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Trypanosoma cruzithe etiological agent of Chagas dis- chargesgp859transsialidase proteins have been implicated
ease, andrypanosoma rangelia honpathogenic protozoa in adhesion and/or internalization of the parasite to host cells

for mammals, present surface glycoproteins of ttans [10,11] but none of its members have sialidasetrans
sialidase superfamily (TSASF). According to sequence iden- sialidase activity.
tity, molecular weight, and functiofl—-3], members of In a previous work, we cloned telomeric sequences from

TSASF are classified into four groups. The first group in- aT. rangeli[12]. One of the recombinants obtained, namely
cludesrT. cruzi transsialidase (TcTS) and. rangelisialidase TrTel 4 (3376 bp), had an ORF with high percent identity with
(TrSial). TrSial expressed if. rangeliepimastigotes forms  all members of the gp86ans-sialidase family at 1 kb from
is a strict hydrolytic enzyme that releases sialic acid residuesthe telomeric end, and with the transcription sense oriented
from the host cell surface glycoconjugafés6]. In contrast, from the centromere towards the telomere.
T. cruzi transsialidase transfers sialic residues from the host ~ The putative 1953-bp long gend@rGP) (Fig. 1A) en-
surface onto mucin molecules on the parasite’s surface coded for 651 aminoacids (aa) putative protein with estimated
Although TrSial has been well characteriZéd9], its bio- mass of 71 kDa. At the nucleotide lev&lGP sequence dis-
logical role remains unknown. played 62—-67% identity (83—96% in some blocks) with
Members of group ITSASE collectively known as gp85  cruzi gp83transsialidase genes. In addition, the translated
(or gp85transsialidase), are expressedincruziinfective sequence ofrGP exhibited 45-50% identity (reaching 60%
trypomastigotes forms, and intracellular amastigotes stagesconsidering conservative amino acid substitutions) with pro-
[1-3]. This group, which has only been described.icruzi teins encoded by group MSASFgeneq10,13-17] and to
includes a set of heterogeneous GPIl-anchored surface glycoa lesser degree (25—-30% identity) with group | members of
proteins with similar molecular masses but different electrical this superfamily, includingrl. rangeli sialidases (GenBank
U83180, L14943). Blocks of sequence identity between TrGP
Abbreviations:aa, aminoacids; bp, base pair; CHEF, clamped homoge- and gp85 proteins are shownkig. 1B.
neous gel electrophoresis; gp85, surface glycoprotein of 85 kDa; GPI, glyco- ~ TrGP shares with all members of the TSARF the fol-

sylphosphatidylinositol; kb, kilobase; kDa, kilodaltons; TBS, Tris-buffered  |gwing features:
saline; TcTS, activerans-sialidase off. cruzi TrSial, sialidase of . rangeli

TSA, ranssialidase (i) Two conserved copies of the bacterial neuraminidase
Note:Nucleotide sequence data reported in this paper have been submit- motif SxDxGxTW (Asp Box) Fia. 1A and B
ted to the GenBar®! data base with accession number AF426022. . 0 S G (Asp Box) Fig. 1A and )
* Corresponding author. Fax: +58 251 259 1918. (i) A partially complete copy of the subterminal element
E-mail addressmchiurillo@ucla.edu.ve (M.A. Chiurillo). VTVXNVILYNR ( Fig. 1A and B). This motif, known
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TTAGGG
TrGP SubTR repeats
300bp SKDDGKTW  SRDMGATW ARVKNVFLYNR PROTEIN
L
(A) TrTel 4 (3376 bp)

signal peptide

FS 5o v RNKM . . GLEEAT BT aVAROWTVT O RDS . VAR L reny oRERWYTYABY 99
) KE) SEYNAHENNPFGIRPYEL 103
TKYNDPE . KSGWLDSSBI 102
TKNKLF?.EVTDLSSga; 100
LSSKNKDNKSTEP. 105
TrGP y VOEEHNGSLRYVY. RDFDELVEEATGS. . . . . . 199
ToASE-2 o T i1G. NDRLCFLY J SDTVGYDSDD G D JCKPS 206
Tcsp-2 E G.BWNG. . KDHVSVWYW ¥ Y ) (HSKF 205
TCTSA-E2 . BANNS . NERVGVARLiZC ¥ E ) )PTQ s 204
TC85KD I { .KVDG. .KERFDVVL T NGS. . ISHG L < SR ] 206
TrGP 305
C . 310
LEQT . BOKIKSGEKK a F' ¥ Sl DRICESS C : ] SDR C 310
TCTSA: BFOTD. SPNNKG . T K VST 51 E 3 309
TcB85KD g : ; : 311
TrGP I'TE.EITSS] LY SEBER H LAY 408
TcASE-2 QRGVRSYEIFR.§ SAVNET . LSNAJ RANE 413
Tesp-2 KSGRPLD. EGLH SVLNKT. F] \KGDH 413
TCTSA-E2 H 412
TE85KD 413
TrGP 513
TcASP-2 519
Tcsp-2 519
TcTSA-E2 518
Tc85KD 518
TrGP 617
TCASP-2 623
Tcsp-2 623
TeTSA-E2 622
TC85KD 622
TrGP 651
TCASE-2 RKSDDKKGNGGDOK 668
Tosp-Z KKTNDKKGNDGGKKGNDGGKKGKGDGSMCGGVSQLO 690
TCTSA-E2 TKEVEDKKEXGSGDSEDKKE SGDSE DKKESGDSEDKKE SGDSEDKKE SGDSEDKKGSGDGAETPAVSNAT 722
Tc85KD IKDRIPIPKRGPGSQVEGGTERRHIPRIEGVRANAPVGS . s oo cveveteeateaienneaneennns 697
TrGP
TCASE-2
- ... LLLLLGLCGEVALY 704
VLLPSLFLLLGLWGEAAL g24
GLLP. LLLLLGLWVEFAAL 714

