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We have identified four surface 83 1,)a proteins of pl values 6.3, 6.4, 6.5 and 6.( inT. cruzi trypomastigotes wvhich specifically bind to rat heart inyoblasts. These proteins werepurified by isoeleclr*c focusing and anion-exchange chromatography in an FPLC system.These 83 kDa proteins inlbit the attachment of trypomastigotes to m)oblasts in aconcentration-dependent manner, inlicating that these trypomrnstiuote proteins mediate the
attachment of trypomuistigotes to heart mnyoblasts. 

Trymanosoma cruzi. tie protozoan which causes Chagas' disease and affects mil
lions of people in South 
 and Central America (1), i-!mst attach to mammalian cells before it 
can invade theim. The disease is acquired by infection with invasive tryponastigotes which are
 
transmitted 
by insect vectors, or by blood infected with trypomastigotes during blood Iran,
fusion. 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 intracellularly and disseminate in 
 the body. An understanding of 
how the parasite attaches to mammalian host cells is critical to the development of effective 
means to prevent the infection. 

Previous work froci several laboratories has shown that free sugars (4.5), removal
 
of sugar residues from tryp'nmastigotes (6-9 ), inhibition of parasite glycoprotein biosynthesis
 
(10) and parasite glycoprotein processing (I I) can affect ihe attachment of the parasite to 
mammalian cells. It has been shown that the p; rasite canl infect some cells ia a polarized 
manner (12) and it has also been suggested that neuramniuaidase may be involved in the in

fection (13). 
We recently identified an 83 kDa band present on the cell surface of invasive 

trypomastigotes which binds to heart myoblasts and appears to mediate the attachment of 
trypomastigote to host cells (14,15). This 83 kDa component, which is present ill invasive 
trypomastigotes lut not in noninvasive epimastigotes, is more exprPsoe,. in highly than 
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weakly infeclie trypomastigote clones (15). In this par we report that this trypoinastigote 

83 kDa wich binds to heart inyoblasts is composed of four proteins with different isoelectric 

points; we purify these proteins and show that they inhibit the attachment of the parasite to 

heart *iyoblasts. 

MATERIAL AN1D METHODS 

The highly infective trvpomastigote clone 3NIC 20A of the Tulahuen strain of T. 
cruzi (15) was used inthis work. In some experiments other highly invasive trypomastigote 
clones (15) were used. Pure culture trypomastigotes were obtained from the supernatant of 
infected rat hea.rt myoblast monolayers (14,15). Parasites where washed by centrifugation 
with l1ank's balanced salt solution and rez;jspended at the appropriate concentrations . 

descrihed below%. 

Pure .rypom'istigoles ( 2 x 101) organisms) we-e radioiodinated iith 5 mCi of 
Nal 1251 (specific atiiity, 17 Ci/ng I, ICN Radiocbe micals, Irine, CA) in the presence of 

iodobeads (Pierce Chemical Co., Rockford, IL) as preiiously described (14-15). Tryptvmas
ligote surface proteins were also biotinylated with N-hydroxisuccinimide (NIS)-biotin 

('3iorad, Richmond. CA) ui'g liing parasites as described in detail (14,1£). In some ex

periments trypomastigotes ;wre metabolically lab. led ssith 3S-NletIiounie or double labeled 
Trypomastigoteswith -'-Nletihiouine first and then biotin3,lated as described ahoie (14-15). 

iere met'abolically labeled by incubating Ix 1010 parasites per ml inimethionine deficient 

NIEM (Sigma Chemical Co. St. Louis, NIO) and supplemented 1 itlh I mCi of 3 5S-Methionine 

specific actii%, 1250 (i/tiniol. I(N Biochemicals) for 5 hours at 37'C. 

t.abeled or unlabeled trypomastigotes were washed four times with II1SS at 4°C. 

