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ABSTRACT We have isolated genomic clones containing
members of a tandemly repeated DNA family from Trypano-
soma cruz. This family, which contains a 195-base pair (bp)
repeating unit, is the most abundant repetitive DNA in this
organism. DNA sequencing analysis of three adjacent tandem
repeats as well as two independent nonadjacent repeats
showed relatively little sequence heterogeneity. Surprisingly,
the three tandem elements contained a 585-bp open reading
frame. However, blot hybridization of RNA from epimasti-
gotes as well as blood-form trypomastigotes failed to show evi-
dence for transcription of these sequences. Fractionation of
whole T. cruzi DNA in sucrose gradients or in agarose gels
followed by hybridization with appropriate radioactive probes
showed that the size distribution of DNA bearing the 195-bp
repetitive element is distinct from that of kinetoplast DNA as
well as from that of DNA bearing tubulin genes. Hybridization
of the 195-bp element probe with DNA from six different 7.
cruzi strains was positive; hybridization with DNA of other
protozoa was negative with the single exception of Leptomonas
collosoma, which displayed a weak cross-hybridization signal.
Clones bearing this repetitive element are shown to be useful
as probes for identification and counting of T. cruzi cells by
dot-blot hybridization. The sensitivity of this assay permits de-
tection of the DNA of 30 parasites in blood samples.

Tandemly repeated DNA sequences known as “satellite”
DNAs are a common constituent in the genomes of higher
eukaryotes. These elements typically contain a simple con-
sensus sequence that is repeated thousands of times, albeit
imperfectly. Such sequences are often located in the more
condensed heterochromatic regions of chromosomes and,
with few exceptions (1-3), appear to be transcriptionally in-
active. It has been proposed that satellite DNA can influence
the specificity of pairing between homologous chromosomes
(see refs. 4 and S for reviews), but this or any other specific
functional role remains to be proven.

Renaturation studies on the genomic (non-kinetoplast)
DNA of trypanosomes have revealed the existence of a large
proportion of highly repetitive sequences. In Trypanosoma
brucei, this fraction constitutes 12% of the genome (6), while
in T. cruzi the figure is about 9% (7, 8). The work of Borst et
al. (6) and Frasch et al. (9, 10) demonstrated the existence of
repetitive sequences distinct from kinetoplast DNA in T.
brucei, T. equiperdum, and T. cruzi. The major satellite-like
sequence in T. brucei and T. equiperdum contained a repeat-
ing unit of about 177-180 base pairs (bp), while in T cruzi the
repeat was 194 bp. These trypanosome repetitive DNAs are
interesting biological objects because of the recent demon-
stration by Sloof et al. (11) that the T. brucei 177- and 70-bp
repetitive elements reside in minichromosomal structures. In
this paper we characterize clones representative of a 195-bp
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repetitive DNA family that is the major component of the
genome of T. cruzi and report some interesting features of
their sequence. We have used these clones as probes to in-
vestigate the size distribution of chromosomal elements
bearing this repetitive DNA family. In addition, we show
that this repetitive DNA sequence is species specific and
may be used in a very sensitive assay for the presence of T.
cruzi DNA in blood samples.

METHODS

Trypanosomes. Epimastigotes of the Y strain were har-
vested from 2-week-old cultures in LIT medium as described
(12, 13). Other strains used were CL, Peru (14), Brasil, and
Tulahuen. The last two strains were kindly provided by J.
Dvorak from the National Institutes of Health.

