Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(4): 391-395, July 2005 391

SHORT COMMUNICATION

A mucin like gene different from the previously reported
members of the mucin like gene families is transcribed in
Trypanosoma cruzi but not in Trypanosoma rangeli

Teresa Abate/*, Ménica Rincén*, Zoraida Diaz-Bello, Lilian Spencer**,
Alexis Rodriguez-Acosta
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Trypanosoma cruzi expresses mucin like glycoproteins encoded by a complex multigene family. In this work, we
report the transcription in T. cruzi but not in T. rangeli of a mucin type gene automatically annotated by the T. cruzi
genome project. The gene showed no nucleotide similarities with the previously reported T. cruzi mucin like genes,
although the computational analysis of the deduced protein showed that it has the characteristic features of mucins:
a signal peptide sequence, O-glycosylation sites, and glycosylphosphatidylinositol (GPI) anchor sequence. The
presencein this gene of N- terminal and C- terminal coding sequences common to other annotated mucin like genes

suggests the existence of a new mucin like gene family.
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Trypanosoma cruz, the etiol ogic agent of Chagas dis-
ease, expresses mucin like glycoproteinsrichin Thr, Ser,
and Pro residues that cover the parasite cell surface (re-
viewed in Acosta-Serrano et al. 2001). These glycoconju-
gates are highly O-glycosylated molecules anchored to
the plasmamembrane viaaglycosylphosphatidylinositol
(GPI) moiety. They represent the major acceptorsof siaic
acid of the cell-surfacetrans-sialidase and areinvolvedin
parasite infectivity and protection from the immune re-
sponse of the host. The mucin like genes encode proteins
with conserved signal peptides and GPI anchor addition
sites, but with highly variable central regions containing
the sites for GICNAc addition. The hundred of genes up
to now characterized have been arranged into two sepa-
rate families on the basis of sequence homology (reviewed
in Frasch 2000): the TcMUC family, that containstwo sub-
families (TcMUC | and TcMUC I1) according to the pres-
ence or absence of tandem arrays of avariable number of
repeat units, and the TcSMUG family, divided into two
groups (Small and Large) according to the size of their
encoded MRNASs (Di Noiaet al. 2000). It hasbeen recently
demonstrated that the TcMUC Il group of genes codes
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for the majority of mucins of the trypomastigote stage
and that the C-terminal peptide of TcMUC Il mucinselic-
its strong antibody responses in patients with Chagas
disease (Buscagliaet al. 2004).

On the other hand, nothing has been reported on mu-
cinsin T. rangeli. Thisisan hemoflagelate speciesthat is
considered non-pathogenic for humans but represents a
complication for the serological diagnosis of Chagasdis-
ease, because the cross reactivity with T. cruz can pro-
duce false positivesin the immunological tests used. Se-
rological cross-reactivities can al so confuse epidemiol ogi-
cal studies of these infections (D’ Alessandro & Saravia
1999, Grisard et al. 1999, Guhl & Vallgjo 2003). Itisstill
necessary to identify the distinctive characteristics that
allow adifferential diagnosisand/or epidemiological stud-
ies to avoid the unnecessary application of drug treat-
ments that can cause severe side effects in patients with
the misdiagnosed disease (Vasquez et al. 1997).

Asthereis evidence for the close evolutive relation-
ship between T. cruzi and T. rangeli (Stevenset al. 2001),
we decided to use the subtraction approach for the isola-
tion and characterization of genes expressed by T. cruz
and not by T. rangeli. We report here the obtention and
molecular characterization of a T. cruzi specific cDNA
clonethat showed ahigh homology percent withaT. cruz
gene automatically annotated by the T. cruzi genome
project as a putative mucin associated surface protein
(MASP). Given the reported antigenicity of C-terminal
peptide of trypomastigote mucins coded by the TcMUCI |
group of genes (Buscaglia et al. 2004), this work might
contribute to the potential development of a differential
diagnosis method for Chagas disease in countries where
co-infection with T. rangeli represents a problem.

