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SUMMARY

Wi have carried out the molecular characterization of a highly repeated DNA element, called Ef 2, from Trypanosoma
cruezi, which has been found to be interspersed along its genome. The £12 element, repeated about 5.6 10F times, is
fonnd in most of the chromosomal bands of the parasite. Three subregions may be defined within the element on the
basis of sequence similarities with other trypanesome genomic sequences, Mortherm blot analysis demonstrated that
sequences of the E12 element are present in several polyadenylated RNA species of T. cruzi. The isolation and character-
ization of a cDMA clone, pSPFM33, which showed hybridization with the EI2 probe, indicated that only one of the
E12 subregions, £f24, is found in the ¢cDNA and that it is located at the ¥-end providing the site of polvadenylation
addition. The location and high degree of nucleotide conservation of K724 supeest o possible [unctional role of this

SCCUSHCE 11 2ene eXPression.

IMTRODUCTION

The analysis at the molecular level of eukaryotic
nuclear DMAs has revealed the presence of complex
arrays of highly repented sequences (Singer, 1982). The
function of the major repetitive DNA famulies m these
genomes has not been determined although it has been
reported that they could be invalved in events of unequal
crossingover (Dover, 1989) and that they could be
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implicated in the posttranscriptional control of gene ex-
pression as it 15 the case of the Alu-like { Deiminger and
[aniels, 1986 clements from the rat wdentificr { 10 family
repeats (Glaichenhaus and Cuzin, 1987) and the repeated
sequences from the mouse B1 family found at the 3 -end
of noncoding regions, conferring growth-dependent ex-
pressien [ Vidal et al., [993). The existence of genetic re-
petitive material has been also recently imterpreted in the
comtext of the abilities of eukaryotes o develop evolu-
tionary sirategies which allow comparatively quick
changes in the interactions of individual parts of the
genome { Epplen, 1992,

At present, several families of nuclear repetitive se-
quences have been isolated from the genome of T, crusi,
the etiological agent of Chagas” disease, a5 a result of an
intense search for DMA probes with diagnostic applica-
tiens, The first reported repetitive sequenes of this para-
site was a satellite’ DNA clement which accomplishes for
9uy of its nuclear genomic DNA (Sloof et al. 1983;
Gonealez et al, 1984). Another repetitive T. cruzi DNA
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sequence element, called E73, has been reported to be
dispersed throughout the genome as a family of polymor-
phic sequences with & copy number of (1-2)= 107
(Requena et al, 1992), Repetitive sequences represented
in lower abundance have been, moreover, iselated from
the T crazi penome { Wincker et al., 1990; de Mendonga-
Lima and Teaub-Cseko, 1991,

The aim of the present study was to isolate a new DNA
fragment from the T. eruzi genome, called EI2, that is
repeated abour 35300 umes and located on most of the
chromosomes. We show that a particular subregion of
the EI2 element, Ef2A, is transcnbed and found at the
Feend of a polyadenylated transcript,

EXPERIMENTAL AND DISCUSSION

(a) Isolation of a 7. crazi repented sequence

In search for repeated DMA sequences from the T
cruzi genome we sereened an EcoRl-digested DNA -
brary with a T, cresi total DNA probe as previously
described { Requeny et al., 1993). Clones showing a strong
hybridization infensity were isolated, nick-translated
{ haniates et al, 1982) and vsed to probe T, cruzi endonu-
clease-restricted DMNA on nylon membranes. A comples
patiern of hybridization bands was observed with the
PEI12 clone, independent of the restriction enzyme used
(Fig. LA}, as an indication of the high level of dispersion
and restriction polymorphism of this DNA fragment
throughout the T. eruzi peneme. In fact, the EcoR1 band
corresponding to the cloned E12 DMA fragment has a
relatively low autoradicgraphic signal (see arrow in
Fig. 1A} Bands of higher size showing strong hvbridiza-
tion with the Ef2 element may be explained as formed
by tandem arrays of either the entire E1 2 element lacking
EeoRI restriction sites or of particular EI2-containing
ECENCES,

