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In the present paper we describe the characterization of a Trypanosoma cruzi
cDNA (L1Tc) corresponding to a transcript from a new long terminal repeat
(LTR) retrotransposon. This element is present in a high-copy number, and
is found dispersed throughout the T. cruzi genome. Northern analysis shows
an abundant expression of L1Tc-related sequences with a major band of
about 5 kb. The transcript has at its 3' end a fragment of a highly repetitive
DNA sequence (E12A), at its 5 end a ribosomal mobile element-like
sequence and three putative open reading frames (ORF) in different frames.
The ORF2 codes for a protein which has significant homology with the
retrotranscriptase-related sequences from non-LTR retrotransposons con-
taining the seven domains present in all the retrotranscriptase and
retrotranscriptase-related proteins. The ORF3 codes for a gag-like protein
showing unusual cysteine motifs present in all non-LTR trypanosomatid
elements, similar to the C,H, zinc finger family of transcription factors.
Interestingly, ORF1 codes for a protein with significant homology to the
major human AP endonuclease protein, and maintains in similar positions
most of the amino acid domains described for all the Ape family of proteins.
The presence of Ape-related sequences, described for the first time in a
non-LTR retrotransposon (L1Tc), may have functional relevance for these
types of elements.

Keywords: transposable element; reverse transcription; repair enzymes;
ribosomal mobile elements like; Trypanosoma cruzi

Introduction

non-LTR retrotransposons (Xiong & Eickbush, 1988).
These non-LTR retrotransposons have been identified

The highly repetitive DNA sequences of most
eukaryotic cells represent a large fraction of their
nuclear DNA. These highly repetitive DNA
sequences can be classified into the satellite (single
DNA) class, formed by tandemly arranged fragments
of short oligonucleotides, and into the interspersed
class represented by the LINE and SINE families
(Singer, 1982). The evolutionary origin of these
sequences is uncertain, but it has been suggested that
the LINEs and SINEs may correspond to partial or
complete DNA copies of cellular RNA transcripts
(Weiner et al., 1986), and that they may represent a
class of transposable elements, recently named as the

Abbreviations used: LTR, long-terminal repeat; ORF,
open reading frame; RT, reverse transcriptase; RIME,
ribosome mobile element.

0022-2836/95/110049-11 $08.00/0

in a wide variety of eukaryotic organisms and may
constitute as much as 5% of the genome (Singer &
Skowronski, 1985; Fawcett et al., 1986; Hutchinson
et al.,, 1989; Leeton & Smyth, 1993). In certain
organisms, however, some non-LTR retrotranspo-
sons are present in a low copy number (Xiong &
Eickbush, 1988; Morse et al., 1988; Aksoy et al., 1990;
Gabriel et al., 1990; Villanueva et al., 1991). Only
recently, it has been demonstrated that some non-LTR
retrotransposons are capable of transposition, and
that this transposition is mediated via an RNA
intermediate (Eickbush, 1992). Most non-LTR retro-
transposons display two ORFs in different reading
frames which overlap for a short distance. These
ORFs encode enzymes which could be involved in
their own transposition (Eickbush, 1992). ORF1
contains cysteine motifs similar to those of the
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retroviral gag genes. ORF2 has sequence similarity to
the retroviral pol genes, particularly in the 300 amino
acid domain of the reverse transcriptase (RT).

In the Trypanosomatidae, the search for highly
repetitive DNA sequences has been a major research
goal for many laboratories, because it has been
postulated that these sequences may play an
important role in genome structure and expression,
and because they may also be used for highly
sensitive parasite detection (Gonzélez et al., 1984)
and strain classification (Requena et al., 1992). It is
interesting to note that two of the trypanosomatid
repetitive DNA sequences have been described as
non-LTR retrotransposons (Murphy et al., 1987;
Kimmel et al., 1987). Other trypanosomatid non-LTR
retrotransposons, described as site specific, are
present in a low copy number (Aksoy et al., 1990;
Gabriel et al., 1990; Villanueva et al., 1991).

In the course of the analysis of highly repetitive
sequences from Trypanosoma cruzi nuclear DNA it
has been found that a fragment of a repetitive
element, named E12A, is presentina5 kb long cDNA
highly represented in poly (A)* RNA (Requenaetal.,
1994). In the present paper we describe the
characterization of the E12A containing a 5 kb long
transcript that includes a ribosomal mobile element
(RIME)-like sequence at its 5' end. This transcript is
a high copy number non-LTR retrotransposon which
contains three non-overlapping ORFs in different
frames. ORF2 and 3 show homology with the pol- and
gag-encoded proteins of non-LTR retrotransposons.
Interestingly, ORF1 showed significant homology
with the Ape family proteins (Demple et al., 1991).

Results

L1Tc cDNA shows homology at its 5' end with
the RIME sequence, and contains three
non-overlapping ORFs

It has been previously reported that a highly
repetitive element (E12) of T. cruzi chromosomal
DNA is present in several RNA transcripts of
different lengths (Requena et al., 1994). The most
intensively labeled RNA band corresponds to a
transcript of approximately 5 kb. In order to isolate
transcripts containing E12, a cDNA expression
library of T. cruzi epimastigotes was probed with the
E12 repetitive element. Several positive hybridiz-
ation clones of different were isolated. One of the
clones (pSPFM55) containing a 5.0 kb long insert was
chosen for analysis. The cDNA insert of the clone
was called L1Tc. The hybridization to T. cruzi poly
(A)" RNA of the 5' end (EcoRI-EcoRI) and the 3' end
(Aatll-Aatll) fragments of L1Tc indicated that the
L1Tc was present in the 5.0 kb long RNA band
(Figure 1). The complete nucleotide sequence and the
deduced amino acid sequence from L1Tc are shown
in Figure 2. The analysis of the nucleotide sequence
revealed that a fragment of E12, called E12A, was
present in the 3' end of the transcript, and that the 5'
end of L1Tc also showed significative homologies
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Figure 1. Northern blot analysis of T. cruzi RNA. A
2 ug sample of poly(A)* RNA fractionated on a 1%
agarose-formaldehyde gel and blotted into a nylon
membrane was probed with the EcoRI-EcoRI 5-end (E)
and the Aatll-Aatll 3-end (A) fragments of L1Tc. The
numbers at the left-hand side indicate the size of the most
intensively labeled mRNA bands.

