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ABSTRACT

Trypanosoma rangeli is a hemoflagellate protozoan parasite presenting an overlapping distribution with 7. cruzi, the etiolo-
gical agent of Chagas disease, in a wide geographical area in Latin America. Despite considered as non-pathogenic for man,
T. rangeli shares several characteristics with 7. cruzi such as vertebrate and invertebrate reservoirs, vectors and approxima-
tely half of the soluble antigenic determinants. Despite the importance of specific detection, little is know about 7. rangeli
in comparison to 7. cruzi; several questions lack proper answers, including the controversies concerning 7. rangeli’s taxo-
nomic position. In this context, this short review attempted to congregate current aspects on the research of this parasite,
approaching several subjects as life cycle, vector suscepbility, specific genes studies and genomic data.

RESUMEN

Trypanosoma rangeli es un parasito hemoflagelado que comparte el area de distribucion con Trypanosoma cruzi, agente
etiologico de la enfermedad de Chagas, ampliamente distribuida en Latinoamérica. A pesar de no ser considerado como
patogénico para los humanos, . rangeli presenta caracteristicas semejantes con 7. cruzi tales como sus hospedadores verte-
brados, vectores y aproximadamente la mitad de los antigenos solubles determinantes. A pesar de la importancia de que este
tripanosomatideo sea detectado en forma especifica, poco es el conocimiento adquirido cuando comparamos 7. rangeli con
T. cruzi, faltando respuestas adecuadas para innumerables cuestionamientos, uno de ellos las controversias en relacion a su
posicion taxondmica. En este contexto, esta pequefla revision intenta reunir algunos aspectos generales sobre la investiga-
cion de este parasito, abordando algunos aspectos del ciclo de vida, susceptibilidad del vector, estudios especificos de genes
y datos genoémicos.
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THE PARASITE

General features

The protozoan parasite Trypanosoma rangeli was
originally described by the Venezuelan investigator
Enrique Tejera in 1920 from flagellates found in
the intestinal content of naturally infected Rhod-
nius prolixus collected in Venezuela (D’Alessandro

1976). Nowadays, T rangeli be-longs to the subge-
nus Herpetosoma and infects triatomines and seve-
ral wild and domestic mamma-lian species including
humans in a wide geogra-phical area in Central
and South American coun- tries (D’Alessandro-
Bacigalupo and Saravia 1992).

The biology of 7. rangeli in the invertebrate
host presents some fascinating features. After colo-
nization of the vector gut from which the parasite
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reachs the hemocoel, epimastigotes multi-plicate
in the hemolymph and invade the salivary glands
where a large number of metatrypomastigotes (me-
tacyclic trypomastigotes) are formed (D’Alessandro,
1976, Grisard et al. 1999a, Guhl and Vallejo,
2003). Transmission to the mammalian host occurs
by bites of infected triatomines, espe-cially those
from the genus Rhodnius, but some investigators
had demonstrated that infection in mice by inocu-
lation of infected triatomine feces is also possible.
T. rangeli is completely harmless to the mammalian
host where its biology is largely unknown. Intrace-
llular multiplication in the vertebrate host remains
controversial. Previous extensive histopathological
studies on more than a hundred mice infected with
T. rangeli did not show any evidence of intra-
cellular parasite multiplication (Herbig-Sandreuter,
1955). On the contrary, Urdaneta-Morales and Te-
jero (1985) reported that lactating mice inocula-
ted with 7 rangeli presented parasitemia levels 7
times higher than the original inocula, suggesting
parasite multiplication in the vertebrate host. In
other studies, amastigote-like forms were found
in cross-sections of heart, liver and spleen from
young MMRI mice inoculated with the Venezuelan
T. rangeli strain Perro-82 (De Scorza et al., 1986,
Urdaneta-Morales and Tejero, 1986). In vitro stu-
dies using the human promonocyte (U937) cell line
infected with 7. rangeli (San Agustin strain and
Ub66-5b clone) demonstrated intracellular amasti-
gote-like forms but without intracellular multiplica-
tion evidences (Osorio et al. 1995).

