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ABSTRACT. Trrypanosoma congolense is a major livestock pathogen in Africa, causing large economic losses with serious effects on animal
health. Reliable serodiagnostic tests are therefore urgently needed to control 7. congolense infection. In this study, we have identified one
T. congolense protein as a new candidate serodiagnostic antigen. The 46.4 kDa protein (TcP46, Gene ID: TcIL3000.0.25950) is expressed
5.36 times higher in metacyclic forms than epimastigote forms. The complete nucleotide sequences of TcP46 contained an open reading
frame of 1,218 bp. Southern blot analysis indicated that at least two copies of the TcP46 gene were tandemly-arranged in the 7. congolense
genome. The recombinant TcP46 (r'TcP46) was expressed in Escherichia coli as a glutathione S-transferase (GST) fusion protein. Western
blot analysis and confocal laser scanning microscopy revealed that the native TcP46 protein is expressed in the cytoplasm during all life-
cycle stages of the parasite. Moreover, an enzyme-linked immunosorbent assay (ELISA) based on rTcP46 detected the specific antibodies as
early as 8 days post-infection from mice experimentally infected with 7. congolense. No cross-reactivity was observed in the rTcP46-based
ELISA against serum samples from cattle experimentally infected with Babesia bigemina, B. bovis and Anaplasma marginale. These results

suggest that rTcP46 could be used as a serodiagnostic antigen for 7. congolense infection.
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Trypanosoma congolense is a major pathogen respon-
sible for animal African trypanosomosis (nagana), which is
transmitted by the tsetse fly (Glossina spp.) [5]. The disease
can affect various species of mammals, and it is particularly
important in cattle from the economic viewpoint [15]. The
clinical manifestations of the acute stage after infection are
fever, listlessness, emaciation, edema, anemia and eventual-
ly death [18]. The disease is the main constraint to livestock
agriculture in large parts of the African continent, where
it causes serious economic losses on an annual basis. The
definitive diagnosis of acute animal African trypanosomosis
(AAT) depends heavily on the direct detection of the parasite
in blood by light-microscopy [12, 29]. However, micros-
copy has limitations in latent infections where the parasite
is often difficult to detect in blood because of extremely low
parasitemia. Polymerase chain reaction (PCR) and loop-
mediated isothermal amplification (LAMP) have recently
been developed for detecting 7. congolense infection with
high sensitivity and specificity [6, 9, 17, 27]. Although
these molecular tests potentially improve the specificity and
sensitivity of AAT diagnosis, the field application of these
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state-of-the-art tests is hampered by the requirement for a
specialized laboratory setup and skilled personnel. Alterna-
tively, a variety of serodiagnostic tests have been developed
for trypanosomosis [4, 13, 19]. In order to detect antibody
responses against trypanosome infection, card agglutina-
tion test, antibody detection enzyme-linked immunosorbent
assay (ELISA) and indirect fluorescent antibody test are
commonly utilized as recommended tests [21]. These tests,
however, use trypanosome cell lysate or fixed parasite an-
tigens, whose qualities often vary from batch to batch [10,
23]. In contrast, recombinant antigens can easily be prepared
in large scale, are relatively stable and have higher specific-
ity than parasite cell lysate antigens [28]. Thus, development
of recombinant trypanosome antigen-based ELISA tests is
urgently needed. T. congolense has at least four develop-
mental stages in its life cycle, namely bloodstream form
(BSF), procyclic form (PCF), epimastigote form (EMF)
and metacyclic form (MCF) [22]. Among these forms, BSF
and MCF are animal-infective stages, which are the major
targets for diagnosis and treatment. Both BSF and MCF
express variant surface glycoprotein (VSG), which allows
antigenic variation to evade host antibody responses [7]. In
general, VSGs are not suitable as diagnostic antigens, be-
cause of their antigenic variation. In contrast, the invariant
antigens are likely to provoke protective immune responses
including high antibody responses in the chronic phase of 7.
congolense infection [1]. Therefore, the invariant antigens
are good candidates for diagnosis and vaccine development.
The recombinant invariant surface glycoprotein 75 (ISG75)
has been successfully expressed in E. coli, and rISG75-
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ELISA showed high specificity and sensitivity for 7. evansi
infection in camels [28]. In previous studies, we reported
expressed sequence tags (EST) analysis and differential
protein expression in each life cycle stage of 7. congolense
[8, 11]. The present study focused on identification of the
proteins highly expressed in BSF and/or MCF stage from the
EST and the proteome data sets and sought to evaluate novel
invariable proteins as candidate serodiagnostic antigens for
T. congolense infection.