with RIME and RIME-like also found in retrotrans-
posons from Trypanosoma brucei. In fact, the
nucleotide sequence from the RIME of the VSG gene
expression site (Thesag) (Pays et al., 1989) shows a
69% identity with 127 nucleotides of L1Tc. This
homology extends from nt 5264 to nt 5391 in Thesag,
and from nt 65 to nt 192 in L1Tc. There is, moreover,
significant homology of the 5' end of L1Tc with the
RIME DNA sequence from Tbbsl2 (Hobbs &
Boothroyd, 1990), Tbtrsl6 (Murphy et al., 1987),
Tbingi (Kimmel et al., 1987), Tbtubb3 (Affolter et al .,
1989), Tbvsga (Hasan et al., 1984) and Trrgrime
(Hasanetal.,1982) of T. brucei. Also, the T. cruzi Tcaad
(Baschiazo et al., 1992) and Tcanta (Bontempi et al.,
1993) sequences show high homology (72.8% and
74.2% of identity, respectively) with the 5' end of
L1Tc. The homology is revealed with the reverse and
complementary strands of 213 nt from the untrans-
lated 5' region of Tcaad and 66 nt from the 3' region
of Tcanta. The DNA sequence between nt 119 and nt
148 of L1Tc is 90 to 95% conserved in all RIME and
RIME-like sequences.

The analysis of the nucleotide sequence of L1Tc
cDNA (Figure 2) showed three ORFs in different
reading frames. The first ORF (frame 1) began at nt
102 and ended at the TAA termination codon in nt
1228. The second ORF (frame 2) extended from nt
1799 to the TAA termination codon at nt 3623. The
third ORF (frame 3) began at nt 3993 and continued
to the TAG termination codon at nt 4965. The
predicted amino acid sequence of each ORF was
named L1Tca, L1Tcb and L1Tcc, respectively.
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L1Tca (ORF1) showed homology with the Ape
family of DNA repair enzymes and with the  pol
gene N terminus of several non-LTR
retrotransposons

The comparison of the predicted amino acid
sequence of L1Tca with proteins available in the
sequence database using the BLASTP program
revealed homologies with the Apl-human protein,
which belongs to a family of repair enzymes
denominated as the Ape family (Dempleetal., 1991).
The analysis of the homology between the sequence
of L1Tca and the proteins of the Ape family
Apl-human (Demple et al., 1991), Rrpl-drome
(Sanders et al., 1991), Ex3-ecoli (Saporito et al., 1988)
and ExoA-strpn (Puyet et al., 1989), using the
BESTFIT program, showed the presence of various
levels of homology between these proteins. L1Tca
showed the greatest homology with the Apl-human
protein with a 20.3% identity in a 212 amino acid
fragment and a Z score of 10.1. This Z value revealed
that the similarity between the Apl-human protein
and L1Tca is biologically significant (Doolittle, 1981).
The PILEUP program was used to align some of the
proteins of the Ape family with L1Tca (Figure 3).
Several highly conserved regions were found to have,
in similar positions, most of the amino acid domains
described for all the Ape family proteins. The most
highly conserved domains were found in the amino
acid positions 124 to 133, 154 to 172 and 228 to 242.

The TFASTA analysis showed similarities between
L1Tca, the protein coded in ORF1 of the T. brucei
ingi-3 element and the pol protein N terminus from
some non-LTR retrotransposons. The BESTFIT
program showed a 30.8% of identity of L1Tca with
the polypeptide coded by the ORF1 of the ingi-3
element with a Z score of 30. Significant Z values
were also obtained when L1Tca was compared with
the N terminus of the pol protein, upstream of the RT
domain, from the | factor (Z =10.4) (Abad et al.,
1989), Bombyx (Z = 11.7) (Xiong & Eickbush, 1988)
and Tadl-1 (Z=7) (Cambareri et al., 1994). The
highly conserved domains of the Ape family also
have homology with the non-LTR elements described
abowve (Figure 3).

L1Tcb (ORF2) shows high homologies with
RT-related sequences of non-LTR
retrotransposons

The FASTA and TFASTA programs used to search
for similarities between L1Tcb and sequences
present in the SWISSPROT and GENEMBL banks
indicated that there are high homologies between
L1Tcb and the RT domains of non-LTR retrotranspo-
sons. The BESTFIT program showed that the
RT-related sequence from 12 out of the 15 non-LTR
retrotransposons studied had a Z value greater than
10 when compared with L1Tcb and an identity of
21% to 28%. The highest homology was found with
the T. brucei ORF2 from the ingi-3 retrotransposon
with an identity of 28% and a Z value of 27. The
trypanosomatid non-LTR retrotransposons CZAR,

SLACS and CRE1 (Aksoy et al., 1990; Gabriel et al.,
1990; Villanueva et al., 1991) showed Z values lower
than 4. Interestingly, these elements are site-specific
retrotransposons. Z values lower than 3 were
detected between L1Tcb and the RT-related proteins
of LTR-retrotransposons and retroviruses. After a
PILEUP analysis using two RT from viruses, four
RT-related proteins from non-LTR retrotransposons,
and L1Tcb (Figure 4), we observed that L1Tcb
maintains all seven motifs conserved in the RT and
RT-related proteins (Toh et al., 1983; Hattori et al.,
1986), and that, moreover, 36 of the 42 conserved
identical or chemically similar amino acids described
by Xiong & Eickbush (1990) are present in identical
positions in L1Tcb. Among the most highly
conserved residues are those that make up the
“Y/FXDD box” typical of all RTs. The alanine at the
X position detected in L1Tcb is characteristic of all
non-LTR retrotransposons. The dendrogram derived
from the PILEUP analysis of the RT domains from
five LTR retrotransposons, four internal sequences
belonging to group Il introns, 14 non-LTR retrotrans-
posons and L1Tch indicates that L1Tcb fits into the
non-LTR retrotransposon branch, T. brucei ingi-3
being the closest element.

L1Tcc (ORF3) contains two cysteine motifs

The analysis of the deduced amino acid sequence
from ORF3 (L1Tcc) showed some of the character-
istics of the gag-coded proteins, since two cysteine
motifs and a high (7.5%) and non-uniform
distribution of proline residues were found. Sixteen
of the 21 proline residues were found flanking and
inside the cysteine motifs. The BLASTP program
revealed that the cysteine motifs of L1Tc with the
CX,CX;,HX;sH structure were similar to the C,H,
class of zinc fingers from the transcription factors of
high eukaryotic genomes (Pieler & Theunissen,
1993; O’Halloran, 1993). Interestingly, the same
CX,CX1,HXssH structure was also found in all the
described trypanosomatid non-LTR retrotranspo-
sons, and in the insect R2Bm elements (Figure 5)
instead of the CX,CX,HX,C (C,HC class) in viruses
and most retrotransposons.

