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ABSTRACT: Trypanosoma cruzi, the parasite causing Chagas disease, contains a number of proteolytic
enzymes. The recent completion of the genome sequence of the T. cruzi CL Brener clone suggests the presence of 70 cysteine peptidases, 40 serine peptidases (none of them from the chymotrypsin family), about 250
metallopeptidases (most leishmanolysin homologues), 25 threonine peptidases, and only two aspartyl peptidases, none of them from the pepsin family. The cysteine peptidases belong to 7 families of Clan CA, 3
families of Clan CD, and one each of Clans CE and CF. In Clan CA, the C1 family is represented by cruzipains
1 and 2, biochemically well characterized, as well as cathepsin B and two other cathepsins. There are a
number of homologues to calpains (family C2), probably non-functional, lacking the Ca-binding domain.
Family C54 includes the Atg4 proteinases (autophagins), which seem to be involved in the autophagic process. Clan CD includes family C14, the metacaspases. We have expressed the metacaspases TcMCA3 and
TcMCA5, and obtained indirect evidence of their participation in programmed cell death induced by fresh
human serum in the parasite. More experiments are required to better define their role in apoptosis.

Introduction
Trypanosoma cruzi, a flagellated protozoan parasite, is the causative agent of the American trypanosomiasis, Chagas disease. The parasite has a complex
life cycle, involving two forms present in the gut of
the insect vector, the replicative epimastigote and the
infective metacyclic trypomastigote, and two forms
present in the infected mammal, the intracellular
amastigote and the bloodstream trypomastigote released from infected cells into the blood. This infection is endemic in Latin America; its prevalence is es¶
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timated at 16-18 million cases, with about 120 million
people at risk. No vaccines have been developed so
far; the low effectiveness of the chemotherapeutic agent
available (at present, only benznidazole) together with
its undesirable side effects, makes treatment of Chagas
disease difficult. There is, therefore, an urgent need
for the identification of novel drug targets to improve
the treatment of this disease (Barrett et al., 2003).
The study of peptidases in protozoan parasites in
general, and in Trypanosomatids in particular, has acquired considerable importance over the last few years.
Some peptidases have been proposed to play central
roles in diverse processes such as cell invasion, differentiation, cell cycle progression, catabolism of host
proteins and evasion of the host immune response
(Klemba and Goldberg, 2002). The possibility of developing selective inhibitors of key proteinases of
parasites is being explored as a novel chemotherapeutic strategy.
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T. cruzi has been shown to contain several proteolytic
activities (Cazzulo, 2002), which have been biochemically characterized; other peptidases have been predicted
from the data of the recently completed genome project
(El-Sayed et al., 2005). Although the T. cruzi genome
still presents a number of uncertainties, predictions so
far (Ivens et al., 2005, Tables S17 and S18) include about
70 putative cysteine peptidases, about 40 putative serine
peptidases (none of them belonging to the S1 family),
about 250 putative metallopeptidases, of which most are
homologues of leishmanolysin, 25 putative threonine
peptidases, most of them homologues of proteasome subunits, and 2 putative aspartyl peptidases. It is noteworthy
that among the latter, the complete absence of A1 family
peptidases (pepsin-like) has been reported for the genomes of the three trypanosomatids, the only genes detected encoding homologues to presenilin 1 and signal
peptide peptidase. The actual total number of proteolytic
enzymes in T. cruzi is probably about a half, since in a
number of cases the alleles have been reported as different genes; it is likely that the total number, once properly determined, will be closer to the numbers proposed
for both Trypanosoma brucei and Leishmania major,
about 160 in both cases. Among the enzymes biochemically characterized, we can mention cysteine proteinases, such as cruzipain (Cazzulo, 2002), a 30-kDa cathepsin B-like cysteine proteinase (Garcia et al., 1998), and
the recently described metacaspases (Kosec et al., 2006);
two serine proteinases belonging to the prolyl
oligopeptidase family (Burleigh et al., 1997; Bastos et
al., 2005) and a serine carboxypeptidase (Parussini et al.,
2003); a glycosylphosphatidylinositol (GPI)-anchored
membrane metalloproteinase of the leishmanolysin family (Cuevas et al., 2003), and the proteasome (de Diego
et al., 2001; Gonzalez et al., 1996).
Apoptosis or programmed cell death (PCD) is a
physiological process that is of central importance for
the development and homeostasis of multicellular organisms; it is mediated by a cascade of cysteine proteinases, the caspases (Grutter, 2000). Phenomena resembling apoptosis have been described in a variety of
plants and unicellular eukaryotes, which apparently lack
direct caspase homologues, and this was accompanied
by an increase in caspase-like proteolytic activity (cleavage of substrates after an Asp residue) (Madeo et al.,
2002; Das et al., 2001; Bozhkov et al., 2004). A process resembling apoptosis has been described in T. cruzi,
and can be induced by different stimuli, including treatment of epimastigotes with fresh human serum (FHS)
(Ameisen, 1995; Piacenza et al., 2001). This process
could be of great importance enabling the parasite to
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avoid an early inflammatory response if epimastigotes
enter the mammalian bloodstream (Zeledon et al., 1984)
or could render host macrophages more susceptible to
invasion as shown for apoptotic T cells (Freire-de-Lima
et al., 2000). With the discovery of metacaspases, distant caspase-homologues (Uren et al., 2000) in genomes
of plants and unicellular eukaryotes, their role in PCD
became an intriguing possibility. We have recently
shown that this is probably the case in T. cruzi (Kosec et
al., 2006).
We describe here an analysis of the cysteine peptidase families and enzymes predicted from the T. cruzi
genome sequence data, as well as a further characterization of proteins belonging to family C14 (metacaspases),
and their possible role in apoptosis.