Cloning and Sequencing of DNA. High molecular weight
DNA from T. cruzi cultures or from blood samples was pre-
pared by using sodium dodecyl sulfate/proteinase K and
phenol/chloroform (15, 16). Restriction endonucleases were
obtained from Boehringer Mannheim and used under the
conditions suggested by the supplier. Electrophoresis of
DNA in horizontal agarose gels was carried out in a buffer
containing 40 mM Tris acetate at pH 8.0, 20 mM sodium ace-
tate, and 2 mM EDTA in the presence of ethidium bromide
at 0.4 ug/ml. HindIII-digested A phage DNA and Hae III-
digested ¢$X174 phage DNA were used as molecular weight
markers. DNA fragments in the size range of 200-5000 bp
were isolated on a preparative scale by band interception
with DEAE-membrane strips (NA-45, Schleicher &
Schuell). Techniques for recovery of DNA from DEAE-
membranes have been published (17). For DNA fragments
larger than 5 kilobases (kb), preparative isolation was carried
out by partition into 1-butanol containing cetyltrimethylam-
monium bromide (18) after electrophoresis in low-melting
agarose gels (same buffer as above, but S mM sodium ace-
tate). DNA transfers for blot hybridization were performed
as described by Southern (19). Probes were labeled by using
a nick-translation kit (Bethesda Research Laboratories) and
[a-32P)dCTP (New England Nuclear). The origin of the dif-
ferent clones used as probes is as follows: pTCNRE repeti-
tive elements, see Results; pTCB tubulin, T. cruzi cDNA
clone containing a 400-bp insert of the B-tubulin gene (un-
published); and pTCKm, 7. cruzi DNA clone containing
1200-bp insert of kinetoplast minicircle DNA (unpublished).
Nucleic acid hybridizations were carried out in 50% (vol/
vol) formamide/750 mM NaCl/75 mM sodium citrate/0.1%
sodium dodecyl sulfate/100 ug of carrier Escherichia coli
DNA per ml/10% dextran sulfate, at 42°C (unless otherwise
specified). The nitrocellulose filters were washed by stan-
dard procedures, with a final wash in 15 mM NaCl/1.5 mM
sodium citrate/0.1% sodium dodecyl sulfate at 37°C. Autora-

Abbreviations: bp, base pair(s); kb, kilobases.
tPresent address: Centro de Biologia Molecular, Universidad Au-
tonoma de Madrid, Madrid, Spain.
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diography was carried out at —80°C, using two intensifying
screens.

Specific DNA fragments were cloned either at the Ssz I or
BamHLI sites of pUC13 and pUC12 (20). Recombinant plas-
mids were isolated on a preparative scale by using the alka-
line sodium dodecyl sulfate method of Birnboim and Doly
(21) as modified by Ish-Horowicz and Burke (22), with a fi-
nal isopycnic banding step in CsCl/ethidium bromide. Ap-
propriate DNA fragments were labeled with polynucleotide
kinase and sequenced according to Maxam and Gilbert
23).

Size Fractionation of Chromosomal DNA. Sucrose density
gradients were prepared essentially as described by Sloof et
al. (11) except that sodium dodecyl sulfate was present
throughout the gradient at a concentration of 0.05%. Live
trypanosomes were layered directly over a 0.5-ml layer that
contained 2.0% sodium dodecyl sulfate and proteinase K at
250 ug/ml. After 3 hr at room temperature, the samples were
spun for 16 hr at 10,000 rpm (20°C) in a Beckman 50.1
rotor. The gradients were fractionated into 12 0.4-ml frac-
tions, and the DNA was bound to nitrocellulose by using
standard dot-blot techniques (24). Gel electrophoresis of try-
panosome DNA after in situ lysis in the gel slot was carried
out essentially as described (11), except that the agarose gel
buffer system was the Tris acetate system as given in the
previous section. The DNA was blotted to nitrocellulose (19)
after brief treatment with acid and alkali (25) to reduce the
average size of DNA fragments. Hybridization of the blots
was performed as described in the previous section.

