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Antigenic determinants of Trypanosoma cruzi defined by cloning of
parasite DNA
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A genomic DNA library from Trypanosoma cruzi, the agent of Chagas’ disease, was constructed in the gt11 lambda vector and
was screened with serum from a Chagasic patient. Out of 53 positive clones, 23 plaques were purified to homogeneity and 10
different groups were defined by cross-hybridization experiments and by reaction of antibodies selected with products from each
recombinant clone. Native 7. cruzi proteins of molecular mass ranging from 85 to larger than 205 kDa that share antigenic de-
terminants with products of the recombinant clones were observed in Western blots of parasite extracts. Some of the native pro-
teins were detected in the trypomastigote stage of the parasite, while others were present in epimastigotes as well. The latter result
was confirmed for some recombinant clones by hybridization of the cloned DNA with Northern blots of parasite RNA. Clones
from each group reacted differently with nine sera from rabbits infected with several 7. cruzi strains as well as with eight sera
from human patients. Clone 7 was detected by all rabbit sera but not by three human sera. Conversely, clones 1, 2 and 30 were
detected by all human sera but failed to be detected by most rabbit sera. We conclude that several proteins from T. cruzi are
antigenically active during infection and that some of them differ in their ability to generate antibodies in rabbit or human infec-

tions.
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Introduction

Chagas’ disease is one of the most important
endemic problems in Central and South Amer-
ica, for which no definitive chemotherapeutic or
immunological treatment is available. Even di-
agnosis is a practical problem to be worked out,
since most of the current serological methods
make use of non-standardized and heterogeneous
populations of antigens [1]. Its etiological agent,
Trypanosoma cruzi, has a complex life cycle which
involves different forms of the parasite in the in-
sect vector and the mammalian host [2]. There are
two parasite stages in the vector: epimastigotes (in
the midgut) and metacyclic trypomastigotes (in
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the rectum), whereas the stages present in the
mammalian host are bloodstream trypomasti-
gotes and intracellular amastigotes.

Recent studies provided important information
on the host immune response in Chagas’ disease
(see ref. 3 for a recent review). Protective or lytic
antibodies have been detected in the blood of
chronically infected mice [4]; in mice immunized
with irradiated 7. cruzi trypomastigotes [5] and
in mice immunized with killed trypomastigotes [6].
Interestingly, neither serum transfer of protective
immunity nor lytic antibodies were given on im-
munization with epimastigote forms of the para-
site [4-6]. It is not clear yet which T. cruzi pro-
tein(s) are involved in the production of lytic
antibodies, since different research groups have
identified proteins with different molecular
weights related to the immunological response
[5-7].

The surface (glyco)protein makeup of T. cruzi
has also been analyzed by iodination or biosyn-
thetic labelling of live parasites followed by im-
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munoprecipitation with immune sera [8-14], lec-
tin affinity chromatography [11,14,15] or reaction
with monoclonal antibodies [16-20]. Despite early
reports describing one major surface glycopro-
tein common to the three stages of the parasite
[8], it is now evident that a number of surface
(glyco)proteins are present in the 7. cruzi mem-
brane, some of which are stage-specific [5,6,10,
19]. Among them, an 85 kDa protein, present
only in trypomastigotes, has been partially cor-
related with the process of parasite internaliza-
tion in mammalian cells [21]; another protein of
the same molecular weight has been character-
ized as a fibronectin receptor [22]. Recently, and
for the first time, a gene for a T. cruzi surface
protein was cloned and its product characterized
as a 85 kDa protein [23].

Given the complex antigenic composition of 7.
cruzi, further work is required not only for a bet-
ter understanding of the biology of the parasite
but also to find molecules that could be applied
to practical problems like diagnosis and vaccina-
tion. In this paper we address the question of the
antigenic makeup of T. cruzi by asking which
parasite molecules are detected by sera from
Chagasic patients.

