
ORIGINAL PAPER

Tandem repeat protein as potential diagnostic antigen
for Trypanosoma evansi infection

Nguyen Thu Thuy & Yasuyuki Goto & Zhao-Rong Lun &

Shin-Ichiro Kawazu & Noboru Inoue

Received: 1 May 2011 /Accepted: 1 July 2011 /Published online: 17 September 2011
# Springer-Verlag 2011

Abstract Trypanosoma evansi infection (surra) causes
significant losses in livestock production in tropical and
sub-tropical areas. The current ELISA recommended by
OIE for diagnosis of the disease is based on trypanosome
lysate antigen. However, antigenic variation and unstable
nature of cell lysate antigen make it difficult to standardize
the assay. Thus, there are needs to develop recombinant
antigen-based ELISA that improve stability, sensitivity, and
specificity of the test. Since tandem repeat (TR) proteins of
trypanosomatid parasites generally possess high antigenic-
ity, they have been considered to be the promising antigens
for trypanosomosis and leishmaniosis. In this study, IgG
responses against 14 recombinant TR proteins of trypano-
somes were examined by ELISA. Serum samples were
obtained from three water buffaloes experimentally infected
with T. evansi. Since Trypanosoma congolense GM6
(TcoGM6) elicited highest IgG responses to all water
buffaloes, we further bioinformatically and molecular

biologically identified Trypanosoma brucei brucei GM6
(TbbGM6) and T. evansi GM6 (TeGM6) TR genes,
respectively. As expected, predicted amino acid sequences
of TbbGM6 and TeGM6 were identical while the nucleic
acid sequence homology between TbbGM6 and TcoGM6
was 63.8%. All buffaloes became clearly positive in
recombinant TbbGM6 (rTbbGM6)-based ELISA at 48 days
post-infection, suggesting that rTbbGM6 is usable as a
serodiagnostic antigen for chronic T. evansi infection.

Introduction

Diagnosis of Trypanosoma evansi infection (surra) mainly
relies on the identification of the parasites (OIE 2008).
However, sensitivity of parasitological diagnosis is limited
due to low parasitemia in infected animals. Molecular
diagnostic assays have been developed to replace or
complement the parasitological diagnosis (Desquesnes and
Davila 2002; Thekisoe et al. 2005). Sensitivity of PCR
detectionmethods reach 10 parasites/ml of blood (Desquesnes
et al. 2001; Desquesnes and Davila 2002; Claes et al. 2004),
and that of loop-mediated isothermal amplification assays is
0.1 parasite/ml blood (Reid and Copeman 2002; Ngaira et al.
2003). Since most of the molecular tests have not been
validated yet, serological diagnosis is still retained as a
common method.

OIE recommends use of trypanosome lysate antigen in
ELISA for serological diagnosis of surra (OIE 2008).
However, preparation of the lysate antigen requires in vitro
(cell culture) or in vivo (experimental animals) systems to
produce sufficient number of the parasite, and procedures
for antigen preparation has not been completely standard-
ized (Reid and Copeman 2002; OIE 2008; Tran et al. 2009).
Therefore, development of antibody detection ELISA for
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surra using defined antigens, such as recombinant proteins,
has long been needed.

The recombinant variable surface glycoprotein RoTat1.2
was successfully expressed by insect cells, showing no
differences to the native antigen in serological diagnostic
tests of T. evansi infection in dromedary camels (Lejon et
al. 2005). Nevertheless, it failed to detect T. evansi type B
which lacks or does not express RoTat1.2 (Ngaira et al.
2005; Tran et al. 2009). Another promising recombinant
protein is the invariant surface glycoprotein 75 (ISG75)
presenting in approximately 5×104 molecules on trypano-
some cell surface (Tran et al. 2009). However, limited
number of available antigen candidates drives an urgent
need of identification for novel antigens to improve
serological diagnostics of surra.

