.

T. cruzi is the etiologic agent of Chagas disease, or American trypanosomiasis, an infection
without any effective drug treatment or immunotherapy that affects over 11 million people in
the Americas.7 T. cruzi is naturally transmitted to mammalian hosts through the excrements
of infected triatomine bugs. When a triatomine blood feeds on an infected animal, bloodstream
trypomastigotes are ingested and reach the insect's midgut, where they differentiate into
epimastigotes. The epimastigotes proliferate by asexual reproduction, and later in the insect's
rectum, they transform into the infective metacyclic trypomastigotes. During a second blood
meal by the insect vector, metacyclic forms concomitantly released into the feces may infect
a new mammalian host through exposed bite wound or mucosal tissues, and immediately
invade a wide range of host cells.

Similarly to the mammalian stages of the parasite, the cell surface of epimastigotes and
metacyclic trypomastigotes is extensively covered by GPI-anchored mucins and GIPLs,
formerly designated lipopeptidophosphoglycan (LPPG).2, 3, 5, 6 Metacyclic trypomastigotes
which establish the initial parasite-host cell interaction, express two major stage-specific GPI-
anchored glycoproteins, namely GP90 and GP82, with no counterpart in bloodstream
trypomastigotes.8-10 GP82 is a cell adhesion molecule that induces a bidirectional Ca2+

response, an event essential for T. cruzi penetration into the host cell (reviewed in 11). As
opposed to GP82, GP90 binds to mammalian cells in a receptor-mediated manner without
triggering a Ca2+ signal and functions as a negative modulator of cell invasion.11 Sequence
analysis showed that GP90 and GP82 share similarity with members of the T. cruzi TS
superfamily, which comprises a large number of genes encoding major surface antigens of
parasite infective forms.12-14

The plasma membrane of T. cruzi is likely to contain proteins that could serve as novel drug
targets, diagnostic probes, or antigens for vaccines against Chagas disease. These surface
proteins are coded by several hundred genes, and it would be essential to know which genes
are expressed at each life cycle stage. However, since T. cruzi regulates gene expression
primarily by posttranscriptional mechanisms, such as mRNA turnover and translation control,
this limits the use of tools based on nucleic acid information (such as RNA microarrays) to
study gene expression in the different developmental forms of the parasite. Thus, sequencing
proteins by proteomic analysis is particularly an attractive approach. In the present study we
undertook a comparative proteomic analysis of GPI-anchored membrane protein-enriched
fractions from epimastigotes and metacyclic trypomastigotes. Identifying and characterizing
these membrane proteins is a special challenge because of their structural complexity and
physicochemical properties. GPI-anchored proteins were extracted using a simple, fast, and
sensitive method that employs the neutral detergent Triton X-114 (TX-114), and further
identified by immunoblotting and two-dimensional liquid chromatography coupled to tandem
mass spectrometry (2D LC-MS/MS). This study highlights the efficiency of an integrative
proteomic approach that combines experimental and computational methods to provide the
selectivity, specificity, and sensitivity required for characterization of posttranslationally
modified membrane proteins.
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2. Materials and Methods
2.1. Parasites

T. cruzi G strain was maintained alternately in mice and at 28 °C in liver infusion tryptose
(LIT) medium containing 5% fetal calf serum (FCS).15 Epimastigotes were harvested from 3-
day cultures, whereas metacyclic trypomastigotes were harvested from cultures in the
stationary growth phase (10−12 days) and purified by anion-exchange chromatography on a
diethylaminoethyl (DEAE)-cellulose column as described elsewhere.8

2.2. Protein extraction and Triton X-114 partitioning
Proteins were extracted according to a protocol published elsewhere,16 with minimal
modifications (Fig. 1A). Parasites from cultures were washed three times with PBS to remove
proteins from the medium. A parasite pellet containing 1 × 108 cells was homogenized in 1
mL lysis buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 2% TX-114, 1 mM PMSF) on ice
for 1 h with periodic agitation. The homogenate was clarified by centrifugation at 8,800 × g
for 10 min at 0 °C and the supernatant (S1) was stored at −20 °C for 24 h. The pellet was re-
extracted with buffer A (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.06% TX-114, 1 mM
PMSF), incubated for 10 min on ice and centrifuged at 8,800 × g at 0 °C to produce the pellet
(P1) and buffer-A supernatant (SBA).

After incubation at −20 °C, the first supernatant (S1) was thawed, homogenized and submitted
to phase separation by incubation at 37 °C for 10 min. Phases were separated by centrifugation
at 3,000 × g for 3 min at room temperature. The upper phase (S2) was collected and the
detergent-rich phase (lower phase) re-extracted with 1 mL of buffer A, mixed, and incubated
at 0 °C for 10 min, and then submitted to a new phase extraction under the same conditions as
above. The upper phase (S3) was collected, and the detergent-rich phase was extracted with 1
mL of buffer A, homogenized, incubated for 10 min at 0 °C, and clarified by centrifugation at
18,000 × g for 10 min at 0 °C. The pellet (P2) was stored and the upper phase (S4) was submitted
to a new phase separation as described above. The upper phase (S5) was then collected and
the detergent-rich phase (approximately 100 μL) was precipitated with 3 volumes of cold
acetone at −20 °C for 30 min. Proteins were recovered by centrifugation at 18,000 × g at 0 °
C, and the pellet was dried on the bench at room temperature. This final extract was named
GPI-rich fraction (GPI) (Fig. 1A).