The subtraction approach used was the representa-
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tion of differential expression (RDE) method (Krieger &
Goldenberg 1998), which takes advantage of the exist-
ence of the mini-exon (a sequence common to al 5' ends
of kinetoplastids MRNAS) and the polyA tail, in order to
obtain amplicons representing the total polyadenylated
RNAs. The method is based on the generation by PCR of
sequences unique to a T. cruzi cDNA population (the
tester amplicons) after removal of common sequences by
subtractive hybridization with aT. rangeli cDNA popula-
tion (the driver amplicons). We used T. cruzi EP
trypomastigotes (aT. cruz | isolate) from VERO infected
cellsand T. rangeli Palma2 epimastigotescultured in LIT
medium. After two rounds of subtraction, we obtained
two clearly defined cDNA bands, and the negative con-
trol (a subtractive hybridization using the same T. cruzi
ampliconsastester and driver) gave no amplification prod-
ucts (Fig. 1A). The second round cDNAswere cloned in
plasmid pBK-CMV (Stratagene) and several cloneswere
randomly selected and analyzed by agarose gel electro-
phoresisand sequencing. Theinsert sizesranged between
300-600 bp (results not shown).

The sequence analysis reveal ed that one of the clones
(named TcM L8, GenBank accession number AJ634679) is
a 432 bp long cDNA, with the mini-exon and polyA se-
quences. Thiscloneistranscribedin T. cruz epimastigotes
and trypomastigotes but not in T. rangeli epimastigotes
(Fig. 1C). A Southern blot analysis of thegenomic T. cruz
and T. rangeli DNAs digested with several restriction
enzymes showed the TcM L8 hybridization with multiple
genomic bands, revealing the repetitive nature of TcML8
and its presencein both genomes (Fig. 1D), althoughitis
not transcribed in T. rangeli as just mentioned. TcML8
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showed a92% identity withaT. cruz gene (GeneDB Tem-
porary systematic I D: Tc00.1047053503875.30) coding for
a hypothetical protein belonging to the trypanosomal
mucin-likeglycoproteins (Fig. 2). Wewill refer hereto this
coding sequence as TcMUCS. As expected, TcML8 was
also 92% identical to the T. cruz contig region that con-
tains TcMUCS8 (GeneDB Tcruzi.chrunknown.4796). Inthe
contig, there existsthe AG 3' acceptor sitefor trans splic-
ing immediately upstream of the 5" end of the TcML8in-
sert sequence, as expected because of the use of the mini-
exon primer for the TcM L8 RT-PCR cloning, but also there
is an A-rich sequence immediately downstream of the 3'
end (Fig. 2B). The high identity percent between TcML8
and TcMUCS and the presence of this A-rich stretch in
the coding region of TcMUCS8 suggests that TcML8 is
not afull length clone, but apartial TcMUC8 cDNA. Since
the cDNA amplicons for subtraction hybridization were
obtained by RT-PCR using the mini-exon and oligodT as
primers, and because of thelow temperature necessary to
perform the reverse transcription reaction, the polyA se-
quence in the cDNA probably corresponds to this inter-
nal A-rich region within the TcMUC8 mRNA. This sug-
gestionissupported by the existence of an EST (expressed
sequence tag) coming from a T. cruzi epimastigote
normalised cDNA library (GeneBank accession number
A1035168) that is 99% homologous to the TcMUCS se-
quence and includestheA-richregion (Fig. 2). The possi-
bility that TcML8 could also be a pseudogene cannot be
excluded. A family of oligoA-terminated, transcribed DNA
elements in the T. cruzi genome has been reported
(Verbisck et a. 2003). In any case, with a92% homol ogy,
TcML8isundoubtly related to TcMUCS, so we extended
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Fig. 1: agarose gel electrophoretic analysis of Trypanosoma rangeli subtracted T. cruzi cDNAs and TcML8 transcription and genomic
distribution. Total RNA from both parasites was purified with TRIZOL (Gibco-BRL) and cDNA amplicons were obtained by RT-PCR using
oligodT-BamHI and mini-exon-BamHI primers (Krieger & Goldenberg 1998). A: cDNA amplicons (0.3 pg) from the tester (Tc), the driver
(Tr), the cDNAs obtained after the first (I) and second (l1) rounds of subtraction and the negative control (NC) were fractionated by
electrophoresis in a 1% agarose gel. For subtraction, tester amplicons were digested with BamH1 and ligated to a BamH1 adapter. Tester
and driver amplicons were hybridized with a tester-driver ratio of 1:10. After filling in the cohesive ends, tester specific sequences were PCR
amplified with an adaptor-specific primer. The second round of subtraction was carried out with another set of adapters and a tester-driver
ratio of 1:100. We followed the detailed guidelines described by Pastorian et a. (2000) for adaptor ligation, tester-driver retios, subtractive
hybridization and PCR amplifications;, B: cDNA amplicons (0.5 pg) from T. cruz trypomastigotes (TcT), T. rangeli epimastigotes (TrE),
and T. cruzi epimastigotes (TCE) were subjected to electrophoresis in a 1% agarose gel; C: the cDNA amplicons showed in B were blotted
onto a nylon membrane and hybridized with a digoxigenin labeled TcML8 probe according to the instructions of the DIG High Prime DNA
Labelling and Detection Starter Kit Il (Roche); D: T. cruzi (Tc) and T. rangeli (Tr) genomic DNAs were purified with DNAzol (Gibco-BRL),
digested with EcoRI, BamHI, and Xhol, electrophoresed in 1% agarose gel, transferred to a nylon membrane and hybridized with a
digoxigenin labeled TcML8 probe according to the instructions of the DIG High Prime DNA Labelling and detection Starter Kit Il (Roche).
The TcML8 sequence has no internal sites for the enzymes used. Kbp: kilobase pairs.
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our segquence analysis to the TcMUCS gene.

