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Abstract

In trypanosomatids, gene expression is mainly regulated at posttranscriptional
level, through mechanisms based on the interaction between RNA Binding
Proteins [RBPs] and motifs present in the untranslated regions [UTRs] of
the mRNAs, which altogether form ribonucleoproteic complexes [RNP] that
define the fate of the mRNA. The pre-mRNA derived from the LYT7 gene
of Trypanosoma cruzi, is processed by alternative trams-splicing, resulting in
different mRNAs which code for the isoforms mLYT1 and kLYT1, proteins
having differential expression, cellular location and function. The aim of this
study was to characterize the 5° and 3 UTRs of the LY77 mRNAs as the
initial step towards the objective of identification of the RBPs responsible for
their differential expression. The presence of the two types of 5> UTRs were
confirmed in two T. cruzi isolates belonging to the DTU I, thus, corroborating
the occurrence of alternative trans-splicing also in the LYT1 gene of this T cruzi
DTU. In addition, for the first time, was unscovered the existence of two
types of LYT1 mRNAs transcripts, differing in length by 116 nts, that are
generated by alternative polyadenylation. Furthermore, an in-silico analysis
of the experimentally obtained UTRs, and ten additional LY77 sequences
retrieved from TritrypDB and GenBank databases, together with a thoroughly
search of structural motifs, showed a remarkable conservation of relevant
structural motifs previously associated with RNA metabolism in the different
UTRs; these elements might be involved in the differential stage-specific
expression of each LY 71 isoform.

Keywords: Trypanosoma cruzi; Untranslated region [UTR]; RNA binding
proteins [RBP]; Regulation of gene expression; LY 71 gene.

Introduction

Trypanosoma cruzi is the etiological agent of Chagas disease, an illness
recognized for the World Health Organization [WHO] as one of the
today seventeen-neglected tropical diseases [N'TDs]. Indeed, this disease is a
worldwide public health problem, with a current prevalence of 6 to 7 million
of infected people, of which 0.7 to 1.2 million are in Colombia[1, 2].
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Like other medically important trypanosomatids, 7. cru#zz has a complex life
cycle that must alternate between two types of hosts: insect triatomines and
mammals, including humans [3]. To accomplish it, parasites must face and
adapt to their hosts’ environments through a fine and delicate regulation of
their gene expression. In these organisms, gene expression is largely regulated
at the posttranscriptional level because of their special gene arrangement, in
which large clusters comprising up to hundreds of genes and having the same
transcriptional orientation, are constitutively expressed as polycistronic RNA
precursors [4-7]. These polycistronic RNAs are ultimately processed into
individual molecules through the addition of a Spliced Leader [SL], a common
miniexon sequence present in all the mature mRNAs of trypanosomatids, to
the 5’ end and a poly [A] tail to the 3’ end, processes known as trans-splicing
and polyadenylation, respectively [8]. In this way, the mechanisms that govern
mRNA expression basically operate at the maturation, transport, stability and
translation steps through the recognition of RNA motifs, mainly located on
the untranslated regions [UTR ] of mRNAs, by RNA Binding Proteins [RBP];
both types of molecules, mRNAs and RBP, conform ribonucleoprotein
complexes [RNP], which define the fate of the mRNA molecules [4-6, 9, 10].

In trypanosomatids, it has also been demonstrated the existence of alternative
trans-splicing in which two or more mature transcripts are generated from the
same gene by the use of different trans-splicing acceptor sites. The relevance
of alternative trans-splicing is well illustrated in regards with the functional
expression of the LYT7 protein, a virulence factor of 7. cruzi[11, 12]. This
protein was uncovered in a pioneer study by Dr Andrews’ group in which it
was described the existence in 7. cruzi of a secreted protein, immunologically
related to the C9 component of the membrane attack complex of complement,
that possesses membrane pore-forming activity at low pH [13]. Given this
activity, it was postulated that this protein would be mediating the escape of
T. cruzi from the phagosome into the cytosol after cell invasion. Subsequently,
Manning-Cela et al. [14], in an outstanding work, undertook the search for
the coding gene of this virulence factor by immunoscreening of a 7. cruzi
cDNA expression library using antibodies against the C9 component. As a
result, the LYT1 gene was identified and cloned. These authors, furthermore,
demonstrated the cytolytic activity of the LY77 protein by transfecting
Schizosaccharomyces pombe with the LYT1 gene and analyzing its hemolytic
effect [14]. Accordingly, deletion of LYTT resulted in attenuation of 7. cruzi
infection capacity; however, unexpectedly, the LY T1-deficient epimastigotes
transformed into metacyclic trypomastigotes more rapidly than wild-type
parasites. Thus, a double function was suggested for LYT1: (i) a pore-forming
activity relevant for intracellular survival, and (i1) a regulatory role during stage
transition. Interestingly, in a subsequent article [ 15], these authors suggested
the existence of two LY 71 isoforms, each one associated with a distinct
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functional role. These isoforms are originated by alternative trans-splicing
events that generate different LY77 mRNAs, which are translated in two
different proteins: a full-length protein and an N-terminal truncated one. New
articles by this group showed that the shorter protein (lacking 28 N-terminal
amino acids, named kLYT1) is located at two spots in the mitochondrial
kinetoflagellar zone and its presence was consistent with a role in the parasite
development, whereas the larger product, mLYT1, localizes on the plasma
membrane and would be responsible for its pore-forming function [ 16, 17].