Tandem repeat (TR) proteins of trypanosomatid parasites
are often targets of B cell responses (Kemp et al. 1987;
Reeder and Brown 1996; Goto et al. 2007). A number of
Leishmania species and Trypanosoma cruzi TR proteins
have been characterized and demonstrated their immuno-
logical dominance (Goto et al. 2007, 2008, 2010).
Currently, rK39 of Leishmania and B13, CRA, TcD, and
TcE of T. cruzi have been employed effectively in
serodiagnosis of the diseases (Sundar et al. 1998; Ozerdem
et al. 2009; Hernandez et al. 2010). Likewise, Trypanosoma
brucei is also rich in proteins with large TR domains, and
recently identified TR proteins showed reactivity to sera of
trypanosome-infected mice (Goto et al. 2007, 2011). These
results are encouraging us to further study on TR proteins
of T. evansi, evolutionally closely related species to T.
brucei, as candidate antigens for serological diagnosis of
surra. Thus, the objective of this study is to screen
bioinformatically identified TR proteins as candidate anti-
gens for a serological diagnostic test of surra using infected
sera obtained from water buffalo (Bubalus bubalis), a major
natural host of T. evansi. Since T. evansi genome sequence
data are not completed yet, we used the whole genome
sequence data of T. brucei and Trypanosoma congolense
which belong to the same genus of T. evansi. Genes
encoding TR proteins were searched using the Tandem
Repeats Finder program (Benson 1999). Fourteen TR
proteins, nine of them were previously reported (Muller et
al. 1992; Imboden et al. 1995; Goto et al. 2011) and five
were newly identified in this study, were screened by
ELISA for detecting IgG antibodies in sera from the water
buffaloes experimentally infected with T. evansi.

Materials and methods

Identification and selection of TR genes DNA sequences
data from T. brucei brucei (TbruceiTreu927Annotated
CDS_TriTrypDB-2.2.fasta1), Trypanosoma brucei gambiense

(TbruceiGambienseAnnotatedCDS_TriTrypDB-2_2) and T.
congolense (TcongolenseAnnotatedCDS_TriTrypDB-2_2)
were obtained from TriTrypDB (http://www.tritrypdb.org/).
The Tandem Repeats Finder program was used to find out
DNA sequences including TR as described previously
(Benson 1999; Goto et al. 2007, 2008). In this study, the
genes were regarded as TR if the scores obtained from the
Tandem Repeats Finder analysis were 500 or higher. A high
score indicates that the gene contains a large TR sequence and
the repeat domain is highly conserved among the copies.

Production of recombinant TR proteins Procedure of
recombinant protein expression was described previously
(Goto et al. 2007, 2011). In brief, seven TR proteins of T.
brucei gambiense were produced in a previous study (Goto
et al. 2011). Nucleotides encoding partial TR domains of
seven T. congolense proteins and T. brucei brucei GM6
were synthesized by GenScript USA. The synthesized
genes were inserted into the pET-28a vector (EMD
Biosciences) that express a gene-of-interest as 6-histidine-
tagged recombinant protein, followed by transforming into
Escherichia coli Rosetta (EMD Biosciences). Recombinant
TR proteins were purified as soluble proteins using Ni-NTA
agarose (QIAGEN) as previously described (Goto et al.
2011) or insoluble proteins from inclusion bodies under
denaturing condition using Ni-NTA agarose according to
the instructions of the manufacturer. Protein concentration
was determined by bicinchoninic acid assay (Thermo Fisher
Scientific), and purified recombinant TR proteins were
stored at −80°C until use.

Trypanosome lysate antigens Bloodstream forms of T.
brucei brucei (GUTat3.1) and T. evansi (Tansui) were
propagated by in vitro culture (Hirumi et al. 1980) and
utilized as the sources of trypanosome lysate antigens.
Preparation of T. brucei brucei and T. evansi lysate antigens
was described in the OIE Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals (2008).

