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Trypanosoma cruzi trypomastigote clones differentially express a parasite 
cell adhesion molecule 
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We have cloned blood trypomastigotes from infected mice and found that Trypanosoma cruzi strains are composed of hetero­
geneous populations that dramatically vary (more thar, .00 fold) in their abilities to attach to and enter rat heart myoblajts. Try­
pomastigote clones were distinctivey separated into highly and weakly infective groups presenting higher and lower rates of at­
tachnient to rvoblasts. respectively. Each trypomastigote clo ie maintained the same profile of attachment and internalization into 
steart myoblasts when ,ested at different periods of time. This pattern did not change when the parasites were incubated in fresh 
medium before being expoed to heart myoblasts. 7 ighly and wcikly infective clones show differences at the c-ll surface level,tparticularly witl regard to a 83 kDa glycoprotein. We have ;dentified this 83 kDa glycoprotei'i as the parasite membrane ligand
that specifiLally binds to rat heart myoblasts. The binding of the biotinylated 83 kDa to myolasts is inhibited by cold excess in 
Western blots, as ;ndicated by laser densitometry. In addition, the specific binding o' this molecule to myoblasts is satuiable and 
is greater in highly than in weakly infective trypomastigote clones. Highly invasive trypomastigote clones express this gtycoprotein 
in nore abundance on 'heir surface thaa weakly infective trypomastigote clones. These results indicate that the 83 kDa glycopto­
tein present on the surface of T. cruzi trypomastigotes mediates the attachment of the parasite to heart myoblasts. 

Key words: lrypanosoma cruzi; 83 kDa glycoprotem; Parasite cell adhesion molecule; Highly and weakly infective clones; Dif­
ferential parasite binding; Host cell infection 

Introduction 

Trypanosoma cruzi, the protozoan that causes 
Chagas' disease, which is a major health problem 
in South and Central America, requires an at-
tachrment step to penetrate mainmalian cells [1]. 
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Abbreviations: A-HRP, avidin horseradish peroxidase; 
CHAPS, 3-[(3 -cholamidopropyldimethylammonio] I-pro­
panc-su:.onate; DMEM. Dulbecco's modified minimal essen-
tial medium; DI1EM-BSA, DMEM containing 1% bovine 
serum albumin; DMEMS, DMEM containing 10% heat in-
activated fetal bovine ser'tm; HBSS, Hanks' balanced salt so-
lution; PAS, periodic acid Schiff; PBS, phosphate buffered 
saline; PMSF, phenylmethylsulfonyl fluoride; NHS-biotin, N­
hydroxysuccinimide-biotin; SDS-PAGE, sodium dodecyl sul-
fate-polyacrylamide gel elcctrophoresis; TLCK, N-p-tosyl-L-
lysine-chloromethyl ketone. 

Sinze the parasite only multiplies intraceilularly, 
cell invasion is - vital step in its cycle. Therefore, 
a thorough understanding of the mechanisms of 
parasite attachment and penetration of host cells 
is essential to the development of effective means 
to prevent the disease. The identification of T. 
cruzi surface moleules mediating the interaction 
between the parasites and the host cells is an 

obligatory step in the understanding of this over­
all process.

It has been suggested that membrane compo­
nents participate 'n this interaction, since a crude
membrane preparation isable to partially inhibit 

patasite-host cell attachment [2]. In addition sev­
eral observations from different laboratories have 
suggested that sugar moieties of glycoproteins on 
he cell surface of parasites could be involved in 

this process, since remov& of these moieties and 

inhibition of glycoprotein biosynthesis or proc­
essing can affect the attachment of the parasite to
different host cells [3-8]. However, specific par­
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asite molecules that mediate attachment of par-
asites to muscle cells have not been identified, 

We have observed that blood trypomastigotes 
(Tulahuen strain) isolated at different times from 
infected animals differ markedly in their degree 
of association with rat heart myoblasts using an 
in vitro parasite-host cell association assay over a 
period of time [3-6,8]. This suggests that trypo-
mastigote forms found in the blood of infected 
mice are composed of heterogeneous populations 
with different degrees of cellular invasiveness 
since we have repeatedly observed this phenom-
enon using standardized conditions [3-6]. In or-
der to test this hypothesis and establish a working 
model that might rapidly reveal parasite ligands 
responsible for the binding of the parasite to host 
cells, we cloned blood trypomastigotes and stud-
ied the ability of trypomastigote clenes to attach 
and invade rat heart myoblasts, correlating the 
parasite surface protein profiles with their ability 
to attach to host cells. 

