


ulins of gnathostomes and fully able to participate in an immune
response [62]. For invertebrates many multigene families have
been identified following immunization or examination of the
genome of different species. They belong to LRR superfamily
[63,64], IgSF (Immunoglobulin SuperFamily, [17,65]) or yet
poorly characterized novel families [13,66]. They can be integral
membrane proteins, soluble, or intracellular. In invertebrates some
cases of somatic adaptation have been reported for the FREPs in
Molluscs [17] and for DSCAMs in arthropods [15]. In most case
their involvement in immunity is not totally clarified and the
interaction of these putative immune receptors with antigenic
variants was never demonstrated. We started to investigate this
question in the present study.

The experimental model we have chosen to answer this
question is the interaction betweenB. glabrataand S. mansoni. As
mentioned above somatically diversified immune receptors were
discovered inB. glabrata[17] that bind to determinants of the
digenetic trematodeEchinostoma paraensei. In another trematode,S.
mansoni, polymorphic mucins [26] calledSmPoMuc (forS. mansoni
Polymorphic Mucins) displayed a high level of inter-individual
polymorphism [34] and we showed that their polymorphism is the
result of a complex hierarchical system (recombination, gene
conversion, alternative/aberrant/trans splicing) that efficiently
generates the variants based from a relatively low number of genes
[27]. We suggest that these mucins could be the ligand of FREPs
from B. glabrata[27]. In order to investigate the putative
interaction between these molecules we developed a two step-
experimental approach.

The first step was aimed at the identification of all the proteins
from host plasma extracts that could interact with the parasite.
Concerning proteins implicated in recognition and presumably in
the immunity, several host lectins and parasite glycoproteins were
identified. As expected, FREPs were identified as well as a novelB.
glabratalectin. This latter molecule displays similarities with a
secreted galactose binding lectin characterised in another
gastropod,Helix pomatia[67]. Considering the parasite molecular
determinants that could be recognized by these lectins, several
glycosylated proteins have been identified (Table 1). In addition to
SmPoMucs, two other glycoproteins were revealed in our

approach: the 23 kDa integral membrane protein (Sm23) (or
tetraspanin) and the glycoprotein K5. The tetraspanin was
precipitated in both conditions (C/P and IC/P, Figure 1 and
Table 1). The tetraspanin family includes proteins that are
involved in physiological processes as diverse as egg-sperm fusion,
immunological responses (antigen presentation), tissue differenti-
ation and regulation of protein trafficking [68,69]. InSchistosoma
mansonitetraspanin were studied particularly for their potential
antigenic properties [41,70,71]. The glycoprotein K5 was
identified solely in IC strain. It was known that glycoprotein K5
was encoded by a single copy gene inS. mansoni[42]. Four N-
glycosylation sites and one signal peptide were predicted [42] and
it was identified in excretory/secretory products ofS. mansoni[72].
All these results taken together suggest that the recognition process
betweenS. mansoniandB. glabratacould be multifactorial involving
different immune receptors from the host and different carbohy-
drate components and/or glycoproteins from the parasite.

Host immunity relevant molecules were also revealed by this
first interactome approach. Firstly, we identified a putative
cytolytic protein related tob pore forming toxin family whose
amino acid sequence displays significant similarities to aerolysin
sequence of the bacteriaAeromonas hydrophila(data not shown).
Aerolysins have cytolytic activity triggered by channel formation in
target cell membranes. Secreted as an inactive proenzyme form
from bacteria, proaerolysin binds with high affinity to the glycosyl
anchor of glycosylphosphatidyl-inositol anchored proteins located
on the surface membrane of target eukaryotic cells. Its binding to
receptor induces a proteolytic cleavage leading to an active form
that oligomerizes, forming a channel that causes lysis of the target
cell. For the first time identified in a mollusc, the proteins sharing
this specific pore forming sequence motif have been identified
mainly in bacteria but also in a few plants and cnidarians
[73,74,75]. In cnidarians, the pore-forming toxin could be either a
defensive or offensive allomone that is involved in protecting
cnidarians against predators or in killing preys [75]. In our model,
aerolysin could be involved in snail innate defense responses after
trematode infections.

Several other proteins that could be involved in immune
processes were also identified. Some of them could be involved in

and 5 represent controls of Immunoprecipitated material. Lane 1: IP extracts from sporocyst ofS. mansoniincompatible (IC) strain. Lane 3: IP extracts
from B. glabrataplasma (P). Lane 5: IP extracts from sporocyst ofS. mansoniCompatible (C) strain.B. Western-blot of immunoprecipitated (IP) and
coImmunoPrecipitated (coIP) samples probed with anti-rSmPoMuc antibody. Lane 6: CoIP material obtained after incubation of sporocyst extracts
from S. mansoniincompatible (IC) strain incubated with extracts fromB. glabrataplasma (P). Lane 7: IP extracts fromB. glabrataplasma (P). Lane 8:
CoIP material obtained after incubation of sporocyst extracts fromS. mansonicompatible (C) strain incubated with extracts fromB. glabrataplasma
(P). Black arrow heads indicate the position ofSmPoMuc. Bands differentially represented between control and coIP samples are numbered (1 to 4).
These four bands were cut and submitted to digestion and mass spectrometry analysis for identification.
doi:10.1371/journal.pntd.0000813.g005

Table 3. Identification of coimmunoprecipitated proteins fromB. glabrata.

Function
Gel
band no. Protein ID Accession number Species

Interaction
with

# of
Peptides Score

MSDB dbEST

Lectin 1-3 Fibrinogen Related
Protein 2 (FREP 2)

Q95UV9_BIOGL # B.glabrata C/IC 4 216.62

Immune Relevant
Molecules

1-3 thioester-containing
protein (BgTEP)

# gi|149407840, gi|84976399,
gi|157945681, gi|163957098

B.glabrata C/IC 6 374.68

Other Function 2-4 alpha amylase like # gi|146763124, gi|163957465 B.glabrata C/IC 7 473.53

LC-MS/MS results were used to interrogate Swiss prot/Trembl database (MSdb) andBiomphalaria glabrataESTs database (Bg-dbEST).
A protein was considered to be correctly identified if at least two peptides were confidently matched with a score greater than 100.
ID: identified, C: compatible combination, IC: incompatible combination.
doi:10.1371/journal.pntd.0000813.t003
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molecular adhesion processes. They correspond to Dec-1-like and
Matrilin-like molecules fromB. glabratathat are suspected to be
involved in extracellular matrix structure or coagulation processes

[35,76]. A peroxinectin was also identified. This cell adhesion
molecule was discovered in other invertebrates species and was
involved in cell attachment and spreading, nodule formation,

Figure 6. Deduced amino acid sequence of BgTEP. The complete coding sequence of BgBRATEP was obtained (GenBank: HM003907) and the
deduced precursor sequence shown here. The 1446 amino acids of the precursor share the domains and motifs of the other known invertebrates TEP.
Peptides, identified by LC-MS/MS, are highlighted in grey. The putative signal peptide is underlined, the putative N-glycosylation sites are indicated in
bold. The thioester site is double underlined. Proline residues important for the thioester stability are boxed.Nindicate the position of the aspartate
residue (D1054) of the catalytic core. Cysteins belonging to the conserved cystein array shared by other TEPs are indicated by stars.m indicate
residues which form the protective hydrophobic/aromatic pocket of the thioester. The putative processing site for the cleavage is underlined with
broken line. The Complement Component Domain is underlined and the Receptor-Binding Domain is dotted underlined.
doi:10.1371/journal.pntd.0000813.g006
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encapsulation, agglutination and phagocytosis [77]. Two other
host immune relevant molecules were precipitated: AIF (Allograft
Inflammatory Factor) which was shown to be crucial in pro-
inflammatory activity in innate immunity [78] and a cysteine
protease inhibitor (Cystatin B, [79]). The putative functions of
these different molecules are very interesting in the context of host-
parasite interactions. However their suspected roles are deduced
from sequence similarities and further investigations are needed to
clarify their function.

Finally several other proteins were identified in the interactome
approach. Their presence is worth mentioning but their role in the
host/parasite interplay context remains unknown. This is the case
for several Heat Shock Proteins (HSP) as well as for 3 proteins
belonging to the EF-hand calcium binding family, all fromS.
mansoni. It is the case also for six parasite molecules putatively
involved in the detoxification of oxidative stress [29,80], or an anti-
inflammatory, immunomodulatory protein ofS. mansoni, SmSPO-1
[81].

Figure 7. Phylogenetic position of BgTEP. The unrooted phylogenetic tree of thioester-containing proteins (54 sequences, cf. table 4) was
produced by the neighbor-joining method based on the alignment of the sequences using CLUSTALW. Bootstrap values of 1000 replicates (%) are
indicated for some nodes. The scale bar corresponds to 0.1 estimated amino-acid substitutions per site.
doi:10.1371/journal.pntd.0000813.g007
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