RESULTS

A 195-bp Element Is a Major Component of the T. cruzi
Genome. T. cruzi DNA was cut with a variety of restriction
enzymes, of which Ssz I gave a particularly striking pattern
(see Fig. 1A). A sharp band of polynucleotide approximately
200 bp long accounted for about 9% of the ethidium bromide-
stained material in the Sst I lane. The DNA from this band
was recovered from the gel and inserted into the Ssz I site of
pUC13. Two clones were selected for further analysis and
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Fi1G. 1. Restriction patterns of T. cruzi DNA and hybridization
of a Southern blot with the Sst I repetitive element clone. (A) T.
cruzi DNA was cut with different restriction enzymes and fraction-
ated in a 1.2% agarose gel. Lane 1, HindlIll; lane 2, Pst I; lane 3,
Sma 1; lane 4, Sst 1; and lane S, Xho 1. The arrow points to a band at
approximately 200 bp. (B) T. cruzi DNA was cut with three different
restriction enzymes, fractionated in an agarose gel, and blotted on
nitrocellulose. The blot was hybridized with nick-translated
pTCNRE DNA. Lane 1, Hindlll-digested A DNA markers; lane 2,
Sst 1; lane 3, Pst I; and lane 4, HindIIl.
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named pTCNRE1 and pTCNRE2. An equimolar mixture of
DNA obtained from these two clones was labeled by nick-
translation and hybridized to a Southern blot of T. cruzi
DNA. Fig. 1B shows the hybridization of the pTCNRE
probe to DNA digested with Ssz I, Pst I, and HindlIIl. The
radioactive signal consists of a ladder of bands starting at
approximately 200 bp for Sst I and Pst I and 600 bp for Hin-
dIIl. The ladder contains multiples of 200 bp for all three
enzymes, but only the Sst I digest generates a predominant
band of monomer; the other samples were digested exhaus-
tively, yet generated little monomer. A simple interpretation
of this data is to envision a tandem array of nearly identical
elements, many of which lack Pst I or HindIII sites as a re-
sult of sequence heterogeneity. Precisely this kind of tandem
sequence arrangement is characteristic of the satellite DNAs
of higher eukaryotes.

To study the sequence of these repetitive elements we
constructed additional genomic clones containing tandem el-
ements. A partial digest of T. cruzi DNA was generated with
Sst I and clones were selected by hybridization with the
pTCNREI] probe. Two of these, p TCNRE3 and pTCNRE4,
were found to contain inserts of approximately 600 bp (3 re-
peats) and 2400 bp (12 repeats) and were selected for further
study. Fig. 2 shows the nucleotide sequence of the first ele-
ment (A) of pTCNRE3, as well as the sequence differences
found in the other two contiguous elements (B, C) and the
two independent clones pTCNRE1 and pTCNRE2. In all
five sequences the repeat length is 195 bp, bounded by Sstz 1
sites. Note that Pst I sites are found in only two of the
clones. Base differences are detected at 12 positions; for 7 of
these positions divergence was observed in more than one
element. The clustering of changes that occur in more than
one clone suggests that the distribution of divergent bases is
nonrandom. The sequence of pTCNRE3A is the consensus
sequence for the five elements examined; its most striking
property is the presence of an open reading frame in phase 2
(starting with the codon AGC). In fact, all five sequences in
Fig. 1A have an open reading frame in phase 2. Fig. 3 shows
that an open reading frame extends over the entire sequence
of pTCNRES3, giving this unit a coding potential of 195 amino
acids. Normally one would expect to find a terminator codon
every 35-50 nucleotides for a random sequence of this base
composition. Yet, since the consensus sequence contains an

PICNRE3A  GAGCTCTTGCCCACACGGGTGCTGCACTCGGCTGATCGTTTTCGAGCGGC

pTCNRE3B A T C
pTCNRE3C c aaaas c T
PTCRRE1 c settte c T
PTCRRE2 c c cc
PTCNRE3A  CGCTGCATCACACGTTGTGGTCCAAATTTTTGTTTCCGATTGTGAATGGT
pICNRE3B T A c (o
pICFRE3C C G Ly A
PICNRE1 C G T A
pICNRE2 T G c G