Materials and Methods 

Parasites. The Tulahuen strain of T. cruzi was 
used in most of the experiments. The Y strain of 
T. cruzi was also used. Parasites were maintained 
by intraperitoneal inoculation of 1 X 105 blood 
trypomastigotes in 4-week-old Cr1 :CD-
I(1CR)BR, Swiss mice purchased from Charles 
River Laboratories (Raleigh, NC) [9,10]. Mice 
were bled under sterile conditions, by cardiac 
puncture, and blood trypomastigotes were iso-
lated by centrifugation of the blood over Ficoll-
Hypaque followed by chromatography on diethyi-
aminoethyl-cellulose coiumns [11]. Culture try-
pornastigote clones were obtained by infecting rat 
heart myoblasts with blood trypomastigotes as 
described above, 

Trypomastigote cloning. Isolated blood trypo-
mastigotes were washed by centrifugation with 
Dulbecco's modified Minimal Essential Medium 
(DMEM; GIBCO, Grand Island, NY), supple-
mented with 10% heat-inactivated (56°C, 1 h) fe-
tal bovine serum (GIBCO), penicillin (100 units 

-ml ') and streptomycin (100 l.g m1- 1) (DMEMS), 
and resuspended in the same medium. Trypo-
mastigote cloning was carried out by limiting di-

lution. Blood trypomastigotes were resuspended 
at a concentration of 20 organisms ml' and 50 .ld 
aliquots containing 1 parasite were placed in 96­
well flat bottom tissue culture plates (Corning, 
NY). Each well contained a full-grown rat heart 
rvoblast (American Type Culture Collection) 
monolayer. Cells and parasites were incubated at 
37*C in a 10% CO,-in-air incubator for 24 h. After 
this time the cultures were washed with DMEM; 
200 i.! of fresh DMEMS was added and the cul­
tures were incubated in the same conditions as 
described above. After two weeks the first clones 
were detected by the appearance of trypomasti­
gotes in the culture supernatants. Trypomasti­
gote clones were expanded in rat heart myoblast 
monolayers and recloned again as described above 
by adding 50 pil aliquots containing 0.1 parasites 
per monolayer. Recloned trypomastigotes were 
numbered and used to test their ability to attach 
to and penetrate into rat heart myoblasts 
as described in the next section. 

Attachment and internalizationof trypomastigote 
clones into rat heai t mnyoblasts. To measure at­
tachment and internalization, the basic assay pre­
viously used to measure association of T. cruzi 
trypomastigotes with rat heart myoblasts [3-6] was
 
modified. Rat heart myoblast monolayers were
 
prepared in microwells of Teflon slides (3 mm di­
ameier. Cel-Line, New Jersey, NJ) and were al­
lowed 
 to grow in DMEMS at 37°C as described 
above for two days. Trypomatigote clones ob­
tained from rat heart myoblasts were washed 
twice in DMEM at 800 X g for 20 min. The par­
asites were resuspended in DMEM containing 1% 
bovine serum albumin (Sigma Chemical Co., St. 
Louis, MO) (DMEM-BSA) at a concentration of 
I X 107 organisms ml-. 20 p.l of this parasite sus­
pension were added to the microwells of Teflon­
coated slides. The cultures were incubated at 37°C 
for 2 h. Under these conditions the parasite at­
taches to the host cells and minimal internaliza­
tion occurs (ref. 12 and Villalta, F., unpublished 
observations). After washing off the non-bound 
organisms with phosphate buffered saline, pH 7.2 
(PBS), the monolayers were fixed with 2.5% 
glutaraldehyde in PBS and stained with Giemsa. 
The number of trypomastigotes attached per 100 
cells and the percentage of myoblasts containing 
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attached parasites were evaluated microscopi- gel electrophoresis (SDS-PAGE), using a 10%
cally by screening no less than 200 cells per well acrylamide gel, in the presence or absence of 0­
[3-6]. For parasite internalization assays, the mercaptoethanol according to Lacmmli [14] in a
above protocol was modified by adding fresh mini PROTEAN II cell (BioRad). Gels were tLen
DMEM-BSA after washing off the non-bound electroblotted onto 0.45 Vm nitrocellulose mem­
try.mastigotes and allowing incubation for an branes (BioRad) for 1 h at 4°C in a mini Trans
additional 2 h. At the end of this time, the extra- Blot cell (BioRad). Biotinylated molecular weight
cellular parasites that remained bound to the markers (BioRad) were included in the gels to
myoblasts were lysed by a 2 m ilypotonic pulse determine the relative molecular weight of para­
[12], and the monolayers were fixed as described site samples. After the transfer was complete the
above. In some experiments, the internalized gels were stained with silver stain (BioRad) to
parasites were allowed to grow for 72 h and this check for the efficiency of transfer. A complete
was accomplished by adding fresh DMEMS to the and etficient transfer had been achieved using
cultures after the hypotonic pulse. After this time, these conditions. Nitrocellulose membranes were
the monolayers were fixed, stained and the num- then stained with avidin-horseradish peroxidase
ber of intracellular parasites per cell and the per- (A-HRP; iBioRad), and developed with 4-chloro­
centage of infected cells were microscopically de- 1-naphthol/H20 2 . In some instances gels were
termined as described above, stained with periodic acid-Schiff (PAS) [15], and 

