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This research grant was devoted to separating Trypanosoma
cruzi cell surface molecules that bind to host cells and inves-
tigating their abilities to inhibit the attachment of T. cruzi
trypomastigote to host cells. The ultimate significance of this
work is that an understanding of che basic mechanisms by which T.
cruzi, an obligate intracellular human parasite that affects
millions of people in South and Central America, binds to the
host cell to gain intracellular location in the host may
facilitate the formulation of rational strategies for blocking
this obligatory first event of the mammalian phase of the
parasite cycle.

The specific objectives of this grant were: (a) to separate
T. cruzi trypomastigotes surface molecules that bind to host
cells, and (b) to investigate the ability of these trypomastigote
surface molecules to inhibit the attachment of T. cruzi trypomas-
tigotes to mammalian cells.

We have successfully achieved these two goals in this grant.
Briefly, we have identified four surface 83 kDa proteins of
isoelectric point (pI) values 6.4,6.5,6.6 and 6.7 in T. cruzi
trypomastigotes which specifically bind to rat heart myoblasts.
These proteins were separated by isoelectric focusing and anion-
exchange chromatography in a Fast Pressure Liquid Chromatography
(FPLC) system. A fraction containing these 83 kDa proteins in-
hibits the attachment of trypomastigotes to myoblasts in a con-
centration dependent manner, indicating that these 83 kbDa
trypomastigote surface proteins mediate the attachment of T.
cruzi trypomastigotes to heart myoblasts.

Summary of research findings

To identify surface T. cruzi trypomastigotes that bind to heart
myoblasts we incubated detergent-free labeled surface proteins
with live myoblasts monolayers. The interaction was carried out
at 4°C to avoid ligand internalization. Two dimensional gel
electrophoresis (2-D) analysis indicates that four 83 kDa
proteins of pI values 6.4, 6.5, 6.6 and 6.7 from virulent T.
cruzi trypomastigotes bind to heart myoblasts. These same
proteins were identified when trypomastigotes surface proteins
were biotinylated, radioiodinated or when the parasite proteins
were metabolicaly labeled with 35sMethionine. The synthesis of
these invasive proteins appears to be fast in trypomastigotes,
since 2-D analysis of autoradiograms of 5 hour-metabolicaly
labeled trypomastigotes predominantly shows these proteins. In-
terestingly these proteins are not present on the surface on non-
invasive epimastigotes, suggesting that they are developmentally
regulated in the cell cycle of the parasite. The spezificity of
the binding of labeled 83 kDa trypomastigote proteins to heart
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myoblasts was indicated by the concentration dependent inhibitory
effect of unlabeled solubilized trypomastigote membrane proteins.
Labeled or unlabeled surface proteins of membrane fractions were
initially separated by preparative isoelectric focusing
(Rotofor). From 20 fractions collected from the rotofor the 83
kDa proteins can be seen in fractions 10, 11 and 12 with pH
6.2,6.4 and 6.8. We found that these fractions inhibited the at-
tachment to and internalization of highly invasive trypomastigote
clones into heart myoblasts up to 70%. We pooled these fractions
and pursued further separation on a Mono-Q anion-exchange
chromatography using an FPLC system. A peak was eluted from this
column with 0.2 M NaCl in Tris-HCL buffer, pH. 8.0. This peak
blocked up to 98% the attachment of trypomastigotes to heart
myoblasts. Fractions of this peak were pooled and tested for the
ability to inhibit the attachment of virulent trypomastigotes to
heart myoblasts in a concentration dependent manner. This frac-
tioil containing the 83 kDa proteins was able to inhibit the bind-
ing of T. cruzi trypomastigotes myoblasts in a concentration de-
pendent manner at nanogram concentrations. These findings suggest
that the binding of these trypomastigote 83 kDa proteins is
specific and they participate in the process by which T. cruzi
binds to »eart myoblasts to gain intracellular location and es-
tablish the infection in the mammalian Host.

The mechanisms by which these T. cruzi trypomastigote 83
kDa proteins participate in this complex interaction between T.
cruzi and its host cells may facilitate molecular intervention to
prevent T. cruzi infection.