[.ie parasites or their cell membranes, obtainer' as des,. ,ed (1(), were solubilized with 0.8% 
in PHS(3-[(3-(holamidoproDnol)dimehtyl-ammoiiiol 1-propatiesulfonate). (CIlAPS), (14-15) 

inthe prese,:L., cf pro ease ihibitors ( InmoM pheny-nethisulflolfluoride, I mM N-p-losyl
t.-lysine-chlora-methyl ketone, and 2.8 ug/ml aprotinin (14,15). 

The identification by t o-diniensional gel elect.-,, he-esis (2-1)) of T. cruzi svrface 

proteins iith ability to bind to inyvblasts was performed by a binding assay tna: we have 
recently described (14,15). Bliotinylation or radioiodination of the cell surface of trypomas
(igotes does not affect the capacity of the parasite to attach to and etor rat iieart myobl stvi 
(15). N 'eni'raaeiractiais obtained from pure labeled trypomastigotes (16) were solub'lized 

with 0.8% CIAPS in PBS supplemented wsith protease inhibitors described above (14,15). 

After remosing the detergent and prolease inhibitors by dialysis against 1P1S ot 4°C, I mg of 

parasite proteins was incubated sith heart myoblast monolayers at 4°C to avoid ligand in

ternalization as described (14,15). Unbound parasite material ;was remoied by washing the 

cell monolayers %vithcold PBS. Nlyoblhsts containing the bound parasite proteins were 
assolubilized with CI|APS in the presence of protease inhibitors (14,15) and processed 

described (15). Samples of 120 ug of proleini were theni subjected to 2-D analysis. 

Two dimensional -inalvsis of trypomastigote membrane labeled proteins was per

formed under eqailibrium conudtions as described by O'Farrel (17) using a Niini Protean 

Cell or a 'rotean Cell I (Bio-rad). Ampholines ( Bio-rad) in different pillranges were com
bined to obtain plI gradients. After isoelectr;c focusing (16 h at 400 V and 2 b at 100%1) tile 
pl gradient was measured on the first-dimenisior ge! ;ith a surface electrode. The secold
dimension slal, gels were pr2pared with 10% tolyacrylainide. HIigh and low molecular weight 
biotimylated standards (Bio- rad) or 1

4C labeled molecular weight standards (NEN , Boston, 
NIA) were included to determine the relatise molecular weight of parasite proteins. 

Autoradiograms or nilrocellul.se membranes were scanned with an Ultroscan XL Laser 

Densitometer (Pharriacia LKB Biotechnology, Inc., Piscataway, NJ.). 

Proleins from trypomnastigote membrane preparations were initially separated by a 

preparative scale isoelectric focusing within a pilof 3 to 10 ampholinies (Bio-rad) gradient 

using a isoelectric focusing cell (Rotofor, Bio-rad) at 4°C. labeled or unlabeled trypolnas
tigote membrane fractions (5.1 ing protein) solubilized with 0.8 Cl lAPS and protease in
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]lbitors as descrihed above were mixed with 4.75 ml ampholines and brought to a total 
volune of 55 nilsvith Nfilli-Q deionied water. 'hus the final anpholine concentration was 
2%. This mixture was loaded into the horizontal electrofocusing cell and focused for 4 to 6 Ih 
at 40C at constant 12 W. After focusing, 20 fractions were collected. Fractions were 
analyzed by S1)S-PAGE (18) and stained "ith Siher (Bio-rad), autoradiographed when 
mlembrane proteins iere radioiodinated or vhien tryponastigotes were metabolically labeled 
with 35S-Nlehionitle. Biotinylated frachious were also analyzed by wtestern blots and stained 
with aiidin-alkaline phosphaiase (16) when biotinylated surface proteins isere separated. 
Fractions were tested for their ability to inhibit the attachnent of trypoinastigote to heart 
niyoblast nottolayers as described bclows. Fractions that inhibited the attachment of 
tryponastigotes to heart inyollasts were pooled and further separated b)y anion-exchalige 
clromatography in a Fast Pressure Liquid Chromatography (FPI.C) system. 