MATERIALS AND METHODS

Parasites: T. congolense 1L3000 strain is a savanna type
parasite that was discovered near the Kenya/Tanzania border
in 1966 (according to the records of the Biological Services
Unit at the International Livestock Research Institute, Nai-
robi, Kenya). Samples of this parasite were stored in liquid
nitrogen at the National Research Center for Protozoan Dis-
eases in Japan. The PCF and BSF were cultured using TVM-
1 and HMI-9 media, respectively [14]. The EMF and MCF
of these parasites were produced from in vitro PCF culture
[5, 14, 24]. PCF were routinely maintained by diluting 3 m/
of log-phase parasite suspension with 7 m/ of fresh medium
every 2 days. Adherent EMF appeared in PCF cultures 1-2
months after the initiation of PCF cultures. EMF colonies
became confluent within 2 months. The plastic-adherent
EMF cultures were maintained by replacing the entire cul-
ture supernatant with fresh medium every 2 days. Live PCF
were obtained from cultures by centrifugation at 1,500 x g
for 10 min at 4°C. Live EMF were prepared from culture
flasks by washing adherent cells three times with 10 m/ of
phosphate-buffered saline (PBS) containing 1% glucose
(PSG) to remove non-adherent cells, and the remaining
cells were removed with a rubber cell scraper followed by
centrifugation at 1,500 x g for 10 min at 4°C. Since differen-
tiation from EMF to MCF continuously occurs in EMF cul-
tures, MCF accumulates in the culture supernatant. Hence,
MCF was purified from EMF culture supernatants by DE
52 anion-exchange column chromatography (Whatman Plc.,
Buckinghamshire, U.K.) [16].

Cloning of the TcP46: Total DNA was extracted from the
parasite using a Puregene DNA Purification System Kit (Qia-
gen, Dusseldorf, Germany) according to the manufacturer’s
instructions and stored at —30°C until used. The open read-
ing frame of the TcP46 gene (Gene ID: TcIL3000.0.25950)
was amplified by PCR from T. congolense total DNA using
primers with the Eco RI and Sal I sites (underlined), namely
P1 (5'-GCGAATTC ATG AAC GGA TCG GCT GT-3') and
P2 (5'-GCGTCGAC TTA GTA ATT CGC CTC GC-3"). The
PCR products were inserted into the pCR2.1-TOPO vector
and sequenced with M13 forward and M13 reverse primers.
The hydrophilic and antigenic characteristics of TcP46 were
predicted using the DNASTAR analyzer program (Netwell,
Tokyo, Japan). The putative N-terminal signal peptide was
analyzed using the SignalP server (http://www.cbs.dtu.dk/
services/SignalP/).

Southern blot analysis: Total DNA was prepared from
T. congolense by the phenol-chloroform method [25]. For

Southern blot analysis, total DNA was digested overnight
with Hind 111, Kpn 1, Sal 1, Xba 1, Beg 1, Bsp M1, Msc 1 and
Xho 1 restriction enzymes and electrophoresed on 1.0%
(w/v) agarose gel. The electrophoresed DNA samples were
transferred to a nylon membrane (Hybond-N*, GE Health-
care, Pittsburgh, PA, U.S.A.) as previously described [24].
Preparation of the labeled cDNA probe with the full-length
TcP46 gene, DNA hybridization and labeling of the probe
were performed using AlkPhos Direct Labeling Kit and De-
tection Systems (GE Healthcare). The result was visualized
by using CDP-star (GE Healthcare) according to the manu-
facturer’s instructions. Imaging was performed using X-ray
film (Eastern Kodak Co., Rochester, NY, U.S.A.).