Materials and methods
Genomic database searches
Aminoacid sequences corresponding to the catalytic
domains of characteristic members of the known cysteine
peptidase families were obtained in the MEROPS peptidase database (http://merops.sanger.ac.uk) (Rawlings et
al., 2006). These sequences were entered as query in the
tBLASTn searches on the predicted genes databases of
T. cruzi at the GeneDB web page (www.genedb.org). The
hits with sufficient similarity were analyzed for the presence of the predicted catalytic residues.
Parasite cultures
T. cruzi epimastigotes of the CL Brener clone
(Zingales et al., 1997) were cultured in brain-hearttryptose (BHT) medium (Franke de Cazzulo et al.,
1994). For induction of apoptosis, epimastigotes were
grown to a density of 5 x 107/ml. Fresh human serum
(FHS) was added to 10% final concentration and cultures were incubated for 4 h at 28ºC. The proportion of
apoptotic cells was estimated by morphology and motility, as previously described (Kosec et al., 2006).
Enzymatic assays
Epimastigotes were washed and resuspended in
PBS (10 mM Na 2HPO4, 150 mM NaCl, pH 7.2) and
cells were ruptured by three rounds of freezing at –20ºC
and thawing. The cell-free extract was obtained by centrifugation at 26,900 x g for 15 min at 4ºC and the pellet was discarded. The fluorogenic substrate Z-YVAD-
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AFC (Biomol) was used to measure caspase-like activity. Samples were preincubated in caspase buffer
(50 mM HEPES pH 7.5, 100 mM NaCl, 0.1%
CHAPS, 10% sucrose, 1 mM EDTA, 20 mM DTT)
in the presence of 100 µM E-64 for 10 min at room
temperature. Afterwards, 100 µM Z-YVAD-AFC was
added and changes in fluorescence emission were
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followed for 30 min at 25°C. The same cell free extracts were used to measure cruzipain activity.
Samples were preincubated in 50 mM Tris, 10 mM
β-mercaptoethanol for 10 minutes at room temperature. After that the colorimetric assays were performed with 150 µM Bz-PFR-pNA (Sigma) and absorbance was measured at 410 nm.

