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a  b  s  t  r  a  c  t

The hemoflagellate protozoan, Trypanosoma cruzi, mainly transmitted by triatomine insects

through blood transfusion or from mother-to-child, causes Chagas’ disease. This is a seri-

ous  parasitic disease that occurs in Latin America, with considerable social and economic

impact. Nifurtimox and benznidazole, drugs indicated for treating infected persons, are

effective in the acute phase, but poorly effective during the chronic phase. Therefore, it

is  extremely urgent to find innovative chemotherapeutic agents and/or effective vaccines.

Since piplartine has several biological activities, including trypanocidal activity, the present

study aimed to evaluate it on two T. cruzi strains proteome. Considerable changes in the

expression of some important enzymes involved in parasite protection against oxidative

stress, such as tryparedoxin peroxidase (TXNPx) and methionine sulfoxide reductase (MSR)

was  observed in both strains. These findings suggest that blocking the expression of the two
enzymes could be potential targets for therapeutic studies.

©  2018 Sociedade Brasileira de Infectologia. Published by Elsevier Editora Ltda. This is an

unde

rent treatment for Chagas’ disease is based on benznidazole
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Introduction
Chagas’ disease, caused by the parasite Trypanosoma cruzi,
is an endemic illness in Latin America, mainly prevalent in
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and nifurtimox, which are effective against acute infections,
but poorly effective during the chronic phase. In Brazil, nifur-
timox had its production and use discontinued. In this context,
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Fig. 1 – Chemical structure of piplartine.
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Treated and control epimastigotes parasites from both strains
were centrifuged at 3000 × g for 5 min  at 4 ◦C, the pellet
was washed three times with tryps wash buffer (100 mM
ajor efforts are necessary to identify new targets and develop
ovel trypanocidal drugs.1–5

Phytochemical studies of Piper species have led to the
solation of typical classes of secondary metabolites such
s amides, terpenes, benzoic acid derivatives, and hydro-
uinones, lignans, neolignans, and flavonoids.6–9 Piplartine

Fig. 1) is an amide isolated from Piper species. An excellent
eview described its biological activities,10 such as cyto-
oxic, genotoxic, antitumor, antiangiogenic, antimetastatic,
ntiplatelet aggregation, antinociceptive, anxiolytic, antide-
ressant, anti-atherosclerotic, antidiabetic, antibacterial,
ntifungal, leishmanicidal, trypanocidal, schistosomicidal,
nd larvicidal activities.11–19 Administration of piplartine
nhibited solid tumor development in mice transplanted with
arcoma 180 cells and histopathological analysis showed
hat liver and kidneys of treated animals were only slightly
nd reversibly affected.20 Anticancer activity of piplartine
as reinforced when it reduced human glioblastoma (SF-

95) and colon carcinoma (HCT-8) cell viability.21 Acute
oxicity studies performed in rats and mice treated with
ifferent piplartine doses by oral route demonstrated no
bvious clinical alterations.22 Viability assay carried out
gainst T. cruzi epimastigote forms demonstrated growth
nhibition higher than that observed with benznidazole,23

nd activity against Leishmania donovani was observed,
ith considerable reduction in parasitic burden and spleen
eight in vivo.24

The low systemic cytotoxicity of piplartine associated
ith activity against trypanosome cells brought new ques-

ions about the possibility of its use as a trypanocidal drug.
herefore, the objective of this study was to evaluate protein
xpression changes in response to piplartine treatment on the
pimastigote form of T. cruzi. The capacity of the parasite to
row, associated to high level of cells obtained, allow for per-
orming differential proteomic and mass spectrometry assays.
he obtained results are consistent with those described in

he literature and may contribute with future similar analysis
sing other forms of T. cruzi.

In this paper, two-dimensional gel electrophoresis
2-DE) and mass spectrometry were used to identify
ifferent expressed proteins as a result of piplar-
ine effect on two T. cruzi strains, Y25 and Bolivia,26
espectively.
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Materials  and  methods

Piplartine  isolation

Isolation of piplartine from Piper tuberculatum leaves was car-
ried out according to a methodology previously published.23

Briefly, specimens of Piper tuberculatum were cultivated from
seeds under greenhouse conditions at the Institute of Chem-
istry, Universidade Estadual Paulista, Araraquara, São Paulo
State, Brazil. Plant material was collected in May 2005 and
identified by Dr. Guillermo E. D. Paredes from Universidad
Pedro Ruiz Gallo, Kambayeque, Peru. Voucher (Cordeiro-1936)
was deposited at the herbarium of the Institute of Biosciences,
Universidade de São Paulo, São Paulo, São Paulo State, Brazil.