Expression and purification of rTcP46: The open read-
ing frame (ORF) of the TcP46 gene in the pCR2.1-TOPO
vector was subcloned into a pGEX-4T-1 Escherichia coli
expression vector (GE Healthcare). The correct orientation
and sequence of the subcloned TcP46 gene was examined
by sequence analysis and designated as the pGEX-4T-1/
TcP46. rTcP46 was expressed as a glutathione S-transferase
(GST)-fusion protein in the E. coli BL21 strain according
to the manufacturer’s instructions (GE Healthcare). In order
to purify rTcP46, E. coli was suspended in TNE buffer (50
mM Tris-HCI (pH 7.5), 100 mM NaCl and 2 mM EDTA),
sonicated and then centrifuged at 9,000 x g for 10 min at
4°C. The rTcP46-GST fusion protein was affinity purified
from the supernatant using glutathione-Sepharose 4B beads
(GE Healthcare). Protein concentrations were measured us-
ing a modified Lowry protein assay kit (Thermo Scientific,
Pittsburgh, PA, U.S.A)).

Preparation of mouse anti-rlcP46 immune sera: Five six-
week-old ICR mice (Clea, Tokyo, Japan) were immunized
intraperitoneally with 100 ug of purified rTcP46-GST in
an equal volume of TiterMax® Gold (TiterMax USA Inc.,
Norcross, GA, U.S.A.) for the primary immunization. Two
booster immunizations were given at 14 day intervals us-
ing the same amount of the antigen emulsified in TiterMax®
Gold. Serum samples were collected 2 weeks after the last
immunization. The experiment was conducted in accordance
with the Guiding Principles for the Care and Use of Research
Animals of the Obihiro University of Agriculture and Veteri-
nary Medicine (No. 24-135).

Indirect fluorescent antibody test and confocal laser
scanning microscopy: Blood smears of 7. congolense PCF,
EMF, MCF and BSF stages were fixed with 100% methanol
for 30 min. Anti-rTcP46 mouse serum, diluted 1:100 with
PBS containing 0.5% bovine serum albumin (PBS-BSA),
was applied to the fixed smears as the primary antibody and
incubated for 1 hr at 37°C. After three washings with PBS,
Alexa-Fluor® 488 conjugated goat anti-mouse IgG second-
ary antibody (1:600 dilution in PBS-BSA, Molecular Probes,
Eugene, OR, U.S.A.) was applied and incubated for 30 min
at 37°C. The slides were washed four times with PBS and
incubated with 6.25 ug/m/ propidium iodide (PI) (Molecular
Probes) containing 100 x#g/m/ RNase A (Qiagen) for 10 min
at 37°C. After three washings with PBS, the glass slides
were mounted by adding 50 u/ of a 50% glycerol-PBS (v/v)
solution and then covered with a cover glass. The slides were
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examined by confocal laser scanning microscopy (Leica,
Solms, Germany).

Sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and Western blot analysis: To identify the
molecular mass of native TcP46 throughout the life cycle
stages of T. congolense, the mouse anti-rTcP46 serum was
used to detect the native TcP46 from trypanosome cell ly-
sates by Western blot analysis. Each life cycle of the parasite
was harvested from in vitro culture and washed three times
with PBS. The parasite pellets were treated with cell lysis
buffer (20 mM Tris-HCIL, pH 8.0, 150 mM NaCl, 1 mM
CaCl,, 10% glycerol and 1% Triton X-100) and incubated at
4°C for 1 hr. The cell lysates were sonicated and centrifuged
at 7,000 x g for 20 min. The supernatants were collected,
and BCA protein assay was used for protein quantification
(BCA Protein Assay Kit, PIERCE Chemical Co., Rockford,
IL, U.S.A.). The supernatant (50 xg/lane) was then subjected
to SDS-PAGE. The cell lysates were mixed with SDS-PAGE
sample buffer (125 mM Tris-HC1 (pH 6.8), 4% (w/v) SDS,
20% (v/v) glycerol, 3% (v/v) 2-B-mercaptoethanol and
0.02% bromophenol blue). After incubating at 100°C for 5
min, the lysates were separated by SDS-PAGE with 10% gel.
The separated parasite proteins were then transferred to an
Immobilon-P transfer membrane (Millipore, Billerica, MA,
U.S.A.). Western blot analysis was carried out as previously
described [2]. To determine the antibody response against
TcP46 in mice infected with 7. congolense, the GST-rTcP46
(25 ug/lane) and GST protein (25 ug/lane) were subjected to
SDS-PAGE, and transferred to a membrane, and then probed
with 100 times diluted infected mouse sera and pre-infected
mouse sera, respectively, by Western blot analysis.