In terms of the LYT1 transcripts expression in CL Brener, a Discrete Typing
Unit [DTU] VI strain; it is known that the relative abundance of the
transcripts varies, within the parasite life cycle, from one stage to another.
Indeed, the transcripts that give rise to the mLYT1 isoform represent 65 % of
the mRNAs derived from the LY77 gene in trypomastigotes and amastigotes,
whereas only 35 % corresponds to the £LYT1 transcript in these two stages. In
contrast, in the epimastigote stage, the mLYT1 transcript amounts to 10.5 %
and the transcript that gives origin to the KLYT1 isoform represents 89.5 % of
the mRNAs derived from the LY77 gene [15]. Accordingly, in epimastigotes,
it was observed that the KLY'T1 isoform was more abundant than the mLYT1
one [16].

In this work, was carried out a detailed characterization of the 5> and 3’ UTRs
of the LYT1 mRNAs, as a first step of a project aimed to the identification of
RBPs implicated in the modulation of both their expression and alternative
trans-splicing rates. In this way, was experimentally determined the sequence
of the 5> UTR from both isoforms in two 7. cruzi strains belonging to the
DTU Iand its conservation was analyzed in 11 additional UTRs from parasites
belonging to different DTUs. In addition, for the first time, the 3° UTRs
of the LYTT mRNAs were delimitated; interestingly, the existence of two
types of transcripts, differing in length by 116 nts and generated by alternative
polyadenylation was uncovered. The analysis was completed by a thoroughly
search of structural motifs present in the different UTRs.

Materials and methods

Parasites

Epimastigotes of  Trypanosoma cruzi  058PUJ [18] and D.A
[MHOM/CO/2001/D.A.] [19], two DTU 1 isolates as well as of
Y [20], a DTU I strain, were grown on Liver Infusion Tryptose Medium
[LIT] supplemented with 10 % of fetal bovine serum [Eurobio, Inc., Les
Ulis, France] at 26 °C. Trypomastigotes of the 058PU]J isolate were obtained
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at described elsewhere [21]. In brief, Green Monkey renal fibroblast-like
cells (Vero cells; ATCC CCL-81, Manassas, VA) were cultured in DMEM
(Eurobio, Les Ulis, France) supplemented with 10 % FBS (Eurobio), 2 mM
L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin, and 0.01 M
HEPES (Eurobio, Les Ulis, France). The cells were grown at 37 °C in a humid
atmosphere at 5% CO,. When Vero cells reached semiconfluence, they were
incubated for 10 h with T. cruzi epimastigotes (ratio 1:10, cell:parasites).
Trypomastigotes were collected from the culture supernatant of infected
Vero cells at 168 h postinfection. Infection of fresh Vero cells was then
conducted with the trypomastigotes using the same infection multiplicity as
before. After two additional passages, the trypomastigotes were collected and
extensively washed thrice with 1 x PBS (Eurobio Les Ulis, France); finally,
parasites were suspended at 1 x 107 parasites per ml to proceed with DNA or
RNA isolation (see next section).

Nucleic acids extraction, PCR and cloning

Fifteen ml of epimastigote culture in logarithmic phase (2 x 107 parasites/ml)
were harvested to obtain genomic DNA. Total DNA was isolated using the
phenol-chloroform-isoamilic alcohol method [22]. Total RNA was obtained
from epimastigotes cultured at logarithmic phase and trypomastigotes grown
at 1 x 107 cells/ml, using the TRIzol method [Invitrogen, California, USA]
[23]. The first-strand cDNA synthesis was carried out from total RNA using
an oligo-dT primer and the Transcriptor first strand cDNA synthesis kit
[Roche, Inc., Mannheim, Germany ].