PTCNRE3A  GGGAGTCAGAGACACTCTCTGTCAATATCTGTTTGCGTGTTCACACACTG
PpTCNRE3B A CA

PTCKRE3C G GT

PTCNRE1 G 6T

PTCRRE2 A CT

PTCNRE3A  GACACCAAACAACCCTGAACTATCCGCTGCTTGGAGGAATTTCGC
PICNRE3B ¢

PTCNRE3C c

PTCRRE c

PICNRE2 c

F1G. 2. Sequence of five repeats of the T. cruzi repetitive
element. Elements A, B, and C are contiguous in pTCNRE3 but
are listed separately for clarity. pTCNRE1 and pTCNRE2 are
independent clones containing one single repeat insert. Note that
pTCNRE3A is the “consensus” sequence of all five variants of the
element. Single capitals denote base changes in each clone. The «
symbol indicates the presence of a Pst I recognition sequence.
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1 10 20 30 40 50 60 70
GAGCTCTTGCCCACACGGGTGCTGCACTCGGC TGATCGTTTTCGAGCGGCCGCTGCATCACACGTTGTGG

S $CPHGCCTRLTIUVFAQRUPLHHTLW
XXX
90 100 110 120 130 140
TCCAAATTTTTGTTTCCGATTGTGAATGGTGGGAGTCAGAGACACTCTCTGTCAATATCTGTTTGCGTGTTCACA

W

N -

S KFLFPIVNGGSA QRHSLSTISUVCVFT
3 XXX

150 160 170 180 199 200 210 220

CACTGGACACCAAACAACCCTGAACTATCCGCTGCTTGGAGGAATTTCGCGAGCTCTTGCCCACAAGGGTGCTGC
XXX

2 HWTPNNPETLSAAWRNTFASSTCPAQGCTC
3

230 240 250 260 270 280 290
ACTCGGCTGATCGTTTTCGAGTGGCTGCTACATCACACGTTGTGGTCCAAATTTTTGTTTCCGATTGTGAATGGT

1
2 TRLIVFEMWTLTLUHHTLWSZKTFLTFZPTIUVNSG
3 XXX XXX
300 310 320 330 340 350 360 370
GGGAGTCAGAGACACACTCTGTCAATATCTGTTTGCGTGTTCACACACTGGACACCAAAGAACCCTGAACTATCC
XXX

2 G SQRHTLSTISVCVFTHMWTTPIKNPEITILS
3

380 390 400 410 420 430 440
GCTGCTTGGAGGAATTTCGCGAGCTCTTGCCCACACGGGTGCTGCAGTCGGCTGATCGTTTTCGAGCGGTCGCTG

1
2 AAWRNTFASSCPHGTCTCSU RLTIUVTFTETRSHL
3 XXX

450 460 470 480 490 500 510 5.
CATCACACGTTGTGGTCTAAATTTTTGTTTCCGATTATGAATGGTGGGAGTCAGAGGCAGTCTCTGTCAATATCT

1
2 HH TLWSKTFULTFUPIMNGSGSA QRUQSLSTIS
3

530 540 550 560 570 580 585
GTTTGCGTGTTCACACACTGGACACCAAACAACCCTGAACTATCCGCTGCTTGGAGGAATTTCGC

2 VCVFTHWMWTPNNPETLSAAWRNTF
3

Fi1G. 3. Open reading frame in pTCNRE3. The numbers at the
left denote the three possible reading frames. Standard capital letter
symbols specify coded amino acids. XXX demarcates termination
codons. The complementary sequence was found to contain termi-
nators in all reading frames.

open reading frame, the potential for coding may extend
over three or even more elements.

The copy number of the repetitive element DNA was esti-
mated by dot-blot hybridization on nitrocellulose filters con-
taining total T. cruzi epimastigote or blood form DNA and
known amounts of pTCNRE1 DNA (a one-copy clone). The
copy number in either case was approximately 120,000 re-
peats per genome, based on a DNA content of 0.33 pg per
cell (7). This implies that one genome contains about 2.3 x
107 bp of repetitive element DNA. To investigate whether
this repetitive DNA is transcribed in vivo we carried out sev-
eral blot hybridization experiments using RN A from epimas-
tigotes as well as blood form trypomastigotes. Hybridization
of the blots with nick-translated probes failed to show evi-
dence for transcribed RNA (data not shown).