2.3. Protein digestion and peptide purification
GPI-rich fractions were resuspended in 20 μL 400 mM NH4HCO3 containing 8 M urea and
subjected to trypsin digestion, as described by Stone.17 After reducing the disulfide bonds with
5 mM dithiothreitol at 50 °C for 15 min, the cysteine residues were alkylated with 10 mM
iodoacetamide for 15 min at room temperature and protected from light. The reaction mixture
was then diluted 8-fold and incubated overnight at 37 °C after adding 2 μg sequencing-grade
trypsin (Promega, Madison, WI). The reaction was terminated by adding 0.05% trifluoroacetic
acid (TFA) (final concentration) and the digested proteins were desalted using reverse phase
(RP) ziptip columns (POROS R2 50, Applied Biosystems, Foster City, CA), as described by
Jurado.18

To remove the detergent present in the preparation, the peptides were purified/fractionated in
a strong cation-exchange (SCX) ziptip. Peptides eluted from the RP ziptip purification were
diluted by addition of an equal volume of SCX buffer [25% acetonitrile (ACN)/0.5% formic
acid (FA)]. SCX ziptip columns were manufactured in our laboratory using POROS HS 50
resin (Applied Biosystems) and equilibrated with SCX buffer. After loading the samples, the
column was exhaustively washed (30 times the column volume) with SCX buffer to remove
any remaining traces of detergent from the preparation. The peptides were eluted with
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increasing concentrations of NaCl (25, 50, 100, 200, and 500 mM) dissolved in the same buffer.
The fractions were dried in a vacuum centrifuge (Vacufuge, Eppendorf) to remove the ACN,
desalted in reverse-phase ziptips, and dried again.

2.4. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis
Each fraction was redisolved in 20 μL 0.1% FA and analyzed by LC-MS/MS in an ESI-QTOF-
MS (Micromass Q-Tof 1, Waters, Milford, MA) or an ESI-linear ion-trap-MS (LTQ XL,
Thermo Fisher Scientific, San Jose, CA). For the Q-Tof 1 analysis, one μL was injected into
a PepMap reversed-phase column (15 cm × 75 μm, 3-μm C18, LC Packings, Dionex) coupled
to an Ultimate (LC Packings, Dionex) nanoHPLC. The run was performed in a flow rate of
300 nL/min with a gradient from 5 to 35% ACN in 0.1% FA over 100 min. Eluting peptides
were directly analyzed in the Q-Tof 1. Spectra were collected in the positive-ion mode in the
400−1800 m/z range for 2 s, and the three most abundant peptides were fragmented with a
ramp collision energy (22−60 eV) for 3 s in the 50−2050 m/z range. The dynamic exclusion
was set to fragment each peptide only once and then exclude for 2 min.

For the LTQ XL analysis, eight-microliter aliquots of each sample were loaded into a C18 trap
column (0.25 μL, C18, OPTI-PAK, Oregon City, OR). The separation was performed on a
capillary reverse-phase column (Acclaim, 3-μm C18, 75 μm × 25 cm, LC Packings.
Amsterdam, The Netherlands) connected to a nanoHPLC system (nanoLC 1D plus, Eksigent,
Dublin, CA). Peptides were eluted using a linear gradient from 5 to 40% ACN in 0.1% FA
over 200 min and directly analyzed in the LTQ XL equipped with a nanospray source. MS
spectra were collected in centroid mode in a range from 400 to 1700 m/z, and the five most
abundant ions were submitted twice to CID (35% normalized collision energy) before dynamic
exclusion for 120 s.

2.5. Database search and protein/peptide identification
MS/MS spectra collected in the Q-Tof 1 were converted into peak lists (PKL format) using
ProteinLynx 2.0 (Waters). MS peaks were smoothed twice with 5 channels using the Savitzky-
Golay method and centered with 4 channels in the top 80%. For the MS/MS peaks a threshold
of 5% was set. After smoothing twice with 3 channels using the Savitzky-Golay method, the
peaks were centered with 4 channels in the top 80% and converted into monoisotopic ions.
MS/MS spectra collected in the LTQ XL from peptides with masses of 600−3500 Da, at least
100 counts, and 15 fragments, were converted into DTA files using Bioworks v.3.3.1 (Thermo
Fisher Scientific).

LTQ XL data were submitted to database search using Sequest19 (available in Bioworks), and
both Q-Tof 1 and LTQ XL data were searched with Phenyx20 (web interface, version 2.5,
GeneBio, Switzerland). The database used in the analyses consisted of the forward and reverse
T. cruzi, bovine, human keratin, and porcine trypsin sequences from GenBank (191,762 non-
redundant sequences downloaded on Mar 17th, 2008 from
http://www.ncbi.nlm.nih.gov/sites/entrez?db=protein&cmd=search&term=).

Database search parameters included i) trypsin cleavage in both peptide termini with one
missed cleavage site allowed; ii) carbamidomethylation of cysteine residues as a fixed
modification; iii) oxidation of methionine residues as a variable modification; iv) peptide-mass
tolerance of 2.0 Da for LTQ XL or 500 ppm for Q-Tof 1 data; and v) 1.0 Da (for both LTQ
XL and Q-Tof 1 data) for fragment mass tolerance. In addition, Q-Tof 1 data were submitted
to a second round of searching by Phenyx with the same parameters as above, but with a trypsin
cleavage in at least one of the peptide termini with two missed cleavage sites allowed, and
1500 ppm for peptide mass tolerance.
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To ensure the quality of protein identification, the false-positive rate (FPR) was estimated using
the following formula: FPR = Number of proteins matching the reverse sequences / Total
number of proteins. The FPR was calculated after applying the following filters in Bioworks
(for Sequest analysis): DCn ≥ 0.1; protein probability ≤ 1 × 10−3; and Xcorr ≥ 1.5, 2.0, and
2.5, for singly-, doubly- and triply-charged peptides, respectively. With these parameters we
validated all sequences with an FPR < 2%. For Phenyx analysis, a minimum peptide Z-score
of 5, p-value of 1 × 10−4, and a minimum of 2 distinct peptides were used. In addition, the
protein AC score was set according to each dataset to obtain a maximum of 5% FPR.

2.6. Bioinformatics analysis of identified T. cruzi protein sequences
All identified T. cruzi protein sequences were submitted to GPI-anchor prediction analysis
using the FragAnchor algorithm21 (available at
http://navet.ics.hawaii.edu/~fraganchor/NNHMM/NNHMM.html). The prediction of
transmembrane domains22, myristoylation23 and prenylation24 sites, and signal-anchor
sequence25 was performed using the TMHMM, NMT, PrePS, and SignalP algorithms,
respectively, available at Expert Protein Analysis System (ExPASy) Proteomics server
(http://www.expasy.org).

