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Abstract

Many important pathogen-host interactions rely on highly specific carbohydrate binding events. In
the case of the protozoan 7rypanosoma cruzi, the causative agent of Chagas disease,
glycointeractions involving sialic acid (SA) residues are pivotal for parasite infectivity, escape
from immune surveillance and pathogenesis. Though unable to synthesize SA de novo, T. cruzi
displays a unique frans-Sialidase (TS) enzyme, which is able to cleave terminal SA residues from
host donor glycoconjugates and transfer them onto parasite surface mucins, thus generating
protective/adhesive structures. In addition, this parasite sheds TS into the bloodstream, as a way of
modifying the surface SA signature, and thereby the signaling/functional properties of mammalian
host target cells on its own advantage. Here, we discuss the pathogenic aspects of 7. cruzi TS: its
molecular adaptations, the multiplicity of interactions in which it is involved during infections, and
the array of novel and appealing targets for intervention in Chagas disease provided by TS-
remodeled sialoglycophenotypes.
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INTRODUCTION

Trypanosoma cruzi (Kinetoplastida, Trypanosomatidae) is a parasitic protozoan that
alternates between haematophagous triatomine vectors and a variety of mammalian hosts,
including humans. Chagas disease, caused by infection with 7. cruzi is the highest impact
parasitic disease and leading cause of infectious cardiomyopathy throughout Latin America
[1]. Due to migratory trends of infected populations to non-endemic regions, this illness is
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now also recognized as an emergent threat to global public health [1]. Despite this alarming
epidemiological situation, vaccines are not yet available, and the current arsenal of
trypanocidal drugs is restricted to two rather old compounds: Benznidazole and Nifurtimox.
Both require prolonged regimes, have unclear therapeutic efficacy, and display serious
secondary effects [1]. In this context, there is an urgent need to develop innovative therapies,
particularly those exploiting novel mechanisms of action.

In order to establish a persistent infection, 7. cruzi must strike a balance between causing
disease and staying below the radar of the mammalian immune system. This parasite has
accordingly evolved a broad range of self-protective mechanisms and elusion devices,
including the establishment of an intracellular replicative niche and the formation of
quiescent or dormant forms [2]. Prominent among 7. cruzi evasion strategies, is the
manipulation of the sialic acid (SA) signature of the infection. SAs are a family of acidic,
nine-carbon monosaccharides, usually found at terminal positions of oligosaccharide chains
of membrane-anchored and/or secreted glycoconjugates [3]. Mainly two SA species, N-
Acetylneuraminic acid and A~Glycolylneuraminic acid, can be found in mammals, where
they are involved in a broad range of biological processes, including the regulation of cell-
to-cell adhesion and signaling phenomena [3]. The mechanistic basis for SA-modulated
phenotypes is quite variable, but the central theme is that their strong negative charge tends
to alter the range of binding partners of scaffolding glycoconjugates and, hence the overall
landscape of cell glycointeractions. Of note, SAs are major forces underlying intercellular
recognition events required for the elicitation and resolution of effective immune responses,
and therefore it should not come as any surprise that sialylation constitutes the glycosylation
step most widely manipulated by pathogens [4]. It was shown, for instance, that a variety of
bacteria, protozoa and fungi develop “protective shields’, instrumental to the colonization of
the host and/or to inhibit immune recognition and clearance, upon surface
sialoglycoconjugates [5, 6]. In this context, it is worth noting that surface sialylation is a
well-recognized microbial determinant of complement resistance [7]. Other pathogens
express lectins that enable their initial attachment to SA-containing structures on target cells
or tissues [8-10]. Finally, certain microorganisms induce sialylation changes in the host as
an indirect way to undermine the immune system and/or the integrity of endothelial barriers
[11, 12]. Outside of hijacking the glycosylation machinery, usually through the expression of
sialyltransferases [13, 14], a stronger case can be made for direct alteration of the host cell
surface SA signature by microbial sialidases [15, 16].

Despite being unable to synthesize SA de novo, T. cruziincorporates this carbohydrate
through the action of a unique enzyme: the #rans-Sialidase (TS). This molecule combines
many of the SA-based parasitic traits mentioned above, 7.e. SA lectin, sialidase and
sialyltransferase activities, all in a single, multitasking polypeptide. TS binds to and
subsequently cleaves terminal SA residues linked a.2,3 to B-galactopyranoses (RGalp) from
host donor macromolecules. However, instead of just hydrolyzing SA residues as for
classical sialidases, TS is able to catalyze the formation of an equivalent SAa2-3pGalp
glycotope in the glycans of mucin-type proteins displayed on the parasite membrane [18].
The generation of such surface SA-containing structures is crucial for protection and
infectivity of trypomastigotes, the parasite forms present in the mammalian bloodstream
[19]. In addition, the regulated shedding of TS into the bloodstream allows 7. cruzi
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trypomastigotes to manipulate the surface sialylation pattern, and thereby the biological
properties of different host cell types including thymocytes, lymphocytes, erythrocytes,
platelets and endothelial cells. TS-induced alterations in the host sialylglycophenotype
correlate with immune dysfunction, hematological alterations, susceptibility to 7. cruzi
infection and disease. These molecular features, together with the absence of a functional
counterpart in the mammalian host, enthroned TS as a very promising target for the
development of new treatments and vaccines against Chagas disease [20].

Recent and comprehensive reviews about the structural, and biochemical properties of 7.
cruzi TS prompt us to cover these aspects only briefly [17, 21]. Here, we will rather aim to
assess the role(s) played by this molecule in the interaction with the mammalian host: from
the molecular adaptations underlying its pathogenic effects to the multiplicity of parasite and
host TS-altered sialoglycophenotypes that take place during 7. cruziinfections.

2- Biological adaptations of T. cruzi TS, or how to make a virulence factor
out of an enzyme.

2.1- Genomic features

The most parsimonious hypothesis proposes that TS emerged in an ancestor of the
trypanosome lineage, most likely as an upgraded sialidase [22]. This event predated the
splitting of salivarian and non-salivarian trypanosomes, which occurred ~250-500 million
years ago [23]. The ‘primal’ sialidase may have evolved spontaneously in this ancestral
organism or, most likely, may have been acquired from a microbe sharing the same niche
(7.e. the insect gut) (Fig. 1). Whatever the case, TS activity was readily adopted by different
clades of the Trypanosoma genus, including the African trypanosomes 7rypanosoma brucef
[22] and 7. congolense, in which a small family of TS molecules was found [24]. However,
it was in 7. cruziwhere this evolutionary ‘spin off” was actually pushed up to its very limits.
Successive events of gene duplication followed by diversification and recombination led to a
tremendous increase in the genetic dosage and functional complexity associated to this
enzyme. Indeed, 7. cruzievolved a huge repository of >1,400 TS and TS-like genes and
pseudogenes, collectively known as the gp85/trans-Sialidase gene family, in which eight
rather robust groups can be delineated [25-27]. Members of this family are very
polymorphic, bearing as low as 30% sequence identity between each other, though they are
unified by certain structural features. These include a sequence associated to tissue tropism
known as FLY [28] as well as typical bacterial/viral sialidase motifs such as Asp-boxes and
the FR(I/D)P tetrapeptide (Fig. 2) [25-27]. In addition, all of gp85/frans-Sialidase family
members display an A-terminal signal peptide and a C-terminal sequence compatible with
the post-translational anchoring to the plasma membrane through a
glycosylphosphatidylinositol (GP1) moiety, both of which ensure their localization at the
parasite surface (Fig. 2) [29]. Throughout this review, we will focus our analysis on
molecules displaying #rans-sialidase/sialidase activity, which are restricted to the gp85/trans-
Sialidase Group I. It is worth mentioning, however, that other family members are likely
involved in several aspects of 7. cruzibiology, particularly in the interaction with the
mammalian host (reviewed in [28]). Importantly, and besides molecule- or group-specific
features/functions, it should be stressed that the redundancy and sheer diversity of the Gp85/
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trans-Sialidase family may have been selected for as an additional strategy to cope with the
mammal immune system [30, 31].

Group | of gp85/trans-Sialidases family includes genes expressed by insect-dwelling,
epimastigote forms (¢75) and those expressed by trypomastigotes, characterized by the
presence of an antigenic and repetitive C-terminal region (Fig. 2). This region is known as
SAPA (for Shed Acute Phase Antigen), as TS is actively secreted by 7. cruzi
trypomastigotes (see below), and recognized mainly by sera from patients coursing the acute
phase of Chagas disease [32, 33]. The Aterminal and catalytic region of TS (and likely also
of eTS) folds into two distinct domains: a B-propeller, which contains the catalytic pocket,
and a lectin-like domain (named as such due to its structural similarity to plant lectins) [34].
These domains are connected by a long a-helix (see inset, Fig. 2). Both TS and eTS display
trans-Sialidase/sialidase activity with very similar kinetic properties and SA acceptor-donor
specificity [35]. However, eTS is a rather simple molecule, streamlined for the transference
of SA residues between glycoconjugates whereas TS display additional sequences (such as
SAPA) involved in moonlighting, 7.e. non-catalytic, activities. These structural features,
together with the acknowledged idea that TS activity was originally involved in the
interaction between trypanosomes and arthropod vectors [22, 36], put forward the notion
that e75 correspond to the “ancestral’ 7. cruzi TS genes, upon which the trypomastigote-
expressed counterparts were crafted [37]. Moreover, it is likely that acquisition of such
molecular gadgets was instrumental to the pathogenic repurposing of TS.

