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Search for a platelet-activating factor receptor in the Trypanosoma cruzi
proteome: a potential target for Chagas disease chemotherapy
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Chagas disease (CD) causes the highest burden of parasitic diseases in the Western Hemisphere and is therefore
a priority for drug research and development. Platelet-activating factor (PAF) causes the CD parasite Trypanosoma
cruzi to differentiate, which suggests that the parasite may express PAF receptors. Here, we explored the T. cruzi
proteome for PAF receptor-like proteins. From a total of 23,000 protein sequences, we identified 29 hypothetical
proteins that are predicted to have seven transmembrane domains (TMDs), which is the main characteristic of the G
protein-coupled receptors (GPCRs), including the PAF receptor. The TMDs of these sequences were independently
aligned with domains from 25 animal PAF receptors and the sequences were analysed for conserved residues. The
conservation score mean values for the TMDs of the hypothetical proteins ranged from 31.7-44.1%, which suggests
that if the putative T. cruzi PAF receptor is among the sequences identified, the TMDs are not highly conserved.
These results suggest that T. cruzi contains several GPCR-like proteins and that one of these GPCRs may be a PAF
receptor. Future studies may further validate the PAF receptor as a target for CD chemotherapy.
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Chagas disease (CD), or American trypanosomiasis,
is a tropical parasitic disease that affects approximately
10 million people in Latin America (WHO 2010). CD
is caused by the flagellated protozoan Trypanosoma
cruzi, which is often transmitted to humans and other
mammals by blood-sucking insects, such as the tri-
atomines (Urbina et al. 2003). Transmission can also
occur via blood transfusion (Young et al. 2007), organ
transplantation (Kun et al. 2009), ingestion of contami-
nated foods or fluids (Benchimol Barbosa 2006) or
congenital acquisition (Dorn et al. 2007). CD kills ap-
proximately 10,000 people every year (WHO 2010) and
has a direct impact on workforce productivity in Latin
America (Conteh et al. 2010).

Although CD causes the highest burden of parasitic
diseases in the Western Hemisphere (Bern & Montgomery
2009), current treatments are highly toxic and often inef-
fective, particularly for the chronic stage of the disease
(Trouiller et al. 2002). Strikingly, no drug has emerged
as an effective candidate for clinical trials in the last 30
years (Moreira et al. 2009). Therefore, the identification
of an enzyme or receptor that is essential for parasite
growth and/or survival in vivo may facilitate the devel-
opment of safer and more effective drugs (Wang 1997).

Platelet-activating factor (PAF) is a potent lipid me-
diator that plays a role in several human physiological
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processes, including inflammation, platelet aggrega-
tion and immune response (Harayama et al. 2008). In
T. cruzi, PAF proved to trigger cell differentiation to the
infective and replicative parasite forms, suggesting the
existence of specific molecular recognition sites that
can be explored as potential drug targets (Rodrigues et
al. 1996, Ambrosio et al. 2003). This hypothesis is sup-
ported by the fact that PAF effects in 7" cruzi are totally
abrogated in the presence of the PAF receptor antago-
nist WEB 2086, possibly acting via a seven transmem-
brane domain (TMD) receptor, a G protein-coupled
receptor (GPCR), as observed in mammals (Rodrigues
et al. 1996). Additional studies also demonstrated that
PAF was only active on intact parasite cells, suggesting
the existence of PAF-mediated intracellular signalling
mechanisms (Rodrigues et al. 1999).

Although endogenous PAF has been identified in 7.
cruzi and immunofluorescence assays indicate that PAF
binding sites are present on the parasite membrane, at-
tempts to isolate 7. cruzi PAF receptors have failed (Gomes
et al. 2006). We hypothesised that these PAF receptors
proteins are encoded by the 7. cruzi genome, which has
already been sequenced (Atwood 3rd et al. 2005).

Recent advances in bioinformatics have facilitated the
discovery of new drug targets (Chen & Chen 2008, Alves-
Ferreira et al. 2009). Here, we evaluated bioinformatic
approaches that were previously used to discover new
GPCRs in fungi, plants and invertebrates (Kulkarni et al.
2005, Gookin et al. 2008, Kamesh et al. 2008) to identify
PAF receptor-like proteins in the 7. cruzi proteome.

MATERIALS AND METHODS

The PAF receptor sequences from 25 different ani-
mal species were retrieved from Uniprot (uniprot.org/)
and ENSEMBL (ensembl.org/) (Supplementary data).
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The T cruzi proteome was downloaded from TriTrypDB
(tritrypdb.org/) (Aslett et al. 2010).

