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Abstract
Background and Aim: Trypanosomiasis, also known as surra, is an infectious disease with a wide host spectrum. In 
Indonesia, this disease is caused by Trypanosoma evansi. Various trypanocidal drugs have been used to treat this pathogen 
and subsequent disease. Yet, the long-term trypanocidal administration generates drug-resistant T. evansi. Some have 
identified genetic alterations in T. evansi transporter protein-coding genes that may be responsible for drug resistance. 
The Multidrug Resistance Protein E (MRPE) gene is a likely candidate gene responsible for the individual resistance. To 
date, no research has focused on T. evansi MRPE (TevMRPE) in this context. Hence, this research aimed at analyzing and 
characterizing the TevMRPE gene and protein using a bioinformatics approach.

Materials and Methods: T. evansi was isolated from buffalo suffering from surra in Ngawi Regency, Indonesia. Isolated 
T. evansi was inoculated and cultured in male mice. The T. evansi genome was isolated from mouse blood with a parasitemia 
degree as high as 105. A polymerase chain reaction procedure was conducted to amplify the putative MRPE coding gene. 
The amplicon was sequenced and analyzed using MEGA X, BLAST, and I-tasser softwares.

Results: The putative TevMRPE coding gene showed sequence similarity as high as 99.79% against the MRPE gene from 
Trypanosoma brucei gambiense. The protein profile and characteristics depicted that the putative TevMRPE protein was 
related to a family of Adenosine Triphosphate-Binding Cassette (ABC) transporter proteins. This family of transporter 
proteins plays a crucial role in the resistance toward several medicines.

Conclusion: The obtained gene sequence in this research was identified as the TevMRPE. This gene is homologous to the 
T. brucei gambiense MRPE gene and possesses ligand active sites for Adenylyl Imidodiphosphate. In addition, MRPE 
contains enzyme active sites similar to the cystic fibrosis transmembrane conductance regulator. These data suggest that 
ABC transport proteins, like MRPE, may be necessary to confer trypanocidal drug resistance in T. evansi.
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Introduction

Trypanosoma evansi is a blood parasite that 
causes surra in a variety of hosts [1]. The reported 
parasite is not only deadly to cattle but also infects 
humans in some Asia countries [2]. The government 
typically uses trypanocidal drugs to combat surra. 
The trypanocides used today are similar to those first 
used in the 1920s: Suramin, isometamidium, dimi-
nazene, and quinapyramine dan melarsomine [3]. 
However, the long-term use of these drugs lead to a 
drug-resistant T. evansi infection [4,5]. Many studies 
in Indonesia have characterized resistant surra cases. 
Subekti et al. [6] reported that T. evansi isolated from 

different areas were resistant toward isometamidium. 
Later it was shown that Trypanosoma resistance was 
due to the decrease of transporter protein uptake func-
tion [7]. Consistent with that observation, a mutation 
in the Trypanosoma brucei Adenosine Transporter 
coding gene (TbAT1) led to the Trypanosoma resis-
tance toward diminazene aceturate [8]. Moreover, 
Delespaux et al. [9] reported the presence of a GAA 
codon insertion within the Trypanosoma congolens 
Adenosine Triphosphate (ATP)-Binding Cassette 
(ABC) Transporter coding gene to confer resistance 
to isometamidium. There are several other trans-
porter protein families assumed to be responsible in 
Trypanosoma medicine resistance. One protein that is 
rarely considered is the multidrug resistance protein 
(MRP).

MRP is part of the ABC transporter family and is 
necessary for some resistance in Trypanosoma species 
toward trypanocides; particularly ivermectin, melar-
soprol, and benznidazole [10,11]. The common MRP 
gene analyzed from T. brucei species is TbMRPA [12]. 
To date, there is only one study focused on the MRP 
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gene in T. evansi [13]. However, Nuryady et al. [13] 
only characterized and analyzed the phylogenetic pro-
file of T. evansi MRP to other species. In addition, 
the primer sequences amplified regions of the MRPE 
gene that limits analyzing the family relationship 
among sub-species. 