Mice infections: After collection of blood to obtain pre-
infection mouse sera, three ICR mice (female, 8 weeks old)
were inoculated intraperitoneally with in vitro prepared BSF
(103 parasites/mouse). The parasitemia of each mouse was
examined every day for 78 days. Thereafter, it was exam-
ined weekly for another month. The level of parasitemia
was estimated according to the matching method [12]. This
experiment was conducted in accordance with the Guiding
Principles for the Care and Use of Research Animals pro-
mulgated by Obihiro University of Agriculture and Veteri-
nary Medicine (No. 24-135).

Enzyme-linked immunosorbent assay (ELISA): Individual
wells of a microtiter plate (Thermo Scientific) were coated
with the purified GST-rTcP46 protein (0.5 ug/well) or the
control GST protein (0.5 ug/well) in an antigen coating buf-
fer (0.05 M carbonate-bicarbonate buffer, pH 9.6) overnight
at 4°C. The plates were then blocked with PBS containing
3% (w/v) skim milk for 1 hr at 37°C. After washing, the
plates were incubated with 200 times diluted mice serum
samples or cattle serum samples. The plates were washed six
times with PBST and then incubated with horseradish per-
oxidase (HRP) conjugated to goat anti-mouse IgG or HRP
conjugated to goat anti-bovine IgG (Invitrogen, Carlsbad,
CA, U.S.A)) diluted to 1:5,000 with the blocking solution
for 1 hr at 37°C. Thereafter, the enzyme reaction was devel-
oped with 3,3',5,5'-tetramethylbenzidine (TMB, Kirkegaard
& Perry Laboratories, Gaithersburg, MD, U.S.A.) at room

temperature. Finally, 50 u/ of stop solution (1 M phosphoric
acid) was added, and the absorbance was read at 450 nm
[20]. The cut-off value was defined as the mean value plus
3 standard deviations of the mean optical density (OD) ob-
tained from 9 SPF mice serum samples and 26 normal cattle
serum samples, respectively. At the same time, ELISA was
also performed according to the OIE Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals (2012) using PCF
cell lysate antigen. Each microplate well (Thermo Scientific)
was coated with 160 ng of antigen and incubated overnight at
4°C. The subsequent protocols were performed as described
above.

Serum samples: The serum samples used in this study
include 6 serum samples from mice experimentally infected
with 7. congolense 1L3000 strain, 9 samples from SPF mice,
26 samples from healthy cattle obtained in Japan, 9 samples
from cattle experimentally infected with Babesia bovis, 15
samples from cattle experimentally infected with Babesia
bigemina and 5 samples from cattle experimentally infected
with Anaplasma marginale.

RESULTS

Identification and characterization of the TcP46 gene:
Four proteins which were found to have greater expression
in MCF and/or BSF stages were selected from the previ-
ously reported differential protein expression data set (Table
1) [8]. All of these proteins were successfully expressed by
the bacterial expression system and purified for preliminary
evaluation as diagnostic antigens. Western blot analysis of
T. congolense-infected mouse sera was used for this evalu-
ation. As a result, only the recombinant TcIL3000.0.25950
protein was recognized in the infected mouse sera (Data not
shown). Analysis of the putative N-terminal signal peptide
in the TcIL3000.0.25950 protein (TcP46) sequence using
the SignalP server showed that this sequence had no signal
peptide. The TcP46 consisted of highly hydrophilic amino
acid residues, and its predicted antigenic index was high
throughout the entire sequence (Fig. 1A).

Southern blot analysis: Southern blot analysis was per-
formed to determine the copy number of the TcP46 gene in
the parasite genome. The genomic DNA probed with TcP46
cDNA showed a single hybridization band after DNA diges-
tion by Hind 111, Kpn 1, Sal I and Xba 1, which did not cut the
TcP46 open reading frame (Fig. 1B, lanes 1-4). However,
Beg 1, Bsp MI, Msc 1 and Xho 1 cut a single site within the
TcP46 gene, yielding three bands with a common fragment
at 4 kbp (Fig. 1B, lanes 5-8). These results suggest that ge-
nomic DNA of 7. congolense contains at least 2 copies of
tandemly arranged TcP46 genes. The distance between the
tandemly arranged TcP46 genes is 2.8 kbp.