ELISA Recombinant TR antigens were screened by ELISA
of which procedures were recommended in the OIE Manual
of Diagnostic Tests and Vaccines for Terrestrial Animals
(2008). Each well of microplates (Maxisorp, Nalgene-
Nunc) was coated with 1 μg of trypanosome lysate antigen
or 200 ng of each TR antigen and incubated for 4 h at room
temperature. Then, antigen-coated wells were washed five
times with phosphate-buffered saline (PBS) containing
0.05% Tween 20 (PBS-T), once with PBS and incubated
with blocking solution (PBS-T containing 1% bovine serum
albumin (BSA)) for overnight at 4°C. Serum samples
diluted at 200 times with PBS-T containing 0.1% BSA
were applied (100 μl) into each well and incubated at room
temperature for 2 h. According to the manufacturer’s
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instructions, horseradish peroxidase-conjugated protein G
(Invitrogen) and tetramethylbenzidine (Kirkegaard & Perry
Laboratories) were utilized for detection of antigen–
antibody reaction. Finally, 50 μl of stop solution (1 M
phosphoric acid) was added and the absorbance was read at
450 nm.

Water buffaloes and serum samples Three water buffaloes,
which were both microhematocrit method and CATT/T.
evansi (ITM, Belgium) negative, were experimentally
infected with T. evansi cpogz strain. Each water buffalo
was inoculated intravenously with 1×104 parasites. Sera
were collected from the jugular vein by using heparinized
syringe at five time points, namely 22 days before infection
(pre), 8, 15, 22, and 48 days post-infection (DPI). Para-
sitemia was examined by microscopy (wet blood film
method) each time after serum collection. All water
buffaloes were handled in accordance with Animal Welfare
guidelines in Sun Yat-Sen (Zhongshan) University, China.

Cloning and sequencing of T. evansi GM6 Gene encoding
T. evansi GM6 was amplified using the following PCR
primers: 5′-ATG GAG CTT GCT AAA CTG AA-3′ and 5′-
CTA ATG TGA ATG CTC GTT CAT-3′. The PCR mixture
(50 μl) contained 1.5 mM MgCl2, 2 mM of each dNTP,
1 μM of each primer, and 5 unit of Taq DNA polymerase
(Invitrogen). Reactions were conducted for 30 cycles, at
94°C for 30 s (denaturation), 54°C for 30 s (annealing), and
72°C for 1.5 min (extension). PCR products containing
different TR units of GM6 were separated by gel
electrophoresis. DNA fragments consisting of one and two
repeat domains were extracted using gel extraction method
(QIAGEN) and ligated into vector pCR2.1-TOPO (Invi-
trogen), then transformed into E. coli DH5α. After the
digestion with EcoRI restriction enzyme, direct sequencing
of the inserts was carried out with the abovementioned PCR
primers and BigDye Terminator Ready Mix (Applied

Biosystems) using an ABI Prism 3100 Genetic Analyzer
(Applied Biosystems). Nucleotide and amino acid sequen-
ces were identified and analyzed by using Genetyx version
8.0 (Genetyx) and BLAST (http://blast.ncbi.nlm.nih.gov/).

Results

Experimental infection

In order to produce a series of negative and positive control
sera in a natural host for screening of TR antigens, three
water buffaloes were experimentally infected with T.
evansi. Sera were collected from the jugular vein by using
heparinized syringe at five time points described in
“Materials and methods.” Although wet blood films were
examined by microscopy each time after serum collection,
all animals did not show parasitemia. Nevertheless, in-
creasing antibody responses against trypanosome lysate
antigen detected by T. brucei and T. evansi lysate ELISAs
clearly indicated progression of the infection (Fig. 1). Sera
collected before the infection was used as negative controls,
and the cutoff values (mean + 3SD) of T. brucei lysate
ELISA and T. evansi lysate ELISA were calculated as 0.21
and 0.44, respectively. Based on the cutoff values, serum
samples from all water buffaloes were positively detected
from 15 DPI onward.