silver-Coomassie blue [16].
E )tinvlation of trypomastigotes.Cell surface pro­
teins of highly and weakly infective clones were interactionof trypomastigotesurfaceproteins with
biotinylated by adding a 2.6 mM final concentra- rat heart myoblasts. To identify which parasite
tion of N-hydroxysuccinimide biotin (NHS-Bio- component, resolved by SDS-PAGE, bound to rat
tin) (BioRad, Richmond, CA), 0dssolved heart myoblasts we modified the technique used
in dimethyl formamide to 5 X 10' parasites by Baseman and. Hayes [17] to identify thie Ii­
resuspended in PBS for 15 min at room temper- gands of Treponema pallidum that bind epi­to 
ature. Parasites remained motile and morphol- thelial cells. Two types of trypomastigote clones,
ogically similar throughout the procedure as ob- highly (MMC 20A) and weakly (MMC 151D) in­
served by optical microscopy. Parasites were then fective, were selected for these studies. Biotiny­
washed three times with cold PBS, and solubi- laed trypomastigote clones were solubilized with 
lized witn 0.8% 3-[(3-cholamidopropvl)- 0.8% CHAPS in the presence of protease inhib­
dimethylammonio] 1-provane-sulfonate (CHAPS) itors as described above. After removing the de­
[131 in PBS in the presence of protease tergent by extensve dialysis against PBS at 4'C, 1
inhibitors [1 mM phenylmethylsulfonyl fluoride mg biotinylated parasite proteins from each clone
(PMSF), 1 mM p-tosyI-L-lysinechloromethylke- was incubated with monolayers of live heart 
tone (TLCK), and 2.8 Vg ml-' aprotinin]. Solu- myoblasts (2 x 106 cells per 60 mm culture dish)
bilized parasites were centrifuged at 13000 x g for 4 h at 4°C to avoid ligand internalization. Un­
for 5 min at 4°C to remove debris. In experi- bound parasite material was removed by very
ments where the effect of biotinylation of trypo- gently washing the cell monolayer with cold PBS
mastigote clones on the ability of the parasite to to avoid removing cells in the monolayer. Myo­
attach to and enter into rat heart myoblasts was blasts containing the bound parasite attachment
evaluated, parasites were labeled as described in molecule were then solubilized with 0.8% CHAPS
this section and exposed to rat heart myoblasts as [13) and the same protease inhibitors as de­
described in detail above. scribed above. Samples were centrifuged at 13000 

x g at 4'C, dialyzed against water at 4*C, andWestern blots. 5 Vtg protein of biotinylated para- lyophilized. 120 pLg protein of each sample were 
site samples from highly and weakly infective then subjected to SDS-PAGE, blotted onto ni­
clones, obtained as described above, were ana- trocellulose membranes, reacted with A-HRP and
lyzed by sodium dodecyl sulfate-polyacrylamide developed with 4-chloro-l-naphthol/H 20 2. 
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Laser scanning. Nitrocellulose membranes con-
taiuiing either blotted biotinylated surface pro-
teins of T. cruzi trypomastigotes or the disso-
ciated parasite adhesion molecule from rat heart 
myoblasts reacted with A-HRP were scanned with 
an, LKB Ultroscan XL Laser densitometer. 