Genomic organization and copy number of
L1Tc

The chromosomal location of L1Tc-homologous
sequences was resolved by (PFG) electrophoresis.
The autoradiogram (Figure 6(a)), after 3 hours of
running time, showed that the L1Tc sequences are
dispersed among several size classes of chromo-
somes. The 0.9, 1.6 and 1.9 Mb long chromosomes,
and the giant chromosomes are the most intensively
labeled ones. After ten hours of running time, the
labeling extended all over the chromosomal set. The
genomic organization was revealed by hybridization
of the DNA with the entire L1Tc element after
digestion with different restriction enzymes. As
expected from the chromosomal location, the
autoradiogram (Figure 6(b)) showed that the



JMB—MS 382

52 Non-long Terminal Repeat Retrotransposon from Trypanosoma cruzi

1 CCACGCGTCCGCTGTACTATATTGCAGGATATTTTCTACATAATATTTGGCGAAGGAGAGGARATTGTTTTCTGTGTTGACARTGAGTCTTTCTA

Start L1Tca
96 TGAGTGAGCTTCCGCCCTGGCTCAGCCGGCCACCTCARCGTGGTGCCAGGGTCTAGTACTCTTTGCTAGAGAGGAAGCTARGCGCCTGCTGLCCA

1}AlaSerAlaLeuAIaGlnProAlaThrSerThrTrprsGlnGlyLeuValLeuPheAlaArgGluGluAI aLysArgLeuLeuProl

191 TCCGCTGCCCGCGGAGAGGCAGGAGGCGCCGCACARACGGGTCGGARGGGCACCAGATGGAGCCATTTACATGGCTGCCCGCGGAGCATTTCTAT
30’ IeArgCysProArgAr‘gGlyArgArgArgArgThrAsnGlySerGluGlyHisGInMetGluProPheThrTrpLeuProAlaGluHisPneTyr

EcoRl
286 CCGCTGCTGARTTCCATCGGCGCTTATCAGCGCTATACATACCGTTTGCGTGCCGTATGTGACGCGCARCGACARAAGCTACTGCTARGCGGAGA

62’ProLeuLeuAsnSerl 1eGlyAlaTyrGl nArgTeranyrArgLeuArgAlaValesAspAlaGlnArgGInLysLeuLeuLeuSerG\yAs

381 CHTTGHGCHGHHCCCHGGCCCCHTHGCHGTHCTCCHGHTGHHCGTTTCTTGCCTCHCGCCGTCHHHHCTCGCHHCHTTHHTGGCGCHHGGHGCHG
93" plleGluGinAsnProGlyProlleAlavValleuGlnMetAsnvalSerCysLeuThrProSerlLysLeuAl aThrLeuMetA!l aGinGlyATlaA

476 ACATARTAGCCATTCAGGAGACTTGGAAGTCGTCAGAGCAGATCGCCAGCATGCACACTGGAGATTATGTGCTCTATGCACAGTCGCGCATLGGE
125" spllel leAIalIeGInGluThrTrpLysSerSerGluGlnl1eAIaSerMetmsanGIyAspTeralLeuTyrAlaG\nSerArgtleGIy

571 AAGGGARGGCGGTGTGGCGGTGLTGGTGCGGRARARTCTCCGCTCCARGCGTATACCTCTCACCATCCCCCAGCACGACACCAGCCTTGAAGTGET
157’ LysGlyGlyGlyValAlaVallLeuValArgLysAsnLeuArgSerlLysArgl leProLeuThrileProGlinHisAspThrSerLeuGluvVaiVa

666 GGTGGTCCAGGTTGCTCTGGACCAGARCCGTGATCTTATTGTAGCGAGTGCCTATATGAGACCACCACCGCARGTARCGCAATCCTTCAGGEGET
188 1vaivalcinvalAlaLeuAspGinAsnArgAspleul levalAlaSerAlaTyrMetArgProProProGinValThrGinSerPheArgArgl

761 TAGTAAACTGCCTTCCAGCCTCGTCGCCGCTCCTGCTGTGCGGGGATTTCARCATGCATCACCCACAGTGGGAGCCATTCTTGGAGACTTCTCCA
220* euvValAsnCysLeuProAl aSerSerProLeuleuleuCysGlyAspPheAsnMetHisHisProGInTrpGiuProPheLeuGluThrSerPro

§56 HGCGHGGTTGCTGCHGHHTTTTTHGHHCTGTGCHCGBHTGCGGGHCTCHCCTTGGTTHHCHCCCCTGGTGHGHTCHCGTHTGCCCGTGGCHCHHG
252’SerGI uValAlaAlaGluPhelLeuGluLeuCysThrAspAlaGlyLeuThrLeuvalAsnThrProGlyGlul leThrTyrAlaArgGlyThrAr

051 RAGRACGATCCTGTATCGATCTGACATGGTCARAGCATTTGACTGTGTCGGATTGGTCAGCTTCCGTGTCGCCGCTTAGTGATCATTATGTGCTGA
283" gGluArgSerCyslleAspLeuThrTrpSerLysHisLeuT hrvalSerAspTrpSerAlaServValSerProLeuSerAspHisTyrvalleuT

1046 CATTTACGCTGCATCAGGCATTTAAGGATACCATACCTTCGGCACCCCTTCGGCACCTARGTTTTTCTACAGTTGGGGGAAGTGCARGTGGGRTT

315’ hrPheThrLeuHisGinAlaPhelLysAspThrileProSerAlaProLeuArgHi sLeuSerPheSerThrvealGlyGlySerAlaSerGlylle
End L1Tca

1141 TATTCATCRAGGACTTCGACGCACARCTTCCGGCATACGACTATARRAAGCAGTCCACCGGCATTAAGGCTTTCACGAGAGCGCTTATARCTTCG

347k TyrserserArgThrSerThrHisAsnPheArgHisThrThrilelysSerSerProProAlaleuArgleuSerArgGluArgleusos
1236 TATCGACGACATTGCCCOCGRGGCATGCACARGGACGGTCCCAGGCTTTGGGACGACACTCTCATGGAGGCAGAGCGGATTGCTACCGACAGCAR
1331 GGCCCGCTATCTACAGTTACCGACGCCCGACCGTGAGGCAGAARTGCAACGGACARGGAGTCAATTCTTCCTCCTACTCCGAGAGCGTTGEGCAR
1426 CACGTATCTACGCCGCATCAGCAAGTTARATCCAGGCGAGCCACTCGCATGGARATACATTTCCGGACGARARRARGGCATCACTTCCATCTCCER
1521 CATCAATGTTATTAGGAGATGGTCARCACACTTATARARCAGCARGGAGAGCAGCGAARTGCTCTCARTCGCATCTTTCTTRCATTTCACCCETET