Identification of TR proteins

As listed in Table 1, 14 TR proteins were examined in this
study for their reactivity against the infected water buffalo
sera. Since the whole genome sequence of T. evansi are not
completed at present, T. brucei brucei and T. brucei
gambiense were considered as the first candidates to search
for the TR antigens. In a previous study, T. brucei

Fig. 1 IgG antibody to T. evansi detected in water buffalo sera by
ELISA using T. brucei brucei (Tb lysate) and T. evansi (Te lysate)
lysate antigens. WB1, WB2, and WB3 indicate water buffalo no. 1, 2,
and 3, respectively. Numbers shown below the x-axis indicate 22 days

before infection (1), 8 (2), 5 (3), 22 (4), and 48 (5) DPI. Cutoff values
(shown by the broken lines) of Tb lysate ELISA and Te lysate ELISA
were 0.21 and 0.44, respectively
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gambiense TR proteins were produced and analyzed (Goto
et al. 2011). The T. brucei gambiense TR proteins used in
the present study are highly conserved (97–100%) in T.
brucei brucei (Goto et al. 2011). In addition, TR proteins
from T. congolense were included to this study as belonging
to the same genus as T. evansi. The genome sequence data
of T. congolense were surveyed by using computational
method. When employing a TR cutoff score of 500, 283 out
of 13,459 analyzed genes (2.1%) were identified as genes
encoding a TR protein, and 89 out of the 283 genes had the
score of 2,000 or higher. The 89 TR genes include the
genes encoding GM6 and MARP, which were previously
reported antigens of T. congolense (Muller et al. 1992).
Unlike T. brucei, the whole genome sequence of T.
congolense has not been completed, some annotated genes,
such as TcIL3000.0.43110, do not contain either a start
codon or a stop codon. Therefore, in order to assure the
selection of functional T. congolense protein coding genes
for serological evaluations, we utilized EMBL EST
database for secondary screening to obtain evidence of
gene expression. For example, although Tco3 and Tco9
ranked relatively low by TR prediction (scores of 2,032 and
1,616, respectively) (Table 1), they did possess evidences
of gene expressions in the bloodstream form that is the
developmental stage of African trypanosomes in their
mammalian hosts. These genes were therefore selected for
serological evaluations.

Screening of TR proteins

For preliminary screening of TR proteins by ELISA, sera
collected at 22 days before infection (pre) and 48 DPI from
the three water buffaloes experimentally infected with T.
evansi were used. Figure 2 shows the reactivity of those

serum samples against 14 TR proteins. From seven TR
proteins of T. brucei gambiense, only Tbg5 and TbgMARP
demonstrated the OD values greater than 0.5 in serum
samples from water buffalo no. 3 and 1, respectively. TbgI2
and TbgI17 were also antigenic, but weak as indicated by
low OD values. Among seven TR proteins of T. congo-
lense, TcoMARP, Tco11, and TcoGM6 were able to detect
antibody to T. evansi in the water buffalo sera. Among
those, antigenicity of TcoGM6 was the strongest with OD
values greater than 0.5 in serum samples from all of the
three water buffaloes. Thus, TcoGM6 was further investi-
gated for its potential as a serodiagnostic antigen.

Amino acid sequence analyses of GM6 TR domains

Amino acid sequences of GM6 homologs from different
Trypanosomatidae parasites obtained from TriTrypDB were
aligned to examine the conservation of GM6 (Fig. 3).
TcoGM6 shared only 63.8% identity to TbbGM6, a closer
subspecies to T. evansi. It suggests that TbbGM6 has
stronger serological cross reactivity than that of TcoGM6
against T. evansi-infected sera. Hence, partial cloning and
sequence analysis of TR unit of TeGM6 was conducted.
The result revealed that the cloned TR unit was identical to
the same portion of TbbGM6, indicating that TR unit was
highly conserved between the T. brucei brucei and T. evansi
(Fig. 3). Although functional significance and antigenicity
were unknown, hexapeptide domain consists of PEGVPL
was conserved among Trypanosoma and Leishmania.