Shade-dried and powdered leaves of P. tuberculatum (200 g)
were extracted with ethyl acetate (Synth) and methanol
(Synth) (9:1), for three weeks at room temperature. After fil-
tering, the solvent was evaporated under reduced pressure to
yield crude extract (11 g). Crude extract (10 g) was subjected
to chromatography column over silica gel 60 (70–230 mesh,
Merck) and eluted with hexane (Synth) and ethyl acetate
(Synth) (0–100% ethyl acetate), and ethyl acetate (Synth) and
methanol (Synth) (0–100% methanol) to afford 12 fractions
(E1–E12). Fractions E6 and E7 (2.17 g) was further purified
by chromatography column over silica gel 60 (70–230 mesh,
Merck) and eluted with hexane (Synth) and acetone (Synth)
(9:1) to provide 21 fractions (F1–F21), including piplartine (frac-
tion F11, 532 mg). Structure of piplartine was identified by 1H
and 13C NMR spectra analysis.

Trypanosoma  cruzi  cell  viability  assay

Epimastigote forms (Y and Bolivia strains) were maintained in
Liver Infusion Tryptose (LIT) medium (68.4 mM NaCl; 5.4 mM
KCl; 56.3 mM Na2HPO4; 111 mM Dextrose; 0.3% Liver Infusion
Broth; 0.5% Tryptose)27 and the cells were harvested during
the exponential growth phase. The parasites (1 × 107 cells/mL)
were treated for 48 h in LIT at 28 ◦C with 13.7 �M (Y strain) and
10.5 �M (Bolivia strain) piplartine, which corresponds to half of
IC50/72 h previously determined for this compound. Triplicates
of treated and control (without piplartine) parasites were pre-
pared. Calculated IC50 in 72 h of experiment for piplartine in Y
and Bolivia strains were 27.45 �M and 20.95 �M,  respectively.
For Balb/c macrophages IC50 was 305.79 �M.  Safety index was
11.14 and 14.59, in comparison with piplartine IC50 for Y and
Bolivia strains, respectively (data not published). The chosen
concentration of the piplartine for 2DE-DIGE tests was half the
IC50 previously determined, since the intention was to induce
protein expression changes, maintained considerable number
of viable parasites.

Sample  preparation,  labeling  and  two-dimensional
electrophoresis
NaCl, 3 mM MgCl2, 20 mM Tris–Hcl, pH 7.5) and incubated in
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Table 1 – Sample schematic labeling with Cy Dye DIGE kit.

Labeling samples

GEL 1 Pool (50 �g of proteins + 1 �L of Cy2) Control 1 (50 �g of proteins + 1 �L of Cy3) Treated 1 (50 �g of proteins + 1 �L of Cy5)
GEL 2 Pool (50 �g of proteins + 1 �L of Cy2) Control 2 (50 �g of proteins + 1 �L of Cy5) Treated 2 (50 �g of proteins + 1 �L of Cy3)
GEL 3 Pool (50 �g of proteins + 1 �L of Cy2) Control 3 (50 �g of proteins + 1 �L of Cy3) Treated 3 (50 �g of proteins + 1 �L of Cy5)
GEL 4 Preparative (gel to cut the spots)

(500 �g of proteins of all samples

applied in the experiment-control
and treated triplicates)

lysis buffer (7 M Urea, 2 M Thiourea, 4% CHAPS, 40 mM Tris,
0.1 mg/mL  PMSF; 1 M DTT, 1 mg/mL  Pepstatin, 10 mg/mL  Apro-
tinin and 10 mg/mL  Leupeptin; all enzyme inhibitors from
Sigma-Aldrich) for two hours. Protein extraction was per-
formed using three independent biological replicates of each
sample (treated and control). To obtain the soluble protein
fraction, the cell lysate was centrifuged at 14,000 × g for 10 min
at 4 ◦C and the protein content was determined using the Brad-
ford method.