1616 CHCHHGGCHGTTHGGTTTTCCHHRGGCHTCHHCHGHCHGHGTGHTCCTTGHHCHTTHHTGCTTCTTTTCTTTTTGGGCHGCHGHCHHTHGCGHGT
Start L1Tcb
1711 CTGCTGCCTCHTTTHCTTCHTTTTCTTCTHCTTCTTCTHGCTCCGHGCCGCHGHHCHHCHGCGHGTCTGCCGCTHCTTCTHGCTTTHGTTCTTCC
i¥phepnen

1806 ACCTCTCTTATCTCTGTATTTCTGAGCCGCAGARCAACAACGAGTCTGCCGCTACATCTACTTCAGGTTCTTCACTCTCATCTAGTTCTGAGTCR
3} isLeuSerTyrLeuCyslleSerGluProGinAsnAsnAsnGluSerAlaAl aThrSerThrSerGlySerSerLeuSerSerSerSerGiuSer

1901 CHGGHCHHHHHCGHHGCTGECHCCHCHTDTGGTTTHGTTGCTCHTCTTCHCTCCCCTCTTGHTGCHCCTTTTHHTCGTHCGGHHCTGCTTGCTGC
35}6\ nAspLysAsnGIuAlaAlaanThrSerGIyLeuValAraHisLeuHisSerProLeuAspAlaProPheAsnArgThrGluLeuLeuAlaAl

1936 GCTACGTAATACGCCGTATGGCARGGCCCCCGGACCGGATGARGTCTACAGTGAGGCACTGCGACATATTTCGTCARAGGGCCTCCGATTCLTTE
55" a!,euArgAsnThrProTyrG\yLysAlaProGlyProAspGluVaWTyrSerGluAIaLeuArgHisl!eSerSerLysGlyLeuArgDheLeuL

20 TTCGTTGCHTTHHCCHCHGTTGGHCGHCCGGTHCGHTTCCGGTTGHGTGGHGHCGCGCCHCCHTCGTTCCHCTCTTHHHHCCCGGTHHGTCGCCG
93"' euArgCysil eAsnHisSerTrpThrThrGlyThrileProvalGluTrpArgArgAlaThril eValProLeulLeuLysProGlylLysSerPro

21836 GARCTGCTTGAGTCATATCGACCCATCAGCCTTACCTCCATTGTGAGTARGGTTGCTGAGAAARATGGTACTGARGAGATTGCTTTGGGTGTGGAC
130*61uLeuLeuG\uSerTyrArgProl leSerLeuThrSerl levalSerLysValAlaGIuLysMetValLeuLysArgLeuLeuTrpValTrpTh

2291 GCCGDHCCCCCHBDHGTHTGCHTHTCGTHGTHTGCGTHCCHCGRCGHTGCHGCTGGCHCHCCTGHTHCHCGHHETGGHGCHTHHTHGHHHTCHCT
161,' rProHisProHi sGlnTyrAlaTyrArgSerMetArgThrThrThrMetGlnLeuAVaHisLeulleH1sGiuVaIGI uHisAsnArgAsnHisT

2376 ATTTCCARGTGAGECTTCCCARGARAAGCGGTATTGGCAATCARCTCCACTACAGACCCCATCGGACCCTGCTGGTGCTGGTTGATTTCAGCAAG
193' erheGInVaISerLeuDroLysLysSerGlylleGlyAsnG!nLeuHIsTyrArgProHisArgThrLeuLeuValLeu\/alAspPheSerLys

2471 GCTTTTGHETCCHTHGHTCHTCGHGTCCTCHGTCGCTTGCTGGCTHHTHTTCCGGGGGTGHHTTGTHGHHGGTGGCTTHGHHHCTTTCTHTGTGG
225*AlapheAspSerlleAspH\sArgValLeuSerArgLeuLeuAlaAsnl leProGlyValAanysArgArgTrpLeuArgAsnPneLeuCysGI

Figure 2
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2566 TCGCTACGCGAAGACACGAGTTGGCCACAGACACAGCGATCGGCGTCCCATGCTGCGAGGAGTTCCTCAGGGGTCCGTGCTGGGACCATARTTTGT
256’ yArgTyrAlaLysThrArgvalGlyHisArgHisSerAspArgArgProMetLeuArgGliyValiProGinGlySerVallLeuGlyProTyrlLeuP

2661 TCTCCCTTTACGTACACCCACTTCTCAATCTGCTGAACAGCTTTGCGGGTGTCACAGCAGACATGTATGCGGACGACCTCTCTATTATCGTTAAG
233" heSerLeuTyrValHisProLeuLeuAsnLeuLeuAsnSerPheAlaGlyValThrAlaAspMetTyrAlaAspAspLeuSerliiellevVallLys

2756 GGGCAGTCCCGGGAAGACGCCATTCCCACTGCCAACATGGTTCTTCAAARACTGCATGCGTGGAGTCAGGARARATGGCCTGGCCATCRACCEGTE
320FG1y6InSerArgsluAspATal leProThrAl aAsnMetValleuGlinLysLeudisAlaTrpSerGinGluAsnGlyLeuAlalleAsnProSe

2651 AAAGTGTGAARGCTGCTTGGTTCACACTATCCACGCACACGGAGTCAGATTATGATCGTGAAGGAARGGTGGCCCCTGGTAGTGGCTGGRTGCCAAR
351* rLysCysGluAlaAlaTrpPheThrLeuSerThrHisThrGluSerAspTyrAspArgGluGlyArgTrpProLeuvalValAlaGlyCysGlint

2946 TCCCAGTCATGACCATGGGGGCGTCGCGARCTACGAAGCTTCTCGGCATGGATCTCGATCCACGACTGACGCTAARTGTGGCGGCCACCARGEARA
383" leProvalMetThrMetGlyAlaSerArgThrThriysLeulLeuGlyMetAspLeuAspProArglLeuThrLeuAsnValAlaAlaThrLysGin