FIGURE 1. Alignment of predicted sequences of T. cruzi Family C1 cysteine proteinases. The sequences correspond to cruzipain-1 1 (AAA30181), cruzipain-21 (AAC37213), the cathepsin B alleles (1: Tc00.1047053511827.1002
and 2: Tc00.1047053510535.1002), cathepsin S alleles (1: Tc00.1047053507849.502 and 2: Tc00.1047053508317.102)
and the bromelain-like sequence Tc00.1047053508173.1102. (1) denotes the GenBank accession number and ( 2)
denotes the systematic name in GeneDB (www.genedb.org). Asterisks indicate the residues forming the conserved
catalytic triad, and arrow heads indicate residues involved in the S2 pocket.

482

Immunofluorescence microscopy
Epimastigotes were left to bind to poly-L-lysinecoated slides, fixed with 4% (w/v) paraformaldehyde
in PBS and washed twice. Blocking buffer (3% goat
serum, 2% bovine serum albumin, 0.1% saponine in
PBS) was used for the saturation of coverslides.
Polyclonal antibodies against metacaspase-3 (TcMCA3)
and metacaspase-5 (TcMCA5) (Kosec et al., 2006) were
then diluted 1/250 in blocking buffer and used for incubation of the fixed parasites. Coverslides were washed
three times and incubated with AlexaFluor 488-conjugated goat anti-mouse immunoglobulins (Molecular
Probes) for 1 h at room temperature. After extensive
washing, DNA was stained with 5 µg/ml 4',6-diamidino2-phenylindole (DAPI) and cover slips were mounted
using FluorSaveTM Reagent (Calbiochem). Preparations
were analyzed using a fluorescence microscope (Nikon
Eclipse E600) and image capture was performed by
using a Spot RT Slider Model Nº 2.3.1 digital camera
(Diagnostic Instruments).
In-vivo determination of active caspases with SR-VADFMK fluorescent probe
Epimastigote cultures undergoing apoptosis were
stained for caspase activity using SR-VAD-FMK fluorescent probe (Sulforhodamine Multi-Caspase Activity
Kit Apoptosis Detection, Biomol) following the
manufacturer’s instructions. Cells were then attached to
poly-L-lysine-coated glass slides and processed for fluorescence microscopy observation as described above.
Overexpression of metacaspases in T. cr uzi
epimastigotes
The complete ORFs of TcMCA3 and TcMCA5
(Kosec et al., 2006) were cloned into the pRibotex plasmid (Martinez-Calvillo et al., 1997). The constructions,
together with an empty pRibotex as control, were
electroporated into epimastigotes. Geneticin (G418
sulphate)(Life Technologies) was used as selection
marker as previously described (Kosec et al., 2006).