inhibitionexperiments in Western blots. Rat heart 
myoblasts (3 x 10' cells per well) in 24-well plates 
were pre-incubated with 200 p1 of different con-
centrations of detergent-free CHAPS-solubilized 
preparations of unlabeled trypomastigotes from 
clone MMC 20A (ranging from 0.6 to 2.5 mg of 
protein) at 4'C for 4 h. After this period un-
bound parasite material was removed by washing
and the monolayers were incubated with 200 p.1 

of a constant concentration of solubilized bioti-
nylated trypomastigotes from the same clone (90
p.g) as described above. After extensive washing,
the monolayers were solubilized with CHAPS and 
samples (14 ptg protein) were resolved by SDS-
PAGE, blotted onto nitrocellulose and stained
with streptavidin horseradish peroxidase (Bio-
Gcnex, Dublin, CA). Nitrocellulose membranes 
showing only the 83 kDa band were scanned with 
a laser densitometer. The percentage of inhibi-
tion was determlned applying the folowing for-
mula: % 1 = (1-A/B) x 100, where B is the area 
of the 83 kDa band in the absence of unlabeled 
counterpart and A is the area of the 83 kDa band 
in the presence of different concentrations of un­
labeled counterpart. 

Radioiodinationof tryponiastigotes. Pure culture 
trypomastigotes (2 x 10' organisms) were ra-
dioiodinated with 2 mCi of Na1251 (specific activ-
ity 17 Ci mg - ' 1, ICN Radiochemicals, Irvine, 
CA) in lodogen (Pierce Chemical Co., Rock-
ford, IL) coated tubes [18]. Unbound radioactiv-
ity was removed by five washes with HBSS. Ra-
dioiodination of parasites under these conditions 
does not affect the motility, morphology and 
ability of trypomastigotes to attach to and inter-
nalize into myoblasts (Lima., M.F. and Villalta,
F., unpublished observaticns). 

Binding of solubilized 25' 1-trypomastigotes to 
myoblasts. Coimparative binding of solubilizedi251-labeled highly and weakly infective trypo-

mastigote clones to myoblasts was performed by
adding in triplicate increasing concentrations of 
parasite material, starting with the same specific
activity of 1.27 x 10' cpm (pLg protein)-', from 
both clones, to myoblast monolayers (1 x 101 cells 
well-1) in 96-well plates. Cultures were incubated 
for 4 h at 4°C. After removing parasite unbound 
material by gently washing the monolayers three 
times with HBSS, the cells were solubilized with 
1% SDS in the presence of protease inhibitors as 
described above and the radioactivity in 30 R1 ali­
quots was measured with a gamma counter. Non­
specific binding was determined by adding an ex­
cess of 30 times solubilized unlabeled trypomas­
tigote clones respectively, to each well. Specific
binding was determined by subtracting the non­
specific binding from the total binding. Aliquots
(30 p[g prote in) of SDS solubilized myoblasts
containing the bound radioiodinated parasite ma­
terial were resolved by SDS-PAGE and autora­
diographed. 

Presentation of results and statistics. The results 
presented in the tables and figures of this paper 
are typically representative of three to four in­
dependent experiments with the same design.
Differences were considered to be significant if 
P < 0.05 as determined by Student's t-test. 

Results 

Characterizationof T. cruzi trypomastigoteclones 
according to the ability to attach to and enter heart 
myoblasts. Results using clones obtained by in­
fecting rat heart myoblasts with a limiting dilu­
tiun of blood trypomastigotes indicate that Tula­
huen strain trypomastigotes are composed of
 
heterogeneous populations of parasites with dif­
ferent degrees of cellular invasiveness. The initial 
screening of the ability of the 187 clones obtained 
to invade myoblasts was done by allowing para­
sites to interact with the cells for 4 h at 37°C. It 
was found that clones could be distinctively sep­
arated into highly, average, and weakly infective 
groups. Fig. 1 shows dramatic differences (more 
than 100 fold) between selected trypomastigote
clones in their ability to invade myoblasts. Be­
cause we wished to determine whether the clonesfound to be more invasive also had a higher abil­
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Fig. 1. Profile of internalization of selected T. cruzi trypomastigote clones into rat heart myoblasts. T. cruzi clones were grown
in rat heart myoblasts and obtained as described in Materials and Methods. Parasites and cells (10:1 ratio) were allowed to interact 
for a total length of 4 h at 37°C. After removing the nonbound parasites and lysing the attached parasites the cultures were fixed 
and stained with Giemsa. No less than 200 cells were screened; the number of trypomastigotes internalized by cells was recorded. 
Each column represents the mean of triplicate determinations and the bars, one standard deviation. The differences between highly 

infective clones (5-50) and weakly infective clones (77-151) were statistically significant (P < 0.005). 