3041 TGCGCTGCCACTTCGCAACGGATATCGCAGCTACGCTCGATAGCGCACAARAGAGGCGGGACCATCTCCACATGACCTACGCACGTTCGTCATTGE
‘H5*CysAlaAlaThrSerGlnArgl1eSerGInLeuArgSer| leAlaHisLysGluAlaGlyProSerProHisAspLeuArgThrPheVallleGl

3136 ATACGGTGCTTCCARARTTACGCTATGGCAGCGAGCTCATATGGGCAGTAGCGACGGATTCAGCGAAGAATGAGATGCAGARGACGTACGCRACCE
4‘1‘5" yTyrGlyAlaSerLysLeuArgTyrGlySerGluLeulleTrpAlavalAlaThrAspSerAlalLysAsnGluMetGlinLysThrTyrAlaThrL

3231 TAGCACGCATTGTCAGCGGAGTTCCGRAGCACTGTTGACCCGGAATCCGCGCTGCTGGAGGCTAATATGCCGCCGCTCCATGTCCTTTGLCCTGLGE
478F cualaArgiievalSerGlyvaiProSerThrvalAspProGiuSerAlaleuleuGluAl aAsnMetProProleudisValLeuCysLeuArg

3326 GCGCGGCTCTCAATATTTGAGAARCACACGCGCATGTCAGATGGACTGGATGCGGAGACCCCCGCCTGAGCCACCGCCTCGCGCCGGTTTCCGCRT
S10F AlaArgLeuSeriiePheGluAsnThrArgAlaCysGinMetAspTrpMetArgArgProProProGluProProProArgAla6lyPheArgl

3421 CTCGCCACTATCTCGGGACGAGCTATATGCCTTTGTAGACGCATACACAARGGACTATGGCATCACCGAGAGCTCACCACGCGARGAGEGGTTICT
541’ eSerProlLeuSerArgAspGluLeuTyrAlaPheValAspAlaTyrThrLysAspTyrGlylleThrGluSerSerProArgGluGluArgPheP

3516 TTCGCHGCTCCHTTCCTCCCTGGTHTGCGGCCTCCGCTCHCCGGGTCHCCHTCGGTGTGGHRCTTCCGHTHGRCCHCTCGHTCHCCGHCGRHGHR
573F neArgSerSerileProProTrpTyrAl aAlaSerAlaHisArgValThrileGlyValGiuLeuProlleAspHisSerileThrAspGluGtu

End L1Tcb
3611 GAGCTGATAAGGTARAAGCGCAGAGTCAGCTRAGAGGCTCTGGTGCTGCACAGCCATCGTTCOGTGGATACTTGCGACCGATGGCGGTGTCGACGT

605FG1uLeul 1eArgeee
3706 TCCCAAGTCAGCAGGGGTTGGAATACTGCTTTCATCCCTCAACTCATCGGAGATAATAGARAAGGCCAGCATAAACTGCGGTGCACGCCCATGER
3801 GCTACAGGACGGAATCCCGTGCGCTGCTTCTAGCCCTAGAGAAGCTGATGATTCCTCGTATCCGCCACAGGGCTARRACCCTGCTTGTGGTTACG

3896 GACAGTCAGTCTCTTCTAGCGGCTCTARACAAGGGCCCGCTCAGTCAGACAGACTGGACGGAGGATCAGATCTGGCAGCGTCTCTTGACACTGAC

Start L1tcc
3991 GCGTGCTAGGCTGGTCCGTGCACCTGCAGTTTTGTTACGGACATTGCGGAGTACATGCTARCGAGCTTGCAGATCAGTATGCGACGCAGACTARTG

1"ValL.euGlyTrpSerValHlsLeuGlnPheCysTyrGIyHisCysGIyVaIHisAlaAsnGluLeuAlaAspGlnTyrAIaThrGInThrMet

4086 GRAAGTGGACAATACACGGAGCAAGGAATCGCACCTTTATGGCACACGGATCTGCTGACATGTTTTACTACCCAGCTCACCARCAAGTGGCGTRG
32"61 uSerGlyGInTyrThrGluGinGlylleAlaProLeuTrpHisThrAspLeulLeuThrCysPnheThrThrGlinLeuThrAsnLysTrpArgSe

4181 TACCCTTCGTCAAGACACTCATCGCTACTTGCTTTGCGGCACAAGGCCATCAGATCTCAGCGGTAAGGACCTGATCACTCAGGAAGTTCTARCACC
63" rThrlLeuArgGinAspThrHisArgTyrLeulLeuCysGlyThrArgProSerAsplLeuSerGlyLysAsplLeulleThrGIinGluVallLeuHisA

4276 GTCAGGAACTGGTTCACCTCGCARGGGCARGGTGCGGGGAATCTGAGCTCTGGGGCCGACTATACTGGGCCGTGAGAGATTGCACGAARCCARATGE
95' rgélnGluLeuvalHislLeuAl aArgAlaArgCysGlyGluSerGluLeuTrpGlyArgLeuTyrTrpAlaValArgAspCysThrAsnGlinCys

4371 CGATTCTGCAACATCTCACCGGAACAGTCTGCATATATGCGCTCTAACAACGATCCAACTGCACCGGGGACGGACACTGTTCCCCCGTCGGCGREG

|27"ArgphecysAsnl leSerProGluGinSerAlaTyrMetArgSerAsnAsnAspProThrAlaProGlyThrAspThrValProProSerAlaAr

Aatll
4466 GGAGGAAGACGTCTCTCCAGTARGGAGACGGACCCTCACACGCCGTCGGARGGAGARATGTCCGCACTGTGATTCCACATTGACGGGATTCTCGG

1 58’ g6 1uGluAspValSerProValArgArgArgThrlLeuThrArgArgArglysGlulysCysProHisCysAspSerThrieuT hrGlyPheSerG

4561 GTCTCGTCAGTCACTGTCGGTCATTTCATCCGGAACATCCCCCACCGLTTCCCGAGCTCARATGTGATTTCTGTGACATGGTTTTCCCCACACGE
190" lyLeuValSerHisCysArgSerPheHisProGluHisProProProLeuProGiuLeulLysCysAspPheCysAspMetValPheProThrArg

4656 AGAAGCACCGCACAGCACAGRAGTCCGTGCGCACACAACCCAGACGCCACACGGCATCGGAACAGCAGTGCCAGGAGGCGATCTCTCGTGCCGER
222'ArgSerThrAl aGlnHiSArgSerProCysAlaHisAsnProAspAlaThrArgHisArgAsnSerSerAlaArgArgArgSerLeuVvalProGl