Each fraction (50 �g of protein of control and of treated
triplicates) was marked with DIGE Kit (GE Healthcare) accord-
ing Table 1. Briefly: DIGE uses direct labeling of proteins with
fluorescent dyes (known as CyDyes: Cy2, Cy3, and Cy5) prior
to IEF (isoelectric focusing). Dye concentrations are kept low,
such that approximately one dye molecule is added per pro-
tein. The important aspect of the DIGE technology is its ability
to label two or more  samples with different dyes and sepa-
rate them on the same gel, eliminating gel-to-gel variability.
This makes spot matching and quantitation much simpler
and more  accurate. Cy2 is used for a normalization pool cre-
ated from a mixture of all samples in the experiment. This
Cy2-labeled pool (50 �g of protein of all samples applied in
the experiment-control and treated triplicates) is run on all
gels, allowing spot matching and normalization of signals
from different gels.28–32 The label proteins were then solubi-
lized in the DeStreak following the manufacturer instructions
(GE Healthcare). Each strip was rehydrated with the sample
solution for 20 h at room temperature and the proteins were
separated over immobilized linear pH 3–10 gradients (IPGphor
system, GE Heathcare) using the following protocol: 200 V/12 h,
1000 V/1000 Vh, 8000 V/8000 Vh, 8000 V/20,000 Vh. The pH wide
range was applied to obtain the largest number of protein dif-
ferential expression. The strips were incubated for 15 min  in
5 mL  of equilibrate buffer (6 M uréia, 50 mM Tris–Hcl 1.5 M, pH
8.8, 30% glicerol, 2% SDS, 1% bromophenol blue) containing
50 mg  DTT, followed by a second incubation for 15 min  in 5 mL
of the same buffer containing 125 mg iodoacetamide.

Second dimension separation was performed by 12.5%
SDS-PAGE polyacrylamide gels. Gels were run in a SE 600
Ruby (GE Healthcare) at 10 mA/gel for 45 min  and then at
30 mA/gel until the end of the gel was reached and 100 W
and 600 V. Molecular mass markers were prepared accord-
ing to the instructions of manufacturer (GE Healthcare) and
applied to filter paper before positioning the strips. The gels
were scanned in Typhoon Variable Mode (GE Healthcare) and
detected spots were quantified and analyzed with the Image

Master Platinum software (GE Healthcare). The differential
expression analysis was performed comparing the treated and
control groups by the Student’s t test (>1.3 fold and p ≤ 0.05).
The cut-off limit employed was based on statistically signifi-
cant differences (p ≤ 0.05).

Preparative gels (containing 500 �g of protein of control and
treated triplicates) were stained with Coomassie colloidal as
follows: fixation in 45% v/v ethanol and 10% v/v acetic acid for
15 min, washed in deionized water and the addition of 0.1%
w/v Coomassie brilliant blue G (Sigma-Aldrich) overnight. The
gels were destained with 40% v/v ethanol and 10% v/v acetic
acid until visualization of spots. Ten spots were manually
excised from preparative gel, being five spots, which pro-
tein were more  expressed than control, and five spots which
treated presented more  expression.

Gel  in  situ  trypsin  digestion  and  mass  spectrometry
analysis

The gel spots corresponding to tagged-protein were excised
and destained with 50% acetonitrile/0.1 M ammonium bicar-
bonate pH 8.0. Gels were dehydrated with neat acetonitrile
and vacuum dried for 30 min. Gels were swollen with 0.5 �g
of modify trypsin (Promega) in 20 �L of 0.1 M ammonium
bicarbonate pH 8.0, and the gels were covered by adding
100 �L of 0.1 M ammonium bicarbonate pH 8.0 for 22 h at
37 ◦C. Trypsin hydrolysis was stopped with 5 �L of formic
acid. The tryptic peptides were extracted and desalted in
microtip filled with POROS 50 R2 (PerSeptive Biosystems) pre-
viously equilibrated in 0.2% formic acid and eluted with 60%
methanol/5% formic acid for mass spectrometry analysis.
Samples were diluted in matrix CHCA 5 mg/mL  (alfa-cyano-
4-hydroxicinnamic acid, Sigma) with 50% acetonitrile/0.1%
TFA (trifluoroacetic acid) and 2–3 �L were deposited on MALDI
plates using drop dried method. Mass spectrometry analy-
sis was performed in MALDI-TOF/TOF (AXIMA performance,
Kratos-Shimadzu) and the MS/MS spectra of tryptic peptides
were submitted directly to MASCOT program against the
NCBInr and local trypanosomatids databases.