Detection of anti-rTcP46 antibody from T. congolense-
infected mouse sera:The full-length TcP46 gene was cloned
into prokaryotic expression vector pPGEX-4T-1 and expressed
in E. coli as a soluble GST-fusion protein with a molecular
mass of approximately 72 kDa, including the 26 kDa GST
tag (Fig. 2, lane 1). The rTcP46 protein was recognized in
sera from mice experimentally infected with 7. congolense



802 M. ZHOU ET AL.

Table 1.  Selected proteins with greater expression in BSF and/or MCF than in PCF and EMF
Gene ID Length (bp) BSF—PCF PCF—EMF EMF— MCF MCF—BSF
TcIL3000.0.25950 1,218 0.26 DNR 5.36 DNR
TcIL3000.10.3480 744 0.12 DNR 8.98 DNR
TcIL3000.8.6290 318 DNR 0.37 6.94 DNR
TcIL3000.7.1980 1,179 DNR DNR DNR 7.96

Number indicates fold expression level of each protein in the two life-cycle stages (Eyford ez al., 2011).

DNR: Data not reliable.
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Genetic and molecular characterizations of TcIL3000.0.25950 protein (TcP46). (A) Software analysis of hydrophilicity and anti-

genicity of TcP46. (B) Southern blot analysis of TcP46. Genomic DNA was treated with Hind I1I (lane 1), Kpn I (lane 2), Sal I (lane 3),
Xba 1 (lane 4), Beg I (lane 5), Bsp MI (lane 6), Msc 1 (lane 7) and X#o I (lane 8). The restriction enzymes used for lanes 1-4 did not cut
the TcP46 open reading frame (ORF), while the enzymes used for lanes 5—8 cut a single position within the ORF.

by Western blot analysis (Fig. 2, lane 3), whereas there was
no reaction with the GST protein (Fig. 2, lane 4). Neither
GST-rTcP46 nor GST was recognized in pre-immune sera
(Fig. 2, lanes 5 and 6).

Characterization of the native TcP46: Mouse anti-rTcP46
sera were prepared and used to identify native TcP46 in
all life cycle stages of I. congolense by means of Western
blot analysis and confocal laser scanning microscopy. The
anti-rTcP46 sera specifically reacted with the approximately
46 kDa protein in parasite lysates of all life cycle stages by
Western blot analysis. Although the bands were broad, the
molecular mass of native TcP46 was consistent with the
expected mass (Fig. 3A). This indicates that TcP46 is an
invariable protein constitutively-expressed throughout the
life cycle stages. Meanwhile, specific and stronger reactions
were detected in BSF and MCF-stage parasites in comparison
with the weak reactions in the EMF and PCF-stage parasites
(Fig. 3A). To determine the cellular localization of TcP46, all
stages of 7. congolense parasites were probed with the mouse
anti-rTcP46 serum. Confocal laser scanning microscopy
demonstrated that the expression of native TcP46 was mainly
in the cytoplasm in all of the developmental stages (Fig. 3B).

Specificity and sensitivity of the ricP46-based ELISA:
The specificity of the rTcP46-based ELISA (P46-ELISA)
was evaluated using the sera of mice experimentally in-
fected with 7. congolense and the sera of non-infected SPF
mice. The cut-off value of the P46-ELISA was 0.07. This
was calculated by the OD value from the serum samples of
9 SPF mice. Furthermore, the 6 serum samples from mice
experimentally infected with T congolense showed a high
absorbance value. There was no cross-reaction with 26
serum samples from healthy cattle, 9 samples from B. bovis-
infected cattle, 15 samples from B. bigemina-infected cattle
or 5 samples from A. marginale-infected cattle (Fig. 4). The
cut-off value of the P46-ELISA for cattle serum samples was
0.46 (Fig. 4B). The sensitivity of P46-ELISA was examined
using sera sequentially obtained from 3 mice infected with
T. congolense 1L3000. Specific antibodies against TcP46
were detected from sera of the 3 mice as early as 8 days
post-infection. High antibody titers were maintained until
the chronic stage of infection, which was characterized by
undetectable levels of parasitemia (Fig. 5A); 6 days earlier
than PCF cell lysate ELISA (Fig. 5B).
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Fig. 5. (A) Detection of the specific antibody response against TcP46 in three mice experimentally infected with 7.