Selected trypomlastigote membrane prolein fractious obtained from the Rotofor 
(10- 12). that isere able to inhibit the attachment of tr.ponastigotes to inyoblasts, were fur
tier separated I% auion-exchange chromalography. Tr~poniastigote proteins (0.42 ing 
proteii,) in 20 mM Tris llCI[buffer ill8.0 supplemelted with 0.4 % CIIAPS were applied at 
a flow rate of 1.0 nil/mini to a lonto Q colunoi (Phlarinacia IIB Biotechnology, Inc.) equi
librated Nsith the same buffer anld attached to a FlIC system (lPharnlacia I.KI Iliotechnol
og, luc.) ishich las operated itith FPl.C manager soflware (Pharinacia LKB Biotechnology, 
Inc.). Elution oas performed at 40C Nilh a NaCI gradient from I to 1000 nf in the same 
buffer and fracliouns of 0.5oil ssere collected. Fractions stere automatically read at A and 
radioacti %iy a gan counter. weretas detemfltned in :na Fractions diialyzed againist i:ater, 
lIoplhilited, resuspcnded in 50 ul of PBS and tested for their capacity to inhibit the attach
lent to and intternalitalion of tr.lponiastigotes )y heart myoblasts as descril)ed below. The 

purity of l)opllili/ed chromnatograpltic fractions (5 ul) ias analyzed b) gel electrophoresis as 
described abov e. 

The effect of tr3ponastigote mlembran.ne proteins obtained fronm chromnatogralphic 
fraclions on the attachmnetnt to and internalizatioo of highly inasihe trypomnastigotes )) rat 
heart ,nioblasls i:as carried out using a microassay pretiously described iodetail (15). 
Chromatographic fractions were dial~zed against swaler at 40(., lyoplhilized anti resuspended 
in PBS. Protein concentration in tile fractions was delermined using a Pierce Micro-IICA as
say. Fractions were tested before the inhibition:oay for their toxicity and cell release from 
mnIonolaers and not to affect tie %iahilityof the cells. Only fractions tullich did not affect cell 
iailily and %sereLinable to release mnoIl:lsts from nonolayers were tested for tie ilibitioi 

of tie binding to and iuterllalizatiun of tr~ponlastigotes inlo heart in)ollasts monola'ers 
(15). Parasites %tire resuspended in DMINI (GIBCO, Grand Island. NY) containing 11% 
oi)ine serum albumin (Sigma Chemical C(o, St.l.ouis, MO) at the concentration of 2x 107 

organisns/ ml. Ten ul of this parasite suspension aod 10 ul of parasite proteins dihlued in 
PBS at increasing concentrations were added to inicrowells containing heart nonolayers. 
Control cItIures rccitekd PBS iostead of trsponastigote proteins. Cultures were incubated 
at 37C for to hours (15). After washing off the non-bound organisms with PBS, the 
iuouolaiers were fixed sitl 2.5 % glutharaldehde intPBS and stained with Giemsa. The 
parasite internaliatlion assay iias performed as described in det'ail (15). The number of 
trpotlastigotes attached or internalized per 200 cells and the percentage of Inyoblasts con
aitinig attllached or internalized parasites were ealuated microscopically by screening no 

less thtan 200 cells per well (15) Ihlibition and bitiding data sere analzed by the ENZFIT-
T'ER computer program as described (19). 

All sets of results presemted int this paper are typically represenit:tile of three inde
peudenlt repeat experiments.
 