A 00000000 e s -
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FiG. 4. Dot-blot hybridization of sucrose gradient-fractionated
DNA with three cloned probes. Approximately 7 x 10° T. cruzi epi-
mastigotes were lysed over a sucrose gradient in the presence of
sodium dodecyl sulfate and proteinase K and centrifuged for 16 hr at
10,000 rpm in a Beckman 50.1 rotor. The gradient was then fraction-
ated into 12 fractions, and identical aliquots of each fraction were
denatured and blotted in nitrocellulose to yield three identical strips.
Each strip was hybridized separately with 3*P-labeled DNA from the
following clones: A, pTCNREL1; B, T. cruzi kinetoplast minicircle
DNA; C, T. cruzi B-tubulin cDNA. The radioautographic exposures
were identical for A and B but 5 times longer for C.
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The 195-bp Repetitive Sequence Is Located in Minichromo-
somal Structures. To investigate the chromosomal localiza-
tion of the T. cruzi 195-bp repetitive element family we per-
formed a size fractionation of DNA from parasites lysed
over sucrose gradients in the presence of sodium dodecyl
sulfate and proteinase K. Fig. 4 shows a dot-blot experiment
in which fractions from a gradient were alternatively hybrid-
ized with probes from a 195-bp repetitive element clone, a T.
cruzi kinetoplast minicircle DNA clone, or a T. cruzi B-tubu-
lin clone. Virtually all the material hybridizing with the B-
tubulin probe was found at the bottom, while the 195-bp re-
petitive DNA signal was spread over the lower two-thirds of
the gradient. The kinetoplast DNA probe hybridized with
heavy as well as light material. The light material probably
represents kinetoplast minicircle DNA, while the heavier
material may consist of kinetoplast DNA networks.

To further clarify the distinction between the size distribu-
tions of 195-bp repetitive element DNA and kinetoplast
DNA we fractionated total T. cruzi DNA by agarose gel elec-
trophoresis and then did Southern blotting. Hybridization
with the 195-bp repetitive element probe (Fig. SA) showed a
band in the region of 24-50 kb (the gel system does not frac-
tionate very precisely in this size range). There is also a
weak hybridization signal with material at the origin, which
probably corresponds to the rapidly sedimenting material in

F

FiG. 5. Southern hybridization of T. cruzi total DNA fractionat-
ed in an agarose gel. Approximately 1.5 x 10° T. cruzi cells were
lysed in situ in several slots of an agarose gel, and after electropho-
resis the DNA was blotted on to nitrocellulose. A single blot was
hybridized with nick-translated pPTCNRE1 DNA, exposed for radio-
autography (A), and then rehybridized with labeled DNA from a ki-
netoplast minicircle clone (B). Lanes 1, blood form trypomastigotes;
lanes 2, tissue culture epimastigotes; lanes 3, same as 2; lanes 4,
DNA from the repetitive element clone pTCNRE3. The arrow
marks the position of a phage A DNA marker fragment (23.5 kb,
detected by staining).
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Fig. 4A. While this large material probably represents about
50% of the repetitive DNA, it is underrepresented in the
Southern blot because of lack of penetration or poor transfer
to nitrocellulose. In any event, we can conclude that a large
proportion of the repetitive DNA resides in DNA molecules
of minichromosome size (24-50 kb). It is worth noting that
the signal from blood form DNA (lane Al) is weaker. Other
experiments (data not shown) demonstrate that the net con-
tents of 195-bp repetitive element DNA are identical in epi-
mastigotes and blood forms. Whether or not the two forms
differ in the relative amount of minichromosomal/large re-
petitive element DNA deserves further study.

The second part of Fig. 5 shows the rehybridization of the
same blot with the kinetoplast DNA probe. This experiment
(Fig. 5B) produced a ladder of rapidly migrating bands, the
smallest of which correspond to kinetoplast minicircle
(=1300 bp). The ladder probably consists of oligomers of
concatenated minicircles.

