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We screened a Trypanosoma cruzi cDNA expression library with human and rabbit anti-T. cruzi sera and
identified cDNA clones that encode polypeptides containing tandemly arranged repeats which are 6 to 34 amino
acids in length. The peptide repeats encoded by these cDNAs varied markedly in sequence, copy number, and
location relative to the polyadenylation site of the mRNAs from which they were derived. The repeats were
specific for T. cruzi, but in each case the sizes of the corresponding mRNAs and the total number of repeat
copies encoded varied considerably among different isolates of the parasite. Expression of the peptide repeats
was not stage specific. One of the peptide repeats occurred in a protein with an M, of >200,000 and one was
in a protein of Mr 75,000 to 105,000. The frequent occurrence and diversity of these peptide repeats suggested
that they may play a role in the ability of the parasite to evade immune destruction in its invertebrate and
mammalian hosts, but the primary roles of these macromolecules may be unrelated to the host-parasite
relationship.

Trypanosoma cruzi, the protozoan agent of American
trypanosomiasis or Chagas' disease, has a complex life cycle
in which it is continually exposed to immune attack in
mammalian and insect hosts (4, 19). In mammals, T. cruzi
multiplies as intracellular amastigotes that undergo transfor-
mation to the trypomastigote form prior to rupture of para-
sitized cells. When released, the invasive trypomastigotes
enter adjacent host cells or spread hematogenously to distant
tissues, in which the cycle of transformation and multiplica-
tion is repeated. Hematophagous reduviid bugs ingest circu-
lating trypomastigotes with blood meals, which in turn
differentiate into epimastigotes (Epi) that multiply in the
midgut. Subsequently, in the hindgut Epi differentiate into
metacyclic trypomastigotes that can infect mammalian
hosts. When insect excreta containing these infective meta-
cyclic forms come into contact with mucosal surfaces,
conjunctivas, or breaks in the skin of humans or other
mammals, the parasites gain entry into host cells, thus
completing the cycle.
The long-term survival of T. cruzi depends on the estab-

lishment of infections in individual hosts of both types that
persist for long periods without causing death. The perma-
nence of T. cruzi in insect and mammalian hosts requires
continual evasion of immune destruction, but the nature of
the parasite antigens involved in this process and the host
immune responses they elicit are not well understood. To
provide basic information about antigens that may be in-
volved in this complex host-parasite relationship, we used
sera from several individuals chronically infected with T.
cruzi, as well as that of a rabbit immunized with a monoclo-
nal antibody-purified T. cruzi surface antigen, to isolate
cDNAs from an expression library constructed by using
RNAs from culture-derived metacyclic trypomastigotes
(CMT). This approach yielded several dozen cDNAs, and
initial DNA sequence analyses identified eight that contain
regions encoding tandemly arranged peptide repeats. These
repeats, which apparently are not found in closely related
protozoans, are strikingly heterogeneous when viewed from
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several perspectives. In addition, diversity in the genes that
encode the repeated peptides occurs among different T. cruzi
isolates. The frequent occurrence and diversity of regions
encoding antigenic peptide repeats suggest that they may
contribute to evasion of immune destruction, but other roles
unrelated to the host-parasite relationship may be of primary
importance.

MATERIALS AND METHODS
Preparation of parasites. Epi of the Corpus Christi (42),

Tulahudn (T. Pizzi, Ph.D. thesis, University of Chile, San-
tiago, 1957), and Y (34) strains of T. cruzi and Sylvio X-10/4
clone (35) were maintained in logarithmic growth phase at
26°C in supplemented liver digest neutralized medium as
described previously (17). Mixtures of Epi and CMT (-1:1)
of the Sylvio X-10/4 clone were grown in Grace's insect
medium, and purified CMT (>90%) were obtained by pas-
sage of the mixture through a DE52 column as described
before (L. V. Kirchhoff and D. F. Hoft, submitted for
publication). Procyclic culture forms of the IaTatl.2 clone of
T. brucei brucei (25) were grown in BSM medium supple-
mented with 3 mM cis-aconitate and 1 mM pyruvate at room
temperature (6). Promastigotes of the Morton strain of
Leishmania mexicana mexicana (F. A. Neva, unpublished
results) were maintained in logarithmic growth phase at 26°C
in medium 199 supplemented with 30% fetal calf serum and
20 Lg of hemin per ml.

Construction of the cDNA expression library. RNA was
purified from Sylvio X-10/4 CMT (5) and cDNAs were
synthesized from total RNA, without prior isolation of
poly(A)+ RNA, with Moloney murine leukemia virus re-
verse transcriptase in the BRL Synthesis System, using the
protocol suggested by the manufacturer (Bethesda Research
Laboratories, Inc., Gaithersburg, Md.) (3). Following treat-
ment with EcoRI methylase and attachment of EcoRI link-
ers, the cDNAs were ligated into bacteriophage XZAP (Strat-
agene, San Diego, Calif.) (33). After packaging of the
recombinant phage (GigaPack Gold; Stratagene), a library of
6.4 x 106 independent clones was obtained, and 5 x 106 of
these were amplified in Escherichia coli Y1090 (36).