As mentioned above, the existence of an homol ogous
EST from the T. cruzi epimastigote stage demonstrates
that TcMUCS8 istranscribed in this parasite. On the other
hand, the Southern blot analysis of RT-PCR amplicons
using TcML8 as probe confirmed that TcMUCS is not
transcribed in T. rangeli epimastigotes (Fig. 1C). A com-
putational analysis of TcMUCS8 deduced protein using
the Signal P 3.0 server (http://www.cbs.dtu.dk/ services/
SignalP), NetOGlyc 3.1 Server (http://www.cbs.dtu.dk/ser-
vices/NetOGlyc/) and DPGI program (http://us.
expasy.org/) showed that it hasthe characteristic features
of mucins: a signal peptide sequence, O-glycosylation
sites and GPI anchor sequence (Fig. 3A). Although
TcMUCS has no threonine repeats, it isaserine rich pro-
tein, like the group Il of TcMUC genes characterized by
Di Noiaet al. (1998). Initsaminoacidic composition, Glu,
Ser, Pro,and Thr (Thr:36, Ser:58, Glu:49, Pro:36) predomi-
nate, with a Thr/Ser ratio of around 1:2. In spite of this,
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TcMUCS8 showed no significant similarity at the
nucleotidic level with the previously reported mucin like
genes (Di Noia et al. 1995, 1998, 2000) not even at the
conserved N and C terminal coding regions that the re-
ported T. cruzi mucins havein common.