A High-Sensitivity Hybridization Diagnostic for T. cruzi
DNA in Blood. We have utilized dot-blot hybridization as-
says to ascertain whether sequences closely related to the
195-bp element exist in different strains of T. cruzi or in oth-
er protozoan species. Hybridization at high stringency (50%
formamide, 47°C) gave positive signals with all other T. cruzi
strains tested (CL, Peru, Brasil, and Tulahuen; data not
shown). On the other hand, high-stringency hybridization
with DNA from 12 other hemoflagellate species was nega-
tive (Fig. 6 Upper). The only strong positive signal is the
control T. cruzi (Y strain) DNA. There is a discernible signal
with Leptomonas collosoma DNA, but it is about 1/20th as
strong as the T. cruzi signal. Other protozoa that gave nega-
tive hybridization signals were T. lewisi, T. equiperdum,
Leishmania brasiliensis, Leishmania mexicana, and Leish-
mania donovani.

A simple dot-blot assay using phenol-extracted DNA from
blood permits an extraordinarily sensitive parasitemia count
in blood samples of animals infected with T. cruzi. Fig. 6
Lower shows the detection of the parasite in DNA obtained
from 0.3 ul of blood from an infected mouse (H4). Compari-
son with the purified T. cruzi DNA standards (H3, 13) shows
that the signal corresponds to that expected from about 0.02
ng of T. cruzi DN A. Microscopic examination of the infected
blood shows that sample H4 corresponds to approximately
60 trypomastigotes. Likewise, the weak signal in I3 (0.01 ng)
corresponds to about 30 7. cruzi genome equivalents, which
agrees with the genome size estimate of 0.33 pg per cell pub-
lished by Lanar er al. (7). Other samples in this blot con-
tained normal mouse blood DNA, human DNA, and Leish-
mania donovani DNA; all of them were negative for hybrid-
ization with the pTCNREI1 probe.

DISCUSSION

The major repetitive element of T. cruzi characterized in this
paper bears some structural and functional analogies to the
satellite DNAs of higher eukaryotes. Among these are the
extensive tandem repetition, the occurrence of sequence mi-
croheterogeneity, and the apparent transcriptional inactivi-
ty. However, the 195-bp repetitive element family of T. cruzi
is unlike satellite DN A because it contains long open reading
frames. While this paper was in preparation, Sloof et al. (26)
published a report on the characterization of satellite-like
DNAs from T. brucei and T. cruzi. These DNAs were of
nuclear origin and were shown to reside in nucleosomal
structures with conventional repeat lengths. The T. cruzi re-
petitive element sequenced by these authors was 196 bp long
and was claimed to lack open reading frames. We have ex-
amined the complementary sequence generated from the
data of Sloof et al. and found that it corresponds almost ex-
actly to our 195-bp consensus sequence, except for the intro-
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FiG. 6. Demonstration of species specificity and sensitivity of
repetitive DNA probe in dot-blot hybridization experiments. (Up-
per) The first dot blot was prepared with 2.5 ug per dot of DNA from
12 different protozoa, plus a T. cruzi control. Hybridization with the
nick-translated pTCNRE]1 probe was carried out at 50°C. Al, T. bru-
cei brucei 164 (ISTAT); A2, T. brucei rhodesiense ILRAD 2002; A3,
T. brucei gambiense U2; A4, T. equinum; B1, T. congolense; B2, T.
evansi; B3, Crithidia fasciculata; B4, Leptomonas collosoma; C1,
Herpetomonas muscarum; C2, Phytomonas davidi; C3, Endotry-
panum sp.; C4, Leishmania tropica; D1, T. cruzi. (Lower) The dot
blot contained the following samples: column 1, rows E-I, human
DNA, 10 ug, 1 ug, 200 ng, 20 ng, 2 ng. Column 2, rows E-I, Leish-
mania donovani DNA, 10 ug, 1 ug, 100 ng, 10 ng, 1 ng. Column 3,
rows F-I, T. cruzi DNA, 10 ng, 1 ng, 0.1 ng, 0.01 ng. Column 4, rows
E-H, phenol-extracted DNA from T. cruzi-infected mouse blood,
extracted blood volumes 300 ul, 3 ul, 30 ul, 0.3 ul. The parasitemia
level of these blood samples was approximately 2 x 10° trypomasti-
gotes per ml. Column S, rows E~H, DNA from normal mouse blood,
otherwise same volumes as column 4. Column 6, same as column §,
but blood is from a different uninfected animal. Hybridization was
performed at 47°C.