Antibody responses against GM6 TR domains

Consequently, two copies of TbbGM6 and TcoGM6 TR
units were expressed as recombinant TR proteins and their

Table 1 TR proteins screened
in this study

PS period size, CN copy number
aNames of previously character-
ized proteins or those of recom-
binant proteins designed for this
study
bAntigenicity of the proteins
were examined/characterized in
the indicated references ((a)
Goto et al. 2011; (b) Imboden
et al. 1995; (c) Muller et al.
1992)

Namea Ref.b Gene ID PS CN Score

1 TbgMARP a, c Tbg972.10.12630 114 57.3 12,689

2 TbgI2 a, b Tbg972.3.6010 405 15.5 9,986

3 TgbI17 a, b Tbg972.10.13390 57 12.7 1,331

4 Tbg2 a Tbg972.7.3660 105 73.5 9,671

5 Tbg4 a Tbg972.7.2590 195 15.5 5,847

6 Tbg5 a Tbg972.10.1660 237 12 5,623

7 Tgb6 a Tbg972.7.4640 186 14.3 5,180

8 TcoGM6 c TcIL3000.11.1030 204 4 1,585

9 TcoMARP c TcIL3000.10.8840 114 18.7 4,159

10 Tco2 TcIL3000.0.13300 42 115.5 7,611

11 Tco3 TcIL3000.0.50300 84 12.4 2,032

12 Tco5 TcIL3000.0.57170 162 15.5 4,485

13 Tco9 TcIL3000.0.20560 96 9 1,616

14 Tco11 TcIL3000.0.04370 27 60.1 2,717
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antigenicity were evaluated by ELISA using series of T.
evansi-infected water buffalo sera obtained at pre, 8, 15, 22,
and 48 DPI. Serum samples at pre were employed as
negative controls to calculate the cutoff values (mean +
3SD) of TbbGM6- and TcoGM6-based ELISAs, giving
0.31 and 0.17, respectively. As compared with the
trypanosome lysate antigen-based ELISA (Fig. 1), individ-
ual differences in antibody responses were obvious in both
TbbGM6- and TcoGM6-based ELISAs (Fig. 4). Water
buffaloes no. 2 and 3 became positive to both TbbGM6 and
TcoGM6 on 15 DPI, whereas water buffalo no. 1 took
longer (48 DPI) to turn positive. TbbGM6 demonstrated

higher OD values at 15 DPI than TcoGM6 in water buffalo
no. 2 and 3.

Discussion

In this study, seven TR proteins of T. brucei gambiense and
seven TR proteins of T. congolense were screened by
ELISA using T. evansi-infected water buffalo sera. Try-
panosome lysate antigen-based ELISA were utilized as the
standard test (OIE 2008). The trypanosome lysate antigen-
based ELISA was able to detect the antibody responses in

Fig. 2 Screening of 14 TR proteins from T. brucei gambiense and T. congolense. WB1, WB2, and WB3 indicate water buffalo no. 1, 2, and 3,
respectively. D-22 and D48 indicate water buffalo sera obtained at 22 days before infection and 48 DPI, respectively

Fig. 3 TR unit of GM6 are
highly conserved in Trypano-
soma and Leishmania. Single
TR unit of GM6 consists of 68
amino acids. The dark color
indicates identical amino acids
more than two species
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the three water buffaloes experimentally infected with T.
evansi from 15 DPI onward while microscopy of wet blood
smear was negative throughout the experiment. Addition-
ally, T. brucei and T. evansi lysate antigens demonstrated
similar patterns in ELISA to detect IgG antibody to T.
evansi; all water buffaloes were positively detected from 15
DPI onward and the OD values reached the highest level at
48 DPI. Although OD values of T. brucei lysate was
slightly lower, it could be a substitute to T. evansi lysate in
the case T. evansi resource is not available.