Phylogenetic analyses - The PAF receptor sequenc-
es were converted to Molecular Evolutionary Genetics
Analysis (MEGA) file format with the MEGA 4.0 soft-
ware (Tamura et al. 2007) and then aligned using Multi-
ple Sequence Alignment by Log-Expectation (MUSCLE)
(Edgar 2004). The phylogenetic analyses were performed
with MEGA with the neighbour-joining algorithm (Saitou
& Nei 1987). The bootstrap support values for the op-
timal trees were calculated using 1,000 replicates with
heuristic search settings that were identical to the origi-
nal search settings (Felsenstein 1985). The evolutionary
distances were calculated with the Jones-Taylor-Thornton
matrix-based method (Jones et al. 1992) with respect to
the units of the number of amino acid (A A) mutations per
site. The indels were treated as missing data.

PAF receptor conserved residue analysis - The resi-
dues that are totally conserved among PAF receptors
were analysed with MEGA through multiple sequence
alignments. The sequences that correspond to the seven
membrane-spanning TMDs of the PAF receptors were
inferred by alignment to the published human PAF re-
ceptor sequence (Gui et al. 2007).

ConSurf-conservation analysis (Ashkenazy et al.
2010) was performed using the tertiary structure of the
human PAF receptor as the three-dimensional scaffold
(PDB code 2B0X). Multiple sequence alignments of
the 25 PAF receptors were computed using MUSCLE
(Edgar 2004), and the Bayesian method (Mayrose et al.
2004) was used to calculate the conservation scores with
the Jones-Taylor-Thornton matrix-based method (Jones
et al. 1992) as a model for protein substitutions.

Search for PAF receptor homologues - The search
for PAF receptor homologues was performed with the
Basic Local Alignment Search Tool (BLAST)P algo-
rithm (Altschul et al. 1990) in the National Center for
Biotechnology Information (NCBI) BLAST package
version 2.2.24. The search was optimised to detect or-
thologues by selecting soft filtering (chosen in the stand-
alone NCBI version of BLAST with the -F “m S op-
tion) and the Smith-Waterman algorithm was used to
produce the final alignments and calculate the scores (-s
T option) (Moreno-Hagelsieb & Latimer 2008). The T
cruzi proteome was used as query in BLASTP against
PAF receptor sequences with an e-value threshold of 10
(default). To decrease the possibility of missing a puta-
tive PAF receptor sequence, we selected all sequences
that were above the threshold value for conservational
analyses, not just the reciprocal best hits, which are typi-
cally considered for orthologue detection.

T. cruzi hypothetical protein conservation analysis
- The T. cruzi sequences that were obtained from the
BLAST searches were classified by protein description
and the ConPred II software was used to select proteins
that have a predicted transmembrane topology. The pro-
gram predicts TMDs based on a consensus approach
by combining the results of several methods, including
KKD, TMpred, TopPred II, DAS, TMAP, MEMSAT 1.8,
SOSUI, TMHMM 2.0 and HMMTOP 2.0 (Arai et al.

2004). The theoretical molecular weights of these pro-
teins were predicted using the Sequence Manipulation
Suite tool (bioinformatics.org/sms2/protein_ mw.html).
The sequences of hypothetical proteins that were
predicted to contain seven TMDs were manually edited
to separate the transmembrane regions, which were then
independently aligned with the corresponding TMDs
of the 25 PAF receptors using MUSCLE (Edgar 2004).
A conservation score for each AA position in the TMD
multiple sequence alignment was computed with the
SCORECONS web server with default parameters (ebi.
ac.uk/thornton-srv/databases/cgi-bin/valdar/scorecons_
server.pl) (Valdar 2002). The method generates conser-
vation scores for individual residues based on norma-
lised substitution matrices or multiple alignments of a
set of sequences (Valdar 2002). To reduce the apparent
weight assigned to the PAF receptor sequences in the fi-
nal score, we highlighted conservation in each AA posi-
tion of the hypothetical proteins and rescaled the scores
between 0-99, as previously proposed by Haubertin et al.
(2006): Rscore =99 - [99 x (S - Lscore)/dscore], where
Rscore is the rescaled score, S is the score calculated
with SCORECONS, Lscore is the lowest score for a giv-
en AA position and 4score is the amplitude of all of the
scores for the AA residue. The Rscores that were derived
from gapped positions in the 7. cruzi hypothetical pro-
tein sequences with respect to the scaffold were defined
as zero. With the rescaled scores from each A A residue,
the weighted means were calculated for each TMD us-
ing the following formula, x = Y (x.w)/>w, where x is
the weighted mean, x the Rscore value for a given AA
residue and w is the corresponding conservation weight
(score) calculated with SCORECONS when only the
multiple sequence alignment of the 25 PAF receptor
sequences was used as the input. The final conserva-
tion scores were calculated by the weighted mean of the
rescaled scores regarding all AA residues in the seven
TMDs predicted for the given hypothetical protein.

RESULTS

We assessed the evolutionary relationship of PAF re-
ceptors from 25 different animal species (Supplementa-
ry data). To the best of our knowledge, these are the only
PAF receptor sequences that are currently available. The
phylogenetic tree (Fig. 1) clearly indicates that these PAF
receptors are split into two main branches. One cluster
contains the mammals and the amphibian/bird clades
and the second cluster exclusively contains fish. The
mammalian lineage can be further subdivided into two
branches, where the opossum and platypus are separated
from the mammals. The human, orangutan and chim-
panzee PAF receptors were sub-grouped together.