In another study Eger-Mangrich et al. (2001)
infecting mice peritoneal macrophages, Vero cells
and murine promocytes (J774) cell line, with cul-
ture trypomastigotes of 7. rangeli (Choachi and
SC-58 strains), showed the presence of intracellular
non-dividing amastigote-like forms in both Vero
and J774 cells until 144 hours. Parasites did not
survive within macrophages. It is possible that 7.
rangeli reproduction in the mammalian host could
depend on the characteristics of the parasite strain
being used. However, the reproductive phase of
T rangeli in the vertebrate host is currently not
known and the mentioned observations need to
be confirmed using cloned strains of 7. rangeli to
eliminate any possibility of contamination with 7.
cruzi (D’Alessandro, 1976; Cuba, 1998; Grisard et
al., 1999b; Guhl and Vallejo, 2003).

More than 2,600 cases of human infection by 7.
rangeli are related in the literature (D"Alessandro-
Bacigalupo and Saravia, 1992). In several areas, T
rangeli has a known overlapping distribuition with
T cruzi, the causative agent of Chagas disease and,
not rarely, mixed infections in mammals and triato-
mine bugs as well as in humans had been referred
(D’Alessandro-Bacigalupo and Saravia, 1992; Gri-
sard et al., 1999b; Guhl and Vallejo, 2003). Despite
its harmless to the vertebrate host, 7. rangeli infec-
tion in humans induces a humoral immune respon-
se resulting in antibodies that cross-react with T
cruzi in distinct serological assays. Afchain et al.
(1979) demonstrated that culture epimastigotes of
T cruzi and T rangeli share around 60% of their
soluble antigens. This fact constitutes an additional
problem for the diagnosis of Chagas disease sin-
ce false-positive results can be expected in areas
where these parasites are sym-patric (D"Alessandro-
Bacigalupo and Saravia, 1992).

Detection of 7. rangeli infection in humans is
based on the same serological (indirect immuno-
fluorescence, hemagglutination and ELISA) assays
and parasitological techniques (hemoculture and
xenodiagnosis) used for Chagas disease, allowing
the occurrence of false-positive results in routine
diagnosis (Afiez et al, 1985; Steindel et al.,, 1991).
Furthermore, 7. rangeli single or mixed infections
with 70 cruzi have been reported in triatomines
(Steindel et al., 1994; Gurgel-Gongalves et al.,
2004), in wild mammals (Ramirez et al., 2002) and
in humans (Saldana et al., 2005).

Although 7. rangeli can be distinguished from
T cruzi using several biological, immunological,
biochemical and molecular methods, the charac-
teristic biological behavior in the invertebrate host
continues to be the best tool for distinguishing
between these interesting parasites (Grisard et al.,
1999b).

Life Cycle

T. rangeli life cycle in the triatomine starts
with the ingestion of the non-dividing blood trypo-
mas-tigotes during a bloodmeal. After ingestion,
trypomastigotes transform into large and short
epimastigotes and spheromastigotes forms which
multiply in the gut of the insect vector. Around
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30 days after the infective bloodmeal epimas-
tigotes and trypomastigotes start to be released
with the vector’s urine or feces (D’Alessandro,
1976; Steindel et al., 1993). It is noteworthy that
trypomastigotes present in the triatomine feces are
morphologically distinct from the metacyclic trypo-
mastigotes derived from salivary glands.

Studies on the 7. rangeli evasion from the intes-
tine have proposed different patterns for this event.
It has been recently suggested that the parasite
crosses the cytoplasm of the midgut cells, causing
cell damage reaching the hemocoel (De Oliveira
and De Souza, 2001). However, it has been also
proposed that 7. rangeli crosses the intestinal ba-
rrier by an intracellular route without cell damage
(Hecker et al., 1990).

Although the concept of intracellular division of
T. rangeli within hemocytes is commonly present
in several manuscripts, no clear evidence of such
division has been proved so far. For instance, it is
not well established if the parasites are multiplying
into the vector’s defense cells or if they were
phagocyted and killed. De Oliveira et al. (2001),
using transmission electron microscopy, showed
that plasmatocytes were able to ingest epimasti-
gote forms of the parasite forming a vacuole, but
no evidence of dividing parasites were observed
within such cells.