The water buffalo sera responded to all seven TR
proteins from T. brucei gambiense, observed through the
increase of OD values. TbgI2, TbgI17, and TbgMARP
were previously reported having strong immunological
reactivity against sera from cattle infected with T. brucei
brucei, T. congolense or Trypanosoma vivax (Muller et al.
1992; Imboden et al. 1995). However, TR regions of these
antigens showed low reactivity to T. evansi-infected water
buffalo sera (Fig. 2). Similarly, TR regions of Tbg4 and
Tbg6 which could detect antibodies in mice infected with T.
brucei gambiense did not show high reactivity to the water
buffalo sera (Goto et al. 2011). Taken together, serological
reactivity of TR antigens varies by trypanosome and host
species. In addition, except for TbgI17, Tbg4, Tbg6, and
TcoMARP, the levels of antibody responses to each TR
protein obviously varied among the water buffaloes
(Fig. 2). Such variation of antibody responses in trypano-
some infection was also observed in T. evansi experimen-
tally infected sheep (Onah et al. 1999). This phenomenon
could be a considerable obstacle in the screening of a
suitable diagnostic TR antigen which is able to elicit strong
antibody responses in most of all T. evansi-infected
individuals.

TcoGM6, a flagellum-associated protein, can be recog-
nized by the immune system when trypanosomes are
destroyed in an early phase of the infection (Muller et al.

1992). Through the screening of TR antigens, TR region of
TcoGM6 demonstrated highest reactivity to the sera
obtained from T. evansi-infected water buffaloes (Fig. 2).
Like trypanosome lysate antigen-based ELISAs which
could detect anti-T. evansi IgG responses from 15 DPI
(Fig. 1), OD values of TcoGM6- and TbbGM6-based
ELISAs also started increasing from 15 DPI onward in
serum samples from water buffaloes no. 2 and 3 (Fig. 4).
Recombinant GM6-based ELISAs could detect antibody
response better than trypanosome lysate antigen-based
ELISAs in sera of water buffalo no. 3 on 15 DPI. However,
both TcoGM6 and TbbGM6 were not able to detect
antibodies in sera of water buffalo no. 1 up to 48 DPI.
Although differences of antibody responses in individual
water buffaloes in TcoGM6 and TbbGM6 were observed,
all water buffaloes eventually became positive on 48 DPI.
Since the number of repeat unit affects the binding affinity
between TR antigens and antibodies (Goto et al. 2010;
Valiente-Gabioud et al. 2011), reactivity of the recombinant
GM6 antigens, which consisted of two repeat units, might
be improved by increasing number of the repeat. Taking
into consideration both advantages and disadvantages of the
recombinant GM6 over trypanosome lysate antigens, GM6
could be a good candidate serodiagnostic antigen for
chronic T. evansi infection. Since GM6 was conserved
among trypanosomatid parasites, cross-reaction is possible
among trypanosome species (Fig. 3). Both TcoGM6 and
TbbGM6 showed serological cross reactivity to water
buffalo sera indicated by high OD values in ELISA.
Previous study also characterized two antigens from T.
evansi which were able to detect antibody to T. vivax
effectively (Camargo et al. 2004). These findings suggest
that antigens from one species may be used as the
diagnostic antigens and/or vaccine candidates for the
infections of other species belonging to the same genus
Trypanosoma (Li et al. 2009).

Fig. 4 Immuno-reactivity of recombinant TcoGM6 and TbbGM6 to
water buffalo sera collected at five time points of infection. WB1,
WB2, and WB3 indicate water buffalo no. 1, 2, and 3, respectively.
Numbers shown below the x-axis indicate 22 days before infection (1),

8 (2), 5 (3), 22 (4), and 48 (5) DPI. Cutoff values (shown by the
broken lines) of TcoGM6-ELISA and TbbGM6-ELISA were 0.17 and
0.31, respectively
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In conclusion, recombinant TR protein, GM6, exhibits
proficient characteristics of being a candidate diagnostic
antigen. Since TbbGM6 and TeGM6 were identical in
amino acid sequences, either of these TR proteins are
candidate diagnostic antigens in the development of
recombinant antigen-based serological diagnostic methods
for both surra and nagana. However, further study need to
be conducted with a larger number of serum samples to
evaluate and optimize the assay condition.
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