Results

Several T. cruzi proteomic studies have been performed to gen-
erate 2DE protein maps of different life cycle stages, to study
development-induced changes, identify proteins involved in
drug resistance and effects of trypanocidal agents.33–36

Fig. 2A and B, from Y and Bolivia strains, respectively, show

the 10 protein spots differently overexpressed in the cells,
being five spots in control (Tables 2 and 3, column “control”,
spots 1–5), and five spots in treated condition (Tables 2 and 3,
column “treated”, spots 6–10).



b r a z j i n f e c t d i s . 2 0 1 8;2 2(3):208–218 211

200
150
120

100
85

70
60

50

40

30

25

20

15

10

200
150
120

100
85

70
60

50

40

30

25

20

15

10

KDa KDa
3

p4
10 3

p4
10

A B

Fig. 2 – Preparative 2-DE gel image of T. cruzi (A. Y strain; B. Bolivia strain) treated with piplartine from P. tuberculatum and
control. IEF was performed with 500 �g of soluble protein from the parasites using 13 cm strips with a pH range of 3–10.
SDS-PAGE was performed with 12.5% polyacrylamide gels, which were  stained with Colloidal Coomassie Blue. Arrows
indicate modulated proteins of controls and after treatment with the compound; numbers refer to spot identification in
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ables 1 and 2, respectively.

The differential approach using T. cruzi cells demon-
trated tryparedoxin peroxidase, involved in oxidative stress
esponse, had important decreased expression in treated (that
s, more  expressed in control), as showed in Tables 2 and 3. It
as possible to observe two spots differential expressed by Y

train, with reduction of 2.194 and 2.349 folds (Table 2, spots 2
nd 3); and two spots by Bolivia strain, with reduction of 1.310
nd 1.982 folds (Table 3, spots 1 and 4).

Methylthioadenosine phosphorylase (MTAP,  Table 2, spot
 and Table 3, spot 2) catalyzes the reversible phospho-
olytic cleavage of methylthioadenosine, a by-product of
he polyamine biosynthesis, producing methylthioribose-1-
hosphate (MTRP) and adenine.37 Interesting, in the Bolivia
train, MTAP  was identified in spots 2 and 9, one overex-
ressed (spot 9) and the other (spot 2) representing reduction
f the expression. In Fig. 2B, it is possible to observe that these
pots presented small shift in gel and should represent a post-
ranslation modification, suggesting that this mechanism can
egulate the expression of this member.

Some studies demonstrated the interaction between try-
aredoxin and cystathionine �-lyase (CGL),38 although the
nzyme found in our experiment was cystathionine �-
ynthase (CBS) (Tables 2 and 3, spots 5). Previous studies in
ammal  cells demonstrated that CBS and CGL act in the same

athway and are primarily responsible for hydrogen sulfide
iogenesis.39

Enzyme D-isomer specific 2-hydroxyacid dehydrogenase,
hose expression levels was altered only in the Bolivia strain

Table 3, spot 3), was one of the proteins identified in the
resent work This enzyme is responsible to catalyze the
AD-dependent oxidation of R-lactate to pyruvate and is part

f the detoxification pathway of methylglyoxal (dependent
f glyoxalase I, glyoxalase II and low molecular mass thi-
ls) in trypanosomatids, and data from Trypanosoma conorhini
and Crithidia fasciculata showed activation in the presence of
cysteine.40 Altogether, these data strongly suggest a redox reg-
ulation of this enzyme in trypanosomatids.

Other protein overexpressed only in the Bolivia strain
treated with piplartine was methionine sulfoxide reductase
(MSR, Table 3, spot 10). Several amino acid residues were sus-
ceptible to oxidation such as cysteine, histidine, tryptophan,
tyrosine and methionine.

Proteomics studies usually identified proteins highly
expressed such as chaperones, structural and ribosomal pro-
teins and others. In the present work, it was possible to
observe heat shock protein 70 and tubulin differentially
expressed (Tables 2 and 3).