The 5’ and 3° UTRs, and the upstream and downstream regions of the LYT1
gene were amplified by PCR using different sets of specific primers synthetized
by IDT, Inc. [Miami, USA], [Suppl. 1]. One ul, containing 10 to 12 ng of
cDNA, for amplification of the UTR regions or 100 ng of genomic DNA
for amplification of the intergenic regions, was used. The PCR reaction
mixes were performed in a final volume of 20 ul, containing: 1x reaction
buffer [10 mM Tris-HCI pH 9.0, 50 mM KClI, 0.1 % Triton X-100], 1.5 mM
MgCl,, dNTPs (0.4 mM each) mix, 0.5 uM of each primer, 1.5 M betain, 0.06
units per ul of expand high fidelity Taq polymerase enzyme [Roche, Inc.,
Mannheim, Germany]. The PCR reactions were carried out in a thermal
cycler C1000 Bio-Rad, under the following amplification profile: 95 °C/5 min
[initial denaturation], 39 cycles at 92 °C/30 s, annealing at 48 °C - 62 °C/30s
[Suppl. 1] and extension for 1 min at 72 °C, with a final incubation at 72 °C
for 10 min.
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The amplified fragments were resolved in agarose gels, stained with
HydraGreen™ Safe Dye and visualized under UV light. The RT-PCR or
PCR products were excised from gels, purified using Wizard® SV Gel and
PCR Clean-Up System [Promega, Inc., Madison, WI, USA] and cloned
into the pGEM-T Easy Vector [Promega, Inc., Madison, WI, USA]. The
cloned sequences were determined by the sequencing Service of Macrogen Inc.,
Korea and their authenticity confirmed by comparison with the upstream and
downstream sequences surrounding the LY77 ORF. Finally, the sequences
determined in this work were submitted to the GenBank database [Suppl. 2].

In silico analysis of the LYT! mRNA UTRs of T. cruzi

By using the genomic sequence of the LY77 gene reported in the TritrypDB
database [ID code TcCLB.503829.50] as query sequence, a BLAST search was
performed in the TrytripDB and GenBank databases, obtaining eleven LY T1
sequences from different strains and DTUs (see Table 1), [24-30]. Through a
multiple alignment using the Clustal Omega program [31], the LY77 gene
sequence was delimited in each of the sequences listed in Table 1.

With the purpose of searching RNA motifs in the twelve UTR regions, firstly,
the secondary structure for conserved sequences located in the 5 and 3’
UTRs was determined with the LocARNA program [32]. In addition, to
identify potential functional RNA motifs, the RegRNA2.0 program [33]
was used. Finally, z-silico predicted mRNA structures were generated for
each of the twelve analyzed sequences by the RNAstructure program [34].
After gathering all this information, a consensus secondary structure of the
functional motifs presents in all the isolates included in the study was generated

using the RNAalifold server [35].
Results

Identification of the 5’ UTRs present in the specific mRNAs that code
for the mLYT1 and kLYT1 isoforms

The mature mRNAs of the LYT1 gene in the T. cruzi CL Brener strain are
generated in vivo by alternative rrans-splicing, giving rise to three transcripts
differing in their 5> UTRs [15]. Two of them code for the mLYT1 isoform
and the other for the KLYT1 one. In order to determine whether or not an
alternative rans-splicing for this gene also occurs in other 7. cruzi strains,
and to delimitate the 5’ UTRs (as the first step for identification of LYT1
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Table 1. LYT1 gene sequences reported in 7. cruzi isolates

Isolate DTU Gen ID References
JR cl. 4 1 KB223000.1t [a]
Dm28c 1 AYLP01000135¢ [24]
Sylvio X10 I ADWP020002087 [25]
058PU]J I JF410862.1F [18]
Esmeraldo 11 KB205774.11 [26]
Y 11 AF253317.1% [14]
Esmeraldorlike Vi TecLBs0sDs0r 2728
Fomedotie VU reclaosossaps 228
CL Brener VI AF320626.1F [29]
Tula cl2 VI KB851398.1¢ [b]
Marinkelle B7 Tcbat Tc_ MARK_9353* [30]

mRNA interacting RBPs), these regions were mapped in two DTU I isolates,
taking advantage of the presence of the common SL sequence at the 5’-end

of the mRNAs. The results showed that as occurs in epimastigotes from the

CL Brener strain, alternative trans-splicing also takes place in epimastigotes
from the D.A. isolate and trypomastigotes from the 058PU] isolate [Suppl. 2],
demonstrating that the existence of two mRNAs species (kLY T1 and mLYT1)