2.7. Polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting
Polyacrylamide gels (10%) were run for about 4 h at 8 mA/gel, and the resolved proteins were
transferred onto nitrocellulose membranes. The membranes were then blocked with 5% skim
milk in PBS (PBS-milk) and probed with monoclonal or polyclonal antibodies diluted in PBS-
milk. After washing in PBS-milk containing 0.05% Tween 20, the membranes were incubated
with anti-mouse IgG conjugated to horseradish peroxidase (Sigma-Aldrich) diluted 1:10,000
in PBS-milk. After extensive washing in PBS containing 0.05% Tween 20, the blot was
developed by chemiluminescence using the ECL Western blotting detection reagent and
Hyperfilm-MP (Amersham, GE Healthcare Life Sciences). The monoclonal antibodies (mAbs)
1G7, 3F6, and 10D8 are specific for the T. cruzi GPI-anchored surface glycoproteins GP90,
GP82, and GP35/50 (i.e., epimastigote and metacyclic trypomastigote mucins), respectively.
8 The mAb 25 is specific for the flagellar calcium-binding protein (FCaBP).26, 27

3. Results and Discussion
3.1. SDS-PAGE and immunoblotting analyses of T. cruzi GPI-enriched fractions extracted
with Triton X-114

Here, we used a Triton X-114 detergent-based two-phase separation for the extraction of
membrane proteins, particularly GPI-anchored proteins from insect-dwelling developmental
forms of T. cruzi (Fig. 1A). Triton X-114 is fully water-soluble at 0 °C, forming a single-phase
mixture; however, at 37 °C, it partitions into aqueous and detergent-rich phases. After three
consecutive phase separation steps, we obtained a putative GPI-rich fraction, which was first
analyzed, in parallel with other intermediate fractions, by 10% SDS-PAGE gel stained with
Coomassie blue (Fig. 1B). This putative GPI-rich fraction from metacyclic trypomastigotes
showed a poor staining profile, yet substantially different from that of the other fractions. When
analyzed by SDS-PAGE stained with silver, GPI-rich fraction showed three major bands with
relative molecular masses (Mr) of approximately 90, 24, and 14 kDa, and four faint bands of
82, 75, 58, and 20 kDa (Fig. 2). Two broad bands with Mr of approx. 50 and 35 kDa could only
be visualized by silver staining (Fig. 2, lane 2). Next, we used mAbs to identify some of these
proteins (Fig. 2, lanes 3−6). The mAb 1G7, which is specific for GP90, stained the 90-kDa
band (lane 3), and mAb 3F6, directed to GP82, reacted with two bands with Mr of 82 and 30
kDa (lane 4). Metacyclic forms from different T. cruzi isolates expressed GP30, a surface
glycoprotein detectable by mAb 3F6.28 The mAb 10D8, which is specific for T. cruzi mucins
GP35/50, strongly reacted with the GPI-enriched fraction (lane 5). The 24-kDa protein
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corresponds to the FCaBP,26 as demonstrated by the reaction with mAb 25 (lane 6). The
calpain-like cysteine proteases29 reacted with monospecific polyclonal antibodies against the
catalytic domain (Cys Pc) of this enzyme (A. Galetovic and J. F. da Silveira, unpublished)
(lane 7), and appeared as two faint bands with Mr of approximately 56 and 66 kDa.

The putative GPI-rich fraction from epimastigotes was also analyzed by SDS-PAGE (data not
shown). No proteins could be detected by Coomassie blue staining, suggesting that they were
present in small amounts or they did not stain with this particular stain. In fact, the latter was
the case two major bands with Mr of 50 and 35 kDa that were detected only by silver staining
and identified as GP35/50 mucins with mAb 10D8. Regardless the developmental stage, T.
cruzi mucins do not stain with Coomassie blue (I.C. Almeida et al., unpublished observations).
Our results differ to some extent from those of Anez-Rojas30, who analyzed the protein profiles
of epimastigote detergent extracts from Venezuelan T. cruzi isolates and reported the presence
of two other bands with Mr of approximately 30 and 20 kDa. This discrepancy may be due to
the fact that different isolates were used in the two studies.

3.2. Identification of metacyclic trypomastigote and epimastigote proteins by mass
spectrometry

Next, the GPI-rich fraction was digested with trypsin and analyzed by 2D LC-MS/MS. In total,
378 proteins from epimastigotes (n=280) and metacyclic trypomastigotes (n=98) were
unambiguously identified with one or more peptide sequences (Supplementary Table 1; see
complete dataset in Suppl. Table 3, and Suppl. Figs. 1 and 2). Of those, 245 (64.8%) were
predicted to have lipid posttranslational modifications (PTMs) (i.e., GPI-anchor, prenylation,
or myristoylation), or at least one hydrophobic membrane-spanning domain that could account
for their presence in the TX-114-rich fraction (Table 1 and Suppl. Table 2). The remaining
proteins may represent: (i) soluble proteins that were not completely removed by detergent
phase partitioning; (ii) proteins with physicochemical properties that would cause them to
partition into the detergent phase; and (iii) peripheral membrane proteins.

We found matching entries in the T. cruzi databases for 98 proteins identified in metacyclic
trypomastigotes (Suppl. Tables 1 and 2). Sixty-six (67.3%) of these proteins were predicted to
have lipid PTM (i.e., GPI-anchor, prenylation, or myristoylation) (n=36; 36.7%),
transmembrane domain (n=4; 4.1%), or endoplasmic reticulum (ER) signal peptide or targeting
sequence (n=26; 26.5%) that could explain their presence in the TX-114-rich fraction. Out of
the remaining 32 proteins, sixteen (16.3%) had mitochondrial targeting sequences (MTS), and
16 (16.3%) appeared not to have any potential lipid PTM or hydrophobic domain (Table 1 and
Supplementary Tables 2 and 3b).

The protein content of epimastigote GPI-rich fraction largely differed from that of metacyclic
trypomastigotes (Suppl. Table 1). Among the 280 proteins identified in epimastigotes, 114
(40.7%) contained lipid PTMs (n=22; 7.9%), ER signal peptide (n=72; 25.7%) or
transmembrane domain (n=20; 7.1%), whereas 117 proteins (41.8%) did not show any potential
lipid PTMs or hydrophobic domains. In contrast to the metacyclic GPI-rich fraction, where 21
of the identified proteins were predicted to be GPI-anchored, the epimastigote counterpart had
only one potentially GPI-anchored protein (i.e., Tc85−11) (Table 1 and Supplementary Tables
2 and 3).