This study aimed to analyze the T. evansi MRPE 
(TevMRPE) protein using TevMRPE gene by bioinfor-
matics. This bioinformatics analysis of the TevMRPE 
coding gene is crucial to gain more detailed informa-
tion about the characters and roles of this protein. This 
information will provide a deeper understanding of 
Trypanosoma medicine resistance.
Materials and Methods
Ethical clearance

All the experimental protocols employed in 
this research were examined and approved by the 
Veterinary Faculty Ethical Clearance Committee at 
Gadjah Mada University in Indonesia. Based on the 
approval letter No. 0024/EC-FKH/Int./2018, all pro-
cedures were conducted with strict adherence to the 
principles of laboratory animal care.
Study period and location

This research was conducted from January 2018 
to December 2020. The implementation of the research 
was carried out at the Parasitology Laboratory, 
Faculty of Veterinary Medicine, Universitas Gadjah 
Mada, Indonesia, Bioscience Laboratory of NODAI, 
Japan, and Biology Laboratory of Universitas 
Muhammadiyah Malang, Indonesia. 
Isolation and identification

The parasite was obtained from the pooled blood 
of 88 buffalo, which were positively identified with 
Surra in Ngawi Regency, Indonesia. The identification 
of T. evansi was conducted based on in vivo test and 
morphological structure. The in vivo test was applied 
by inoculating and culturing the parasite in 3-month-
old male mice (Mus musculus strain Balb-C from 
Central University Laboratory UGM) by intraperito-
neal injection. After 24 h, the mice were observed the 
parasitemia levels by drawing blood from the vena 
coccygea and observing the number also the mor-
phology of T. evansi under a microscope (Olympus, 
CX22 series). Mice blood identified with more than 
20 T. evansi in the microscope field view were recog-
nized as a high level of parasitemia. In this condition, 
the mice were euthanatized, blood was taken, and 
stored at 4°C until DNA extraction. 
DNA extraction

DNA was extracted from mouse blood contain-
ing T. evansi using the DNA DNeasy Blood and Tissue 
kit (Qiagen, Hilden, Germany). The mouse blood was 
mixed with phosphate-buffered saline to a volume of 
200 µL. Proteinase K (20 µL) was added into the mix-
ture and incubated at 60°C for 5 min using a shaker 
incubator. An equal volume of absolute alcohol was 
added to the mixture and the final mixture was loaded 

onto a GD column where the DNA was bound for sub-
sequent washes (see company protocol for details). 
DNA was eluted from the GD column using 100 µL 
elution buffers. 
DNA amplification

A primer pair was developed from the MRPE 
T. brucei gene sequence: The reverse primer was 
5’ATGAACGCTGACTCTGGTGA3’ and the forward 
primer was 5’GTAAGCAAG GCATTGTGGAA3’. A 
master mix was prepared with 25 µL 2× Go Taq Green 
polymerase Master Mix (Thermo Fisher Scientific, 
cot: K1081), 10 µL template DNA, primer (F:1 µL, 
R:1 µL), and distilled water to a total volume of 50 µL. 
Polymerase Chain Reaction (PCR) reactions were 
carried out on a Thermocycler (Labcycler Gradient, 
SensoQuest). The PCR reaction parameters were: Pre-
denaturation at 94°C for 7 min, denaturation at 94°C 
for 30 s, annealing at 58°C for 30 s, extension at 72°C 
for 60 s, and termination at 72°C for 5 min for a total 
of 35 cycles. 
Sequencing and bioinformatics analysis

Sanger sequencing was conducted at First Base 
in Malaysia. DNA sequences were analyzed using 
MEGA 10 version and BLAST to obtain the protein 
composition and sub-species relationship. The protein 
composition was analyzed using I-tasser (https://zhan-
glab.ccmb.med.umich.edu/I-TASSER/) to predict the 
gene ontology, protein 3D structure, ligand binding 
sites, and active sites of the protein. The protein struc-
ture modeling obtained was used to compared homol-
ogy to the other several related proteins. Structure 
differences were modeled using PyMol (Schrödinger, 
Inc., NY, USA).
Results
DNA sequence and phylogeny analysis