Recent studies using electron microscopy
showed that epimastigotes coming from the insect
hemocoel cross the basal lamina that surrounds the
salivary glands and penetrate through the gland
cell’s cytoplasm, and after reaching the gland Ilu-
men, epimastigotes forms remain adhered to the
gland cell microvilli by their flagella, while meta-
cyclic trypo-mastigotes are found swimming free
in the saliva (Meirelles et al., 2005). Since several
mechanisms or process of 7. rangeli - vector inte-
raction are not well understood, the improvement
or development of new tools to investigate the
parasite life cycle, like green fluorescence protein
(GFP) expressing parasites, are of great importance
and can be used to determine cell-to-cell interac-
tions, quantify parasite survival and penetration
rates and address the little understood life cycle in
the vertebrate hosts (Guevara et al., 2005).

Vector susceptibility

The pleomorphism of 7. rangeli prevents diffe-
rentiation of epimastigote forms of the parasite
from other trypanosomatids by morphology. Thus,
the presence of flagellates similar to 7. rangeli (T.
rangeli-like) in triatomine intestines does not im-
ply that such species have vectorial capacity. The
definitive evidence consists of demonstrating the
presence of metacyclic trypomastigotes in the saliva
or in the salivary glands and their infectivity to a
vertebrate (Guhl and Vallejo, 2003).

In this way, the Rhodnius genus is particu-
larly susceptible to infection by 7. rangeli and
transmi-ssion by salivary inoculation has been
demonstrated for 12 out of 15 species of this
genus using naturally or experimentally infected
insects (Guhl and Vallejo, 2003). Although with
low infection rates in salivary glands, the sus-
ceptibility of Panstrongylus megistus, Triatoma
infestans, T. sordida, T. braziliensis and T. vitti-
ceps to T. rangeli infection was recently repor-
ted (De Stefani Marquez et al., 2000).

While 7. cruzi infection reveals no pathologi-
cal effects to triatomines, infection by 7. range-
li determines well described pathologies (Cuba,
1998). Such pathological characteristic may
be reflecting differences on the co-evolution
of these parasites with their invertebrate hosts
(D’Alessandro-Bacigalupo and Saravia, 1992; FEi-
chler and Schaub, 2002).

T. rangeli is also a useful model to study
immune modulation in Rhodnius species as de-
monstrated by some studies involving the role of
substances in hemocyte micro-aggregation, nitric
oxide production and proPO system (Gomes et al.
2003, Machado et al., 2006), and inferences on
the interaction of the parasite with the vector R.
prolixus were recently reviewed (Whitten et al,
2001; Azambuja and Garcia, 2005; Azambuja et
al., 2005).

T. rangeli specific features
Studies involving antigenic, genetic and bio-

chemical characteristics of the parasite have been
performed with three main objectives: I) To enhan-
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ce the knowledge about the parasite biology itself;
IT) To establish differential diagnostics between 7.
cruzi and T. rangeli; 11I) To address phylogenetic
and evolutionary issues.

Characterization of 7. rangeli has been exten-
sively reviewed by Grisard ef al. (1999) and Guhl
and Vallejo (2003). However, recent approaches
by analysis of the parasite transcriptome have been
started (Snoeijer et al., 2004; Rodrigues, 2005).

Comparative genomic, transcriptomic and/or
pro-teomic studies of distinct 7. cruzi and T. range-
i populations will allow the identification, purifica-
tion and characterization of differentially expressed
pro-teins that are involved in the induction of host
immune response, directly contributing to prevent
false positive results and incrementing the sen-siti-
vity and specificity of Chagas disease diagnosis as
well as to reinforce the taxonomic position of T
rangeli (Stevens et al., 1999).

In this context, comparisons of the total protein
profiles from 7. rangeli and T cruzi, according
to their morphological and physiological stages
(epimastigotes and trypomastigotes) showed a di-
fferential gene expression during the life cycle, in-
clu- ding some species-specific proteins (Mejia
et al., 2004). Among the differently expressed
genes detected by a substrative approach used in
this study for the isolation and characterization of
species-specific expressed genes, a mucin-like gene
described by Abate et al. (2005) was clearly ex-
pressed only by 7. cruzi.