Intriguingly, a relatively high proportion (12.7%) (n=48) of proteins identified here contain
what seems to be an uncleaved signal anchor sequence at the N-terminus (Table 1 and
Supplementary Table 3b).31, 32 Possibly, many T. cruzi surface antigen genes have two or three
in-frame ATG initiator codons at their 5’ end. For instance, in several TS protein genes, the
predicted translation from the first in-frame ATG encodes a sequence which does not conform
to typical ER signal peptide sequences.13, 33 However, after the second or third methionine
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residue, there is a typical signal anchor sequence (Figure 3). It remains to be determined which
is the effective ATG initiator codon used in vivo by the parasite.

About 35% (n=133) of the total identified proteins (16 in metacyclics and 117 in epimastigotes)
had no predicted lipid PTM or transmembrane domain (Suppl. Table 3b, d). However, some
of these proteins, such as cytoskeletal proteins (17 identifications in epimastigotes and 4 in
metacyclic trypomastigotes), translation elongation factor 1-beta (eEF1B) (two in metacyclic
trypomastigotes and one in epimastigotes), enolase and acidic ribosomal proteins (14
identifications), had physicochemical properties that would allow them to be extracted with
detergent.34-35

3.3. Functional Classification of Identified Proteins
Functional classification of proteins was based on information from published literature and
Swiss-Prot Protein Knowledgebase (www.expasy.org/sprot/). Metacyclic and epimastigote
proteins were grouped into functional categories (Table 2 and Suppl. Table 3a, c). Although
several categorization schemes could be used, we grouped proteins that share similar functions
rather than following a strict biochemical classification. Functions were assigned according to
the known or putative involvement of the protein in a cellular process or pathway.
Approximately 71% (n=270) of all identifications in epimastigote and metacyclic forms could
be classified into seven broad functional categories (Table 2 and Suppl. Table 3a, c). Seventy-
five (76.5%) and 195 (69.6%) proteins identified from metacyclic trypomastigotes and
epimastigotes, respectively, could be assigned to a cellular function (Table 2 and Suppl. Table
3a, c). The majority of metacyclic proteins fit into the host-parasite category (39.8%) (n=39)
and several of them are potentially GPI-anchored (Table 2 and Suppl. Table 3b, d). This group
is followed by the categories: intermediate metabolism and bioenergetics (11.2%) (n=11);
cellular communication and signal transduction (11.2%) (n=11); protein metabolism
(proteolysis/peptidolysis, protein folding, vesicular trafficking) (8.2%) (n=8); structural
proteins and cellular dynamics (4.1%) (n=4); and stress response and cell defense
(antioxidation and detoxification) (2.0%) (n=2).

Seventy-one proteins (25.4%) identified in epimastigotes participate in intermediate
metabolism: 19 in bioenergetics and biological oxidations, 18 in amino acid metabolism, 11
in lipid metabolism, 8 in carbohydrate metabolism, and 15 are membrane transporters. Proteins
involved in protein metabolism (proteolysis/peptidolysis, protein folding, and vesicular
trafficking) were in second place, with 48 identifications (17.1%). The other categories were
ranked as follows: transcription, translation and DNA repair (23 proteins, 8.2%); cellular
communication and signal transduction (20 proteins, 7.1%); structural proteins and cellular
dynamics (17 proteins, 6.1%), stress response and cell defense (antioxidation and
detoxification) (10 proteins, 3.6%); and host-parasite relationship (6 proteins, 2.1%).

3.4. Metacyclic Proteins
Thirty-nine identifications (39.8%) in metacyclic forms were surface proteins (35 members of
the TS superfamily, two procyclic form surface glycoproteins, one mucin, and one GP63
protease) that are involved in host-parasite interplay (evasion from the host immune response,
invasion of mammalian cells, and glycosylation of parasite surface molecules) (Tables 2 and
3). From the results of SDS-PAGE and immunoblotting analysis, it was evident that the
members of the TS superfamily (i.e., GP90 and GP82 glycoproteins) and mucins were major
components of the GPI-enriched fraction (Fig. 2). Although mucins are highly abundant, being
easily detected by immunoblotting (with mAb 10D8) and silver staining in detergent fractions
from metacyclic and epimastigote forms (data not shown), only one sequence from these
glycoconjugates was identified by proteomic analysis of both parasite forms. This is possibly
due to the extensive O-glycosylation, peptide sequence variability, and/or fewer proteolytic
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sites in many T. cruzi mucin sequences, which make their sequencing by conventional
proteomic analysis by LC-MS/MS extremely difficult.36 In fact, recent study by Nakayasu et
al.37 clearly demonstrated that epimastigote mucins are encoded by the T. cruzi small mucin-
like gene (TcSMUG S) family, whose gene products are short polypeptide sequences (56−85
amino acids) with very few trypsin sites located mainly at the N- and C-termini of the protein.

Analysis of metacyclic GPI-rich fraction resulted in the identification of 390 peptides mapped
to 35 proteins of the TS superfamily (Table 3 and Supplementary Tables 1-3), which members
can be classified into four groups according to sequence similarity and function.38, 39 All the
TS sequences (i.e., GP90, GP82, ASP-1, ASP-2, GP85, and Tc85) found in our study belong
to group II, which comprises genes encoding a number of related surface glycoproteins
expressed in trypomastigotes and intracellular amastigotes.38, 39 During the genome project,
1430 sequences (737 genes and 693 pseudogenes) were annotated as putative TS in the clone
CL Brener.14 In our proteomic analysis, twenty-one (21.4%) proteins identified in metacyclic
forms were annotated as putative TS and further classified as GP82, GP90, GP85, Tc85, ASP-1,
and ASP-2, by their similarity with other previously characterized sequences (Table 3 and
Supplementary Table 3).40 GP82, GP90, and Tc85 are adhesins that bind to specific
mammalian cell receptors and/or to extracellular proteins. In metacyclic forms, GP90 and GP82
were among the top ten proteins with higher coverage in our study (Table 2). TS glycoproteins,
previously reported as specific for amastigotes (ASP-1 and ASP-2)33, 41 or bloodstream
trypomastigotes (Tc85−11 and GP85)42 were also present in metacyclic forms. It is possible
that these proteins are synthesized in very small quantities in metacyclic forms and/or undergo
PTM (e.g., glycosylation), which makes their detection difficult by conventional methods, such
as SDS-PAGE and Western blotting.