derived from the LYT1 gene is a conserved feature among different strains

of T. cruzi [Fig. 1a and 1b]. In contrast, it was not found any evidence on

the third transcript, previously described in the CL Brener strain, that would

correspond to a mRNA (coding for the mLYT1 isoform), which is generated

by using a non-canonical GG dinucleotide splicing acceptor site. As shown

in Fig. 1a and 1b, the two types of 5> UTRs are well conserved (both in

sequence and length) when compared with the equivalent genomic regions in

ten different 7. cruzi strains (belonging to the DTU-I, II, VI, and Tcbat). A
complete sequence alignment is provided as supplementary material, showing
the existence of a high sequence conservation [Suppl. 3 and 4].
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a)
5'UTR
5 AACUAACGCUAUUAUUGAUACAGUUUCUGUACUAUAUUGUUUC| ORF mLYT1
cceuc L'UUUUUUUL’UUGUGGCCGUGCUCG
Isolate ID DTU Length (nt) Identity (%)
JR cl4 KB223000.1 1 81 92.86
Dm28c AYLP01000135 I 83 97.67
Sylvio X10 ADWP02000208 1 81 97.62
058PU]J JF410862.1 I 83 100
D.A. - I 84 100
Esmeraldo KB205774.1 11 86 95.35
Y AF253317.1 11 87 97.73
CL Brener Esmeraldo-like TcCLB.503829.50 VI 85 97.73
CL Brener no Esmeraldo-like TcCLB.508045.40 VI 85 97.73
CL Brener AF320626.1 VI 86 97.76
Tula c12 KB851398.1 VI 85 97.62
Marinkellei B7 Tc_MARK_9353 Tcbat 80 82.50
b)

5'UTR
5" AACUAACGCUAUUAUUGAUACAGUUUCUGUACUAUAUUG ORF ALYT1
AAAGCCGCAGCRMIREUAGCGCCCACAGCAGACUCACGG

CCGACGUGCLCGCGGGGCUGCCAUUGCGAAUAACUUU-3

Isolate ID DTU Length (nt) Identity (%)
JR cl4 KB223000.1 1 114 98.67
Dm28c AYLP01000135 1 114 98.67
Sylvio X10 ADWP02000208 I 114 97.33
058PU]J JF410862.1 1 114 100
D.A. - 1 114 96
Esmeraldo KB205774.1 11 114 94.67
Y AF253317.1 11 114 94.67
CL Brener Esmeraldo-like TcCLB.503829.50 VI 114 97.33
CL Brener no Esmeraldo-like TcCLB.508045.40 VI 114 97.33
CL Brener AF3200626.1 VI 114 97.33
Tula c12 KB851398.1 VI 114 94.67
Marinkellei B7 Tc_ MARK_9353 Tcbat 114 93.33

Figure 1. Sequences of the LY77 5’ UTR mRNA isoforms. [a]. Upper panel:
5 UTR mLYT1 sequence from the 058PUJ (DTU I) isolate (GenBank
KT279498). Lower panel: 5° UTR mLYT1 length sequences and sequence
identity (using Clustal Omega) among twelve 7. cruzi isolates [b]. Upper panel:
5 UTR kLYT1 sequence from the 058PUJ (DTU I) isolate (GenBank ID
KT328589). Lower panel: 5> UTR ALYT1 length sequences and sequence
identity among twelve 7. cruzi isolates The Leader Sequence Leader [SL]
common to both 5’ UTRs is underlined, and the motifs present in each of the
UTRs are highlighted in blue.
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3’ UTR sequences of the LYT7 mRNA

With the aim of determining the 3° UTR of the LY7T7 mRNA, this region
was initially amplified using RNA from epimastigotes and trypomastigotes of
the 058PU] isolate [Fig. 2]. Unexpectedly, three amplification products were
clearly observed in both epimastigote and trypomastigote RNA samples.
After cloning of the PCR products from the epimastigote sample, two different
fragments were cloned, named here 3> UTR-I and 3* UTR-II, that after
sequencing were found to be 264 and 380 nucleotides in length, respectively,
without taking into account the poly (A) sequence [Fig. 3a and 3b]. Similar
results were obtained when RNA from epimastigotes of the D.A

[ ORF ILYT1 3UTR  AAAAAAAAAAA

+2L7{’11 G:{EE(I%A poliT-EcoR1

s LTl +«—

Figure 2. Amplification from complementary DNA (cDNA) of the 3* UTR
of LYTI of T. cruzi isolate 058PUJ by conventional PCR [a]. Upper panel:
Schematic representation of the cloning strategy. [b]. Lower panel: ¢<DNA
from epimastigotes [lane E], Molecular Weight Marker 1 Kb plus Invitrogen™
[lane M], cDNA from trypomastigotes [lane T].
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a) 3'UTR-I

