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The repetitive shed acute-phase antigen (SAPA) from Trypanosoma cruzi was thoroughly mapped by SPOT
peptides and phage display strategies, showing that a single SAPA repeat is composed of multiple overlapping
B-cell epitopes. We propose that this intricate antigenic structure constitutes an alternative device to repeti-
tiveness in order to improve its immunogenicity.

Several repetitive antigens from parasitic protozoa and
pathogenic bacteria were identified through immunoscreening
of genomic and/or cDNA libraries with sera from infected
individuals (7–9, 14, 15, 20). It is hypothesized that the immu-
nodominant character of these repetitive antigens relies on
their high epitope dosage (on a molar ratio basis) and/or on
their particular two-dimensional organization (19). However,
the existence of additional mechanisms contributing to the
immunodominance of repetitive antigens could not be disre-
garded. To clarify this issue, we performed a detailed antigenic
study on the trypomastigote-restricted shed acute-phase anti-
gen (SAPA) from Trypanosoma cruzi, one example of this kind
of molecule. It elicits a strong immunoglobulin G response
early after infection that is lost with the progression of the
disease (1, 17, 18). SAPA is constituted by 12-amino-acid re-
petitive units (DSSAHSTPSTPA) displayed in tandem on the
C terminus of trans-sialidase, a T. cruzi virulence factor (3, 5,
11) which enhances its half-live in blood and is associated with
the induction of trans-sialidase-neutralizing antibodies (2).

One central and still-unsolved concern regarding the anti-
genic structure of SAPA is whether this antigen displays a
single or several B-cell epitopes per repeat unit. To analyze this
issue, 12 peptides covering all possible hexamers in the SAPA
repeat sequence were custom synthesized by the SPOT tech-
nique (Genosys Biotechnologies, The Woodlands, Tex.) (4)
and probed with sera from infected individuals of different
species. This peptide length was chosen to minimize the pos-
sibility that a single SPOT could span more than one epitope.
Sera from six New Zealand white rabbits and eight mice (C3H/
HeN, CF1, or BALB/c) infected with different T. cruzi strains
(RA, CAI, Y, and Acosta) along with those from 10 acute-
phase Chagasic patients were assayed individually, and repre-
sentative results are shown in Fig. 1A. (Human and animal
materials were obtained in accordance with national regula-

tions.) Reactions were developed by the addition of secondary
antibodies coupled to alkaline phosphatase (Dako Corpora-
tion, Carpinteria, Calif.) followed by 5-bromo-4-chloro-3-in-
dolyl phosphate–3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyltet-
razolium bromide (Sigma Chemical Co., St. Louis, Mo.). Sera
from both infected rabbits and mice reacted against two sets of
peptides spanning the sequences TPSTPAD and TPADSS.
These epitopes are partially overlapped, thus defining a major
B-cell restricted antigenic spot on the SAPA sequence (span-
ning the sequence TPSTPADSS). In addition, sera from in-
fected mice recognized a third epitope spanning the sequence
SAHSTP (Fig. 1A) that also was strongly recognized by an
anti-SAPA mouse monoclonal antibody (MAb) (10) (data not
shown). Interestingly, similar sequences for each species were
highlighted when sera from mice and rabbits immunized with
the recombinant glutathione S-transferase (GST)–SAPA pro-
tein (2) were tested (Fig. 1A). Therefore, the two species
disclose a multiepitope arrangement within the SAPA repeat.
Acute-phase Chagasic human sera reacted with the consensus
sequence PSTP, which is similar to one of the major epitopes
defined for the other two species (Fig. 1A). In this case, the
humoral response seemed to be restricted to this epitope and
not spread over different antigenic determinants present on
the SAPA sequence.

To define critical residues involved in the antibody recogni-
tion for each identified epitope, a series of alanine-substituted
analogs were synthesized by the SPOT method and probed as
indicated before. Five sequences were deemed core epitope
motifs (TPADSS and PSTPAD for mice, TPADSS and TPSTPA
for rabbits, and STPSTP for humans) based on their degree of
antibody recognition in the SPOT assay (Fig. 1A). The recog-
nition of the TPADSS peptide by antibodies from infected
rabbits and mice involved almost the entire sequence (Fig. 1B).
Alanine replacements at any position resulted in a significant
reduction in binding except for the N-terminal threonine res-
idue. On the other hand, the critical residues from the other
major SAPA epitope seemed to be species specific. Mouse sera
recognized the sequence PXXPXD, whereas rabbit sera re-
quired the sequence XPSTPA and human sera recognized the
sequence XTPXTP. It is noteworthy that in all cases the re-
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placement of either proline residue completely impaired the
binding of the antibody. Thus, the epitope defined by the three
species contains the minimal PXXP sequence, known as the
polyproline II motif (22), that has been identified in a variety
of surface proteins and might be related to adhesive and/or
antigenic properties (13).