ity to bind to cells, we devised experiments to attachment and invasion over time. We also found 
minimize internalization by allowing parasites and that the cho-acteristics of attachment and inva­
myoblasts to interact at 37°C for only 2 h. Clones siveness of highly and weakly infective trypomas­
that we had classified as highly and weakly inva- tigote clones did not change when parasites were 
sive presented higher and lower rates of attach- incubated in fresh medium at 37°C for 1 h or more 
ment to host cells, respectively (Fig. 2). In addi- before being exposed to rat heart myoblasts (Ta­
tion, when fresh medium was added to rat heart ble I). Y strain trypomastigotes were also cloned 
myoblasts containing internalized parasites after using the same methodology described above. 
4 h of interaction and parasites were allowed to Table II shows that two selected Y strain trypo­
grow intracellularly for 72 h, the same clones pre- mastigote clones also differ dramatically in their 
sented similar rates of intracellular growth (Fig. ability to invade rat heart myoblasts. 
2). We observed that each trypomastigote clone 
maintains the same profile of attachment and in- Cell surface differences between highly and weakly 
ternalization into host cells when tested at differ- infective tryponastigoteclones. Since the attach­
ent times (Fig. 3), indicating that the clones are ment of T. cruzi trypomastigotes to host cells in­
stable, and that they maintain their properties of volves close contact between membra~tes of the 
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Fig. 2. Comparative binding, internalization and intracellu-
lar growth of three trypomastigote clones (o monolayers of rat 
heart myoblasts. The interaction between parasite and rat heart 
myoblasts has been described in detail in Materials and Meth-
ods. Each column represents the mean of triplicate determi-
nations and the bars one standard dcviation. Stippled col-
umn: bound trypomastigotes, measured after 2 h of 
parasitc-host cell interaction. Hatched column: internalized 
parasites measured after 4 h of parasite-host cell interaction. 
Open column: amastigote growth measured after 72 h para-

site-iost cell interaction, 

parasite and the host cell, highly and weakly in-
vasive clones may differ in their attachment and
invasive abilities because of differences in their 
cell surface profiles. Western blots of biotiny-
lated solubilized trypomastigote proteins indi-
cated that surface components of highly and 
weakly infective trypomastigote clones differed 
with regard to some components. As shown in 
Fig. 4, right panel, lanes A and B, the major dif-
ference observed between these- two types of 
clones is an 83 kDa band which is more abundant 
in highly (A) than weakly infective (B) trypo-
mastigotes. When the nitrocellulose blots of the 
parasite surface protein profile from both clones 
were analyzed by laser densitometry (left panel,
A and B) it was found that this 83 kDa band was 
5.9 times more intense in highly than weakly in-

clones. In addition, two minor bands of 
high molecular mass (178 and 159 kDa) are pres­
ent in highly infective vrypomastigote clones and 
are seen with much less intensity in the weakly
infective trypomahtigote clones. Conversely twominor bands of lower molecular mass (36 and 30 
kDa) were more pronounced in the weakly infec­
tive than in the highly infective trypotnastigote 
clones. 
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Fig. 3. Stability of invasiveness profiles of slected T. cruzi 
trypomastigote clones over time. The inernalization of T. cruzi 
clones into host cells was evaluated as in Fig. 1.Experiments 
were performed independently at different times (15 day in­
terval between experiments). Trypomastigote clones used in 
these experiments were passed several times in flasks contain­ing myoblast monolayers, isolated and exposed to wells con­taining myoblasts. Each point represents the mean of tripli­

cate determinations, and the bars one standard deviation. 
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TABLE I 
Invasiveness profiles of T. cruzi trypomastigote clones when pre-incubated in cell-free medium before being exposed to myoblasts 

Cl;ne number Pre-ii(ubation Percentage of cells containitug Number of parasites internalized 
37°C, I h internalized parasites 

19 No 18.2 = 1.3 
19 Yes 21.0 - 1.6 
25 No 26.2 ± 3.9 
25 Yes 27.3 ± 1.6 

III No 6.2 ± 1.1 
Ill Yes 5.6 ± 0.7 

per 100 cells 

26.0 - 1.4 
29.6 - 2.5 
43.2 - 2.5 
47.3 - 2.5 
7.2 - 1.1 
6.8 _ 0.3 

"The differences between test values and their controls were not statistically signili::ant (P < 0.05). 

