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Plasminogen Interaction with Trypanosoma cruzi

Laura Almeida , Gilmer Vanegas, Marina Calcagno, Juan Luis Concepci6n, Luisana Avilan*
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The ability of Trypanosoma cruzi to interact with plasminogen, the zimogenic form of the blood serin protease
plasmin, was examined. |mmunohistochemistry studies revealed that both forms, epimastigotes and metacyclic
trypomastigotes, were able to fix plasminogen in a lysine dependant manner. This interaction was corroborated by
plasminogen activation studies. Both forms of the parasite enhanced the plasminogen activation by tissue-type
plasminogen activator. The maximal enhancements obtained were 15-fold and 3.4-fold with epimastigotes and
metacyclic trypomastigotes, respectively, as compared to plasminogen activation in absence of cells. Ligand-blot-
ting analysis of proteins extracted with Triton X-114 from a microsomal fraction of epimastigotes revealed at least
five soluble proteins and one hydrophobic protein able to bind plasminogen.
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Trypanosoma cruz is the causative agent of Chagas
disease, apublic health problem in many countriesof Latin
America. Duringitslifecycle, thisparasite alternates be-
tween different morphological types, the epimastigote and
the metacyclic trypomastigote in the insect vector and
the amastigote and the bloodstream trypomastigote form
inthe mammal host. In the transmission from the vector to
the mammal host, the parasite should transverse barriers
such the extracellular matrix and reach susceptible host
cells. Surface or secreted proteases have been implicated
in parasite infections, among other functions, by their
role in degrading proteins of the extracellular matrix
(Santanaet al. 1997). Additional surface protease activity
for migration and spreading can be also acquired through
the interaction with host proteins which do not stimulate
the host’simmune response. Thisadditional activity could
replace or supplement the parasite proteases. An increas-
ing number of pathogens have the ability to bind plasmi-
nogen, a plasma and extracellular protein that is trans-
formed, through the action of a plasminogen activator, in
the broad-spectrum protease plasmin (Boyle & Lottenberg
1997, Coleman & Benach 1999). Moreover, several patho-
gens such as group A Streptococci, Saphylococcus
aureus and Yersinia pestis, generate their own plasmino-
gen activator (Lahteenmaki et al. 2001). Other plasmino-
gen-binding pathogens may be capable of using host plas-
minogen activator (L ahteenmaki et al. 2001). In the case
of Y. pestis, Borrelia burgdorferi, and group A Strepto-
cocci, the interaction with plasminogen has been demon-
strated to be implicated in the invasiveness within the
host (Gebbiaet al. 1999, Li et al. 1999, Goguen et a. 2000).
The suggested functionsfor plasmin in pathogenic infec-
tion include extracellular matrix protein degradation, fi-
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brin degradation, release of peptides for nutrition, and
metalloprotease activation. Since the ability to interact
with plasminogen has been shown in a trypanosomatid,
Leishmania mexicana (Avilan et al. 2000, Calcagno et &.
2002), weexplored, inthiswork, the plasminogen binding
ability of T. cruz.

MATERIALSAND METHODS

Parasites - T. cruzi EP strain were used in this work.
Epimastigotewere grown in liver-infusion tryptose (L1T)
medium, supplemented with 10% heat inactivated fetal
bovine serum, at 28°C. Axenically derived metacyclic
trypomastigotes were obtained by transferring epi-
mastigotes in a defined medium TAU3AAG at 28°C
(Contreras et al. 1994) following 3 day incubation.
Metacyclic trypomastigotes were further purified using
a DEAE-cellulose column as described elsewhere (De
Souza 1983). Epimastigote formsused to obtain metacyclic
trypomastigotes were maintained, for at least one year, by
serial passage in LIT medium after being obtained from
one mouse with parasitaemia.

Proteins- Human plasminogen was purified to homo-
geneity fromfresh human plasma(Deutsch & Mertz 1970).
Tissue-type plasminogen activator (t-PA) was obtained
from Chromogenix, Milano, Italy. Thefollowing antibod-
ieswere used for immunohistochemical studies: goat anti-
human plasminogen (Calbiochem, San Diego, US) and rab-
bit anti-goat 1gG conjugated with peroxidase (Sigma, St.
Louis, US).

Plasminogen immunoperoxidase staining - Living
parasites (~1x107 cells) obtained under different speci-
fied conditionswereincubated with 2 uM plasminogenin
phosphate buffered saline (PBS), pH 7.4, containing 0.1%
BSA (final volume 250 pl) for 90 mininthe absence or the
presence of 10 mM g-aminocaproic acid. At theend of the
incubation period, the cells were pelleted, washed three
timeswith 2 ml PBS and resuspended in the same buffer.
Parasites suspension were placed onto glass slides, air
dried, and fixed with acetone. Fixed parasites were se-
quentialy incubated with normal rabbit serum, diluted 1:80,
the primary goat anti-human plasminogen antibodies at
1:640 dilution, and peroxidase conjugated rabbit anti-goat
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1gG secondary antibodiesat 1:400 dilution. A 3-amino-9-
ethyl-carbazole-H,0, substrate was used to visualize the
immunoreactivity. Cellstreated with normal serum and/or
with the secondary antibodies alone, were used as con-
trols. The parasite staining was evaluated by light micro-
scopic observations.