Materials and Methods

Parasites and sera. T. cruzi epimastigotes were
grown in liquid medium [24]. Trypomastigotes
from an infected Vero cell-culture were obtained
as described by Zingales et al. [21]. The strains
used in this study were the Miranda/76 clone [25]
and the RA strain [26]. Human sera were ob-
tained from patients diagnosed by serology in
Buenos Aires (H1, H2, H3 and controls) or from
Chaco province (Northern Argentina) (H8, H9,
H11, H27, H33 and controls). Rabbit sera were
from animals infected intraperitoneally with 2 X
10° live trypomastigotes. Strains used for the in-
oculation of the rabbits were as follows (numbers
indicate that different antisera against the same
strain were used), Tul-20 and -24, Y-22 and -27,
AWP-12 and -25, CA1l, RA and UP (see ref. 26
for further information on the above T. cruzi
strains). Sera were obtained 30 days post-infec-
tion except in the case of Tul-20 and AWP-12 (15
days post-infection) and CAl and Y-27 (60 days
post-infection).

Nucleic acids purification and DNA cloning. To-
tal DNA was prepared from the parasites and the
kinetoplast DNA was separated from nuclear
DNA by centrifugation [27]. RNA was purified
by the urea-LiCl method [28], electrophoresed in
1.2% agarose gels and blotted onto nitrocellulose
filters using the method of Thomas [29]. The mo-
lecular weight marker for RNA gels was HindIll-
digested glyoxal-treated lambda DNA. Hybridi-
zation of Southern and Northern blots with DNA
probes was done as described [25]. Final washes
of the filters were performed in 0.1 X SSC (1 X
SSC = 150 mM NaCl/15 mM sodium citrate), plus
0.1% sodium dodecy! sulfate (SDS) at 65°C.

Nuclear DNA from epimastigotes of the 7.
cruzi Miranda/76 was cloned in A gtl11 by conven-
tional methods [30]. Briefly, random fragments
were generated by passing the DNA through a
syringe, methylated with EcoRI methylase, their
ends repaired with T4 DNA polymerase and li-
gated with EcoRI linkers. After digestion of the
linkers with EcoRI, 1 to 8 kb fragments were
purified by chromatography on a Sephacryl S-1000
column. This DNA was ligated with \ gt11 DNA
treated with EcoRI and bacterial alkaline phos-
phatase, and the ligated DNA was packaged in
vitro. Escherichia coli strains used were Y1088 for
infection with the in vitro packaged virus and
Y1090 for immunological screening [30]. Part of
the library was directly used for screening with-
out further amplification.

Immunological screening. The T. cruzi DNA k-
brary was screened with a human Chagasic serum
(H2) which was cleaned of nonspecific antibodies
by incubation with an E. coli Y1090 lysate plus
pieces of nitrocellulose filter incubated on A gtl1
phage grown on a lawn of E. coli Y1090. Plaques
of N gt1l (300000; 90% containing inserts) were
grown at 42°C on three dishes (30 cm in diame-
ter) during 3 h. Duplicate filters containing 10 mM
IPTG (isopropyl-B-p-thiogalactopyranoside) were
used for induction, the first one during 2 h and the
second one overnight at 37°C. Filters were suc-
cessively incubated in TBS (50 mM Tris, pH 7.8,
150 mM NacCl) 10 min, TBS plus 3% BSA (bo-
vine serum albumin, fraction V, Sigma) 30 min,
1:100 diluted H2 serum in TBS plus 3% BSA 120
min, TBS four times 10 min each, '*°I labelled



protein A 60 min (1 x 10° cpm ml~') in TBS plus
3% BSA and finally washed 5 times in TBS 10 min
each, the third washing solution also containing
0.1% Nonidet P-40. The filters were exposed
overnight with intensifying screens at —70°C.
Plaques detected on both filters were rescreened
three to four times until all plaques in the petri
dish were positive.