To study the chromosomal distribution of the Ef2
element, T. cruzi chromosomes were size separated by
orthogonal-field  alternation gel  electrophoresis
{OFAGE), transferred Lo nylon membranes and probed
with the insert of the pE12 clone (Fig. 1B}, Most of the
chromosomal bands hybridize with the EIZ? probe as a
direct indication that the £12 sequence is dispersed along
the T. cruzi genome. Dot-blot hybridization assays
(Fig. 1C) indicated that the E/2 sequences comprise
about 2.5% of T. crusi total DINA. Since the Ei 2 element
15 1123-nt long (see section b), assuming a T, eruzi genome
content of 2.5 10° bp (Lanar ot al. 1981), we may
deduce that the copy number of this element is 5.6 107,
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Fig. 1. Genomic organization, distribution and copy-number determi-
nation of the Ei2 repeated element. (A ) Southern bybridiznion of the
DA from T oruzi parasites probed with the B23 clement. Lanes: 1,
EeoRlL: 2, SunHLC 3, Hind)IL 4, Psl; 5, Smal. The arcow indicales the
povation of the EL2 DNA fragment. Methods: T crwzi DINA was solated
as previously deseribed (Boguesa et al, 1988), DNA samples (2 |
were digested wsing the endonucleases listed above. DMA fragments
were [ractiomated in g 8% agarose gel, transderred 1o 8 nylon men-
brane and prohed with the [P 1dATP-nick-iranslated insert of pEi2
clone, Hybridizations were corried ot at 42°C for 16 b inoa sslufion
comtaining S0% formawmide§ = S5C/0 % SDS40 e densiuned herring
sperm DNA porml The last wash wos done in sicingent condi-
tens i A1« BECAL % SDS an 65°C for | he (B Distribution of the
EL? DMA sequences on T cruzi duomosomes, Lanes T, T eruzi Y.
Sicchuromyees corerisiop. Panels: 1. ethidiam Broaside-stained fu el
Southern blat of the gel hybridized, as indicated above, with the E/2
probe. Metlods: The preparation of the agorose blocks, parasite pellels
and the OFAGE separation were carried ont as deseribed by Yan der
Ploeg et al. (1984]. The pulse frequency wus W) & using 1% agarose
gels, Southern bloting was achieved in the usual way [ Maniatis e al.,
1481} with & preliminary acid soak (025 M HCL 30 mink to feilitale
the transler of Lirge frugmenis. (C) 7. crozi genomic content of the E12
repeated clement. Known amounts of £12 DINA fragments (E12) and
T. wruzi DNA (Te) were denatured by addition of 2 wols of 0.5 M
MNaOH and incubation at 55°C for 10 mine Samphs were dot-hlated
onto o nylen membrane and bybridized with a Ei2 probe as stated
ahave. Afier exposure o the flm the radioactivity bound to each [XNA
spot was quantitated by lguid santillation counting. The amount of
the probe sequence in the irypanosome DMNA simples was catimated
froan o graph ol the counts present in the E12 spods,



{b) The nt sequence of the E72 repeated elenvent

In order to characterize the EI7 repetitive element of
the T, crozi genome the Nl sequence of the EI2 element
wis determined by the dideoxy  chain-termination
miethad (Sanger et al. 1977) using the modilications in-
troduced for sequencing of double-stranded DNA- with
the Sequenase kit (US Biochemical, Cleveland, OH,
USAL A computer-assisted comparison of the EIZ nt
sequence (Fig. 20) with sequences from databanks indi-
cated that there are three regions with similarities o pre-
viously reported T, cruzi genomic sequences (Fig 2h)
E12A. defined from ot 1 to ot 322 of the EI2 sequence,
has an 51% of sequence identity with nt 4444 to 4712
{reverse and complementary) of the genomic sequence
containing the T. crusi neuraminidase-encoding gene
[Pereira et al., 19910 A TAA-rich region, comprised by
17 repeats of the TAA motil, is located from ot 475 o
525, (TAMA-rich motils have been previously described
in intergenic regions of both T bruced (Glass et al., 1986)
and T cruzi (Requena et al, 1989) HspT0 gene clusters
and in sequences fanking several intrachromosomal
variant surface glycoproteins [ VSG encoding genes of
T, heweei |Aline et al., 19%85) which may be implicated in
the gene conversion mechanism. Also. { TAAIN sequences
has been implicated in the transcription reinitiation site
that can mediate the expression of the ¥SG MITar 117
T¢ gene (Camphbell et al, 1984). A third region, ET2E,
spanning from nt 1020 to 1123 has 90% of sequence
identity with the fiest 104 nt of the E13 repetitive element
of T ¢ruzi (Requena et al,, 1992).

