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a b s t r a c t

Trypanosoma congolense is one of the most economically important pathogens of livestock in Africa.
Culture-derived parasites of each of the three main insect stages of the T. congolense life cycle, i.e., the
procyclic, epimastigote and metacyclic stages, and bloodstream stage parasites isolated from infected
mice, were used to construct stage-specific cDNA libraries and expressed sequence tags (ESTs or cDNA
clones) in each library were sequenced. Thirteen EST clusters encoding different variant surface gly-
coproteins (VSGs) were detected in the metacyclic library and 26 VSG EST clusters were found in the
bloodstream library, 6 of which are shared by the metacyclic library. Rare VSG ESTs are present in the
epimastigote library, and none were detected in the procyclic library. ESTs encoding enzymes that cat-
alyze oxidative phosphorylation and amino acid metabolism are about twice as abundant in the procyclic
and epimastigote stages as in the metacyclic and bloodstream stages. In contrast, ESTs encoding enzymes
involved in glycolysis, the citric acid cycle and nucleotide metabolism are about the same in all four
developmental stages. Cysteine proteases, kinases and phosphatases are the most abundant enzyme
groups represented by the ESTs. All four libraries contain T. congolense-specific expressed sequences
not present in the Trypanosoma brucei and Trypanosoma cruzi genomes. Normalized cDNA libraries
were constructed from the metacyclic and bloodstream stages, and found to be further enriched for
T. congolense-specific ESTs. Given that cultured T. congolense offers an experimental advantage over other
African trypanosome species, these ESTs provide a basis for further investigation of the molecular prop-
erties of these four developmental stages, especially the epimastigote and metacyclic stages for which
it is difficult to obtain large quantities of organisms. The T. congolense EST databases are available at:
http://www.sanger.ac.uk/Projects/T congolense/EST index.shtml.

© 2009 Elsevier B.V. All rights reserved.

Abbreviations: EST, expressed sequence tag; PCF, culture-derived procyclic form;
EMF, culture-derived epimastigote form; MCF, culture-derived metacyclic form;
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bsfVSG, bloodstream form VSG; CESP, congolense epimastigote-specific protein;
ESAG, expression-site associated gene; ORF, open reading frame; UTR, untranslated
region; nts, nucleotides; aa, amino acids.
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1. Introduction

The Trypanozoon subgenus of African trypanosomes are pro-
tozoan parasites of major socio-economic impact in sub-Saharan
Africa. Included in this group are the three “brucei” subspecies,
which are transmitted by tsetse flies [1]. Two of the subspecies,
Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense,
cause human sleeping sickness in East Africa and in West/Central
Africa, respectively, and the third, T. b. brucei, is responsible for a
small amount of livestock disease in Africa but does not survive in
human serum [2,3]. Most laboratory-based research on African try-
panosomes during the past four decades has been conducted on T.
b. brucei because it does not pose as much of a laboratory safety
concern as the two human-infective subspecies and two develop-
mental stages of its life cycle, the procyclic form in the insect and
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the bloodstream form in the mammal, can be readily maintained
in culture. The 35-Mb haploid genomic DNA sequence of a specific
T. b. brucei clone has been determined [4].

The most important trypanosome species for the African live-
stock industry, however, is Trypanosoma congolense [5], which
belongs to the Nannomonas subgenus and is also transmitted by
tsetse flies. T. congolense causes nagana, a chronic wasting disease
of cattle that is characterized by anemia, weight loss and immuno-
suppression and is typically fatal if untreated. It has the largest
impact by far of any trypanosome species on domestic livestock
in Africa. Economic losses in Africa due to T. congolense infections
of livestock have been conservatively estimated as US$1.3 billion
annually [6]. T. congolense can be subdivided further on the basis
of isoenzyme analysis, repetitive DNA detection and geographic
location into three subgroups: Savannah, Forest, and Kilifi (coastal
region). The Savannah group is the most prevalent (90% of stocks)
followed by the Forest (9%) and Kilifi (1%) groups [7]. A genome
sequencing project on T. congolense Savannah clone IL3000 [8] is
underway [http://www.sanger.ac.uk/Projects/T congolense/]. The
work described here was conducted with this same T. congolense
clone IL3000.

T. congolense and the T. brucei subspecies have similar, but
non-identical, life cycles in vivo. Bloodstream T. brucei occurs as
dividing long slender, intermediate forms as well as a non-dividing
stumpy form, whereas bloodstream T. congolense has the corre-
sponding dividing forms but the stumpy form is less obvious [9].
In the nutrient-rich, 37 ◦C bloodstream the main challenge for
both species is to avoid the mammalian immune system. Their
bloodstream forms possess about 107 copies of a variant sur-
face glycoprotein (VSG) (∼5% of the total cellular protein) [10],
and periodically switch from one VSG to another in a success-
ful effort to avoid the mammalian immune responses [11]. When
bloodstream trypanosomes are consumed by a tsetse fly during
its blood meal, they enter the insect gut and differentiate to the
procyclic form, which must adapt to cooler and variable tempera-
tures, new nutrient sources, hostile digestive enzymes and an insect
immune system (see [12] for a review of the interactions between
African trypanosomes and tsetse flies). This differentiation from
bloodstream to procyclic form is associated with (i) morphological
changes, (ii) a switch from glycolysis to oxidative phosphorylation
for energy metabolism, and (iii) the replacement of the VSG with
procyclic-specific surface proteins [13]. The procyclic form and sub-
sequent epimastigote form T. congolense contain on their surface a
procyclin protein consisting almost exclusively of 13 heptapeptide
repeats (EPGENGT) [14], as well as an unrelated invariant protein,
GARP (glutamic acid/alanine-rich protein) [15–17]. A T. congolense
“congolense epimastigote-specific protein” (CESP) has recently been
reported [18]. The function(s) of these procyclic- and epimastigote-
specific proteins have not been explicitly determined [16,18,19], but
they may protect against proteases and other enzymes in the tsetse
fly midgut and/or they may play a role in determining the sites of
subsequent trypanosome development in the fly [16,19].