RESU 'lS 

To idetify tile surface tri potnastigole proteinis that bind to heart myoblasts we in

cubated detergem t-free labeled parasite surface proteius iith Ike tmnyoblast mouolayers. The 

interaction was carried out at 40C to atoid ligand itternalizatiot. As can be seen inFig. I, 

2-D anlalysis indicates that four 83 kDa surface proteins of pl values 6.3, 6.4, 6.5 and 6.6 

from tiruleut T . cruti tryponasligotes bind to heart inyoblasts. These same proteins were 
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Figure I. Ide itification of 83 kDa surface proteins ofr . cruzi trypoinastigotes that bind to 
rat heart myoblasts by two-dimensional gel electrophoresis. Biotinylated trypomastigote sur
face proteins that bound to rat heart moblasts were obtained as described in Material and 
Methods and analyzed by two dimensional gel electroplioresis consisting of isoelectric focus
ing oser a pft range of 3-10 in the first dimension and 10% SDS- PAGE in the second dimen
sion. Nitrocellulose blots containing transferred biotinylated proteins were sf:,ined with 
asidin-alkaline phosphatase (llio-rad) and deseloped as described in Material and Methods. 
llioin)lated molecula, sieight standards (l1io-rad) are indicated in kiloDaltons. 

identified %%hen trvpomastigote surface proteins were biolinylated, radioiodinaled or when 

the parasite proteins were nielabolically labeled iili 3 5S- Methionine. The specificity of the 

binding of labeled 83 kDa try pomastigote proteins to heart mnyobltsts was indicated by the 

colicentrattioii-(lepenidtiit inhibitory effect of unlabeled solubilized tryponastigote membrane 

proteins (results not showii). l.abeled or unaheled surface proteins of membrane fractions 

were iniially separated by preparatise isoelectric focusing (Rotol'or). Fig. 2 shows a typical 

profile separation of trypomastigote membrane proteins by preparatihe scale isoelectric 

focusing. 83 kDa proteins can be seen in fractions 10, 11 and 12 with pill 6.2, 6.4 an( 6.8, 

respectively. We found that these fractions inhibited the allachment to and internalization of 

highly insasise Irypomastigole clones into heart myoblasts up to 70%. We pooled these three 

fractions and pursued further separation on a Mono Q anion-exchange column using an 

FI'LC 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 chror;-atogram) isas eluted isith 0.25 N1 

NaCI in Tris-IICI hbuffer, pll 8.0. This peak blocked up to 98% the attachment of tryponias

tigotes to heart myoblasts (Fig. 3). Western blot analysis of this peak (fractions 18 and 19) 

shows an 83 kDa band (Insert of Fig. 3). This 83 kDa band was the only band observed whein 

these fractions were lyophilized and analyzed by SDS-PAGE and stained with silher stain. 2
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iure 2.Separation of biotinylated ".crU7i trypomastigote surface proteins by preparatihe 
scale isoelectrofocusing (Rotofor). A solubilized membrane fraction (5.1 mg protein) ob
tained from Iiolinvlated tryponasligotes "as applied to all isoelectric focusing cell 
(Rotofor) as described in Material and Methods. Tienty fractions (I -20) were harvested and 
their pll ere determined. Fractions ssere anal zed by SDS-P'AGE, blotted onto nitrocel
lulose and stained ssith asidiu-alkaline phosphatase (Bio-rad). Fractions 10, i1 and 12 are 
enriched for the 83 kDa proteins. A, represents crudea %sesternblot of tile biotinylated 
trypomastigote membrale prep-ration (5 ug protein) that was applied to the Rolofor. 11and 
C, are wiestern blots of biotinylated high and loss molecular weight slandards (Ilio-rad). 