Effect of biotinilation of surface proteins of try-
pomastigote clones on their ability to attach to 
myoblasts. We wished to determine if biotinyla-
tion of the surface protein of T. crttzi trypomas-
tigotes would alter the capacity of the parasites to 
bind to host cells. As shown in Table Ill, neither 
biotinylation of parasites nor incubation of try-
pomastigotes with dimethyl forTiiamide, the car-
rier of NHS-biotin, had any significant conse-
quence on the attachment of highly and weakly 
infective clones to rat heart myoblasts. There-
fore, this labeling procedure does not appear to 
affect the binding of parasite molecules to host 
cells. Similar results were obtained when trypo-
mastigote surface proteins from both clones were 
radioiodinated (results not shown). 

Identificationofparasitesurfaceproteins that bind 
to niyoblasts. Since biotinylation of the cell sur-
face proteins of highly and weakly infective clones 
did not modify their pattern of attachment to 
myoblasts, we exploited this fact to investigate 
which parasite surface component mediated the 
interaction between parasites and rat heart 
myoblasts using highly and weakly infective, 
clones. 

Detergent-free biotinylated parasite surface 
proteins from both types of clones were incu-

bated with live myoblast monolayers for 4 h at 4°C 
to avoid ligand internalization. After removing 
unbound parasite material, and dissociating the 
adhesion molecule with CHAPS, the detergent 
was removed and the samples analyzed by SDS-
PAGE, blotted onto nitrocellulose and stained 
with A-HRP. The results indicated that the 83 
kDa component present in greater amc'tnts on the 
cell surface of highly infective T. cruzi trypomas­
tigotes is the component that binds to myoblasts 
(Fig. 4, right panel, lanes C and D). The binding 
of the 83 kDa band from highly infective trypo­
mastigote clones to myoblasts is more pro­
nounced (lane C) than the 83 kDa from weakly 
infective parasites (lane D). Scanning of nitrocel­
lulose membranes by laser densitometrv indi­
cated that a single band from the cell surface pro­
teins of both highly and weakly infective clones 
bound to myoblasts and that this band was pres­
ent in greater quantities in highly than weakly in­
fective clones (Fig. 4, left panel C and D). The 
specificity of the binding of the biotinylated 83 
kDa molecule to myoblasts in Western blots was 
indicated by the concentration-dependent inhibi­
tory effect of solu.ibilized unlabeled trypomasti­
gotes (Table IV). Laser densitometry analysis of 
nitrocellulose membranes containing the blotted 
83 kDa showed that at the highest concentration 

TABLE II 

Y strain T. cruzi clones dramatically differ in their infectivity of rat heart myoblasts 

Trypornastigote clone Percentage of myoblasts containing Number of parasites internalized 
internalized parasites per 100 cells 

Y2 35.0) - 2.6" 45.6 ± 3.3" 
YII 4.3 - 1.6 4.1 ± 2.4 

"The differences between both clones were statistically significant (P < 0.005). 
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solubilized unlabeled trypomistigotes inhibited 
the binding of this molecule to heart myoblasts by
76%. The binding of solubilized radioiodinated 
trypomastigote clones MMC 20A and MMC 151D 

to heart myoblasts is concentration dependent and 
saturable as indicated in Fig. 5. Solubilized '2._ 
labeled highly infective trypomastigotes from 
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Fig. 4. Cell surface differences between highly and weakly infective trypomastigote clones and identification of the T. cruzi try­pomastigote adhesion molecule that binds to myoblasts. Right panel (A,B): SDS-PAGE of biotinylated surface proteins of highlyand weakly infective clones blotted onto nitrocellulosL membranes and reactcd with A-HRP as described in Materials and Meth­ods. Right panel A, ccll surface from highly infective clones. Right panel B,cell surface from weakly infective clones. Right panel(C, D): Molecular identification of the trypomastigote adhcion molecule that binds to rat hcart myoblasts. Biotinylated proteinsof trypomastigotc clones were incubated with myoblasts. After removing unbound parasite material, the adhesion molecule wasdissociated, transferred (,r-)nitrocellulose membranes and reacted with A-HRP. Right panel C. 83 kDa from highly infectivetrypomastigotes that bound to myoblasts. Right panel D, .3 kDa from weakly infective trypomastigotes that bound to myoblasts.Left panel (A, B): Laser scan of biotinylated cell surface proteins from highly (A) and weakly (B) infected clones. Left panel (C,D): Laser scan of the biotinvlated 83 kDa adhesion t1ojecule from highly (C) and weakly (D) infective clones that binds to ratheart myoblasts. Arrows indicate the 83 kDa glycopratein adhesion molecule. Blots were scanned from top to bottom. Molecular 
are indicated in kDa. 