Antibody selection and Western blotting. Total
protein extracts from epimastigotes and trypo-
mastigotes of the RA strain and of the non-path-
ogenic trypanosomatid Crithidia fasciculata, were
prepared by resuspending parasite pellets in a so-
lution containing dithiothreitol 0.77 g, SDS 1 g,
80 mM Tris pH 6.8, 5 ml glycerol, 2% bromo-
phenol blue and water up to 50 ml. This extract
was boiled 4 min, centrifuged 10 min at 13000 x
g and the supernatant layered in 10% polyacryl-
amide gels containing 0.1% SDS (approximately
15 pg parasite protein per lane), electrophoresed
in Tris-glycine buffer [31] and blotted onto nitro-
cellulose filters essentially as described by Bur-
nette [32]. Molecular weight markers were: oval-
bumin (45 kDa), BSA (66 kDa), phosphorylase
B (97.4 kDa), B-galactosidase (116 kDa) and
myosin (205 kDa).

Antibodies were selected [33] from the human
serum H, diluted 1:50 in TBS plus 3% BSA. Fil-
ters soaked in 10 mM IPTG were layered on petri
dishes (9 cm) containing recombinant h gtll
clones, induced 3 h on one side and overnight on
the other at 37°C. Filters were then processed es-
sentially as described for the immunological
screening up to the step of the incubation with the
serum except for the blockage in TBS plus 3%
BSA which was performed twice (60 and 30 min).
Filters were then washed five times in TBS, 10
min each (the third wash also containing 0.05%
of Nonidet P-40) and the selected antibodies
eluted during 6 min in 8 ml of a solution contain-
ing 0.1 M glycine and 0.15 M NaCl, pH 2.6. After
elution, the solution was adjusted to pH 8 with 1
M Tris-HCI pH 8, 3% BSA was then added and
used for the reaction with Western blots. West-
ern blots of parasite proteins were reacted with
the selected antibodies following the same pro-
cedure used for the immunological screening of
the DNA library, except for the final activity of
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the %I protein A in the solution which was 5 X
10° cpm ml~!,

Results

Identification of recombinant clone groups.
Screening of 300000 recombinant A gtll clones
with sera from a Chagasic patient (H,) resulted in
53 positive clones on both duplicated filters.
Twenty-three clones were purified to single po-
sitive plaques. Cross-hybridization experiments
(not shown) allowed us to define 10 groups of
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Fig. 1. Identification of recombinant clones with selected an-
tibodies. Ten groups of clones were identified by cross-hy-
bridization experiments (see text). Six of the ten groups con-
tained two or more clones which are indicated by the numbers
in the rectangles at the bottom of the figure. The other four
groups have a single clone whose numbers are: 2, 13, 22 and
54. Filters containing phage products distributed as indicated
in the bottom of the figure were reacted with antibodies se-
lected from the human serum H, with the recombinant clone
indicated under each photograph (A). In panel B, antibodies
selected from a rabbit serum against 7. cruzi AWP strain
(AWP-12) with clones 7 or 36 as indicated were reacted with
duplicated filters containing recombinant clone products as in
panel A.
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clones without sequence homology. For this pur-
pose, isolated inserts from the recombinant clones
were hybridized with Southern blots of EcoRI di-
gested DNA from the 23 positive phages. Six of
the ten groups have two or more clones. Further
confirmation of the homology among clones of the
same group was obtained by antibody reaction
(Fig. 1A). In all cases, antibodies from the H,
human serum selected with each clone reacted
with proteins produced by all clones of the same
group, but not with the products of the others.
When two rabbit sera were used for antibody se-
lection with clones 7 and 36, a different result was
obtained (Fig. 1B). Thus, clone 36 was able to
select antibodies from rabbit sera against 7. cruzi
strain AWP (AWP-12, Fig. 1B, and -25, not
shown) that cross-react with the products from
clones 7, 9 and 41, that is, with the three mem-
bers of another group. Furthermore, antibodies
selected with clone 7 from rabbit serum against
T. cruzi AWP-12 also cross-reacted with clones
36, 40 and 50 (Fig. 1B). These results were not
due to the fact that sera from different infected
species (human and rabbit) were used since an-
tibodies against T. cruzi CAl selected from a third

I

977 -

66- - _ -

45- - _ - _
1 2 7 1

H
1

[

13 26

rabbit with clone 36, only reacted with members
of the same clone group but not with the prod-
ucts from clones 7, 9 and 41 (not shown).