5’ AGUCUUUGGCAUUAGGGAUGACAAUQC
5'UTR ORF LYT1

UUUUGCAGCUUCGUUGAGGUUGGUACAUUCUGA
GAAUUGUAUCUGCACAGGGUGCAGUGAUACACAC
ACACACACACACAUACAAAUACAUGUACACUUAUGU
UGUUUGCUAUCUACCAGGAGGGGUGAGGAGUGA
GUGGAAAUGAGCAAGCGGGUGAAAGUUUUCUUC
CUCACAGUCUUCCGGCGACGCGAAGAGCAGGAGA
AUGGGAAGUCAAUGCCGAGAAGAAGAAG 3°

Isolate ID DTU Length (nt) Identity (%)

JR cl4 KB223000.1 1 262 100

Dm28c AYLP01000135 I 262 100

Sylvio X10 ADWP02000208 I 262 100

058PU]J JF410862.1 1 264 100

D.A. - I 259 100

Esmeraldo KB205774.1 11 257 95.70

Y AF253317.1 11 259 95.00

CL Brener Esmeraldo-like TcCLB.503829.50 VI 256 94.53
CL Brener no Esmeraldo-like TcCLB.508045.40 VI 256 94.53
CL Brener AF320626.1 VI 264 93.51
Tula c12 KB851398.1 VI 270 95.42
Marinkellei B7 Tc_MARK_9353 Tcbat 249 88.76

b) 3UTR-II

5’AAUCCUUAGCAUUAGGGAUGACAAUCREREIECGUUUGCAGCU
UCGUUAAGGUUGGUACCUUCAGAGAAUUGUAUCUGCACCCUGU
GCAGUGAUACACACACACACAUACAAAUACAUGUACACUUAUGU
CUUUUGCUAUCUACCAGGAGGGGCGAGGAGUGAGUGGAAAUG
AGCAAGCCGGGUGAAAGCUUUCUUCCUCACAAUCUCCCGGCGAC M(ﬂ)
GCGAAGAGCAGGAGGAGGGAGGUACAAUGCGAGAAGAAGAAG
AAGAAGAAAAAAGAAAAAAAAN CINIIEIIEIRA AUGACGUUC
GAGUEINEHUA AGCAUACCCUUGAGUACACUGAACAGAUAAAC
AAACACAAGGGUACAGAAAAAUGAAACGGGAGGG 37

ORF LYT1

Isolate ID DTU Length (nt) Identity (%)
JR cl4 KB223000.1 1 376 100
Dm28c AYLP01000135 1 377 100
Sylvio X10 ADWP02000208 I 373 100
058PU]J JF410862.1 1 380 100
D.A. - 1 380 100
Esmeraldo KB205774.1 11 378 95.37
Y AF253317.1 11 381 95.02
CL Brener Esmeraldo-like TcCLB.503829.50 VI 376 94.59
CL Brener no Esmeraldo-like TcCLB.508045.40 VI 376 94.59
CL Brener AF3200626.1 VI 384 93.58
Tula c12 KB851398.1 VI 382 95.47
Marinkellei B7 Tc_ MARK_9353 Tcbat 340 88.89

Figure 3. Sequences of two 3> UTRs generated from transcription of the
LYT1I gene in the 058PUJ (DTU I) isolate. [a]. Upper panel: 3> UTR-I LYT1
sequence (deposited in GenBank under accession number KU973680), and
sequence identity in twelve 7. cruzi isolates [b]. Lower panel: 3’ UTR-II
sequence (deposited in GenBank under accession number KU973678) and
sequence identity percent in twelve 7. cruzi isolates. The motifs present in each

of the UTRs are highlighted in blue.
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isolate was used for RT-PCR amplification [suppl. 2]. However, after cloning
of the amplification products obtained from the trypomastigote sample, only
the fragment corresponding to the 3° UTR-I region, was successfully cloned
in the 058PU]J isolate [suppl. 2]. Nevertheless, according to the amplification
bands observed in both parasite stages [Fig. 2], it might be concluded that
both types of 3>-UTRs (and even a third one) are generated in equivalent
proportions in epimastigotes and trypomastigotes.

Comparison of the 3’ UTR-I with the LY7T7 genomic corresponding sequence
revealed that downstream at the end of the 3> UTR-I, there exists in the
genome a poly (A) stretch [suppl. 5]. Thus, in order to verify the existence
of this 3° UTR-I, a new forward primer, the LY3U167F oligonucleotide,
priming at nucleotides 167 to 186 from both 3> UTR [suppl. 1], and
the ACAC-HindIII-Oligo [DT]25 primer were used in a more astringent
RT-PCR reaction. In this way, a 127 bp fragment whose sequence aligned, as
expected, with the 96 last nucleotides of the 3> UTR-I sequence was amplified,
corroborating the existence of the 3> UTR-I. According to these results, the
polyadenylation sites were mapped at positions 1.924 and 2.044 from LYT1
start codon of the CL Brener isolate [ GenBank ID AF320626.1].