While metacyclic forms appear to express subsets of the TS superfamily, only one TS protein
(i.e., AAD13347.1 surface glycoprotein Tc85−11) was detected in epimastigotes (Table 3 and
Suppl. Tables 1-3). A large number of variants of GP90 and GP82 were identified in metacyclic
trypomastigotes (Table 3 and Suppl. Tables 1-3), confirming that this developmental form
expresses a large repertoire of surface glycoproteins involved in the host-cell adhesion and
invasion. In contrast to African trypanosomes, T. cruzi needs to invade host cells in order to
survive and proliferate, and maybe for this reason it expresses simultaneously many highly
diverse surface antigens. The presence of many variants of surface proteins could allow the
parasite to adhere to different molecules on host cell membranes and extracellular matrix.
Although GP90 and GP82 are highly abundant surface glycoproteins in metacyclic
trypomastigotes, only one GP90 (AAM47176) and one GP82 (AAF02477) were previously
identified in proteomic studies of metacyclic trypomastigotes whole-cell lysates.43, 44

The peptide mapping coverage of GP90 and GP82 metacyclic proteins, from a combination of
tryptic peptides from 3 independent samples, was 40% and 22%, respectively (Figure 3). These
proteins are coded by several isoforms and not all of them seem to have host-cell binding sites.
Thus, we examined the GP82 sequence, looking for domains involved in the parasite binding
to mammalian cells or extracellular matrix proteins. The host cell-binding site of GP82 is
formed by the juxtaposition of two sequences, namely P4 and P8, which contain several
charged residues and are separated by a more hydrophobic stretch.45 We identified the peptide
LVGLLSNSASGDAWIDDYR that covers 65% of peptide P8
(NSASGDAWIDDYRSVNAKVM) (Fig. 3). The peptide NVFLYNRPL, identified in GP90
and GP82, accounts for approx. 64% of the FLY domain. This domain (VTVXNVFLYNR)
localizes at the C-terminal portion of TS proteins from group II and was reported to bind to
cytokeratin 18 on the surface of LLC-MK2 epithelial cells, and enhance the infectivity of tissue
culture-derived trypomastigotes.42
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Here, we also present the first evidence of expression of the procyclic-form surface
glycoprotein in T. cruzi. This family of putative genes was identified in the T. cruzi genome
sequencing project.14 We found five of these proteins (Table 3 and Suppl. Tables 1-3) that
share approximately 40% identity with their T. brucei counterparts.46 T. brucei procyclic-form
surface glycoprotein is a stage-specific antigen with features of a typical transmembrane
glycoprotein but with unusual cytoplasmic tail composed of proline-rich tandem repeats.46 The
putative procyclic-form surface glycoproteins identified in our work have 2−3 transmembrane
helices. In addition, three of these glycoproteins (i.e., EAN98004, EAN98005, and EAN98006)
seem to contain an uncleaved signal anchor sequence,31 suggesting that they are located on the
cell surface.

Metacyclic trypomastigotes experience a shift in environmental conditions when they move
from triatomines to the vertebrate host, consequently infecting a range of nucleated cells and
transforming into amastigotes. Metacyclic trypomastigotes have a complex cell envelope
consisting of different glycoproteins as a form of protection. Many surface proteins that are
directly exposed to these extreme conditions are predicted to attach to the plasma membrane
via a GPI-anchor, be heavily glycosylated, and in some cases, have a polypeptide sequence
with few proteolytic sites.3, 5 This could eventually prevent their degradation by hydrolytic
enzymes present in the insect midgut and vertebrate host. The presence of surface glycoproteins
could also allow the parasite to adhere to different molecules on the host cell membrane and
the extracellular matrix.

About 11% (n=11) and 7% (n=20) of metacyclic and epimastigote identifications, respectively,
showed similarities to proteins involved in signal transduction, including multiple rab proteins,
phosphatases, ras-related proteins, and calcium-binding proteins (Table 4 and Suppl. Table 3).
Most of these proteins identified in epimastigote and metacyclic proteomes can be directed to
the cell surface through signal peptides, transmembrane domain(s), or other lipid PTM such
as myristoylation (Suppl. Table 3). One typical example is the flagellar calcium-binding protein
(FCaBP), which is a Ca2+ sensor located in the flagellum of trypanosomes, a unique organelle
involved in motility, chemotaxis, and cell signaling.47 Although typical tyrosine-kinase genes
were not identified in the T. cruzi genome,48 protein-tyrosine phosphatases control cell
differentiation in trypanosomes.49, 50 Here, we found two protein-tyrosine phosphatases in
both metacyclic and epimastigote forms, whereas a regulatory subunit of protein kinase was
found only in epimastigotes. The importance of protein phosphorylation/dephosphorylation
events was corroborated by the presence of different protein phosphatases (Table 4).

Recently, Atwood et al.51 reported a glycoproteomic analysis of plasma membrane and
organelle-enriched fractions from T. cruzi tissue culture-derived trypomastigotes. Nineteen of
the proteins identified in that study were also present in our analysis, which consist of 5
structural proteins, 4 heat shock proteins, 3 hypothetical proteins (two of them having signal
peptides), 2 mitochondrial proteins (ATPase beta subunit and phosphate transporter), 2
vesicular trafficking proteins, 1 cysteine proteinase, 1 glycosomal phosphoenolpyruvate
carboxykinase, and 1 TS protein (EAN90192) (Suppl. Table 1-3). It is noteworthy that only
one TS protein was common to both studies, suggesting that metacyclic and tissue culture-
derived trypomastigotes express distinct repertoires of TS gene superfamily.