Another example of differential protein expre-
ssion are GPI-anchored proteins from the plasmatic
membrane of 7. rangeli and T. cruzi epimas-tigotes,
which were isolated and characterized by Afez-

Rojas et al. (2006). This study revealed different
patterns of GPI-anchored proteins be-tween 7. ran-
geli (90, 85 and 56 kDa) and 7. cruzi (30, 70 and
100 kDa). These differences in size and the specific
antigenicity observed, lead the authors to consider
these proteins as a biochemical marker to identify
and differentiate these parasites.

Genetic Characterization

Little is known about genetic structures and
gene expression in 7. rangeli. Comparing the cu-
rrent number of nucleotide sequences, proteins,
structures and citations on PubMed (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db= PubMed) of
T. rangeli with other Trypanosomatid species en-
tries in the GenBank, a small number of 7. rangeli
nucleotide sequences or genes (150) and proteins
(73) have been characterized and the overall picture
of the genome is still absent (Table 1).

Despite the reduced number of nucleotide se-
quences also observed for 7. vivax and T. congolen-
se, the Sanger Institute (http://www. sanger.ac.uk/)
is carrying out a partial genome project for both
species, which will increment their databases in the
near future.

Kinetoplast and mini-exon gene studies

Important contributions were done studying
sequences conserved in all Kinetoplastida: the
kinetoplast DNA (kDNA), a peculiar form of mi-
tochondrial DNA (Sturm et al., 1989, Vallejo et al.,
1994), and the nuclear mini-exon (spliced-leader
or SL) gene, which generates a 39 nucleotide (nt)
long sequence added to the 5’ end of all trans-
cribed mRNA (Grisard et al., 1999a).

Table 1: Number of sequences, proteins, structures and citations on PubMed from distinct 7Trypanosoma species available at

the GenBank*.
Data type T. vivax T. cruzi T. brucei T. congolense T. evansi __T. rangeli
Nucleotide 68 169.329 111.179 111 158 150
Protein 165 45.656 27,077 96 114 73
Structure 9 69 77 0 0 10
Citations on PubMed 476 8.265 5.881 209 496 320

*Data extracted from GenBank (http://www.ncbi.nlm.nih.gov/Genbank/index.html) on December 2006.
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The kDNA network consists of several thou-
sand mini-circles and a few dozen maxi-circles
that are concatenated. The mini-circles are known
to differ in nucleotide sequence among distinct
spe-cies, but are homogeneous in size and can
commonly cross-hybridize (Vallejo et al., 1994).
Interestingly, at least one copy of a conserved
~100-200 nt long region containing an almost in-
variant universal 12 nt sequence, has been found
on the kDNA mini-circles of all trypanosomatid
species studied so far (Sturm et al., 1989; Vallejo
et al., 1994).

There are four copies of a conserved region of
120bp in T cruzi mini-circles organized at 90° to
each other. On the other hand, 7. rangeli contains
three distinct classes of kDNA mini-circles which
differ in size and molecular organization, as fo-
llows: KP1 mini-circles contain a single conserved
region, KP2 contains two conserved regions located
at 180° to each other, and KP3 contains four con-
served regions located at 90°, as observed for T
cruzi (Vallejo et al., 1994; Guhl et al., 2002).

In this outstanding study, Vallejo et al. (1994)
described that conserved regions of the mini-circles
of both species have high similarity, allowing the
design of primers for specific and sensitive detec-
tion of these trypanosomes by PCR. Furthermore,
Vallejo et al. (2002) developed a duplex PCR assay
allowing the amplification of all types of mini-
circles, which is of major importance for strain
characterization and to address the parasite’s epide-
miology.