Antibody probes and immunoscreening. Sera from Bolivian
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and Salvadoran patients with xenodiagnosis-confirmed
chronic T. cruzi infections (16, 18) were used to identify
cDNAs encoding antigenic T. cruzi fusion proteins. In addi-
tion, a rabbit serum, designated Ra.72, containing antibodies
directed against an iodinatable surface protein of T. cruzi
having an approximate Mr of 72,000 was used for this
purpose. This serum was produced by hyperimmunizing a

rabbit with T. cruzi antigen that had been affinity purified
with monoclonal antibody 2D2, an antibody that binds to an

iodinatable surface protein of the parasite having an M, of
62,000. The reason for this difference in specificity is not
clear. The amplified cDNA library was immunoscreened
with these sera as described previously (12), using species-
specific, horseradish peroxidase-conjugated goat anti-immu-
noglobulin G as secondary antibody.

Characterization of cDNAs. Recombinant pBluescript plas-
mids were recovered from purified XZAP clones identified by
the anti-T. cruzi sera by coinfecting E. coli XL1-Blue with
the recombinant phage and R408 helper phage (33). Nucle-
otide (nt) sequences of cloned cDNAs were determined by
the dideoxy method (31), using the sequenase kit (U.S.
Biochemicals, Cleveland, Ohio), or by the chemical cleavage
procedure (22) on end-labeled fragments generated by cleav-
age at internal restriction sites.
Northern and Southern blots. Total RNA and genomic

DNA were isolated from parasites as described previously
(5, 20), and blots of purified nucleic acids were performed by
standard procedures (21, 37). DNA samples were depuri-
nated (0.25 M HCl) and denatured (1.5 M NaCl, 0.5 M
NaOH) after electrophoresis. Purified cDNAs for probing
blots were labeled with 32P by the random oligonucleotide
primer method and E. coli DNA polymerase I (10). The
entire cDNAs were used to probe blotted nucleic acids,
except in the case of the TCR27 cDNA, from which the
region between the 5' end and an XbaI site was isolated and
labeled (see Fig. 2). Hybridization conditions for the South-
ern blots were 20x SET (20x SET is 3 M NaCl, 0.4 M Tris
chloride [pH 7.8], and 20 mM EDTA) and 65°C.
Antibody select procedure and Western blots (immuno-

blots). For isolation of antibodies directed against specific
fusion proteins, cloned recombinant phage were plated with
E. coli Y1090 on agar (11). Fusion proteins were bound to

isopropyl- -D-thiogalactopyranoside-saturated nitrocellulose
disks, and after blocking the disks were incubated overnight
in dilute solutions of the serum originally used to identify the
reactive phage. Bound antibody was then obtained by acid
elution and neutralized prior to use. Antibodies selected
similarly with an ovalbumin fusion protein were used as

controls. To determine the specificity of the selected anti-
body, parasites were solubilized by boiling in 5% sodium
dodecyl sulfate followed by treatment with 50 mM dithiothre-
itol-200 mM iodoacetamide as described before (41). Alter-
natively, the organisms were lysed in 2% Nonidet P-40 at

room temperature. Parasite lysates were then electro-
phoresed on 5 to 15% sodium dodecyl sulfate-polyacrylamide
gradient gels and transferred to nitrocellulose sheets as re-

ported (39). Nitrocellulose strips (4 mm) containing the sepa-

rated parasite antigens were then blocked with 20% fetal calf
serum in phosphate-buffered saline and incubated in solutions
containing the selected antibodies. Bound antibodies were

detected by addition of species-specific, horseradish peroxi-
dase-conjugated goat anti-immunoglobulin G and substrate.

RESULTS

Identification and characterization of T. cruzi cDNAs encod-
ing tandemly repeated peptides. Human and rabbit sera

TCR1 L E E L R V E N E E L R P E G E D K
CTGGAGGAGCTTCGTGTGGAGAACGAGGAGCTGCGGCCCGAGGGCGAGGATAAG
T R A L Q E V S E Q A E D L R Q (34)
ACCCGTGCACTGCAGGAGGTGAGCGAGCAGGCGGAGGATCTGCGGCAG

LTCR3

TCR27

Q K A A E N E R L A D E L E
CAGAAGGCCGCGGAGAATGAGAGGCTGGCGGATGAGCTTGAG

(14)