The multiple sequence alignment of the PAF recep-
tors (Supplementary data) shows that 77 AAs are com-
pletely conserved among the 25 species. The majority
of these residues (approximately 82%) are located in the
TMDs (Fig. 2A, Table I). When residues that are par-
tially conserved among species are analysed (shown in
pink in Fig. 2B), the alignment clearly shows that these
residues are also in the TMDs, except for the fourth do-
main, which is the most variable TMD (Table I).
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To identify 7. cruzi PAF receptor protein sequences,
the 23,031 total 7. cruzi protein sequences available in
TriTrypDB (Aslett et al. 2010) were compared to other
the 25 PAF receptor sequences via a BLAST search with
an E-value threshold of 10. A total of 264 parasite pro-
tein sequences were selected, of which 138 were identi-
fied as potential PAF receptor proteins. A comparison
of these hypothetical proteins with the PAF receptors
yields similar BLAST best score values that range from
17-29. The hypothetical protein Tc00.1047053511507.60
presented the highest number of BLAST hits: 24 from
the 25 PAF receptor sequences (Table II).

Of the 138 hypothetical 7. cruzi proteins identified,
29 sequences were predicted to contain seven TMDs with
chain lengths that ranged from 305-1,410 AA. TMD se-
quence of these hypothetical proteins was analysed for AA
conservation and the resulting mean values for the seven
TMDs ranged from 31.7-44.1%. When the TMDs were
analysed independently, no 7. cruzi hypothetical protein
exhibited a weighted mean value above 60% (Table III).

DISCUSSION

Several groups have previously proposed that PAF
exerts a biological effect on 7. cruzi by binding to trans-
membrane receptors (Rodrigues et al. 1996, Ambrdsio et
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Fig. 1: evolutionary relationships of platelet-activating factor (PAF) re-
ceptors from 25 animal species. The evolutionary relationship of PAF
receptors was inferred using the neighbour-joining method (Saitou &
Nei 1987). The bootstrap consensus tree inferred from 1,000 repli-
cates (Felsenstein 1985) is taken to represent the evolutionary history
of the taxa analyzed. The tree is drawn to scale, with branch lengths
in the same units as those of the evolutionary distances used to in-
fer the phylogenetic tree. The evolutionary distances were computed
using the Jones-Taylor-Thornton matrix-based method (Jones et al.
1992) and are in the units of the number of amino acid (AA) substitu-
tions per site. The analysis involved 25 AA sequences. All positions
containing gaps and missing data were eliminated. There were a to-
tal of 281 positions in the final dataset. Evolutionary analyses were
conducted in Molecular Evolutionary Genetics Analysis 4.0 software
(Tamura et al. 2007).
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al. 2003, Gomes et al. 2006). PAF receptors are GPCRs,
which are transmembrane signalling proteins that are
evolutionarily conserved among eukaryotic organisms
(Rompler et al. 2007). The occurrence of GPCRs and G-
protein signalling dates back 1.2 billion years, which was

Conserved

Fig. 2A: conservation pattern of platelet-activating factor (PAF) re-
ceptors from 25 animal species. Residues totally conserved among re-
ceptors are highlighted in yellow. Multiple sequence alignments were
performed using Multiple Sequence Alignment by Log-Expectation
(MUSCLE) (Edgar 2004) and the analysis of conserved residues was
carried out in Molecular Evolutionary Genetics Analysis (MEGA)
4.0 software (Tamura et al. 2007). The two-dimensional representa-
tion of human PAF receptor was adapted from Gui et al. (2007); B:
conservation profile for the tertiary structure of PAF receptor (PDB

code 2B0X) using ConSurf-conservational analysis. Protein was vi-

sualized using FirstGlance in Jmol with colour-coded conservation

scores. The conserved and variable residues are coloured according
to the conservation scores. Sites, for which the inferred conservation
level was assigned with low confidence, are coloured light yellow.
Multiple sequence alignments of the 25 PAF receptors were computed
using MUSCLE and the Bayesian method (Mayrose et al. 2004) was
applied for the calculations of the conservation scores using the Jones-
Taylor-Thornton matrix-based method (Jones et al. 1992) as the model
of substitution for proteins.
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TABLE I

Conserved residues in the transmembrane domains of
platelet-activating factor (PAF) receptors from 25 animal
species analyses of residues that are totally conserved among
PAF receptors were carried out in Molecular Evolutionary
Genetics Analysis (Tamura et al. 2007) and residues partially
conserved were computed using ConSurf-conservation
analysis (Ashkenazy et al. 2010)

Residues totally Residues partially Total
conserved conserve of residues
Domain (n) (n) (n)
I 10 18 30
II 12 23 30
I 13 21 33
v 4 7 23
v 3 11 26
VI 10 24 31
VIl 11 24 31

before plants, fungi and animals emerged from a common
ancestor (Schoneberg et al. 2007). Thus, it seems reason-
able that 7 cruzi may also express a PAF receptor.