Sanger sequencing was employed to character-
ize the putative TevMRPE gene in relation to other 
sub-species. The gene was 939 nucleotides long. Blastx 
(MEGA X-highly similar sequence) was used to ana-
lyze the homologous relationship between sub-species. 
The alignment results showed that TevMRPE sequence 
was identical to five sub-species (100% query cover-
age). The sequences were Trypanosoma brucei gam-
biense DAL972 MRPE (XM_011774747.1), T.  bru-
cei gambiense DAL972 chromosome 4 complete 
(FN554967.1), Trypanosoma brucei brucei mRNA 
MRPE (AJ318886.1), T. brucei brucei TREU927 
MRPE (XM_839505.1), and T. brucei GUTat10.1 
chromosome 4 complete (AC087327.7). In addition, 
the homologous identity compared to the MRPE 
T.  evansi putative sequence and to MRPE T. brucei 
gambiense (XM_011774747.1) was 99.79%. The 
analysis results are summarized in Figure-1.
Protein alignment of the putative TevMRPE gene

The putative TevMRPE gene sequence was 
analyzed using the Blastx to get the amino acid 
sequence as well as the protein alignment against 
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other sub-species. The analysis showed that there 
were five protein sequences with query coverage of 
at least 83%. These five proteins were classified into 
two groups. The first group consisted of Trypanosoma 
brucei equiperdum MRPA (RHW73256.1) with 100% 
homology. The other four MRPs (T. brucei gambi-
ense MRPE [XP_011773049.1], T. brucei brucei 
MRPE [CAC83023.1], Trypanosoma equiperdum 
MRPA [SCU69648.1], and T. brucei brucei MRPE 
[XP_844598.1]) showed 99.6% homology. The results 
are shown in Table-1.
Conserved protein domain analysis

As shown in Figure-2, the protein sequence trans-
lated from the putative TevMRPE gene aligns with 
many proteins from the ABC transporter superfamily 
(PTZ00243): ABC domain 1 multidrug resistance-asso-
ciated protein subfamily C (cd03250), multidrug resis-
tance-associated protein MRP (TIGR00957), ABC-
type bacteriocin/antibiotic exporters (COG2274), and 
ABC Transporter (pfam00005).
Predicting the putative TevMRPE protein using bioin-
formatics analysis

To predict the TevMRPE protein template, protein 
threading was performed by aligning the TevMRPE 

protein target sequence with similar template protein 
sequences obtained from the Protein Data Bank (PDB, 
i.e., structure of the human MRP 1 Nucleotide Binding 
Domain 1 [NBD1]); 6BZS (Human ABCC6 NBD1 
in Apo state); 6BZS (Human ABCC6 NBD1 in Apo 
state); 3WME (Crystal structure of an inward-fac-
ing eukaryotic ABC multidrug transporter); 1R0Z 
(Phosphorylated Cystic fibrosis transmembrane con-
ductance regulator (CFTR) NBD1 with ATP; 5U71 
(Structure of human CFTR); 6BZS [Human ABCC6 
NBD1 in Apo state]; and 1Q3H [mouse CFTR NBD1 
with AMP.PNP]). PDB templates that align well with 
the target protein are assumed to possess the similar 
protein structures [14]. The protein threading results 
showed that there were three template sequences that 
resembled the TevMRPE protein structure (Table-2). 
These three templates were 2cbz (Structure of the 
human MRP 1 NBD1); 6bzs (Human ABCC6 NBD1 
in Apo state); and 6bzs (Human ABCC6 NBD1 in 
Apo state).
Prediction model of the TevMRPE protein structure

Five protein models were generated based on the 
modeling prediction results. However, the first model 
was the closest representation of MRPE, possessing 

Figure-1: Phylogenetic diagram of multidrug resistance protein E Trypanosoma evansi analyzed using megablast.