T. cruziis better defined as a taxon composed of multiple ‘clonal’ strains showing
remarkable genetic and phenotypic diversity that were grouped into six evolutionary
lineages or DTUs (Discrete Typing Units) [38]. The differential genomic make-up of 7.
cruzistrains is patently reflected in the dosage/diversification of gene families coding for
molecules involved in the interaction with the host(s) [39]. In the case of gp85/trans-
Sialidases, all of the strains analyzed so far were shown to contain 75 genes, with dosages
ranging from 1 to 40 copies per haplotype [40, 41]. Despite previous studies claiming the
existence of phenotypic 757 parasites [42], strict conservation and expression of 75 genes
across the 7. cruzi taxon was also supported by comprehensive phenotypic [43] and
immunological surveys [44, 45]. Intriguingly, these studies also revealed that the activity of
enzyme displayed by different strains does not correlate with 75 gene dosage [40, 43].

Along with 75and e75 genes, a third kind of closely related genes can be found in the 7.
cruzi genome. These code for molecules lacking frans-Sialidase/sialidase activity and were
hence called ‘inactive TS members’ or iTS. Notably, all /75 genes analyzed so far present a
T/C transition on codon 342, which determines a TyrssoHis replacement on the deduced
polypeptides (Fig. 2). This sole mutation accounts for their lack of frans-sialylation capacity,
as supported by biochemical and structural data [34, 46, 47]. iTS molecules bear SAPA
repeats and display extremely high conservation in sequence (>95% identity at the amino
acid level) and structure to enzymatically active TS [34, 40, 48]. This structural conservation
includes the A-terminal domain, and even the ‘inactivated’ catalytic pocket [48]. Indeed, iTS
molecules are able to bind substrates of the TS reaction (aSA2-3pGalp and/or glycoproteins
bearing this glycotope) and even retain residual hydrolytic activity [41, 48, 49], suggesting
they function as parasite surface adhesins /n vivo ([50], see also Section 3). The structural
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conservation of iTS molecules is further stressed by their recognition by a TS-neutralizing
monoclonal antibody (13G9) specific to a conformation-dependent epitope located in the
enzymatic pocket [51].

Genotypic analyses showed that /75 genes, instead of presenting taxon-wide distribution
such as 7S genes, were restricted to parasite strains clustering to DTUs Tcll, TcV and TcVI
[40]. This peculiar phylogenetic distribution, along with the fact that /75 genes always show
SAPA repeats and the same catalytic inactivating T/C transition, strongly suggest that they
originated from an enzymatically active 7S gene by a single mutation event. In the
framework of currently accepted 7. cruzi evolutionary history [38], this primal mutation
most likely occurred early after the stemming of the Tcll branch from the main 7. cruzi
clade, which is dated at 3-88 million years ago, depending on the analyzed genes [38]. The
resultant /75 gene was strictly conserved in Tcll strains and transmitted during relatively
recent (~100,000 years ago) Tcll recombination events that led to the emergence of hybrid
TcV and TcVI lineages [38, 40]. As in the case of 7S5 genes, distinct strains of 7. cruziDTU
Tcll, TcV and TcVI seem to have undergone differential expansion of the /75 dosage [40].
The absence of mutation accumulation on /75 genes from independently evolving strains
strongly suggests that their diversification is under strong negative selection. Based on
available data [41, 48-52], it is tempting to speculate that this selective pressure was driven
by structural, and hence functional constraints (see below). In this framework, development,
upholding and expression of iTS molecules may be envisaged as an additional, genomic-
based trick devised to optimize TS pathogenic function. A schematic representation of the
proposed evolution of 7S5 genes in 7. cruziis presented in Fig. 1.

2.2- Biological features of SAPA repeats

The facts that eTS molecules do not bear SAPA repeats and, more importantly, that TS
proteins devoid of SAPA conserved full enzymatic activity provided the first hint that this C-
terminal extension was involved in non-catalytic activities [53, 54]. Because of its repetitive
nature and the robust humoral responses that this sequence elicits early upon 7. cruzi
infection [32, 33], it was initially considered that SAPA operated as an antigenic decoy,
drawing the attention of the immune system and thereby delaying and/or preventing the
elicitation of protective responses. Indeed, the appearance of antibodies able to neutralize TS
activity (TS-neutralizing antibodies, TS-NtAbs) is a much later event in the course of
infection, which coincides with the decline in parasitemia at the end of the acute phase [33,
55, 56]. In contrast with short-lived anti-SAPA humoral responses, TS-NtAbs can be found
in ~100% of chronically infected individuals [33, 55, 56], and even in treated patients that
met the parasitological cure criterion (/.. negative results in conventional serological and
parasitological assays) [57]. This switch in anti-TS antibody specificity (from anti-SAPA to
TS-NtAbs) allowed serologic discrimination of patients in the acute vs. chronic phases of the
disease, and thereby the improvement of Chagas disease diagnostic applications [32, 57-59].
Moreover, the fact that TS-NtAbs are also widely detected in sera from 7. cruzi-infected
mammals support their epidemiologic value [44, 45].

Subsequent work from our labs unveiled a complex antigenic arrangement on TS, apparently
engineered to skew humoral responses in the infected host. This antigenic structure is
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centered in SAPA, which bears multiple and partially overlapping B cell epitopes in each
repeat [60], though it also relies on the presence of a mesh of SAPA cross-reacting B cell
epitopes localized to the Aterminal region of TS [61, 62]. In this regard, it is most notable
the case of the so-called epitope 1443 [62]. This epitope, restricted to gp85/trans-Sialidases
Group | molecules, is flanked by two disulfide bond-forming Cys residues and thereby folds
into an exposed and immunogenic loop that protrudes from the protein surface [34].
Antibodies to epitope 1443, however, do not neutralize TS activity. Moreover, mutant
molecules lacking 1443 elicit an improved TS neutralizing response as compared to wild-
type molecules, strongly suggesting that this epitope evolved to delay the elicitation of TS-
NtAbs [62].

From a structural standpoint, the rigid, ‘stalk-like’ conformation of SAPA was proposed to
assist TS activity on the trypomastigote surface by projecting the A-terminal catalytic region
above the parasite glycocalix and thereby easing its access to SA donors and acceptors.
Alternatively, the identification of high molecular mass TS species on the supernatant of
cultured trypomastigote, which were sensitive to mild proteolysis, led to the hypothesis that
SAPA repeats may promote enzyme multimerization [54]. This proposal, however, needs to
be reevaluated in view of our recent studies on the biogenesis and physiology of the
trypomastigote membrane [63, 64]. As shown, TS is not secreted as a GPI-less, ‘soluble’
protein upon the action of phospholipases on the trypomastigote membrane. On the contrary,
this molecule is largely, if not exclusively, shed into the milieu as part of membrane-derived
micro-vesicles [64, 65], which may account for the above mentioned high molecular mass
TS species [54].

Interestingly, SAPA improves the pharmacokinetics of TS in the bloodstream [66-68],
although this was shown using recombinant TS instead of native, micro-vesicle-associated
molecules. Most importantly, prolonged persistence in the bloodstream is a likely
determinant underlying the effective reach of immune organs or cells far from the infection
site, and hence the pathogenic effects of TS (and by extension also of iTS, see below). The
ability of SAPA to increase the bloodstream half-life of TS/iTS could be conveyed to other
molecules of biotechnological interest and, most interestingly, it could be dissected from its
strong immunogenicity [68].

Besides the antigenic and structural aspects, SAPA repeats, independently of TS/iTS
activities, may also contribute to 7. cruzi pathogenesis. As shown, SAPA interacts with
endothelial cells or Peripheral Blood Mononuclear Cells (PBMCs), thereby inducing the
secretion of the proinflammatory cytokine 1L-6 [69]. The consequences in terms of the
infection are not clear, but IL-6 is required for parasite specific response and host resistance
to 7. cruzi[70]; and may also facilitate endothelium activation and parasite extravasation, as
shown for African trypanosomes [71]. On the other hand, SAPA was shown to stimulate
immunoglobulin secretion by inducing B cell proliferation in a T cell independent manner,
suggesting it may have a role in the polyclonal lymphocyte activation and
hypergammaglobulinemia observed during the acute phase of 7. cruziinfection [70, 72].
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Overall, SAPA repeats display a multiplicity of antigenic, structural and biological features
(summarized in Fig. 2), which seem ideally suited to optimize the /n7 vivo functioning of
bloodstream trypomastigote frans-sialidases (TS and iTS).

3- Pathogenic effects of T. cruzi trypomastigote trans-Sialidases (TS and

iTS)

Trypomastigote frans-Sialidases (TS and iTS) display a variety of pathogenic effects that
lead to hematological disorders and to the dampening of the immune surveillance on the
infected host (summarized in Fig. 2 and Table 1). Since these effects may be mediated by
trans-sialylation/sialylation events (/.e. restricted to TS molecules) and/or by SAa2-3pGalp
lectin activity (/.e. achieved by both TS and iTS molecules), they will be discussed
separately in this section. It is worth mentioning that 7. cruzi TS has also been proposed to
moonlight as a parasite-derived neurotrophic factor, involved in the modulation of the
balance between neuronal degeneration and regeneration [73]. However, and since these
effects do not apparently involve TS catalytic and/or lectin activities, they will not be
covered here.