congolense by rTcP46-based ELISA. (B) Detection of the antibody responses in three mice experimentally infected
with 7 congolense by means of PCF cell lysate antigen ELISA.

DISCUSSION

T. congolense infection (nagana) causes significant losses
in livestock production in Africa. To control this disease, it is
important to develop sensitive and reliable serological tests
for the detection of 7. congolense infection in animals. So
far, only a few recombinant antigens have been identified
to develop serological diagnostic methods of trypanosome
infection [2, 3, 26, 28]. Therefore, there is a need to seek
more candidate diagnostic antigens in order to develop ac-
curate and sensitive serodiagnostics for nagana. Since T
congolense undergoes a complex developmental cycle, each
developmental stage of the parasite expresses both stage-
specific and constitutive proteins. In this study, we focused
on the proteins with high expression levels in the MCF and
BSF stages, because of their importance in serodiagnosis.
Four proteins (TcIL3000.0.25950, TclIL3000.0.10.3480,
TcIL3000.8.629 and TcIL3000.7.1980) were selected from

the data for differential protein expression in all life cycle
stages of 7. congolense (Table 1) [8]. All of these proteins
were successfully expressed by the bacterial expression sys-
tem and purified for preliminary evaluation as a diagnostic
antigen by Western blot analysis using 7. congolense-infect-
ed mouse sera (Data not shown). As a result, only the re-
combinant TcIL3000.0.25950 protein was recognized by 7.
congolense-infected mouse sera (Fig. 2). Thus, we decided
to further investigate the TcIL3000.0.25950 protein as a can-
didate serodiagnostic antigen. The TcIL3000.0.25950 gene
contained an ORF of 1,218 bp encoding a 46.4 kDa protein
(TcP46). Southern blot analysis revealed that at least 2 cop-
ies of the TcP46 gene are tandemly arranged in the parasite
genome (Fig. 1B). The TcP46 protein is expressed through-
out the life cycle stages of the parasite as an approximately
46 kDa protein (Fig. 3A). As the TcP46 was predicted to be
a soluble protein, TcP46 was localized in the parasite cytosol
(Fig. 3B). Meanwhile, a strong reaction was observed in the
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BSF and MCF parasite stages compared with EMF and PCF.
This result, in part, consists with the previously reported pro-
teome analysis which revealed that TcP46 showed 5.36 times
higher expression levels in MCF than EMF parasite levels
[8]. The potential of rTcP46 as a serodiagnostic antigen was
evaluated by ELISA with sequentially collected serum sam-
ples from 7. congolense experimentally infected mice. The
results showed that rTcP46-based ELISA was able to detect
a specific antibody response from 8 days post-infection until
the end of the experiment (92 days post-infection) (Fig. 5).
This would imply that rTcP46-based ELISA may be an ap-
plicable diagnostic test of both the acute and chronic stages
of the infection. In addition, the high antigenicity suggested
that TcP46 may play an important role in the host immune
response during 7. congolense infection. No false-positive
samples due to cross-reaction with sera derived from cattle
infected with B. bovis, B. bigemina or A. marginale were
detected by P46-ELISA. Since mixed infection of these
protozoan parasites and 7. congolense possibly occurs, the
result indicates that ELISA could be a specific test.

In conclusion, the TcP46 gene was identified and char-
acterized as an immunodominant antigen that was a candi-
date serodiagnostic antigen of 7. congolense infection. The
GST-rTcP46-based ELISA had high specificity and was
applicable for both the acute and chronic stages of infection.
Overall, TcP46 might be a useful serodiagnostic antigen for
T. congolense infection. A further study will require the use
of a number of serum samples from 7. congolense-infected
cattle in order to evaluate its practical use in the field.
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