clote MMC 20A also bind more effectively to rat 
heart myoblasts than solubilized '251-labeled try­
pomastigotes from the weakly infective clone 
MMC 151D (Fig. 5). Autoradiograms obtained 
from SDS-PAGE of monolayers containing the 
bound parasite material in this assay indicate that 
the trypomasligote component mediating this 
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TABLE IIl 
Effect of biotinylation of T. cruzi trypomastigote clones on their ability to attach to rat heart myoblasts 

Para:ite pretreatment Parasite clone number Percentage of cells containing Number of attached parasites per 
attached parasites 100 cells 

NHS-Biotin + DMF + PBS 20A 28.0 - 2.4 32.5 t 3.7"
 
DNIF + PBS 20A 25.1 0.8 33.0 ± 2.3
 
PBS 	 20A 24.3 - 1.2 35.3 ± 3.1 

NHS-Biotin + DMF + PBS 151D 4.3 . 0.2" 	 5.0 ± 0.21 
DMF + PBS 151D 4.5 00.7 5.6 ± 1.6
 
PBS 151D 4.5 - 1.8 4.8 ± 2.0
 

-The differences between test values and their controls were not statistically significant (P < 0.05). 

binding is the 83 kDa and laser densitometry tachment of trypomastigotes to myoblasts. Highly
analysis of the autoradiograms indicate that the invasive trypomastigotes were found to express
83 kDa band from highly infective clones binds this glycoprotein in higher amounts and this could 
more pronouncedly to myoblasts than the 83 kDa account for their marked increase in the ability to 
band 'rom the weakly infective clone (results not attach to myoblasts, when compared to weakly
shown). SDS-PAGE of the dissociated parasite infective clones. 
adhesion molecule undei reducing or non-reduc- The biotinylated 83 kDa trypomastigote mole­
ing conditions gives the same relative molecular cule specifically binds to the membrane of live rat 
mass of 83 kDa. In addition, SDS-PAGE gels of heart myoblasts, since its binding is inhibited in a 
either CHAPS solubilized parasites or the disso- concentration dependent manner by solubilized 
ciated parasite adhesion molecule stained with unlabeled tr 'pomastigotes in Western blots. This 
PAS and silver-Coomassie blue indicated that the molecule appears to bind to heart myoblasts in a 
83 kDa molecule is a glycoprotein (data not ligand receptor interaction manner since the spe­
shown). cific binding is concentration dependent and sat­

urable, as can be seen in Fig. 5. This binding is 
Discussion more effective in solubilized weakly infective try­

pomastigote clones (Fig. 5), and autoradiograms
We have developed a model of highly and of SDS-PAGE from the dissociated bound try­

weakly infective T. cruzi trypomastigote clones pomastigote material to myoblasts in these assays
that allowed us to identify a 83 kDa putative par- revealed only the 83 kDa band, more pro­
asite binding molecule which mediates the at- nounced in samples from highly than weakly in-

TABLE IV 

Inhibition of biotinylated trypomastigote 83 kDa binding to heart myoblasts by solubilhzed unlabeled trypomastigotes in Western 
blots, evaluated by laser scanning densitometry 

Exp. 	 Excess of solubilized unlabeled Area of 83 kDa scanned % inhibition
 
trypomastigoes (mg protein) (AU x mm)
 

1 	 0.00 0.43 0.0 
0.62 	 0.34 20.9 
1.25 	 0.26 39.5 
2.50 	 0.10 76.5 

2 	 0.00 0.65 0.0 
0).62 (.54 16.2 
1.25 	 0.35 46.1 
2.5(0 0.20) 69.2 

These are two independent experiments of the same protocol carried out with zhe T. cruzi trypomastigote clone MMC 20A. 
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Fig. 5. Conip~lrative binding of solubilized radioiodinated 
highly and weakly infe-tive tryponastigote clones to rnyo-
blasts. Binding of solubilized radioiodintted highly invasive 
trypomastigotc clone MMC 20A (0) and weakly invasive try-
pomastigote clone MMC 151D (0) to heart myoblasts. In-
creasing concentrations of solubilized 251-trypomastigote
clones, starting with the same specilic activity ( 1.27 x 10' cprn 
(Rg protein) ') were incubated with full n1yoblast monolayers 
in 96-well plates for 4 h at 4C. Specilic binding was deter-

mined as dcscrbed in Materials and Methods. 