Similar to the 5 UTRs, both 3> UTR regions are well conserved among
different parasite isolates [Fig. 3a and 3b]. Nonetheless, some micro
heterogeneity, including transitions, transversions and insertions/deletions,
were observed at some places within these regions [suppl. 6 - 9].

Identification of conserved RNA motifs in the LYT1 mRNA UTRs

Once, each of the LYT1 gene sequences listed in Table 1 were delimited, the
hypothetical 5 UTR of each isoform was located using the trans-splicing
signals: the AG dinucleotide acceptor of the leader sequence [SL] and the
polypyrimidine tract. Meanwhile, the delimitation of the LY77 3> UTR
was based on the location of the TGA stop codon [suppl. 5]. In addition,
to confirm these results, a sequence comparison was performed using the
experimentally obtained UTR regions and equivalent genomic regions present
in databases.

Following the pipeline described in Materials and Method section, several
motifs were found in each UTR region of the different LY77 mRNAs: two in
the 5 UTR mLYT1, one in the 5 UTR kLYT1, one in the 3> UTR-I and two
in the 3> UTR-II. Of note, the predicted motifs were different according to the
UTR length. Indeed, a Sex-Lethal binding site (SxI) and a Guanine rich region
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Table 2. Functional motifs present in the 5’ and 3° UTRs of the mRNA of
mLYT1 and RLYT1 isoforms 058PU]J.

Position
. . (nt)motif
UTR Name motif Sequence motif in UTR References
region
5 UTR Sxl binding site U [n] 50-60 [36]
LYT1
" Guanine rich motif GUGGCCGUGCUCGC 66-79 [37, 38]
5°UTR  Musashi binding
YT clement AUUAGU 51-56 [39, 40]
3’UTR-I  Musashi binding AUAGU 2731 139, 40]
and 11 element
UNR binding site GAAAGAAGUAA 279-289 [41]
3" UTR-1I Sl
ety GUAGU 304308 [39, 40]
element

(G) were found in the 5’UTR mLYT1 region. Meanwhile, in the 5> kLYT1
and 3’ UTR regions, a Musashi binding element, having a nucleotide variation
between them, was detected. Besides this Musashi binding element common
to both 3’ UTR regions, located within the last 116 nucleotides of the 3’UTR-II
region, an Upstream of N-ras (UNR) element was predicted. All these motifs
are commonly found in mRNAs from different eukaryotic organisms [36-41].
Table 2 lists the motifs identified and [suppl. 10] shows their structures and
location within the predicted secondary structure of the two types of UTRs.

Discussion

Similar to alternative cis-splicing existing in most eukaryotes, alternative
trans-splicing events may represent a source for protein diversity in
trypanosomatids, including those with complex life cycles such as 7. cruzi
[42-44]. An example of this is the LY T gene, which codes for two protein
isoforms, mLYT1 and kLYT1, whose expression is directed by an alternative
trans-splicing occurring during the processing of the primary gene transcript
[14, 15]. This mechanism of gene expression gives rise to two protein isoforms
that only differ in 28 out of the 552 aa comprising the larger isoform. Moreover,
differences in the regulatory regions (i.e. UTRs) of the transcripts, through
their interactions with a set of ribonucleoproteic complexes, are also linked
to different cellular expression patterns, subcellular location and temporal
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function [45-47]. In this context, as the initial step within the project aimed to
the identification of trans-acting regulatory proteins involved in the differential
expression of LY 71 transcripts, in this work were precisely mapped the 5* and
3’ UTRs of the LYTT mRNAs. Thus, the existence of the LYT71 alternative
trans-splicing event, previously reported for the CL Brener, a VI DTU isolate
[15], was also confirmed in two DTU I T. cruzi isolates. This remarkable
evolutionary conservation supports the importance of both isoforms for the
parasite development and infectivity, independently of the parasite DTU
[14, 16]. Accordingly, the length and sequence of this region is well conserved
among the different parasite DTUs analyzed. Moreover, in-silico analysis
regarding the LYT1 presence in other organisms revealed that it is only present
in the Trypanosoma genus (data not shown).

The UTRs, mainly the 3> UTR regions, have been shown to play crucial roles
in the posttranscriptional mechanisms of gene regulation [48]. Indeed, the
knowledge and regulatory elements annotation of these regions could get
insights into their role. In this work, was clearly demonstrated the existence
in epimastigotes of two different 3’ UTRs in the LY7T7 mRNAs that result
from the use of different polyadenylation sites. In trypomastigotes, even
though the fragment corresponding to the 3> UTR-II could not be cloned, its
existence is not ruled out by taking into account the RT-PCR results shown in
Fig. 2. Alternative polyadenylation, which has been extensively described in all
eukaryotic species, is a major mechanism of gene regulation, influencing both
mRNA abundance and location [49, 50]. Given the particular localization
and differential expression of each LY77 isoform, it is possible that each
isoform derives from a transcript carrying a particular 3° UTR. There are
many examples showing the relevant role played by alternative 3’ UTRs as
scaffolds to regulate protein location. For instance, the human CD47 protein
is expressed from two mRNAs differing in the length of the 3> UTR; the
longest one facilitates its localization on the cell surface, and the shortest
modulates its localization in the endoplasmic reticulum [50].