* *

Q K A A E A T K V A E A E K (14)
CAGAAGGCAGCTGAAGCCACGAAGGTTGCCGAAGCGGAGAAG

TCR39 P F G Q A A A G D K P S (12)
CCATTTGGACAGGCCGCTGCAGGTGACAAACCATCA

TCR61

- TCR69

TCR70

* * * * 0

A A P K K A (6)
GCTGCGCCCAAAAAGGCT

* * * * * *

A A P A K A A (7)
GCTGCACCCGCGAAGGCTGCT

A A P A K A A (7)
GCTGCACCCGCGAAGGCTGCT

TCR101 H A H R A I H V L H C A R H A F H L
CATGCACATAGAGCAATTCATGTGCTGCATTGCGCCCGACATGCCTTCCATTTG

R T V L V V V L H I P (29)
AGAACTGTTCTTGTGGTAGTTCTCCATATTCCT

FIG. 1. Consensus nucleotide and inferred amino acid sequences
of the tandemly arranged repeats identified in cDNAs derived from
T. cruzi RNA. The number of amino acids in each repeat is given in
parentheses. Solid squares and circles denote residues that are
identical in the repeats grouped by the brackets.

having anti-T. cruzi antibodies were used to immunoscreen
approximately 750,000 XZAP phage. Fifty-nine strongly re-
active phage were identified, and after recovery of recombi-
nant pBluescript plasmids, DNA sequences of 200 to 300 nt
at both ends of each cDNA were determined. Eight of the
cDNAs were found to contain regions encoding tandemly
repeated peptides and further nucleotide sequencing was
performed on all cDNAs in this group. A comparison of the
consensus nucleotide and inferred amino acid repeat se-
quences of these eight cloned cDNAs is presented in Fig. 1,
in which the number of amino acids in each repeat is given in
parentheses. There is considerable diversity in both size and
amino acid sequence among the repeats, which range from 6
to 34 amino acids in length. Several similarities also exist, as
indicated by the solid squares and circles. TCR69 and
TCR70 are identical, and five of the six amino acids of
TCR61 are present in the seven-amino-acid sequence of
TCR69. In addition, the peptide repeats encoded by TCR3
and TCR27 are both 14 amino acids long, and a 60% identity
at the nucleotide level results in the same amino acid at 6 of
14, or 43%, of the positions.
Four of the eight cDNAs containing repetitive sequences

were selected for further characterization and are presented
schematically in Fig. 2. TCR3, which along with TCR1 was
identified with the Rox72 serum, is a 1,195-nt insert that
contains a single 777-nt open reading frame. Located at the
5' end of this coding sequence are six and one-half copies of
a 42-nt repeated sequence, followed by a 495-nt region that
encodes a nonrepetitive amino acid sequence unrelated to
the peptide product of the repeats. The nontranslated region
downstream from the stop codon does not end in a poly(A)
sequence.
The other three cDNAs depicted in Fig. 2 were identified

with sera from patients with chronic T. cruzi infections.
TCR27, a 1,660-nt insert with a single open reading frame of
approximately 1,230 nt, also contains a region of 42-nt
repeats, but as noted, the repeat sequence is different from
that of TCR3. The DNA sequences of five or more repeats at
both the 5' and the 3' ends of the repeated region were
determined. The presence of approximately 13 additional
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612 x 42 bp

TCR3 FVVV1 111 1195 bp

-25 x 42 bp

TCR27 [ I t1t111 11lII lKiI

TCR39

A
Xbal

-36 x 36 bp

An~A. 2100 bp

-19 x 21 bp

TCR70 > ; --0-:;: ::0::j0-:d ;00:: 0000::0:: f: :::0: X , S - 1 1-An 1400 bp

FIG. 2. Schematic representations of T. cruzi cDNAs identified with rabbit and human antisera. Horizontal lines indicate nontranslated
nucleotide sequences. Regions encoding proteins are enclosed in large rectangular boxes. Vertical lines within these boxes delineate the
positions and sizes of the units encoding repetitive peptides. The numbers above the regions of the repeats indicate the numbers and lengths
of the repeats. Stippling denotes regions for which restriction maps were deduced but nucleotide sequences were not determined. Repeats
in these regions were deduced by restriction endonuclease mapping. XbaI in the TCR27 cDNA indicates a restriction site for this enzyme,
and the region to the left of this site was used as a probe in Fig. 4B. The small box at the 5' end of the TCR70 cDNA indicates the presence
of the downstream portion of the spliced leader sequence. The horizontal bar below the TCR70 cDNA denotes the location of the TCR69
sequence, which differs from the corresponding region of TCR70 only in the position of the polyadenylation site. bp, Base pairs.

repeats in the center of this region, indicated by the stippled
area, was deduced from the size of the 610-base-pair DNA
fragment remaining after digestion of the cDNA insert with
PvuII, an endonuclease that cleaves within the repeats. The
open reading frame continues downstream from the repeats
for 180 nt, and the nontranslated region ends in a poly(A)
tail. The third cDNA is TCR39, a 2,100-nt insert that also has
repeats at its 5' end as well as a poly(A) tail. The repeats are