Discussion

Various articles explored the activity of different compounds
against Y and Bolivia Trypanosoma cruzi strains, in special com-
paring benzinidazole activity. Alves and collaborators found
higher IC50 of benzinidazole for Y (11.77 �g/mL) compared to
Bolivia (0.99 �g/mL) strain. The natural extracts tested showed
moderate activity against Bolivia strains, while in Y strain
there was satisfactory activity.41 In other studies, Bolivia strain
proved to be more  resistant to beniznidazole than Y strain.
Kohatsu and collaborators observed an IC50 almost three
times higher in Bolivia than in Y strain and demonstrated
that this compound increased the expression of the mitochon-
drial tryparedoxin peroxidase only in Y strain.42 Additionally,
Bolivia strain was more  resistant to treatment of two  nitro-

furans derivatives (NF and NFOH-121) when compared to Y
strain. Also, no changes at mRNA  processing levels in the
Bolivia strain was observed.43 Mice infected with Y and Bolivia
strains treated with benzinidazole demonstrated remarkable
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Table 2 – T. cruzi (Y strain) protein identification in control and treated parasites with piplartine.

Spot X-fold differential expression NCBI MASCOT

Control Treated Protein Access number Peptides Mass (Da) Score pI Amino acid
sequence cover (%)

1 +2.111 Cytochrome C
oxidase subunit IV

gi|71660419 FTGEPPSWMR
ACTDLNQLEEWSR

39,119  123 5.72 6.90

2 +2.194 Tryparedoxin
peroxidase

gi|71408703 ANEYFEK
EAAPEWAGK
VVQAFQYVDK
HITVNDLPVGR
DYGVLIEEQGISLR

25,734  338 5.96 22.60

3 +2.349 Tryparedoxin
peroxidase

gi|17224953 QITVNDLPVGR
SYGVLKEEDGVAYR
HGEVCPANWKPGDK

22,660 183 5.96 19.60

4 +2.483 Beta-tubulin gi|1220547 LREEYPDR
LAVNLVPFPR
FPGQLNSDLR
KLAVNLVPFPR
FPGQLNSDLRK
INVYFDEATGGR
AVLIDLEPGTMDSVR
AVLIDLEPGTMDSVR
GHYTEGAELIDSVLDVR

50,126 513 4.74 16.70

5 +2.853 Cystathionine
beta-synthase

gi|71404306 GYVLLDQYR
SADKESFALASEVHR
AHYEGTAQEIYDQCGK

47,830 308 6.43 9.60
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213

– Table 2 (Continued)

Spot X-fold differential expression NCBI MASCOT

Control Treated Protein Access number Peptides Mass (Da) Score pI Amino acid
sequence cover (%)

6 +1.890 Methylthioadenosine
phosphorylase

gi|71655964 VGGVDCAFLPR
TFPGLAAGTEGWR
HGVGHVLNPSEVNYR
LHEQGTSVTMEGPQFSTK
LHEQGTSVTMEGPQFSTK
YYAIETPFGRPSGDICVK

33,523  456 6.34 24.80

7 +1.951 Prostaglandin F2�

synthase
gi|25006239 YDFEEADQQIR

ETYGVPEELTDDEVR
AQQNWPLNEPRPETYR

42489 235 5.83 11.60

8 +1.962 Prostaglandin F2�

synthase
gi|25006239 FIANPDLVER

YDFEEADQQIR
KIEPLSLAYLHYLR
ETYGVPEELTDDEVR
AQQNWPLNEPRPETYR

42,489 391 5.83 17.90

9 +1.982 Heat shock 70 kDa
protein,
mitochondrial
precursor

gi|71407515 DAGTIAGLNVIR
EISEVVLVGGMTR
EISEVVLVGGMTR
RFEDSNIQHDIK
KVSNAVVTCPAYFNDAQR

71,503 242 5.75 8.40

10 +2.024 70 kDa heat shock
protein

gi|119394467 FEELCGDLFR
AVHDVVLVGGSTR
TTPSYVAFTDTER

72,428 238 5.37 5.40
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Table 3 – T. cruzi (Bolivia strain) protein identification in control and treated parasites with piplartine.