4751 GGATCAGCCAGCTTCCACTAGCACGCCAATCGGCCCGCAGGAAACCTTGCRCCATCTGCTTCTAGAATGTCCAGGCACCTTGGCTGTGCGTCAARC
253% nAspsinProAl aSerThrSerThrProl 1eGlyPro6inGluThrleuHisHisLeuleuleuGluCysProGlyThrLeuAl aVvalArgGlnA

4546 GGCTGGGCATTGAACAGGACCTTCGCCTCGGAARGTTCTCTCARTGGCAGTTGCTTCATAGCAGGARACTTTTGTCGTTGCTCGACCACCTETTC
265K rgLeusiylleGluGinAspleuArgleuGlyLysPheSerGinTrpGinLeuleuHisSerArglysleuleuSerLeuleuAspHisleuPhe

End LiTcc
4941 GGCACTCAGATGGCACTGTATAGCTAGACGCGCTGGTAGGAGTAGT AAAAAAAAAAAAAAAA

317FGiyThrGInMetAl aleuTyrSereee

Figure 2. Complete nucleotide and deduced amino acid sequence of L1Tc. Each open reading frame (ORF) is translated
below the DNA sequence, L1Tca (ORF1), L1Tcb (ORF2) and L1Tcc (ORF3). The stop termination codons are indicated
by filled circles. The RIME-like sequence, showing homology with the RIME sequence of several transposons, at the 5'
end and the E12A sequence at the 3' end are underlined. The EcoRl site at the 5' end and the Aatll at the 3' end are indicated.
The 2 CX,CX,HX;sH motifs are double underlined.
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Figure 3. Comparison of L1Tc with the Ape family of proteins. The alignment of the proteins was performed using
the PILEUP program. The numbers at the right- and left-hand sides of each sequence indicate the position of the amino
acids in the proteins compared. The proteins and their sources are as follows: Apl is the major human apurinic
endonuclease (Demple et al., 1991). Rrpl is the 252 amino acid C-terminal region of the recombination repair protein 1
from Drosophila (Sanders et al., 1991). Exoa is the major DNA exonuclease of Streptococcus pneumoniae (Puyet et al., 1989).
Exo3 is the exonuclease 11l from Escherichia coli (Saporito et al., 1988). Blocks of amino acid sequence identity (identical
or chemically similar) are boxed. The homology between the | factor (Abad et al., 1989), ingi (Kimmel et al., 1987) and
Tadl-1 (Cambareri et al., 1994) with the Ape family of proteins is also indicated. The amino acid sequence identity is

indicated by asterisks.

L1Tc-related sequences are dispersed throughout
the genome. A highly labeled band of about 5.5 kb
was present in all lanes in which the DNA was
digested with a restriction enzyme that cuts only
once within L1Tc. The 5.5 kb long band hybridized
with several probes from along the E12 element
(Requena et al., 1994) as an indication that this band
contains the entire E12. Analysis of chromosomal
location and genomic organization of L1Tc in
different strains of T. cruzi showed a great variability
(unpublished results). The copy numbers of the
L1Tc-homologous sequences were estimated by
dot-blotting using the 3' Aatll-Aatll and the
5 EcoRI-EcoRIl fragments of L1Tc as probes
(Figure 6(c)). The pSPFM55 plasmid containing the
entire element was used as reference. On the basis of
the total genome content per parasite given by Borst
(1982), the copy number was calculated to be about

2800 or 2300 depending on the probe used (3' or 5'
probes, respectively). Therefore, it is likely that the
number of 5' truncated elements would be about 17%
of the total.

Discussion

In this paper, we have presented evidence showing
that L1Tc is a non-LTR retrotransposon, and that it is
actively transcribed into poly(A)* RNA. The L1Tc
element is present in a high copy number and found
dispersed throughout the genome of T. cruzi. This
cDNA contains at its 3' end the E12A repetitive
sequence (Requena et al., 1994), and at its 5' end a
RIME-like sequence. Although RIME and RIME-like
sequences are present in the VSG transcripts and the
genomic ingi elements of T. brucei, in our knowledge
this is the first report of a non-LTR retrotransposon



JMB—MS 382

Non-long Terminal Repeat Retrotransposon from Trypanosoma cruzi 55
L R
HTLV-1 LEAGHIEPYTGPGNNPVFPVKKA 3aa . NRFIHDLRAT . . ¢« « « =+ s s s « « 3 ¢ s s s 3aa
RSV LQLGHIEPSLSCWNTPVFVIRKA 3aa YRLLHDLRAV . ¢« ¢« ¢ ¢ o ¢ ¢ v ¢ 2 o s o o« 3aa
Saa
LiTcb HSWTTGTIPVEWRRATIVPLLKP Baa SYRPISL|ITSIIVSKVAIEKMVLKR « « o|L
ingi ESLRTGVVPPAWKTGV|IIPILKA 8aa SYRPVTLITSCILCKVMERTIIAARIPRDT|V Taa
WWL|V Saa
I NEIFNSHIPQAYKTSLIIIPILKP 8aa SYRPISLINCCIIAKKLDKITIAKR|L
Lihs SI!KEGILPNSPY!AS}ILIE]KP 8aa N|FRPISLIMNIDIAKILNKILANROQIIQQH|TI Taa
Aatransp XCFQLAYFPDXKWKNAKIVVPILKEP 8aa SYRPISLILSS[ISKLFEKYVILNR|MMAEH|T 9aa
p hh h X hR h X
D r P G P LQPIR 6
HTLV-1 TIDLS 18aa LQTIDLKDAFFQIPL 27aa VLPQGFXKNSPTLFQLVVGHTI aa
RSV LVPFG 1728 LMVLDLXKDCFFSIPL 27aa VLPQGMTCSPTICEMQLAQVLEPLR 6aa
LiTcbh 46aa L|V D F|S|K A FDIS|I|DH 44aa GVPQRGS|VILGP YL F|I V|M|N S{L|{S QR A 6aa
ingi 26aa A F|VD Y|E|IKX A FD|IT|VID H 45aa GVPQGT|VP|GSIMPEF|S Y|V|H P[LIL N L N 6aa
I 24aa T|L D F|S|R A F D|R|VIG V 45aa GIPLGS|PITSVILFL A|FINK|L|S NI s 6aa
Lihs 26aa S|I D[A E|X A F D|IXK|I|Q Q 45aa GTRQG[CPILSPLL|PN VIL|E V|LIARA R 1l6aa
Aatransp 27aa A L|LDTI|E|KAPFDIS|IVIWNH 45aa GVPQGS|[IILGPILYN FTSD|ILIPEL . . 4aa
h hDh AT h hPQG p P hh h
e x !'LgQII
HTLV-1 CM LLAAS 5aa EAAGEEVISTLERAGFTISPDKVQQ Oaa TPGTIK
RSV T I LLASEP S5aa QLLSEATMASLISHGLPVSENKTQR Oaa EPG.VQYLGYKL
LiTcb T A siT|T V 1i2aa N M V|L|Q K|L|H A SQENGL A 33aa A SR TKL G D
ingi QH TIL|L A 12aa Q C G|L|N V|VIL Q SKEYTFM C 20aa ADR PKL G T
I KF FILIT I 10aa D N L|L|N D|I|{G N GSYSGA H 20aa IP VTS
Lihs K L I|V|Y L 7aa Q N L|L|K L|I|S N SKVSGY A 24aa P S KR
Aatransp Q K G|L|{S A 12aa Q X S|L|D I|F|S S LQKWET L 27aa INWSDE
h hh Gh h hLG h