Plasminogen activation assays - Plasminogen activa-
tion rate was performed by monitoring the amidolytic ac-
tivity of generated plasmin in a test volume of 100 pl.
Plasminogen (200 nM) was incubated at room tempera-
turein PBS (final volume 100 pl) containing 0.6 mM plas-
min substrate S2251 (Chromogenix) in the presence or
absence of parasites. Activation of plasminogen wasini-
tiated by addition of plasminogen activator (10 nM tis-
sue-type plasminogen activator, t-PA). The hydrolysis of
the chromogenic substrate was monitored continuously
by measuring the absorbance at 405 nm. Initial velocities
were calculated from the slope of plotsA e, Versus t?
asdescribed el sewhere (Wohl et al. 1980, Stack et al. 1991).

Triton X-114 phase - Microsomal fraction were ob-
tained by differential centrifugation from T. cruzi
epimastigotes cultured in two litersof LIT medium asde-
scribed previously (Caceres et al. 2003). A stock of 10%
Triton X-114 was added to this microsomal fraction to a
final concentration of 2% Triton X-114. Phase partition
was carried out incubating the sample at —20°C overnight
and then at 28°C for 10 min. Detergent (lower) and aque-
ous (upper) phases were recovered and the proteins pre-
cipitated with cold acetone.

Ligand blotting - Microsomal proteins (soluble and
hydrophobic) obtained after Triton X-114 extraction were
separated by SDS-polyacrylamide electrophoresis as de-
scribed by Laemmli (1970) under non-reducing condition,
and parallel gelswere either stained with Coomasie blue
or transferred to nitrocellulose membrane as described
elsewhere (Sambrook et al. 1989). For ligand-blotting,
membranes were washed in PBS and blocked overnight
with PBS containing 2% gelatin. The membraneswerethen
probed with 2 uM plasminogenin PBS-gelatinfor 1 h, in
the presence of 2 mM phenylmethanesul phonyl fluoride
(PMSF) and 2mM EDTA. In someexperimentstheincuba-
tion solution contained 20 mM g-aminocaproic acid. After
three washings, the membrane was incubated with anti-
human plasminogen antibody for an additional 1 h. There-
after, the membrane was rinsed with PBS and incubated
with the alkaline phosphatase-conjugated second anti-
body and reveal ed with 5-bromo-4-chloro-3-indolyl phos-
phate/nitro bluetetrazolium (BCIP/NBT) as substrate.

RESULTS AND DISCUSSION

A direct evidence of plasminogen binding to T. cruz
is provided by immunostaining of plasminogen-treated
parasites (Fig. 1). Both metacyclics trypomastigotes and
epimastigotes resulted positive to plasminogen binding
(Fig. 1B, 1E). Moreover, in both cases, the staining was
reduced by the presence, in the incubation mixture, of &-
aminocaproic acid, alysineanalogue (Fig. 1C, 1F). These
results suggest that the lysine binding kringle structure,
homol ogous triple-loop structures (Ponting et al. 1992),
of the plasminogen molecule might be involved in the
association of plasminogen with the parasite. Theselysine

binding sites have been implicated in the interaction of
plasminogen with fibrin and with surface proteins on a
variety of cells including pathogen organisms (Angles-
Cano 1994, L éhteenméki et al. 2001). Plasminogen stain-
ing was visualized in parasites incubated in TAU3AAG
medium during several days. However, the staining re-
sulted weak with seven days of incubation (data not
shown).

When plasminogen interacts with molecules such as
receptors or fibrin, a conformational changeis produced
that permit an enhancement of plasminogen activation by
physiological activators (Angles-Cano 1994). To corrobo-
rate the plasminogen binding onto the T. cruzi surface,
we investigated the plasminogen activation by t-PA in
the presence of different cell concentrations. The experi-
ments were performed with either epimastigotes or
metacyclic trypomastigotes. Asshownin Fig 2, both types
of formswere ableto facilitate the plasminogen activation
by t-PA in cell concentration-dependent manner, the
epimastigote form being more effectivein producing the
plasminogen activation enhancement. The maximal en-
hancements obtained were 15 + 3.2 and 3.4 + 1 for epi-
mastigotes and metacyclic trypomastigotes, respectively,
compared to plasminogen activation in absence of cells.
No plasmin activity was observed when plasminogen ac-
tivator was omitted (data not shown) indicating that T.
cruz cells do not produce a plasminogen activator. The
plasminogen activation enhancement by T. cruzi shows
that this parasite is able to bind plasminogen on its sur-
faceand that T. cruzi can act asaregulator of thisactiva-
tion. The lower enhancement of plasminogen activation
by metacyclic trypomastigotes compared to epimastigotes
could reflect the molecular changes associated to culture
conditions. Axenic metacyclic forms derived from
epimastigotes maintained more than 78 days in culture
are less virulent and have different protein profile than
the insect-born metacyclic trypomastigotes (Contreras et
al. 1998). By contrast, the protein profile of epimastigotes
do not change by several passage in axenic medium
(Contreraset al. 1998).