36 nt in length, however, and approximately 36 tandem
copies are present as deduced by digestion with PstI, which
cleaves once in each repeat. The nucleotide sequence of the
repeats and that of the downstream coding region into which
the open reading frame continues are unrelated to each
other.
TCR70, the fourth cDNA shown in Fig. 2, is distinct in

that it is a full-length insert, as indicated by the presence, at
its 5' end, of the downstream 18 nt of the 39-nt spliced leader
present on all trypanosome mRNAs (26, 40). The total length
of TCR70 is 1,400 nt, and partial sequence analysis of its 5'
terminus indicates that it contains a continuous open reading
frame in the same translation reading frame as the ,-
galactosidase gene fragment in the XZAP vector. The down-
stream region of the open reading frame contains an area

consisting of 19 repeats which are 21 nt in length, followed
by a short nonrepetitive region that encodes only five
additional amino acids. The sequences of 12 of these repeats
were determined, and the presence of the additional 7
repeats was deduced from the repetitive nature of faint
bands on the autoradiogram of the sequencing gel. After a
total of 19 repeats, the sequence no longer appeared repeti-
tive. TCR69, a 409-nt cDNA that was completely sequenced,
is identical to the segment of TCR70 indicated by the bar in
Fig. 2, except that the location of its polyadenylation site
differs by S nt.
The amino acid sequences encoded by the four cDNAs

depicted in Fig. 2 are shown in Fig. 3. In general, the amino
acid sequences of the repeats are highly conserved, with
only occasional substitutions. However, in the last one or
two repeats at the carboxyl ends of the repeated regions of
each of the peptides, there is considerable degeneracy as the
similarity to the consensus repeat is lost. The peptide
sequences downstream from the regions of the repeats are
highly heterogeneous and contain no putative metal and

nucleic acid binding structures found in tail peptides of some
other proteins containing repeats (2, 17).
The total number of repeats in the transcripts from which

seven of the eight cloned cDNAs were derived cannot be
determined from the nucleotide sequences alone because
their 5' termini are located in the repetitive regions. The
exception is TCR70, which contains the entire open reading
frame of the message that encodes 19 copies of the seven-

amino-acid peptide repeat, as determined by partial se-

quence analysis. An additional feature of the sequences of
the cloned cDNAs is that they apparently are all unique to T.
cruzi. We addressed this question by probing RsaI-digested
DNA from L. mexicana mexicana and from T. brucei brucei,
two protozoans closely related to T. cruzi, with the cloned
cDNAs in Southern blots, and no significant hybridization
was observed by using the washing conditions described
above (not shown). Similarly, when the nucleotide and
protein sequences of these cDNAs were compared with
those in the Genbank and Swiss-Pro data bases, no close
matches were found.

Analysis of T. cruzi genes and transcripts encoding peptide
repeats. We used Northern (RNA) and Southern analyses to
study in four distinct T. cruzi isolates the patterns of tran-
scription and occurrence of genes related to the four cloned
cDNAs depicted in Fig. 2. The results of these experiments
are shown in Fig. 4, in which Northern analyses are pre-
sented in block 1 of each panel and Southern analyses are
depicted in block 2. The autoradiographic patterns obtained
when electrophoretically separated samples of total RNA
from the Corpus Christi, Tulahudn, and Y strains, and from
the Sylvio X-10/4 clone, were probed with TCR3 are shown
in block 1 of panel A. In each of the four isolates, TCR3
hybridizes to two transcripts, ranging in size from 6.5 to 9
kilobase pairs (kb), but there is considerable variability in
the sizes of the two transcripts from one isolate to another.
These transcripts have the potential for encoding very large
proteins. For example, the 7.0- and 7.8-kb transcripts in the
Sylvio X-10/4 lane could encode proteins with Mrs as high as

255,000 and 285,000, respectively.
This intraspecies variability in the sizes of the TCR3

transcripts raises the question of whether they are the
primary transcription products of similarly diverse genes or
the result of posttranscriptional processing of a less hetero-

1660 bp
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TCR3
E

Q K A E N E K L A D E L E
Q K A E N E LAD EQ K AA E N E R L A D E L EQ K A E N E R L A D E L E
Q X A A E N E R L A E L E

Q K A A E N E R L L D K K C L E E E L E R N
V L E R E R I E S E C R S R E L V V G G L E S K S R E L E E A
L V A L S A E K Y N A V E T I E K E P T D I L V Q L K V V E G
V N G A L R L L L S D K E K E L V F L R A H C E L W T D P T E
V K E K V V T R H V K V F D G D E W E K L L C E R P E A LN A
A F V I D A G N A C H V P G D Q V S A V S F F T E R Q *