Results and Discussion
Cysteine peptidases in Trypanosoma cruzi
The recently completed genome of T. cruzi allowed
a preliminary survey of the cysteine peptidases present
in the parasite. Seven families of Clan CA are potentially present. The C1 family, the prototype of which is
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papain, contains the well characterized cruzipains
(cruzipain 1 and 2) and cathepsin B (Cazzulo, 2002)
and, in addition, two other putative members annotated
as cathepsin S-like and bromelain-like proteins.
Cruzipain is a member of a large family composed of
polymorphic genes. The majority of them encodes
highly similar isoforms (approximately 98% amino acid
identity) and were termed as cruzipain 1, while the most
divergent cruzipain gene (approximately 88% identical
to cruzipain 1) was termed cruzipain 2. Genome data
from the T. cruzi CL Brener clone predicts the presence
of a number of cruzipain 1 genes; however, the high
degree of sequence identity among the corresponding
Genome Survey Sequences (GSS) makes unfeasible
their exact discrimination into individual genes. Cathepsin B and cathepsin S seem to be present as a single
copy per haploid genome since two alleles (sharing 96%
and 95% amino acid identity, respectively) were found
for each protein. Finally, one sequence homologous to
bromelain was detected in the parasite genome. Figure
1 compares the sequences of one representative
cruzipain 1 isoform, cruzipain 2 and the cathepsin B
alleles with the newly identified cathepsin S alleles and
the bromelain-like protein. The conserved C-H-N catalytic triad is indicated (*). Clan CA peptidases are characterized by having substrate specificity defined by the
S2 pocket. In the case of cruzipains, a Glu residue (indicated by an arrowhead) has been shown to determine
the substrate specificity for this enzyme, conferring the
capacity to accept both hydrophobic and basic
aminoacid residues at the S2 subsite. In addition, structural data from cruzipain 1 has pointed out the relevance
of three amino acid residues (also indicated by arrowheads) in mediating substrate interaction within the S2
pocket; two replacements found in cruzipain 2 are
thought to explain some differences in substrate specificity among these enzymes (dos Reis et al., 2006).
Members of the CA clan are normally targeted to intracellular vesicle compartments or secreted; thus, they
possess a leader peptide. In fact, this is the case for the
T. cruzi enzymes as all the sequences present a predictable signal peptide at their N-terminus. In addition to
the putative signal peptide, TMHMM2.0 program
(www.genedb.org) predicts a transmembrane domain in
the bromelain-like protein, suggesting that this protein
might be membrane-anchored. It is noteworthy that the
putative cathepsin S is annotated as presenting an Nterminal extension as compared with the other proteins;
however, the existence of a second in frame Met residue well aligned with the initial Met of the cruzipains
and the putative bromelain, as well as the relative posi-
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tion of the putative signal peptide, suggest that the second one is really the initial Met. Given the number of
amino acid substitutions among the T. cruzi C1 peptidases, inside the catalytic domain and in particular within
the S2 subsite, we might speculate that they represent
different enzymes playing diverse roles in the parasite.
Only when these new enzymes are expressed, we shall
be able to know if they are actually active proteinases
and to try to gain insights on their possible functions.
Family C2 (calpains), well characterized in mammals, includes heterodimeric proteins, consisting of a
large subunit and a small subunit; the former contains
four domains, among which domain II is the proteinase
catalytic domain and domain IV contains calcium-binding motifs. The genomes of T. cruzi, T. brucei and L.
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major contain several genes each, encoding putative
proteins belonging to this family. Some of them consist
exclusively of domain I, of unknown function, and have
been termed SKCRPs (small kinetoplastid calpain-related proteins), and some of them contain a typical domain II and were termed CALPs (calpain-like proteins)
(Ersfeld et al., 2005). The T. cruzi CL Brener clone genome contains 24 sequences related to calpains, 15
CALPs and 9 SKRCPs. However, only two of the CALPs
have an intact catalytic triad, and none has a domain IV,
nor five amino acid residues in domain II which are
also involved in calcium binding. Therefore, these data
make rather unlikely that these proteins are active
calpains; none of them has been expressed, and so their
possible role as proteinases is not proved. It is notewor-

FIGURE 2. Alignment of protein sequences of the predicted catalytic domains of autophagins.
Atg4.1 and Atg4.2 genes are included from the trypanosomatid species (Tc - Trypanosoma
cruzi – DQ 768297 1 and DQ768298 1; Tb: Trypanosoma brucei – Tb927.6.1690 2 and
Tb11.01.79702; Lm – Leishmania major – LmjF32.38902 and LmjF30.02702). Yeast Atg4 (Sc –
Saccharomyces cerevisiae – NP 0141761) and the most relevant human enzyme Atg4B (Hs –
Homo sapiens – NP 0374571) are also aligned. Asterisks denote the catalytic site C, D and H
residues as derived from the HsAtg4B crystal structure and a triangle marks the position of the
Y residue, involved in the oxyanion hole formation. (1) denotes the GenBank accession number and (2) denotes the systematic name in GeneDB (www.genedb.org).
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thy, however, that these proteins are conserved in the
three trypanosomatids studied, and we may assume,
therefore, that they are likely to play some function, so
far unknown.
Ubiquitin and ubiquitin-like proteins are conjugated
to many intracellular proteins, acting in the regulation of
a number of cellular processes, including proteasomal
protein degradation. The proteasome binds proteins linked
through a Lys residue to four or more ubiquitin molecules,
connected through their Lys48 residue. Before proteolysis, ubiquitin is deconjugated by deubiquitinating enzymes. The cysteine peptidase families C12, C19 and C65
consist of these enzymes. Family C12 has ubiquitin Cterminal hydrolases, which cleave different substrates,
among them newly synthesized ubiquitin precursors. Two
members of this family, homologous to two of the four
ubiquitin C-terminal hydrolases encoded by the human