3.1 TS activity-associated effects

In the absence of genotypic 75"/ parasites, a key evidence supporting TS as a major 7.
cruzivirulence factor is provided by the fact that the amount of expressed (surface-
associated and/or shed) TS activity correlates with the extent of pathogenesis induced by
different strains in experimental infections [43]. In agreement, passive transfer of TS-NtAbs
into 7. cruzi-infected mice ameliorates histological alterations [74, 75] and
thrombocytopenia [76].

Pathogenic effects of TS are mainly related to #rans-sialylation events on the surface of
distinct host cell types/tissues. However, some effects can be associated with desialylation
events. For instance, bloodstream TS activity detected during the early steps of the infection
is responsible for the reduced amount of SA on the surface of platelets and red blood cells,
and hence for inducing thrombocytopenia and erythropenia in the acutely infected host [76,
77]. In this regard, it is worth noting that shedding of sialidase activity by bloodstream forms
of African trypanosomes also correlates with erythrocyte desialylation and anemia in the
infected host [16].

TS activity modifies the sialylation pattern of many cell types [74, 78, 79], being of
particular relevance on the immune system. As shown, parasite-borne TS (or injection of the
recombinant enzyme), induces several histologic abnormalities such as apoptosis in central
and peripheral immune organs [78, 80, 81]. For instance, TS triggers apoptosis of immature
CD4*CD8* thymocytes inside the nurse cell complexes [74, 80]. This, together with the
leakage of this cell population to the periphery leads to transient thymic aplasia, a signature
of early 7. cruziinfection [82]. On the other hand, in in vitro experiments, TS is able to co-
stimulate the proliferation induced by Concanavalin-A lectin or anti-CD3 antibody in a
mixed culture of T cell lymphocytes and Antigen Presenting Cells (APC). There are some
controversies in the literature on this issue. Gao and Pereira described that this effect is
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independent of CD43 or CD40 molecules and mediated by Bruton’s tyrosine kinase and
IL-6 while Todeschini et al have reported that the CD43 pathway is clearly involved [83,
84]. Therefore, there is a lot of work ahead to understand the molecular pathways that
govern the T cell activation by the TS. Moreover, TS may also alter the surface sialylation
code of CD8" effector T cells, thereby impairing the cytotoxic response and favoring
parasite persistence [85].

In addition to the actions on T cells it was recently described that TS induces the secretion of
the pro-inflammatory cytokine I1L-17 by B cells. At variance with T helper (Th) 17 cells, the
molecular pathway that trigger the secretion of IL-17 in B cells involves the sialylation of
the membrane glycoprotein CD45 and is independent of the transcription factors RORyt and
Ahr [86]. In 7. cruzi-infected mice, B cells are the major source of IL-17 at the early stage,
and contributes to the control of the parasite, possibly through the upregulation of specific
CD8™ responses [86, 87]. Interestingly, a decline in IL-17 serum level has been recently
proposed as a biomarker for assessing anti- 7. cruzi therapeutic efficacy [88].

All the described pathogenic effects/immune alterations that depend on SA mobilization are
observed during the acute phase of 7. cruzi infection. They are associated to the TS activity
shed into the bloodstream, which cannot be detected later on in the infection due to i) a
dramatic drop in parasitemia and ii) the elicitation of TS-NtAbs [55, 57]. SA incorporation
into the trypomastigote surface, on the contrary, is most likely mediated by ‘local’ TS, which
may have been previously accumulated into the cytoplasm of the infected cell [21]. Thus, it
seems to be two discrete pools of TS activity in the infected host: i) a systemic one, that is
mainly relevant during the acute phase and that contributes to host colonization,
pathogenesis and immune disorders, and ii) a locally-relevant one, which is mainly involved
in trypomastigote surface coat sialylation and hence in parasite protection and infectivity
(see next section). Based on our findings, it may be hypothesized that at variance with
systemic TS activity, this latter pool is not majorly affected by NtAbs, probably due to the
absence of edema at the sites of parasite replication.

3.2 Lectin activity-associated effects

Different studies using recombinant iTS molecules, showed that this isoform can
recapitulate several of the alterations induced by TS in the host immune system physiology
[50, 52, 84]. Therefore, these effects may be in principle attributed to the lectin activity
towards SAa2-3pGalp-containing structures, which is common to iTS and TS molecules
[74, 78].

Although it is known that the protective response against 7. cruziinfection is mediated by
the Th1 phenotype, eliciting an adequately balanced Th1/Th2 response is critical for host
survival [89, 90]. Tipping off this balance towards a Th2 phenotype is conducted v/athe
hijacking of the IL-10 pathway in APC, which translates into a decrease in IL-2 and IFN+y
secretion with concomitant increment in 1L-4 production by CD4* T cells [52]. It is
important to note that iTS and TS are involved in the induction of IL-2 suppression /n vitro
and /n vivo, a hallmark of the acute phase of 7. cruziinfection [52]. In addition, /in vitro
experiments have shown that iTS and TS induce CD4* T cell co-stimulation, with
concomitant secretion of IL-4 and, hence a Th2 bias [84]. The same authors have also shown
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that TS and/or iTS rescue CD4™ T cells from programmed cell death via CD43 interaction
[84]. These findings provide a context where a harnessing system of the potential extreme
damage that an uncontrolled Th1 response might provoke is induced. In further support, the
co-administration of iTS and TS to infected mice, showed that the presence of iTS reduce
the pro-inflammatory capacity of TS [91]. In the same line, iTS administration to infected
mice reduced the number of cells infiltrates in heart [91]. Indeed, it is worth mentioning that
stimulation of the NF-kB pathway on endothelial cells by iTS induces the up-regulation of
adhesion molecules such as E-selectin, ICAM-1 and VCAM-1, with a concomitant increase
in parasite infectivity [92].

Due to their extreme similarity to TS molecules and the co-occurrence of iTS and TS on the
trypomastigote surface, the precise sub-cellular distribution and biological meaning of iTS
molecules is a quite difficult task to assess. However, recent studies using parasite lines
expressing iTS (developed upon natural 775"/ parental background) indicate that iTS
molecules are effectively displayed on the trypomastigote surface [50], and that their SAa.2—
3pGalp lectin activity play significant roles in the physiologic scenario of parasite infection.
As shown, iTStransfected parasites display exacerbated adhesion/invasion to non-
phagocytic cells in vitro and increased virulence in vivo [50]. Altogether, these findings
strongly support that iTS proteins exert alternative and/or complementary rolesto TS in 7.
cruzivirulence and pathogenesis.

4.- TS and the parasite sialoglycophenotype

Establishment of specific glycointeractions with the host are needed throughout the 7. cruz/
life-cycle, including for those parasite forms dwelling in the insect (epimastigotes and
metacyclic trypomastigotes). For instance, glycointeractions with endothelia of the
triatomine digestive tract is critical for the survival and proliferation of epimastigotes [93].
In this phase of the life-cycle, however, the parasite relies on non-sialylated rather than
sialylated surface glycoconjugates to engage in such contacts [93-95]. This is consistent
with the fact that epimastigote mucins (known as Gp35/50) are poorly sialylated, which may
be attributed to the low concentration of suitable SA donors in the gut lumen of triatomines
[96], and to the very low expression of TS activity in this stage [35].

Differentiation into infective metacyclic trypomastigotes, correlates with an increase in TS
expression [35]. This leads to massive sialylation of metacyclic surface Gp35/50 mucins,
which contribute to the first steps of infection of the mammal host, particularly in cases of
oral transmission [97]. Once in the mammal, Gp35/50 may also play supporting roles in the
recognition and/or signaling of the target cell. Interestingly, these effects are dependent on
the parasite genotype and, at least for some parasite strains, modulated by the sialylation
status of Gp35/50 [98].

The scaffolding polypeptides and the O-glycans from bloodstream trypomastigote mucins
(known as tGPI-mucins) are different than those of Gp35/50 [18, 99]. Of note, tGPI-mucins
bear non-reducing, terminal aGalactopyranosyl (aGalp) residues, which are not SA
acceptors in the TS reaction [100]. These aGalp-containing structures are foreign to humans
and therefore, highly immunogenic during 7. cruziinfections [100]. Anti-aGal antibodies

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 10

have the capability to lyse bloodstream trypomastigotes in a complement-dependent or
independent manner, strongly suggesting that they are involved in controlling parasitemia
[19]. As mentioned, incorporation of SA residues onto tGPI-mucins by means of TS occurs
immediately upon trypomastigote egress from the infected cell, and is critical to prevent
parasite lysis by yet undefined mechanisms. On one hand, it may be considered that the
negative charges in SA residues somehow stabilize the surface coat. Experiments showing
that neutralization of negative charges by addition of MgCl, reverses the protective effect of
sialylation support this hypothesis [19]. Alternatively, it may be proposed that sialylation of
nearby BGalp residues imposes steric hindrance to the binding of anti-aGal antibodies
and/or to the subsequent capping of tGPI-mucins on the trypomastigote surface. This idea is
however not supported by recent data showing that tGPI-mucins bearing terminal aGalp and
BGalp residues are sorted to mutually exclusive membrane domains on the trypomastigote
surface [64, 65]. Whatever the case, sialylation of tGPI-mucins protects trypomastigotes
from lytic antibodies and, most likely, also from the action of complement [21].