TCR39
P F G Q A A A G D K P S
P F G Q A A A G D K P S
P F G Q A A A GI!K PfJ
P F G Q A A A G D K P S
L F G Q A A A G D K P S
L F G Q A A A G D K P S
L F G Q A A A G D K P S
T F G Q A A A G D K P S
-T F G Q A A A GMEK Pr
P F G Q A A A G D K P S

PFGQAAAGDEKPSP

PF G Q A A A GI!K1K E1

P F - - - - - - - -

- - - -24 repeats -

TCR27
T K V A E A E K

Q K A A E A T K V A E A E K
QElA A E A T K V A E A E K
Q K A A E A T K V A E A E K
QOJA A E A T K V A E A E K
QKAAEATKVAFAG D|EK
Q K A A E A T K V A - - - -

- - - - -13 repeats - - - -

-- - - - - - K V A E A E K
Q R A R E A T K V A E A E K
Q K A A E A T K V A E A E K
Q K A A E A T K V A E A G K
Q K A A E A A K A M E S Q K
Q R F L E R F A V L E E E K K A A L R A A E M

E R R K I T N I M K N K G V R S S D S V P L V E G N R S V T E
S S C R N R F R F S C S V M *

TCR69/70
A A P A K A A
A A P A K A A
A A P A K A A
A A P A K A A
A A P A K A A
A A P A K A A
A A P A K A A
AAPAK AA
A A P A KWTA A
A A P A K A A
A A P A K A A
A A P A K[A A
A P V G K K A G G K K *

- - - A A G D K P S
P F G Q G T V F D A S R S T V F A N G L

V L P S L V W K A I D G F C N H I L C C W W W V W S T K
C F G S I L Q N V H A T L P A G S A L S H I G S A F G S
P G N H S G G A F G G A G V S G P A I G G G K L S A L E
G S G F G Q A F S A F G N H A S T V L G N F G Q K E G E
G T F G T V G A H G T V P P P R F Q R P V P H F N L L L
F P V L R E T T R L P Q F K S V F G P H *

FIG. 3. Amino acid sequences containing repetitive peptides encoded by four cDNAs isolated from a T. cruzi expression library. The
peptide repeats are aligned, and point variations from the consensus repeat sequences are indicated by the boxed residues. Nonrepetitive
peptides downstream from the repeats are located in the lower portions of the sequences. C termini are indicated by asterisks.

geneous group of primary transcripts. To address this ques-
tion, we digested DNA samples from the four T. cruzi
isolates with RsaI and, after electrophoresis and transfer to
nitrocellulose, probed these digests with the four cDNAs
depicted in Fig. 2. RsaI does not cleave within the consensus
repeat sequences of these cDNAs. It recognizes a 4-nt
sequence (GTAC) that should occur on a random basis every
256 nt within the regions flanking the repeats. Thus, in the
absence of point mutations that generate RsaI sites in the
repeats, this enzyme should excise intact repetitive regions
of the genes from which the cDNAs were derived, flanked by
the upstream and downstream regions between the repeats
and the first RsaI sites. In this context, the genes containing
the repeats must be at least as large as the bands on the
radiographs of the Southern blots probed with the cDNAs. If
a repeat unit contains an RsaI site generated by a point
mutation, the segment of the gene consisting of the repeated
units would be cleaved to yield two bands, and the parent
gene would have to be larger than the smaller of the two
fragments.
The results obtained when a Southern blot of RsaI-

digested DNA samples from the four T. cruzi isolates was
probed with TCR3 are shown in block 2 of panel A. In a
lane-by-lane comparison, there is a general correspondence
between the numbers and approximate sizes of the TCR3
genes and their transcripts. This suggests that the intraspe-
cies heterogeneity of the TCR3 transcripts results from
genetic diversity rather than from posttranscriptional proc-
essing. This correlation also indicates that the size differ-

ences of the gene fragments and their transcripts observed
among the four T. cruzi isolates results from differing num-
bers of the 42-nt TCR3 repeat unit. For example, the 6.3- and
7.3-kb bands present in lane S of block 2 suggest that the
TCR3 cDNA was derived from a gene containing approxi-
mately either 150 or 170 repeat units. Of additional interest is
the observation that the smaller of the two gene fragments in
Corpus Christi strain and Sylvio X-10/4 clone (lanes C and S)
are clearly smaller than the corresponding transcripts seen in
the Northern blot. Most likely this results from the fact that
the bands on the Southern blot reflect only the approximate
sizes of the regions containing the repeats, rather than the
entire genes.
The autoradiographic patterns obtained when similarly