Current theory regarding receptor structure and
function evolution suggests that the structural diversity
of the receptor between different species is a result of
evolution, which is characterised by the continuous ac-
cumulation of mutations. However, if receptor function
is essential for survival of the organism, some struc-
tural conservation is required to ensure protein function
(Schoneberg et al. 2007).

Our studies regarding PAF receptor evolution indi-
cate that the TMDs have the highest density of conserved
residues. This observation is consistent with molecular
modelling studies, which suggest that the ligand-binding
site of the human PAF receptor is fundamentally com-
posed of TMD residues (Gui et al. 2007). Moreover, the
TMDs tend to be conserved among GPCRs, while the
extra and intracellular loop regions and C-terminus are
typically more divergent (Herz & Thomsen 2007).

Based on similarity to known PAF receptor protein
sequences, we identified 29 hypothetical seven TMD
proteins in the 7. cruzi proteome. To the best of our
knowledge, these proteins represent the first putative
GPCRs identified in this parasite. Although the evo-
lutionary origins of the encoding genes remain un-
known, previous studies have indicated that horizontal
gene transfer (the process where genetic material is
transferred between distinct evolutionary lineages) has
occurred in parasitic protozoa (Richards et al. 2003);
moreover, viral infection may explain the origin of sev-
eral mammalian genes, including genes that code for
membrane receptors (Yu et al. 1996).

An alternative hypothesis is that putative GPCRs
have been present since the beginning of trypanosome

evolution. For example, the discovery of specific GP-
CRs in the protozoan Dictyostelium discoideum that
were previously thought to be only in animals suggests
that these genes arose before the divergence of animals
and fungi and were subsequently lost in fungi (Prabhu &
Eichinger 2000).

Our evolutionary analysis of previously identified
PAF receptors indicates that the fish receptor sequences
are grouped into a distinct clade from the other PAF re-
ceptors. Danio rerio, Gasterosteus aculeatus, Oryzias
latipes and Tetraodon nigroviridis are teleost fishes,
some of the most primitive vertebrates (Verburg-van Ke-
menade et al. 2009), thus pointing to the use of a PAF re-
ceptor sequence from a fish (instead of from a human) as
the reference to calculate the percentages of un-gapped
AA residues in the conservation analyses of hypotheti-
cal proteins. However, in view of the considerable evolu-
tionary distance between GPCRs from animals and their
putative counterparts in 7. cruzi (Wilkie & Kinch 2005),
we believe that the advantage of using a PAF receptor
sequence from a fish as the reference could be assumed
as insignificant. Besides, the fact that both PAF and its
antagonist WEB 2086 are active in human and 7. cruzi
(Rodrigues et al. 1996) suggests some conservation be-
tween these species, but the same cannot be stated for
fishes and T cruzi.

A comparison of the identified 7. cruzi seven TMD
proteins and the human PAF receptor sequence resulted
in relatively similar low BLAST scores. However, the
BLAST algorithm typically does not provide high scores
among phylogenetically distant species because genom-
es with a large evolutionary distance typically have a
low protein sequence similarity (Kim et al. 2008). Thus,
it would be optimal to use PAF receptor sequences from
more primitive organisms, such as Dictyostelium or En-
tamoeba, which have genes that encode GPCRs (Wilkie
& Kinch 2005). However, because no PAF receptor se-
quence from a lower eukaryote is currently available, a
more precise relationship cannot be established.

Conservation analyses of the TMD AAs of the hy-
pothetical 7. cruzi proteins did not allow us to identify
a protein sequence that is orthologous to the human
PAF receptor. Although the weighted mean conserva-
tion scores that we calculated cannot be assumed to be
absolute percentages of AA conservation relative to the
PAF receptors, we expect that a putative PAF receptor
orthologue would exhibit a higher number of conserved
motifs; consequently, this should be expressed as a con-
siderably higher conservation score compared to the re-
maining non-orthologous proteins. Nevertheless, if the
putative 7. cruzi PAF receptor is among the sequences
we identified, this receptor does not show a high degree
of conservation in the TMDs compared to animal PAF
receptors. This is apparent in the protozoan D. discoi-
deum, where the seven TMD receptors show little se-
quence similarity to the corresponding GPCRs in ani-
mals (Lagerstrom & Schidth 2008).