Figure 4. Comparison of L1Tcb with the amino acid (aa) sequence of the (RT) domain of 4 non-LTR retrotransposons
and 2 retrovirus pol genes. The amino acid residues (in bold) at the top of the sequence correspond to invariable residues
from a retrovirus (Toh et al., 1983; Hattori et al., 1986). The 42 conserved positions containing identical or chemically similar
amino acids in all the RT sequences described by Xiong & Eickbush (1990) appear at the bottom. Boxed sequences are
shown when the same amino acid residue appears in the same position in at least 4 of the 5 non-LTR retrotransposons.
The numbers indicate the length of the gaps (in amino acids). The sequences used for the alignment were taken from:
the 300 RT-related region of HTLV, the human T-cell leukaemia virus type 1 polymerase (Malik et al., 1988); RSVP, the
Rous sarcoma virus polymerase (Schwartz et al., 1983; ingi, the ingi-3 non-LTR retrotransposon from T. brucei (Kimmel
et al., 1987); 1, the | factor from Drosophila (Abad et al., 1989); L1Hs, a LINE sequence from human (Xiong & Eickbush,
1990); Aatransp, the Juan-1 element, a LINE retroposon from Aedes mosquito species (Mouches et al., 1992).

cDNA that contains a RIME-like sequence. We think
that there are no associated LTRs in L1Tc, since
the tandemly repeated genomic 5.5 kb long band
(Figure 6(b)), containing the 5.0 kb long cloned L1Tc
cDNA, also contains the entire E12 element described

by Requena et al. (1994). A 3' poly (A) stretch should
be present in genomic L1Tc, since, as indicated by
Requena et al. (1994), a poly (A) stretch is present at
the 3' end of the genomic E12A element, which is
located at the 3' of L1Tc. The existence of a highly

Consensus (Transcription factor) ¢ .X,.C...%,...F.....Xs....5L..X,..H. . X5....H

L1Tc (Z£f1) 170 ....TRRRKEK:PH?DSTLTGFSGLVS;CRSFI—I;IPEHP——I
L1Tc (zf2) LPPLPELKCDFCDMVE‘PTRRSTAQHRSPCAHNPD....236
Ingi CITDICCDATYQCRSSAVTHMYVNDNEK

CZAR CIPLICISFNRPGEHDVFYHCRQA

SLACS CIPVICIGFAHPEETTITVTHCRQQ

R2Bm CIQFICIERTFSTNRGLGV|HKRRA )

Figure 5. Comparison of the cysteine motifs found in the ORF3 of L1Tc (L1Tcc) with those found in ingi-3 (Kimmel
etal., 1987), CZAR (Villanuevaetal., 1991), SLACS (Aksoy et al., 1990) and R2Bm (Xiong & Eickbush, 1988). The consensus
TFIA-like transcription factor motif (Pieler & Theunissen, 1993) is indicated above the Figure. The 2 cysteine motifs of
L1Tcc, separated by 11 amino acids, are labeled as Zf1 and Zf2. The numbers indicate the position of the amino acids
within L1Tcc. The Cys and His residues of the 4 non-LTR retrotransposons and L1Tcc are boxed.
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Figure 6. Genomic organization, distribution and copy number determination of the L1Tc element. (a) PFGE of T. cruzi
chromosomes. Lane 1, ethidium bromide-stained gel; lane 2, Southern blot of the same gel hybridized with the L1Tc probe.
The numbers at the left-hand side indicate the molecular mass markers (in Da) from S. cerevisiae chromosomes (kb). The
autoradiogram was exposed for 3 h.

(b) Southern hybridization of the DNA from T. cruzi digested with several enzymes and probed with the L1Tc element.
The Pstl, Sall, Hindlll, Aatll, EcoRV, EcoRI, Xbal and Clal enzymes cut only once in the element. The numbers at the
left-hand side indicate in kb the size of mobility of the Hindlll fragments of lambda phage DNA.

(c) T. cruzi genomic content of the L1Tc element. Known amounts of T. cruzi DNA (3.33, 1.66, 0.83, 0.416 and 0.208 ug
representing 107, 5 x 10°, 2.5 x 10, 1.25 x 10° and 6.25 x 10° parasites, respectively) and pSPFM55 plasmid DNA (111, 55.5,
27.75, 13.87, and 6.94 ng representing 10%, 5 x 10°, 2.5 x 10° 1.25 x 10°, and 6.25 x 10° copies of L1Tc, respectively) were
dot-blotted onto a nylon membrane and hybridized with the L1Tc 3' end Aatll-Aatll probe (A) and with the L1Tc 5' end
EcoRI-EcoRI probe (E).
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conserved region within the T. brucei RIME sequence
and the T. cruzi L1Tc RIME-like sequence, together
with the recent demonstration of the existence of an
internal promoter in several non-LTR elements
(Eickbush, 1992), may suggest the possibility that the
L1Tc RIME-like region could function as an internal
promoter. In fact, it has been suggested that the
insertion of a RIME may condition the activation of
potential expression sites in T. brucei (Pays et al.,
1989).