processed RNA and DNA samples were probed with TCR27
are shown in panel B. Again, each isolate has two transcripts
of different sizes and two genes to which the cDNA hybrid-
izes, but in each isolate the sizes are dissimilar from those to
which the TCR3 probe hybridized. The TCR27 genes appar-
ently encode transcripts containing far fewer repeat units
than do the TCR3 genes, since the 3.0- and 4.5-kb bands in
lane S of block 2 could contain no more than 75 and 105
copies of the 42-nt tandem repeats. Beyond these size
differences, however, the general organization of the genes
and transcripts related to the TCR3 and TCR27 cDNAs is
quite similar.
The results obtained when comparable blots were probed

with TCR39, the cDNA with repeats 36 nt in length, are
presented in panel C of Fig. 4. The genes and transcripts to
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FIG. 4. Autoradiographs of Northern and Southern blots of electrophoretically separated total RNA (10 1Lg per lane) and RsaI-digested
DNA (4.5 ,ug per lane) from four T. Cuuziti isolates probed with radiolabeled T. crltzi cDNAs containing repetitive sequences. The cDNAs uised
as probes were as follows: (A) TCR3: (B) TCR27 (Xbail fragment): (C) TCR39: (D) TCR69. Northern analyses are depicted in block 1 of each
panel, and Southern analyses are presented in block 2. The letter above each lane indicates the T. (crlTi isolate used as a source of RNA or

DNA: C, Corpus Christi strain: T. Tulahuen strain: Y. Y strain: and S. Sylvio X-10/4 clone. The hatchmarks to the right of block 2 indicate
the same size markers in kilobases shown on the left of block 1.

which TCR39 hybridized are considerably smaller than those
identified with TCR3 and TCR27, but the general patterns of
correspondence of transcript and gene sizes are again simi-

lar. In the case of the Corpus Christi strain (lane C), only one

transcript can be seen on the Northern blot, while two gene
fragments can be distinguished on the Southern blot. The
two gene fragments are quite close in size, however, indi-
cating that the single band on the Northern blot may consist
of two transcript species. In the Tulahuen strain (lane T),
there are two transcripts and three gene fragments. The

darker 3.0-kb fragment corresponds to the larger of the two
transcripts, which is 3.5 kb in size, and the two faint
fragments indicated by arrowheads may be the cleavage
products of the repeat region of a second gene in which a

point mutation has created an RsalI site. These two frag-
ments together constitute 2.5 kb and thus may correspond to
the 3.0-kb transcript. The 3.0- and 4.0-kb gene fragments in
the Sylvio X-10/4 clone (lane S) could encode transcripts
containing approximately 83 and 111 repeats, and the 3.6-
and 4.2-kb transcripts present in the Sylvio X-10/4 lane could

A
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FIG. 5. Photograph of Western blots of T. crllzi epimastigote
antigens, solubilized in 2% Nonidet P-40 or 5% sodium dodecyl
sulfate prior to electrophoretic separation, reacted with several
anti-T. cruzi antibody reagents. Blotted Sylvio X-10/4 lysates were
used as target antigens in all lanes except 3, 4, and 5, which contain
antigens from the Corpus Christi, Tulahuen, and Y strains, respec-

tively. The antibody reagents reacted with the blotted antigens were

as follows: 1, Ra72 rabbit serum; 2 through 5, anti-TCR3 fusion
protein antibodies selected from the Rcx72 rabbit serum; 6, anti-
TCR39 fusion protein antibodies selected from serum of a patient
chronically infected with T. cruzi; 7, serum from the same patient
chronically infected with T. cruzi; 8, anti-ovalbumin fusion protein
antibodies selected from the Rc72 rabbit serum; 9, anti-ovalbumin
fusion protein antibodies selected from serum from the patient
chronically infected with T. cruzi. Mr markers are given in kilodal-
tons.

encode proteins of approximate Mrs of 130,000 and 255,000,
respectively. Panel D contains the results obtained when
similar blots were probed with TCR70, the cDNA having
repeat units 21 nt long. These results are striking in that the
transcripts are only approximately 1.4 kb in size, and except
for the Corpus Christi strain (lane C), there may be only one
in each isolate. Likewise, the pattern of gene fragments is
quite different from those obtained with the other three
cDNA probes. There appear to be several restriction frag-
ments in each isolate that hybridize to the cDNA, all of
which are <2 kb.