duction of an additional G residue between positions 86 and
87 in our map. Even with this insertion, the sequence of
Sloof et al. does show an open reading frame in phase 2
(their sequence also contains three positions of uncertain
base identification, but these bases do not correspond to po-
tential terminators in the open reading frame).

Our observation that a large proportion of the 195-bp re-
petitive element family resides in minichromosomes sug-
gests that the organization of this gene family is unlike that of
most satellites of higher eukaryotes, which reside in chromo-
somes, intermingled with other sequences. A minichromoso-
mal fraction containing a 177-bp satellite-like repetitive ele-
ment has been described by Sloof et al. (11) for T. brucei.
Thus, it appears that the organization of trypanosomal repet-
itive elements in minichromosomes may be a general feature
of these parasites. An important question to be addressed by
future studies is whether the T. cruzi minichromosomes con-
sist exclusively of 195-bp repeats or contain other sequences
adjacent to these. Conversely, it is critical to determine
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whether “orphan” copies of the 195-bp repeat reside in the
“large” chromosomes of T. cruzi. Since the 195-bp repetitive
element gene family contains open reading frames, one could
envision recombinational events that placed such reading
frames inside large chromosomes and thereby created possi-
bilities for new trypanosome structural gene products. Gri-
maldi and Singer (27) have shown that copies of the inter-
spersed Alu family sequence exist within the a-satellite DNA
of monkeys. It is tempting to envision that mobile elements
may catalyze the transposition of trypanosome satellite-like
sequences into coding domains of the genome. If, as has
been proposed (28), certain trypanosomatidiae lack sexual
stages, their repetitive elements could serve as alternative
sequence pools for the generation of genetic diversity. While
we have not been able to detect RNA complementary to T.
cruzi repetitive element sequences, the possibility remains
that transcripts may be produced in very small amounts, or
perhaps transiently at specific developmental stages.

Our studies on the 195-bp repetitive element demonstrate
that this sequence is shared by all T. cruzi strains tested so
far and is absent from other protozoa, with the possible ex-
ception of Leptomonas collosoma. Since the 195-bp repeti-
tive element family is the most abundant species-specific
DNA in T. cruzi it is an ideal candidate for a T. cruzi diagnos-
tic assay based on nucleic acid hybridization. Here we
showed the detection of 30 T. cruzi genome equivalents in a
dot-blot and in more recent experiments we have been able
to push the sensitivity to about 10 parasite genomes in an
overnight radioautographic exposure. We will show else-
where the specific detection of 7. cruzi in blood from Chagas
patients.

Wirth and Pratt (29) have described hybridization assays
for diagnosis and taxonomic typing of Leishmania based on
the use of kinetoplast DNA probes. T. cruzi kinetoplast
DNA is likewise a highly abundant sequence element, but it
has been shown to display considerable strain-specific se-
quence variation (30). Satellite-like repetitive sequences
such as the 195-bp repetitive element may be superior probes
for diagnostic detection and typing of parasitic hemoflagel-
lates because they display less strain variation within a spe-
cies.

We thank R. Nelson, G. Newport, and N. Agabian for a gift of
various protozoan DNAs bound to nitrocellulose. We are indebted
to Luisa DiGiovanni for critical reading of the manuscript. This
work was supported in part by National Institutes of Health Bio-
medical Research Support Grant SO7 RR07065 to the Rockefeller
University and by a Research Career Award in Geographic Medi-
cine from the Rockefeller Foundation to N.N.
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