Using that approach in a study carried out in
many countries of Latin America, the authors have
determined that 7. rangeli strains isolated from R.
prolixus presented all three amplification products,
while the strains isolated from other Rhodnius
species presented amplification products derived
only from KP2 and KP3 mini-circles, but not
from KP1. 7. rangeli strains presenting KP1 mini-
circles (KP1+) or not (KP1-) were found in the
intestine of several specimens of R. colombiensis,
but KP1(+) strains were not able to escape to the
haemolymph and invade the salivary glands. The
same authors observed a similar situation in R.
prolixus, where it was possible to find both 7. ran-
geli KP1(-) and KP1(+) in the intestine, but only

KP1(+) strains in the salivary glands (Vallejo et al.,
2002; Urrea et al., 2005).

These data suggests that some Rhodnius spe-
cies are preferably susceptible to 7. rangeli
KP1(+) strains while others are susceptible to
KP1(-). Thus, each Rhodnius species would se-
lect in nature the parasite subpopulations that
are able to reach the salivary glands and to be
transmitted by the saliva while probing the ver-
tebrate host (Guhl and Vallejo, 2003). Such ob-
servation was formerly pointed out in a previous
study that revealed this vector-parasite relationship
when studying the susceptibility of distinct Rhod-
nius species to some 7. rangeli strains isolated
from different geographical areas (Machado et al.,
2001) and confirmed by a recent study by De Ste-
fani Marquez et al., (2000).

Studies on 7. rangeli mini-exon gene also
allowed the division of 7. rangeli strains in two
distinct lineages, according to sequence differences.
This gene is a sequence of 39 nt found in tandem
repeats on the parasite nuclear DNA. Such repeats
are 582 nt long in 7. cruzi and 858 nt in 7. ran-
geli, due the insertion of the small subunit of the
ribosomal (5S rDNA) gene between the 7. rangeli
mini-exon gene repeats, which is absent in 7. cruzi
(Hernandez-Rivas et al., 1992). Therefore, these
two organisms may be distinguished primarily by
the electrophoretic mobilities of their respective
amplification products (Murthy et al, 1992). Also,
inter as well as intra-specific variability of diffe-
rent strains of 7. rangeli can be assessed by the
SL gene (Grisard et al, 1999a; Guhl and Vallejo,
2003; Urrea et al., 2005). However, due the low
copy number of this gene (~200-300/cell) the SL
gene is not a good target for direct differential
diagnosis by PCR (Grisard et al., 1999a).

Independent mitochondrial (Vallejo et al., 2003)
and nuclear (Grisard et al, 1999a) molecular mar-
kers initially showed a clear division of 7. rangeli
into two major phylogenetic groups associated with
specific vectors in Latin America countries.

Along with the use of the SL gene and the
kDNA mini-circles, several other markers (5S
rDNA gene, internal transcribed spacers — ITS and
RAPD) have been used for inter and intra-specific
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differentiation (Aksoy et al., 1992; Steindel et al,
1994; Grisard et al.,, 1999a; Barnabe et al., 2003; Da
Silva et al., 2004; Beltrame-Botelho et al., 2005).

These studies allowed phylogenetic and taxo-
nomic studies of 7. ramgeli isolates from man,
triatomines and wild mammals, allowing the recent
indication of the occurrence of four distinct 7. ran-
geli lineages (Maia Da Silva ef al., 2004).

Despite the divergence on the number of T
rangeli lineages, such studies support either clonal
evolution or speciation in 7. rangeli populations,
probably derived as a secondary adaptation to their
parasitic condition in triatomine vectors (Guhl and
Vallejo, 2003; Gurgel-Gongalves et al., 2004; Urrea
et al., 2005).

Since different degrees of polymorphism among
T. rangeli strains isolated from different geogra-
phical regions, hosts and vectors were detected, we
reinforce our former suggestion to use as many well
characterized strains and biochemical, immunologi-
cal and molecular markers for intra and interspecific
characterization as possible (Grisard et al., 1999a).

Study of some other specific genes

Currently an increasing number of studies have
been carried out addressing 7. rangeli specific ge-
nes or using 7. rangeli genes for comparative bio-
chemical and/or molecular biology studies.