A full manuscript ccntaining these results was submitted
for publication to Biochemical and Biophysical Research
Communications: Vvillalta, F., Lima,M.F. and Zhou, L. Charac-
terization of Trypanosoma cruzi surface proteins involved in
adhesion to host cells. This manuscript is attached to this final

report.
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CHARACTERIZATION OF JIrypanosoma ¢ruzi SURFACE
PROTEIHS INVOLVED IN ADHESIOM TO HOST CELLS

. ) *
Fernando Villalta' , Maria F. Lina®, and Lin Zhou

L ]
Division of Biomedical Sciences and Department of
Microblology’, Meharry Medical College, 1005 D.B.
Todd Jr, Boutevard, Nashville, Tennessee 37208

We have identified four surface 83 kDa glycoproteins of pl! values 6.4,
6.5,6.6 and 6.7 in I. cruzi trypomastigotes which specifically bind to rat
heart myoblasts., These proteins were partially purified by isoelectric focus-
ing and anion-exchange chromatography in an FPLC system. A fraction contain-
ing these 83 kDa proteins inhibits the attachment of trypomastigotes to
myoblasts in a concentration-dependent manner, indicating that these
trypomastigote proteins mediate the attachment of trypomastigotes to heart
myoblasts.

Irypanosoma cruzi, the protozoan which causes Chagas’ disease and af-

fects mitlions of people in South and Central America (1), must attach to
mammalian cells before it can invade them. The disease is acquired by infec-
tion with invasive trypomastigotes which are transmitted by insect vectors, or
by blood infected with trypomastigotes during blood transfusion. Recently two
cases of blood-transfused Chagas’ disease have been reported in the United
States (2,3). Trypomastigotes attach to and penetrate mammalian host cell
membranes to multiply intracetlularly and Gisseminate in the body. An under-
standing of how the parasite attaches to mammalian host cells is critical to
the development of effective means to prevent the infection.

Previous work from several laboratories has shown that free sugars
(4,5), removal of sugar residues from trypomastigotes (6-9 ), inhibition of
parasite glycoprotein biosynthesis (10) and parasite glycoprotein processing
(11) can affect the attachment of the parasite to mammalian cells. It has been
shown that the parasite can infect some cells in a polarized manner (12) and
it has also been suggested that neuraminidase may be involved in the infec-
tion (13).

To whom correspondence should be addressed.
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We recently identified an 83 kDa band present on the cell surface of
invasive trypomastigotes which binds to heart myoblasts in a ligand-receptor
manner which appears to mediate the attachment of trypomastigote to host
cells (14,15). This 83 kDa component, which is present in invasive trypomas-
tigotes but not in noninvasive epimastigotes, is more expressed in highly than
weakly infective trypomastigote clones (15). In this paper we report that
this trypomastigote 83 kDa is composed of four proteins with different
isoelectric points which bind to heart myoblasts; we partially purify these
proteins and show that they inhibit the uttachment of the parasite to heart

myoblasts.

MATERIAL AND METHODS

The highly infective trypomastigote clone MMC 20A of the Tulahuen strain
of T. cruzi (15) was used in this work. In some experiments other highly in-
vasive trypomastigote clones (15) were used. Pure culture trypomastigotes
were obtained from the supernatant of infected rat heart myoblast monolayers
(14,15). Parasites where washed by centrifugation with Hank's balanced salt
solution and resuspended at the appropriate concentrations as described below.

10

Pure1trypomastigotes ( 1 x 10 organisms) were radioiodinated with 5
mCi of Hal 2sl] (specific activity, 17 Ci/mg 1, ICN Radiochemicals, lrvine,
CA) in the presence of iodobeads (Pierce Chemical Co., Rockford, IL) as pre-

viously described (14-15), Surface proteins of trypomastigotes were also
biotinylated with N-hydroxisuccinimide (NHS)-biotin (Biorad, Richmond, CA)
using living parasites as described in detail (14,15). In some experiments

trypomastigotes were metabolically labeled with S-Methionine or double
labeled with S-Methionine first and then biotinylated as described abo:g

(14-15). Trypomastigotes were metabolically labeled by incubating 1x 10
parasites per ml in methionine deficient MEM (Sigma Chemical Co, St. Louis,
M0) and supplemented with 35S-Methionine ( specific activity, 1250Ci/mmol,
ICN) for 5 hours at 37°C.

Labeled or unlabeled trypomastigotes were washed four times with HBSS at
4%, Live parasites or their cell membranes, obtained as described (14-15),
were solubilized with 0.8% (3-((3-Cholamidopropyl)dimethyl-ammonio] 1-
propanesulfonate), (CHAPS), (14-15) in PBS in the presence of protease in-
hibitors ( 1mM phenyl-methylsulfonylfluoride, 1 nmM N-p-tosyl-L-lysine-chloro-
methyl ketone, and 2.8 ug,/ml aprotinin (14,15).