The 29 putative seven TMD proteins identified in
this study represent a starting point for additional bio-
chemical, physiological and molecular biology studies
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TABLE 11
Hypothetical proteins of Trypanosoma cruzi detected via Basic Local Alignment Search Tool (BLAST)
search against platelet-activating factor (PAF) receptors from 25 animal species prediction of
transmembrane domains (TMDs) was carried out with ConPred II software (Arai et al. 2004)
BLAST
Best Length Weight
Hypothetical protein Hits score e-value PAF (AA) (kDa) TMDs
Tc00.1047053511573.49 3 29 0.002 Rat 235 27.26 6
Tc00.1047053509027.50 19 27 0.041 Rat 534 59.23 6
Tc00.1047053503487.70 17 26 0.031 Elephant 382 41.66 8
Tc00.1047053511127.300 2 26 0.071 Squirrel 534 59.42 6
Tc00.1047053510493.10 25 0.057 Mouse 240 25.82 6
Tc00.1047053508801.10 12 25 0.10 Opossum 372 4171 8
Tc00.1047053508641.200 5 24 0.14 Elephant 305 32.55 7
Tc00.1047053506869.20 3 24 0.20 Platypus 458 52.67 8
Tc00.1047053510519.100 3 24 0.20 Platypus 458 52.64 8
Tc00.1047053508815.80 3 24 0.23 Chicken 570 64.11 9
Tc00.1047053510311.20 13 24 0.30 Frog 801 91.08 6
Tc00.1047053508873.530 10 24 0.35 Platypus 1,071 115.86 6
Tc00.1047053511629.40 4 23 0.12 Mouse 240 25.84 6
Tc00.1047053511285.80 16 23 0.18 Pika 247 27.23 6
Tc00.1047053509649.40 16 23 0.19 Pika 247 27.25 6
Tc00.1047053508547.140 1 23 0.26 Zebrafish 482 53.43 8
Tc00.1047053507943.70 3 23 0.27 Medaka 405 43.59 9
Tc00.1047053506681.24 8 23 0.35 Horse 341 38.37 8
Tc00.1047053508215.6 4 23 0.40 Platypus 494 55.71 7
Tc00.1047053506925.450 3 23 0.40 Opossum 681 77.39 6
Tc00.1047053503463.20 4 23 0.41 Platypus 494 55.69 7
Tc00.1047053510725.70 4 23 0.46 Opossum 486 54.09 6
Tc00.1047053509099.130 16 23 0.50 Human 822 91.69 8
Tc00.1047053510885.60 19 23 0.72 Guinea pig 1,151 131.20 6
Tc00.1047053508159.26 3 23 1.1 Guinea pig 1,278 137.16 4
Tc00.1047053511183.315 23 1.1 Medaka 1,085 115.00 4
Tc00.1047053510305.79 10 23 1.2 Medaka 1,410 156.58 7
Tc00.1047053507941.110 3 22 0.44 Medaka 385 4143 9
Tc00.1047053506825.24 7 22 0.48 Horse 341 38.44 7
Tc00.1047053510729.290 20 22 0.62 Platypus 335 37.98 7
Tc00.1047053506467.4 3 22 0.67 Stickleback 340 38.27 7
Tc00.1047053504137.150 22 0.68 Stickleback 340 38.52 7
Tc00.1047053505193.74 22 0.69 Stickleback 340 38.21 7
Tc00.1047053509075.31 22 0.70 Mouse 540 58.70 5
Tc00.1047053509561.70 11 22 0.72 Pika 306 34.20 6
Tc00.1047053510103.30 17 22 0.81 Opossum 594 65.97 5
Tc00.1047053506009.60 4 22 0.82 Guinea pig 416 45.27 6
Tc00.1047053506179.30 1 22 0.97 Chicken 600 66.99 8
Tc00.1047053507663.80 1 22 0.99 Chicken 600 66.77 8
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Best Length Weight
Hypothetical protein Hits score e-value PAF (AA) (kDa) TMDs
Tc00.1047053509719.56 2 22 1.2 Zebrafish 724 82.56 7
Tc00.1047053511461.40 5 22 1.3 Pig 552 62.88 6
Tc00.1047053508535.30 4 22 1.3 Pig 553 63.02 7
Tc00.1047053508443.50 3 22 1.5 Pufferfish 630 70.30 5
Tc00.1047053509157.110 3 22 1.5 Pufferfish 630 70.46 4
Tc00.1047053507821.101 2 22 1.5 Rat 994 106.93 4
Tc00.1047053507209.60 16 22 1.6 Guinea pig 819 91.35 8
Tc00.1047053508153.920 3 22 1.6 Platypus 611 68.86 1
Tc00.1047053506529.150 1 22 1.8 Zebrafish 1,151 131.49 6
Tc00.1047053511921.71 9 22 1.9 Opossum 1,157 124.18 7
Tc00.1047053509849.30 4 22 2.2 Shrew 860 97.79 7
Tc00.1047053511185.150 1 22 3.2 Guinea pig 2,247 243.13 -
Tc00.1047053508891.80 1 22 4.5 Mouse 1,935 216.30 6
Tc00.1047053507615.60 2 21 0.76 Frog 284 32.16 6
Tc00.1047053508277.210 21 21 0.81 Stickleback 319 36.83 6
Tc00.1047053511495.20 4 21 0.81 Elephant 324 36.45 6
Tc00.1047053508489.20 21 0.82 Elephant 324 36.39 6
Tc00.1047053508799.290 21 0.83 Pufferfish 221 24.45 6
Tc00.1047053506753.30 19 21 0.87 Elephant 341 37.88 7
Tc00.1047053511305.40 4 21 0.88 Chicken 301 32.92 5
Tc00.1047053509945.24 22 21 0.89 Stickleback 319 36.79 6
Tc00.1047053507257.180 2 21 0.94 Medaka 327 35.92 5
Tc00.1047053510355.190 20 21 0.97 Elephant 341 37.92 7
Tc00.1047053511507.60 24 21 1.1 Shrew 311 35.11 7
Tc00.1047053507883.50 20 21 1.1 Pika 319 35.46 5