Table-1: Results from the protein alignment analysis of the T. evansi MRPE protein.

No. Name of protein sequence Accession No. Query coverage

1. MRPA of Trypanosoma brucei equiperdum RHW73256.1 100%
2. MRPE of Trypanosoma brucei gambiense XP_011773049.1 99.6%
3. MRPE of Trypanosoma brucei brucei CAC83023.1 99.6%
4. MRPA of Trypanosoma equiperdum SCU69648.1 99.6%
5. MRPE of Trypanosoma brucei brucei XP_844598.1 99.6%

T. evansi MRPE= Trypanosoma evansi Multidrug Resistance Protein E

Figure-2: The results analysis of conserved protein using online Blast.
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the highest C-score (−0.66), estimated TM-score 
(0.63±0.14), and root-mean-square deviation (RMSD) 
(7.3±4.2 Å) (Figure-3).

Five predicted protein ligand sites were iden-
tified. The ligand site with the highest C-score (0.8) 
was Adenylyl Imidodiphosphate (ANP-PMP). The 
modeling prediction results of the five ligand sites are 
shown in Table-3. The ligand site prediction of the 
TevMRPE protein is found in Figure-4. 
Enzyme commission (EC) prediction and its active 
site

An EC number is a numeric classification based 
on the chemical reaction catalyzed. The closest model 
enzyme (Model 1; C-score, 0.414; and TM-score, 
0.804) relating to the TevMRPE protein was classified 
as a transport protein (EC number 3.6.3.49), which 
has five active sites for enzyme binding (Figure-5).
Gene ontology prediction 

Gene ontology predicts and/or identifies the 
molecular function, biological process, and cellu-
lar location of the TevMRPE protein (Table-4). The 
two highest molecular function predictions are ATP 
Binding and ATPase-coupled transmembrane trans-
porter activity with GO-scores of 0.95 and 0.48, 
respectively. This protein is involved in biological 
processes such as transmembrane transport and obso-
lete ATP catabolic process with GO-scores of 0.48, 
each. This protein is suggested to be located in the 
plasma membrane and membrane integral component 
with GO-scores of 0.48 for both.
Discussion

The primers were designed from T. brucei 
because there are no reports about MRPE gene of 
T. evansi in the GenBank and due to the research 
result [1] that T. brucei has a closer relationship with 
T. evansi than other species. The result of the primer 
blast analysis showed that the primer was specific 
to the T. brucei MRPE gene only. The primer was 
expected to amplify an amplicon containing 1116 
nucleotides. However, the sequence BLAST analysis 
demonstrated that the MRPE gene is 936 nucleotides 
long, suggesting the actual gene is shorter than the 
predicted length. The most similar gene determined 
by NCBI blast was the T. brucei gambiense MRPE 
gene, DAL972 (XM_011774747.1). Its sequence sim-
ilarity percentage was as high as 99.79% (Figure-1). 
This finding is in agreement with the previous 

research that reported a relationship between T. brucei 
gambiense and T. evansi based on their MRPE gene 
sequences  [13]. This observation is consistent with 
the idea that T. brucei has evolved, bearing several 
sub-species such as T. brucei brucei, T. brucei equi-
perdum, T. brucei gambiense, and Trypanosoma bru-
cei evansi  [15]. Furthermore, the evolution of these 
sub-species was found in the mitochondrial genes of 
T. brucei spp. [1,16]. 

Likewise, the protein alignment results of the 
TevMRPE protein depicted a high similarity percent-
age (100%) with the Trypanosoma brucei equiperdum 
MRPA protein (Table-1). T. evansi belongs to the same 
clade of T. brucei sub-species. Interestingly, T. evansi 

Table-2: The protein threading results of the T. evansi MRPE protein.