The identification by two-dimensional gel electrophoresis (2-D) of 1.
cruzi surface proteins that bind to myoblasts was performed by a binding assay
that we have recently described (14,15). Biotinytation or radioiodination of
the cell surface of trypomastigotes does not affect the capacity of the
parasite to attach to and enter rat heart myoblasts (15). Membrane fractions
obtained from pure labeled trypomastigotes (16) were solubilized with 0.8%
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CHAPS diluted in PBS (14,15). After removing the detergent by passing the
sample through an Affi-gel column (Pierce) at 4°c, 1 mg of parasite proteins
was fincubated with heart myoblast monolayers st 4% to avoid ligand finter-
nalization as described (14,15). Unbound parasite material was removed by
washing the cetl monolayers with cold PBS. Myoblasts containing the bound
parasite proteins were solubilized with CHAPS in the presence of protease in-
hibitors (14,15) and processed as described (15). Samples of 120 ug of protein
were then subjected to 2-D analysis,

Two dimensional analysis of trypomastigote membrane labeled proteins was
performed wunder equilibrium conditions as described by O’Farrel (17) using a
MiniProtean Cell or a Protean Cell I] (Bio-rad). Ampholines ( Bio-rad) in dif-
ferent pH ranges were combined to obtain pH gradients. Atter isoelectric
focusing (16 h at 400 v and 2 h at 800V) the pH gradient was measured on the
first-dimension gel with a surface electrode. The second-dimension slab gels
were prepared wWwith 10X polyacrylamide. Kigh and low molecular weight biotiny-

lated standards (Bio-rad) or "-C labeled molecular weight standards (NEN ,
Boston, MA) were included to determine the relative molecular weight of
parasite proteins. Autoradiograms or nitrocellulose membranes were scanned

with an Ultroscan XL Laser Densitometer ( Pharmacia LXB Biotechnology, Inc.,

Piscataway, NJ.).

Proteins from trypomastigote membrane preparations were initially
separated by a preparative scale isoelectric focusing within a pH of 3 to 10
ampholine (Bio-rad) gradient using a isoelectric focusing cell (Rotofor,
Bio-rad) at 4°C. Labeled or unlabeled trypomastigote membrane fractions
(5.4 mg protein) solubilized with 0.8 % CHAPS anc protease inhibitors as
described above were mixed with 4.75 ml ampholines and brought to a total
volume of 55 ml with Mili-Q@ deionized water. Thus :he final ampholine con-
centration was 2%. This mixture was loaded into the horizontal electrofocus-
ing cell and focused for 4 to 6 h at 4°c at constant 12 W. After focusing, 20
fractions were collected. Fractions were analyzed »y SDS-PAGE (18) and
stained with Silver (Bio-rad), autoradiographed when membrane proteins were
radioiodinated or when trypomastigotes were metabollically labeled with S-
Methionine. Biotinylated fractions were also analyzed by western blots and
stained with avidin-alkaline phosphatase (16) when biotinylated surface
proteins were separated. Fractions were tested for :their ability to inhibit
the attachment of trypomastigote to heart myoblasts monolayers as described
below. Fractions that inhibited the attachment of trypomastigotes to heart
myoblasts were pooled and further separated by anion-exchange chromatography
in a Fast Pressure Liquid Chromatography (FPLC) systes.

Trypomastigote membrane protein fractions obtained from the Rotofor,
that were able to inhibit the attachment of tryponmnastigotes to myoblasts,
were further separated by anion-exchange chromatography. Trypomastigote
proteins (0.9 mg protein) in 20 mM Tris HCL buffer pH 8.0 supplemented with
0.4 % CHAPS were appolied at a flow rate of 1.0 mi/min to a Mono Q@ column
(Pharmacia LXB Biotechnology, Inc.) equilibrated with the same buffer and at-
tached to a FPLC cystem (Pharmacia LXKB Biotechnology, Inc.) which was operated
with a FPLC manager software (Pharmacia LKB Biotechnology, Inc.). Elution was
performed at 4°C with a NaCl gradient from 1 to 1000 anM in the sarme buffer and
fractions of 0.5ml were collected. Fractions were automatically read at A280
and radioactivity was determined in a gamma counter. Fractions were dialyzed
against water, liophylized, resuspended in PBS and tested for their capacity
to inhibit the attachment to and internalization of trypomastigotes by heart
myoblasts as described below.