Tc00.1047053503897.120 11 21 1.1 Pika 306 34.20 5
Tc00.1047053510001.31 4 21 1.1 Medaka 317 34.99 6
Tc00.1047053503647.40 21 1.1 Chicken 409 45.33 9
Tc00.1047053508741.20 2 21 1.2 Medaka 319 34.70 9
Tc00.1047053506195.50 15 21 1.3 Pika 319 35.29 5
Tc00.1047053508041.20 12 21 1.4 Goat 528 60.25 6
Tc00.1047053509997.73 3 21 1.4 Platypus 351 38.97 8
Tc00.1047053506297.340 12 21 1.5 Goat 528 60.22 6
Tc00.1047053507603.220 3 21 1.5 Chicken 444 49.64 6
Tc00.1047053506661.140 3 21 1.5 Pika 486 54.79 6
Tc00.1047053509269.19 7 21 1.7 Pufferfish 471 53.80 8
Tc00.1047053509429.280 5 21 1.9 Chicken 552 62.15 8
Tc00.1047053504021.90 1 21 2.3 Guinea pig 600 65.97 9
Tc00.1047053507083.100 3 21 2.5 Chicken 662 72.90 8
Tc00.1047053507677.60 1 21 2.5 Guinea pig 600 65.87 9
Tc00.1047053508317.70 4 21 2.6 Shrew 856 97.38 7
Tc00.1047053503735.30 1 21 2.6 Horse 844 95.54 7
Tc00.1047053509901.100 3 21 2.9 Goat 662 72.94 8
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BLAST
Best Length Weight
Hypothetical protein Hits score e-value PAF (AA) (kDa) TMDs
Tc00.1047053508121.15 2 21 3.1 Chicken 1,027 111.03 4
Tc00.1047053510507.60 2 21 4.0 Cow 1,130 127.09 5
Tc00.1047053503919.60 1 21 6.1 Squirrel 1,579 177.58 5
Tc00.1047053507723.70 1 21 9.1 Rabbit 2,960 326.30 -
Tc00.1047053509799.90 4 20 1.4 Frog 310 35.33 7
Tc00.1047053509431.10 5 20 1.5 Cow 297 33.22 5
Tc00.1047053508739.30 5 20 1.6 Pika 331 36.04 8
Tc00.1047053503909.90 23 20 1.7 Mouse 311 35.14 6
Tc00.1047053508241.104 2 20 1.7 Stickleback 295 33.58 6
Tc00.1047053511693.130 6 20 1.8 Squirrel 383 43.59 8
Tc00.1047053506565.29 2 20 2.4 Chicken 425 49.18 9
Tc00.1047053509245.29 1 20 2.4 Opossum 315 35.83 8
Tc00.1047053507969.30 6 20 2.5 Opossum 470 53.77 7
Tc00.1047053504029.90 4 20 2.7 Guinea pig 351 38.96 8
Tc00.1047053509799.100 7 20 2.8 Stickleback 340 38.66 7
Tc00.1047053511245.24 3 20 2.8 Pika 486 54.56 6
Tc00.1047053510311.80 4 20 33 Platypus 655 72.93 8
Tc00.1047053511801.4 1 20 37 Goat 634 70.95 6
Tc00.1047053511001.50 3 20 4.3 Shrew 494 54.09 7
Tc00.1047053503593.60 1 20 44 Medaka 654 72.40 5
Tc00.1047053506127.120 1 20 4.5 Medaka 654 72.17 5
Tc00.1047053511279.20 2 20 4.7 Pika 709 79.47 6
Tc00.1047053508723.24 1 20 4.9 Frog 559 63.22 7
Tc00.1047053509791.60 1 20 4.9 Frog 559 63.25 7
Tc00.1047053511923.71 10 20 5.0 Mouse 1,103 120.80 7
Tc00.1047053509897.132 9 20 5.4 Pika 1,129 119.93 5
Tc00.1047053508741.260 1 20 5.5 Elephant 814 90.46 8
Tc00.1047053511003.160 2 20 6.2 Rat 1,034 114.04 6
Tc00.1047053504033.140 1 20 6.4 Chicken 1,013 113.12 6
Tc00.1047053511787.30 1 20 6.9 Rat 1,267 134.46 7
Tc00.1047053510861.94 1 20 8.0 Horse 845 95.95 7
Tc00.1047053509899.70 1 20 9.0 Pufferfish 1,271 135.75 6
Tc00.1047053508347.140 1 19 2.8 Frog 284 32.08 6
Tc00.1047053504765.20 17 19 2.9 Pig 269 30.04 6
Tc00.1047053504137.140 4 19 3.6 Frog 310 35.44 7
Tc00.1047053505757.10 10 19 37 Rat 259 28.18 5
Tc00.1047053506669.10 10 19 37 Rat 259 28.18 5
Tc00.1047053510885.20 3 19 39 Horse 296 32.15 6
Tc00.1047053506529.110 2 19 39 Horse 296 32.08 6
Tc00.1047053511837.40 1 19 4.1 Medaka 290 32.68 8
Tc00.1047053511531.44 2 19 4.7 Platypus 405 44.45 5
Tc00.1047053509741.20 1 19 5.2 Stickleback 356 39.50 4
Tc00.1047053507681.50 1 19 5.3 Platypus 516 57.64 7
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BLAST
Best Length Weight
Hypothetical protein Hits score e-value PAF (AA) (kDa) TMDs
Tc00.1047053507509.80 2 19 5.7 Cow 573 63.50 6
Tc00.1047053506871.130 2 19 59 Cow 573 63.64 6
Tc00.1047053507395.10 8 19 6.4 Elephant 405 45.36 6
Tc00.1047053510087.30 7 19 6.4 Elephant 403 45.13 5
Tc00.1047053510265.14 1 19 7.5 Rabbit 655 72.97 8
Tc00.1047053511471.10 1 19 8.7 Rabbit 796 86.81 1
Tc00.1047053430895.10 11 18 4.0 Rat 259 28.24 5
Tc00.1047053509253.30 1 18 5.1 Stickleback 265 30.50 5
Tc00.1047053508207.120 2 18 6.0 Rat 224 25.28 5
Tc00.1047053511683.20 2 18 6.1 Medaka 318 34.60 9
Tc00.1047053507625.200 1 18 6.1 Stickleback 355 39.56 9
Tc00.1047053402857.10 1 18 7.9 Stickleback 321 34.93 8
Tc00.1047053506513.14 1 17 9.0 Guinea pig 222 25.39 6
AA: amino acid.
TABLE II1