Fig. 1. (A) Schematic representatiorifofangeliTrtel 4 clone. Blocks are to indicate major sequence features. Arrows indicate the sense of the coding sequence.
Diagonal hatched bar represents TrGP-Nterm probe used in hybridization experiments. SubTR represents subterminal conserved regioiesbéfacterist
rangeli telomere[12]. Relative positions of Asp-boxes and VTVxNVfLYNR motifs are shown (thick vertical lines). (B) Clustal W multiple alignment of
deduced amino acid sequences from TrGP andToaruzisurface proteins of group |l GfSAgene superfamily. Sequences are as follows: TrGP (AF426022),
TcASP-Z (U77951), Tcsp-2 (AY186573), TcTSA-E2 (U02613) and Tc85KD (M64836). Conserved residues are in black (100% conservation), dark gray
(75% conservation), and light gray (50% conservation). Overlining indicates the following mgti&ftrans-sialidase in the TrGP: a predicted N-terminal

signal peptide, two Asp boxes, VTVxNVfLYNR moti&, and the partially conserved fRiP sialidase mekjf Sequence enclosed in pointed line is THSP

peptide. In order to improve the alignment, we did not consider a section of 38 amino ‘atid$\&terminal signal peptide in TCASP-2 and Tcsp-2 sequences.

as peptide J, has been found in gp85 friroruziblood- members (77%) than witl. rangeli sialidase (45%)
stream trypomastigotes, and it has been implicated in the (Fig. 1B).
binding to the mammalian host laminih0].

(i) Atits N-terminus, ithas a signal peptide to direct the pro- However, TrGP is devoid of a recognition site for the
tein to the endoplasmatic reticulum that shared a higher GPI anchor, a characteristic of many members of TSASF
percent of identity withT. cruzi gp85irans-sialidase (Fig. 1B). Many residues regarded as important for TrSial
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catalytic activity are absent in TrGP, for instance, the Arg
residue in the conserved fRIiP element is substituted by an
uncharged aa (likd. cruzi gp8#transsialidase proteins)
(Fig. 1B) [5,7,8]. Missing as well, is the N-terminal aa se-
quence LAPGSS, a characteristic of mature TrSial and TcTS
[5].

To study the genomic organization dirGP genes,
we carried out Southern blot experiments using a 460-bp
probe based on the N-terminal region of the ORF (TrGP-
Nterm). This region was selected for its low nucleotide
identity with other TSA superfamily genes. TrGP-Nterm
was PCR amplified with the following primers: forward
(5-GTGTTGATGGCCTTTGGC-3 and reverse (5
GTATTTGTGATGCAGGCC-3) (Fig. 1A). Fig. 2A shows
the results of hybridizing TrGP-Nterm with rangeli(DOG-
82 strain) genomic DNA digested with several restriction en-
zymes, the probe recognized many genomic fragments, indi-
cating thallrGPrelated sequences are presentin many copies
in T. rangeligenome. A similar sample df cruziYBM strain
was negativeKig. 2A, lane 4).Fig. 2B shows a hybridization
experiment using TrGP-Nterm probe againstangelichro-

mosomal bands separated by pulsed field gel electrophoresis.

Confirming the widespread presenceToGP in T. rangeli
genome, the probe recognized most chromosomal bands.
To check for TrGP transcription, we performed North-
ern blot assays using total RNA isolated from rangeli
epimastigote stage. The result of this experiment revealed
that TrGP is transcribed in mRNA species of about 4.7 kb
(Fig. 2C). No hybridization was observed with an mRNA
fraction isolated fronT. cruziYBM strain epimastigotes (not
shown). A positive control consisting of a probe derived from

1234
bp

23,130—

9,416 —
6,557 —
4,361—

2,322 -

564—

N .
R

wa 1 2 3 4 5

201 —

120 —
100 —

56 —

38 —

30—

(D) 21—

T. cruziubiquitin gene, detected mRNA bands in both para- Fig. 2. Genomic organization and expressiofTt®P. All the hybridiza-

sites (not shown).