No. PDB hit Coverage Norm. Z-score Protein name Function

1. 2cbzA 0.84 3.36 Human MRP 1 nucleotide-binding domain 1 Transport protein
2. 6bzsA 0.83 3.85 Human ABCC6 nucleotide-binding domain 1 in Apo state Transport protein
3. 6bzsA 0.83 4.06 Human ABCC6 nucleotide-binding domain 1 in Apo state Transport protein

- Coverage represents the coverage of the threading alignment and is equal to the number of aligned residues divided 
by the length of query protein. Norm. Z-score is the normalized Z-score of the threading alignments. Alignment with 
a Normalized Z-score >1 mean a good alignment and vice versa. T. evansi MRPE=Trypanosoma evansi Multidrug 
Resistance Protein E

Table-3: The ligand name prediction and residual binding 
sites of the T. evansi MRPE protein.

Rank C-score Ligand name Ligand binding site 
residues

1 0.81 ANP PMP 5, 12, 32, 33, 34, 35, 
36, 37, 38, 66, 178

2 0.17 NA 37, 66, 145, 146
3 0.15 ATP 120, 121, 122, 123, 124, 

125
4 0.02 128 5, 10, 12, 33, 34, 35, 

36, 37, 38, 41, 48
5 0.01 ALF 32, 33, 36, 66, 146, 178

C-score is the confidence score of the prediction. 
C-score ranges (0-1), where a higher score indicates a 
more reliable prediction. T. evansi MRPE=Trypanosoma 
evansi Multidrug Resistance Protein E, ALF=Aluminate 
ion, ATP=Adenosine triphosphate, ANP PMP=Adenylyl 
imidodiphosphate

Figure-3: The prediction model of the highest C-score 
(−0.66) Trypanosoma evansi Multidrug resistance protein 
E structure
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and T. brucei genomes are not that similar as the only 
overlapping sequences between the two are con-
tained to one minicircle of genetic material [17,18]. 
In contrast, the differences between T. equiperdum 
and T. evansi are contained in maxicircle kDNA. The 
maxicircle found in T. equiperdum is bigger compared 
to T. evansi’s, suggesting it was reduced by a deletion 
process [19].

The TevMRPE putative gene had high similarity 
to the T. equiperdum MRPA gene, suggesting that these 

genes are well conserved at the sub-species level [20]. 
Many studies have identified that MRPE is a C type 
ABC transporter characterized by a long N-terminus 
hydrophilic transmembrane domain, which possesses 
a protein region of high homology [21-24]. The puta-
tive TevMRPE protein sequence in Figure-2 showed 
that there are five conservative areas among the 
ABC transporter family; the ABC transporter signa-
ture motif, the H-Loop/switch region, the Walker B 
D-Loop, the Walker A/P-loop, and the Q-loop [25,26]. 
These domains are important for identifying ABC 
transporters among other transporter proteins.

The threading protein prediction results (Table-2) 
showed that the TevMRPE protein had high similarity 
to three template sequences. The three proteins were 
the Human MRP 1 NBD1 (2CBZ) protein, the Human 
ABCC NBD1 in Apo-state (6BZS) protein, and the 
Cyanidioschyzon merolae ABC multidrug transporter 
protein. All of these template proteins are ABC trans-
porter proteins. This was no surprise as the ABC trans-
porter protein is the largest protein superfamily that is 
well conserved across all organism [27]. Of the five 
protein models compared to the MRPE structure, the 
first model was (2CBZ) the best representation with 
an estimated TM-score of 0.63±0.14 and estimated 
RMSD of 7.3±4.2 Å. As no previous MRPE T. evansi 
protein model published in PDB, the five protein 
models were the closest model resemble the MRPE 
of T. evansi. 

The ligand site prediction showed five ligand 
sites: ANP, Sodium ion (NA), ATP, 128 Spiro 
(2,4,6-trinitrobenzene [1,2a]-2o’,3o’- methylene- 
adenine- triphosphate), and Tetrafluoro aluminate ion. 
The five predicted ligand sites are commonly found 
in transporters (Table-3 and Figure-4). These findings 
agree with the previous reporting that MRPs play a 
crucial role as active transporters with three poten-
tial membrane-spanning domains [28,29]. Conserved 
gene organization and protein structure features sug-
gest that MRP and its related proteins share a simi-
lar ancestry with the cystic fibrosis conductance 
regulator [30,31]. 