In trypanosomatids, gene expression is regulated at posttranscriptional level
through mechanisms based on the interaction between RBPs and motifs,
mostly present in the UTR regions [51, 52]. Therefore, herein was searched
for functional RNA motifs present in the different UTR regions identified in
this work. As a result, several motifs in each type of UTR were found. Indeed,
for the 5> UTR mLYT1 two motifs were found. One of them, a guanine rich
motif that has been described in other organisms as mediator a repressor effect
on mRNA translation [38]. The other, a Sxl element, composed mainly of
uracils, enhances the mRNA expression when present at the 5> UTR of genes
in tobacco plants and Drosophila 36, 53]. Regarding the 5> UTR ELYT1,

a Musashi element was detected. These cis-elements regulate, positively or
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negatively, the translation of mRNAs through its recognition by specific
RBPs that bind to the UAG core [54, 55]. Interestingly, its presence was
also observed in both types of LYT1 3° UTRs. Meanwhile, the UNR motif,
exclusive of the LYT1 3’UTR-II region, has been related to the destabilization
of the mRNAs in mammals; this rich purine motif is bound by RBPs in RNP
complexes that are engaged in rapid deadenylation of mRNAs [41].

Taking into account the different motifs identified in the LY77 UTRs and
the roles played in other organisms, it can be hypothesized the following
regulatory model: The SxI element would have a positive regulation on the
mLYT1 transcript in the trypomastigote stage whereas at the epimastigote
stage this transcript would be down regulated by the G rich motif. In the
same way, the Musashi elements would be positively regulating the mRNA
expression of the ALYT1 transcript at the epimastigote stage. Meanwhile,
the UNR elements would be exerting a repressor effect on its translation at
the trypomastigote stage. In addition, independently of the precise function
of each of these motifs, surely they could have a pivotal role on the LYT1
isoforms expression.

Conclusion

The occurrence of LYT1 trans-splicing in the parasite DTU I was confirmed,
and predicted its existence in the parasite DTUs II, VI and Tcbat. For
the first time, the 3° UTR of the LY77 mRNA was mapped showing two
polyadenylation sites that give rise to two transcripts differing in 116 nts,
which could have different roles on the location and expression patterns for
each isoform. Moreover, different functional motifs associated with RNA
metabolism have been identified in each one of the UTRs, and its potential
involvement in the differential parasite-stage expression of each isoform has
been discussed.
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Caracterizacién de las regiones no traducidas ARN
[UTR] de las isoformas de Trypanosoma cruzi LYT1
derivadas de un trans-empalme alternativo

Resumen. En los trypanosomatidos, la expresiéon génica se regula
principalmente en el nivel post-transcripcional mediante mecanismos
basados en la interacciéon entre las proteinas de unién del ARN [RBP]
y las figuras presentes en las regiones no traducidas [UTR] de las ARN,
que en conjunto forman complejos ribonucleoproteicos [RNP] que
definen el destino de la ARN. El pre-ARN derivado del gen LYT7 del
Trypanosoma cruzi es procesado por frans-empalme alternativo, dando
como resultado diferentes ARN que codifican las isoformas mLYT1
y kLYT1, proteinas con expresion diferencial, localizacion celular y
funcién. El objetivo de este estudio fue caracterizar los 5"y 3 UTR de
las ARN LYT7 como el paso inicial hacia la identificacién de los RPB
responsables de la expresion diferencial. Se confirmé la presencia de los
dos tipos de 5" UTR en dos aislantes del T. ¢rugi pertenecientes al DTU
I; de esta forma también se comprobé la ocurrencia del #rans-empalme
alternativo en el gen LYT7 de este T. cruzi DTU. Ademas, por primera
vez, se pudo demostrar la existencia de dos tipos de transcripciones
de ARN LYTT7, que difieren en longitud por 116 nts, y son generadas
por poliadenilaciéon alternativa. Adicionalmente, se realizé un analisis
in-silico de la UTR obtenida experimentalmente, y otras diez secuencias
LYTT7 recuperadas de las bases de datos TritrypDB y GenBank, junto
con una busqueda exhaustiva de figuras estructuradas, mostrando
una notable conservacién de los figuras estructurales asociadas con el
metabolismo del ARN en los diferentes UTR; estos elementos podrian
estar implicados en la expresion diferenciada de la etapa especifica de
cada isoforma LYTT7.