In addition to their protective effects, formation of SAa2-3pGalp glycomarkers on the
parasite surface was shown to be involved in trypomastigote recognition and invasion of host
non-phagocytic cells [101]. Other groups, however, described a minor effect for the
trypomastigote sialoglycophenotype on target cell recognition [102, 103]. Whether these
differences are related to the experimental set-up and/or the genetic background of the
parasite strains analyzed remains to be addressed. More recently, /in vitro studies indicated
that both the SAa2-3BGalp lectin activity of TS/iTS molecules and/or the generation of
such sialoglycomarkers on the target cell surface by parasite-anchored TS contribute to
trypomastigote internalization [50, 104]. Pioneer studies described that following invasion,
TS-mediated mobilization of SA residues from host cell sialoglycoconjugates (and
particularly from LAMP 2) was critical for the timely escape of trypomastigotes from the
parasitophorous vacuole, a critical step in the progression of parasite intracellular
development [21]. These findings were recently corroborated using genetically modified cell
lines and/or parasites, as well as elegant co-infection models [105, 106]. Upon
differentiation into replicative amastigotes, the parasite shuts down TS expression, which is
compatible with its intracellular life style and hence, absence of suitable SA donors.
Moreover, these parasite forms are completely refractory to TS activity as they do not
express appropriate SA acceptors on their surface [107]. Intriguingly, amastigotes do express
mucin-like products [108, 109], and bear huge amounts of aGal epitopes on their surface
[19].

On a final note, it is worth noting that tGPI-mucins may also contribute to 7. cruzi
pathogenesis. Vesicles containing tGPI-mucin-positive are shed profusely by
trypomastigotes and, independently of antibody opsonization, they are internalized by
epithelial cells and macrophages. This, in turn, triggers pro-inflammatory responses and
enhances parasite virulence by yet undefined mechanisms [110]. Most interestingly, tGPI-
mucins were shown to bind to specific Siglecs (SA-binding Ig-like lectins), and
subsequently modulate their downstream functions in the innate and/or adaptive host
immune response [111-115]. Since Siglec manipulation is strictly dependent on the
sialylation status of tGPI-mucins [114, 115], this phenomenon may be therefore considered
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as an indirect TS effect on the host. Table 1 summarizes the molecular/cellular targets of TS
(both on the parasite and the insect/mammal host), and their associated effects.

5. Conclusions

Cleavage and release of SA residues from host glycoconjugates by classical sialidases is a
widely used pathogen strategy with crucial roles in nutrient acquisition and pathogenesis.
Decoration of microbial surface glycoconjugates with SA, on the other hand, usually results
in a dampening of the host immune response. Therefore, development of a molecule with
trans-sialidase activity should be considered a major achievement in the evolution of
trypanosomes, as it allowed these parasites to couple SA scavenging activity with the
formation of protective and/or adhesive structures on their own surface. As discussed here,
TS plays multiple key roles on 7. cruzibasic biology and virulence (summarized in Box 1).
On one hand, TS enables SA incorporation on the parasite surface, which is critical for the
insect-to-mammal host switching, a major bottleneck in the 7. cruzilife cycle. Most
importantly, once in the mammalian host, parasite multiplication and persistence in tissues is
strictly dependent on the timely sialylation of its surface glycoconjugates. On the other hand,
the controlled shedding of this molecule into the bloodstream provides the trypomastigotes
with the opportunity to manipulate the surface sialylation pattern, and hence the signaling/
functional properties, of different target cells. Different genomic and molecular adaptations
such as a repetitive extension (SAPA) that improves protein pharmacokinetics while, at the
same time, delays the elicitation of neutralizing responses in the infected mammal and/or the
co-expression of structurally conserved though enzymatically inactive molecules (iTS) seem
ideally suited to optimize TS pathogenic function /in vivo. Though still fragmentary,
collective evidence from /n vitroand in vivo studies indicate that changes in the host
sialoglycophenotype strictly correlate with hematological alterations, immune dysfunction
and susceptibility to 7. cruziiinfection. Moreover, certain pathological alterations associated
to acute Chagas disease such as thrombocytopenia, polyclonal B cell activation and thymus
atrophy may be directly associated to the effect of secreted TS.

Development of novel genetic, molecular and cellular tools aimed at deepening our
knowledge of these multitasking molecules and of their targets/effects during 7. cruzi
infections will provide a significant impact in the parasitology/glycobiology/immunology
areas. As a first step towards filling this gap, we developed a method allowing the high
throughput identification of TS targets /n vivo. This method is based on the use of a
synthetic ‘SA donor’ analog, /e a SA residue with an azide group on its carbon 5, which is
a2-3-linked to a RGalp group [107]. When added exogenously, such compound is
recognized as a suitable SA donor by 7. cruzi TS, hence leading to the formation of a
Neu5Aza2-3Galp signature on SA acceptor glycoconjugates. So far, this method allowed
the identification of TS targets on the surface of different cell types [79], as well as the
undertaking of structural/functional studies on 7. cruzi membrane composition and
dynamics [29, 64, 116-119]. This method, together with other tools able to shed new
structural/functional light into TS biology will pave the way to the identification of novel
and appealing targets for intervention in Chagas disease

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 12

ACKNOWLEDGMENTS

0.C.,J.M., M.S.L. and C.A.B. are researchers from CONICET. Work in our laboratories was funded by grants from
Agencia Nacional de Promocién Cientifica y Tecnoldgica, Argentina, Universidad de Buenos Aires, and National
Institutes of Health, USA (grant RO1A1104531). The funders had no role in the design of studies, data collection,
and analysis, or in the decision to publish or the preparation of the manuscript.

REFERENCES

[1]. Perez-Molina JA, Molina I, Chagas disease, Lancet, 391 (2018) 82-94. [PubMed: 28673423]

[2]. Sanchez-Valdez FJ, Padilla A, Wang W, Orr D, Tarleton RL, Spontaneous dormancy protects
Trypanosoma cruzi during extended drug exposure, eLife, 7 (2018).

[3]. Schauer R, Kamerling JP, Exploration of the Sialic Acid World, Adv Carbohydr Chem Biochem,
75 (2018) 1-213. [PubMed: 30509400]

[4]. Zhou JY, Oswald DM, Oliva KD, Kreisman LSC, Cobb BA, The Glycoscience of Immunity,
Trends Immunol, 39 (2018) 523-535. [PubMed: 29759949]

[5]. Rodrigues ML, Dobroff AS, Couceiro JN, Alviano CS, Schauer R, Travassos LR,
Sialylglycoconjugates and sialyltransferase activity in the fungus Cryptococcus neoformans,
Glycoconj J, 19 (2002) 165-173. [PubMed: 12815227]

[6]. Uchiyama S, Sun J, Fukahori K, Ando N, Wu M, Schwarz F, Siddiqui SS, Varki A, Marth JD,
Nizet V, Dual actions of group B Strepfococcus capsular sialic acid provide resistance to platelet-
mediated antimicrobial killing, Proc Natl Acad Sci U S A, 116 (2019) 7465-7470. [PubMed:
30910970]

[7]. Langford-Smith A, Day AJ, Bishop PN, Clark SJ, Complementing the Sugar Code: Role of GAGs
and Sialic Acid in Complement Regulation, Front Immunol, 6 (2015) 25. [PubMed: 25699044]

[8]. Aberg A, Gideonsson P, Vallstrom A, Olofsson A, Ohman C, Rakhimova L, Boren T, Engstrand L,
Brannstrom K, Arngvist A, A repetitive DNA element regulates expression of the Helicobacter
pylori sialic acid binding adhesin by a rheostat-like mechanism, PLoS Pathog, 10 (2014)
€1004234. [PubMed: 24991812]

[9]. Mahdavi J, Sonden B, Hurtig M, Olfat FO, Forsberg L, Roche N, Angstrom J, Larsson T, Teneberg
S, Karlsson KA, Altraja S, Wadstrom T, Kersulyte D, Berg DE, Dubois A, Petersson C,
Magnusson KE, Norberg T, Lindh F, Lundskog BB, Arngvist A, Hammarstrom L, Boren T,
Helicobacter pylori SabA adhesin in persistent infection and chronic inflammation, Science, 297
(2002) 573-578. [PubMed: 12142529]

[10]. Friedrich N, Santos JM, Liu Y, Palma AS, Leon E, Saouros S, Kiso M, Blackman MJ, Matthews
S, Feizi T, Soldati-Favre D, Members of a novel protein family containing microneme adhesive
repeat domains act as sialic acid-binding lectins during host cell invasion by apicomplexan
parasites, J Biol Chem, 285 (2010) 2064—2076. [PubMed: 19901027]

[11]. Uchiyama S, Carlin AF, Khosravi A, Weiman S, Banerjee A, Quach D, Hightower G, Mitchell
TJ, Doran KS, Nizet V, The surface-anchored NanA protein promotes pneumococcal brain
endothelial cell invasion, J Exp Med, 206 (2009) 1845-1852. [PubMed: 19687228]

[12]. Magalhaes A, Marcos-Pinto R, Nairn AV, Dela Rosa M, Ferreira RM, Junqueira-Neto S, Freitas
D, Gomes J, Oliveira P, Santos MR, Marcos NT, Xiaogang W, Figueiredo C, Oliveira C, Dinis-
Ribeiro M, Carneiro F, Moremen KW, David L, Reis CA, Helicobacter pylori chronic infection
and mucosal inflammation switches the human gastric glycosylation pathways, Biochim Biophys
Acta, 1852 (2015) 1928-1939. [PubMed: 26144047]

[13]. Thon V, Lau K, Yu H, Tran BK, Chen X, PmST2: a novel Pasteurella multocida glycolipid
alpha2-3-sialyltransferase, Glycobiology, 21 (2011) 1206-1216. [PubMed: 21515586]

[14]. Lee HJ, Lairson LL, Rich JR, Lameignere E, Wakarchuk WW, Withers SG, Strynadka NC,
Structural and kinetic analysis of substrate binding to the sialyltransferase Cst-11 from
Campylobacter jejuni, J Biol Chem, 286 (2011) 35922-35932. [PubMed: 21832050]

[15]. Lewis AL, Lewis WG, Host sialoglycans and bacterial sialidases: a mucosal perspective, Cell
Microbiol, 14 (2012) 1174-1182. [PubMed: 22519819]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al.