3.5. Epimastigote Proteins
There are clear qualitative differences between the protein profiles of epimastigotes and
metacyclic trypomastigotes identified on this study. Epimastigotes undergo biochemical and
morphological changes in the midgut of insect vector. They multiply by binary fission and
differentiate into metacyclic trypomastigotes upon migration to the hindgut. Proteins from
intermediate metabolic pathways, including membrane transporters, are abundant in
epimastigotes. Here, we found that 71 (25.4%) of the identifications in epimastigotes were
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enzymes related to energy metabolism, including those involved in the uptake and degradation
of glucose via glycolysis, pentose-phosphate shunt, or tricarboxylic acid (TCA) cycle (Table
2). Several glycosomal and mitochondrial proteins were detected, including a hexose
transporter. A glycosomal malate dehydrogenase and pyruvate phosphate dikinase were only
detected in epimastigotes. Several members of the respiratory chain complexes were also
detected in epimastigotes (Table 2 and Suppl. Table 3).

Epimastigotes degrade proteins and amino acids to produce NH3 and glucose to reduce the
level of toxic catabolites (mainly succinate and L-alanine).52 In this study we identified 19
enzymes and one membrane transporter involved in the metabolism of amino acids, confirming
that epimastigotes are particularly adapted to take advantage of free amino acids available in
the gut of the insect vector (Suppl. Table 3).43 Among the enzymes involved in amino acid
catabolism, four were glutamate dehydrogenases (one NADP-dependent) and seven
aminotransferases, including four tyrosine aminotransferases involved in the catabolism of
aromatic amino acids. In agreement with our data, three glutamate dehydrogenase isoforms
and one aminotransferase were identified in epimastigotes submitted to nutritional stress and
in metacyclic trypomastigotes.44 Glutamate dehydrogenase provides a link between
carbohydrate and amino acid metabolism in T. cruzi.53 This enzyme may play an important
role during the transit of parasites in the insect gut, where carbohydrates are limited and free
amino acids derived from hemoglobin degradation are available. The presence of urocanate
hydratase, an enzyme that participates in the conversion of histidine to glutamate, is
noteworthy. The enzymes of this pathway are abundant in the T. cruzi insect stages, but nearly
undetectable in the mammalian stages.43 Interestingly, the genes encoding these enzymes were
not found in T. brucei or L. major, suggesting that they are species-specific of T. cruzi.

As expected, proteins involved in stress response and cell defense were detected in
epimastigotes: cytosol-localized tryparedoxin peroxidase, tryparedoxin (substrate for
tryparedoxin peroxidase), thiol transferase Tc52, GPR1/FUN34/yaaH family, carbonic
anhydrase-like protein and TcOYE dehydrogenase (old yellow enzyme) (Suppl. Table 3). The
expression of these proteins by epimastigotes is consistent with the preadaptation of metacyclic
forms to resist the potential respiratory burst of phagocytic cells in mammalian host. Thiol
transferase Tc52 and tryparedoxin peroxidase have been detected in nutritionally stressed and
differentiating (adherent) epimastigotes and tissue culture-derived trypomastigotes.35, 44 It has
been suggested that in vitro-induced benznidazole resistance in T. cruzi is correlated with
deletion of copies of the TcOYE gene.54, 55

Forty-eight (17.1%) epimastigote identifications were associated with protein metabolism
(Table 2). Several heat shock proteins (HSP 85, 70, and 60; glucose-regulated protein 78;
mitochondrial chaperonin HSP60) and other chaperones (7.1% of total identifications) were
found in epimastigotes (Suppl. Table 3). They were also identified in whole extract and
organelle-enriched fractions from tissue culture-derived trypomastigotes.35, 51 Proteinases and
peptidases represented 7.5% (n=21) of the identified proteins in epimastigotes, whereas
proteins involved in transporting, targeting, sorting, and translocation represented 2.5%. We
have confirmed the presence of a large family of calpain-related proteins, including a calpain-
like cytoskeleton-associated protein (CAP5.5) (EAN92788.1) (Suppl. Table 3). The presence
of calpain-like proteins in trypanosomes was first suggested by analysis of a cytoskeleton-
associated protein in T. brucei (CAP5.5) that showed similarity to the catalytic region of
calpain-type proteases.56 CAP5.5 has been shown to be both myristoylated and palmitoylated,
suggesting a stable interaction with the cell membrane.56 Bioinformatic analysis of the T.
cruzi genome database29 confirmed the presence of calpain-like genes in this parasite, most of
them containing a well-conserved protease domain and a novel N-terminal sequence motif
unique to kinetoplastids. Furthermore, they contain N-terminal fatty acid acylation motifs,
indicating the association of these proteins with cellular membranes. Proteins involved in the
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transport machinery and cellular trafficking were also identified and can be expected to
facilitate studies of these less-defined processes in T. cruzi.

Our group has recently performed a proteomic analysis of reservosomes,57 membrane-bound
organelles exclusive of epimastigote forms of the parasite, which were proposed to store
nutrients uptaken through endocytosis.58 Since reservosomes were shown to be rich in
membrane and metabolic proteins, we hypothesized that many of the proteins found in our
analysis were derived from these organelles. Indeed, one hundred and forty-five (51.8%)
epimastigote proteins identified here were also present in the reservosomal membrane fraction
(Table 1).57

3.6. Hypothetical proteins
Of the 378 T. cruzi proteins identified in our analysis, one hundred and eight (28.6%) were
from genes annotated as hypothetical, confirming these as bona fide genes (Table 2 and Suppl.
Table 3). On the other hand, genes annotated as hypothetical in T. cruzi were difficult to assess,
since no functional insights could be gained from our findings. However, most hypothetical
genes have homologues in Leishmania major and T. brucei, suggesting a common function for
the given genes in closely related trypanosomatids.