genome, have been identified in the T. cruzi genome.
Proteomic studies (www.tcruzidb.org) have shown that
they are expressed at least in some developmental stages
of the parasite. The C19 family consists of ubiquitin-specific proteinases, which represent the majority of the
deubiquitinating enzymes present in the human genome,
with some specific functions, although our knowledge
of them is still far from complete. The T. cruzi genome
encodes a group of 18 considerably divergent homologues
of these proteins. The C65 family, which includes human
otubain-1 and -2, with functions still not completely understood, is represented in T. cruzi by an otubain-1 homolog (Nijman et al., 2005; Amerik and Hochstrasser,
2004; Balakirev et al., 2003).
The C51 family consists of proteins having the
CHAP (cysteine, histidine-dependent amidohydrolases/
peptidases) domain. Many proteins containing this do-

FIGURE 3. Alignment of predicted sequences of the GPI8 enzymes from the three trypanosomatids.
Tc – Trypanosoma cruzi– Tc00.1047053511277.4502; Tb – Trypanosoma brucei – CAD29114 1; Lm –
Leishmania major – CAJ035441. (1) denotes the GenBank accession number and (2) denotes the systematic name in GeneDB (www.genedb.org). Asterisks denote the catalytic H and C residues.
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main are involved in cell wall metabolism in bacteria.
This domain has also been found in proteins from bacteriophages and archea, and trypanosomatids among
eukaryotes (Rawlings et al., 2006). The T. cruzi genome
contains five sequences annotated as putative D-alanylglicyl endopeptidases. Their possible expresion and
function in the parasite is unknown.
Family C54 includes the Atg4 proteinases, named
autophagins because of their participation in the autophagic process by cleaving the Atg8 ubiquitin-like protein, which is involved in the formation of the autophagic vesicles (Marino et al., 2003). Two homologous
proteins, TcAtg4.1 and TcAtg4.2, are present in the T.
cruzi genome (Fig. 2); recently, we have been able to
express them as well as their substrates TcAtg8.1 and
TcAtg8.2. Both autophagins are able to cleave the
TcAtg8 proteins at the conserved Gly residue, which
then becomes linked to a phospholipid for membrane
insertion (Ichimura et al., 2000). The expression of
autophagin activity in the four major developmental
stages of the parasite was shown by incubation of cellfree extracts with the recombinant TcAtg8 proteins (V.
Alvarez et al., unpublished results).
Clan CD is represented in the parasite genome by
families C13, C14 and C50. Family C13 includes the
GPI transamidase, involved in the transfer of the glyco-
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syl-phosphatidyl inositol moiety to the proteins to be
linked to the membrane by a GPI anchor (Mottram et
al., 2003). GPI synthesis is highly relevant for
trypanosomatids, since, contrary to mammals, most of
their membrane proteins are linked through GPI anchors.
One homologous protein is present in the T. cruzi CL
Brener genome. Since the homologous proteins from T.
brucei (Lillico et al., 2003) and L. mexicana (Ellis et
al., 2002) have been shown to be active enzymes, it is
very likely that the T. cruzi GPI8 is also an active protein. Figure 3 compares the respective sequences.
Family C14 includes the metacaspases; two different enzymes of this family are encoded in the T. cruzi
genome. Figure 4 compares the amino acid residues
spanning the active site of TcMCA3 and TcMCA5 with
those of the enzymes from other Trypanosomatids, yeast
and human caspase 3. Some experiments exploring their
possible participation in apoptosis in epimastigotes will
be described in the next section.
Family C50 consists of the separases, proteinases
involved in the cleavage of the cohesin complex which
maintains linked the sister chromatids during mitosis
(Uhlmann, 2001). The separase must act only during
the transition from metaphase to anaphase, and to this
purpose it is kept in an inactive state as a complex with
securin, which is degraded to allow the separase pro-