a
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{¢) Transcription of the £12 repeated element

In order 1o know whether the E12 element forms part
of transcribed molecules o Morthern blot of polyadeny-
lated and non-polyvadenylated RMA from T. cruzi epi-
mastigotes was  probed with the *P-labelled £12
fragment { Fig. 3. A prominent RNA band of about 5 kb
together with three other bands of L3, Lé and 1.9 kb
were ohserved in blots containing polyadenylated RMNA
samples (lane A7), Labelled bands were absent from non-
polvadenylated RMAs (lane A ) In order fo directly
determine the position and the ot sequence of the 12
element present in specific mRMNAs a search for EI7 con-
taining transcripts was performed on a T, cruzi cDMA
library. A cDMA clone, pSPFM33A, was highly labelled
by the *P-nick translation of EI2 fragment, Fig 4a
shiows the restriction map of this cDNA, which is proba-
bly full-length beeause it has an estimated size of about
49 kb and the internal D&-kb Sphl fragment | Fig 4) of
the ¢DMA hybridizes in MNorthern blots with a mRNA
species of about 5 kb (data not shown).

() Sequence comparisons

The entive EI2 element is not present i SPFM554
cDMA, since it only hybridizes with the 0.5-kb Aarll [rag-
ment located in the 3 end ( Fiz. 4a). In order 1o deermine
the nl sequence of SPFM35A4 homologous to EI2, both
strands of the Aarll fragment of pSPFMS5A  were
sequenced by the dideoxy chain-termination method.
Fig. 4b shows that the homaology between the nt sequence
al the ¥-end of the ¢cDNA with subregion EJ24 and with

Wmmwmmmmmmymwmm 1240
AT CAC AT TG T A AT T C DA A L PR EEO P T O T AR BT ATTGA R AGAACC T CEC ATE GOAR DT TCTC TEAR THGC AFT TR TTENTAGCARGARN 240
TS R T A AT CTOT T IE G A TEASAT SO AT TR T AT AGET AR D000 TRFTAGGAFTAREARAMASARA oL ARZET CROGTGCAAATGTTTAMMAGTT 360
memmmmtmmwmwcﬂummmmmm ABD

TAATAATAATAATAATAATAATANTAATAATAATAL TAATAKTAR TTOACETTTTTOTG P AGCAAATOGAGAFTTITCED GCETGORARIGANTETROCATEATOOACCACTRETATTEALL - GO0
GEACECAATACACOAARARAAGARATGRCA B AART TCACIGC G MR GAMGRAT TRAA R AGATAACGHEAGEARFTTT A REA
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Fig. 2 Makcular chamsterization of Ef2 ckment. () The ot ssquence of the T, eriesi E12 repeated slement. Regious with ot identily 1o previonsly
reported T ezl genomic sequenees are underlined. (b) Schematic representation of e £12 element. BI2A, soquence with similanly o q DA
fragment bocated downstrenm e the T ooz neurminidase-eneoding gene | Perciva ot al, 1991 TAA-rich region composed of 17 repeats of the TAA
tranuclestide: EA2ZB, sequence witl similarily 16 2 previonsly characterized repeated E13 element lrom T crezi | Requena et al, 1492, The sequence
reported in this puper have been deposited in the GenBank data hose (aceesson Mo, L2304
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kb

Fig & EI2-contwining transcripis, RMA was isolated from epimisli-
potes of the Maracay stram of T cuzi by the method of Chomezynski
and Sacchi (1987) Polyndenylned BMAs wons isolated on eliged Tk
cellulese | Bochringer-Mannhzim, Baroslona, Spam) aceording 1o the
suppliers method. The pely(A] BNA {10 pg, e A jand of polyiAp
BNA {2z, lane A') were separated on 1% agarose gel centaioing
22 0l formaldebyde in 1 x MOPE buller (40 mdd MOPS S mM
Maneetate | mb EDTA pH 751 The RNA was transferred to Hybon-
M membranes {Amersham  [hericn. Madrid, Spain) Hybridgation
conditions nre deseribed i the legend 1o Figo 1 The EesRD insert
of the pE1Z clone was used as probe. The size of the hybridizatien
baisds in kb are shown on the right mngin,