tion analyses were carried out with tA&-labelled TrGP-Nterm probe at

To check for TrGP translation, we first generated an anti- high stringency conditions as previously descriffeg]. (A) Identification

TrGP rabbit antisera using as antigen a recombinant pep-
tide derived from its N-terminal region (Tr&d™). The 65

of TrGP sequences if. rangeligenomic DNA by Southern blot. Lanes
1-3, T. rangeli DNA digested withPst, Rsd and SawBAl, respectively;
lane 4,T. cruziDNA digested withSalBAI. Molecular sizes in kilobases

aa peptide had low identity with other members of TSA (kb). (B) Chromosomal mapping GFGP genes. Chromosomal bandsTof

superfamily, including TrSial4—6]. Briefly, recombinant
pET-TrGPV™ was constructed as follows: Tr&1®™ cod-

ing sequence was amplified from TrTel 4 recombinant us-
ing primers FwNterm (5CTTTTAGTGCATATGGCCTTT-

3) and RvNterm (5 TGTTTAAAGCATATGTTACCCT-3).

rangeli (DOG-82) were separated by CHEF as describgd 2. Lanes: 1,
ethidium bromide stained gel; 2, blot after hybridization. Molecular sizes in
kilobases (kb). (C) Northern blot analysis of fhesP with total RNA from

T. rangeliepimastigotes. Molecular sizes in kilobases (kb). (D) Identifica-
tion of T. rangeliTrGP native protein by western blot. Proteins from lysates
of parasites were separated by SDS-PAGE and transferred to Immobilon-P

For the insertion in the expression vector pET-28a (Novagen), (Millipore) membranes. Filters were blocked with a solution of 5% non-
Ndd sites were incorporated into both primers. The PCR fat dry milk in TBS (50 mM Tris, pH 8.0, 150 mM NaCl), incubated with

TrGPVe'™ antiserum, and the binding of antisera was revealed with alkaline

product was digested witNdd, and then inserted in-frame : : e

. . . . phosphatase-conjugated goat anti-rabbit antibodies and the chromogen 3,3
in pET-28a plasmid downstream from the region encoding yiaminobenzidine. Extracts proteins are from parasite isolates and sfages:
for the initiation codon ATG and % His tag. Recombinant  rangeli epimastigotes: M/HOM/VE/03/CARMEN HERNANDEZ (lane 1)
plasmids were transferredfocoliBL21 cells, grown to mid- and M/HOM/VE/98/ALBA (lane 2),T. cruziM/HOM/VE/92/YBM meta-

log phase, and finally induced with IPTG. After incubation cyclic trypomastigotes (lane 3). Molecular sizes in kilodaltons (kDa).

for 3 h, protein expression was checked in cell extracts using

SDS-PAGE. In the gels, a peptide with an apparent molecu- threeT. rangeliisolates, and epimastigotes and trypomastig-
lar mass of 6.9 kDa was observed; this peptide was purified otes extracts from on&. cruzi strain. The result of these
with the B-PEF® purification kit (PIERCE), and then used experiments revealed that the antiserum recognized two pro-
to immunize two rabbits as previously descrilj&é]. Rab- tein bands with molecular masses of 77 and 45kDa in the
bit antiserum reactivity and specificity was tested in Western threeT. rangelisamplesFig. 2D shows two of them, lanes 1
blotting experiments using epimastigotes cell lysates from and 2), but failed to react with the cruzione ig. 2D, lane
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3). Pre-immune rabbit serum did not react with dngangeli

proteins (not shown). The 77 kDa band was slightly higher
than the expected size, opening the possibility that the telom-

eric TrGP s in fact a truncated form of a gp85-like protein,

and/or that the native protein undergoes post-translational
modifications that alter its molecular mass. It is possible that

the smaller 45 kDa band is a degradation product.

In summary, in this work we characterized an ORF encod-

ing for a protein with high identity with members of cruzi

gp85transsialidase family. Although the gene is expressed
in T. rangeliepimastigotes cells, at present we do not know its

role inthe parasite life cycle. PresencgpB5transsialidase

in T. rangelisuggests that these genes were presentin a com-

mon ancestor witf. cruzi However, inT. cruzi gp85genes

suffered an expansion and adopted important roles in inva-
siveness and infectivity and also became a structural part of

its telomere$3,19,20] The high epitopic variation dF. cruzi

gp85 proteins has been pointed out as the cause of an anergi@l]
CD4" T cell response that hampers an effective host attack

against the parasif8]. In contrast, sincé. rangelidoes not

enter mammalian cells and its presence is considered harm-

less to the vertebrate hd&l], gp85-like proteins may play
a different role. The fact that thEFkGP gene is located next

to the telomeres makes us wonder whether the presence of
surface proteins genes at this position is a universal feature
in all trypanosomes. Efforts are under way to determine the [14]

function of TrGP in the biology of. rangeli
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