Native proteins and RNA species identified with the
recombinant clones. To identify the native pro-
teins that share antigenic determinants with the
products of each recombinant clone, we used the
antibody selection method followed by reaction
of the selected antibodies with Western blots of
protein extracts from epimastigotes and trypo-
mastigotes of the RA T. cruzi strain (Fig. 2).
Negative control experiments included reaction
of Western blots of Crithidia fasciculata protein
extracts with antibodies selected with each of the
recombinant clones, as well as reaction of West-
ern blots of T. cruzi protein extracts with anti-
bodies selected with X gt1l wild type (not shown).
Detection of RNA species homologous to the re-
combinant clones was performed by hybridiza-
tion of Northern blots of total RNA from epi-
mastigotes and trypomastigotes of the RA T. cruzi
strain with DNA inserts from each recombinant
clone (Fig. 3). Clone 22 was not further analyzed
since its product did not react with any of the
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Fig. 2. Detection of native T. cruzi proteins with selected antibodies. Protein extracts from epimastigotes (E) and trypomastigotes

(T) of T. cruzi, RA strain, were run on 10% polyacrylamide gels, blotted onto nitrocellulose filters and reacted with antibodies

selected from the human serum H, with the indicated recombinant clones. 7.5% polyacrylamide gel was used for the reaction with

antibodies selected with clone 1 since the band detected did not enter into 10% gels. Molecular weight markers are those described
under Materials and Methods. S indicates the separation between stacking and 10% polyacrylamide gels.
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Fig. 3. Detection of RNA species homologous to the recombinant cloned DNAs. Total RNA from epimastigotes (E) and try-

pomastigotes (T) of T. cruzi, RA strain, were electrophoresed on 1.2% agarose gels, blotted onto nitrocellulose filters, and hy-

bridized with the insert of each recombinant cloned DNA as indicated. Arrows on the right side of the figure (<<) indicate con-
taminant DNA band. Molecular weight markers are those described under Materials and Methods.

other sera used (see below). The results of West-
ern and Northern blot experiments are summa-
rized in Table I, which also includes the sizes of
the inserts of the recombinant clones studied.
Antibodies selected with clone 1 detect a pro-
tein larger than 205 kDa in epimastigote and try-
pomastigote extracts. No RNA species could be
detected with this clone, and this may be due to
the possible large size of the corresponding RNA.
Antibodies to clone 2 recognize a protein of 85

TABLE I

kDa and clone 2 DNA detected RNA species of
4.1 and 3.5 kb, in both cases only in the trypo-
mastigote stage of the parasite. Five proteins
(from 205 to 165 kDa) and four RNA species
(from 5.8 to 4 kb) were observed only in trypo-
mastigotes with clone 7. Detection of more than
one protein and RNAs with this clone, as well as
with others (see below) may have several expla-
nations (epitopes shared by different proteins,
presence of precursor or breakdown products),

Native proteins and RNA species detected by the recombinant clones

A gtll clones Insert size (kb) Native protein size (kDa) Eor T RNA size (kb) EorT
1 13 >205 E-T N.D. N.D.
2 2.5 85 T 4.1/3.5 T
7 2.5 205/200/190/175/165 T 5.8/4.8/4.3/4 T

10 3.0 150/140/125 E-T 10 E

13 2.2 85 T 3.8 T

26 23 >205 T 10 T

30 0.65 205/195/160 E 8.4(E-T)/6.8(T)/4.3(E) E-T

36 0.70 85 E-T N.D. N.D.

54 1.5 90 T N.D. N.D.