The most characteristic features shared by all
the retrotransposons is a long ORF containing a
RT-related sequence. All seven domains conserved
in the RT and RT-related proteins (Toh et al., 1983;
Hattori et al.,, 1986) are found in L1Tcb. The
dendrogram derived from the PILEUP analysis of
several groups of RT sequences (LTR, non-LTR and
internal sequence to group Il introns) indicates that
L1Tcb fits into the non-LTR retrotransposon branch,
the T. brucei ingi-3 element being the most closely
related. Moreover, 36 of the 42 conserved amino acids
described by Xiong & Eickbush (1990) to be present
in RTs are found in identical positions in L1Tch. This
conservation corresponds to a value of 85.7%, which
is similar to that reported by these authors for the
non-LTR retrotransposon family. Among the most
highly conserved residues are those that make up the
specific “Y/FXDD” box of the RTs, which is
necessary for their activity (Larder et al., 1987). The
presence of alanine in the X position in L1Tcb
reinforces the hypothesis that L1Tc is a non-LTR
retrotransposon element, since the LTR retrotranspo-
sons and the viral RTs have a hydrophobic residue in
the X position.

The presence of cysteine motifs in L1Tc also
support the theory that the element is related to the
non-LTR retrotransposon family. Most importantly;
the cysteine motifs of L1Tc are located ata 3' position,
as in the T. brucei ingi-3 element and some other
non-LTR retrotransposons (Fawcett et al., 1986;
Fanning & Singer, 1987; Schwarz-Sommer et al.,
1987). In contrast, most of the retrotransposons
contain the cysteine motifs in a 5' location. Since the
cysteine motifs of L1Tcc, with the CX,CX,,HX;sH
structure, show homology with the zinc fingers of
some transcription factors (Pieler & Theunissen,
1993; O’Halloran, 1993), it is possible that there is a
functional or evolutionary relationship between the
cysteine motifs of L1Tcc and the zinc fingers of
transcription factors. On the other hand, as it has
been demonstrated that the CX,CX;;HX;sH struc-
tures are able to bind RNA (Pieler & Theunissen,
1993), besides their ability to bind DNA (O’Halloran,
1993), we suggest that the cysteine motifs present in
L1Tc may be involved in functions similar to those
of the gag-like protein.

We found that the ORF1 of the T. cruzi L1Tc
element may encode for a polypeptide with
endonucleolitic activity, since it shows high hom-
ology with the Ape family of repair enzymes
implicated in the first step of repair of the AP sites
(recognition of AP sites and DNA cleavage as
hydrolytic AP endonucleases; Lindah, 1990). Thus, it

is likely that L1Tca might have a similar function to
that found for the enzymes of the Ape family, and
that this could be a general feature of certain subsets
of non-LTR retrotransposons. Interestingly, the most
highly conserved domains in both L1Tca and the
Ape family of proteins are also present upstream of
the RT domains of pol genes from some non-LTR
retrotransposons. Then, following the model for
retrotransposition of non-LTR retrotransposons
proposed by Eickbush (1992), the L1Tc as well as
other non-site-specific non-LTR retrotransposons
may have the capacity to generate DNA nicks in AP
sites, where the integration complex could associate.

Methods

Trypanosomes

The Tulahuen strain of T. cruzi was used. Growth and
maintenance of epimastigotes were as described
(Nogueira et al., 1981).

DNA sequencing and analysis of the cDNA insert
(L1Tc) in the pSPFM55 clone

The nucleotide sequencing of the DNA was carried out
by the dideoxy chain termination method described by
Sanger et al. (1977) using Sequenase (United States
Biochemical). The complete sequence of the cDNA was
obtained by subcloning and by the use of internal primers
synthesized during the sequencing procedure. The FASTA
and TFASTA programs (Lipman & Pearson, 1985) were
used to search for similarities between the cDNA sequence
and the sequences present in the GENEMBL and
SWISSPROT data banks. Other programs from the GCG
package and the BLAST network service of NCBI (Altschul
etal., 1990) were also used for analysis and alignments. The
statistical significance (Z score) was determined (Doolittle,
1981) after comparison of the sequence under investigation
with 100 randomly permuted versions of the potentially
related sequence. The PILEUP program of the GCG
package was used to generate a dendrogram of several RT
and RT-related proteins and the deduced amino acid
sequence of the L1Tc.

Southern and Northern blot analysis

The T. cruzi DNA was isolated from epimastigotes with
proteinase K and phenol/chloroform (1/1 v/v) and the
RNA by the guanidinium thiocyanate method (Maniatis
et al., 1989). After digestion with a variety of restriction
enzymes the DNA fragments were separated in 0.8%
agarose gels and transferred to nylon membranes
(Zeta-probe, Bio-Rad). The RNA was size-separated in
agarose/formaldehyde gels and transferred to nylon
membranes. Hybridization for either the DNA or RNA
analysis, was performed at 65°C owvernight in 0.5 M
NaH,PO, (pH 7.2), 1 mM EDTA, 7% SDS and 0.25 mg/ml
of herring sperm DNA. The probes were labeled by the
random primed method (Feinberg & Vogelstein, 1983).
Washing of the filters was done in 40 mM NaH,PO, (pH
7.2),1 mM EDTA, 5% SDS twice for 30 minutes at 65°C and
twice in 40 mM NaH,PO, (pH 7.2), 1 mM EDTA, 1% SDS
for the same period of time and at the same temperature.
For reprobing, the membranes were washed twice for 20
minutes at 95°C in 500 ml of 0.1 x SCC (0.15 M NacCl,
0.015 M sodium citrate (pH 7.0), 0.5% SDS.
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Copy number determination

Different amounts of total T. cruzi genomic DNA and the
pSPFM55 plasmid DNA (constructed in the pSPORT1
vector; Requena et al., 1994) were denatured in 0.2 M
NaOH, 0.2M EDTA at 90°C for five minutes. After
denaturation, the DNA samples were loaded by duplicate
on Immobilon-N membranes (Millipore) using a Millipore
Dot Blot apparatus. The filters were hybridized with the
probes (EcoRI-EcoRI and Aatll-Aatll) under the conditions
described above. As a control, the probes were also
hybridized with the wvector. The copy number was
calculated by densitometric analysis of the autoradiogram
using the pSPFM55 plasmid DNA as reference, and on the
basis of the nuclear genome content per parasite (Borstetal .,
1982) after subtraction of the signal given by the control.

Pulsed field gradient electrophoresis

Agarose blocks containing approximately a total of
5 x 107 parasites were prepared (Clark et al., 1990) and
stored in 0.5 M EDTA (pH 9.5; 1/5 block was subjected to
electrophoresis (1% agarose in 0.5 x TBE at 200 V for 24
hours at 12°C with a pulse time of 120 seconds. The DNA
was transferred to nylon filters and hybridized with the
L1Tc probe as described above.
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