3.7. Conclusion
Proteomic analysis by conventional approaches is biased against hydrophobic and GPI-
anchored membrane proteins, many of which are expressed in low abundance. Here, we have
identified a large number of membrane proteins from insect developmental forms of T. cruzi
using a simple, fast, and sensitive method for the isolation of these proteins by extraction with
the detergent Triton X-114 followed by 2D LC-MS/MS analysis. In summary, we have shown
in this paper that each of the insect stages of T. cruzi reveals distinct protein datasets when
solubilized with neutral detergent. The metacyclic trypomastigotes have a higher number of
potential GPI-anchored glycoproteins that might be involved in the process of adhesion and
invasion of host cells. On the other hand, the majority of proteins found in epimastigote samples
were related to metabolism, which is in agreement with the high energy requirements of this
proliferative stage of the parasite. In addition, we speculate that the identified epimastigote
proteins are present in metabolism-related organelles, such as mitochondria, glycosomes, and
reservosomes. We also present evidence for the expression in T. cruzi of procyclic-form surface
glycoprotein, previously described in T. brucei. We envisage that the results of this study may
contribute to the design of more rational therapies against Chagas disease.
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Figure 1.
Panel A) Schematic representation of the extraction protocol for membrane proteins.
Metacyclic trypomastigotes (1 × 108) were lysed in TBS containing 2% Triton X-114
(TX-114). The homogenate was clarified by centrifugation and the supernatant stored at −20
°C for 24 h. The supernatant was then submitted to phase separation with TX-114 at 37 °C.
The final detergent-rich extract corresponds to the GPI-anchored protein-enriched fraction.
Panel B) Analysis by SDS-PAGE and Coomassie staining of molecules obtained in the
purification steps of GPI-anchored proteins. SBA, supernatant from extraction step with buffer
A; P1, Pellet 1; S2, supernatant 2; S3, supernatant 3; S5, supernatant 5; P2, pellet 2; GPI, GPI-
rich fraction. The relative molecular masses are indicated on the right.
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Figure 2.
Gel electrophoresis and immunoblotting of Triton X-114-soluble membrane proteins from
metacyclic trypomastigotes. Lanes 1 and 2, SDS-PAGE. Proteins were separated by SDS–
PAGE on 10%-Laemmli gels and stained with Coomassie blue (lane 1) or silver (lane 2). Lanes
3 to 7, immunoblotting with monoclonal antibodies (mAb) against T. cruzi GPI-anchored
surface proteins and flagellar calcium-binding protein (FCaBP) (lanes 3 to 6) and with a
monospecific polyclonal antiserum against the catalytic domain of T. cruzi calpain-like
cysteine proteinase (lane 7). The mAbs used were: 1G7 against GP90 surface glycoprotein
(lane 3); 3F6 against GP82 surface glycoprotein (lane 4); 10D8 against the GP35/50 kDa mucin
complex (lane 5); and 25 against the T. cruzi FCaBP (lane 6).
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Figure 3.
Peptide-mapping coverage of GP90 and GP82. Representative fitting of tryptic peptides
(shaded in gray) from 3 independent samples of GPI-rich extracts from metacyclic
trypomastigotes that match with the deduced proteins GP90 (AAM47176) and GP82
(ABR19835) are shown. Potential initiator methionine residues are indicated by asterisks.
Underlined sequences indicate the following motifs: signal-anchor or uncleaved signal peptide
(positions 39−63 in GP90 and GP82); P4 and P8 cell-binding sites of GP82 (positions 462−481
and 502−521, respectively); FLY domain (positions 670−680 and 678−688 in GP90 and GP82,
respectively). The hydrophobic C-terminal region of GP82, characteristic of GPI-anchored
proteins, is indicated in italics (positions 702−726). The coverage percentage for GP90 and
GP82 is 40% and 22%, respectively.
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Table 1
Lipid posttranslational modifications (PTMs), hydrophobic membrane-spanning domains, sorting signals, and
organellar localization of T. cruzi proteins extracted with Triton X-114 and identified by LC-MS/MS

Lipid PTM, Hydrophobic Membrane-Spanning
Domain, or Sorting Signal

Metacyclic Trypomastigote N (%
total) a

Epimastigote N (% total) a

GPI Anchor 21 (21.4%) 1 (0.4%)

Myristoylation and Prenylation 15 (15.3%) 21 (7.5%)

Transmembrane Domain 4 (4.1%) 20 (7.1%)

Signal Peptide b 26 (26.5%) 72 (25.7%)

Total 66 (67.3%) 114 (40.7%)

Organelle distribution    

Mitochondrial Targeting Sequence 16 (16.3%) 49 (17.5%)

Reservosomal membrane proteins N/A c 145 (51.8%)

Total d 16 (16.3%) 174 (62.1%)

a
Number and percentage of the total identified proteins. Total proteins: metacyclic trypomastigotes, n=98 (100%); epimastigotes, n=280 (100%).

b
Proteins containing a typical ER signal peptide motif or an uncleaved signal-anchor sequence were included.

c
N/A, not applicable: reservosomes are not present in metacyclic trypomastigotes.60

d
Only non-redundant proteins.

J Proteome Res. Author manuscript; available in PMC 2009 September 28.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cordero et al. Page 20

Table 2
Functional Classification of T. cruzi Proteins Extracted with Triton X-114

Functional Category Metacyclic Trypomastigote N
(%)a

Epimastigote N (%)a

Host-Parasite Relationship (surface proteins) 39 (39.8%) 6 (2.1%)

Cellular Communication and Signal Transduction 11 (11.2%) 20 (7.1%)

Intermediate Metabolism and Bioenergetics 11 (11.2%) 71 (25.4%)

        Bioenergetics and Biological Oxidations 7 19

        Lipid Metabolism 2 11

        Amino Acid Metabolism 1 18

        Carbohydrate Metabolism 0 8

        Transporters 1 15

Protein Metabolism 8 (8.2%) 48 (17.1%)

        Proteolysis/Peptidolysis 6 21

        Protein Folding 2 20

        Vesicular Trafficking 0 7

Structural Proteins and Cellular Dynamics 4 (4.1%) 17 (6.1%)

Stress Response and Cell Defense 2 (2.0%) 10 (3.6%)

Transcription, Translation and DNA Repair 0 23 (8.2%)

Hypothetical Proteins b 23 (23.5%) 85 (30.4%)

Total 98 (100%) 280 (100%)

a
Number and percentage of proteins.

b
Hypothetical proteins conservedly encoded in the genomes of TriTryps (T. cruzi, T. brucei, and Leishmania major).61
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Table 3
Surface Proteins Identified in T. cruzi Metacyclic Trypomastigotes and Epimastigotes