Identification of parasite proteins containing repeated pep-
tides. We attempted to react fusion protein-selected antibod-
ies with parasite antigens in Western blots to determine the
sizes of the native proteins containing the peptide repeats.
Using this approach, we were able to establish the sizes of
the repeat-containing proteins encoded by two of the four
cDNAs chosen for extensive characterization (Fig. 5). As a

basis for comparison, blotted antigens of Nonidet P-40-
solubilized Sylvio X-10/4 Epi that reacted with the Rct72
rabbit serum are shown in lane 1. This serum reacts with a
number of parasite antigens with Mrs ranging from approx-
imately 30,000 to >200,000, despite the fact that it was
produced by immunizing a rabbit with parasite antigen
purified with a monoclonal antibody directed against an
Mr-62,000 protein. Lane 2 shows the pattern obtained when
antibodies selected from the Rax72 rabbit serum with the
TCR3 fusion protein were reacted with the blotted antigens
from the same polyacrylamide gel. Considerable diffuse
reactivity is present above Mr 214,000, with one distinct
band at approximately Mr 250,000. Proteins of this size are
consistent with the sizes of the Sylvio X-10/4 TCR3 tran-
scripts seen in block 1 of Fig. 4A. The TCR3 fusion protein-
selected antibodies were also reacted with Nonidet P-40
lysates of Corpus Christi, Tulahuen, and Y strain Epi (lanes
3, 4, and 5, respectively). There is considerable variability in
the patterns obtained, as exemplified in the Corpus Christi
blot (lane 3) by the dark band at approximately Mr 180,000
and a broad area of reactivity from there to the top of the
blot. This band is the smallest revealed by the anti-TCR3
fusion protein antibodies in the blots of the four isolates, a
finding consistent with the fact that the Corpus Christi strain
has the smallest TCR3 transcript (Fig. 4A, block 1). The
antigens revealed in the Tulahudn blot (lane 4) range in size
from approximately Mr 214,000 to the top of the gel, in a
pattern distinct from the previous two. The pattern obtained
with Y-strain antigen (lane 5) is indistinguishable from that of
Sylvio X-10/4 (lane 2).
To determine the size of the native parasite protein that

contains the TCR39 peptide repeats, we used TCR39 fusion
protein to select antibodies from the human serum originally
used to isolate the cDNA. When these selected antibodies
were reacted with Nonidet P-40-treated Sylvio X-10/4 Epi
antigens in Western blots, no binding was observed. How-
ever, when TCR39-selected antibodies were reacted with
parasite antigens solubilized in 5% sodium dodecyl sulfate
and treated with dithiothreitol and iodoacetamide, reactivity
was observed (lane 6). There is a broad area of reactivity
between Mr 75,000 and 105,000, with the most distinct band
at approximately Mr 82,000. As a basis for comparison, lane
7 shows the pattern obtained when Sylvio X-10/4 antigen
was reacted with the serum from the patient with chronic
Chagas' disease. As controls, lanes 8 and 9 show that no
reactivity was detected when antibodies selected from the
rabbit and human sera with fusion protein produced in E.
coli transformed by a phage containing an ovalbumin insert
were used as probes.

DISCUSSION

By identifying cDNAs derived from T. cruzi metacyclic
trypomastigote RNAs with anti-T. cruzi antibodies and de-
termining their nucleotide sequences, we found that this
protozoan parasite contains genes that encode a heteroge-
neous group of tandemly repeated antigenic peptides. The
peptide repeats encoded by TCR69 and TCR70 are the same,
and those of TCR3 and TCR27 are identical in 6 of 14
positions. In addition, five of six amino acids of the TCR61
repeat are present in sequence in the TCR70 repeat, although
the latter is seven amino acids in length. Beyond these
instances of relatedness, however, the peptide repeats en-
coded by the cDNAs are diverse in sequence, size, and copy
number. Moreover, genes encoding these repetitive peptides
are not found in closely related protozoans such as Leish-
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mania and African trypanosomes. Expression of the peptide
repeats apparently is not stage specific. The genes encoding
the repeated peptides are transcribed in the Epi (insect) stage
of the parasite, since this stage was the source of the RNA
used for the Northern analyses. Transcription apparently
also occurs in the metacyclic (infective) form, as CMT RNA
was used to construct the expression library from which the
repeat-containing cDNAs were cloned. In addition, the
repeated peptides must be expressed in at least one of the
two stages found in the mammalian host, since humans
infected with T. cruzi have antibodies directed against them.
Genes encoding each of the peptide repeats are present in all
four isolates of T. cruzi examined, but marked intraspecies
heterogeneity exists in the sizes of mRNAs encoding them
and in the total number of copies encoded.
To our knowledge there have been three other reports