Finally, an attempt to identify T. cruzi plasminogen
receptor was performed using aligand-blotting assay on
proteinsfrom amicrosomal fraction extracted with Triton
X-114. The treatment with this detergent allows to sepa-
rate hydrophilic proteins (agueous phase) and membrane
bound proteins (detergent phase). Thisassay allowed the
demonstration of at least five plasminogen binding pro-
teinsin thesolublefraction, of 110, 37, 32, 19, and 13kDa
of molecular masses and one plasminogen binding pro-
tein of 15 kDaof molecular massin the detergent fraction
(Fig. 3A). Control blotting in which plasminogen was
omitted showed no band reactivity (data not shown). In-
cubation of membranes with plasminogen and e-
aminocaproic acid abolished the binding to the parasite
proteins, indicating specific binding through lysine bind-
ing sites in the plasminogen molecule (Fig. 3B). Several
proteins have been identified as plasminogen receptors
in numerous cell types such asvertebrate cellsand patho-
genic organisms(Plow et a. 1991, L éhteenméki et a. 2001,
Crowe et a. 2003). Moreover, in Candida albicans, at
least six plasminogen binding proteinswerefound (Crowe
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et a. 2003). These receptors are characterized by arela-
tivelow affinity for plasminogen. Theidentification of the
plasminogen binding proteinin T. cruz will allow deter-
mining whether it is structurally related to other proteins
which have been identified as plasminogen receptor.
Theinteraction with plasminogen may beimportant in
the establishment of theinfection into the vertebrate host
wherethe plasminogenisavailable. Plasminogen activated
on the parasite surface could contribute to cross barriers
for migration. The fact that metacyclic trypomastigoteis
able to bind plasminogen is consistent with this hypoth-

esis. However, in this study wefound that epimastigote, a
form that is exclusively found in the vector host, is also
able to interact with plasminogen. Moreover, this form
produced a higher enhancement of plasminogen activa-
tion than the axenic metacyclic trypomastigote. One may
speculate that plasminogen-binding molecules could have
additional functionsin the parasites and for that the plas-
minogen binding property may befound in vitroin either
epimastigotes or in metacyclic trypomastigote. Different
functions for plasminogen receptors have been found in
pathogens. In group A streptococci, the two active en-
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Fig. 1. plasminogen immunostaining of plasminogen treated Trypanosoma cruz. Living parasites were incubated with 2 pM plasminogen
in the presence or absence of e-aminocaproic acid. The slides were sequentially incubated with anti human plasminogen antibody and a
peroxidase conjugated secondary antibody. A: metacyclic trypomastigotes without plasminogen treatment; B: plasminogen treated metacyclic
trypomastigotes; C: metacyclic trypomastigotes with plasminogen treatment in the presence of €-aminocaproic acid; D: epimastigotes
without plasminogen treatment; E: plasminogen treated epimastigotes; F: epimastigotes with plasminogen treatment in the presence of ¢-
aminocaproic acid. The magnification was X650. Insets in B and E, plasminogen treated parasites, magnification X2500.
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Fig. 2: activation of plasminogen in the presence of Trypanosoma
cruzi. 10 nM t-PA was added to a mixture, in a fina volume of 100
pl, containing 200 nM plasminogen, 0.6 nM S2251 and different
concentrations of epimastigotes (A) and metacyclic trypomastigotes
(B). The absorbance at 405 nm, at different times, was determined.
Insets, effect of cell density on t-PA-catalyzed plasminogen acti-
vation.
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Fig. 3: ligand blotting. Proteins from Triton X-114 extraction of
microsomal fraction of Trypanosoma cruz epimastigotes were sub-
mitted to SDS-PAGE, under non-reducing conditions, transferred
to nitrocellulose and incubated with 2 uM plasminogen. Bound plas-
minogen was revealed with anti-human plasminogen antibody and
phosphatase alkaline-second antibody. A: Blot incubated with plas-
minogen; B: Blot incubated with plasminogen and 20 mM g-
aminocaproic acid. Lane 1: soluble proteins. Lane 2: hydrofobic
proteins. M: molecular weight markers. Arrows indicate the elec-
trophoretic mobility of plasminogen binding proteins.

zymes, glyceraldehyde 3-phosphate dehydrogenase and
a-enolase, both found on cell surface, are aso plasmino-
gen binding molecul es (L 8hteenmé&ki et al. 2001). Another
possible explanation for the presence of plasminogen re-
ceptor in epimastigote is that plasminogen provided by
the blood meal can have some function in the vector. Such
is the case of B. burdorferi, in which the plasminogen
interaction isimportant for the establishment in the vec-
tor (Coleman et a. 1997). To know whether the plasmino-
geninteraction with T. cruzi has a physiological function
in either the vertebrate host or the insect vector, in vivo
studiesare reguired such asexperimental infectionin plas-
minogen-deficient transgenic mice and vector-feeding
experiments.
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