A bioinformatic analysis suggeststhat TcMUC8 might
belong to a new mucin like gene family. A search for ho-
mologieswith the BLASTn program from NCBI showed
TcMUCS partial homology with several apparently unre-
lated sequences: pyrimidine synthesis gene cluster re-
gion of T. cruz (GeneBank accession number AB017765),
a syntaxin 7-like protein gene (reverse complement,
GenBank accession number AY 344240), threeregions(re-
verse complement) of T. cruzi unknown genes (GeneBank
accession number AF525766), four regions of T. cruz
cosmid C71 mucin-like protein genesand C71 surface pro-
tein (spl) genes (GeneBank accession number AY 298908)
and two regionsof T. cruzi cosmid C2 mucin-like protein
and gp85-like protein (gp-85) genes and unknown genes
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Fig. 2: schematic representation and comparison of Contig 4796, TcML8, TcMUCS, and Trypanosoma cruzi epimastigote expressed
sequence tag (EST) sequences. A: schematic map of these sequences, showing the percentage of identity, the AG dinucleotide acceptor site
for trans splicing, the A-rich sequence, and the TcMUC8 ORF (open reading frame); B: multiple aligment of the same sequences. Aligments
were done by Clustal W program with BioEdit Sequence Aligment Editor, Isis Pharmaceuticals Inc. The ATG initiation codon is boxed, the
trans splicing acceptor site is shown (TSAS) and the A-rich sequence is underlined. *indicate the start and end of the TcRES8 repetitive
element. Gaps (-) were introduced to maximize the alignments, identical residues are shaded in gray and the nucleotide position is indicated
in the right margin.
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(GeneBank accession number AY 298909). Interestingly,
in all casesthe homology was restricted to thefirst 63 pb
of TcMUCB8 and to thelast 88 bp at its 3" end. On the other
hand, two searches for TcMUC8 homologies with the
BLASTnN program against the NCBI unfinished T. cruz
database using only the first 63 bp or the last 88 bp of
TcMUCS, showed a 90-97% homology percent with all
the output sequences (aligment: 500). For some genomic
clones the homologies were observed at several regions
within the same clone. These sequences homologousonly
to the ends of TcMUCS8 were putative mucin-like genes/
pseudogenes as reavealed by a BLASTn search against
the T. cruzi GeneDB predicted gene database. The mul-
tiple aligment of some of these mucin like coding genes
showed that they share the N-terminal coding region and
the C-terminal-GPI anchor coding region (Fig. 3B, C).

A signal peptide
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These observations allow us to suggest the existence of
anew putative mucin like genefamily. Itisknown that the
TcMUC genefamily hasadiversity though thisisnot yet
well understood (Di Noiaet al. 1995, Freitas-Junior et al.
1998).

A more detailed sequence analysis made by compar-
ing the TcM UC8 homol ogous genomic sequences among
themselves allowed the identification of a 130 bp long
repetitive sequencethat included thefirst 98 bp of TcML8
at its3' end (Fig. 2B). We named the repeat element TCRES.
In a BLASTn search against NCBI unfinished T. cruzi
database there are by far much more sequences 100%
homologousto the first 98 bp of TcML8 than to the com-
plete TcML8 sequence. This fact probably explains the
repetitive pattern observed in the Southern blot experi-
ment (Fig. 1D). It also might explain the wide hybridiza-
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S06971.60 TGACACCAAC GLACTGLGLG GUTGLATGEL GTCGLGGAGTG TTGGETGAGE ATGEATCL-- CACATGLCTG ACGEATCTA- -ATAAAATTG 175
511373.30 TGACACGEAL GLACTGLLTG GUTGLATGGL GTCLGGAGTG TTGGETGAGE ATGEATCL-- CACATGLCTG ACGEATGTA- -ATAAAATTG 175
511603.50 TTGGA-GEAG GLACCTCTTG TTGETTCATT TCTTGATTCT ACAGETGTTE GAGTTTCL-- GALAATGUTA CCGELCACE- -CGLTGOCTG 175
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TaHUCE GLAGLALCAS ATAAACCACA 2ACTCLLGAT SAGTCLAAGL ATLTCAACALR THACGLLGLC ACCGCTETCT CCCACACCAC TTCCCCTCTT 174
S06971.60 GATARRSACE CCCTTCTTAC &&---ATGCC ACCLLAZATE CAGLGLLACAL TLHACGLLCAGTD ACCLCGLTCT CCCACGCCAC CTCCCCTCTT 125
511373.30 GLTAARAACG CLATTCGTAR &&---ATGOL ACCGLAZATA FAGLLGACAE THACGGLAGT ACCELGGTCT CLCACGOLAT CTCCECTCTT 156
511603 .80 TCAACAGCALG CTACTCAAAL A%---ATCAT ACGACGACGD CTLGCCGARAE TLACGLCAGED ACCGCGGTCT CCCACACCAC CTCCCCTCTT 150
416605 .10 ACACCACTCE ACGLCGATLE 2ATGCAACGT ATCACLGTCGE GTGLAGACAL TLACAGCAGTD ACCGCGLGTCT CCCACGCCAC CTCCCCTCTT 179
TcHIUCE TTGCTTCTTE TT-------- -GTTGLG-~-- GOCGCTGCTG CTGCGGTGLT GGCCGOGTLE &id