As a complementary technique to SPOT peptides, phage
display was chosen to search for SAPA-restricted B-cell
epitopes (12). This technique allows the detection of longer
and/or discontinuous epitopes, thus overcoming two of the
major drawbacks of the SPOT hexapeptides assayed before.
Two libraries made up of random nonapeptides were screened.
In one of them, peptides are flanked by cysteine residues,
allowing the location of the epitopes in a solvent-exposed loop
on phage pVIII protein (12). For these screenings, both the
MAb anti-SAPA (10) and purified immunoglobulin G from
GST-SAPA-immunized rabbits were used as described previ-
ously (16). Screening of the libraries with the MAb anti-SAPA
yielded five positive phages (group I) with the consensus se-
quence SAH(A/V)XP(S/T), where X denotes a permissive po-
sition (Fig. 2A). This mimotope-based sequence is very similar
to one of the epitopes (SAHSTP) previously defined (Fig. 1A).
When SAPA-immunized-rabbit antibodies were assayed, 11
phages were obtained that could be arranged in three separate
groups (Fig. 2B). The consensus defined for group II (n � 4)

FIG. 1. Mapping of SAPA B-cell epitopes through SPOT peptides. (A) Filters containing 12 overlapping hexapeptides synthesized in a defined
array (enclosed box) were probed with sera from infected (1:100 dilution) or immunized (1:200) animals and humans. Peptides that gave positive
reactions are indicated below the corresponding filter, and the consensus sequences of the defined epitopes are underlined. (B) Series of alanine
or glycine-substituted analogs synthesized on the basis of the parent peptide shown above each panel were probed with the indicated serum and
processed as described above. Critical residues for antibody recognition, as judged by peptide reactivity, are indicated by uppercase letters below
each panel.

FIG. 2. Sequence analysis of phage-derived mimotopes. Mimo-
topes expressed by phages cloned through library screening with the
MAb anti-SAPA (group I) or rabbit polyclonal anti-SAPA antibodies
(groups II and III) are aligned with the SAPA sequence. Hyphens are
introduced for better alignment. Another four phages bearing the
sequences KVRNWRESM (phage 1), CRWPDVLLWC (phage 2),
CQKAGGVAL (phage 6), and NSHAARDAW (phage 9) without
obvious homology to SAPA were also obtained by rabbit antibody
screening.
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was STPSXXP(A/G), showing a stretch of four residues
(STPS) that perfectly matches the SAPA sequence. In addi-
tion, three of these phages retained a second proline residue at
a fixed position that may correspond to the other proline
present on SAPA, though all of these mimotopes accommo-
dated an extra hydrophobic residue between the prolines. As a
result, the consensus of this second group of phages seems to
mimic TPSTP, one of the major SAPA epitopes highlighted in
the SPOT experiments (Fig. 1A).

The consensus of group III of the mimotopes (n � 3) was
defined as RSNPAHMA(E/W) (Fig. 2B). The alignment of
this consensus sequence with SAPA is not so obvious, but it
might resemble the sequence of the other previously defined
epitope (TPADSS). Alternatively, these phages may bear con-
formational epitopes. The remaining four isolated phages (list-
ed in the legend to Fig. 2) displayed mimotopes that could not
be assigned to any given SAPA sequence, a frequent finding
when these libraries are used (12). Altogether, these results
reinforce those obtained by the SPOT method and further
support the multiepitope composition of a single SAPA repeat
unit.

The specificity of the identified mimotopes was evaluated by

phage-dot assay. As depicted in Fig. 3, phages belonging to
different defined groups were recognized by a rabbit antiserum
raised against a synthetic 24-mer peptide spanning two SAPA
repeats (21), strongly suggesting that they are in fact mimicking
SAPA epitopes. In addition, sera derived from infected rabbits
(5 of 6), infected mice (11 of 12), and Chagasic patients (7 of
8) but none of the normal sera used were able to recognize
several phages (Fig. 3 and data not shown). In these assays,
reactivity was developed by alkaline phosphatase, 125I-protein
A, or a secondary antibody coupled to horseradish peroxidase
(Dako) followed by SuperSignal substrate (Pierce, Rockford,
Ill.). As expected, the recognition profile for these epitopes
showed subtle individual differences that might be attributed to
parasite and/or host polymorphism. More important, phage-
dot experiments suggest the existence of multiple B-cell
epitopes even for human antibodies whose recognition profile
was shifted toward a unique SAPA sequence in the SPOT
assays (PSTP) (Fig. 1A). These results might be ascribed to
differences in the sensitivity of both methods or, alternatively,
to a constraint imposed on the repertoire of human antibody
recognition by the length of the SPOT peptides (hexamer). A
similar effect was observed for infected rabbit sera that recog-
nized mimotopes corresponding to the SAHSTP epitope in the
phage-dot assays (Fig. 3) but not the epitope in the SPOT
experiments (Fig. 1A).

Overall, our data revealed that SAPA displays a complex
antigenic array, made up of multiple linear overlapping
epitopes per repeat unit (schematized in Fig. 4). Different
species showed subtle variations in the sequence and length of
their defined epitopes, but they all seem to elicit multiple
B-cell immune responses against SAPA. In addition to the
linear B-cell epitopes demonstrated within the repeat unit, a
further discontinuous epitope(s) can be proposed (Fig. 2). The
complexity of this scenario would be further increased by the
presence of a weak T-cell epitope(s) (rendering stimulation
indexes of about 2 to 4) within SAPA as detected by us (data
not shown) and others (6). Such an intricate antigenic arrange-
ment provides an alternative mechanism contributing to ex-
plain the overall immunogenicity of SAPA during T. cruzi
infections. More important, these data give us a new perspec-
tive on the molecular structure and the interplay with the
immune system of repetitive antigens, a common theme among
infectious agents.
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FIG. 4. Multiple overlapping B-cell epitopes in SAPA. A single
SAPA unit (capital letters) and two residues from the flanking units
are shown. Epitopes defined by sera from infected rabbits (upper
lines), mice (lower lines), and humans (boxes) are indicated.
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