The effect of trypomastigote membrane proteins obtiained from
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chromatogrephic fractiones on the attachment to and internalization of highly
{invaslve trypomastigotes by rat heart myoblasts was carried out using a
microrssay previously described in detadl (15). Chromatographic fractions
4dere dialyzed against water at 4°c, lyophilized and resuspended in PBS.
Protein concentration in the fractions was determined using a Pierce Micro-8CA
assay. Fractions were tested before the assay for their abilities not to
release cells from monolayers and not to affect the viability of the cells.
Only fractions with these characteristics were tested for the inhibition of
the the binding to and internalization of ¢trypomastigotes into rat heart
monolayers (15). Parasites were resuspended in DMEM (GIBCO, Grand Island, NY)
containing 1% bovine serum albumin Sigma Chemical Co, St.Louis MO) at the con-
centration of 2x 107 organisms/ ml. Ten ul of this parasite suspension and 10
ul of parasite proteins diluted in PBS at increasing concentrations were added
to microwells containing heart monolayers. Control cultures received PBS in-
stead of trypomastigote proteins. Cultures were incubated at 37°% for two
hours (15). After washing off the non-bound organisms with PBS, the monolayers
were fixed with 2.5 X glutharaldehyde in PBS and stained with Giemsa. The
parasite internalization assay was performed as described in detail (15). The
number of trypomastigotes attached or internalized per 200 cells and the per-
centage of myoblasts containing attached o1 internalized parasites were
evaluated microscopically by screening no less than 200 cells per well (15),.
Inhibition and binding data were analyzed by ENZFITTER computer program as
described (19).

All sets of results presented in this paper are typically representative
of three independent repeat experiments.

RESULTS

To identify the surface trypomastigote proteins that bind to heart

myoblast we incubated detergent-free labeled parasite surface proteins with

(]

live myoblast monolayers. The interaction was carried out at 4 C to aveid

ligand internalization. As can be seen in Fig. 1, 2-D analysis indicates that
four 83 kDa surface protcins of pl values 6.4, 6.5, 6.6 and 6.7 from

virulent T. cruzi trypomastigotes bind to heart myoblasts. These same proteins

were identified when trypomastigote surface proteins were biotinylated,
radioiodinated or when the parasite proteins were metabollically labeled with
35S-Hethionine. The specificity of the binding of labeled 83 kDa trypomas-
tigote proteins to heart myoblasts was indicated by the concentration-
depenrdent inhibitory effect of unlabeled solubilized trypomastigote membrane
proteins (results not shown)., Labeled or unlabeled surface proteins of

membrane fractions were initially separated by prepara.ive isoelectric focus-

ing (Rotofor). Fig 2. shows a typical profile separation of trypomas:iigote



membrane protelins by 2 preporative scale isoelectric focusing. 83 kDa
proteins can be seen in fractions 10, 11 and 12 with pH 6.2, 6.4 end 6.8. We
found that these fractions inhibited the attachment to and internalization of
highly invasive trypomastigote clones into heart myoblasts up to 70X, We
pooled these three fractions and pursued further separation on 3 Monc:-Q anion-
exchange chromatoyraphy using an FPLC system. Fig 3. shows the chromatographic
profile separation of rotofor fractions (10 to 12) on a Mono-Q column. A peak
(the second in the chromatogram) was eluted with 0.2 M NaCl in Tris-HCL
buffer, pH 8.0. This peak blocked up to 98% the attachment of trypomastigotes
to heart myoblasts (Fig.3). SDS-PAGE analysis of this peak shows a 81-101
kDa complex containing the 83 kDa. fractions of this peak found to compete
with the binding of trypomastigotes to myoblasts were pooled and tested for
the ability to inhibit the attachment of virulent trypomastigotes to heart
myoblasts in a concentration dependent manner. Fig. & (A and B) shows that
this fraction is able to inhibit the binding of I. cruzi trypomastigotes to

heart myoblasts in a concentration dependent manner at nancgram concentra-

tions.