The relative molecular mass in kilodaltons (kDa) of native proteins and the molecular weight of RNA species in kilobases (kb)
identified with each recombinant clone are shown. The column E or T indicates whether proteins or RNAs have been identified
in epimastigotes, trypomastigotes or in both stages. (E) or (T) in brackets are included after some RNA species, to indicate whether
they were present in one of the parasite forms or in both. N.D. (non-detected) indicates that identification of the RNA species

was not possible (see text).
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which cannot be proved, nor refuted, at present.

Antibodies selected with clone 10 detected
three proteins (150, 140 and 125 kDa) present in
much larger amount in epimastigotes than in try-
pomastigotes. However, RNA (10 kb) could only
be detected in epimastigotes. Thus with clone 10
it was possible to detect proteins but not RNA
species in the trypomastigote form of 7. cruzi.
This result might be due to the presence of a very
small amount of this RNA species, in the trypo-
mastigote stage, as suggested by the much smailer
amount of proteins.

Antibodies selected with clones 13 and 26 al-
lowed detection of proteins of 85 and 205 kDa,
respectively, only in the trypomastigote stage of
the parasite. Accordingly, RNA species were de-
tected in the same parasite stage with both re-
combinant clones (Fig. 3 and Table I). In the case
of clone 30, a different result at the protein and
RNA level was observed. Proteins were detected
only in epimastigotes (205, 195 and 160 kDa);
however, RNA species that differed in size be-
tween epimastigotes and trypomastigotes, are
present in both 7. cruzi stages (Table I). Finally,
antibodies selected with clone 36 mainly detected
one 85 kDa protein in both parasite stages, while
antibodies to clone 54 recognized a protein band
of 90 kDa only in the trypomastigote protein ex-
tract. Both recombinant clone inserts (36 and 54)
seem to have a repetitive sequence also present
in different RNA species (Fig. 3), that precludes
the identification of discrete RNA bands. The
same result was obtained when poly(A)* RNA
was used instead of total RNA for the Northern
blots (not shown).

Reactivity of human and rabbit sera with the prod-
ucts of the recombinant clones. In order to assess
how representative of the parasite antigens were
the products of the isolated clones, each clone
product was reacted with sera obtained from 9
rabbits infected with different T. cruzi strains and
from 8 chronically infected humans (Fig. 4).
Clones reacting very strongly (++) or stronger
(+) than the background observed with A gtll
were tabulated (Table II). Some of the clones
were detected by all sera from either rabbits or
humans, while others were only detected by some
of them or, in the case of clone 22, by none but

for the serum used for the initial screening (H,),
which gave a very faint reaction. Clone 7 reacted
with antibodies from all rabbit sera, but did not
react with three out of eight human sera. Con-
versely, clones 1, 2 and 30 were detected by all
human sera tested, but by few of the rabbit sera.
Interestingly, rabbit serum against CA1 T. cruzi
strain reacted in a similar way as human sera since
it was the only one that detected clones 1 and 2.
Two rabbit and two human control sera gave
negative results with all recombinant clones (not
shown).
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Fig. 4. Reaction of human and rabbit sera with recombinant

DNA products. Nitrocellulose filters containing recombinant

products distributed as shown on the bottom of the figure, were

reacted with each of the indicated human sera from chronic

Chagasic patients (A) or with rabbit sera against each of the
T. cruzi strains stated (B). A, A gtll phage.
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Discussion