dealing with tandemly repeated antigenic peptides in T.
cruzi. The first of these describes the molecular cloning of a
gene fragment related to an Mr-85,000 mammalian stage
antigen that encodes five tandem copies of a nonapeptide
repeat (27). More recently, the presence in the HSP70 gene
of T. cruzi of a repetitive nucleotide sequence encoding 12
tandem copies of a tetrapeptide repeat was reported (29).
None of the peptide repeats we describe in this report is
similar to either of these two sequences. In the third report,
Ibafiez and co-workers describe the cloning of nine T. cruzi
gene fragments that encode antigenic proteins, seven of
which contain repetitive regions (13). Two (TCR27 and
TCR39) of the eight cDNAs we identified encode peptide
repeats identical to repeats described in the latter study. It is
of interest to note that in both cases even the consensus
nucleotide repeat sequences we found are identical to those
identified by Ibahiez et al. This is surprising considering the
different origins of the T. cruzi isolates used to construct the
two expression libraries from which the sequences were
derived and in view of currently held concepts of heteroge-
neity in T. cruzi. The isolate we used as a source of RNA for
the construction of our expression library (Sylvio X-10/4
clone) was originally obtained from a T. cruzi-infected indi-
vidual in the Amazon region of Brazil, whereas that used as
a source of DNA by the latter group (CAl strain) came from
an Argentinian patient with Chagas' disease. Examination of
a sizable number of isolates of T. cruzi from a variety of
biological and biochemical perspectives has shown that it is
a highly heterogeneous species (8, 9, 15, 24, 28, 38). In this
context, then, it is remarkable that the consensus nucleotide
sequences of these two repeats are identical in the Sylvio
X-10/4 and CAl isolates. This finding suggests that T. cruzi
does not tolerate even a minimal degree of diversity in the
sequence of these two peptides, although, as indicated by
the intraspecies variability in TCR27 and TCR39 transcript
sizes (Fig. 4B and C, block 1), the number of copies of the
peptide repeats can vary considerably from one T. cruzi
isolate to another.
The findings we report here extend our knowledge of

repeated peptide antigens in T. cruzi and lend additional
support to the concept that the expression of a heteroge-
neous group of peptide repeats is a generalized phenomenon
among protozoan parasites that persistently evade immune
destruction in their hosts. The presence of genes encoding
peptide repeats also has been reported in the African try-
panosome T. brucei. Roditi and co-workers (30) described a
polypeptide containing 22 tandem copies of a dipeptide
repeat that is expressed only in the insect stage of T. brucei
and therefore cannot be implicated in the interaction be-
tween the mammalian host and the parasite. More recently,

Schneider et al. (32) reported the molecular cloning of a gene
segment that encodes a microtubule-associated protein of T.
brucei that contains >50 repeats of a 38-amino-acid peptide.
The presence of genes encoding peptide repeats also has
been reported in L. major (41), a human pathogen belonging
to the group of organisms having a life cycle very similar to
that of T. cruzi. In the latter report, the cloning of cDNAs
that encode repeats containing 10 and 14 amino acids is
described. These repeats are unrelated in sequence to those
identified in our study, and no interspecies variability in the
sizes of transcripts encoding these repeats was observed
when two Leishmania species were compared, which is
surprising considering the similarity of the organisms and
our finding of striking intraspecies heterogeneity of repeat-
encoding transcript size.
Genes encoding tandemly repeated peptides have been

most extensively characterized in malarial parasites of the
genus Plasmodium (14). In these organisms, the majority of
antigens studied contain peptide repeats. The repeats, which
are diverse in size, amino acid sequence, and copy number,
have been found in all parasite stages, and stage-specific
expression has been observed frequently. In addition, genes
have been described that encode two or more blocks of
tandemly repeated peptides having distinct amino acid se-
quences separated by unrelated and nonrepetitive peptides.
It has been hypothesized that cross-reactivities among and
within proteins containing repeats may cause an overstimu-
lation of B cells, thus interfering with the normal maturation
of an effective humoral response and permitting long-term
evasion of immune clearance by the parasite (1, 14). Our
findings suggest that the diversity of antigens containing
peptide repeats in T. cruzi may parallel that observed in
malarial parasites, and thus the ability of this trypanosome to
establish lifelong infections in its hosts may also result from
the expression of repeated peptides. However, there is no
experimental evidence that directly supports this concept in
Plasmodium or T. cruzi, and the repeated peptides may be
involved in fundamental functions other than the diversion
of the host immune response. Recent reports indicate that
antibodies raised against synthetic peptides containing only
the repeats of the circumsporozoite protein of Plasmodium
falciparum block invasion of hepatoma cells (43) and hepa-
tocytes (23) by sporozoites in vitro, and when used to
immunize mice, they provide significant but not total pro-
tection against sporozoite challenge (7). These findings argue
against a purely diversionary role for this repetitive se-
quence. In addition, our finding that the repeated peptides
described in this report are expressed in both insect and
mammalian stages of the parasite raises the question of
whether they could have similar diversionary roles in hosts
having such different immune systems (19). The recent
report by Schneider et al. (32) describing a T. brucei mem-
brane skeleton protein with a large region of repeats impli-
cates a role other than immune evasion. Thus, parasite
proteins containing repeats may have discrete physiological
roles and participate in the host-parasite relationship in ways
that are not clearly understood. Further characterization of
the structural and functional aspects of these proteins will be
necessary to resolve this issue.
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