FIGURE 4. Partial amino acid sequences spanning the catalytic residues (*) are shown in the alignment
of metacaspases from T. cruzi: TcMCA3.1 (AAY845801), TcMCA3.2 (AAY84581 1), TcMCA3.3 (AAY845821),
TcMCA3.4 (AAY845831), TcMCA5 (AAY845791); T. brucei: TbMCA1 (Tb 11.02.07302), TbMCA2 (Tb
927.6.9402), TbMCA3 (Tb 927.6.9302), TbMCA4 (Tb 10.70.52502), TbMCA5 (Tb 09.211.47602); L. major:
LmMCA (LmjF35.15802); Saccharomyces cerevisiae ScMCA (AAT928511) and human caspase-3 (Hs
caspase-3, NP0043371). (1) denotes the GenBank accession number and (2) denotes the systematic
name in GeneDB (www.genedb.org). Asterisks denote the catalytic H and C residues.
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teolytic action. Separases are big proteins, which have
the proteinase domain at the C-terminus. The genome
of T. cruzi contains two genes homologous to separases,
most likely alleles since they have 98% identity, encoding proteins of about 1,100 amino acid residues.
Clan CE is represented in T. cruzi by one member
of the family C48, of the deSUMOylating enzymes. In
addition to ubiquitin, there are several ubiquitin-like
proteins, which are conjugated to proteins with different purposes. One of them is the protein SUMO
(Nacerddine et al., 2005). The deSUMOylating enzymes
are involved in the deconjugation of the SUMO-protein
complexes, which are likely to occur in the parasite since
a SUMO homologue is present in the T. cruzi genome.
Finally, Clan CF is represented by family C15, of
the pyroglutamyl peptidase I. This enzyme, like the M1
metallopeptidase pyroglutamyl peptidase II, cleaves the
pyroglutamyl residue at the N-terminus of posttranslationally modified proteins, like some neuropeptide hormones (for instance, TRH, thyrotrophin-releasing hormone). One member of the C15 family is present
in the T. cruzi genome. This is very interesting, since

the homologous enzyme from T. brucei has been recently
purified from the plasma of infected rats, which compared with the plasma of non-infected animals shows a
much shorter half-life of TRH, and also of the gonadotropin-releasing hormone, GnRH, both in vitro and in
vivo (Morty et al., 2006). These authors proposed the
enzyme as a new virulence factor in sleeping sickness,
participating in the endocrine lesions which are observed
in African trypanosomiasis. The T. cruzi putative peptidase presents a high degree of sequence identity with
the T. brucei enzyme (Fig. 5). If it is expressed by the
mammalian stages of the parasite, the pyroglutamyl
peptidase might also be important in the pathogenesis
of Chagas disease.
Metacaspases and apoptosis in Trypanosoma cruzi
Proteolytic activities in cell-free extracts during FHS
induced programmed cell death
To elucidate whether proteolytic activities are involved in PCD of epimastigotes, we performed colori-