Fiire 3. Elolion profile of biotin.lated trypomasligote surface proteins (Rotofnr fractions 
10-12) oil Mono Q allion-exchange collln using all FPI.C system. Rotofor fractions 10-12 
were pooled (0.42 mg prolein) and applied to a Mono Q column in 20 mM rris, 0.4% CHAPS, 
pl 8.0 %sitha flow rate of 1.0 mi/mi. Fractions of 0.5 ml were col! cled. Elution was per
formed in - NaCI programmed gradient from I to 1000 mM (,,I)in 20 niN! Tris, 0.4% 
CIIAPS, pll 8.0 at 4'C. Fractions were automatically read at A28 0 -) and tested for their 
capacity t) inhibit the attachlnint to and Ilnternalization of 'r.cru7i trypomastigoles into 
heart myoblasts (c-.) as described in Material amd Methods. Insert shows a western blot of 
two lyophilized fractions from the top of the second chromatographic peak eluted with 0.25N] 
NaCI in Tris-IICI buffer, pit 8.0 and stained mith asidin-alkaline phospla,.ase showilg tlie 
purified 83 kDa (arrow). A, fraction 13 (elution iolume 9 ,ml). B,fraction 19 (elation volume 
9.5 101). 
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Figure 4. Inhibition of the binding of T. crtJi tr.poniastigotes to rat heart myoblasts by a 
Mono Q chromatographic peak containing the surface trypomastigote 83 kDa proteins. 
Fractions IS and 19 of tie second chromatographic peak (Fig. 3), presenting strong capacity 
to inhibit the attachment of the parasite to myoblasts, isere dialyzed against water at 40C, 
tyophilized and resuspended in PBS, pit. 7.2. and tested at different concentrations for their 
ability to compete sith the binding of highly virulent T. cr1i trypomastigotes to rat heart 
niyoblasts as described in detail in Material and Methods. Control cultures received PBS, pit 
7.2 instead of parasite proteins. Binding data were analyzed by the ENZFITTER computer 
program (19). 

D aoaly.is of fractions 18 and 19 containing the 83 kDa yielded p.l. values similar to the 83 

kDa bound to inyoblasts (Fig. I). Similar results were ob ained when labeled or unlabeled T. 

cruii ineinbrane proteins were used to purify the 83 kDa by chroiatofocusing and anion

exchange chromatography using an FPLC system. By these procedures the 83 kDa was 

purified oer 60-fold. These two fractions containing the 83 kDa were pooled and found to 

compete in a concentration dependent manner with the attachment of virulent trypomas

tigotcs to heart Inyoblasts. Fig. 4 (A and B) shows that the purified 83 kDa is able to inhibit 

the binding of T. cruA trypomastigotes to heart myoblasts in a concentration dependent 

manner at nanogram concentrations. 

DISCUSSION 

These results show that T. cru trypoinastigotes attach to rat heart myoblasts 

through four 83 kDa proteins of pl values 6.3, 6.4., 6.5 and 6.6 which are present on the cell 

surface of virulent highly invasive trypomastigotes. In addition, these results show that the 83 

kDa trypomastigote adhesive proteins can be readily purified by tvo steps involving prepara

tive chromnatofocusiug and anion-exchange chromatography. The synthesis of these invasive 

proteins appears to be fast in trypomastigotes, since 2-D analysis of atoradiogratms of 5 

hour-metabolically labeled trypomastigotcs predominantly shows these proteins. Interest
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ingly these proteins are not present on the surface of noninvasise epimastigotes (Villalta, F. 

and Lima, M.F., unpublished observatiois), suggesting that they are developmnentally regu

lated in the cell cycle of the parasite. 

One step-separation of membrane proteins through the rotofor isoelectric cell 

yielded three fractions enriched for the 83 kDa proteins which were able to compete wilh 

trypomastigote attachment to and internalization by host cells, facilitating their further 

separation. Chromatographic separation of these fractions on a Mono Q column using a 

FPLC system yielded a second peak containing the 83 kDa which strongly inhibited the at

tachment of the parasite to heart myoblasts. This inhibition is linear and concentration de

pendent in the range of I to 200 ng protein, suggesting that it is specific and that these 83 

kDa 	proteins rarticipate in the process by which T. cruzi binds to heart myoblasts to gain 

intracellular location and establish the infection in the mammalian host. 

The mechanisms by which these 83 kDa proteins participate in this complex inter

action between T. cruei and its host cells may facilitate molecular intervention to prevent T. 

cruzi infection. 
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