Accession Numbera Protein Nameb Coverage Number
of

Identified
Peptides

Developmental Stagec

AAM47176.1 surface glycoprotein GP90 40% 82 MT

EAN87246.1 trans-sialidase, putative (GP90) 23% 14 MT

ABR19835.1 stage-specific surface protein GP82 22% 31 MT

BAF74647.1 glycoprotein 82 kDa 18% 20 MT

BAF74641.1 glycoprotein 82 kDa 14% 18 MT

EAN81650.1 trans-sialidase, putative (GP90) 13% 24 MT

EAN91385.1 trans-sialidase, putative (GP90) 10% 10 MT

EAN99311.1 trans-sialidase, putative (GP90) 10% 3 MT

ABR19836.1 stage-specific surface protein GP82 9% 2 MT

EAN95004.1 trans-sialidase, putative (GP90) 9% 20 MT

AAP22091.1 GP63 group I member b protein 9% 3 MT

EAN98599.1 trans-sialidase, putative (ASP-2) 9% 2 MT

EAN82035.1 procyclic-form surface glycoprotein,
putative

9% 3 E

EAN95001.1 trans-sialidase, putative (GP90) 8% 14 MT

AAA18827.1 surface glycoprotein (GP85) 8% 6 MT

EAN82322.1 trans-sialidase, putative (Tc-85/16) 8% 15 MT

EAN93322.1 trans-sialidase, putative (GP85-TSA-E2) 8% 5 MT

EAN95642.1 trans-sialidase, putative (GP85-TSA-E3) 8% 16 MT

EAN96370.1 trans-sialidase, putative (Tc-85/16) 8% 16 MT

EAN98005.1 procyclic-form surface glycoprotein,
putative

7% 2 MT, E

EAN93266.1 trans-sialidase, putative (Tc85−11) 6% 14 MT

AAB18265.1 surface protein-1, ASP-1 6% 6 MT

EAN82837.1 trans-sialidase, putative (GP82) 6% 4 MT

AAD10620.1 surface glycoprotein, GP85 6% 5 MT

AAM47178.1 surface glycoprotein GP90 6% 1 MT

EAN88221.1 trans-sialidase, putative (GP90) 6% 8 MT

EAN98004.1 procyclic-form surface glycoprotein,
putative

5% 1 E

EAN93978.1 mucin TcMUCII, putative 5% 1 MT

EAN88154.1 trans-sialidase, putative (GP82) 5% 6 MT

ABQ53588.1 surface protein-2, ASP-2 5% 3 MT

EAN82390.1 trans-sialidase, putative (ASP-2) 5% 5 MT

EAN90192.1 trans-sialidase, putative (GP90) 5% 10 MT

BAF74652.1 glycoprotein 82 kDa 5% 3 MT

A48458 gp85/sialidase homolog 4% 1 MT

EAN84247.1 extracellular receptor, putative 4% 1 E

EAN86738.1 trans-sialidase, putative (GP85-SA85−1.2) 4% 4 MT

AAC47720.1 amastigote surface protein-2, ASP-2 3% 2 MT
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Accession Numbera Protein Nameb Coverage Number
of

Identified
Peptides

Developmental Stagec

AAD13347.1 surface glycoprotein Tc85−11 3% 1 E

EAN91734.1 trans-sialidase, putative (GP90) 3% 1 MT

EAN93068.1 trans-sialidase, putative (GP85-TSA-1) 3% 3 MT

EAN98006.1 procyclic-form surface glycoprotein,
putative

2% 1 MT

EAN82034.1 procyclic-form surface glycoprotein,
putative

2% 1 E

ABO28970.1 trans-sialidase-like protein (GP82) 2% 2 MT

EAN85322.1 trans-sialidase, putative (ASP-2) 2% 1 MT

a
GenBank accession number.

b
Sequences annotated as putative trans-sialidases (TS) in the T. cruzi genome-sequencing project were assigned to the families (indicated in the parentheses)

of TS superfamily according to Azuaje.29

c
MT, metacyclic trypomastigote; E, epimastigote.
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Table 4
Cellular Communication and Signal Transduction Proteins Identified in Metacyclic Trypomastigotes and
Epimastigotes

Accession Numbera Protein Name Coverage Number of
Identified
Peptides

Developmental Stageb

CAA90898.1 F29 (flagellar calcium-binding
protein)

46% 34 MT, E

EAN94827.1 protein tyrosine phosphatase, putative 35% 9 MT, E

AAA99985.1 calcium-binding protein 34% 26 MT, E

EAN92885.1 membrane-bound acid phosphatase,
putative

29% 6 E

AAB08762.1 24 kDa flagellar calcium-binding
protein

28% 20 MT

BAA13411.1 calcium-binding protein 28% 8 MT, E

EAN85763.1 small GTP-binding protein Rab1,
putative

27% 9 MT, E

AAT77755.1 14−3−3 protein 17% 3 E

AAT77756.1 14−3−3 protein; Tcf2p 16% 4 MT, E

EAN99708.1 protein phosphatase, putative 15% 6 E

EAN94492.1 protein tyrosine phosphatase, putative 14% 3 MT, E

EAN95123.1 14−3−3 protein, putative 13% 2 E

EAN85068.1 membrane-bound acid phosphatase,
putative

10% 2 E

EAN94164.1 14−3−3 protein, putative 10% 3 E

EAN99768.1 rab7 GTP binding protein, putative 10% 3 MT

EAN86478.1 membrane-bound acid phosphatase,
putative

9% 2 E

EAN86455.1 calcium-binding protein, putative 8% 30 MT

EAN88612.1 small GTP-binding protein Rab11,
putative

7% 2 E

EAN92627.1 14−3−3 protein, putative 7% 5 E

EAN92863.1 phosphatidic acid phosphatase protein,
putative

7% 2 E

AAM91818.1 flagellar calcium binding protein 3 7% 1 MT

EAN87884.1 ras-related protein rab-2a, putative 5% 1 E

EAN93719.1 membrane-bound acid phosphatase 2,
putative

4% 3 E

EAN88194.1 regulatory subunit of protein kinase a-
like protein

2% 1 E

a
GenBank accession number.

b
MT, metacyclic trypomastigote; E, epimastigote.
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