We have analyzed the antigenic determinants
of T. cruzi, searching for those genes whose
products can be detected with serum from a
chronic Chagasic patient. In four of the ten groups
defined, a single clone was detected, while in
other groups, two, three and up to six homolo-
gous clones were isolated. The differences in the
number of recombinants isolated per group may
indicate the presence of repeated genes, as al-
ready seen in 7. cruzi for those of an unknown
protein [34] and heat shock genes [35]. In any
case, these results showed that at least ten differ-
ent protein epitopes are antigenically active in 7.
cruzi infections. Five of them are expressed only
in trypomastigotes, while three other proteins
were present in epimastigotes as well. The prod-
uct of the recombinant clone 30 was only de-
tected in epimastigotes, but this could not be
confirmed after RNA analysis (Table I). In most
cases, antigenically active epitopes were located
in proteins of different molecular weights. How-
ever, antibodies to four apparently unrelated
clone products 2, 13, 36 and 54, detected native
proteins of similar sizes (85-90 kDa), three of
which, 2, 13 and 54, seem to be specific of try-
pomastigotes. We do not know yet whether the
latter three recombinant clones contained differ-
ent DNA sequences from the same gene. In this
context, several research groups have reported the
presence of proteins of around 85 kDa in T. cruzi
related to either cell penetration [21], to the
binding of fibronectin [22] and also a heat-shock
protein {35]. Recently, a gene for one 85 kDa
protein was cloned [23]. None of our clones seem
to be related to the latter since synthetic oligo-
nucleotides obtained according to the published
sequence [23] failed to detect any of them under
conditions that allowed detection of bands in 7.
cruzi nuclear DNA digests (unpublished obser-
vations).

The above mentioned results provide new in-
formation on the antigenic makeup of T. cruzi.
Preliminary immunofluorescence studies (not
shown) using living parasites and selected anti-
bodies suggest that the native proteins homolo-
gous to the products of clones 2, 10, 13, 36 and
54 are located on the surface of 7. cruzi. How-

ever, these results need to be confirmed using an-
tibodies to each of the fusion proteins raised in
rabbits. Cloned DNA products gave, in addition,
some insight into the immune response against
each of the several protein antigens of T. cruzi.
It has been demonstrated that several T. cruzi
strains differed in their antigenic composition
[9,12,17,20], which may explain the variable
reactivity of some clone products with different
sera (Table II). However, epitopes contained in
clone 7 product, were antigenically active in all
infected rabbits tested, but not in three of the
eight infected humans, while antibodies against
clone 1, 2 and 30 products were detected in all
human sera, but only in few rabbit sera. This dif-
ference between rabbit and human response, does
not seem to be related to differences in the anti-
genic composition of T. cruzi strains since, firstly,
six T. cruzi strains were used to obtain rabbit sera
and all of them strongly reacted with the product
of clone 7 and, but for one serum, none reacted
with the products of clones 1 and 2, and sec-
ondly, even though we do not know the T. cruzi
strains that infected the humans from which the
sera used were derived, we consider unlikely that
they might be identical, specially because of the
different reaction observed among human sera
with some of the cloned gene products (see Table
II). The hypothesis we consider more likely is re-
lated to the possible change with time of the an-
tigens presented to the immune system and to
difference between hosts. Thus, rabbit sera were
obtained from 15 to 60 days post-infection,
whereas the human sera were from chronic infec-
tions in which the parasites may have been pres-
ent for years. In this context, it is worthwhile no-
ticing that differences in the kinetics of
appearance of circulating antibodies in the mouse
as measured by complement mediated lysis or
conventional serology have been reported [36].
These observations may have practical implica-
tions in the serological diagnosis of Chagas’ dis-
ease, since different antibody types may be pres-
ent in the course of an infection. Thus, the
product of the clone 7 may be useful to follow in-
fections in rabbit models, while clones 1, 2 and
30 seem useful for diagnosis in humans. Antibod-
ies to clones 7 and 36 were specific for each clone
product if selected from one (human) serum but



cross-reacted with each other if selected from
other (rabbit) serum. One likely explanation may
be the existence of common epitopes in part of
the proteins coded by both clones, despite the
difference in the relative molecular mass of the
native proteins detected with each clone (Table
I). Antibodies against common epitopes may be
present in some sera but not in others. Epitopes
not shared by both proteins allowed selection of
antibodies specific for each clone product.

In summary, we have isolated several genes for
T. cruzi antigenic determinants, and identified
their products in the epimastigote and trypomas-
tigote stages of the parasite life cycle. The results
obtained suggest that using cloned gene products
it will be possible to dissect the immune re-
sponse, which in organisms with a complex life
cycle, like T. cruzi, may provide new clues on the
interesting and delicate equilibrium of the host—
parasite relationship.
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