S06971.60 TTGCCTCTTC TT------ GT TGTTGCGTET GCGGCTLLTE CTGCGLGTGLT GLGOCLOCGTRS 169

511373 .30 TTELCCTCTTC TTCTT---GT TGTTGTLTET GCGLGCTGLTE CTGCGLTGLT GLGCCGCGTRS 215

511603 .80 TTGCTTCTTC TTCTT---CC TGTTGCGTET GOTTCTLGLGE CTGCGLTGGT GLGOCGOGTRS 207

416605 .10 TTECCTCCTC TTCTTCTTLGT TLTTGCGTET GCGLRCTGLTE CTGCGLTGLT GGOCGOGTRS 229

Fig. 3: structure of the TcMUCS8 deduced protein and comparison

of nucleotide sequences from TcMUCS8 and other annotated Trypano-

soma cruzi putative mucin like genes. A: aminoacidic sequence of TcMUCS deduced protein showing the putative signal peptide (identified
by using the SignalP 3.0 server at http://www.cbs.dtu.dk/ services/SignalP) and the w cleavage site and hydrophobic tail of the putative GPI
anchor sequence (DPGI program at http://us.expasy.org/). *indicate the potential O-glycosylation sites according to the NetOGlyc 3.1
program (http://www.cbs.dtu.dk/services/NetOGlyc/); B: clustal W alignment of the N-terminal coding sequences of TcMUCS8 and some
T. cruz mucin like coding sequences from the GeneDB predicted gene database; C: clustal W aignment of the C-terminal coding sequences
of TcMUCS8 and some T. cruzi mucin like coding sequences from the GeneDB predicted gene database. All sequence names correspond to
the GeneDB temporary systematic ID without the preceding Tc00.1047053 common to al them, except for TcMUCS. Gaps are indicated

by a dash (-). Identical residues are shaded in gray and the nucleoti

de position is indicated in the right margin.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(4), July 2005

tion observed in the Southern blot of RT-PCR amplicons
(Fig. 1C), since this would be the result expected if the
putative mucin like genes annotated in the T. cruzi Ge-
nome Project (genesthat contai n this repetitive sequence)
were transcribed. This group of related genes has mem-
bers sized from 0.555 Kp (GeneDB 1D Tc00.104705350
6615.100) to 1.03 Kb (GeneDB | D Tc00.1047053503973.120).
However, we do not know if thisrepetitive element isalso
present in other genomic contexts.

It was not possible to find sequences as direct or re-
verse repeats flanking TcRES8. The copy number estima-
tionfor TCRE8intheT. cruzi genome was 1482, as deter-
mined by the equation proposed by Agliero et a. (2000),
using 40 Mb asthe haploid T. cruzi genome, atotal num-
ber of GSS (Genome Survey Sequences) of 12036 and a
TcRE8 size of 130bp. The AG dinucleotide at position 31
of TcRE8 and immediately upstream of the TcML85' end
(as can be seen in the aligment with the contig 4796, Fig.
2B) isused asits 3' acceptor site for trans splicing, since
TcML8 was cloned using the miniexon and polyA se-
guencesin a RT-PCR reaction. It remains to be proven if
TCcRES is a repetitive element present in other genomic
contexts or if it should be considered only as a part of
some of the genes/pseudogenes constituting the very
large and divergent mucin-like multigene family.

In conclusion, we have demonstrated by a combina-
tion of experimental and bioinformatic analysis, that the
TcMUCS8 gene automatically annotated by the T. cruzi
genome project is transcribed in T. cruz but not in T.
rangeli, possesses the characteristic features of a mucin
type gene but showed no nucleotidic similarities with
previously described members of the T. cruzi mucin like
genefamilies, and has N-terminal and C-terminal coding
sequences homologous to other annotated mucin type
genes. All thisallows usto suggest the existence of anew
mucin genefamily. Since TcMUC8 geneisnot transcribed
in T. rangeli we are currently studying its expression and
potential use in the epidemiology and specific diagnosis
of Chagas disease in Venezuelan patients.
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