a region located downstream from the T erusi neuroa-
minidase-encoding gene [Pereira et al, 1991) is Y35 and
T9%, respectively, The alignment of these three sequences
evidenced that the common element o E£124, SPFM554
cDMA and the DNA fragmeni downstream from the neu-
roaminidase-encoding gene can be delimited within the
E12 sequence from ot 7 to 317, The A-rich motil located
al the 3-end of the E124 at nt 317 serves as the polyade-
nylation site of the cDMNA, We find remarkable the degree
ol sequence conservation between the EI24 element of
the E12 iselated from the Maracay strain, the E124 ele-
ment of the SPFM554 cDMNA and the Ei24 element
found in the penomic nevroamimidase clone TE, isolated
from the San Silvio strain { Percira et al, 1991). A
commaon feature to K124 in all these cases is the presence
ol a polylA] track similar to that found in RIME repeated
sequences of T, beocei (Hasan et al., 1984) associated with
retrotransposable elements (Murphy et al. 1987). Since
the pattern of hybridization bands observed after diges-
tion of DMNA with several restriction enzymes and hybrid-
zation with £124 is similar to thal obtaimed when the

entire K12 element was used as probe it is likely that
EI24 is the most repetitive fraction of the entire element
{data not shownl.

i) Conclusions

i1} A highly repetitive sequence, named E1Z2, from the
T, erizi genomic DNA has been Tound to be dispersed
among most of the chromosomal bands representing
about 2.5% of the total DNAL

(2} Sequence analysis of the repeated element has
shown that, on the basis of sequence homaology with pre-
viously reported penomic DNA fragments of this para-
site, it has a complex structure in which thres subdomains
can be defined. Subregion Ef24 has about 80% of
sequence identity with a sequence lecated downstream
from the newraminidase-encoding gene | Percira et al,
1991 ), Subregion E£128 has about 9% of sequence iden-
tity with anmother highly repeated element of T. cruzi
i Requena et al., 1992). The third subregion is defined by
a suecession of 17 TAA repeats.

(3} The Ef2 element is transcribed and it is pre-
sent in several poly(A)' transcripis. A cDNA clone
(PSPEMA5A), containing 95% of sequence identity with
the Ef2A subregion, was isolated. The EI 24 element de-
fines the polyadenylation site of the transcript,

{4y The E!X4 element is markedly conscrved since
comparison of the sequence of this clement with that of
two other sequences located in diffcrent genetic environ-
ments revealed strong similarities in both sequence iden-
tity and length. Data are shown sugeesting that the E124
subregion is the most highly repetitive fraction of the £12
glement. The structural characteristics of 124 such as
the copy number, the nt length, the existence in 3 of a
poly A track suggest that the this element could be im-
plicated in retrotransposition as it has been reported for
ather repetitive sequences of trypanosomes { Murphy
ct al., 1987). The presence of EI2A in several transeripis
suggest, moreover, that this DNA fragment may also
have a role in p:m[Lrallls:;:fi]‘rliﬂl!le regulation as it the case
of the Bl repeats found in the ¥-UTR of mouse plL
transeripts | Vidal et al., 1993).
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Fig 4. Analysis of £124 clement. [a) Restriction map of the pSPFMSS cDMA clone. The cIMNA Tibrary was constrscted from T, crnsi palyiA)’!
RMNA tsing the Superseript Plasmid System for ¢DNA svnthesis and the Plasmid Cloiing kut { BRL, Gaithersburg, MI3, USAY The direction of the
MCS { polylinker) soquence of the pSPORTI plasmid, used for the construction of the librury, is indicated, The black box indicates the region of the
EPFAES cDMNA that hyhridiees with £12.0bi Compurison of tse 01 sequence of the repeated EF24 element. The best alignmeant was obtained belween
the 336 0t of the ¥-end of the SPFASS cDMNA (], the firet 343 nt of the 12 element (E) and nt 4768 1o 4472 af the T, eruzd penomic clone TF (T,
Tibteoaa: Pereirn et al, 1991} The poly(A) il found in the SPFAFS cOMA has been indiciled in lower-case lellers. Identical nt are indicated by

vertical bars,
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