Conservation analysis of amino acid (AA) residues in the transmembrane domains (TMDs)
of Trypanosoma cruzi hypothetical proteins performed in SCORECONS web server (Valdar 2002) conservation
scores for each TMD are expressed as the weighted mean of rescaled scores for each AA position. Percentages of un-gapped
AA residues in the seven TMDs were calculated in comparison to the sequence of human PAF receptor in the multiple
sequence alignment containing each hypothetical protein and the sequence of 25 PAF receptors.

Conservation scores (%)

Un-gapped
TMDs Domains
Length residues Mean

Hypothetical protein (AA) (%) (7 TMDs) 1 11 111 v \Y VI Vil
Tc00.1047053508215.6 494 89.1 44.1 555 493 435 445 353 33.1 45.8
Tc00.1047053508723.24 559 83.7 429 39.1 383 524 507 443 38 38.7
Tc00.1047053509791.60 559 83.7 42.8 39.1 382 524 507 443 38 387
Tc00.1047053506753.30 341 87.8 42.8 51.1 364 419 46,3 427 284 525
Tc00.1047053505193.74 340 91.2 42.5 52.1 383 455 31.3 349 449 482
Tc00.1047053503463.20 494 87.1 42.5 447  48.6 435 445 363 33.1 45.8
Tc00.1047053504137.150 340 89.8 42.2 443 301 424 513 525 478 31

Tc00.1047053506467.4 340 91.2 42.2 52.1 383 455 302 349 449 469
Tc00.1047053509799.100 340 89.8 42.1 443 301 424 513 525 467 31

Tc00.1047053508641.200 305 87.8 41.7 48.3 37.1 406 416 465 503 289
Tc00.1047053511787.30 1,267 89.1 41 29 386 36.6 37 511 43.7 51.2
Tc00.1047053510305.79 1,410 88.4 40.9 44.1 342 318 41.6 40 45.5 49.1
Tc00.1047053510861.94 845 95.2 40.8 394 359 347 475 424 414 455
Tc00.1047053511923.71 1,103 81.6 40.6 399 395 401 408 444 254 533
Tc00.1047053511921.71 1,157 89.8 40.6 399 449 386 304 505 244 533
Tc00.1047053503735.30 844 92.5 40.6 394 384 33 475 424 414 434
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Conservation scores (%)
Un-gapped
TMDs Domains
Length residues Mean
Hypothetical protein (AA) (%) (7 TMDs) I II I v A% VI VII
Tc00.1047053510355.190 341 87.8 40.5 511 364 259 463 41.1 322 508
Tc00.1047053509719.56 724 86.4 40.2 347 36.7 46 435 422 309 472
Tc00.1047053508317.70 856 86.4 40.1 314 386 573 43 404 402 303
Tc00.1047053509849.30 860 86.4 38.6 47.1 31 384 446 404 402 303
Tc00.1047053510729.290 335 90.5 38.5 48.7 31.7 43.2 41.7 338 368 337
Tc00.1047053504137.140 310 90.5 38.2 419 283 441 31 36.5 328 50.7
Tc00.1047053509799.90 310 93.2 377 479 283 441 32.5 33 328 441
Tc00.1047053507969.30 470 93.2 377 36.5 272 59.4 39.6 31.8 343 353
Tc00.1047053511001.50 494 86.4 377 332 346 264 412 349 434 503
Tc00.1047053507681.50 516 89.8 36.7 48.1 262 343 349 32 41.8 39.4
Tc00.1047053506825.24 341 87.1 347 40.1 28.1 259 38 42.6 313 38
Tc00.1047053511507.60 311 85.7 34.5 31.7 274 334 364 438 35.1 35.2
Tc00.1047053508535.30 553 87.1 317 39.5 19.5 107 424 434 317 38