fective trypomastigote clones as shown by laser 
densitometry analysis (results nc+ shown). These 
results indicate that the 83 kDa molecule, which 
is more abundant on the surface of highly than 
weakly invasive trypomastigote clones, mediates 
the interaction between trypomastigotes and heart 
myoblasts. 

The highly and weakly infective clones that we 
have characterized are stable with regard to their 
properties of attachment, internalization, intra-
cellular multiplication and membrane protein 
patterns. The stability of these properties is in 
agreement with results from other investigators 
who have found that clones derived from epi-
mastigote forms of other strains of the parasite 
were genetically and antigenically stable over a 
period of years [19]. In addition, attachment and 
invasion did not change when clones were pre-in-
cubated in fresh medium before being exposed to 
the host cell, suggesting that differences in these 
two parameters between these two groups of 
clones are ,,ot due to a maturation process of try-
pomastigotes as described by some investigators 
working with uncloned populations of T. cruzi 

[20]. It seems that T. cruzi strains are composed 
heterogeneous populations differing in their 

attachment and invasiveness properties, since the 
Y strain of T. cruzi also presented clones thatvaried in their ability to infect myoblasts. The fact 
that T. crutzi trypomastigote populations are het­
erogeneous with respect to attachment and inter­

into host cells, is in agreement with 
findings from other groups that showed that un­

epimastigote forms of the parasite are het­
erogeneous with respect to growth kinetics [21],

endonuclease profiles [22], antigenic
constitution [19-23,24] and that blood trypomas­
tigote clones present differences in infectivity to 
mice [25]. 

Biotinylation or radioiodirw.tion of the surface
proteins of trypomastigote clones did not affect
the morphology, motility, parasite numbers and
ability of the parasite to attach and invade myo­
blasts. Therefore, these processes would not 

modify the capacity of the trypomastigote c!nnes 
to adhere to host cells. Analysis of the biotiny­
lated or radioiodinated cell surface of these two 
types of clones revealed that they possessed dif­
ferences in their protein profiles with respect to 
some components. Based upon these differences 
we identified a parasite 83 kDa glycoprotein,
which was expressed more in highly infective than 
weakly infective clones, as the parasite ligand that 
mediates the attachment of parasites to myo­
blasts. Supporting this finding is the very recent 
observation suggesting that a molecule from un­
cloned populations of T. cruzi could mediate the 
interaction between the parasite and Veri, cells 
[26] and previous work from another group also 
working with uncloned populations of T. cruzi 
that indirectly suggested the possible iovolve­
ment of a T. cruzi 85 kDa molecale in this proc­
ess [27]. 

Since this parasite adhesion molecule is a gly­
coprotein and sugar residues from cell surface 
glycoproteins on the parasite have been postu­
lated to be involved in the interaction between the 
parasites and the host cells [3-8], we arc investi­
gating the possibility that the carbohydrate moiety
of this molecule plays a role in the attachment of 
the parasite to the host cells. 

This 83 kDa glycoprotein is recognized by an­
tibodies produced against the cell surface of in­
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sect-derived trypomastigotes and blood trypo- cination against Chagas' disease, if found to be 
mastigotes when analyzed by immunoblots (Lima, protective. 
M.F., and Villalta, F., unpublished results). This 
observation indicates that this adhesion molecule Acknowledgements 
may also be present on the surface of insect and 
blood derived trypomastigotes. Interestingly, an- This work was supported by a Public Health 
tibodies produced during the course of a human Service Grant 1 R29 Al 25637-OIAI from the 
infection, but not sera from uninfected individu- National Institutes of Health and by the US 
als, also recognize this molecule by immunoblot Agency for International Development Grant 
(Lima, M.F., and Villalta, F., unpublished ob- DAN-4053-G-SS-6063-00. We are grateful for the 
servations). These findings indicate tha: this 83 technical assistance of Mr. Thomas Kiper in the 
kDa adhesion molecule is immunogenic to man maintenance of rat heart myoblasts. 
and could be used as candidate for human vac-
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