The discussion concerning the antigenic par-
ticularities of 7. cruzi and 7. rangeli is accen-tuated
when the sialidases and transsialidases are in ques-
tion. Some authors have described that 7. rangeli
sialidases lack the trans-sialidase activity (Buschia-
zzo et al., 1993; Pontes-De-Carvalho et al., 1993;
Buschiazzo et al., 1997; Sousa et al, 2005), or
with similar activity in distinct pH. While 7. ran-
geli sialidase is more efficient in acid pH (5.0), the
optimal activity of the 7. cruzi enzyme occurs in
neutral pH. Nevertheless, the function of 7. rangeli
sialidase still remains unknown, but some authors
have suggested the enzyme’s invol-vement in the
parasite development inside the insect vector (Me-
dina-Acosta et al.,, 1994).

The high resolution structures of free and in-
hibitor-bound 7. rangeli sialidase and its compa-

rison with 7. cruzi trans-sialidase, revealed a highly
conserved catalytic center, where subtle structural
differences account for strikingly different enzy-
matic activities and inhibition properties (Amaya et
al., 2003). Other recent work characterized an ORF
encoding a protein with high identity with mem-
bers of 7. cruzi gp85/trans-sialidase family, which
function also remains uncertain, but the expression
was confirmed and many copies of this gene were
located next to the telomeres, as well as several
surface proteins of the trypanosomatids (Afiez-
Rojas et al. 2005).

Another 7. rangeli gene already studied is the
tyrosine-aminotransferase (Bontempi et al. 2000).
This study revealed that this gene is organized in
tandem multicopy arrays, encoding a protein of 420
aminoacids (aa) with a predicted molecular mass of
46.4 kDa, having confirmed the enzymatic activity.

The kinetoplastid membrane protein’s 11 gene
(KMP-11 antigen), which seems to play a key role
in the induction of humoral and celular immu-
ne response, was also characterized in 7. rangeli
(Uruena et al, 2004). The locus encoding this
protein is formed by four gene units organized
in tandem with 97% identity to the deduced aa
sequence of 7. cruzi, and are located in different
chromosomes of 7. rangeli KP1(+) and KPI1(-)
strains.

Cuervo et al. (2006) studied the hystone H2A
gene as a differential marker for KPI(+) strains
by LSSP-PCR. The locus encoding H2A protein in
KP1(+) strains is formed by at least 11 gene units
of 799bp, organized in tandem and located in two
distinct chromosomes of approximately 1.9 and
1.1Mb in size, whereas in KPI(-) strains these ge-
nes are on pairs of chromosomes of about 1.7 and
1.9Mb (Puerta et al.,, 2000; Cuervo et al., 2006).

Vargas et al. (2000) identified a 7. rangeli-
specific repetitive element of 542 nt (named P542)
in the 7. rangeli genomic library by Southern
and Slot Blot. The element has approximately
10° copies per parasite genome and is distribu-
ted in several chromosomal bands. Based on the
nucleotide sequence of this element, a PCR-based
assay allowed the detection of 1/10 of the DNA
content of a single parasite and no amplification
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products were observed for other trypanosomatids.
This approach is very sensitive and allows specific
diagnosis of 7. rangeli’s presence even in mixed
infections (Vargas et al., 2000).

Already reported for several trypanosomatids,
a recent work described and characterized the D-
glucose transport activity in both epimastigote and
trypomastigote forms of 7. rangeli, revealing a high
affinity transport in both forms and a larger identity
of the predicted aa sequence with the homologous
T cruzi fragment (Miletti et al., 2006).

Recently, the ability to hydrolyze extracellular
ATP was described for 7. rangeli epimastigote
forms (Fonseca et al., 2006), such activity was
stimulated by carbohydrates involved in the attach-
ment / invasion of salivary glands of R. prolixus
and by lipoprotein circulating in the haemolymph.

Other than this work, the physiological role of
ecto-ATPases is still poorly understood in many
orga-nisms. Some authors have suggested a role
in cell protection against extracelular ATP citolytic
effects (Filippini et al., 1990), regulation of ecto-
quinase concentration (Plesner, 1995), envolve-ment
in sinal transduction (Margolis et al, 1990), and
cellular adhesion mechanisms (Kirley, 1997).