Spot X-fold differential expression NCBI MASCOT

Control Treated Protein Access number Peptides Mass (Da) Score pI Amino acid sequence
cover (%)

1 +1.310 Tryparedoxin
peroxidase

gi|17224953 QITVNDLPVGR
SYGVLKEEDGVAYR
HGEVCPANWKPGDK

22,660  219 5.96 19.60

2 +1.796 Methylthioadenosine
phosphorylase

gi|71655964 VGGVDCAFLPR
TFPGLAAGTEGWR
HGVGHVLNPSEVNYR
YYAIETPFGRPSGDICVAK

33,523  398 6.34 18.90

3 +1.928 D-isomer specific
2-hydroxyacid
dehydrogenase-
protein

gi|71420052 EVDEYGVR
TANLVPDSVR
FIGLVNEYAK
TANLVPDSVRR
RLDTYLVDPVR
GITQNEDDLACALR
ESDFVVNILPGTEETKR

38,795  479 6.04 20.90

4 +1.982 Tryparedoxin
peroxidase

gi|17224953 QITVNDLPVGR
SYGVLKEEDGVAYR
HGEVCPANWKPGDK

22,660  221 5.96 19.60

5 +2.144 Cystathionine
beta-synthase

gi|71404306 GYVLLDQYR
SADKESFALASEVHR
AHYEGTAQEIYDQCGGK
TETALPWDHPDSLIGMAR

47,830  421 6.43 13.80

6 +1.529 Chaperonin HSP60,
mitochondrial
protein

gi|3023478 NVIIEQSYGAPK
GLIDGETSDYNR
GYISPYFVTDAK
AVGVILQSVAEQSR
YVNMFEAGIIDPAR
AAVQEGIVPGGGVALLR
ALDSLLGDSSLTADQR
VLENNDVTVGYDAQR
KVTSTENIVQVATISANGDEELGR

59,639  801 5.38 24.20
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– Table 3 (Continued)

Spot X-fold differential expression NCBI MASCOT

Control Treated Protein Access number Peptides Mass (Da) Score pI Amino acid sequence
cover (%)

7 +1.544 Heat shock 70 kDa
protein,
mitochondrial
precursor

gi|71407515 EISEVVLVGGMTR
RFEDSNIQHDIK
KVSNAVVTCPAYFNDAQR

71,503  184 5.75 6.60

8 +1.683 Heat shock protein
70

gi|10626 TTPSYVAFTDTER
ARFEELCGDLFR
AVVTVPAYFNDSQR
DCHLLGTFDLSGIPPAPR
SQIFSTYADNQPGVHIQVFEGER

74,564  437 5.64 11.80

9 +1.864 Methylthioadenosine
phosphorylase

gi|71655964 VGGVDCAFLPR
TFPGLAAGTEGWR
HGVGHVLNPSEVNYR
LHEQGTSVTMEGPQFSTK
YYAIETPFGRPSGDICVAK

33,523  516 6.34 24.80

10 +2.570 Peptide methionine
sulfoxide reductase

gi|71405176 IHDPTTVNR
QGVDVGTQYR
AFGDAQVVTSLEK
SAIFYHDDQQLK
LHVAEDYHQMYLEK
LHVAEDYHQMYLEK

20,204  386 6.12 32.80
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differences in mortality rates. All groups infected with the
Y strain (treated and non-treated) presented 100% survival.
However, only 60% survival was observed in the group infected
with the Bolivia strain, while non-treated mice had 100%
survival. These findings indicated that treatment with ben-
zinidazole could be detrimental to animals infected with the
Bolivia strain.44 Altogether, these results reinforce that wide
genetic heterogeneity of T. cruzi strains affect the response
against trypanocidal compounds. Our findings showed similar
proteome variations in both strains, altering the expression of
proteins involved in oxidative stress response. In other hands,
two proteins presented protein expression variations only in
the Bolivia strain, D-isomer specific 2-hydroxyacid dehydro-
genase and methionine sulfoxide reductase.

Raj and co-workers22 identified 12 potential piplartine tar-
gets using differential proteomics approach on two human
cell lines, bladder carcinoma and osteosarcoma. Interestingly,
these authors identified various proteins involved in stress
oxidative response such as glutathione S-transferases and
peroxiredoxin. In addition, it was found that piplartine can
interact directly with purified recombinant glutathione S-
transferase p1 (GSTp1), inhibiting the enzyme activity and
decreasing the levels of reduced glutathione. These actions
led to increase of oxidized glutathione levels in tumor cells.
These data suggest that piplartine can interact directly with
components of the oxidative stress response in trypanoso-
matids cells. Tryparedoxin peroxidase presents crucial role in
the regulation of the parasite ROS levels and it is important
to highlight the importance of this enzyme as Chagas’ disease
drug target.45