FIGURE 5. Alignment of the sequences of the pyroglutamyl peptidases I from Trypanosoma
cruzi (Tc00.1047053508027.110 2 and Tc00.1047053506635.602) and Trypanosoma brucei
(AAY402941). ( 1) denotes the GenBank accession number and (2) denotes the systematic
name in GeneDB (www.genedb.org). Asterisks denote the catalytic E, C and H residues.
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metric and fluorogenic measurements of cruzipain and
caspase-like activities in the cell-free extracts obtained
at different times after FHS exposure. The process usually takes about 4 hours to complete if 10% FHS is added
to the culture. We observed the expected morphological changes in the course of the experiment (Kosec et
al., 2006). Table 1 shows that both activities increased
clearly during the process. Caspase-like activity measurements were performed in the presence of E-64, a
potent irreversible cruzipain inhibitor to avoid interference from this very abundant and broadly specific protease, which is able to slowly cleave caspase substrates
(specific activity 8.9 nmoles/min/mg of protein with the
substrate DEVD-pNA, 0.3 mM, at 25ºC; this activity
was insensitive to the caspase inhibitor DEVD-CHO at
0.2 mM, but was completely inhibited by E-64 at 20
µM). We have no simple explanation for the increase in
cruzipain activity during apoptosis; it may be related to
an increased necessity of hydrolytic activities during
PCD to help cellular disorganization.
Subcellular localization of proteases during FHS induced programmed cell death
To discern in more detail the possible role of
cruzipain and metacaspases in PCD we also performed
immunofluorescence studies to observe their subcellular localization. In addition, a fluorescent activitybased probe for caspases was used to possibly connect
the observed increased caspase-like activity with
metacaspase localization. Figure 6 shows a remarkable change in the localization of metacaspases upon
induction of apoptosis. Both metacaspases appear to
be localized all over the cell body in normal conditions; however, they seem to colocalize with DAPI
staining and thus, concentrate in the degrading nucleus
after exposure to FHS. Interestingly, the SR-VADFMK signal, that specifically appears during the death
process, also seems to partially colocalize with DAPI
staining (Kosec et al., 2006). A similar finding was
recently published for a plant metacaspase which also
translocates from the cytosol to the nucleus, colocalizes
with the nuclear pore complex and degrades the nuclear
envelope (Bozhkov et al., 2005). On the other hand,
Figure 6 also shows that cruzipain remains localized
to the lysosomes/reservosomes during the whole process although these compartments seem to grow substantially as a result of FHS treatment, as compared
with control epimastigotes (Fig. 6C). This further confirms that the observed caspase-like activity is
cruzipain-independent.
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Since the metacaspases behave differently than classical caspases during PCD, we were also interested in
the processing of metacaspases during apoptosis.
Caspases are synthesized as inactive single chain proenzymes and become active after apoptosis induction.
Activation is accompanied by several cleavages of their
polypeptide chain usually yielding two fragments of
about 20 kDa and 10 kDa corresponding to the large
and small subunits, respectively (Grutter, 2000). Nevertheless, no such processing could be observed for the

TABLE 1.
Cruzipain and caspase activities after FHS treatment.
Time
(hours post
FHS)

Cruzipain specific
activity
(U/mg)

Caspase specific
activity
(UF/mg)

0

0.023 ± 0.001

0.366 ± 0.056

0.5

0.029 ± 0.003

0.520 ± 0.061

1

0.037 ± 0.005

0.714 ± 0.042

2.5

0.052 ± 0.007

0.787 ± 0.183

4

0.063 ± 0.005

0.998 ± 0.031

The results shown are the average of three independent experiments.

TABLE 2.
Caspase activity in cell-free extracts of
epimastigotes transfectants after FHS treatment.
Time
(hours post FHS)

pRibotex
(UF/mg)

pRibotex-TcMCA5
(UF/mg)

0

0.398 ± 0.033

0.315 ± 0.065

0.5

0.560 ± 0.045

0.486 ± 0.051

1

0.742 ± 0.063

0.682 ± 0.048

2.5

0.896 ± 0.054

0.659 ± 0.039

4

1.019 ± 0.059

0.981 ± 0.042

The results shown are the average of three independent experiments.
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FIGURE 6. A) Fluorescence microscopy of DAPI-staining (left), anti-TcMCA5 antibody signal (centre) and a
merged image (right) of FHS-treated epimastigotes (lower row) and control epimastigotes (upper row). FHS
treatment leads to a change in localization of TcMCA5, which becomes colocalized with the degrading nucleus.
B) Equivalent analysis of FHS-treated (lower row) and untreated (upper row) epimastigotes with DAPI and
SR-VAD-FMK, fluorescent caspase-activity probe. SR-VAD-FMK signal is absent in control parasites and
clearly colocalizes with DAPI staining after FHS treatment (lower right). Bright field images of the analysed
parasites are shown in upper left corners in the right column. C) Localization of DAPI-staining (left), anticruzipain antibody signal (centre) and a merged image (right) in control (upper row) and FHS-treated (lower
row) epimastigotes. Cruzipain clearly remains localized in the reserovosomes during the whole process.
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TcMCA3 and TcMCA5 at any time of the death process (not shown). Together these results suggest that,
although metacaspases are likely to be involved in PCD
of T. cruzi, the mechanism seems to be clearly distinct
from that of the metazoan caspases.
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