Another interesting report describes an ecto-
phosphatase activity in 7. rangeli (Gomes et al.,
2006). Distinct ecto-phosphatase activities were de-
tected in both short and long epimastigote forms of
T. rangeli and cytochemical analysis demons-trated
the localization of these enzymes on the parasi-
te surface (cell body, flagellum and intrace-llular
vacuoles) showing that the main ecto-phosphatase
activity was phosphotyrosine phosphatase (PTP)
(Gomes et al., 2006). The function of these enzy-
mes in trypanosomatids is not well established, but
experimental evidences show that they participate
in process like celular differentiation (Bakalara et
al. 1995; Szoor et al., 2006) increase of infectivity
(Furuya et al., 1998) and cellular nutrition (Gottlieb
and Dwyer, 1981; Remaley ef al, 1985a; Remaley
et al., 1985b).

However, the corresponding gene(s) for both ec-
to-ATPase and tyrosine phosphatase activities have
not been identified so far.

Toaldo et al. (2001) studied the molecular karyo-
type and chromosomal localization of genes enco-
ding beta-tubulin, cysteine proteinase, a heat shock
protein (HSP 70) and actin in 7. rangeli strains from
distinct geographical regions. The beta-tubulin kar-
yotype profile allowed the separation of 7. rangeli in
two distinct groups, while cysteine proteinase, HSP
70 and actin genes were useful to differentiate 7
cruzi and T rangeli. These data reinforced the high
degree of polymorphism among 7. rangeli strains
isolated in Latin America, remarkably among strains
from Southern Brazil and strains iso-lated from Cen-
tral and Northern of South America.

Genomic data

Considering the recent effort to sequence the
genomes of the TriTryps, three highly important
trypanosomatids from the public health point of
view (7. cruzi, T. brucei and Leishmania major),
and aiming at obtaining a general overview of the
T. rangeli genome, our group has been working
during the last years to generate an overview of
the parasite transcriptome (GOLD, http://www. ge-
nomesonline.org/). The study is based on the gene-
ration of Expressed Sequence Tags (EST) (Adams,
1994) and Open Reading Frame EST (ORESTES)
(Dias Neto et al, 2000) from both epimastigote
and trypomastigote forms from two distinct 7. ran-
geli strains.

Among the different approaches to evaluate the
gene expression, the generation of the EST and
ORESTES represents a useful tool for the physical
mapping of genomes, with the advantage of gene-
rating cDNA libraries that can represent different
developmental stages or specie-specific genes (Ver-
dun et al., 1998; Dias Neto et al., 2000).

Initially, normalized and non-directional cDNA
libraries were constructed using epimastigote forms
of the Choachi strain, resulting in a total of 656
valid EST, among which, 386 showed similarity
with Trypanosomatids sequences and over 37% of
the valid EST returned no hits and may represent
specific genes, unknown genes, or even 5’ or 3’ end
untranslated regions-UTR (Snoeijer et al., 2004).

Using the in vitro metacyclogenesis method
(Koerich et al, 2002) to obtain trypomastigote
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forms, further cDNA libraries of both parasite forms
were constructed and sequenced in order to perform
both intra and inter-specific comparative studies.

Following the generation of ORESTES profiles
from both epimastigotes and trypomastigotes from
T. rangeli SC-58 and Choachi strains, the project
is now in the annotation process of about 10.000
sequences (EST and ORESTES). The annota-
tion process in based on a system specially
designed to analyze genomic data. Composed
of selected bioinformatics software packages and
an intuitive web-based interface named GARSA
(Genomic Analyses Resources for Sequence Anno-
tation) (Davila et al., 2005), the system will offer

a comprehensive and user-friendly 7. rangeli
data-base allowing easy search for genes and
their annotations.

With the release of the T. cruzi (El-Sayed et al.,
2005), T. brucei (Berriman et al., 2005) and L. ma-
jor (Ivens et al., 2005) genome databases, the exis-
tence of well annotated sequences from distinct 7.
rangeli forms will allow comparative biochemical,
taxonomic and phylogenetic studies.

Upon publication, the 7. rangeli transcriptome
will be publicly available through the BiowebDB
Consortia website (http://www.biowebdb.org), were
curated and annotated sequences can be assessed,
as well as through the GenBank.
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