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Abstract

Gene expression in trypanosomes is controlled mainly by post-transcriptional processes. This study was designed to analyse HX1, one
of the TcPB upstream intergenic regions. It is an efficient pre-mRNA processing region that has been widely and successfully used in
Trypanosoma cruziansfection vectors. Herein we compared its performance with other regions within the same locus, and we identified the
sequence elements responsible for the HX1 efficientsaims-splicing and protein synthesis. Our mutational analysis showed the flexibility
of the branch point site selection for HXfans-splicing process. We demonstrated also that its 12WTR sequence contributes to both
transsplicing and translation efficiency.

The natural insertion of the repetitive element short interspersed repetitive element (SIRE) in one of the HX1 polypyrimidine tracts decreases
the translated protein level by 40%. In this report, we demonstrated that this reduction is a consequence of a decrease of five-fold in the level
of processed mMRNA balanced by an increased efficiency of translation due to the inclusion of a 38 nt SIRE specific sequenod i the 5
of the mRNA.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ganismg1]. Transcription of protein-coding genes is poly-
cistronic and pre-mRNA maturation is accomplished by two
Genome organization and expression in kinetoplastids is coupled RNA-processing reactions, i.rans-splicing and
unusual. Transcription of protein-coding genes does not seem3’ end cleavage—polyadenylatiph-8]. The crucial informa-
to be regulated at the level of transcription initiatida-3]. tion to accomplish these processes resides in the intergenic
In fact, it is presently unclear whether transcription even be- regions. Particularlyirans-splicing entails the addition of a
gins at a discrete location and RNA polymerase Il promoters 39-nt capped leader sequence (splice leader (SL)), which is
are unknown3]. Consequently, regulation of gene expres- derived from the 5end of the splice leaderRNA (SL RNA)
sion is controlled mainly post-transcriptionally in these or- [2,4], to the 3 splice site (3s) present in the intergenic re-
gion. The 3ss consists of three maiis-acting sequences:
Abbreviations:CAT, chloramphenicol acetyl transferase gene; GAPDH, the branch point site, the AG ac<_:ept0r site and the pyrimi-
glyceraldehyde 3-phosphate dehydrogenase; NEO, neomycin resistantgene‘,jme (PY) tract. Although branching occurs at one or more
ORF, open reading frame; PY, pyrimidine; pRib, ribosomal promotor; SL, A residues upstream of a PY trg@f, no consensus branch
splice leader; SL RNA, splice leader RNA; ss, splice site; UTR, untranslated point sequence has been determined yet due to the lack of
region _ available mapped branch sitgg. In fact, the ubiquitin fu-
* Corresponding author. Tel.: +54 11 47832871, fax: +54 11 47868578. i gend10] contains the only mapped branch poinTiy-
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panosoma cruziThe first AG dinucleotide downstream of

1 Present address: Programme of Gene Regulation, Centre for Genomic A i
Regulation, 08003 Barcelona, Spain. the branch site is scanned by components of the spliceosome
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and is used as the SL acceptor 48e10]. The PY tracts cessing, and for this reason it has been widely used to drive
are essential features for pre-mRNA maturation, governing pre-mRNA processing in transfection vect§t2—14] One
bothtranssplicing and polyadenylation procesgbs7]. In of the TcP28 locus, named H1.8, is distinct from the other
T. cruzi they are U-rich sequences rather than C-rich se- three, since it is the only locus carrying til@P28 genes
guences as described foeishmaniasp. intergenic regions  arranged in a head to tail tandem array with the repetitive
[11]. However, it is currently unknown how the efficiency of element short interspersed repetitive element (SIRE) present
trans-ssplicing of different genes is determined. upstream and downstream of each gene of the tarjdém
Improvements in transfection techniques and the devel- (Fig. 1). SIRE insertion occurs at a PY tract, disrupting the
opment of highly efficient expression vectors have paved the originaltrans-splicing signal and providing a nevs3 present
way for a better understanding of the genetics of these pro-inits 3 end. This determines the generation of a Tigf2L.8
tozoan parasites. These vectors were conceived taking intonRNA containing, after the SL sequence, 38 nt directly tran-
account the importance of the post-transcriptional regulation. scribed from SIRE, and a decrease of about 40% in the final
In T. cruziexpression vectors, transcription is driven by the protein level[12]. SIRE is repeated more than 1000 times
strong constitutive ribosomal Pol | promoter or the inducible in the T. cruzigenome and is inserted mainly in intergenic
T7 phage promoter, but high levels of mature translatable regions associated with open reading frafies.
MRNAs are obtained by the presence of a highly efficient =~ The model of TcPR intergenic regions provides an excel-
processing intergenic region between the promoter and thelent starting point to analystans-splicing and 5end pre-
coding regior12-14] MRNA processing ifT. cruzisince (a) we demonstrate that
We have previously described the cloning and organiza- mutations in HX1 sequence strongly affect efficient process-
tion of four loci coding for th& cP28 ribosomal proteingenes  ing of MRNA and (b) we show that the natural insertion of
[15]. The intergenic region upstreamBéP23, named HX1, SIRE creates an in vivo mutation in which the efficiency of
is a short (176 bp) and efficient region for pre-mRNA pro- the intergenic region is compromised but not abolished.
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Fig. 1. TcP28 loci mRNA expression levels. (A) Schematic comparison between H6.4 and H1.8 loci. Arrows represent ORFs, UV-B, UV DNA damage protein
OREF, intergenic regions are represented by a line and its size is indicated in brackets, dashed box symbolizes SIRE element. (B) Northernmi\A of total
from epimastigote (E), amastigote (A) and metacyclic trypomastigote (T) stages. The same membrane was sequentially hybridize PathAGFR+2,

TcP23 and rRNA probes. The AGH-2 image appears overexposed.
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