The ANP ligand site has an analog function 
with ATP-binding oxygen atoms with beta- and gam-
ma-phosphate groups. This enables ANP to serve 
as a potential competitive mitochondrial ATPase 
inhibitor, the major protein that functions in ATP 

Table-4: The gene ontology of the T. evansi MRPE protein.

Molecular function GO-score Biological process GO-score Cellular component GO-score

ATP-binding (GO:0005524) 0.95 Transmembrane 
transport 
(GO:0055085)

0.48 Plasma membrane 
(GO:0005886)

0.48

ATPase-coupled transmembrane 
transporter activity (GO:0042626)

0.48 Obsolete ATP catabolic 
process (GO:0006200)

0.48 Integral component 
of membrane 
(GO:0016021)

0.48

The GO-score is a combined measure for evaluating global and local similarity between query and template protein. 
Its range is 0-1 and higher values indicate more confident predictions. T. evansi MRPE=Trypanosoma evansi Multidrug 
Resistance Protein E, ATP=Adenosine triphosphate

Figure-4: The prediction structure of the highest C-score 
ligand site (0.8) in Trypanosoma evansi multidrug 
resistance protein E.

Figure-5: The prediction structure of enzyme commission 
active site in Trypanosoma evansi multidrug resistance 
protein E.
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production and regulated by oxidative phosphoryla-
tion output [32]. 

The predicted EC number results showed that 
the putative MRPE protein is strongly related to other 
transmembrane transporters involved in trypanocidal 
resistance. The most similar transmembrane trans-
port protein identified was 1r0zC, which is known as 
the phosphorylated CFTR containing NBD1. CFTR 
is an ABC transporter that functions as a chloride 
channel [33,34]. NBD1, one of two ABC domains in 
CFTR, also contains sites for cystic fibrosis causing 
mutations in regulatory phosphorylation sites [35]. 

Gene ontology prediction showed that MRPE’s 
main function is as a transmembrane transporter and 
is located in cell plasma membranes (Table-4). This 
information is consistent with the previous ABC trans-
porter protein structure reports [36]. These proteins 
are composed of two transmembrane hydrophobic 
(TMD) domains involved in substrate translocation. 
In addition, the NBD is responsible for ATP binding 
and hydrolysis. 

The main function of an ABC transporter protein 
is exporting various cellular materials outside of the 
cell. Baker et al. [7] show that as melarsoprol pene-
trated Trypanosoma cells, the increase of ABC trans-
porter work increased. Likewise, Delespaux et al. [9] 
found that isometamidium resistance in T. congolens 
is determined by the insertion of GAA codon in ABC 
transporter coding gene. These data and our study sup-
port the idea that ABC transport proteins in T. evansi 
are necessary for the bacteria’s resistance to many 
drugs. Some of the MRP members have five addi-
tional transmembrane segments in their N-terminus, 
but the function of these additional membrane-span-
ning domains is not clear. Typically, MRP exports glu-
tathione, glucuronate, and sulfate from specific drug 
stimulation [31,37]. Thus, MRP may be a transporter 
protein that plays an active role in increasing the num-
ber of trypanocidal drug resistance cases, especially 
with cases using thiol conjugates, ivermectin, melar-
soprol and benznidazole [10,11].
Conclusion

This study isolated the gene MRPE, also known 
as TevMRPE, from T. evansi is homologous to the 
T. brucei gambiense MRPE gene. This gene is pre-
dicted to have an active ligand site for AMP-PMP and 
active enzyme site similar to that of the CFTR. These 
ABC transporter superfamily characteristics may be 
important for the transporting functions responsible 
for trypanocidal drug resistance in T. evansi.
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