Studies tracking the progress of T. congolense through flies are
much less extensive than for T. brucei. The development from pro-
cyclic to epimastigote form appears to be similar to T. brucei, and the
most obvious difference is that for unknown reasons T. congolense
epimastigotes are directed, not to the fly’s salivary glands as are T.
brucei epimastigotes, but to its proboscis and mouth parts where the
epimastigotes differentiate into non-dividing, infective metacyclic
forms (reviewed in [12]). Similar to T. brucei, immunofluorescence
studies using monoclonal antibodies suggest these individual T.
congolense metacyclic organisms possess on their surface one of
about 12 different metacyclic VSGs [20,21], instead of the reper-
toire of as many as 1000 or more VSGs available to bloodstream T.
brucei [4]. Metacyclic trypanosomes are inoculated during the fly
bite into the host, where parasites multiply at the site of the bite and

for 5–9 days continue to express metacyclic VSGs [20–22]. The life
cycle is complete when the parasites begin to express bloodstream
VSGs on their surface and invade the bloodstream and lymphatic
system.

We took advantage of the ability to culture the three insect stages
of T. congolense in vitro, i.e., the culture-derived procyclic (PCF), epi-
mastigote (EMF) and metacyclic (MCF) forms [23,24], and to obtain
the bloodstream form (BSF) from laboratory mice infected with the
cultured MCF organisms, so that cDNA libraries could be prepared
from each of these four developmental stages. We also prepared
normalized cDNA libraries from two forms, MCF and BSF. We report
here an analysis of expressed sequence tags (ESTs) in each of these
six libraries.

2. Methods and materials

2.1. Trypanosomes and culturing conditions

The bloodstream T. congolense (Savannah group) IL3000 clone
[8], previously obtained from the International Livestock Research
Institute (ILRI; Nairobi, Kenya), was maintained at the National
Research Center for Protozoan Diseases, Obihiro University of
Agriculture and Veterinary Medicine, Obihiro, Hokkaido, Japan.
All animal experiments were conducted in accordance with the
standards relating to the Care and Management of Experimen-
tal Animals at Obihiro University of Agriculture and Veterinary
Medicine (No. 14-69).

A frozen stabilate of the BSF IL3000 clone was thawed
and aliquots inoculated intraperitoneally into female, 8-week-old
BALB/c mice obtained from CLEA Japan Inc. (Tokyo). Infections were
monitored via tail nicks and at the first peak of parasitemia the
mice were bled by cardiac puncture and blood collected in hep-
arin. Trypanosomes were purified from whole blood on DE-52 anion
exchange column chromatography (Whatman plc., Middlesex, UK)
[25]. In vitro cultures of PCF, EMF and MCF cells derived from these
BSF IL3000 cells were obtained following the methods of Hirumi
and Hirumi [23]. Briefly, the concentration of the BSF cells was
adjusted to 3 × 106 cells/ml in Eagle’s minimum essential medium
supplemented with 20% fetal bovine serum, 2 mM l-glutamine
and 10 mM l-proline. This parasite suspension was transferred to
25 cm2 culture flasks (10 ml/flask) and the flasks kept in an incuba-
tor at 27 ◦C for a week, during which the BSF cells differentiated to
PCF cells. The PCF cells were maintained and amplified by changing
medium and preparing subcultures. After 1–2 months, adherent
EMF parasites began to appear as small clusters on the bottom sur-
face of the flasks. The clusters increased in size and number, and
finally covered the whole bottom surface. When the culture was
primarily adherent EMFs on the flasks’ bottom surface, the non-
adherent MCF parasites began to appear in the supernatant of the
confluent EMF cultures [26].

For isolation of the different life-cycle forms, the PCF cells were
collected from the culture supernatant by centrifugation at 1500 × g
for 10 min at 4 ◦C. They were washed 3 times with phosphate-
buffered saline (PBS). EMF cells were collected from confluent
culture flasks by scraping the adherent cells from the bottom of
the culture flasks. Briefly, the flasks were washed gently three
times with 10 ml PBS to remove any remaining PCF cells and newly
appearing MCF cells. The EMF cells were removed by scraping
from the bottom surface of the flasks and suspending in PBS. The
EMF cells were washed three times with PBS by centrifugation at
1500 × g for 10 min at 4 ◦C. The MCF cells (which possess surface
VSGs) were separated from the EMF and PCF cells (which do not
have surface VSGs) in a mixed culture of MCF, EMF and PCF cells
by passing the culture through a DE-52 anion exchange column
[23,25]. MF cells passed through the column, while PCF and EMF
cells were retained. These in vitro-generated MCF cells were used
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