Palabras clave: Trypanosoma cruzi; Region no traducida [UTR]; Proteinas
de unién de ARN [RBP]; Regulacion de la expresion génica; gen LY'T7.
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Caracterizacao das regides nao-traduzidas do RNA
[UTR] das isoformas de Trypanosoma cruzi LYT1
derivadas de uma jungao trans-alternativa

Resumo. Nos tripanossomatideos, a expressio génica ¢ regulada
principalmente a nivel pos-transcricional mediante mecanismos baseados
na interagdo entre as proteinas de unido do RNA [RBPs] e as fugiras
presentes nas regides nao-traduzidas [UTRs] do RNA. O pré-RNA
derivado do gene LYT7 do Trypanosoma cruzi é processado por uma
jun¢ao frans-alternativa, resultando em diferentes RNA que codificam as
isoformas mLYT1 e kLYT1, proteinas com expressao, localiza¢do celular
e fungao diferenciadas. O objetivo de este estudo foi caracterizar as 5 e
3> UTRs dos RNAs LYT7 como sendo o passo inicial na identificagao
das RBPs responsaveis pela expressao diferenciada. A presenca dos
dois tipos de 5 UTRs foi confirmada em dois isolados de T. cruzi
pertencentes ao DTU I; corroborando assim com a ocorréncia da jun¢ao
trans-alternativa no gene LYT7 de este T. ¢cruzi DTU. Adicionalmente, se
demonstrou pela primeira vez a existéncia de dois tipos de transcrigoes
de RNA LYT7, que se diferenciam em comprimento por 116 nts, e siao
geradas por poliadenizaciao alternativa. Além disso, realizou-se uma
analise 7n-silico da UTR obtida experimentalmente e outras dez sequencias
LYTT recuperadas das bases de dados TritrypDB e GenBank, junto com
uma busca exaustiva de figuras estruturadas, mostrando uma notavel
conserva¢ao das figuras estruturais associadas com o metabolismo do
RNA nas diferentes UTRs. Estes elementos poderiam estar envolvidos na
expressao estagio-especifica diferenciada de cada isoforma LYT7.

Palavras-chave: Trypanosoma cruzi; regiao nao-traduzida [UTR];
Proteinas de unidao de RNA [RBP]; Regulagao da expressao génica; gene
LYTT.

Universitas Scientiarum Vol. 23 (2): 267-290 bitp:/ | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum



Ruiz et al. 289

Elizabeth Ruiz Matvez

Biologist (Universidad del Tolima). MSc in Infections and Health in
the Tropics (Universidad Nacional de Colombia). Currently, PhD
candidate in Biological Sciences (Pontificia Universidad Javeriana.
Bogota, Colombia). Research activities: molecular biology and
medical entomology.

Cesar A. Ramirez

Biologist (Universidad del Tolima). PhD degree in Biological
Science (Pontificia Universidad Javeriana. Bogota, Colombia). His
skills include Molecular Biology, Proteomics and Bioinformatic.
Currently, is working as Research Fellow at Mayo Clinic in Scottsdale.

Julian Camilo Casas

sai Microbiologist (Pontificia Universidad Javeriana). MSc in Biological
| Science (Universidad de los Andes). The reseatch areas of interest
B ;e microbial ecology and molecular biology.

Maria I. Ospina

Bacteriologist (Pontificia Universidad Javeriana. Bogota, Colombia).
Currently, is working on Ministerio de Salud y Protecciéon Social
(Bogota, Colombia).

Universitas Scientiarum Vol. 23 (2): 267-290 bitp:/ | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum



290 Characterization of the mRINA UTRs from 1YTT isoforms of T. cruzi

Jose M. Requena

PhD in Biology (Universidad Autonoma de Madrid). From 1998,
associateprofessorinthe Molecular BiologyDepartment (UAM). Since
2003, group leader at the Centro de Biologfa Molecular Severo Ochoa
(CBMSO, Spain). Research activities: regulation of gene expression
in Leishmania, diagnosis and vaccine development for leishmaniasis.

Additional information at http://www.cbm.uam.es/jmrequena

Concepcion J. Puerta

Bacteriologist with a doctoral degree in Biological Science
(Universidad de Granada, Spain). Researcher in the fields of
#Y trypanosomatid molecular biology and human immune response
" to infections caused by these patasites. Curtently, titular professor
“"W and Dean of the Science Faculty at Pontificia Universidad Javeriana
(Bogota, Colombia).

Universitas Scientiarum Vol. 23 (2): 267-290 bitp:/ | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum