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].
[28].

[29].

[30].

[31].

[32].

[33].

Page 13

Coustou V, Plazolles N, Guegan F, Baltz T, Sialidases play a key role in infection and anaemia in
Trypanosoma congolense animal trypanosomiasis, Cell Microbiol, 14 (2012) 431-445. [PubMed:
22136727]

Freire-de-Lima L, Fonseca LM, Oeltmann T, Mendonca-Previato L, Previato JO, The trans-
sialidase, the major 7rypanosoma cruzivirulence factor: Three decades of studies, Glycobiology,
25 (2015) 1142-1149. [PubMed: 26224786]

Buscaglia CA, Campo VA, Frasch AC, Di Noia JM, Trypanosoma cruzi surface mucins: host-
dependent coat diversity, Nat Rev Microbiol, 4 (2006) 229-236. [PubMed: 16489349]

Pereira-Chioccola VL, Acosta-Serrano A, Correia de Almeida I, Ferguson MA, Souto-Padron T,
Rodrigues MM, Travassos LR, Schenkman S, Mucin-like molecules form a negatively charged
coat that protects 7rypanosoma cruzi trypomastigotes from killing by human anti-alpha-
galactosyl antibodies, J Cell Sci, 113 (Pt 7) (2000) 1299-1307. [PubMed: 10704380]

Cabrera G, Marcipar |, Vaccines and the regulatory arm of the immune system. An overview
from the Trypanosoma cruziinfection model, Vaccine, 37 (2019) 3628-3637. [PubMed:
31155420]

Dc-Rubin SS, Schenkman S, Trypanosoma cruzi trans-sialidase as a multifunctional enzyme in
Chagas’ disease, Cell Microbiol, 14 (2012) 1522-1530. [PubMed: 22747789]

Engstler M, Schauer R, Brun R, Distribution of developmentally regulated trans-sialidases in the
Kinetoplastida and characterization of a shed #rans-sialidase activity from procyclic 7rypanosoma
congolense, Acta Trop, 59 (1995) 117-129. [PubMed: 7676903]

Haag J, O’HUigin C, Overath P, The molecular phylogeny of trypanosomes: evidence for an
early divergence of the Salivaria, Mol Biochem Parasitol, 91 (1998) 37-49. [PubMed: 9574924]

Gbem TT, Waespy M, Hesse B, Dietz F, Smith J, Chechet GD, Nok JA, Kelm S, Biochemical
diversity in the Trypanosoma congolense trans-sialidase family, PLoS Negl Trop Dis, 7 (2013)
e2549. [PubMed: 24340108]

Freitas LM, dos Santos SL, Rodrigues-Luiz GF, Mendes TA, Rodrigues TS, Gazzinelli RT,
Teixeira SM, Fujiwara RT, Bartholomeu DC, Genomic analyses, gene expression and antigenic
profile of the trans-sialidase superfamily of Trypanosoma cruzi reveal an undetected level of
complexity, PLoS ONE, 6 (2011) e25914. [PubMed: 22039427]

Weatherly DB, Peng D, Tarleton RL, Recombination-driven generation of the largest pathogen
repository of antigen variants in the protozoan 7rypanosoma cruzi, BMC Genomics, 17 (2016)
729. [PubMed: 27619017]

Campetella O, Sanchez D, Cazzulo JJ, Frasch AC, A superfamily of 7rypanosoma cruzi surface
antigens, Parasitol Today, 8 (1992) 378-381. [PubMed: 15463546]

Mattos EC, Tonelli RR, Colli W, Alves MJ, The Gp85 surface glycoproteins from Trypanosoma
cruzi, Subcell Biochem, 74 (2014) 151-180. [PubMed: 24264245]

Canepa GE, Mesias AC, Yu H, Chen X, Buscaglia CA, Structural Features Affecting Trafficking,
Processing, and Secretion of 7rypanosoma cruzi Mucins, J Biol Chem, 287 (2012) 26365-26376.
[PubMed: 22707724]

Millar AE, Wleklinski-Lee M, Kahn SJ, The surface protein superfamily of 7rypanosoma cruzi
stimulates a polarized Th1 response that becomes anergic, J Immunol, 162 (1999) 6092-6099.
[PubMed: 10229851]

Martin DL, Weatherly DB, Laucella SA, Cabinian MA, Crim MT, Sullivan S, Heiges M, Craven
SH, Rosenberg CS, Collins MH, Sette A, Postan M, Tarleton RL, CD8+ T-Cell responses to
Trypanosoma cruzi are highly focused on strain-variant trans-sialidase epitopes, PLoS Pathog, 2
(2006) e77. [PubMed: 16879036]

Affranchino JL, Ibanez CF, Luquetti AO, Rassi A, Reyes MB, Macina RA, Aslund L, Pettersson
U, Frasch AC, Identification of a 7rypanosoma cruzi antigen that is shed during the acute phase
of Chagas’ disease, Mol Biochem Parasitol, 34 (1989) 221-228. [PubMed: 2499788]

Reyes MB, Lorca M, Munoz P, Frasch AC, Fetal 1gG specificities against 7rypanosoma cruzi
antigens in infected newborns, Proc Natl Acad Sci U S A, 87 (1990) 2846-2850. [PubMed:
2108442]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 14

[34]. Buschiazzo A, Amaya MF, Cremona ML, Frasch AC, Alzari PM, The crystal structure and mode
of action of tfrans-sialidase, a key enzyme in 7rypanosoma cruzi pathogenesis, Mol Cell, 10
(2002) 757-768. [PubMed: 12419220]

[35]. Chaves LB, Briones MR, Schenkman S, 7rans-sialidase from Trypanosoma cruzi epimastigotes
is expressed at the stationary phase and is different from the enzyme expressed in
trypomastigotes, Mol Biochem Parasitol, 61 (1993) 97-106. [PubMed: 8259137]

[36]. Nagamune K, Acosta-Serrano A, Uemura H, Brun R, Kunz-Renggli C, Maeda Y, Ferguson MA,
Kinoshita T, Surface sialic acids taken from the host allow trypanosome survival in tsetse fly
vectors, J Exp Med, 199 (2004) 1445-1450. [PubMed: 15136592]

[37]. Briones MR, Egima CM, Eichinger D, Schenkman S, 7rans-sialidase genes expressed in
mammalian forms of 7rypanosoma cruzi evolved from ancestor genes expressed in insect forms
of the parasite, J Mol Evol, 41 (1995) 120-131. [PubMed: 7666441]

[38]. Zingales B, Miles MA, Campbell DA, Tibayrenc M, Macedo AM, Teixeira MM, Schijman AG,
Llewellyn MS, Lages-Silva E, Machado CR, Andrade SG, Sturm NR, The revised 7rypanosoma
cruzi subspecific nomenclature: rationale, epidemiological relevance and research applications,
Infect Genet Evol, 12 (2012) 240-253. [PubMed: 22226704]

[39]. Cerqueira GC, Bartholomeu DC, DaRocha WD, Hou L, Freitas-Silva DM, Machado CR, EI-
Sayed NM, Teixeira SM, Sequence diversity and evolution of multigene families in 7rypanosoma
cruzi, Mol Biochem Parasitol, 157 (2008) 65-72. [PubMed: 18023889]

[40]. Burgos JM, Risso MG, Breniere SF, Barnabe C, Campetella O, Leguizamon MS, Differential
distribution of genes encoding the virulence factor trans-sialidase along Trypanosoma cruzi
Discrete typing units, PLoS ONE, 8 (2013) e58967. [PubMed: 23536842]

[41]. Cremona ML, Campetella O, Sanchez DO, Frasch AC, Enzymically inactive members of the
trans-sialidase family from Trypanosoma cruzi display beta-galactose binding activity,
Glycobiology, 9 (1999) 581-587. [PubMed: 10336990]

[42]. Pereira ME, Zhang K, Gong Y, Herrera EM, Ming M, Invasive phenotype of 7rypanosoma cruzi
restricted to a population expressing frans-sialidase, Infect Immun, 64 (1996) 3884—3892.
[PubMed: 8751943]

[43]. Risso MG, Garbarino GB, Mocetti E, Campetella O, Gonzalez Cappa SM, Buscaglia CA,
Leguizamon MS, Differential expression of a virulence factor, the frans-sialidase, by the main
Trypanosoma cruzi phylogenetic lineages, J Infect Dis, 189 (2004) 2250-2259. [PubMed:
15181573]

[44]. Sartor PA, Cardinal MV, Orozco MM, Gurtler RE, Leguizamdn MS, trans-Sialidase neutralizing
antibody detection in 7rypanosoma cruzi-infected domestic reservoirs, Clin Vaccine Immunol, 18
(2011) 984-989. [PubMed: 21471302]

[45]. Sartor PA, Ceballos LA, Orozco MM, Cardinal MV, Gurtler RE, Leguizamén MS, Trans-
sialidase inhibition assay detects Trypanosoma cruzi infection in different wild mammal species,
Vector Borne Zoonotic Dis, 13 (2013) 581-585. [PubMed: 23930975]

[46]. Cremona ML, Sanchez DO, Frasch AC, Campetella O, A single tyrosine differentiates active and
inactive 7rypanosoma cruzi trans-sialidases, Gene, 160 (1995) 123-128. [PubMed: 7628705]

[47]. Watts AG, Damager |, Amaya ML, Buschiazzo A, Alzari P, Frasch AC, Withers SG,
Trypanosoma cruzi trans-sialidase operates through a covalent sialyl-enzyme intermediate:
tyrosine is the catalytic nucleophile, J Am Chem Soc, 125 (2003) 7532-7533. [PubMed:
12812490]

[48]. Oppezzo P, Obal G, Baraibar MA, Pritsch O, Alzari PM, Buschiazzo A, Crystal structure of an
enzymatically inactive trans-sialidase-like lectin from 7rypanosoma cruzi. the carbohydrate
binding mechanism involves residual sialidase activity, Biochim Biophys Acta, 1814 (2011)
1154-1161. [PubMed: 21570497]

[49]. Todeschini AR, Dias WB, Girard MF, Wieruszeski JM, Mendonca-Previato L, Previato JO,
Enzymatically inactive trans-sialidase from 7rypanosoma cruzibinds sialyl and beta-
galactopyranosyl residues in a sequential ordered mechanism, J Biol Chem, 279 (2004) 5323-
5328. [PubMed: 14634017]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 15

[50]. Pascuale CA, Burgos JM, Postan M, Lantos AB, Bertelli A, Campetella O, Leguizamén MS,
Inactive frans-Sialidase Expression in iTS-null Trypanosoma cruzi Generates Virulent
Trypomastigotes, Front Cell Infect Microbiol, 7 (2017) 430. [PubMed: 29046868]

[51]. Buschiazzo A, Muia R, Larrieux N, Pitcovsky T, Mucci J, Campetella O, Trypanosoma cruzi
trans-sialidase in complex with a neutralizing antibody: structure/function studies towards the
rational design of inhibitors, PLoS Pathog, 8 (2012) €1002474. [PubMed: 22241998]

[52]. Ruiz Diaz P, Mucci J, Meira MA, Bogliotti Y, Musikant D, Leguizamén MS, Campetella O,
Trypanosoma cruzi trans-sialidase prevents elicitation of Th1 cell response via interleukin 10 and
downregulates Thl effector cells, Infect Immun, 83 (2015) 2099-2108. [PubMed: 25754197]

[53]. Campetella OE, Uttaro AD, Parodi AJ, Frasch AC, A recombinant 7rypanosoma cruzi trans-
sialidase lacking the amino acid repeats retains the enzymatic activity, Mol Biochem Parasitol, 64
(1994) 337-340. [PubMed: 7935611]

[54]. Schenkman S, Chaves LB, Pontes de Carvalho LC, Eichinger D, A proteolytic fragment of
Trypanosoma cruzi trans-sialidase lacking the carboxyl-terminal domain is active, monomeric,
and generates antibodies that inhibit enzymatic activity, J Biol Chem, 269 (1994) 7970-7975.
[PubMed: 8132517]

[55]. Leguizamon MS, Campetella O, Russomando G, Almiron M, Guillen 1, Ganzalez Cappa SM,
Frasch AC, Antibodies inhibiting 7rypanosoma cruzi trans-sialidase activity in sera from human
infections, J Infect Dis, 170 (1994) 1570-1574. [PubMed: 7995998]

[56]. Leguizamdn MS, Campetella OE, Gonzalez Cappa SM, Frasch AC, Mice infected with
Trypanosoma cruzi produce antibodies against the enzymatic domain of frans-sialidase that
inhibit its activity, Infect Immun, 62 (1994) 3441-3446. [PubMed: 8039915]

[57]. Leguizamon MS, Russomando G, Luquetti A, Rassi A, Almiron M, Gonzalez-Cappa SM, Frasch
AC, Campetella O, Long-lasting antibodies detected by a #rans-sialidase inhibition assay of sera
from parasite-free, serologically cured chagasic patients, J Infect Dis, 175 (1997) 1272-1275.
[PubMed: 9129103]

[58]. Buchovsky AS, Campetella O, Russomando G, Franco L, Oddone R, Candia N, Luquetti A,
Gonzalez Cappa SM, Leguizamdn MS, trans-Sialidase inhibition assay, a highly sensitive and
specific diagnostic test for Chagas’ disease, Clin Diagn Lab Immunol, 8 (2001) 187-189.
[PubMed: 11139217]

[59]. Leguizamon MS, Russomando G, Rojas de Arias A, Samudio M, Cabral M, Gonzalez-Cappa
SM, Frasch AC, Campetella O, Use of trans-sialidase inhibition assay in a population
serologically negative for 7rypanosoma cruzibut at a high risk of infection, Clin Diagn Lab
Immunol, 5 (1998) 254-255. [PubMed: 9521153]

[60]. Alvarez P, Leguizamon MS, Buscaglia CA, Pitcovsky TA, Campetella O, Multiple overlapping
epitopes in the repetitive unit of the shed acute-phase antigen from 7rypanosoma cruzi enhance
its immunogenic properties, Infect Immun, 69 (2001) 7946-7949. [PubMed: 11705983]

[61]. Pitcovsky TA, Mucci J, Alvarez P, Leguizamon MS, Burrone O, Alzari PM, Campetella O,
Epitope mapping of trans-sialidase from Trypanosoma cruzi reveals the presence of several cross-
reactive determinants, Infect Immun, 69 (2001) 1869-1875. [PubMed: 11179365]

[62]. Pitcovsky TA, Buscaglia CA, Mucci J, Campetella O, A functional network of intramolecular
cross-reacting epitopes delays the elicitation of neutralizing antibodies to 7rypanosoma cruzi
trans-sialidase, J Infect Dis, 186 (2002) 397-404. [PubMed: 12134236]

[63]. Niyogi S, Mucci J, Campetella O, Docampo R, Rab11 regulates trafficking of trans-sialidase to
the plasma membrane through the contractile vacuole complex of Trypanosoma cruzi, PLoS
Pathog, 10 (2014) e1004224. [PubMed: 24968013]

[64]. Lantos AB, Carlevaro G, Araoz B, Ruiz Diaz P, Camara Mde L, Buscaglia CA, Bossi M, Yu H,
Chen X, Bertozzi CR, Mucci J, Campetella O, Sialic Acid Glycobiology Unveils Trypanosoma
cruzi Trypomastigote Membrane Physiology, PLoS Pathog, 12 (2016) e1005559. [PubMed:
27058585]

[65]. Mucci J, Lantos AB, Buscaglia CA, Leguizamon MS, Campetella O, The 7rypanosoma cruzi
Surface, a Nanoscale Patchwork Quilt, Trends Parasitol, 33 (2017) 102-112. [PubMed:
27843019]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 16

[66]. Buscaglia CA, Campetella O, Leguizamon MS, Frasch AC, The repetitive domain of
Trypanosoma cruzi trans-sialidase enhances the immune response against the catalytic domain, J
Infect Dis, 177 (1998) 431-436. [PubMed: 9466532]

[67]. Buscaglia CA, Alfonso J, Campetella O, Frasch AC, Tandem amino acid repeats from
Trypanosoma cruzi shed antigens increase the half-life of proteins in blood, Blood, 93 (1999)
2025-2032. [PubMed: 10068675]

[68]. Alvarez P, Buscaglia CA, Campetella O, Improving protein pharmacokinetics by genetic fusion
to simple amino acid sequences, J Biol Chem, 279 (2004) 3375-3381. [PubMed: 14612434]

[69]. Saavedra E, Herrera M, Gao W, Uemura H, Pereira MA, The 7rypanosoma cruzi trans-sialidase,
through its COOH-terminal tandem repeat, upregulates interleukin 6 secretion in normal human
intestinal microvascular endothelial cells and peripheral blood mononuclear cells, J Exp Med,
190 (1999) 1825-1836. [PubMed: 10601357]

[70]. Gao W, Pereira MA, Interleukin-6 is required for parasite specific response and host resistance to
Trypanosoma cruzi, Int J Parasitol, 32 (2002) 167-170. [PubMed: 11812493]

[71]. Ammar Z, Plazolles N, Baltz T, Coustou V, Identification of trans-sialidases as a common
mediator of endothelial cell activation by African trypanosomes, PLoS Pathog, 9 (2013)
€1003710. [PubMed: 24130501]

[72]. Gao W, Wortis HH, Pereira MA, The Trypanosoma cruzi trans-sialidase is a T cell-independent B
cell mitogen and an inducer of non-specific Ig secretion, Int Immunol, 14 (2002) 299-308.
[PubMed: 11867566]

[73]. Chuenkova MV, Pereiraperrin M, Neurodegeneration and neuroregeneration in Chagas disease,
Adv Parasitol, 76 (2011) 195-233. [PubMed: 21884893]

[74]. Mucci J, Hidalgo A, Mocetti E, Argibay PF, Leguizamon MS, Campetella O, Thymocyte
depletion in 7rypanosoma cruziinfection is mediated by #rans-sialidase-induced apoptosis on
nurse cells complex, Proc Natl Acad Sci U S A, 99 (2002) 3896—3901. [PubMed: 11891302]

[75]. Risso MG, Pitcovsky TA, Caccuri RL, Campetella O, Leguizamon MS, Immune system
pathogenesis is prevented by the neutralization of the systemic #rans-sialidase from Trypanosoma
cruzi during severe infections, Parasitology, 134 (2007) 503-510. [PubMed: 17166319]

[76]. Tribulatti MV, Mucci J, Van Rooijen N, Leguizamon MS, Campetella O, The trans-sialidase from
Trypanosoma cruzi induces thrombocytopenia during acute Chagas’ disease by reducing the
platelet sialic acid contents, Infect Immun, 73 (2005) 201-207. [PubMed: 15618155]

[77]. de Titto EH, Araujo FG, Serum neuraminidase activity and hematological alterations in acute
human Chagas’ disease, Clin Immunol Immunopathol, 46 (1988) 157-161. [PubMed: 3121225]

[78]. Mucci J, Risso MG, Leguizamon MS, Frasch AC, Campetella O, The #rans-sialidase from
Trypanosoma cruzi triggers apoptosis by target cell sialylation, Cell Microbiol, 8 (2006) 1086—
1095. [PubMed: 16819962]

[79]. Muia RP, Yu H, Prescher JA, Hellman U, Chen X, Bertozzi CR, Campetella O, Identification of
glycoproteins targeted by 7rypanosoma cruzi trans-sialidase, a virulence factor that disturbs
lymphocyte glycosylation, Glycobiology, 20 (2010) 833-842. [PubMed: 20354005]

[80]. Mucci J, Mocetti E, Leguizamon MS, Campetella O, A sexual dimorphism in intrathymic
sialylation survey is revealed by the frans-sialidase from T7rypanosoma cruzi, J Immunol, 174
(2005) 4545-4550. [PubMed: 15814675]

[81]. Leguizamon MS, Mocetti E, Garcia Rivello H, Argibay P, Campetella O, frans-sialidase from
Trypanosoma cruzi induces apoptosis in cells from the immune system /n vivo, J Infect Dis, 180
(1999) 1398-1402. [PubMed: 10479182]

[82]. Savino W, The thymus is a common target organ in infectious diseases, PLoS Pathog, 2 (2006)
e62. [PubMed: 16846255]

[83]. Gao W, Pereira MA, Trypanosoma cruzi trans-sialidase potentiates T cell activation through
antigen-presenting cells: role of IL-6 and Bruton’s tyrosine kinase, Eur J Immunol, 31 (2001)
1503-1512. [PubMed: 11465107]

[84]. Todeschini AR, Nunes MP, Pires RS, Lopes MF, Previato JO, Mendonca-Previato L, DosReis
GA, Costimulation of host T lymphocytes by a trypanosomal trans-sialidase: involvement of
CD43 signaling, J Immunol, 168 (2002) 5192-5198. [PubMed: 11994475]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al.

[85].

[86].

Page 17

Freire-de-Lima L, Alisson-Silva F, Carvalho ST, Takiya CM, Rodrigues MM, DosReis GA,
Mendonca-Previato L, Previato JO, Todeschini AR, Trypanosoma cruzi subverts host cell
sialylation and may compromise antigen-specific CD8* T cell responses, J Biol Chem, 285
(2010) 13388-13396. [PubMed: 20106975]

Bermejo DA, Jackson SW, Gorosito-Serran M, Acosta-Rodriguez EV, Amezcua-Vesely MC,
Sather BD, Singh AK, Khim S, Mucci J, Liggitt D, Campetella O, Oukka M, Gruppi A, Rawlings
DJ, Trypanosoma cruzi trans-sialidase initiates a program independent of the transcription factors
RORgammat and Ahr that leads to IL-17 production by activated B cells, Nat Immunol, 14
(2013) 514-522. [PubMed: 23563688]

[87]. Tosello Boari J, Araujo Furlan CL, Fiocca Vernengo F, Rodriguez C, Ramello MC, Amezcua

Vesely MC, Gorosito Serran M, Nunez NG, Richer W, Piaggio E, Montes CL, Gruppi A, Acosta
Rodriguez EV, IL-17RA-Signaling Modulates CD8+ T Cell Survival and Exhaustion During
Trypanosoma cruzi Infection, Front Immunol, 9 (2018) 2347. [PubMed: 30364284]

[88]. Vasquez Velasquez C, Russomando G, Espinola EE, Sanchez Z, Mochizuki K, Roca Y, Revollo J,

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

Guzman A, Quiroga B, Rios Morgan S, Vargas Ortiz R, Zambrana Ortega A, Espinoza E,
Nishizawa JE, Kamel MG, Kikuchi M, Mizukami S, Na-Bangchang K, Tien Huy N, Hirayama
K, IL-17A, a possible biomarker for the evaluation of treatment response in Trypanosoma cruzi
infected children: A 12-months follow-up study in Bolivia, 13 (2019) e0007715.

Kumar S, Tarleton RL, Antigen-specific Th1 but not Th2 cells provide protection from lethal
Trypanosoma cruzi infection in mice, J Immunol, 166 (2001) 4596-4603. [PubMed: 11254717]
Hoft DF, Schnapp AR, Eickhoff CS, Roodman ST, Involvement of CD4™ Thi cells in systemic
immunity protective against primary and secondary challenges with 7rypanosoma cruzi, Infect
Immun, 68 (2000) 197-204. [PubMed: 10603388]

Freire-de-Lima L, Gentile LB, da Fonseca LM, da Costa KM, Santos Lemos J, Jacques LR,
Morrot A, Freire-de-Lima CG, Nunes MP, Takiya CM, Previato JO, Mendonca-Previato L, Role
of Inactive and Active Trypanosoma cruzi Trans-sialidases on T Cell Homing and Secretion of
Inflammatory Cytokines, Front Microbiol, 8 (2017) 1307. [PubMed: 28744279]

Dias WB, Fajardo FD, Graca-Souza AV, Freire-de-Lima L, Vieira F, Girard MF, Bouteille B,
Previato JO, Mendonca-Previato L, Todeschini AR, Endothelial cell signalling induced by frans-
sialidase from T7rypanosoma cruzi, Cell Microbiol, 10 (2008) 88-99. [PubMed: 17672865]
Camara MLM, Balouz V, Centeno Camean C, Cori CR, Kashiwagi GA, Gil SA, Macchiaverna
NP, Cardinal MV, Guaimas F, Lobo MM, de Lederkremer RM, Gallo-Rodriguez C, Buscaglia
CA, Trypanosoma cruzi surface mucins are involved in the attachment to the Triatoma infestans
rectal ampoule, PLoS Negl Trop Dis, 13 (2019) e0007418. [PubMed: 31107901]

Nogueira NF, Gonzalez MS, Gomes JE, de Souza W, Garcia ES, Azambuja P, Nohara LL,
Almeida IC, Zingales B, Colli W, Trypanosoma cruzi. involvement of glycoinositolphospholipids
in the attachment to the luminal midgut surface of Rhodnius prolixus, Exp Parasitol, 116 (2007)
120-128. [PubMed: 17306256]

Gonzalez MS, Souza MS, Garcia ES, Nogueira NF, Mello CB, Canepa GE, Bertotti S, Durante
IM, Azambuja P, Buscaglia CA, Trypanosoma cruzi TcSMUG L-surface Mucins Promote
Development and Infectivity in the Triatomine Vector Rhodnius prolixus, PLoS Negl Trop Dis, 7
(2013) e2552. [PubMed: 24244781]

Amino R, Serrano AA, Morita OM, Pereira-Chioccola VL, Schenkman S, A sialidase activity in
the midgut of the insect Triatoma infestans is responsible for the low levels of sialic acid in
Trypanosoma cruzi growing in the insect vector, Glycobiology, 5 (1995) 625-631. [PubMed:
8563150]

Yoshida N, Molecular mechanisms of 7rypanosoma cruzi infection by oral route, Mem Inst
Oswaldo Cruz, 104 Suppl 1 (2009) 101-107. [PubMed: 19753464]

Yoshida N, Molecular basis of mammalian cell invasion by 7rypanosoma cruzi, An Acad Bras
Cienc, 78 (2006) 87-111. [PubMed: 16532210]

Buscaglia CA, Campo VA, Di Noia JM, Torrecilhas AC, De Marchi CR, Ferguson MA, Frasch
AC, Almeida IC, The surface coat of the mammal-dwelling infective trypomastigote stage of
Trypanosoma cruziis formed by highly diverse immunogenic mucins, J Biol Chem, 279 (2004)
15860-15869. [PubMed: 14749325]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al. Page 18

[100]. Almeida IC, Ferguson MA, Schenkman S, Travassos LR, Lytic anti-alpha-galactosyl antibodies
from patients with chronic Chagas’ disease recognize novel O-linked oligosaccharides on mucin-
like glycosyl-phosphatidylinositol-anchored glycoproteins of 7rypanosoma cruzi, Biochem J,
304 (Pt 3) (1994) 793-802. [PubMed: 7818483]

[101]. Schenkman S, Jiang MS, Hart GW, Nussenzweig V, A novel cell surface trans-sialidase of
Trypanosoma cruzi generates a stage-specific epitope required for invasion of mammalian cells,
Cell, 65 (1991) 1117-1125. [PubMed: 1712251]

[102]. de Titto EH, Araujo FG, Mechanism of cell invasion by 7rypanosoma cruzi. importance of
sialidase activity, Acta Trop, 44 (1987) 273-282. [PubMed: 2892363]

[103]. Yoshida N, Dorta ML, Ferreira AT, Oshiro ME, Mortara RA, Acosta-Serrano A, Favoreto Junior
S, Removal of sialic acid from mucin-like surface molecules of 7rypanosoma cruzi metacyclic
trypomastigotes enhances parasite-host cell interaction, Mol Biochem Parasitol, 84 (1997) 57-67.
[PubMed: 9041521]

[104]. Butler CE, de Carvalho TM, Grisard EC, Field RA, Tyler KM, Trans-sialidase stimulates eat me
response from epithelial cells, Traffic, 14 (2013) 853-869. [PubMed: 23601193]

[105]. Andreoli WK, Taniwaki NN, Mortara RA, Survival of Trypanosoma cruzi metacyclic
trypomastigotes within Coxiella burnetii vacuoles: differentiation and replication within an acidic
milieu, Microbes Infect, 8 (2006) 172-182. [PubMed: 16182585]

[106]. Rodrigues JPF, Souza Onofre T, Barbosa BC, Ferreira ER, Bonfim-Melo A, Yoshida N, Host
cell protein LAMP-2 is the receptor for Trypanosoma cruzisurface molecule gp82 that mediates
invasion, Cell Microbiol, (2019) e13003. [PubMed: 30609224]

[107]. Carlevaro G, Lantos AB, Canepa GE, de Los Milagros Camara M, Somoza M, Buscaglia CA,
Campetella O, Mucci J, Metabolic Labeling of Surface Neosialylglyconjugates Catalyzed by
Trypanosoma cruzi trans-Sialidase, Methods Mol Biol, 1955 (2019) 135-146. [PubMed:
30868524]

[108]. Campo VA, Buscaglia CA, Di Noia JM, Frasch AC, Immunocharacterization of the mucin-type
proteins from the intracellular stage of 7rypanosoma cruzi, Microbes Infect, 8 (2006) 401-409.
[PubMed: 16253534]

[109]. da Silva CV, Luquetti AO, Rassi A, Mortara RA, Involvement of Ssp-4-related carbohydrate
epitopes in mammalian cell invasion by 7rypanosoma cruzi amastigotes, Microbes Infect, 8
(2006) 2120-2129. [PubMed: 16793313]

[110]. Trocoli Torrecilhas AC, Tonelli RR, Pavanelli WR, da Silva JS, Schumacher RI, de Souza W,
NC ES, de Almeida Abrahamsohn I, Colli W, Manso Alves MJ, Trypanosoma cruzi. parasite
shed vesicles increase heart parasitism and generate an intense inflammatory response, Microbes
Infect, 11 (2009) 29-39. [PubMed: 19028594]

[111]. Procopio DO, Almeida IC, Torrecilhas AC, Cardoso JE, Teyton L, Travassos LR, Bendelac A,
Gazzinelli RT, Glycosylphosphatidylinositol-anchored mucin-like glycoproteins from
Trypanosoma cruzibind to CD1d but do not elicit dominant innate or adaptive immune responses
via the CD1d/NKT cell pathway, J Immunol, 169 (2002) 3926—3933. [PubMed: 12244192]

[112]. Almeida IC, Camargo MM, Procopio DO, Silva LS, Mehlert A, Travassos LR, Gazzinelli RT,
Ferguson MA, Highly purified glycosylphosphatidylinositols from 7rypanosoma cruzi are potent
proinflammatory agents, Embo J, 19 (2000) 1476-1485. [PubMed: 10747016]

[113]. Abel LC, Ferreira LR, Cunha Navarro I, Baron MA, Kalil J, Gazzinelli RT, Rizzo LV, Cunha-
Neto E, Induction of IL-12 production in human peripheral monocytes by Trypanosoma cruzi Is
mediated by glycosylphosphatidylinositol-anchored mucin-like glycoproteins and potentiated by
IFN- gamma and CD40-CDA40L interactions, Mediators Inflamm, 2014 (2014) 345659.
[PubMed: 25120285]

[114]. Erdmann H, Steeg C, Koch-Nolte F, Fleischer B, Jacobs T, Sialylated ligands on pathogenic
Trypanosoma cruzi interact with Siglec-E (sialic acid-binding Ig-like lectin-E), Cell Microbiol,
(2009).

[115]. Jacobs T, Erdmann H, Fleischer B, Molecular interaction of Siglecs (sialic acid-binding Ig-like
lectins) with sialylated ligands on Trypanosoma cruzi, European journal of cell biology, 89
(2010) 113-116. [PubMed: 19910077]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Campetella et al.

Page 19

[116]. Camara MLM, Canepa GE, Lantos AB, Balouz V, Yu H, Chen X, Campetella O, Mucci J,
Buscaglia CA, The Trypomastigote Small Surface Antigen (TSSA) regulates Trypanosoma cruzi
infectivity and differentiation, PLoS Negl Trop Dis, 11 (2017) e0005856. [PubMed: 28800609]

[117]. Canepa GE, Degese MS, Budu A, Garcia CR, Buscaglia CA, Involvement of TSSA
(trypomastigote small surface antigen) in Trypanosoma cruzi invasion of mammalian cells,
Biochem J, 444 (2012) 211-218. [PubMed: 22428617]

[118]. Urban I, Santurio LB, Chidichimo A, Yu H, Chen X, Mucci J, Aguero F, Buscaglia CA,
Molecular diversity of the Trypanosoma cruzi TcSMUG family of mucin genes and proteins,
Biochem J, 438 (2011) 303-313. [PubMed: 21651499]

[119]. Balouz V, Camara Mde L, Canepa GE, Carmona SJ, Volcovich R, Gonzalez N, Altcheh J,
Aguero F, Buscaglia CA, Mapping Antigenic Motifs in the Trypomastigote Small Surface
Antigen from Trypanosoma cruzi, Clin Vaccine Immunol, 22 (2015) 304-312. [PubMed:
25589551]

Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2021 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campetella et al.

Page 20

BOX 1:

Experimental evidence supporting trypomastigote trans-Sialidases (TS
and/or iTS) as major virulence factors during Trypanosoma cruzi infections.

. There is a strict correlation between strain virulence and TS expression
. TS/TS are involved in the adhesion/invasion of the target cells
. TS is involved in trypomastigote protection from immune mechanisms and in

the escape from the parasitophorous vacuole into the infected cell cytoplasm,
where it differentiates and replicates.

. TS/TS (and also SAPA repeats) induce major alterations in the host immune
system.
. Administration of recombinant TS into naive animals recapitulates several

physiopathologies associated to acute 7. cruziinfection such as
thrombocytopenia and alterations of the histoarchitecture of the spleen,
thymus and ganglia.

. Appearance of TS-neutralizing antibodies (TS-NtAbs) in 7. cruziinfected
mammals correlate with a decrease in parasitemia; and passive transfer of TS-
NtAbs into mice ameliorates histological findings upon challenge.

. Ectopic-expression of TS/iTS molecules enhances parasite virulence.
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Highlights
. 7. cruzi strain virulence correlates with trans-sialidase (TS) expression
. TS is involved in 7. cruziadhesion/invasion of mammalian target cells
. TS induces major alterations in mammalian host immune system
. In naive animals, TS recapitulates physiopathologies induced during infection
. TS-neutralizing antibodies ameliorate histological damages upon 7. cruzi

infection
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FIGURE 1:
Possible evolution of frans-Sialidase genes in 7. cruzi.
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Trypomastigote TS (TS and iTS)

FLY motif DSSAHGTPSTPV GPI-ANCHORAGE

Signalpeptide - Aspboxes Tiud HSe  yTANVKLYNR SEQUENCE
Catalytic region SAPA repeats
-Immune system dysregulation -Modulation of the

anti-TS antibody response
-Thrombocythopenia
-TS persigtence in blood
-Erythropenia
-Endothelial activation
-Endothelial activation

-Polyclonal B cell activation

Tyt MEMBRANE ANCHORAGE
& SEQUENCE (7)

| l

Epimastigote TS (eTS)

FIGURE 2: Structural and biological features of molecules belonging to the Group | of T. cruz
Gp85/trans-Sialidases.

Schematic representation of predicted TS molecules expressed by trypomastigote (TS and
iTS, above) and epimastigote (eTS, below) forms of 7. cruzi. For trypomastigote TS, identity
of residue 342 discriminates between enzymatically active TS (Tyr) and inactive iTS (His)
molecules. The position of predicted signal peptide, membrane-anchoring sequence, and
typical bacterial sialidase motifs (Asp-boxes, FR[I/D]P tetrapeptide) is indicated. The
sequences of the adhesive FLY motif (VTVXNVXLYNR, where x means any amino acid)
and of a typical SAPA repeat (DSSAHGTPSTPV) are also shown. (?) means that the nature
of the eTS membrane anchor has not been yet experimentally addressed. For trypomastigote
TS molecules, the major biological effects of the A~terminal, catalytic region and of the
SAPA repeats are indicated below. The structure of the catalytic region of TS, showing the
presence of two independent domains (the catalytic one and a lectin-like one) connected by a
a-helix is shown in the inset. GPI, glycosylphosphatidylinositol.
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