Mitochondrial and cytosolic tryparedoxin peroxidase
detoxify peroxynitrite, hydrogen peroxide and small hydroper-
oxide organic compounds. Ascorbate heme-dependent perox-
idase occurs in the endoplasmic reticulum and presents action
against hydrogen peroxide. Other enzymes that act against
oxidizing agents are the superoxide dismutases (SOD) occur-
ring in the cytosol, mitochondria and glicosoma and work in
the detoxification of superoxide.46

The main results obtained could be explained by poten-
tial interaction among tryparedoxin peroxidase and several
other proteins, which are differentially expressed and iden-
tified. Piñeyro and co-workers38 using proteomic approaches
described potential interactions between tryparedoxin 1
(TcTXN1) and tryparedoxin peroxidase in vitro and in vivo.
Methylthioadenosine phosphorylase (MTAP) is responsible to
catalyze the reversible phosphorolytic cleavage of methylth-
ioadenosine, a polyamine biosynthesis subproduct, producing
methylthioribose-1-phosphate (MTRP) and adenine. In mam-
mal  cells, MTAP  is redox regulated and can be inactivated by
specific oxidation of two conserved cysteines to sulfenic acid,
and it should be pointed out that these amino acids were con-
served in T. cruzi protein.35

Therefore, two  hypotheses for the difference in MTAP
expression following piplartine treatment can be postulated:
first, the direct interaction between tryparedoxin and trypare-
doxin peroxidase was affected, modifying MTAP  levels. These

results suggest a secondary role of piplartine in polyamines
metabolism. Secondly, redox unbalancing caused for trypare-
doxin peroxidase change the expression of MTAP.  Since for
the Bolivia strain two different spots (2 and 9) were iden-
 1 8;2  2(3):208–218

tified, one overexpressed (spot 9) and other (spot 2) with
down-expression, and these spots presented little shift in gel
probably representing a post-translation modification. This
mechanism could regulate the expression of this enzyme.

T. cruzi appears to be the first protist proven to
have two independent pathways for cysteine production;
sulfur-assimilation from sulfate and transsulfuration from
methionine via cystathionine. Extracellular l-cysteine, but not
l-cystine, has been shown to be essential for growth of the T.
brucei bloodstream form. Trypanosomes require cysteine not
only for protein biosynthesis, but also for formation of trypan-
othione and glutathione. They may require multiple cysteine
acquiring pathways to ensure this amino acid is available to
fulfill the needs of their redox metabolism.38 Therefore, it is
possible to correlate tryparedoxin peroxidase, cystathionine
beta-synthase and redox balance. Recently, the same interac-
tome approach was used to demonstrate the partners of T.
cruzi tryparedoxin II.40

Oxidation of methionine to methionine sulfoxide affects
the biological function of oxidized proteins.47 Consequently,
the occurrence of a system for reducing methionine sulfoxide
to methionine is important for cell integrity and its reac-
tion is present in virtually all organisms.48,49 Therefore, the
presence of a system for reducing methionine sulfoxide to
methionine guarantees cell integrity and is present in virtu-
ally all organisms.38,50 Methionine sulfoxide reductase (MSR)
protects the organism from oxidative stress and is involved
with resistance against biotic and abiotic stress in plants and
animals.38,51 Arias and co-authors52 studied MSR  production
in T. cruzi and T. brucei, indicating a crucial function of this
enzyme in the redox metabolism in trypanosomatids and
could help the parasites to face oxidative stress. This enzyme
is not directly involved in the removal of oxidizing agents, but
act mainly in repairing oxidized proteins, maintaining cellu-
lar functionality. They found that the reversal of the oxidized
state of MSR  recombinant is dependent on the presence of
reduced tryparedoxin (TXN), probably reducing substrate of
the MSR.52

Conclusion

The oxidative stress response is an important defense of T.
cruzi against the host immune system and other mechanisms
of parasite clearance. Therefore, activity molecules able to
interfere in this parasitic metabolism represent a potential
therapeutic target in Chagas’ disease. The DIGE technology
eliminating gel-to-gel variability improved the obtention of
protein spots. Altogether, our results suggested that piplartine
activity in trypanosomes promoted imbalance of some impor-
tant enzymes related to redox metabolism in these parasites.
It should be further investigated whether these enzymes could
serve as potential biomarkers to evaluate disease treatment.
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