to identify surface proteins in 7. cruzi. None of these
29 sequences or any other sequence derived from hy-
pothetical proteins in the parasite proteome display a
high degree of similarity with the human PAF receptor.
However, the identification of the 7. cruzi receptor may
theoretically enable the design of PAF antagonists that
interact with the 7. cruzi, but not human PAF receptor.
Molecules that affect the growth/differentiation of para-
sites can subsequently be tested as selective and effec-
tive drugs for the treatment of neglected diseases (Ham-
marton et al. 2003).

The limitations of this study include the ability of
the BLAST algorithm to correctly identify the putative
PAF receptor sequence and the ability to correctly pre-
dict TMD structures. To minimise these limitations, we
selected a BLASTP algorithm that has been optimised to
detect orthologues (Moreno-Hagelsieb & Latimer 2008)
and used a consensus approach to properly detect the
TMDs (Arai et al. 2004).

Additional limitations of this work may be related to
the nature of the proteomic data analysed. In contrast to
the kinetoplastid pathogens Leishmania major and Try-
panosoma brucei, the T. cruzi assembled genome se-
quences are considered to be highly repetitive because
the CL Brener reference strain is a hybrid of the “non-
Esmeraldo-like” and “Esmeraldo-like” lineages; conse-
quently, each chromosome is comprised of two homolo-
gous chromosomes (Alves-Ferreira et al. 2009, Weatherly
et al. 2009). Therefore, the predicted 7. cruzi proteome
has some inherent restrictions regarding computational
gene prediction and annotation that may hamper the iden-
tification of a potential unpredicted and/or un-annotated
PAF receptor. Additional studies regarding the identifi-

cation of PAF receptor homologues in the complete 7.
cruzi genome (not only against the predicted proteome)
are needed, as they may overcome these limitations.
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Supplementary data

Sequences platelet-activating factor (PAF) receptors

Search for PAF receptor in T. cruzi * Daniel Fabio Kawano et al.

PAF Sequence ID Source

Bos taurus (cow) QITTYS Uniprot
Capra hircus (goat) Q9GK76 Uniprot
Cavia porcellus (guinea pig) P21556 Uniprot
Gallus gallus (chicken) E1C095 Uniprot
Homo sapiens (human) P25105 Uniprot
Macaca mulatta (thesus monkey) P35366 Uniprot
Mus musculus (mouse) Q62035 Uniprot
Rattus norvegicus (rat) P46002 Uniprot
Sus scrofa (pig) Q9XSDh4 Uniprot
Xenopus laevis (African clawed frog) Q7ZWYO0 Uniprot
Danio rerio (zebrafish) ENSDARP00000094880 Ensembl
Equus caballus (horse) ENSECAP00000003792 Ensembl
Erinaceus europaeus (hedgehog) ENSEEUP00000012269 Ensembl
Gasterosteus aculeatus (three-spined stickleback) ENSGACP00000012761 Ensembl
Loxodonta africana (elephant) ENSLAFP00000006539 Ensembl
Monodelphis domestica (opossum) ENSMODP00000032054 Ensembl
Ochotona princeps (American pika) ENSOPRP00000002162 Ensembl
Ornithorhynchus anatinus (platypus) ENSOANP00000021295 Ensembl
Oryctolagus cuniculus (rabbit) ENSOCUP00000015312 Ensembl
Oryzias latipes (medaka) ENSORLP00000015743 Ensembl
Pan troglodytes (chimpanzee) ENSPTRP00000000744 Ensembl
Pongo pygmaeus (orangutan) ENSPPYP00000001903 Ensembl
Sorex araneus (shrew) ENSSARP00000005182 Ensembl
Spermophilus tridecemlineatus (squirrel) ENSSTOP00000014258 Ensembl
Tetraodon nigroviridis (green pufferfish) ENSTNIP00000020395 Ensembl
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ConSsurf colour-coded multiple sequence alignment of platelet-activating factor receptors
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