DISCUSSION

These results show that 1. cruzi trypomastigotes attach to rat heart
myoblasts through four 83 kbDa proteins with pl values of 6.4, 6.5., 6.6 and
6.7 which are present on the cell surface of virulent highly invasive
trypomastigotes. The synthesis of these invasive proteins appears to be fast
in trypomastigotes, since 2-D analysis of autoradiograms of 5 hour-
metabolically labeled trypomastigotes predominantly shows these proteins. In-
terestingly these proteins are not present on the surface of noninvasive
epimastigotes ( Villalta, f. and Lima, M.F., unpublished observations), sug-

gesting that they are developmentally regulated in the cell cycle of the
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parasite.

One step-sepsration of membrane proteins through the rotofor isoelectric
cell yielded three fractions containing the 85 kDas proteins which were able
to compete with trypomastigote attachment to and internalization by host
cells, facititating their further separation. Chromatographic separation of
these fractions on a mono-Q column using a FPLC system yielded 2 complex 81-
103 kDa peak containing *he 83 kDa which strongly inhibited the attachment of
the parasite to heart myoblastc. This inhibition is linear and concentration
dependent in the range of 1 to 200 ng protein concentration, suggesting that
it is <¢pecific and that these 83 kDa proteins participate in the process by

which I. cruzi binds to heart myoblasts to gain intracellular location and es-

tablish the infection in the mammalian host.
The mechanisms by which these 83 kDa proteins participate in this com-
plex interaction between 1. cruzi and its host cells may facilitate molecular

intervention to prevent T. cruzi infection.
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Figure Legends

fFigure 1. Identification of 83 k0a surface proteins of I. cruzi trypomas-
tigotes that bind to rat heart myoblasts by two-dimensional gel
clectrophoresis. Biotinylated trypomastigote surface proteins that bound to
rat heart myoblasts were obtained as described in Material and Methods and
analyzed by two dimensional gel electrophoresis consisting of isoelectric
focusing over a pH range of 3-10 in the first dimension and 10X SDS-PAGE in
the second dimension. Nitrocellulose blots containing transferred biotinylated
proteins were stained with avidin-alkaline phosphatase (Bio-rad) and developed
as described in Material and Methods. Biotinylated molecular weight standards
(Bio-rad) are indicated in kiloDaltons.

Figure 2. Separation of biotinylated I. cruzi trypomastigote surface proteins
by a preparative scale isoelectrofocusing (Rotofor). A solubilized membrane
fraction (5.4 mg protein) obtained from biotinylated trypomastigotes was ap-

pltied to an isoelectric focusing cell (Rotofor) as described in Material and
Methods. Twenty fractions (1-20) were harvested and their pH were determined.
Fractions were analyzed by SDS-PAGE, bi.otted onto nitrocellulose and stained

with avididin-alkaline phosphatase (Bio-rad). Fractions 10,11 and 12 contain
the 83 kDa proteins. A, represents a western blot of the crude biotinylated
trypomastigote membrane preparation ( 5 ug protein) that was applied to the
Rotofor. B and C, are western blots of biotinylated high and low molecular
weight standards (Bio-rad).

Fiqure 3. Elution profile of biotinylated trypomastigote surface proteins
(Rotofor fractions 10-12) on Mono Q anion-exchange column using an FPLC sys-
tem. Rotofor fractions 10-12 were pooled (0.9 mg protein) and applied to a
Mono-Q@ column in 20 mM Tris, 0.4% CHAPS, pH 8.0 with a flow rate of 1.0

ml/min. Fractions of 0.5 ml w2re collected . Elution was performed in a NaCl
programmed gradient fraction from 1 to 1000 mM (__—) in 20 mM Tris, 0.4%
CHAPS, pH T.C at 4°c. Fractions were automatically read at A280 ( ) and

tested for their capacity to inhibit the attachment to and internalization of
I. cruzi trypomastigotes into heart myoblasts (e—e ) as described in Material

and Methods.

Figure 4. Inhibition of the binding of I. cruzi trypomastigotes to rat heart
myoblasts by a Mono Q0 chromatographic peak containing the surface trypomas-
tigote 83 kDa proteins. The second chromatographic peak (Figure. 3) presenting
strong capacity to inhibit the attachment of the parasite to myoblasts was
dialyzed against water at AOC, lLiophylizzd and resuspended in PBS, pH. 7.2.
anc tested at diffeient concentrations for their ability to compete with the
binding of highly virulent 1. cruzi trypomastigotes to rat heart myoblasts as
described in detail in Material and Methods. Control cultures receijved PBS, pill
7.2 instead of parasite proteins. Binding data were analyzed by ENZFITTER com-

puter program (19).
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